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I. INTRODUCTION 

This section of the annual survey of organosilicon chemistry covers 

material appearing in volumes 106 and 107 of Chemical Abstracts. It is the 

intent of the author to be as thorough as possible in covering the silicon-carbon 

bond and carbofunctional silanes. Liberal use of common abbreviations is 

employed. An honest attempt has been made to arrange the subject matter into 

fixed categories, but due to the multiple nature of some of the chemistry the 

reader will find it useful to peruse all sections. 

II. REVIEWS 

Two books were published. One of these deals with organophosphorus and 

organosilicon chemistry [l] and the other is a general treatise of organosilicon 

chemistry [2]. 

Thirty eight review articles were related to organosilicon chemistry. 

These are given here with the number of references to be found in each given in 

parentheses. Two reviews on hydrosilylation, one dealing with the hydro- 

silylation of alkenes and alkynes (39) 131 and the other with rhodium catalysis in 

various reactions including hydrosilylation (14) appeared [4]. Several reviews 

deal with the reactivity of organosifanes, these include reactions of carbenes 

with hydrosilanes [5], reactions of acetals and ortho esters with halosilanes 

(57) [6], the chemistry of fluorosilanes (85) (71, the acceleration of reactions of 

halo-silanes with ultrasound (62) [8], hypervalent organoiodine compounds in 
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reactions of organosilanes and organostannanes (42) [9], and the gas-phase 

negative ion chemistry of organosilanes (42) [lo]. 

Several reviews deal with silicon in organic synthesis. A primer on organo- 

silicon chemistry written by a synthetic organic chemist was published (13) 

[11], others include new silylating reagents (233) [12], silicon-based protective 

groups (66) [13], silyl ketene acetals in synthesis (147) [14] and in group 

transfer reactions in natural product synthesis (50) [15], silyl peroxides as 

selective oxidizing agents (4) [16], fluorine synthons, some of which contain 

silicon (10) [17], the reaction of organosilanes with aldehydes (47) [18], the 

cyclization of allyl- and vinylsilanes (30) [19], new synthetic methods for the 

preparation of five-membered rings by use of 1,2-bis(trimethylsiloxy)-1 -cycle- 

butene (11) [20], and the synthesis and synthetic applications of l-metallo-l- 

silylcyclopropanes (235) [21]. 

Reviews dealing with highly reactive silicon species include those dealing 

with properties of silylenes (126) [22], silabenzene along with other highly 

reactive species (50) [23], doubly-bonded silicon species (42) [24], silenes (133) 

[25], reactive silicon species as building blocks for synthesis (120) [26], and 

theoretical studies of multiple bonding to silicon (101) [27]. 

Reviews on other organosilicon topics looked at the role of d-orbitals in 

organosilanes (11) [28], photochemistry of di-9-anthryl- and benzyl-substituted 

silanes (19) [29], cyclotrisilanes and related compounds (45) [30], di- oligo- and 

cyclosilanes (35) [31], an overview on the present state of cyclosilanes (64) 



5 

[32], developments in the chemistry of carbosilanes (16) [33], some highly 

sterically hindered organosilanes (28) [34], the use of bulky trimethylsilyl-sub- 

stituted ligands (41) [35], sila-substituted natural and active substances (32) 

[36], organosilicon derivatives of dihydro- and tetrahydrofuran (53 and 42) [37 

and 381, heterocyclic organosilicon compounds (30) [39], and silylated 

phosphines and phosphoranimines (0) [40]. 

I I I. DISSERTATIONS 

Twenty five doctoral dissertations related to this survey were published. 

These are available from Dissertation Abstracts, Ann Arbor, Michigan. Those 

related to the use of organosilanes in organic synthesis are oxidative desilyl- 

ation and substituent effects in Diels-Alder reactions [41], applications of 

hydrosilylation in synthesis [42], cerium modification of the Peterson ole- 

fination reaction [43], iminium and acyliminium ion initiated cyclizations of 

vinylsilanes 1441, study of 9-silylallylic alcohols and iodination of aryltrimethyl- 

silanes [45], protodesilylation of T-hydroxysilanes [46] ring openings of tri- 

methylsilyloxycyclopropanes [47], deprotonation of hexacarbonyl(trimethylsilyl- 

ethyne)dicobalt towards the synthesis of (+)-6a-carbaprostaglandin I2 [48], use 

of organosilanes in regiocontrolled aromatic electrophilic substitutions [49], 

and some studies of organolithium and organosilicon chemistry [50]. Those that 

deal with mechanistic and reactivity aspects of organosilicon chemistry include 
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6 

rearrangements of a-halosilanes [51], conformational analysis of silanes [49], 

rearrangement-displacement of aryl(chloromethyl)diphenylsilanes with nucleo- 

philes [52], the rearrangement of cc-acyloxy silicon-centered radicals [53], 

reactivity and stereochemistry of silacyclohexanes and their derivatives [54], 

preparation and characterization of silyl perchlorates in solution [55], kinetic 

studies of a-silyl radicals [56], fluorescent alkoxysilanes [57], and selective 

fluorination of organosilicon compounds [58]. Those relating to reactive species 

of silicon are the photochemical and structural studies of azidosilanes: 

formation of silanediimines and silanimines [59], the generation and character- 

ization of novel organosilicon reactive intermediates: 1 ,Cdisilabenzenes, di- 

tert-butylsilylene and N,N’-di-tert-butylsilanediimine [60], gas-phase thermal 

interconversion of silacyclobutanes, alkylsilylenes,.. and silacyclopropanes [61], 

silenes and silenoids in the chemistry of cyclopentadienylsilanes [82], and the 

generation and kinetic study of 1 ,l -dimethyl-3,4-diphenylsilole [63]. The two 

dealing with theoretical considerations are ab initio calculations on carbene and 

silylene insertion reactions [64] and applications of semiempirical SCF-MO 

theory to aspects of organosilicon chemistry [65]. In addition there is the 

structural characterization of APTS-modified silica using solid state NMR [66]. 



IV. ALKYLSILANES 

A. Preparation 

The preparation of alkylsilanes can also be found in the hydrosilylation section 

of this survey. The reaction of Grignard reagents with mixed alkoxychlorosilanes gives 

rise to trialkylalkoxysilanes, useful in the preparation of high molecular weight disi- 

loxanes used as lubricants. (Eqn. 1) A catalytic process utilizing alkylmagnesium 

halides and a copper (Eqn. 2) or a silver catalyst (Eqn. 3) provides high molecular 

weight tetraalkylsilanes, also useful as lubricants. 

R~SI(OR2)CI,_, + F&l g x 
Et*0 

1671 
* R’,Si(OR2)R9,_n (1) 

MeSICI, + (“CgH,7)2Mg hcN w MeSl(“CsH,,), (2) 
WI 

96% 

MeSICI, + R2M g 
AgsCN 

W 
THF 

MeSl R, 

I-1 79% R = “CsH,7 

The reaction of tert-butylmagnesium chloride with methyldiethoxysilane 

(3) 

provides tert-butylmethylethoxysilane in good yield. (Eqn. 4) Cyclopropyllithium was 

reacted with phenyltrichlorosilane to give cyclopropylphenyldichlorosilane. (Eqn. 5) 
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MeSIH(OEt), + ‘BuMgCI ‘*” w ‘BuMeSiHOEt 
r701 

74% 

A/ Li PhSiCls 
- 

AH 
SIClpP h 

[711 

(4) 

(5) 

1-Naphthyl-1 -chloro-1 silacyclobutane reacts with cyclohexylmagnesium 

chloride or tert-butylmagnesium chloride to give a mixture of the substituted and 

reduced products. Its reaction with tert-butyllithium in toluene, however, gives the 

benzyl derivative as a result of metal-hydrogen exchange between the tert-butyl- 

lithium and toluene. (Eqns. 6 and 7) 

C .NP ,NP 

S! + RMgCl - 
JP 

Cl 1721 C S! + 
R C S! (6) 

H 

R = cyciohexyl, tert-butyl 

C .NP 
SI 

‘Cl 

‘BuLi 

toluene 

1721 

.NP 
) C Si 

‘CH,Ph 
(7) 

Mixed, higher-order lithiomagnesioorganocuprates containing the trimethylsilyl- 

methyl ligand, such as 1, are useful in preparing organosilanes. (Eqns. 8 and 9) 
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Cu(CN)CH,TMS LlMgX 

1 

Cu(CN)CH,TMS LiMgX 

1 

Rx 
1731 

&, 

[731 

TMSCH,R 

0 rr 
63% 

Cti,TMS 

(8) 

w 

Dialkylsilanes have been prepared from silane itself or from alkylsilanes and 

metal tetraaikylaluminates. (Eqns. 10 and 11) ~ethylalkyldimetho~silanes have also 

been prepared via the reaction of sodium tetraalkylaluminates and methyltrimethoxy- 

silane. {Eqn. 12) 

R’SiH, + MAI%’ - 
c741 

R’R’SIH, + R’R2sIH (10) 

F!n = alkali metal 

Sill, + NaAI(“C,H,,), + W~~“CSH,,)~ + t”C&),SIH (I I ) 

[741 
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The di-Grignard reagent of d~bromomethane was prepared and first reacted with 

dicyclopentadienyltitanium dichloride and then with dimethyldichlorosilane to give 2. 

(Eqn. 13) 

twzo 1) CpzTICI, 
CH,Br, + 2 Mg(Hg) 

1761 
* CH,WgBr), - Cp,Ti 

A 

2) Me2SiCi2 v 
SiMe, 

60°k, 

Tert-butylbenzene and trimethylsjlylbenzene react with lithium and trimethyl- 

2 (13) 

chlorosilane in THF solvent to give tert-butyltetrakis(trimethylsilyl)cyclohexene and 

pentakis(trimethylsilyl)cyclohexene, respectively. (Eqns. 14 and 15) g-Dichloro- 

benzene reacts under these conditions to give hexakis(trimethylsilyl)benzene (Eqn. 16), 

whereas, with magnesium and trimethylchlorosilane in HMPA solvent it gives o-bis- 

(trimethylsilyl)benzene (Eqn. 17), which in turn reacts with lithium and trimethyl- 

chlorosilane in THF to give the hexakis(trimethyIsilyl)cyclohexene. 

‘BU 
TMS 

TMS 
LilTMSCllTHF 

1771 
T&IS 

TMS 

76% 
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TMS 

LIITMSCIITHF 

[771 

TMS 

TMS TMS 

H TMS 

TMS 

lOOOh 
TMS 

a I 
\ c’ 

’ Cl 

LilTMSCllTHF 

I771 

TMS 

t 

LilTMSCllTHF 

MglTMSCIIHMPA w 
[771 

TMS 

(17) 

TMS 

Mercury-sensitized photolysis of cyclohexane in the presence of triethylsilane 

gives cyclohexyltriethylsilane in 30 percent yield along with dimers of cyclohexane 

and triethylsilane. (Eqn. 18) Treatment of 1,3_dimethyladamantane with chloro- and 

ethoxyvinylsilanes in the presence of tert-butylperoxide leads to silylethylation of 

the adamantane group in the Sposition. (Eqn. 19) This reaction also works well for 

ethylsilanes and allylsilanes. 

(15) 

(16) 

References p. 305 



12 

0 EtBSiH 
SIEt, 

hv/Hg 

1781 

Me Me 

X,,Me,SlCH=CH, 

Me ‘6u00’6u Me 

1791 

(18) 

(19) 

B. Alkylsllanes-Reactlons 

The pyrolysis of some methylchlorosilanes was studied. These pyrolyses proceed 

mainly via radical chain mechanisms with little involvement of silylenes or silenes. 

[80] Tetramethylsilane reacts with nitronium tetrafluoroborate to give nitromethane, 

boron trifluoride, and trimethylfluorosilane. (Eqn. 20) At 140% a second methyl group 

can be cleaved from the silicon. (Eqn. 21) Allylsilanes give ally1 nitrates. (Eq. 22) 

25-80°C 
Me,9 + NO,+ BF,- - 

tall 
MeNO, + Me,SIF (20) 



Me,SIF + NO,’ BF,,- - 
WI 

MeNO, + Me,SIF, 

A0 TMS + NO,+ BF,- 
WI -A0 NO2 

13 

(21) 

(22) 

Tertiary alkyl chlorides and bromides react with tetraalkylsilanes in the presence 

of aluminum chloride to give alkylation to the corresponding quaternary carbon. 

(Eqn. 23) Trimethylsilylmethylcyclopropanes react with tin tetrachloride to give ring 

opening and 4-butenyltrichlorotin systems. (Eqn. 24) The isomerization of 1,2-di- 

methylsilacyclopentanes on a copper surface has been studied. (Eqn. 25) 

Me Me 

Cl 
AICIB/DCM 

+ R,SI - 
WI 

R 

R = Et, “Pr, “Bu, nC5H,1; X = Cl, Br 

TMS 
SnCI,/DCM 

1331 

(231 

(24) 

other examples also 
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(25) 

Several alkylsilanes were subjected to electrophilic cleavage of the alkyl-silicon 

bond with iodine chloride and chlorosulfonic acid. Some examples are shown in Eqns. 

26 - 28. Not surprisingly, the reaction of chlorosulfonic acid with chloromethyldi- 

methylchlorosilane reacts at the silicon-chlorine bond. (Eqn. 29) Ethyl trimethylsilyl 

acetate reacts readily with the above reagents to give the corresponding a-iodo- or 

a-sulfonyl ester. (Eqns. 30 and 31) 

Me,SiBu ICI ) 

WI 
CIMe,SIBu + Mel (26) 

Me,SICH,CI + 2 ICI 
O-25” 

w ClMe,SICH,CI + MeCl + I, 

Wi (27) 

Me,SICH,CI + CISO,H 
50-80” ) 

S0,(0SlMe,CH,CI), + 
(23) WI 

CIMe,SICH,CI + CH, 

CIMe,SICH,CI + ClSO,H 20-25” D- CISO,SIMe,CH,CI 
1851 

+ HCI (29) 

TMSCH,CO,Et ICI 

[851- 
ICH,CO,Et + TMSCI (30) 
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TMSCH,CO,Et 
CISQH 

I851 
TMS0,SCH,C02Et (31) 

Some trimethylsilylcyclopropanee were subjected to el~t~phiiic cleavage with 

chlorotrimethylsilyl sulfonate (Eqns. 32 and 33) and acyl chloride (Eqns. 34 and 35). 

TMS 

TMS 

TMS TMS 

TMS 

TMS 

Me&oso*cr 

8iPl24 tt 

M9pxm&I 

2tWlO mln 

WI 

AcC1/AICIS 

TMS, 

TMS 
(321 

SO,TlWS 

t 

Me,SiOSO&I 
80”124 h 

TMS 

TMS 

AC 

(331 

(34) 

LT,, (35) 

+ 

Fkf- p. 305 
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The acetylation of some trimethylsilyl[n.l .O]alkanes was studied. The reaction 

pathway depends on the structure of the bicylic alkane and the stereochemical pWlion 

of the trimethylsilyl group. The results are summarized in Eqns. 36-39. 

TMS 

n = 3, 4, 6 

AcCI/AIC13 

WI 
(W 

TMS AcCIIAICI, 

(yMS&- c-y+ qAc+ a Cl AC 

(87) 

AC + 
(38) 



AC 
+ 

(39) 

C. Alkylsilanes-Other Studies 

The molecular structure of 1 ,1-dichloro-l-silacyclobutane was reinvestigated 

by gas electron diffraction. The tetrahedral bonding of the silicon atom is dis- 

torted in such a way that both the (X3-C and Cl-Si-Cl bond angles are less than the 

tetrahedral values. [88] The r, structures of ethylfluorosilane and ethylmethyl 

sulfide were determined and compared with that of I-fluoropropane. [89] The mole- 

cular structure of cyclopropylsilane was determined by gas phase electron diffraction. 

The C,-Cp bond distance is 1.528 A, the C&s bond is 1.490 A and the C-Si bond is 

1.840 A. The angle between the ring plane and the silyl group is 55.9O. The role of 

d-orbitals in the interpretation of the structure is discussed. [90] 
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A 13C NMR comparison of cyclobutanes and silacyclobutanes has been done. [91] 

The deuterium isotope effect on the “Si NMR spectra of several organosilanes and 

siloxanes were determined. The one bond effects are about -0.2 ppm/deuterium and 

follow an additivity whereas the 2-bond effect is small. [92] 

An IR method was employed to demonstrate a very high inductive effect of the 

silatranyl group with n* being -3.49 for the silatranyl group itself and -2.24, -1.48, 

and -0.32 for the silatranylmethyl-, ethyl- and propyl groups, respectively. [93] 

Inductive and resonance sigma constants for substituents attached to silicon were 

determined via the ‘H, 13C, and 2gSi chemical shifts and the ‘H-13C coupling constants 

of systems Me3SiR, where R = Me, Cl, Br, CHsCI, CHC12, CH20H, Ph, OMe, OPh, SMe, OAc, 

NMes, and CN. [94] 

The heats of formation and of combustion of several organosilanes and silatranes 

were determined. [95] AM1 calculations, which overcome the shortcomings of MNDO, 

have been applied to silicon compounds and their reactions. [96] Two empirically- 

modified first order molecular connectivity indexes, which reflect either the larger 
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covalent radius of silicon or the longer silicon-carbon bond length, were calculated for 

115 alkylsilanes. The correlation of molar refraction with these empirically derived 

values is excellent. [97] 

V. ARYLSILANES 

A. Preparation 

Arylsilanes were prepared by the electrochemical reaction of aryl chlorides or 

bromides with trimethylchlorosilane in a single-compartment cell equipped with a 

sacrificial magnesium anode in a polar, aprotic solvent. (Eqn. 40) 

TMSCllMg 
solvent 

w 
current (40) 

Et4N+BF4’ 

solvent = TMU or HMPT WI 
X = Cl, Br 

2545% 

The reaction of 1 ,l ,Btrichlorotrimethyldisilane with phenyllithium or phenyl- 

magnesium bromide in the presence of cobalt(ll) chloride was used to prepare 1,2-di- 

chlorotrimethylphenyldisilane. (Eqn. 41) 

COCA* cat. 
CIMe,SiSIMeCI, + PhLi (or PhMgX) - 

WI 
CIMe,SISiCIMePh 

(41) 

FfRferencen p. 305 
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Arylsitanes containing a very hindered aryl group, a class of compounds that has 

attracted much attention lately due to their ability to lend stability to otherwise 

highly unstable systems, were prepared from the corresponding aryllithium reagent 

and tetrafluorosilane. This takes advantage of the reactivity of the silicon-fluorine 

bond towards substitution. Both the aryltrifluorosilane (Eqn. 42) and the diaryldi- 

fluorosilane (Eqn. 43) can be prepared. This approach was used in the synthesis of 

mixed disubstituted difluorosilanes as well. (Eqn. 44) 

‘Bu ‘Bu 

SiF4 

[1001 
(4N 

71% 

‘Pr ‘Pr 

s’F4 -ipr&f$!p, f [lOOI 

‘Bu 
I 

RM 

‘Bu [lOOI 

RM s MeLI, EtMgBr, ‘PrLi, MetLi, ‘BuLi, 

(44i) 
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Arylcalcium hydrides, formed by the direct reaction of the aromatic hydrocarbon 

and calcium atoms, were reacted with trimethylchlorosilane to provide aryltrimethyl- 

silanes. (Eqns. 45 and 46) These reactions are not of synthetic utility, but of interest 

from the standpoint of the reaction of calcium atoms with the aryl-hydrogen bond. 

Ca(atoms) 
Ar-H - ArCaH 

TMSCI 
e ArTMS + TMS-H 

Poll 

Me 

0 I 
\ 
/ 

2.6% 7.2% 

The synthesis of phenoxasilins was accomplished as illustrated in Eqn. 47 

(45) 

(461 

The 

reaction of dilithium reagent 3 with trichlorosilane followed by lithium aluminum 

hydride reduction was found to circumvent the problems encountered with the direct 

reaction of 3 with dichlorosilane for the preparation of silacycles of the general 

structure 4. 
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Treatment of o, o’-dihalobiphenyls with magnesium, lithium, or butyllithium and 

dimethyldichlorosilane leads to silafluorenes. (Eqn. 49) A similar approach was used ’ 

to prepare the 9,10-disila-9,10-dihydroanthracenss as a mixture of cis and trans 

isomers. (Eqn. 50) These isomers were separated by selective reaction of the cis- 

dimethoxy derivative with catechol or, cis-1,4-dihydroxy-2-butene, separation of 

the bridged alkoxysilane, and reduction with lithium aluminum hydride. (Eqn. 51) 

Br Cl 11041 
Me Me 

Me. ,OMe 

’ 'OMe Me 

2) separatlon 
3) LiAIHl 
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The proposed intermediate o-lithiophenyl esters was trapped with trimethyl- 

chlorosilane prior to its rearrangement to the lithium o-phenoxyacetophenone, thus 

showing that this intermediate has a finite lifetime. (Eqn. 52) 

R’ R’ 

‘BuLi ) 

R* 11061 R2 

R* 

I?‘, I?* q  H, Me, ‘Bu; R3 = Et, ‘Pr, tBu, Ph, l-Ad, ‘CsH,, 
R’ 

R3 

The sequential reaction of 1,4-dibromobenzene with butyllithium in ether and 

then sym-dichlorotetramethyldisilane provides sym-bis(p-bromophenyI)tetramethyl- 

disilane, which upon treatment with magnesium in THF and sym-dichlorotetramethyl- 

disilane gives the tetrasilacyclophane 5 in an overall 1.6% yield. 

length was found to be 3.376 A compared with the normal length 

References p. 305 
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Br 

Br 

2) ClMelSiSiMe2CI 

[IO71 

Me,Si --o- \ / Br 

b&Si--@r 

1) w (5 
2) ClMezSiSiMe2CI 

3)’ 

1.6% overall 

Me2!QLe2 

5 

Bromofuran 6 was lithiated and then trimethylsilylated to give 7, which was 

used in a key step for the synthesis of manoalide. (Eqns. 54 and 55) 

CH(OMe), CHO 

1) ‘BuLi 

2) fYSCl 
(54) 

3) H30+ 

manoalide 
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Mixed trimethylsilyl, trimethylstannylthiazoles were prepared via the lithiation- 

trimethylsilylation and trimethylstannylation of bromothiazoles. (Eqn. 56) The metal- 

hydrogen exchange of 2-trimethylsilylthiazole followed by trimethylstannylation 

leads to 2-trimethylsilyl-4-trimethylstannylthiazole. (Eqn. 57) These materials can 

be selectively protodesilylated with acid. The reaction of these materials with iodine 

and bromine are shown. (Eqns. 58, 59 and 60) 

Br 

1) BuLi/Et20/-78“C 

Br 2) TMSCI 

11091 

(56) 

Me,Sn 

H*/THF 
4 

1) BuLi w 

TMS 2) Me3SnCI 

[lo91 

TMS 

90% 

H+/THF (57) 

Reference3 p. 305 



26 

I,ICHCl, 
,--~ ‘of--,, (58) 

The bis(dimethylamino)phosphate group is able to direct the iithiation of furan to 

the P-position as evidenced by the formation of the f3-trimethylsilyl derivative. 

(Eqn. 61) 

1) BuLi/-78OC/T~F 

OP~~)(~Me~)~ *) TMSC’ 
El101 

The Iithiation-trimethylsilylation of 4-methyloxazole gives the enol ether 8, 

which upon heating gives 2-trimethylsilyl-5-methyloxazole. (Eqn. 62) A series of aryl 

substituted systems was also prepared. (Eqn. 63) 

Me 

1) BuLi(xs) 

2) TMSCI 

[1111 
8 60% 



as above ,‘ 

[I111 

Ar = Ph, p-CICsHI, p-MeOC6H4, 2-thienyl, 

These systems can be used to condense with aldehydes and acid chlorides. (Eqns. 

64 and 65) 

N 

A& TMS 

P-pyrldyl 

27 

(63) 

TMS 

WHO/A ) 

WV 

Me 

t 

N 
I \ R 
0 xc 

OH 

4 examples; 41-74% 

RCOCll A 
e 

r1111 

Me 

(64) 

(65) 

The methano[lO]annulene carboxamide can be lithiated and trimethylsilylated to 

give 9. Other electrophiles react similarly. The regiochemistry is attributed to the 

directive effect of the diethylcarboxamide group during the lithiation step. (Eqn. 66) 

1) BuLl 

2) TMSCI 

9 61% 

Refemlces p. 306 



The lithiation of 10 with lithium diisopropylamide followed by trimethylsilylation 

p&ides the arylsilane 11. (Eqn. 67) 

* BuMe,SIOCH, C~~;~~~e*s~oc:~~~~ 

Y 
Y 

OMe 
OMe 

10 11 87% 

The directed P-lithiation of indoles was accomplished as shown in Eqn. 68. A 

similar reaction is seen in Eqn. 69. 

IH 
TMS I 

51% 

N 1) LDA 
21 TMSCI -, ____-- 

[I 151 (69) 
52% 
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The preparation of 6trimethylsilylpyrimidines was accomplished via lithiation 

and trimethylsilylation. (Eqns. 70 and 71) Other Wubstituted pyrmidines are prepared 

by the reaction of the lithium reagent with an assortment of electrophiles. 

I) LiTNIP/EtsO/O°C > 
2) TMSCI 

[I161 

R2 

NA 3 A ’ / 
1) LiTMP/Et~O/O”C 

2) TMSCI 
R’ N 

11161 

?Me 

(70) 

TMS 

(71) 

6 examples; O-30% 

R’,R* 5: 0CH2CH20Me, OCH2CH20Me; Cl, 0CH2CH20Me; Cl, OMe; H, 0CH2CH20Me; 

H, OMe; H, NHCO’Bu 

The reaction of N-alkyl pyrroles with trimethylsilyl trifluoromethanesulfonate to 

give both the a- and P-trimethylsilylpyrroles (Eqn. 72) was subjected to calculations. 

TMSOTf 

D 
Me 11171 Me Me 
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Trimethylsilylacetylenes can be reacted with trimethylsilylnitrile with palladium 

catalysis to give the 3-trimethylsilylated pyrroles 12 with high regioselectivity. 

(Eqn. 73) 

R= TMS + TMSCN 

H 

12 

Nitration of l&l O-dimethyl-lo-sila-2-azaanthrones employing aluminum nitrate 

and copper(H) nitrate in acetic anhydride as the nitrating agents was studied. These 

reactions lead to 5-, 7-, and 8-nitroderivatives. (Eqns. 74 and 75) 

WJ%h 
O2N 

t 
(74) 

or CU(NO3)3 

t1191 

HNOdH2S04 

VW 

0 
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The reaction of 1 0-(trimethylsilyl)-1,6-methano-2-carboxamides, formed 

according to Eqn. 66 with a lithium reagent followed by treatment with an electro- 

phile results in the preparation of the systems depicted by 13. (Eqn. 76) 

TMS CONEt, 
I I 

RLi/THF ) 

11201 

R E % 

Me H,O 71 

Bu Hz0 81 

‘Bu H,O 89 

Ph H,O 80 

‘Bu Mel 67 

(76) 

B. Arylsilanes-Reactions 

The reaction of 14 with N-bromosuccinimide in acetic acid gives the 9-acetoxy 

derivative. (Eqn. 77) The reaction with NBS in sulfuric acid, however, gives cleavage 

of the silicon-carbon bond. (Eqn. 78) On the other hand the reaction of NBS in acetic 

acid with the ketone 15 gives bromination of the pyridine ring. The regioselectivity 

depends on the solvent system. (Eqns. 79 and 80) 
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NBS/HOAc 
(77) 

ww 

14 OAc 

NBS/HOAc 

I1211 

0 0 

15 

NBS/H2S04 

[I211 

0 0 
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The reaction of 16 with elemental sulfur gives the product of insertion into the 

silicon-hydrogen bond. This, however, reacts to give the bis-silyl sulfide 17 in 90 

percent yield. (Eqn. 81) An X-ray structure of 17 was determined. 

Q--&J * &Q$Jg (81) 

16 90% X-ray structure 
determined 

The electrophilic substitution of 3-trimethylsilylindoles with acyl chlorides, 

acrylo-nitrile and enones was reported. These are illustrated in Eqns. 82 and 83. The 

electrophilic substitution of p-trimethylsilylbenzyl bromide with radioactive iodine 

was shown as a route to selective positioning of the radiolabel on the aryl ring. 

(Eqn. 84) 

R’COCI * 
AICI, 

r1231 

TMSOTf 
w 

-Y 
I1231 

(82) 

(33) 
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w 

u 241 

TMS 

(84) 

The reaction of phenylsilane with iodine gives diiodosilane via cleavage of one of 

the hydrides to form initially phenyliodosilane and HI. The phenyliodosilane and the HI 

then react to give the observed diiodosilane. (Eqn. 85) The diiodosilane was found to 

be useful in the cleavage of dialkyl ethers to alkyl iodides and the conversion of 

alcohols to alkyl iodides, showing selectivity for secondary alcohols. (Eqn. 86) 

PhSIH, + I, - H,SII, + 
I1251 

H2Si12 
W 

OH 11251 

0 I 
\ 
/ 

(85) 

AA (88) 
OH 

94% 

The reaction aryltrifluorosilanes with mercury(ll) salts was shown to give the 

corresponding aryl mercury salt. (Eqn. 87) 



[I 261 

(87) 

R = H, Me, Cl, Br, NO2 
X = Cl, Br, I, CN, OAc, 

Several arylsilanes were reacted with boron trihalides to give atylboron dihalides 

with loss of a silyl halide. Some examples of these transformations are given 

below. (Eqns. 88 - 92) 

TMS 

n 
I 

\ BX3 :, 

@\/ 11271 

R 

R = H, Me, Cl, TYS, Mesityl 
X = Cl, Br 

TMS 

BBr3/20h1800 
t 

11271 

BX2 
I n I 
\ 
/\’ 

R 

(88) 

BBr, 
I 

Q I 
\ 

(89) 
/ 

BBr, 

80% 

BC13 
WJ) 
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BBrs =, (-J-J-J (Q2) 
11291 

Me2 
Br 

It proved possible to convert the aryldichloro- or dibromoboranes to the difluoro 

derivatives with lithium fluoride without cleavage of an aryl-silicon bond elsewhere 

in the molecule. (Eqn. 93) At the same time it is possible to bromodesilylate an 

aryl-silicon bond in the presence of an aryl-boron bond. (Eqn. 94) The aryl-boron bond 

will enter into palladium catalyzed coupling reactions leaving the a~l”silicon bond 

intact. (Eqn. 95) 

TMS 

n 
I 

\ BUS 

A v301 
TMS 

BCI, 

TMS TMS 

Br 

\ 

- n 

Br2 
I (94) 

r1301 a 
BCI, 
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TMS TMS 

b = cj pdqhdlpm3,4- 6 tg5) 
BCI, WOW, Ph 

Reaction of the arylsilane 18 with fluoride ion gave a complex which NMR data 

indicated to be a bridged species with the fluoride ion complexed to both the silicon 

and boron atoms. Other examples of this type of complexation were presented. 

(Eqn. 96) 

S’Me2R 

/F%, 

S’Me2R 

TAS-F 
W 

11311 

The addition of the imidazole or thiazole ring system to aldehydes via their P-tri- 

methylsilyl derivatives in the presence or absence of a nucleophilic catalyst was 

(96) 

reported. (Eqn. 97) The stereoselectivity of this reaction with 2-substituted aldehydes 

was studied. (Eqn. 98) Advantage was taken of the fact that the thiazole moiety can be 

converted to an aldehyde to carry out an iterative diastereoselective homologation of 

2,3-0-isopropylidene-D-glyceraldehyde. (Eqn. 99) 

(X q  NMe; S) TMS 11321 
X 

t40 Ph 

/ FtcNo 
/ 

x /N w 

Y CsF or no 
x /N (97) 

catalyst 

%fetetl‘W p. 305 



TMS 

+ 
(93) 

0 S 

++ 

0 3 \ \ 
N 

OBn 

OBn 

1) Mel 
2) NaBH4 

3) HgC12/H20/CH& N z 

11341 6Bn 

repeat above 
two reactions 

It was further shown that the silytated thiazoles will react with succinic 

anhydride. (Eqn. 100) 

0 c 0 TMS 0 CO,H 

11351 (100) 

0 

CILCO Me 
Also reacted with 2 

R1,R2 = H, H; H, Me; Cl, H; H, Cl; H, TMS 
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Reports on the cyclization of 2-trimethylsilylated benzofurans with dienophiles 

continued. Thus, benzofuran 19 was added to N-methyl maleimide. The trimethylsilyl 

group can be protodesilylated with fluoride ion. (Eqn. 101) The reaction of this same 

material with arynes was also successful. (Eqn. 102) 

@r + &Me [1361- #Me 
TMS 0 

19 TMS * 
TBAF (101) 

&zIs+ ,b x (JFyj (1o2) 

19 TMS H(R) 

(R = Me, Cl, Br, OMe) 

also with 
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C. Arylsilanes-Other Studies 

The mass spectra of compounds of the general structure 20 were obtained. The 

main f~gmentation comes from the open form of the molecular ion. [138] NMR tech- 

niques were applied to the structure determination of several bromo-, nitro-, and 

amino derivatives of IO,1 0-dimethyl-IO-sila-2-azaanthrones. [139] 

(R = Me, Ph; R’ t H, Me; X 3: CH,, CO) 

H 20 
A method for estimating the pn-drc interaction in vinylsilanes and 2-silyifurans 

using CNROI2 calculations was reported. [140, 1411 The infrared spectra of ten para- 

substituted a~ltrimethylsilanes were studied as were those of the germanium and tin 

analogs. [142] 

(X = NO*, St, H, F, Me, OMe, OH, TMS, OTMS) 

The variable temperature ‘H NMR spectra of 21 - 24 show that the barrier to 

pseudorotation is very Low. [143] It was shown that the tendency for pseudorwWba in 

the complexed silanes with two or three substitutents is much larger than tha kr #W 

monofunctional derivatives. [144] 



SINpH, 

t 
-NMe, 

21 

23 
24 

The trimethylsilyl and the trimethylsilylmethyl groups were both found to be 

rate enhancing in the thermal rearrangement of the methylenecyclopropane 25. 

(Eqn. 103) The presence of 2- and 5trimethylsilyl groups on benzofuran slow its rate 

of reaction with N-methylmaleimide. [146] 

Me 

Me Y \ 0 A 

I 
* 

/ 11451 

Me / 
4; Me 

I 
\ 
/ 

(103) 

R 

25 

Referencea p. 305 

R 
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Organosilane 26 has been shown to demonstrate high insecticidal activity. [147, 1461 

VI. HYDROSILATION 

A. New Developments 

It was found that the hydrosilation of olefins with chloroplatinic acid (CPA) was 

activated by a small amount of oxygen. Treatment of the used catalyst with oxygen 

restored its catalytic activity. This technique was applied to hydrosilations of - 

relatively unreactive alkenes with trialkylsilanes, dialkylsilanes and alkylsilanes. 

[149] In the same paper Wilkinson’s catalyst was employed in the hydrosilation of 

unreactive alkenes with tri-and dialkylsilanes, although this catalyst did not work for 

alkylsilanes in the preparation of tetralkylsilanes. [149] Quaternary ammonium, 

phosphonium, and arsonium salts of chloroplatinic acid were found to be effective 

hydrosilation catalysts. [150] Chloroplatinic acid with added Lewis acids such as 

aluminum chloride, germanium tetrachloride, cerium trichloride, and others were found 

to be effective catalysts for the hydrosilation of acetylenes to vinylsilanes. [151] It 



was reported that the addition of a second silane increases the efficiency of the 

hydrosilation. 11521 The addition of benzothiatole to chloroplatinic acid gives a cat- 
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alyst capable of the highly efficient hydrosilation of olefins with methyldichloro- 

silane. 11531 

Cis-bis(styryl)platinum dichloride, which exists in several isomeric forms, was 

utilized in the hydrosilation of styrene with triethylsilane. This gave a mixture of 

products as shown in Eqn. 104. 

Ph& catalyst 
+ Et$IH - Ph-S,Et 

3 
+ Ph 

11541 
73-75% SiEt, 

‘-2% (104) 

+ pq/ + 
Ph-Si Et, 

ll-13% ll-13% 

The hydrosilation of olefins can be catalyzed by dimanganesedecacarbonyl 11551 

or by dirheniumdecacarbonyl [156]. The effect of ligands on the catalytic activity of 

nickel complexes in the hydrosilation reaction has been studied. [157] The hydro- 

silation of olefins with bis(cyclooctadiene)iridium halide catalysts in the presence of 

various ligands was investigated. [158] 

Wilkinson’s catalyst anchored to a phosphino-organosiloxane and grafted onto 

chrysotile asbestos gave good conversion of methyldichlorosilane and acetylene to 

vinylmethyldichlorosilane and trichlorosilane/acetylene to vinyltrichlorosilane in a 

flow reactor. [I591 Diphenylphosphinoethyltrimethoxysilane was bound to silica and a 

platinum oxalate complexed to the phosphorous group to give a silica supported 

hydrosilation catalyst. A high turnover of the catalyst was obsenred. [160] 

Referencea p. 305 
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B. Hydrosilylation of Alkenes 

Tetracarbonylrhodium dichloride was used to catalyze the hydrosilation of 

olefins with tris(dimethylamino)silane as illustrated in Eqn. 105. 

RhC12(C0)4 
(M6,W3SlH + W=W xylene wfiSI(NMe2), + EtSI(NMa,), 

autoclave 
5O”C/12OOpsi 

11611 

The hydrosilation of norbornene with triethoxysilane and chloroplatinic acid gives 

a 61 percent yield of the adduct shown, which was found to be compatible with certain 

rubbers. (Eqn. 106) Terpenes were the starting materials for silanes of the general 

structures 27 and 28. The products were used to give hydrophobicity to concrete 

surfaces. [163] 

+ (EtO),SIH H2pt($;00c=- & Si(OEt), 

(106) 
[I621 

Y 

\ k 2 Q I W 

27 28 
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The hydrosilation of several ally1 derivatives was reported. The hydrosilation of 

, allylamine, without protection of the amino functionality, with trimethoxysilane was 

accomplished in good yield using chloroplatinic acid as catalyst. (Eqn. 107) Bis- 

(acetoxypropyl)dichlorosilane was prepared by the hydrosilation of ally1 acetate with 

dichlorosilane, again using chloroplatinic acid as catalyst. (Eqn. 108) Ally1 bromide, 

which can be difficult to hydrosilate due to a tendency towards reduction, was hydro- 

silated with trichlorosilane in the presence of chloroplatinic acid/triethylamine 

with diphenyfsilane added. (Eqn. 109) 

(MeO),SIH + mNH2 ZW (#~C),SI~NH, 

11941 
74% 

(197) 

CI,SIH, + 2 /L+/C*C H2PtC’s + 

Cl 651 
CIsSiwOA~)l(l99) 

58% 

H2PtCls/EtsN 
CIsSiH + mBr - 

P h2SiH2/t PA 
CIsSI-B r 

(109) 

The hydrosilation of methyl methacrylate with dimethylchlorosilane and chloro- 

platinic acid catalysis was studied. The products are shown in Eqn. 110. The deter- 

mination of the structures of the products of the hydrosilation of various acrylates 

toluenel70” 

VW 

with methyldichlorosilane was investigated by NMR spectroscopy. [I681 
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4 + Me,CISIH 
H*PtCls 

CO,Me 
- Me,CISi 

CO,Me + 

+ 

CO,Me 

The hydrosilation of vinyl- and allylsilatrane was carried out, as was the hy&e- 

germylation and hydrostannation. (Eqn. 111) 

The effects of proximate polar groups on the rates of hydrosilation were studtad VIIB 

a series of substituted norbornene derivatives. (Eqn. 112) In general electron w&b- 

drawing groups in the exo-positions decrease the rate of hydrosilation and in the an&- 

positions increase the rate. For the endo-acid anhydride the yields depended very mwh 

on the silane used. (Eqn. 113) 



x,x Y,Y 
W)20 NH 
NH (CO)20 

(CO)2NPh H,H 

H,H (C0)2NPh 
C02Me, C02Me H,H 
H,C02Me H,C02hIle 

H,H co,Me,co,Me 
CH20CH2 H,H 
H,H H,H 

% Yield Rel Rate 
95 0.01 

99 2.4 
0 _ _ 

99 5.6 

99 0.54 
99 1.00 
99 1.50 
99 2.00 

99 2.50 

O - R3SiH/48 h R,SI 0 

[I701 
(113) 

(EtaSiH (0%); Me2CISiH (95%); Me2PhSiH (95%); MeC12SiH (62%); CIBSiH (0%)) 

The regio- and stereoselective hydrosilation of isoprene with rhodium(l) and 

rhenium(lI) complexes was reported. (Eqn. 114) 

&SiHIcat. 
‘@A + R,s,/\b + 
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Intramolecular hydrosilation followed by oxidation of the silicon-carbon bond was 

used as a method to stereoselectively introduce the hydroxyl group. In one such study , 

an ally1 alcohol and a homoallyl alcohol were studied. (Eqns. 115 and 116) 

Bu H1PtC16 6U 

-A 
0-sinme, 

J KFIKHCO, 

H202 

Bu (116) 

OH OH 

“Pr 

Y7 
Me,Si-0 

1117) 

1) RCOCI/ZnC12 

2) KF/KHCOs 

H202 

“Pr 

‘(I 
OH OH 

In another study involving the intramolecular hydrosilation-oxidation reaction 8 

variety of homoallylic alcohols was employed to study the effects of groups on the 

regioselectivity of the hydrosilation. The position of the silicon group and hence the 

new hydroxyl group is as indicated in the structures below. [173] Some olefin isom- 

erization occurs in order to accomodate the intramolecular nature of the reaction 

(Eqn. 118) 



OH 80-95% n = 0 
n = 0,l 100% n = 1 

y-d 

65% n q  0 
lO%n = 1 

R 

OH L 35% n = 0 
90% n = 1 

C. Hydrosilylation of Acetylenes 

The hydrosilation of acetylene itself with methyldichlorosilane using a platinum 

catalyst supported on a sulfur-containing silica surface gives 1,2-bis(methyldichloro- 

silyl)ethane. (Eqn. 119) The hydrosilation of bis(methyldichlorosilyl)acetylene with 

trimethylsilane and other silanes with chloroplatinic acid was reported. (Eqn. 120) 

MeCI,SiH 
H= H- 

Pt catalyst MeCI,SI SiCI,Me (119) 

11741 

MesSiH MeCI,Si SiMe, 
MeCI,SI = SK&Me 

H 
(120) 

2 6 SICl,M e 
11751 
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The hydrosilation of propargyl chloride was carried out with triethylsilane 

(Eqn. 121) and with dichlorosilane. (Eqn, 122) In the former case a catalyst of chloro+ 

platinin~ acid and iodine was used and the product was the result of substitution and 

not addition. In the second case a mixture of bis adducts was obtained. 

HsPtC& 
CI,Si 

CI,SIH, + ===cJ ~-w 
60” 

il771 

Several derivatives of ring-opened propargyl glycidyl ethers were hydrosila&d b 

the corresponding vinylsilane containing polar functional groups. These are shown in 

Eqns. f 23-126. 



al 

-0 
R,SiH/H,PtCls 

* 

11791 
OAc 

N&Be, 

51 

OH 

R,SIwO 

J\, 

(1241 

66-80% 
OAc 

OH 

W-Q+ W5) 

OMe 

OH 

WI-O+ (126) 

NMe, 

In a related study several l-ene-4-ynes were subjected to hydrosilation. In all 

cases the triple bond, although it is internal, is the site of hydrosilation. The regio- 

selectivity is low, however. Examples of this reaction are given in Eqns. 127 and 128. 

R = oxiranylethyl, cyanopropyl 

R,SiH/H2PtCle 
OR’ - ‘~ (128j 

1184, 1851 

R t oxiranyt~hy~ 



Treatment of alkyne 29 with methyldiethylsilane in acetone results in the 

formation of the isopropyiidene derivative 30. ffqn. 129) 

Et,MeSiH 
---0 

acetone 

E1W 
29 30 

63.3% 

Oxetanes can be opened with carbon monoxide incorporation under the influcrrww, df 

hydrosilanes and dicobalt octacarbonyl. (Eqns. 130 and 131) 

RsSiH/Cos( CO), 
W 

0 114371 

x RsSiH/Cos(CO)s 

0 VW 

major product in 
DCM solvent 

(1 w 
major product itt 
hexane solvent 

R,SIO 7 + R3sio7c-z) 
R&i = Et,MeSiIDCM 66% 

R&i = Me#i/hexane trace 

12% 

67% 

The stereosel~ivjty of the hydrosilation of 2-substitute cy~ohexanones was 

investigated. An increase in the amount of the thermodynamically less stable cis 

isomer is observed as the steric hinderan~e of the substituent increases. (Eqn. 132) 
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R 
Fb$iH/Rh(l) 

t 

11881 

Quinones react with silanes in the presence of Wilkinson’s catalyst to give 

silylated hydroquinones. (Eqn. 133) 

(132) 

R3SiH/Rh(l) 
w 

11891 

OSiR, 

0 I I 

OH 

(133) 

osi R, 

intermediate 

The highly stereoselective reduction of f3-acylcarboxamides was accomplished 

with phenyldirnethylsilane. (Eqn. 134) The asymmetric hydrosilation of acetophenone 

was done with diphenylsilane and rhodium catalysts with optically active Schiff 

bases as added ligands. [191a] A similar study using ephedrinium complexes of hexa- 

chloroplatinum(lV), bromotrichlororhodium(lll) and dibromodichlorozinc(i1) and 

diphenylsilane was done. The optical yields were up to 53.5%. [191b] 

0 0 0 

+Y? Ph N 

Me Ph 

(134) 

Ph 

> 99:l diastereomeric ratio 
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VII. VINYLSILANES 

A. Preparation 

The formation of trimethylsilylated [2.2]paracyclophane-1,9-dienes was 

accomplished via the Grignard reagent. (Eqn. 135) 

TMS 

1 -Lithio-3,3-dimethylcyclopropene was reacted with trimethylchlorosilane to 

give the 1-trimethylsilyl derivative, which itself could be deprotonated M LWI m(l 

the resulting lithium reagent coupled with copper(l) and oxygen. (Eqn. 196) Tnrtftwryt 

of the silylated dimer with cesium fluoride gives a silicon free divinyl acetyf@ne. 

(Eqn. 137) Thermal or photochemical treatment gives a divinyl acetylene 31 vrllh ih, 

trimethylsilyl groups attached. (Eqn. 138) 



TMS 

(136) 

TMS- 

TMS’ 

TMS’ 31 

The a-lithiation-trimethylsilylation of a-alkoxy polyenes gives the expected 

I-trimethylsilyl-l-alkoxy polyenes. (Eqn. 139) 

TMS 

=m 
8 

OMOM 1) 
2) TMSCI 

R q  H, Me, ‘Pr, Me* 
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It was demonstrated that the direct lithiation of 2,3-dihydrofurans with butyl- 

lithium followed by trimethylsilylation in ether gives the 5trimethylsilylfuran. 

(Eqn. 140) When the lithiated dihydrofuran is allowed to stand at 25°C for 24 h and 

and then quenched with either trimethylchlorosilane or dimethylchlorosilane, both the 

silylated dihydrofuran and the bis(silyl)ketene 

lithium reagent formed at low temperature 

the silylated alkynoate. (Eqn. 142) When the 

are formed. (Eqn. 141) Quenching the 

with tert-butyldimethylchlorosilane gave 

lithium reagent was allowed to stand at 

25°C for 8 h and then quenched with tert-butyldimethylchlorosilane only the bis(krtI 

butyldimethylsilyl)ketene was formed. (Eqn. 143) 

0 \ 
0 

0 \ 
0 

0 \ 
0 

0 \ 
0 

1) BuLi/Et,O or BuLi/KO’Bu 
* 

2) TMSCI 

[T 941 
\/h~Ie R 2 

(140) 

1) deprotonation 

2) RMesSiCI SIMe,R 
11941 

RMe,Si 
+ F c=o 

RMe,Si 
(141) 

R = H, Me 

BuLil-23°C 
- ‘BuMe,Sf =I= OSI’BuMe, 

‘BuMesStCI 

11941 
immediate quench 

ww 

BuLil-23% 
‘BuMe,Si 

- c=o (1431 
‘BuMe2SiCI ‘BuMe,Si 

11941 quench after 8 h at 25°C 
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2-Phenyl-2,3-dihydrofuran, when treated sequentially with 2 equivalents of butyl 

lithium and then trimethylchlorosilane, gives only bis(trimethylsilyl)ketene and 

polystyrene. (Eqn. 144) 

1) BuLl TMS 
w 

2) BuLi 
c=o (144) 

3) TMSCI TMS 

11941 
65% 

The lithiation-trimethylsilylation of benzodioxin was carried out without comp- 

lications. (Eqn. 145) The trimethylsilylated benzodioxin was acylated to give 2-acyl- 

1,6benzodioxins. (Eqn. 146) 

a) I 
A0 

I 1) BuLi/THF/-78” 

‘0 
2) TMSCII-7QC 

11951 

RCOCI/AIC131DCM 
ti 

TMS [I951 

(145) 

TMS 

95% 

(146) 

R 

8 examplea; 40-77% 
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Lithiation-trimethylsilylation 

Ireland-Claisen rearrangement to 

0 32 

of allene 32 gives 33, which was subjected to the 

give highly substituted 1,3-butadienes. (Eqn. 147) 

Treatment of 3-sulfolene with butyflithium and then trimethylchlorosilano $ua/ 

3-trimethylsilyl-3-sulfolene. (Eqn. 148) This gives 2-trimethylsilyl-1,3-but- 

upon thermolysis. Lithiation with butyllithium in the presence of lithium iodide and 

then trimethylsilylation gives 2-trimethylsilyl-3-sulfolene, which upon thermolysis 

gives 1 -trimethylsilyl-1,3-butadiene. (Eqn. 149) This concept of SOP extrusion 

route to silylated dienes from sulfolenes was used to prepare silylated cyclohexa- 

dienes. (Eqns. 150 and 151) Methylation of 3-trimethylsilyl-3-sulfolene followed by 

thermolysis leads to trans-2-trimethylsilyl-1,3-pentadiene. (Eqn. 152) 



0 1) BuLi/-105% TMS * 
240” 

S 2) TMSCI 

0 

(149) 
S 

0, v971 02 

25% 

1) 

2) TMSCI 

02 [1971 02 

(159) 
v971 

02 02 

R’ R2 R2 

MeH H 

H H Me 

HMeMe 

R’ 
R2 

DMADI16O”C 
(151) 

11971 
R” 

02 TMS 
TMS 

h 

TMS 

S A %e-TMS 

02 (152) 



Lithiation-triisopropylsilylation of P,y-unsaturated nitriles provides the N,C-bis- 

silylated vinyl ketene imines. (Eqn. 153) These react with dienophiles to give the 

corresponding cycloadducts. (Eqn. 154 and 155) These can be converted to other 

products. (Eqns. 156 and 157) 

I 

Pr3 (155) 

gN-SiiPr, 
0 

‘pr3siY + 1 
i 

0 I 
\ 
/ 

‘Pr,S 
1) DCM/SO”C 

W 
2) [0] air 

3) KFIMeOHIA 

11981 61% 

‘Pr,Si 
0 

HCl&Cl, 
CO,Me 

VW 
(155) 

R 

R=H(709G),RrMe(52%) 
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NH2 

‘Pr,SI , CO,Me 

ti 
I 

R 

CFsCO,H 
(157) 

[1981 

R = H (92%) R = COsMe (94%) 

Reaction of 1 -bromovinyltrimethylsilane with dibromocarbene, generated from 

tribromomethylphenyl mercury, gives 34, which upon treatment with fluoride ion 

gives 1,2-dibromocyclopropene. (Eqn. 158) Treatment of 34 with butyl- 

lithium, on the other hand, leads to 1 -bromo-2-trimethylsilylcyclopropene 35 

(Eqn. 159), which can be lithiated and silylated. (Eqn. 160) Compound 35 reacts with 

dienes. (Eqns. 161 and 162) 

TMS 

* 
Br 

PhHgBrs 

r1991 

Br Br 

& 

BuLi ) 

Br [I991 
TMS 

34 

A 1) BuLi - 
2) TMSCI 

Br TMS 

35 
11991 

Br Br 

Br (158) 

‘TMS 
34 

A - 
Br TMS 

35 

A - 
TMS TMS 

(159) 

(160) 
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Br 
ATMs + 0 * 

wg1 

( 161) 

(162) 

Br 
4:3 exo:endo ratio 

1-Bromo-2,2-difluorostyrene can be subjected to lithium-bromine exchange and 

the resulting lithium reagent silylated. (Eqn. 163) This material reacts with cesium 

fluoride to give oligomers. It reacts with cesium fluoride in the presence of phenyl- 

azide, however, to give the cycloadduct of phenylfluoroacetylene, generated ‘in situ’. 

(Eqn. 164) 

Ph 

F -2 

Br 

Ph 

* CF2 

TMS 

BuLl 

TMSCI 

WOI 

Ph 
* 

* CF2 

TMS 

Ph 

CaF/PhN3 

w 

r2001 I 

(163) 

(164) 

Ph 



Reaction of dibromide 36 with an excess of tert-butyllithium 

methylsilylation gives 60 percent of monosilylated and 40 percent 

product. (Eqn. 165) 

63 

followed by tri- 

of the disifylated 

1) ‘BuLi(xs) 

2) TMSCI 
(165) 

Br Br PO11 TMk ‘TMS 

36 40% isolated plus 
60% monosilylated 
product 

1 ,I -Difluorodichloroethylene reacts with butyllithium and trimethylchlorosilane 

to give 1 ,l-difluorochlorotrimethylsilylethylene. Reaction of this material with 

lithium reagents gives substitution of one of the fluorines. (Eqn. 166) Its reaction 

with fluoride ion in wet DMSO gives protodesilylation. (Eqn. 167) Acylation gives 

a-chloro-P-fluoro-a$-unsaturated 

F,C=CCI, 
1) BuLi 

* 
2) TMSCI 

PO21 

ketones. (Eqn. 168) 

F TMS TMS 

F Cl R Cl 

F TMS 
KF/HzO R H 

w 

R Cl 
PO21 

F Cl 

F 

)=< 

TMS 
AcCIIAICI~IDCM 

R AC 

R Cl 12021 F Cl 

(166) 

(167) 

(168) 
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Reaction of phenyltrimethylsilylacetylene with lithium metal and then dimethyl- 

dichlorosilane provides silacyclopentadiene 37. (Eqn. 169) 

Ph Ph 

Ph = TMS 
1) Li 

2) Me2SiC12 - xl 
I \ (169) 

~031 
TM si TMS 

Me2 

37 

2,3-Bis(trimethylsilyl)-1,3-butadiene was prepared as outlined in Eqns. 170 and 

171. It reacts with dienophiles. (Eqn. 172) 

TMS 

-+ 

TMS 

cH&Ho Cr03/H,S04 

~041 -9 
(1701 

OH 0 

TMS TMS 
TsNHNH* 

-+ 

1) BuLi 

2) TMSCI 
(171) 

w41 
NHNHTs 

32% 

* 

12041 

0 
TMS 

(172) 

TMS 
0 

others also 75-85K 
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The chiral silylated syn-glycerol derivative 38 was prepared as shown. (Eqn. 173) 

x K 
0 0 CullTHF 0 0 TMS + 

-2s 
(173) 

w51 
OH 

38 

The reaction of 1 -trimethylsilylvinylmagnesium bromide with cyc.lododecJ-en- 

l-one was used in a synthesis of muscone. (Eqn 174) 

0 0 

+ 
+ 

MgBr 
ti 

TMS [206] (1 

OH 

74) 

The reaction of vinylpentamethyldisilane and dimethyldivinylsilane in the presence 

of chloroplatinic acid gives 39, a trisilylethane, in excellent yield. (Eqn. 175) 

Me2 

\SI 
Me,SIMe,SICHdiH, + Me2SI(CH=CH2)2 H2PtC’6t 

P TMS 
toluene 
110” VSIMe, 

12071 39 (175) 
92% 
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Vinylsilanes were used as precursors to other vinylsilanes in several instances. 

3-Trimethylsilyl-3-sulfolene is deprotonated and methylated to give the 5-methyl 

derivative by either of two methods. (Eqn. 176) I-Trimethylsilyl-2-lithio-3,3-di- 

methylcylopropene was reacted with tert-butylchloroformate and dimethyldisulfide 

to give the corresponding substituted cyclopropenes, which were used to prepare 

1 ,l -dimethylallene. (Eqn. 177) 

ci TMS TMS 

1) BuLi/THF/HMPA/lO min 
(176) 

S 2) MeI 90% /c;l 
M= s 

02 or HMPA/Mel/LiN(TMS)2 64% 
02 

12081 

E+ 
X 

150” 
- 

or hv 
C=CH, (177) 

TMS 120g] E TMS 

(E+ = MeSSMe, CiCO:Bu) 

The coupling of vinylsilanes with various aryl systems provides products 

resulting from arylation of the vinyl group and new vinylsilanes. 1-Halovinyisiianes 

react with aryizinc chlorides in the presence of tetrakis(triphenylphosphine)- 

palladium (0) to give 1-arylvinylsilanes. (Eqn. 176) (E) and (2) vinylsilanes react with 

phenyipailadium acetate, generated ‘in situ’ to give a mixture of (E) and (2) l- and 2- 

aryivinyisiianes. (Eqn. 179) Aryl iodides were shown to react with vinyisiianes in the 

presence of a palladium(il) catalyst and silver nitrate. (Eqns. 160 and 161) 
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ZnCl 

WPPh,h 

12101 
(178) 

R 
“PhPdOAc” 

R 
(17 9) 

TMS VIII TMS 
or 

RL/TMS 

TMsL AgNOs TMS 
+ Arl - 

Pd(OAc)* or PdCI, \==\ (180) 
Ar 

12121 18 examples; 29-93% 

TMSL + 
(181) 

TMS 
79% 

Allylzinc bromide 40 was reacted with vinyllithium or vinylhalomagnesium 

reagents to give primarily the vinylsilane 41. (Eqn. 182) 



TMSCH=CHCH,ZnBr + 
“c6H13\ - 

40 M 12133 “C6H11 
M = MgBr, Li inBr 

4196%ElZ=Ql:Q 

The synthesis of 2-trimethylsilyl-1,3-butadienes was accomplished by the 

lithium aluminum hydride reduction of (a-trimethylsilylallenyl)methanols. (Eqns. 183 

and 184) 

C’( 

R4 

R3 

TMS 

CT’ 
H 

C 
H 

0 

0 

LiAIH4 
R4 

12141 
R3 I 

7 examples 42-80% 
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The addition of organometallic reagents to ethynylsilanes formed the basis for 

the preparation of vinylsilanes. Hydroboration of ethynylsilanes with dicyclohexyl- 

borane gives the I-borylvinylsilane. These were alkylated with alkyl bromides in the 

presence of copper(l). (Eqn. 185) 

T’S 

BCY, 

TMS 

R2 

(186) 

Trimethylsilylacetylene was reacted with triphenyltin hydride in the presence of 

10 mole percent triethylboron to give (E) 2-triphenylstannylvinylsilane. (Eqn. 186) 

Ethynylsilanes 42a and 42b react with tributyltin hydride to give cyclic j3-trimethyl- 

silyl-a-methylenebutyrolactones 43a and 43b. (Eqn. 187) 

Ph,SnH TMS 
TMS = H + (186) 

Et38 10 mole % SnPh, 
12161 83% 

TMS 

\’ 

a 

*xteTMSsQ>o+ (J$,y-s 

n 0,CSePh 
n n 

42~ n = 1 43b 
(187) 

43a 
42b n = 2 

n = 1(80%) lpt 12 pt!? 

n I 2 (92%) 1Pt 10 pts 

Referencea p. 305 
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The addition of the “hydridomagnesium bromide”, generated from isobutyl- 

magnesium bromide and dicyclopentadienyltitanium dichloride, across the triple bone 

of ethynylsilanes was used as a method of preparing multigram quantities of 

(+)-methyl-5(S),G(R)-epoxy-6-formylhexanoate (Eqns. 188 and 189) and 2(R),3(S)- 

epoxyoctanal, useful intermediates in the synthesis of leukotrienes. 

1) ‘BuMgBr 

TMS = 
CplTiClz 

nwll - 
2) CuI/Me2S/THF 

[218] CH0 

OH 
TBAF/THF 

x 
0 TMS *w (188) 

\ “wh 
OH 

(189) 

[2181 91% 

Aryl iodides can be reacted with ethynylsilanes with palladium(h) catalysis to 

give a mixture of a- and f3-arylvinylsilanes. (Eqn. 190) Treatment of these vinylsilanes 

with iodine gives the desilylated styrene. 



R= TYS + At4 
Pd(OAc)2(PPh,) 

piperidine or 
Bu3N/HC02H 
DMFIGO” 

w91 
12/benzene 

(190) 

Bis(trimethylsilyl)-1,7-octadiyne was reacted with ‘in situ’ generated zircono- 

cene to give 44. (Eqn. 191) 

(C”,), = 
1) “zirconocene” / 

TMS = TMS - 
2) H20 

WOI (x 

WV 

\ 

69% TMS 

1 -Trimethylsilylpropargyl alcohol served as the starting material for 1 -sub- 

stituted trimethylsilylallenes as shown in Eqn. 192. Trimethylsilylethynyl ketones 

were used to prepare 3-substituted trimethylsilylallenes. (Eqn. 193) Direct lithiation- 

trimethylsilylation of 1,2-butadiene provides 1-trimethylsilyl-1 ,Fbutadiene. 

(Eqn. 194) 

TMS = CH,OH 
1) YSCI 

* 
2) RMgCI/CuBr,LiBr 

THF 

ww 

CH*=CI( 
TMS 

R 
(R t Me, ‘Pr) 

(192) 
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A- = TMS 

(R = H, PhCH,CH,) 

Me+4H 
H H 

1) NHsNHTs 
) 

2) NaBHsCN 

r2211 

1) LiTMP 

2) TMSWTHF - 

12211 

R+-c~Ms 
H 

Me*c,, 
H TMS 

(193)/ 

(194)/ 

# 

Arylsulfonylethynylsilanes 45, prepared via sulfonylation of bis(trimethylsilyl)- 

acetylene, were reacted with dimethyldiazomethane to give the cycloadduct, which 

upon photolysis gives the trimethylsilylcyclopropene 46. (Eqn. 195) The parent cycle-! 

propenes can be easily prepared by protodesilylation. Compound 46 was shown to 

react with alcohols and/or alcoholates to give the alkoxycyclopropene. (Eqn. 196) 

Reaction of 46 with toluenesuffonic acid in benzene gives ring opening. (Eqn. 197) 

TMS = SO,Ar + Me&N, 

45 

=, ‘c N\\ / TMS 
NW N-T 

SO,Ar 

TMS 

46 



TMS SO,Ar 

(196) 

TMS SO,Ar 

benzene 

w21 

TYS 
(197) 

The ethynylsilane 47 undergoes photolysis in methanol to give 48, which was 

reacted with thiophenol to give adduct 49. (Eqn. 198) 

/ 
~231 

* P 
48 TMS 

(193) 

I PhSHlhv 

three other isomers + 

PhS TMS 

49 
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Photolysis of ethynylsilane 50 provides the bicyclooctatetraene 51 (Eqn. 199), 

while 52 gives 53. (Eqn. 200) 

51’TMS OH 
R’ = R2 = R3 = H (46%) 

R’ = R’, R3 = Me (36%) 

R’ = R* =Me,R3 = H (31%) 

TMS 
53 42% 

The addition of silylorganometallic reagents to carbon-carbon triple bonds 

provided convenient entries into several vinylsilanes. The dienynyl ester 54 was 

,I 
-_TMS hv 

12241 
0 (aoo) 

reacted with lithium bis(trimethylsilyl)cuprate to produce the 5-trimethylsilyl eetar 

56, which was not isolated, but converted directly to the aldehyde 56. (Eqn. 361) M 

system was used to prepare retinoids. Tris(trimethylsilyl)silyllithium, converted to 

an organocopper reagent in a ratio of 1 :l or 2:1, reacts with acetylenes to give cis 

addition and the silicon at the least hindered carbon. (Eqn. 202) This is also true 



of 

of 

75 

the reagents similarly prepared from diphenylmethylsilyllithium. (Eqn. 203) The use 

phenyldimethylsilyllithium, however, gives a mixture of regioisomers from the 

reagent prepared in a 1:l ratio; the silicon positioned exclusively at the least hindered 

carbon from the reagent prepared with a 2:l ratio. (Eqn. 204) 

TMS 
I 

retinoid type systems 

P251 55 

1) LiAIH, 
2) MnOg (201) 

56 

27% overall yield 

LICu[SI(SIMe,),], + R zz H - 

NW 
(202) 

Si(SIMe,), 

LICu(SIMePh,), + R = H ___) 

NW 

(203) 
SIMePh, 
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R 

LiCu(SIMe,Ph), + R = h’ - - 
12261 

\ 
SIMePh, 

(R = Ph, ‘Bu, “Bu) + (2941 
R 

+ / 
PhMe,Si 

Phenyldimethylsilyllithium was reacted with triethylboron and the resulting 

complex (Eqn. 205) added to terminal acetylenes with cuprous cyanide catalysis to 

give vinylsilanes with the silicon preferrentially at the more substituted internal ( 

carbon. (Eqn. 206 and 207) Trimethylsilyltrimethyltin and trimethylsilyltributyttin 4 

acetylenes to give 8-stannylvinylsilanes in good yields. (Eqns. 208 and 209) It is 

possible to utilize the vinyltin group in a metal-metal exchange process to obtain the 

vinyllithium reagent, which is then reacted with electrophiles. (Eqn. 210) Interest- 

ingly, but not surprisingly, treatment with NBS, bromine or iodine results in loss of 

the tin and not the silicon moiety. (Eqn. 211) Cross coupling of the vinyltin unit with 

aryl halides provides the 8-silylated styrenes. (Eqn. 212) Cross coupling with ally1 

bromides was also reported in this work. 

PhMe,SiLi + EgB A PhMe,SIBEt,* Li+ (24) 

w71 



PhMe,SiBEt,- Li+ 

PhMe,SIBEt, Li+ 

1 )R =H R 

>-( 

H 

CuCN (cat) PhMe,SI H(D) 
2) MeOH major 

12271 +/or (206) 

R 

>=( 

H 

UVH SIMe,P h 
minor 

R’ 

)--< 

R2 

1)R’ 

CuCN (cat) 
PhMe,SI H 

2) MeOH 
major 

12271 
+ (207) 

R’ R* 

9 examples 57.97% )_( 
H SiMe,P h 

minor 

R2 
WPPh,h 

= H + Me,SISnR: - 
W81 

(208) 
R,lSn SiMe, 

R2 z R3 + Me,SiSnR: 
PW’Phd4 

WW 
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Ph 

E 
(510’) 

TMS 

9 examples; 29-68% 

(E+ = H20, Me2S04, EtBr, acetone, EtCHO, DMF, TMSCI, Me3GeCI, Me#bCl) 

, 

Ph NBS or Br, 

>---\ 
or I2 Ph 

w * (2111) 
Me,Sn TMS F-81 (Wr TMS 

Phh ArX t 
Me,S n’ ‘TMS PhCHIPdCI(PPh& 

Ph 

>=\ (214) 
Ar TMS 

W81 I 

Lithium (phenyldimethylsilyl)dialkylzincates add to acetylenes in the present f 

transition metal catalysts to produce vinylsilanes. (Eqn. 213) 
I 

R’ 
R’ = gp PhMepSiZnR:Ll + 

r2291 SIMe,Ph PhMe,SI 

11 examples; 62-98% 

(Cul, Pd(PPh&, CoCI,(PPh&, CuCN used as catalysts; CuCN best) 
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Lithium bis(phenyldimethylsilyl)cuprate adds to allenes to give either vinyl- 

silanes or allylsilanes, depending on the nature of the allene. (Eqn. 214) The vinyl- 

silanes can be reacted with electrophiles (Eqn. 215) as can the allylsilanes (Eqn. 216). 

I:! H 

R3 

C”. 

(PhMesSi)sCuLi 

12301 

R’ 
* 

R3 

R2 SiMe,P h 

or 
(214) 

allylsilane formed when R’ o R* = R3 = H; R’ = Ph, R* = R3 = H; 

R’ = Me, R* = H, R3 = Ph; R’ = R* = Me, R3 = Ph 

vinylsilane formed when R’ P R* = H, R3 = Bu; R’ = R” = Me, R* = H; 

R’ = R” = Met, R3 = H; R’ = R* = R3 = Me. 

(215) 

E+ = Mel, AcCI, cyclohexenone (1,2 addition) 

SIMe,P h 
E* 

cu v301 
E+ o Mel, AcCI, 

73-83% 

< 

SiMe,Ph 
(216) 

E 

cyclohexenone (1,4 addltion) 

52-92% 
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Trimethylsilylnitrile was added to phenylacetylene with palladium(ll) catalysis. 

(Eqn. 217) Under similar conditions trimethylsilylnitrile was added to allenes. 

(Eqns. 218 and 219) The E isomer was favored over the Z isomer. 

Ph = H + Me,Si CN 
PdC12 TMS CN 

w 
pyltoluene )_( 

H Ph 
12311 

PdCl* or 

R NiClp or 

+ C=CH, 
H 

+ TMSCN =&+KcN+ “>=\_ 

DIBAH 
TMS H 

[2321 
(2W 

0 

as above 

- Q 

\ TMS ww 
I2321 

CN 

The insertion of vinylcarbenes into the Si-H bond was studied according to Eqn. 

220. Retention of configuration at silicon was observed consistent with other car- 

insertions into the Si-H bond. 
I 

OTf SI*M 

retention 

12331 
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Tris(trimethylsilyl)manganesiomagnesium bromide, prepared from the (silyl)- 

methylmagnesium and manganese dichloride, was reacted with 1 ,&butadienes and 

then an electrophile to provide 3substituted vinylsilanes. (Eqn. 221) It is felt that an 

intermediate x-ally1 manganese complex is involved. 

(R,Si),MnMgBr 

- 
12341 

SIR, 

“Mn” 

(E+ = D20, Mel, PhCHO, acetone) 

1 E+ 

L / 
E 

SIR, 

(221) 

Photolysis of disilacyclobutene 57 with 1,3-butadiene in the presence of 

chromium hexacarbonyl gives vinylsilane 58. (Eqn. 222) Similar reaction of the same 

material in the presence of molybdenum hexacarbonyl gives 59. (Eqn. 223) 

‘Bu 

t I 
y2 

SiF, 

57 

Cr(CO)G 

hV 

12351 F,SI H 

58 
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59 
B. Vlnylsllanes-Reactlons I 

Dialkylmagnesium reagents were reacted with vinyltriethylsilane. (Eqn. 224) 

Organolithium and organomagnesium reagents were added to l-(dimesitylboryl)- 

vinyltrimethylsilane. (Eqn. 225) 

w\= ) R2Mg 
RCH2CH2SIEt, 

[2361 
R = Et, Pr, Bu; 1040% 

TMS 

K 
BMes, 

1) PhLi 
BMes, 

w 
2) Mel 

(22 
Ph Me 

3) F 

a-Trimethylsilyl-a&unsaturated ketones were employed as acceptors kr thr 

conjugate addition of organocuprates (Eqn. 226) and for radicals (Eqn. 227) T’ha lr 

of these two examples employed the resulting j3-ketosilane to regiospecifiaJIlr 

prepare an enol silyl ether that was used to introduce the C13-Cl4 double bond of 

prostaglandins. 



a3 

0 (226) 

TBSO’ 

TMS 

=5r “WI 

0 

,OEt 

0-f 
OEt 

PW I v 
OEt (227) 

Pd(OAc)? 
+ 

CHSW 

1 
% 

TBSO’ 
nWl 1 

OTMS 
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a-Chlorovinyltrimethylsilanes were reacted with bromine followed by mont 

with base (Eqn. 228) or with iodine in the presence of aluminum chloride (B@L 299) to 
., .- 

give a-chlorovinyl bromides and a-chlorovinyl iodides, respectively. 

Bu 

Et 

TMS 

Cl 

1) Br2 Bu Br 
* 

2) NaOMeMeOH 
Wrj) 

Et Cl 
r2401 90% 

BU TM 12/AICIS Bu Cl 
w 

>=( 
(W) 

Et Cl 12401 Et I 
80% 

__- 

Reaction of trans vinylsilane 80 with bromine and then fluoride ion gives the 4 

vinyl bromide cleanly. (Eqn. 230) Accordingly, the cis vinylsilane gives the t##. * 

bromide. (Eqn. 231) The addition of HBr to vinylsilane 61 in acetonitrile leads lo i 

protodesilylation with retention of geometry. (Eqn. 232) Reaction of 81 with sulfurjc 

acid gives fluoroketone 62 (Eqn. 233) and reaction with alcohols in the presence of 

sulfuric acid gives substituted a-fluoroketones. (Eqn. 234) 

THPO(CH,)8 

60 TMS 

1) Br2 
2) TBAF 

12411 

THPO(CHJ,, 



THPO(CH,), 
uTMS 1) Br2 

* 
2) TBAF 

t2411 

HBr 

R 

>=( 

F 

F TMS [2421 

61 

H2S04 

85 

THPO(CH,), 
\ (231) 

‘Br 

R 

>=( 
F 

(232) 

F 80% H 

(233) 

(2341 

F 
4 examples; 23-95% 

A full acount of the halogenloysis of vinyl&lanes was reported. (Eqn. 235) It was 

found that the reaction proceeds with inversion of the double bond when the silyl 

group is trimethyl or triethoxy and when iodine monochloride or bromine are used. 

(Eqn. 235) When the silyl group is the pentafluorosilicate unit the reaction occurs 

with retention of geometry with the above reagents and with N-bromosuccinimide. 

(Eqn. 236) It is thus possible, as is shown in Eqns. 237 and 236, to use the same 

intermediate vinylsilane to prepare both E and 2 vinyl bromides. 

+/or R’\=/Y (235) 

SIR, [2431 Y 
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ICI or Br2 
w 

or NBS (IS@1 
” ‘SIF6’2 

“‘C6H13 
\ 

‘SI(OEt), 

“C643 
Y 

SI(OEt), 

[2431 A 
(X q  Br, I) 

1) KHF#eOH “WI 3 
w 

\==E\ 
(237) 

2) Br2 or NBS Br 
12431 

1) Br2/CCI, 

2) KHF2JMeOH 
) “C,HyJBr (29) 

12-l 

Several perfluoroalkyl iodides were added to vinyltrimethylsilane in the e 
I 

of copper metal. (Eqn. 239) The addition of 1,1,2,2-tetrahydrotrifluorooctyl m##pln 

to vinylsilanes was reported. (Eqn. 240) 

TMSL + RI ,A* 
I 

R 
50-60” TM 

P‘W 60-60% 

(R P CI(CF,)n, n = 2, 4, 6; CFdCFds; H(CFd4; FO~S(CF~~O(CF~LI 

(239) 

HSCH2CH2CrF13 
Mcb.nCInSIN/ - 

12451 
t (24 1 
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The free radical addition of bromoform to vinyltrimethylsilane was studied and 

shown to give principally a monomer and a dimer. (Eqn. 241) The addition of sodium 

bisulfite to vinyltrimethylsilane provides the precursor to trimethylsilylethyl- 

sulfonyl chloride (Eqn. 242), which can be used to protect amines (Eqn. 243). It has the 

advantage that it can be selectively removed by fluoride ion. The addition of N,N-di- 

chloroarylsulfamides to vinyltrimethylsilane was accomplished photolytically. 

(Eqn. 244) The reaction of vinyltrimethylsilane with ethoxycarbonylnitrene leads to 

aziridines. (Eqn. 245) 

+ CHBr, 
-202 

* 

(241) 
12461 

NeHS03 
t 

PhCO:Bu 
TMSmSO Na 3 PCl&Cl, 

MeOH/A 
ion exchange 

\ 

(242) 

12471 TMS-S* Cl 2 

TMS-S0 H 3 

TMS-s* Cl 2 
+ R’R”NH ,TMS-SO N&R2 

2 

12471 
CsFlDMF (243) 
or TBAF/CH&N 

R’R’NH + SO, + CH,=CH, + TMS-F 



TMsl_ + ArS&NCI, hv 
TMS 

ArSO,N (354) 
(Ar = Ph, p-CK&H,) 12481 

R,S’\= X/Et3&H2Ph CI- 

R,Si 

I 

DCM/NaHCOdH20 Y 
CO,R’ 

x 2 =ON 

R,Si 

+ b 
r (245)) 

H 

The free radical initiated reaction of 1,3-dioxolanes and 1,3dioxanes w&h vsnl(r- 

trimethylsilane was reported in two papers. The results are shown in Eqns. 246 nd 

247. Another reaction involving the 1,3-dioxolane unit was the addition of 2-(tri- 

chloromethyl)-1,3-dioxolane to vinyltrimethylsilane. (Eqn. 248) 

*-a + 0 

Y 
0 

peroxide 
-w 

WOI 
+ 

040) 

OAaTMs+ AcO-TMS + AcO 

(R = H, -CH,CH2TMS) 



TMsL + K 
OvO 

TMSL + on0 
Y 

CCI, 

‘BuOO’Bu ) 

0 0 

L TMS 

1400 
Fe(CO)dDMF 

* 
0 0 

w21 Y 
CCI,CH,CHTMS 

I 
Cl 

89 

(247) 

(249) 

A number of examples of the intramolecular reaction of a vinylsilane with an 

iminium ion appeared adding to this very attractive entry into nitrogen heterocycles. 

This approach was used in the preparation of 6-azabicyclo[4.3.0]oct-Pene-7-one as 

shown in Eqn. 249. The preparation of the starting materials is illustrated in Eqn. 250. 

An oxacarbamoyliminium ion vinylsilane cyclization lead ultimately to the synthesis 

of threo-2-(a-hydroxyalkyl)piperidines. (Eqn. 251) A key part of a synthesis of strept- 

azolin was the intramolecular cyclization of 63. (Eqn. 252) 

TFA126O t 

P531 

0 

\ (rr3 N 

0 92% 

(249) 



90 

R’ 

h 1) LDA 
w 

0 N OEt 2) R2X 

I [2531 
R 

F?* 
R’ h 0 N OEt 

iI 

(250) 

B*)( q  ,yTMS Br/=\TMS Br-TMS 

NaBH, 

[2551- - 

J 

0 
63 

WW 
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The intramolecular reaction of vinylsilanes with iminium and a~liminium ions 

provided routes to tetrahydropyr~dines and related heterocycles. (Eqns. 253-256) 

R4 

TZ< ’ [2561- rx ’ R3 (253) 

r” 
‘: R2 

R’ 
‘R2 12 examples; 53-9596 

:;;+N_ph w (y’“” 
I 

sulfonic acid 
Y 

(2541 

R*CHO/AcCN Ag+ 
TMS - WW 

W@l 

R’ 
R’ 

7 examples; 7th99% 
7 examples; 40-92% 

2 

RCHO 
acid 

12561 

(2W 

H 
3 exmnples 
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I 

The effect of the medium and the nature of the ratedetermining step in thm I 

vinylsilane-iminium salt cyclizations was studied. It was found that the cycli 

“y, 
with non-silylated olefins depended on the medium, whereas the cyclizations with 

vinylsilane group was independent of the medium. The mechanism shown in Eqn. 257 ; 

was proposed. 

12571 

+ 

Allenylsilanes were reacted with nitrosyl tetrafluoroborate to give the interesting 

4-trialkylsilylisoxazoles. (Eqn. 258) These systems will 

hot water to give the parent isoxazole. Bromodesilylation 

(Eqn. 259) 

undergo protodesilylation in 

can also be carried out. 

(continued on next page) 



R’ q  cC6H,, cC,HII Me 

R*= H Me Et 

%= 66 63 59 

Me 
1) NO+ BF.,’ 

C ,, ‘*;;s - 
7 15 2) Br2/CCl,, 

12581 

Br 

W9) 

C7”15 
72% 

A full account of the silicon-directed Nazarov cyclization was presented. 

(Eqns. 260 and 261) The effect of increasing the steric bulk of the silyl group on the 

stereoselectivity proved beneficial for the six-membered ring, but not as good in the 

case of the five-membered ring. 
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0 0 

FeCls 
ml) 

In related work advantage was taken of the 8-stannylvinylsilanes produced by 

addition of the silicon-tin bond to acetylenes, which then react with acyl chlorides at 

tin bond. (Eqn. 262) This approach was used to produce the precursors to the silicon- 

directed Nazarov cyclization. (Eqn. 263) When the silicon group is large 

the Nazarov reaction occurs without the silicon directive effect and with retention of 

the silyl group. (Eqn. 264 and 265) 

Ph 

Y 

SnBu, 

I 

C12Pd(MeCN), 
+ PhCOCI - 

SIEt, 
WOI 

0 

Ph P Ph 

I 

‘SIEt:, 

6569% 

(2112!) 

R’ = Bu, CI(CH&; R = ‘Bu, “Bu; n = 0, 1 58-87% 
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SiEt, Et,Si (264) 
70% 

BF30Et2 
- R 

WOI 
(255) 

R = Bu; n = 0 gives 68% 
R = CI(CH&; n = 1 gives 80% 

The cycliacylation of a-iithiovinyltrimethylsilanes of unsaturated acids 

(Eqn. 266) or amides (Eqns. 267 and 268) result in the formation of a-trimethylsilyl- 

cyclohexenones or cyclopentenones. 

2 ‘BuLi T”x-CoNEt2 - 12611 

0 

TMS tx I (266) 

35% 

(257) 

78% 

References p. 305 
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0 

TMs~2coNEt2 ‘Bu;U;t;uLi t ” 

I 

(R’ = H, Ph, Me; R2 = H: R’ = H, R2 = Ph; 53-83% 

The formation of episelenonium ions of aryl substituted vinylsilanes can result 

in cyclizations. (Eqn. 269) The same sort of reaction can occur with phenyliodonium 

dioxide and boron trifluoride etherate, which occurs via the phenyliodonium tetra- 

fluoroborate. (Eqn. 270) 

TMS 
TMSOTf 

0 

c 

NSePh 

0 

VW 



PhlOz 

BF,OEt* 

12531 
BF,- +IPh 

R’ = H Cl H Br (270) 

R2 =H H Me H 

X E CH, CH2 CH, 0 

..m,, 

The Diels-Alder cyclization of 2-trimethoxysilyl-1,3-butadiene, catalyzed by 

d&thyMuminum chloride, gives 64. (Eqn. 271) These systems are useful crosslinking 

(MeO),SI 

+ Et,AICI - 
W41 

Bis[2-(1,3-butadienyl)]dimethoxysilane 

64 

was reacted with maleic anhydride to 

0 
give 66. (Eqn. 272) a I 0 

P 00 
(272) 

maleic anhydride 
(#eO),S1 

(MeO)*SI 
C2551 

‘cc 

I 0 

65 0 
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The reaction of divinyldimethylsilane with phenylphosphine and light produces the 

4-phospha-1-silacyclohexane 66. (Eqn. 273) This material reacts with elemental 

selenium to give the phosphine selenide. (Eqn. 274) 

7 
Me,%_ 

hv 
+ PhPH, - (273); 

12661 I 
6 6 10.6% 

Se” t 

P661 

Ph, n 

S$pJ’~=2 

100% 

(2741 

Arenediazonium salts will bring about the aryldesilylation of vinylsilanes 

resulting in the formation of styrenes from vinylsilanes. (Eqns. 275 and 276) 

A rdTMS PWt* BF4 

[2671 

Ph-J’MS ArN2* BFi z, 

[2671 

Ar 
Ar\//\Ph + )= (275) 

major 
Ph 

minor 
67-100% 

Ar 
Ar--.@-Ph + + (276:) 

major 
Ph 

minor 
14-l 00% 

tL-Triethylsilylvinylmagnesium bromide reacts with allylrinc bromides to give 

3-substituted-5-pentenylsilanes. (Eqn. 277) 
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=c 1,:’ + R\7_z”Brz ’ R (277) 
3 

7 

SIEt, 

R=H(90%) 
R = Me (83%) 

The viny&lane 67 was employed in the (2E,4E) and (2Z,4E) 2,Calkyldienoates via 

the ester Claisen rearrangement. (Eqn. 278) A [2,3] Wittig rearrangement-Peterson 

olefination sequence was employed to produce (3E,5E) and (32,5E) dienynes from the 

same intermediate f3-hydroxysilane. (Eqn. 279) Since the erythro:threo ratio varied 

depending on the R group of the starting material 68 the same elimination conditions 

did not give the same dienyne in all cases. 

67 

(R = Me, Pr, “C5H1,) 

1) (TMS),NLi 
TMS 

3) CHzN, 
OH 

(278) 

R- 
CO,Me 

References p. 305 
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R-E TMS 
= TMS Rd 

R erythro threo 
H 97 3 
Me 4 96 (stereochemistry 
Et 3 97 
Bu 11 89 

of p-hydroxysilane) 

The electrochemical oxidation of 1-trimethylsilyl-I ,9dienes in methanol gives 

y-methoxy-ar$-unsaturated dimethylacetals in good yields. (Eqn. 280) Because the 

starting silylated dienes come from 1,3-bis(trimethylsilyI)propene, the authors 

propose this reagent to be the synthetic equivalent of a f3-acrolyl anion. 

OMe 

4 

TMS OMe 

1) BuLi/TMEDA 
7 examples; 29-72% 

2) R’R’CO 

I TMS-TMS = _ /’ 
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Lithiation-trimethylsilylation of 69 gives 70. (Eqn. 281) Lithiation of 70 

leads to double bond isornerization producing the conjugated dkne 71 (Eqn. 282). 

Thermolysis of 70, on the other hand, leads to migration of the trimethylsilyl group 

and 72. (Eqn. 283) Some of the iron complexes of the conjugated dienes were studied. 

Ph 

H SIMe, 

G 

\ 

Ph 

69 

Ph Ph 

Ph 

70 

Ph 

76 / SiMe2 

” / 
TMS 1 

Ph 

65 

References p. 305 

1) BuLi 
W 

2) TMSCI 

~721 

~2721 

70°C 2, 

12721 

Ph 

H 
WV 

TMS 1 
Ph 

70 

(282) 

TMS 

Ph 

71 

Ph 

(233) 

Ph 

72 
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In an interesting reaction, the Wittig reagent 73 was reacted with the trimethyl-i 

silylated acid 74 to give the stabilized Wittig reagent 75, which rearranges to Hwr cis 

isomer 76 and ultimately gives cyclopentenone 77. (Eqn. 284) 

Ph,P=CHTMS + 

73 

0 I 

CO,TMS 

12731 
CO,Me 

74 75 56K (284) 

76 77 OMe 

66% based on 75 

Oxidation of the 1 -trimethylsilylcyclopropene 76 produces a-trimethylsilyl 

mesityl oxide. (Eqn. 285) Oxidation of 79 with 3 equivalents of meta-chloroperbenzoic 

acid gives epoxy formate 60, whereas with 2 equivalents of the oxidizing agent vinyl 

formate 61 is formed. (Eqns. 286 and 287) 

A TMS 
MCPBA w ww - 
DCM/PO”C 

%- 
TMS [2741 0 

70 73% 



zi - 
79 

TMS 
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MCPBA 3 eq 

DCM12O”C 

0 

)“( 

TMS 
(288) 

12741 0,CH 
80 

MCPBA 2 eq 

DCMIPO” 
* M;; + wzt287j 

W41 
2 

TMS 81 not isolated 

Lithiation of 2-(trimethylsilyl)norbornadiene occurs to place the lithium at the 

5 position. (Eqn. 288) 

Bis(trimethylsilyl)thioketene was shown to react with dimethylgermylene to give 

bis(trimethylsilyl)acetylene and 82. (Eqn. 289) 

TMS, 

>&SIR3 (288) 

P C=S + MeGe: -TMS = 

TMS 
TMS + (Me,GeS), 

87% 82 (289) 
17% 
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The reactions of l-tert-butyl-3,3,4,4-tetrafluoro-3,4-disilacylobutene 83 with 

1,3-butadienes was reported. Examples are shown in Eqns. 290 and 291. Disilacyclo- 

hexadiene 84 reacts with iron pentacarbonyl and light to give reduction of the 

external vinyl group. (Eqn. 292) Treatment of 85 with iron pentacarbonyl gives 

(Eqn. 293) 

85. 

‘Bu F2 

‘bMe 

Si 

a3 

transition 
metal cat. 

12781 

(2913 

l (,,A. +/or ‘Bu{I:L 
R 

F2 F2 
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hv 
PW 

85 

‘“ris (293) 

F2 

86 

C. Vinylsilanes--Other Studies 

The infrared spectra of divinylsilane, ethynylsilane and their fluorinated 

derivatives were studied. [280] The bis(trimethylsilyl)-bis(tert-butyldimethylsilyl)- 

ethylene 87 was prepared and its structure determined by x-ray crystallography. It 

shows a large twist angle of 50.2” between the two tert-butyldimethylsilyl 

groups and a dihedral angle of 47.1” between the tert-butyldimethylsilyl and tri- 

methylsilyl groups. The C-C length is 1.369 A and the C-Si(Me$Bu) length is 1.930 A. 

It showed no isomerization thermally nor photolytically. [281] 

ReferenQs p. 305 
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t Bu#e,Si 

>--< 

SIMestBu 

TMS TMS 

a7 

The radical 89 was part of a general study of the cyclization mode of radicals of, 

the general structure 88. (Eqn. 294) 

- ‘G’ +/or )-J (284) 
VW 

88 

Y I CH2, MetSi 

y2 also studied 

\/ 
SIMe, 

VIII. 

A. 

89 

ETHYNYLSILANES 

Preparation 

Alkyltrialkoxysilanes were reacted with trimethylsilylethynylmagnesium 

bromide to give mixtures of alkylalkoxyethynylsilanes. (Eqn. 295) 

TMS = MgBr + R1Si(OR2)3 

(OR’),_, WC) 
n = 1,2 
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Dimetalated acetylene was reacted with dimethyldichlorosilane to give oligomers. 

(Eqn. 296) The reaction with dimethylchlorosilane gives the expected disilyl 

acetylene (Eqn. 297) which upon treatment with carbon tetrachloride under free 

radical conditions gave the bis(dimethylchlorosilyl)acetylene (Eqn. 298) and the mixed 

chlorohydridosilyl acetylene. (Eqn. 299) These were converted to the dimethoxy 

derivative. (Eqn. 300) These acetylenic silanes were reacted in Diels-Alder cycli- 

zations. (Eqn. 301) 

Me2SiCl* 
Iill= M- oligomers 

12841 
(296) 

(M = Li, MgBr) 

M= M 
MesSIHCI 

[2841 
HMe2Si = SiMe,H (297) 

(U = Li, MgBr) 

ccl, (298) 

/=r Me2y = SiMe2 

/ Cl Cl 

HMe,Si = 
S’Me2H’*- Me,!: = ‘6;; 

u Me,Si 
(PhC0)20 = SiMe2 
2) MeOH OMe OMe 

(300) 
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R,SI = SIR, + 
bromobenzene 

3,3,3-Trifluoro-1 -propynyllithium was prepared and trimethylsilylated to give 

the corresponding ethynylsilane in good yield according to Eqn. 302. 

Ch Cl 

H 1) 2 RLi * cI=3 = TMS 

Cl Cl 
2) TMSCI 

12851 82% 

Bis(trimethylsilyl)butadiyne was reacted with alkyllithium reagents, which brkrgs 

about a metal-metal exchange. Methylation then gives the trimethylsilyl-1,3-i- 

yne. Other examples were reported as well. (Eqn. 303) 

TMS = E RI 
1) R*Li 

*Me= = R’ 
2) Mel 

WW 

W61 R' = Ph, 1-Np, TMS) 

Lithiation of trimethylsilylacetylene followed by conversion of the wn 

reagent to an ethynyltitanium reagent allows for the reaction with aldehydea in 8n 

improved manner to give the silylated propargyl alcohols. (Eqn. 304) LitW#ethyt- 

silylacetylene reacts with the monotosylate 90 to give substitution. The trWhyW@l 

group can be protodesilylated readily. (Eqn. 305) 
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OH 
TMS 

1) RCHO 
zz TI(O’Pr), - TMSd (304) 

2) H2O ‘R2 
12871 

Et,SI = Li + TsO 
7 

w 

OH B” [288] 

90 
(R configuratton) 

SIEt, 
(R configuration) 

+ 

(305) 
KF 

(E) Vinylbromides selectively react with trimethylsilylethynylzinc chloride to 

give the trimethylsilylated enyne in good yield. Due to the selectivity of the reaction 

for the (E) isomer, mixtures of (E) and (Z) vinylbromides can be employed. The isomeric 

purity of the (E) enyne is high. (Eqn. 306) This approach was used to prepare bis- 

(trimethylsilyl)endiynes according to Eqn. 307. 

Br R--TUS 
TMS zz ZnCl + 

f2891 
R\=/8r (xs) 

+ 

RwBr 
(306) 

3 examples; 7540.9% 
(E) purity s 95.5% 

References p. 305 
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TMS zz ZnCl + B r WPPhrk 

WOI Br\=/Br(x8) 
(E) purity B 99.5% 

The cross coupling of aryl iodides with trimethylsilylacetylene results in @yl- 

trimethytsilyl acetylenes, (Eqn. 308) A second example of this was elaborated to 

prepare thienopyridines. (Eqn. 309) 

TMS = H 

R* 

I?’ = H, Me, MeO; R* = H, Me, ‘Pr, MeS 
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Methyl acrylate can be reacted with trimethylsilyliodoacetylene with palladium(ll) 

catalysis to give the trimethylsilylated enynyl ester. (Eqn. 310) 

TMS = 

OMe Bu,NCI/DMF 

[293] 

Trimethylsilylacetylene reacts with diethylacetoxychlorotin to give direct 

stannylation of the ethynyl group. (Eqn. 314) 

TMS = H + Et,Sn(OAc)CI --TMS z SnOAcEt, 

w41 (311) 

Trimethylsilyl-1 ,&alkadiynes react with trimethylstannylcopper(l) species to 

give bis trimethylstannylation of the non-silylated triple bond. (Eqn. 312) These 

interesting materials can be subjected to tin-lithium exchange and the resulting 

lithium reagent reacted with electrophiles to give highly substituted enynes. 

(Eqn. 313) 

R= 
Ye3SnCuSMe2,LiBr 

= TMS - 
THF 

w51 

Me S;<T., 
3 

(312) 

‘References p. 306 



112 

1) MeLi 

1) MeLi 

2) E*X 

L-51 

E’X Mel Etl C,H,Br M@OH MeoH Mel Bul Mel 
E*X M&l-, m MeoH Mel Mel Mel Mel Bul 
% 94 87 92 93 90 90 88 81 

Trimethylsilylpropargyl alcohol was reacted with vinylpyrroles to give 91. 

(Eqn. 314) 

+ TMS-oH - (914 1 

91 

B. Ethynylsilanes-Reactions 

Ethoxytrimethylsilylacetylene was shown to be an excellent dehydration wrkt 

in the formation of acid anhydrides, esters, amides, lactones, and lactams. TIko rlyaon 

product is ethyl trimethylsilylacetate. (Eqns. 315, 316, and 317) 
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Co2H 
0 

Et0 = TMS_ 

WV 
(315) 

Me Me 

TMS- 
Hg’+ 

CH,CO,H + Et0 = TMS - (316) 
WV AcO OEt 

TMS 0 
R’R*NH 

w JL 

AcO 
CH3 NR’R2 (317) 

OEt 

l-Trimethylsilylacetylenes were shown to be conveniently converted to the parent 

acetylene with triethylbenzylammgnium chloride in aqueous base. (Eqn. 318) 

Fl= TMS 
TEBA-Cl 

w 
50% aq NaOH/CH&N 

R= H (318) 

40 min 

t-81 

R= c Ph 

I 

I 
Me 

Ph 

OTHP 

OHC 

“h k 

I I 

i $ 

CN 

References p. 305 
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Trimethylsilylacetylene was coupled with bromide 92 to give 93, which was 

protodesilylated. (Eqns. 319 and 320) In a similar vein 94 was converted to 95. 

(Eqns. 321 and 322) 

HC=CTMS 

pd::l:pzhNI)2 

HC=CTMS 
* PdC12(PPh3)2 

CullEt3N 

94 [3W 95 
6 examples; 66-68% 
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The reaction of trimethylsilylethynyllithium (or magnesium bromide) with 

diethylaminosulfur chloride leads to alkynylsulfenamides. (Eqn. 323) These are reacted 

with substituted anilines to give 96, which thermally rearrange to indoine9-thiones. 

(Eqns. 324 and 325) 

TMS = LUMIIW + R,NSCI - TMS = 
13011 

SNR, 

(323) 

TMS = SNF12;2~NHR+2~“;41 
96 

TMS 

R’ 
1 TMS(H) 

/ 

TMS 

Trimethylsilylethynyl cerium reagents 97 and 98 were shown to add nicely to 

carbonyls of systems that ordinarily undergo facile enolization. (Eqns. 326 and 327) 

TMS = C&I, 
I 97 

(TMS = ),C e 

98 
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OMe OMe \ w 0 

I / 
OMe OMe 

13021 

Triphenylsilylethynyllithium reacts with tertiary amides leading eventuw toi 

p-amino-a&unsaturated enones. (Eqn. 328) The reaction apparently occurs via 
I 

displacement of the amide followed by addition of the displaced amine to W 

ketone and protodesilylation. (Eqns. 329 and 330) 
“;” 

Ph,SI = Li + 
R’ NR2’ 13031 

8 examples; 28-82% 1 

0 

-RILSIPhr 
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0 0 

NMe Ph,Sl = Li 
I (330) 

13031 

The reaction of ethynylsilanes with electrophiles, which results in the electro- 

philic replacement of the silyl group, was a popular synthetic transformation. The 

acylation of ethynylsilanes was reported by yet another group. (Eqn. 331) This was 

applied nicely to the ethynylation of ethynyl ketones to form diethynyl ketones. 

(Eqn. 332) The trimethylsilylated diethynyl ketones can be prepared according to 

Eqn. 333. 

R = Me, Ph, p-MeOCsH., 

56-61% 

R’ r TMS +Ar = COCI 

Ph = CHO 1)Li = TMS :: 
t Ph = c= TMS 

2) to1 
[3051 

(333) 

References p. 305 
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Ethynylsulfones can be prepared by the reaction of ethynylsilanes with sulfonyf 

chlorides. (Eqn. 334) The nitration of ethynylsilanes is also possible. The trimethyl- 

silyl group is selectively substituted in this reaction. (Eqns. 335 and 336) 

so,c’ 
TMS = 

H f-b) 

[3W 

TMS = 
NO*+ BF4’ 

SiF?‘R2 - 2 O2N = siFb?; (335) 

4 examples; 34-70% 

NOs+ BF,- 
TMS = R - O2N =R 

r3071 

Tetrahydrofurans and tetrahydropyrans were reacted with 1 -trimethylsifyf- 

propyne to give ring cleavage. (Eqn. 337) 

n Me = 
TIC141DCYI-85* OH (d7) 

[3W 
R’,R2 P Ph,Me; Ph,H for n q  1 

and Ph,H for n = 2 

39-53% 
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The addition of alkyl iodides to ethynylsilanes under the influence of copper(O) 

to give ol-iodovinylsilanes was reported. (Eqn. 338) 

TMS = H + RI 
Cu/CH&N 

w 
PW 

(338) 

(R = CF3(CFz)s, CW,)p, cl(cF2)4, CICFpCF2, 
CWF2CFtr WF2h, (CF,),WF,),, FSO2 

The reaction of ethynylsilanes with diazomaionates gives silylated cyclopropenes. 

(Eqns. 339 and 340) Protodesilylation gives the parent cyclopropene. (Eqn. 341) The 

reaction of methyl diazoacetate with 3-silylpropynal gives heterocycle 99. (Eqn. 342) 

WWdW2 
R= TMS - 

cuso4 

13101 

TMS 

II 

N2CtCWW2 
* 

Cu(acac), 

TMS [3111 

TMS CO,Me 
K2C03 

TMS CO,Me H2o 
[3111 

R 

Y 
TMS 

- 
(339) 

(R = Bu, Pr, TMS) 

TMS 

TMS 

CO,Me 

CO,Me 
(340) 

33% 

H 

N 
I 

CO,Me 

H CO,Me 

85% 

(341) 
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N&HCO#le 
R,SI 

R,SI = CM0 - 
13121 

(349 
I 

H 

99 

It was shown that it is possible to directly convert ethynylsilanes to dir&&l dr 

diethyl acetals. This procedure was combined with the cross coupling of trial-i 

silylacetylene with aryl halides followed by transformation of the arylethynykiktel 

to the acetal. (Eqns. 343, 344, 345 and 346) 

HCECTMS 
Pd&z(PPh3)2 

13131 

1) HC=CTMS 

PdWWhh 
2) ,NaOEt/EtOH 

13131 

R 
R 

+ TM = H 
U’WWdC~2 ) 

Et3N 

13141 
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R 

KOHMeOH 

13141 
- ‘mile (346) 

(R = C02Mei, COPh, Ph, CF3, CH3, X = Br, Cl 

75-96% 

The osmium tetroxide oxidation of ethynylsilanes gives a-keto esters in moderate 

yields. (Eqn. 347) 

R’ = SIR,2 
0sOJR30H 

* R’ 
0 (347) 

e 
‘BUCOH 

[3151 

Ethynylsilanes were involved in several cyclization procedures resulting in some 

useful organosilanes. Trimethylsilylacetylenes were reacted with maleic anhydride to 

give silylated cyclobutenes. (Eqns. 348, 349 and 350) l-Trimethylsilylpropargyl 

alcohol was reacted with dimethylacetylene dicarboxylate and a palladium catalyst to 

give the [2+4] cycloadduct. (Eqn. 351) Trimethytsilylacetylene itself was coupled 

to Shydroxyuracil triflates. (Eqn. 352) The reaction of alkoxy silylacetylenes with 

a-ketoketenes was reported. (Eqn. 353) 
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TMS 0 

II + 

c 

I 0 hv 
sensitizer 

R 
0 

t3161 

TMS 
1) H,O/MeOH 

w 

2) CHd’b 

13161 

1) LiAIH,, 
- 

2) H2=4 

13161 

(R = H, Me, TMS, COMe) 

TMS 
H 

(R = H, Me, TMS) 

H 

Jc 
I 0 

R 
H 

(R = H, Me) 

FO,Me 

Ar CO,Me 

tAA#- 

‘Pr 

Ar = 

25% MeO,C CO,Me 



0 0 

OSO,CF, 

+ H = TMS - 

Me 

(R’ = H, Me) 

R’O = SIR, + 

The cobalt-mediated [2+2+2] cycloaddition of trimethylsilylacetylenes was 

employed in the synthesis of 3a,7a-dihydrobenzimidazoles. (Eqn. 354) 

TMS 

1) CPWW2 
WA 

2) CuC12/DMEIH20 
R 13201 

(X = 0, H2; R t TMS, Et, OMe, C02Me) 

Ethynylsilane 100 was subjected to intramolecular cyclization via 

initiation (Eqn. 355) The resulting vinylsilane can be protodesilylated. 

radicals 
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Bu$nH 
* 

AlBNlA 

13211 

100 CFCOzH / 5 

The reaction of enaminoethynylsilanes with vinylboronates of thioesters WY 

0. 
examples; 32-75% 

reported. This reaction gives p-amino thioesters, which can be cyclized to fiw. 

(Eqns. 356 and 357) 

e N, 
0 Bn 

76% 



H x Et 

I + 
PhS OB 

FTMS /x., 

The reaction of trialkylboranes with the ethynyl-tin bond of mixed silyl stannyl 

acetylenes results in siloles (Eqn. 358) and silaborapins (Eqn. 359). 

FsnMe3 
Me,SI 

\SnMe 3 

R,B ) 

13241 SnMe, 

(R = Me, Et, ‘Pr) Me2 

2 EtOH (353) 

(R = Me, Et) Me2 
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SnMe, 

Me,SI = 

I 

SnMe3 R,B 
R 

* (35@) 
Me,SI zz SnMe, [3251 Me,SI, ,B-B 

SnMe, R 

(R = Me, Et, ‘Pr) 

C. Ethynylsllanes-Other 

An infrared spectroscopic 

Studies 

study of a series of substituted propynals was cards 

out in order to look at the basicity of the aldehydic oxygen. The triethylgermyl, tri- 

ethylsilyl, and trimethylsilyl substituted propynals were less basic than the alkyl 

substituted ones. [326] Infrared and Raman studies of trimethyloilylpropiol anMoa I I were done; the basicity of the oxygen atom is higher in systems substituted WlyI al 

groups. [327] The carbon-carbon and carbon-chalcogen coupling constants have Won 

determined for a number of ethynyl derivatives including trimethylsilyl methoxy- 

acetylene and trimethylsilyl thiomethoxyacetylene. [326] The ‘%, 2eSi, and “‘Hg 

NMR spectra of ethynyltrimethylsilyl mercurials were determined. [329] 



127 

The crystal structure of 101 was determined. The Si-C-C-Si array is not quite 

linear with the mean SIC-C angle being 175~5~ in order to allow more distance 

between silicon atoms in the ring. [330] The steroidal silicon side chain analog 102 

shows potential as antifertility agents. [3313 

Me2 rub,0O 

SI = Si 

/ 
/ 

oOS i = si 
Me2 Me2 

101 

IX. 

A. 

ALLYLSILANES 

Preparation 

The reaction of pyridyl systems with lithium metal in the presence of tri- 

methylchlorosilane gives the trimethylsilylated versions of the 

allylsilanes. Upon oxidation in air these are converted to the pyridyltrimethylsilanes. 

(Eqn. 360) 

Birch products, 

TMS 
I 

TMS 
I c I 

\ 
-R Li/TMSCI ) 

0 I W21 c 
I 

+ 

I 

air w 

c 
I 

\ 
-R 

N 
y 

0 
N 
9 

(360) 

TMS 

Refelences p. 305 
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The 

silanes. This 

direct metalation of olefins followed by trimethylsilylation gives ally& 

was used to prepare some allylsilanes from terpenes. (Eqns. 361 anCt 

It was also used to prepare allylsilane 103, which was e,mployed in the syntheo& of 1 

racemic fredericamycin A. (Eqn. 363) 

1) BuLVTMEDA 

2) TMSCI 

r3331 

1) BuLi/lMEDA 

2) TYSCI 

13331 

1) BuLl 

2) TMSCI 

13341 

30% 

54% 

0 OMOM 

(381) 

(34) 

103 
rur 

ww 
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Eqn. 336 continued 

1) ‘BuLI 

0 
3) MeOH 

Fredericamycin A 

The metalation-silylation of functional olefins provided routes to functional 

allylsilanes useful in synthetic transformations. Ally1 sulfides were lithiated with 

lithium diisopropylamide and trimethylsilylated in the a-position. (Eqn. 364) These 

allylsilanes proved useful in acylation reactions with no interference from the 

sulfide group. (Eqn. 365) The lithiation of a-alkoxyallylphosphonates followed by 

tri-methylsilylation results in the formation of 7-silylation to give allylsilane 104. 

(Eqn. 366) The lithiation of a&unsaturated acids gives the dianion, which upon tri- 

methylsilylation produces the product of r-attack. (Eqn. 367) 
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SPh 

6 \ 11 LDA 

- 2) TMSCVTHF 

r3351 

RCOCUDCM 
* 

AIC13/-780/6 h 

r3351 

R2 1) LDA 

2) TMSCI 

(R = Me, Pr, Bu, t&H,,, CaHd 

Yields 26-5t%; E:Z approx. 3~2 

104 

3 examples; 82-88% 

)=/” 1) 2 LDA ) 

2) TMSCI 
R ‘““--Pr 

13371 6545% 

(367’) 
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The 64riethylsilylphosphonate 105 was deprotonated and reacted with aldehyde 

106 to give allylsilane 107. This allylsilane was used in an acid catalyzed polyene 

cyclization. (Eqns. 368 and 369) 

106 105 
13381 

It was found that by modifying both the aryl group of the triarylphosphine portion 

and the ligands on silicon in the 6-silyl Wittig reagent (Seyfetth Wittig reagent) that 

alkenylation rather than allylsilane formation occurs. (Eqn. 370) The stereoselectivity 

of reaction was studied in the reaction with a-alkoxy aldehydes. (Eqn. 371) 

References p. 305 
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Ar,P + 
SIR1R2R3 R 

-~R)-$+S,R1 R2R3 

CHO [339] 

* 

R2 
($74 

OSIR’R’R’ R’, I ,R3 I 

R 

R 

(R = Ph, c+H,,; R’ = Me; R2 q  Me, Ph, O’Pr; 

II3 E Me, Ph, O’Pr; R’ E H. Me; Ar = Ph, pMeOC6H4) 

OR” OR* 

Ar,P=CHCH,SIR, + 
R’ 

A Clm[341 R’ 
OSiR, 

syn-minor product 

iSi R, small amounts 

anti-major product 

Ar,P=CHCH,SIR, P=CHCH SIMeR’R* 2 

where R1,R2 E Me, Me; Me, O’Pr; Ph, Ph) 
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Silylmetallic species were employed in the synthesis of allylsilanes. Allylic 

tetrahydropyranyl ethers of 1,3-dienes were reacted with phenyldimethylsilyllithium 

to give allylsilanes. (Eqn. 372) Lithium bis(phenyldimethylsilyl)cuprate was reacted 

with ally1 acetates to provide allylsilanes. (Eqn. 373) This approach was used to 

prepare optically active allylsilanes. Thus, reaction of lithium bis(phenyldimethyl- 

silyl)cuprate with allylbenzoate 108 gives allylsilane 109 and the ally1 carbamate 

110 yields the opposite diastereomeric allylsilane 111. Equations 374 through 377 

nicely illustrate the potential of these reactions. 

R’ R2 W Yield 

‘Pr H 85 

C7H15 H 81 

Me Me 90 

-W2h- 78 

(PhMe2Si)2CuLi 

W21 

(373) 
SIMe,P h 



R2 (PhMe2Si)2CuLi 

13431 
R’?R2 

SiMe,P h 
(374) 

anti addition for R = AC, PhCO 
syn addition for R = CONHPh 

6 (PhMe$i)$ZuLi 
(375) 

’ ““0 CPh 
13431 

2 PhMe,Si 

108 109 88% 

(PhMe2Si),CuLi 
(375) 

OCONHPh 
[3431 

110 

(PhYe2Si)2CuLi 

13431 

92% 
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Trimethylsilylmethylcopper was reacted with ethynylsulfones to give addition 

across the triple bond. The resulting vinyl copper species was then protonated to give 

the allylsilane. (Eqns. 378 and 379) It was shown in these studies that whereas the 

a-sulfonyl-vinyl copper species is configurationally stable, the corresponding lithium 

reagent, prepared from the parent vinylsulfone, is not. (Eqn. 380) 

Ph = SOzPh + TMSCH,Cu THF w 
SO,Ph 

13441 TMS cu (378) 

HsO+ 
--. TMs>;2Ph (379) 

r3441 

TMSw;2ph G ,,,>;” (380) 

3) HsO+ 
ER = 6:94 

13441 

The reaction of a-silyl organooopper reagents with acetylenes gives rise to allyl- 

silanes, which are at the same time vinylcopper reagents. (Eqn. 381) These intriguing 

reagents can be coupled to give 1,6-bis(trimethylsilyl)-2,4-hexadienes. (Eqn. 382) 

Reaction with iodine gives the corresponding vinyliodide. (Eqn. 383) Alkylation is also 
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possible, (Eqn. 384) as is acylation, (Eqn. 385) and carboxylation (Eqn. 388). InWest- 

ingly, the reaction of trimethylsilylmethylcopper with acetyl chloride in the presence 

of palladium(O) gives rise to the trimethylsilyl enol ether of acetone. (Eq. 387) 

R2 
R2 

TMS 
R’ c A * -+ 

Cu(yQ 
H + 

TMS CU(MX) 13451 I?’ (3@lI) 

TMS WMX) 12 ) TMS I (333) 

13451 

TMS Cu(MX) R3X(R2 = H) 

[3451 

) TMS-yR3 (S@ 

R2 
TMS --G CU(MX) R3C(0)CI 

PW’Pbh 
R1 I 
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TM+: z 
1) co2 

Bu -TMs~co2;;86j 
2) H2SOJH2S0, 

Bu 13451 
Bu 

56% 

TMSCH,CuMgCIBr + AcCl 
WO) _ 

13451 
(3371 

3-Substituted isoprenylsilanes were prepared via the reaction of Grignard 

reagents on 112 in the presence of dilithium tetrachlorocuprate. (Eqn. 388) 

TMS RMgX/THF TMS 

R’Me,N 
w 

Li,CuCl4 R 
(333) 

+ 
X- 13461 

112 52-92% 

(B2 = Me, Bu, PhCH2; X = I, Cl 

R’ = Bu, PhCH1) 

The reaction of 113 with bis(cyclooctadiene)nickel(O) and then alkyl halides 

affords l-substituted allylsilanes in excellent yields, (Eqn. 389) Vinyl halides are 

also employable in this sequence. (Eqns. 390 and 391) This reaction is stereospecific 

with respect to the starting vinyl halide. 

References p. 305 
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K 1) Ni(COD)l 

TMS Br 
2) RXlHMPA or DMF K 

(388)/ 

TMS R 
13471 113 9 examples; 76-100% 

K + B”\=l/’ Ni(COD)2 

TM Br [3471 

76% TM 

K + Bu 
‘MS Br 

TMS 
83% 

Methyl a-trimethylsilylmethylacrylate was prepared as shown in Eqn. 392. 

B 
(EtO),P 

Y 
CO,Et 

TMS 

m20 
* 

K2C0,1H20 

80°C 

13481 

,CO,Et 

LTMS 

48% 
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Chloromethyl(ethynyl)silanes proved to be precursors to allylsilanes via hydro- 

alumination of the ethynyl group (Eqn. 393) and subsequent transformations of the 

resulting vinylalane. Thus intermediate 114 can be simply protonated to give the 

vinylsilane (Eqn. 394), treated with methyllithium and protonated to give via 

rearrangement (E) allylsilanes (Eqn. 395) or treated with a trialkylalane to give a 

mixture of (E) and (Z) allylsilanes by way of the Lewis acid catalyzed rearrangement 

(Eqn. 396). 

DIBAH R 
Fl= SIMe,CH,CI - 

SiMe,CH,CI 

PW AI’Bu, 
(393) 

114 

R 

\=< 

SIMe,CH,CI HCI or D,O R 

FY 

SIMe,CH,CI 
- - 

AI’Bu, 
(394) 

13491 H H(D) 

R 

\=< 

SIMe,CH,CI 1) MeLi H(D) 

* RW- 
VW 

AI’Bu, 
2) HCI or DsO 

H SIMe, 
13491 3 examples; 73-90% 

>99% E 

R SIMe,CH,CI 
MesAI, EtsA I 

or ‘BusAl 
)F (396) 

AI’Bu, w91 SiMe, 

R E CsH,,; E/Z = 30170 
3 examples; 70-85% 
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Silyl ketene acetals 115, available 

thermally rearrange to give allylsilanes 

OMe 
I 

from the enol ethers of b-k&o esters, 

, 
116. (Eqn. 397) ” 

I‘ ,’ OTMS 

RO 

(R = Me, TMS) 

115 

Ii CO,Me 

* 

r3501 L I 
I?0 

TMS 
I 

116 

The rhodium(l) or iridium(l) catalyzed isomerization of olefinic silanes gives 

allylsilanes in excellent yields. (Eqn. 398) 

SIR, 
SIR, 

O’ER’ rfr(CoD)(PPh3)21pFs ~R’(CH,) >R*(m*) 
13511 

n 

(RBSi q  Me,Si; PhMe2Si) 6 examples; 65-W% 

B. Allylsilanes-Reactions 

The reaction of allylsilanes with electrophiles continues to be an excellent 

allylation procedure. It was shown that a-phenylselenyl allylsilane 117 under- 

reaction with acyl chlorides to give the allylation reaction with double bond 
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transposition and without reaction of the phenylselenyl group. (Eqn. 399) Eqn. 400 

shows another example. In a like manner a-thiophenoxyallylsilanes, prepared according 

to Eqn. 401, can be acylated. (Eqn. 402) Another example is seen in Eqn. 403. This 

reaction, however, can lead to other products as well. (Eqn. 404) 

PhSe 

RCOCI 5, 

AIClsIDCMI-78°C 

[352I 
117 

RCOCI ) 

AIClsIDCMI-78°C 

I3521 

1) Base _ 

R’,&,,SPh 2) TMSCI 

[3531 

PhSe 

R 
(400) 

4 examples; 56-61% 

R2 
SPh 

TMS 

(401) 

R” R2 

SPh R3COCI/AIC13 
(402) 

TMS I3531 

(R’ = H, R* = Me; R’ = R* = -(CH2)“- where n = 3, 4, 5) 
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TMS SPh 

4 

\ 
RCOC VTiCI, R 

DCW78”C 

r3541 
41% 

PhS 

TMS DChW78”C 

r3541 
0 

44% 

The asymmetric hydrosilation of 1 -phenyl-1,3-butadiene provides optically 

active allylsilanes, which were 

determine the stereochemistry 

the acylation and alkylation of 

employed in the acylation and alkylation reaction to 

+ PhSOR (4 @ai) 

22% 

+ PhSOR (404) 

22% 

of these transformations. The stereochemistry of W/h 
1 

allylsilanes was shown to be predominantly anti W&#M 

less anti attack occurring with more fluorine ligands on silicon. (Eqns. 405 and 406)’ 

AcCI/AIC13 

Me H 
Me 

(S) configuration 

(4W 
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f-9 

SIR, 

Me H 

‘BuCI/TiC14 
)c 

t:+/Ph (406) 

Me 
r3553 

(S) configuration 
(SIR3 = Me@, Me2FSi, MeF#i) 

F-9 SIF, 
gives slow reaction and racemic product. 

Me H 

The allylation of aldehydes with allylsilanes continues to be studied and applied. 

It was found that under certain conditions the reaction of aldehydes with allyl- 

trimethylsilane in the presence of a Lewis acid results in the formation of 4-halo- 

tetrahydropyrans. (Eqn. 407) The reaction was also carried out with two different 

aldehydes. (Eqn. 408) 

2 RCHO + TMS- 
AiXS 

13561 
(407) 

5 examples; 43-88% 

TMS- 
1) R’CHOITICI, 

2) R*CHO 

13561 

(403) 

RI 

5 examples; 41-62X 

Raferenns p. 305 
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The allylation of 2,3-dialkoxy aldehydes with allyltrimethylsilane was reporb@ 

The reaction is highly stereoselective. (Eqns. 409 and 410) The optically active all~l- 

silane 118 was employed in the allylation of aldehydes. Both the yields and the i 

enantiomeric excesses are moderate. (Eqn. 411) 

OBn 

13571 98 % 

2% 

OBn OBn 

oHcOkAo TM- ) 
2 

‘0 
Mg Br,/DCM 

95% 

-yQ-$ 

ai b 

13571 
(41 w 

A0 z z 

& b 
i- 

98 % 
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Me0 

‘1 Me2 

/ - 13531 

e 
Lewis Acid 

R 016 Yield ee 

nPr 58 46 
Ma 61 40 
Ph 40 21 

I The allylation of aldehydes with allyltrialkoxysilanes using catechol and triethyl- 

b mine as the catalyst was accomplished. (Eqns. 412 and 413) 

! (EtO),SI M - 
o-catechol/Et3N 

/ w91 62-98% 

~ (EtO) 3 WA o-catechol/Et3N 

(412) 

(413) 

wg1 

, The allylsilane 119, prepared by the thermal rearrangement of the corresponding 

trimethylsilyl ketene aminal, was reacted with aldehydes to provide a-vinyl+ 

hydroxy amides. (Eqns. 414 , 415 and 416) 

~ferences p. 305 



NMe, 1) LDA 
R 

2) TMSCI _ 

13601 

I 

65WTHF 

0. 

TMS -F NMe, 

119 

TMS 

0 
NMe, ArCHO 

TBAF 
NMe, + 

WOI I 
wb) 

OH 
I 

NMe, + Ar 
NMe, 

4 examples; 5895% 

TMS 

I 

0 
ON 0 

* Y 
I 

NM02 ROK) At NMe, (raw 
TiCI, 

13601 
6 examples; 25-74% 
syn:antl 69-99:41-l 
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Examples of the intramolecular reaction of allylsilanes with aldehydes appeared. 

The allylsilanes 120 were cyclized as shown. The resulting unsaturated hydroxy 

esters were further cyclized to fused a-methylene butyrolactones. (Eqns. 417 and 418) 

U+CHO 

EtOzC 

b Ho 

TKX,/DCMI-20°C 
TMS n=3 

EtO,C 13611 
120 

TiCl,/DCMI-20°C 
TMS n3;4 

EtO,C C3611 

120 

100% 

EtO,C 

96% 

(417) 

(418) 

Allylsilane 121 was first reacted as the acetal with trimethylsilyl enol ethers 

and then the resulting ketone from this reaction subjected to Lewis acid catalyzed 

cyclization to the exe-methylene cyclopentanols. (Eqns. 419 and 420) 

OMe R 

+ 

+ 0 OMe TMS 

TMS OMe TMSo 
TMSOTfl-76°C R 

13621 - Jvd 
121 (41% 

0 + TMS 

R 
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0 OMe TMS 

* _ TiCi,/-78°C 

+ 
0 TMS 13621 

Ho 

R Q- 
OMe 

+ 

OMe 

t 
! 

(42 ) 
I 

1 

‘OMe 
4 examples; 47-80% 
overall yields 

gives chiral homoallylic alcohols and diols. (Eqn. 421) The allylation of N-methyl- 

The allylation of chiral a-k&o imides was reported. Reduction of the product 

arenedicarbozximides was also reported. (Eqn. 422) 

TMS-_ 
TICI, 

Ph WV 



(5% MeOD) 

13641 
0 

New methods for the allylation of acetals with allylsilanes continue to appear. 

The allylation of dimethyl acetals with montmorillonite, a solid acid catalyst, was 

ieported. (Eqns. 423 and 424) Trityl perchlorate was emloyed as a catalyst for the 

pllylation of the dimethyl acetals of a$-unsaturated aldehydes. (Eqn. 425) 

OMe TMS- 
> 

OMe clay (montmorillonite) 

[3651 

/ 
j Me0 OMe Me0 / 

10 

TMS- 

clay (montmorillonite) 

13651 
* F 

(424) 

‘Bu ‘Bu 

I fm?ncw p. 305 

88% 

cisltrans = 5195 
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ph+yome T;hyz - ph+Y- (4SL) 
OMe OMe 

[3661 

The altylation of acetals with crotylsilanes was investigated as to the 

stereoselectivity of the reaction. (Eqns. 426 and 427) 

major product 

R1CH(OR2), + uTMS Lewis acid 
Y 

13671 

major product 

The ketal 122 was reacted with allylsilane 123 as shown in Eqn. 426. The 

allylation of a vinylogous acyl iminium, ion generated from 124 occurs at the 

a-position. (Eqn. 429) The allylation of 125 with allyltrimethylsilane was used in 

the synthesis of zincophorin. (Eqn. 430) 
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TMS BF30Et2 
* 

OMe t3w 

&TBS 123 

122 

OTBS 

04% 

\ 0, TMS- 

Y 
EG 

OMe _ 

CO,Et W91 
CO,Et C02Et 

124 73% 18% 

OAc 

d20Bn 

125 

T&--./ 
BF,OEt, 

13701 
/ 60% 

The stereochemistry of the allylation of activated glycol derivatives with (Z) 

and (E) crotylsilanes was studied. (Eqn. 431) Several other examples were looked at 

in this study. 

Referencr* p. 305 
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OAc 

,,,,OAc 

(2 

I 
0 

BF30Et2 

13711 
OAc 

(with vTMS the ratio is 1:3.) 

25 % 

A ready synthesis of 1 ,5-dienes from allylsilanes and ally1 ethers under the 

catalysis of trityl perchlorate was shown. (Eqn. 432) 

W21 +J? + 
Ph 

major product minor produet 

(R = Me, MeOCHa THP; 43-99%) 

silanes also 
employed were 

ethers also 
employed were 

YTHP pMe 

Ph-ph ; p,,-dph+ 
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The intramolecular cyclization of an allylsilane and an enone was reported. 

(Eqn. 433) 

0 

I P R 

OHC 

Ph P- 3 \/TMS 

13731 

(R = H, Me, Et) (433) 

TMS 
0 

The reaction of allylstannanes and allylsilanes with unsaturated acyliron 

complexes was reported. The allylsilane reaction is shown in Eqn. 434. 

R 

‘c I TMSW 

5 
Lewis acid 

[3741 
0 

&F (434) 
P 

R = H (31%), Me; 31 (12%) 
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Ailylsilanes react with ,nitrile oxides, 

1,8oxazoles. (Eqn. 435) These p-functional 

generated ‘in situ’, to produce 4,Sdihyd 

t 

- 

silanes were reduced and eliminated to 1 

provide 6,r_unsaturated ketones. (Eqns. 436 and 437) In similar chemistry a-chloro- 

oximes were reacted with allyltrimethylsilane to produce the dihydro-1,2-oxazine 

(Eqn. 438). which can be treated with acid to give y&unsaturated ketones (Eqn. 439) 

or reduced and eliminated to give B-amino olefins (Eqn. 440). 

I R-&--O I + TMS- - TMS 

1 1 [3751 

TMS H,/Ni(Ra) 
fl 

B(OH)s/MeOHIHsO 

13751 

JJ/TMS 
BFsOEt* 

DCrWO”C 

13751 

TMS 

was 

JJ/TMS 

FL \ 
R =: Ph, (100%); R = ‘Bu (77%) 

used to propare 
R 

and .L 
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‘y Ph 
Cl 

I 
TMS- * 

Nbi 
Na2C03 
Etz0125”C 

P761 

f-f 

Ph 

I 
HCIOb/DCM 

> 

P /N 
0 13761 

TMS 

TMS 

Ph 

TMS 

Ph 

(438) 

(439) 

(440) 

The reaction of allylsilanes with p-nitrostyrene in the presence of titanium 

tetrachloride followed by reduction with zinc metal provides a-phenylhomoallyl 

\ nitriles. (Eqn. 441) 

9 example@; O-69% 
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The direct allylation of p-nitro sulfides with allylsilanes occurs via the epi- 

sulfonium ion to replace the nitro group. (Eqns. 442, 443 and 444) 

NO2 

R’ 
a 

: R2 

iPh 
W81 

NO2 

R’ 

+ 
R2 

TM/y_ 

W81 
SPh 

I 1 R’ 
z R2 
= 
iPh 

I -ci R’ 
R2 

SPh 

(44V 

(443) 

OTBS 

4 
SPh 

NO2 

Ketene dithioacetals react with allylsilanes in the presence of trityl tetndluolp- 

borate to give allylation. (Eqn. 445) This reaction works with enol silyl ethers w w@ 

as with allylsilanes. 



n = 2 06% 
n=3 72% 

The allylsilane 126 was subjected to photochemical cyclization to produce 127 

and 128. (Eqn. 446) 

hv 
7 days 

[3801 

0 TMS 

c5’ ,,,I H 

0 

127 14% 

+ (446) 

0 
TMS 

128 8% 

Lithiation of 129 followed by treatment of the lithium reagent with titanium 

Ftrachloride and then reaction of the titanium reagent with aldehydes leads to 9- 

alkoxysilanes, which can be converted to (2) or (E) dienyl sulfides. (Eqns. 447, 448 

and 449) 

qeferencea p. 305 
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R’ S-Si R, 
1) ‘BuLi 

or 

R’S A/-+-R, 

129 

2) TiX4 

3) R*CHO 
* 

SIR, 

[3811 

& 
13811 

SIR, 

R’SbR2 

” f KO’Bu 
: 

13811 

R’S,9-R2 

SIR, 

I 

(447/) 

I 

c44q1 
I 

(44 1 

1 
The reaction of allylsilanes of the type 130, which react with palladium(O) to 

I 
form a palladium complex of trimethylenemethane, were utilized in a number bf 

cyclizations wherein the allylsilane provides a three carbon unit in these cyclwo. 

The mechanism of the cycloaddition reactions was studied and it was found that &o 

reactivities paralleled those of the Diels-Alder reaction with the same substrm, 

namely structures 131 and 132. The reaction of the trimethylenemethane pal&&m 

complex with aldehydes was reported. This gives methylene tetrahydrofurans in gorl 

yield. (Eqns. 450 and 451) The reaction with oxooyclohexenones provides mew 

oxobicyclononanones. (Eqn. 452) The reaction with activated norbornadienes #arrp 
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by flash vacuum pyrolysis gives exo-methylenecyclopentenes. (Eqn. 453) 

TMS OAc MeO,C’- 
130 131 

K L,Pd 
w 

TMS OAc 13831 

CHO \ 9 

132 

(450) 

+Y 0 

+ K PWV 
Bu,SnOAc \ 

TMS OAc 13831 

* 2 

(451) 

R’ = H, R* = Et; 25% 

R’ = ‘Pr, R2 = TBS; 94% 

Referencea p. 305 
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7 examples; O-89% 

FVP 

(453) 

R3 

d 
R’ R* 

The reaction of 1,6-enynes with palladium(ll) results in the cyclization to 

dialkylidenecyclopentanes. (Eqn. 454) This same reaction in the presence of allybib 

130, however, gives fused polyhydroazulenes. (Eqn. 455) 

Pd(OAc), 
w 

13361 

FO,Me 

83% 

t 

(464) 

I 

(4W 
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The reagent 130 was employed along with palladium(O) in a f6+3] cycloaddition 

reaction with cycloheptatrienones. (Eqn. 456) An extension of this cycloaddition is 

shown in Eqn. 457. 

R = Ii (68%), Me (74%), OMe (41%) 

cE+ / 
0 (457) 

\ 

81% 

The reaction of 130 with sodium enolates of 1,3-dicarbonyl systems with 

molybdenumhexacarbonyl catalysis results in the direct substitution of the acetate 

group without protodesilylation as is seen with palladium. (Eqns. 458 and 459) 

Reference8 p. 305 
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TMS-YTMS 

OAc 

Na+ wcoh + M&E, (459) 
13991 

A nickel catalyzed [3+2] cycloaddition of allylsilane 133 with imines was 

reported. (Eqns. 460 and 461) 

R’ 
(4661) 

TMS WWOW31r 
oSo2Me + __N -w 

t 

133 
R2 ‘R3 I3891 

R2 R3 

10 examples; 19-77% 

TMS 
WWOWd~ 

OSO,Me + -\ - (461) 
z PW 

133 z ( 
z = electron witdrawing group 4 examples; 5wlm 

This same reagent was employed in the reaction with sodium enolates of 1,3- 

dicarbonyl systems and the resulting substitution product cyclized’ with titanium 

chloride. (Eqs. 462 and 463) 
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0 0 

R’ KT 1) NaH 
) 

X 

R2 2) 
K 

0 0 

R' 9 X 
R2 

=f-TMS 

TMS OMs 

13901 

TiCI,, 
w 

WOI 

R’ x (462) 

=L TM 

(463) 

X = OEt, NR, 

X z OEt (8 examples; 85-88%) 
X = NR2 (R = Et or Me 5 examples; 58-100%) 

Allylsilane 134 was shown to undergo [3+3] cycloadditions with a&epoxy 

aldehydes under the catalytic influence of tin difluoride. (Eqn. 464) The reaction of 

this same reagent under the same general conditions with 1,4-diketones, dialdehydes, 

or keto aldehydes produces the products of a [4+3] cycloaddition. (Eqn. 465) 

K + (464) 
TMS I 

134 
major diastereomer 

8 examples; O-87% 
dlastereomeric ratio 4:l to 5O:l 

Reference.9 p. 306 



TMS i 

134 
60-100% 

(XT 0 

70% 

60% 

QT 0 

100% 

0 cc 74% 

0 

91% 

CT 0 

85% 

The acid catalyzed cyclization of amino allylsilanes to vinylated azacycles was 

reported. The yields are good. (Eqns. 466 and 467) 

P I CF&O,H 
NHBu - 

Hm 
ww 

TMS H,O/THF 

[3931 
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-c” 

NHBu 
n 

CF&O,H 
> 

H2=’ (467) 

TMS H,O/TH F 

r-31 n = 1 (73%), 2 (97%), 3 (64%) 

The reaction of iminium ions with allylsilanes continues to be studied. Treatment 

of dimethyl 2,6-dimethyl-4-phenyl-l,4-dihydropyridine-3,5-dicarboxylate with 

allyltrimethylsilane in the presence of titanium tetrachloride or boron trifluoride 

etherate proceeds via the intermediate 135 and without loss of the silyl group. 

(Eqn. 468) The mechanism of the photochemical intramolecular cyclization between 

allylsilanes and iminium ions was studied. (Eqn. 469) The reaction appears to proceed 

through a duality of mechanisms which differ in the timing of the cleavage of the 

silicon-carbon bond. As part of a study involving reactions of allenylsilanes and 

propargylsilanes with iminium ions, 2-methylcrotyltrimethylsilane was reacted with 

2-phenyliminium perchlorate. (Eqn. 470) 

Ph 

8) 

Refemm!a p. 306 
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c-l / 
clo4- + N * ?’ 

D CD, 

TMS 

Ar 

hv 
D 

N 

t 3 D 
(469)’ 

t3w D 

D CH2 

hv/MeOH 

15% (26%) 

The reaction of allyltrimethylsilane with elemental sulfur in the presence of 

triirondodecacarbonyl is shown in Eqn. 471. 

CH,TMS 

2 TMS- WV 
(471) 



2-Bromoallyltrimethylsiiane was coupled with the Grignard reagent of (Bbromo- 

allyl)dimethylamine to give diene 136. (Eqn. 472) This material was also prepared in 

the reverse manner. (Eqn. 473) The resulting diene was cycloadded to various dieno- 

philes giving rise to allylsilanes of the type 137, which were further employed as 
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precursors to dienes for cycloadditions. (Eqns. 474 and 475) 

MgBr 
+ 

TMS =c- 

NWddwp) TMS 

NMe, 
75% 

13931 
NMe, 

136 

‘\-NMe, 

TMS 

NM@, 

NWWwp) 

56% 

t-81 

TMS 

NMe, 

(4721 

(473) 

136 

f 

CO,Me 

+ 
I 1) Mel 

MeO,C 2) CsF or TBAF 

TMS 

NMe, 

CH&N 

13981 66% 

65% 
t3981 
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Reaction of allylsilane 138, derived from isopulegol, with thallium triacetate 

results in oxidative ring opening with no loss of the trimethylsilyl group. (Eqn. 476) 

v OH 

#I#, 
) \ 
f\ 

TI(OAC)~ 

w91 

138 TMS 

The deprotonation-alkylation of allylphenyldimethylsilanes was reported. The 

major product is the allylsilane from alkylation at the u-position. (Eqn. 477) The 

reaction of the initial lithium reagent with triethylaluminum and then carbon die&o 

gives the (E) allylsilane. (Eqn. 478) Deprotonation of 

silane with butyllithium followed by treatment with zinc 

aldehyde and oxidation gives allylic diols in good yields. 

chloride and then an 

(Eqns. 479 and 480) Another 

example of deprotonation of allylsilanes was shown previously in Eqns. 447 through 

449. 

R27s’phMe* 1) ‘BULi/TMEDA t 

R’ 

F&*qSIPhMe, 

2) Mel R1 Me 

14001 major 

R’ R’ 

minor 
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R*aSIR, 1) tBuLi/TMEDA 

2) Et,AI 

) R*ysiphMe;47*) 

3) -2 CO,H 

[4W 

R&i q  TMS, Ph&i, PhMe,Si, Ph,MeSi, ViMe&i, p-C6H4MelSl, ‘BuMe$l) 

mSiMe,N’Pr, 1) BuLi/ether/TMEDA _ 
2) ZnC12 
3) RCHO 

[4011 SIMe,N’P r2 
5 examples; 61-93% 

39% H202 (20 eq) 
2- 

KF (2 es) 
(480) 

&Me,N’Pr, KHCOI (2 eq) 
MeOH/THF & 

5 examples; 53-97% 

Trimethylsilylcyclopentadiene was reacted with maleic anhydride and the 

cycloadduct shown to be more reactive in a retro-Diels-Alder reaction due to the 

P-effect of the trimethylsilyl group. (Eqns. 481 and 482) 

0- 
[4w 

(481) 

OH 



Me 

The protonated material gave 67% in 120h 180-190”C/7h (48 1 

at this same tempareture. 
. t 

0 

100% 

I 

I 
Me 

The epoxidation of homoallylic allylsilanes followed by treatement with rJyorr @ 

to eliminativety open the p,7-epoxysilane gives rise to vinylated l,&diols in a sIuW- 

selective manner. (Eqn. 483) 

R 2) siop 

14031 
(R = Me, CH&H20Bn, CH2CH20Ac, CH2C02Bn) 

erythro:threo = 83:17 to 97:3 



On the other hand the 
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Deprotonation of 1 ,l-dimethyl-1-silacyclopent-9ene leads to polymer. (Eqn. 484) 

group. (Eqn. 485) The 

allylic position without 

this interesting lithium 

di-p-tolyl derivative undergoes deprotonation on the aryl methyl 

di-p-tert-butylphenyl derivative undergoes deprotonation at the 

polymerization. A number of electrophiles were reacted with 

reagent. (Eqn. 488) 

‘BuLi or ‘BuLi 
POLYMER 

S! 14041 
R R 

(R = Me, Ph) 

(484) 

‘Bu 

1) ‘BuLUHMPAI-78°C 

2) E+ 

!BU 
[404] 

24 examples; 42-77%: for example, 

E = MelSi (71%), EtsSi (57%), PrsSi (59%), 

‘PrsSi (71%) 

Reference9 p. 305 
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The reaction of allyltrimethylsilanes with alcohols under electrolytic oxidrdion 

gives ally1 ethers, although with low regioselectivity. (Eqn. 487) 

The gas phase acidity of triphenylcyclopropene was measured by generating the 

anion from allylsilane 139. (Eqn. 488) 

R 
TM 

R Ph 
e 

t4W 
Ph (4W 

Allyltrimethylsilane was reacted with the complex formed between dicobalt 

octacarbonyl and vinylacetylene in the presence of tert-butyl tetrafluoroborate as 

catalyst to give neopentyl enyne 140. (Eqn. 489) 

\= 
Co2Wh 

14071 

I 

‘BU 
vc / 

COMPLEX 

J TM- 

Me&+ BF,- 

140 

(4W 



Allyltrimethylsilane reacts with tungsten trichloride to give trimethylchloro- 

silane and an allyltungsten intermediate, which was reacted with olefins to give 
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other allylsilanes. (Eqns. 490 and 491) This sequence amounts to a metathesis of 

allylsilanes. The reactions proceed better with an added cocatalyst such as 

aluminum trichloride or tetramethyltin. 

T&&-d + WCI, - 
14081 

CI,W- + TMSCI (490) 

c,,w- + v - 
14081 

/+ others 
TMS 

(491) 

The reaction of 7-silanorbornadienes 

elimination process. (Eqns. 492 and 493) 

R’ Ld” PO91 

produces aromatic systems via an addition 

Br2 w 

[E9, 

(492) 

BrMe,SI 

(493) 

Ph 
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C. AllyManes-Other Studies 

The relative rates of reaction towards diphenylmethyl carbocation and di- 

(p-totyl)methyl carbocation were measured. Allyltrimethylsilane proved to be some 

30,000 times more reactive than propene and even more reactive than a 1 ,l-di- 

substituted olefin, but less reactive than trisubstituted olefins. The data is shown ’ 

below. 14101 It was found that a variety of reaction conditions employed to dm 

the tert-butyldimethylsilyl group in 141 resuited in the loss of the trimethylsilyl 

group from the pentdienylsilane unit. The diphenylmethylsilyl group, however, was 

much more stable. (Eqn. 494) 

Ph,CH+ 1 .oo 4.45 89.9 1.45x10-’ 

p-Tol,CH+ 1 .OO 5.58 81.7 

various conditions 

r4111 

141 TMS 
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X. Propargylsllanes 

Propargyltrimethylsilane was reacted with aldehydes in the presence of titanium 

tetrachloride as catalyst to give 4chlorodihydropyrans. (Eqn. 495) 

Cl 

-\TiAs 2 RCHO \ 

TiCI, 

13561 
* n 

(495) 

R O R 

Propargyltrimethylsilanes were reacted with glycosides to give the allenyl sub- 

stituted glycosides. (Eqn. 496) The bis trimethylsilylated butynols 142 were reacted 

with two equivalents of an aldehyde to produce Svinylidene-l,&dioxanes. (Eqn. 497) 

p-MeC,H,CH,O OBn p-MeC6HICH,0 OBn 

(496) 

lm4 

%I0 
D? 
ll 

R3 “o 
) 

, or TICI, G? R L F- 
R’ l-0 

L4’3J 
R’ (497) 
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1 -Ethoxypropargylsilane 143 reacts with acetals under Lewis acid catalysis to j 

give a-trimethylsilylmethyl-a,@unsaturated esters. (Eqn. 498) This reagent was al+ 

reacted with aldehydes, ketones and ketals. I 

TMSCH, 
TiCI, 

= OEt + RCH(OEt), - 

143 
14141 H CO,Et 

The propargylsilane 144 reacts intramolecularly to form Spiro ketone 145. 

(Eqn. 499) 

144 145 62% 

The photochemical reaction of propargyltrimethylsilane with 2-phenylpyrrok 

iminium perchlorate, gives a mixture of the propargyl and allenyl products. (Eqn. Sao) 

The acid catalyzed cyclization of propargylsilanes 146 via an ‘in situ’ generatod 

iminium ion was reported. (Eqn. 501) 

+TMsxWH hv/MsOHW 

13961 Fk 
30% 

+ (5@5) 

26% 
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‘Pi n I 1 53% 
146 n = 2 87% 

n = 3 53% 

Propargyltrimethylsilane was converted to 1-trimethylsilylated propargyl 

alcohols. (Eqn. 502) These were in turn hydrostannylated to give B-hydroxyvinyltin 

systems 147 (Eqn. 503), which were acetylated and then treated with fluoride ion to 

provide 2-stannyl-1,3-butadienes (Eqn. 504). 

TMs, = 1) BuLi 

2) Fh*co 

W 61 OH 
8 examples; 62-89% 

OH 

147 
8 examples; 59-75% 

Bu,Sn 
Bu,Sn 

,.,+H ‘gy== 9” (504) 

R’ 14161 
4 examples; 41-65% 

References p. 305 
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Xl. BENZYLSILANES 

The bis(triisopropylsilyl)cyclopropabenzene 148 was prepared as shown. 

(Eqn. 505) This material was nitrated to give 149; (Eqn. 506) reduction of the n&o 

system with lithium aluminum hydride gave the diazo system 150. (Eqn. 507) 

Reduction with zinc in base gives the correspnding aniline. 

1) BuLi 

2) ‘Pr,SiCI 
t 

14171 

148 

HN03 

14171 

149 58% 

LiAIH, 
w 

14171 !I 
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The deprotonation silylation of 2,6dimethylpyridine gives the corresponding 

bentylsilane (Eqn. 508), which is selectively deprotonated on the carbon containing the 

methylsilyl group; methylation of the anion gives 151 in an overall 52 percent yield. 

(Eqn. 509) This material was rearranged and then reduced to 152. Compound 152 was 

converted to the pheromone of the Comstock mealybug. (Eqn. 510) 

1) LDA 

2) TMSCI 
(508) 

TMS 

1) LDA 
2) Mel 

* 
TMS Repeat 

t4W 

l) m2=4 

TMS - 2) NaBH, 

14181 

I 

/\ 
/ 

N “K TMS 

151 52% 

ww 

/ 3 (510) 

N 
TMS 

152 

t 

several 
steps 

pheromone of the 
Comstock mealybug 



Dibromide 153 was converted to benzylsilane 154 bromodesilylation of which 

gives o-bromobenzylsilane 155. (Eqn. 511) This was converted to the aide- 

(Eqn. 512), which was condensed with a cyclic imine and subsequently cycNwrd W Qh!e 

156. (Eqns. 513 and 514). 

14191 
153 

154 

TMS * 
\ 

w 1) 

MeowTMS 

AgC104 

t 
t 

CH3W 

r4191 

OMe 
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in 

IeO , m I c10; 

/ /N+ 
IeO ‘1 hv 

[4191 

OMe 

OMe 

Benzylsilanes of nitrobenzenes were employed in the arylmethylation of aldehydes 

the presence of fluoride ion. (Eqns. 515 and 516) This proves to be an excellent 

tthod of generating “benzyl anion” chemistry of sensitive systems such as the nitro 

lctionalized ones. 

ArCH,TMS + RCHO ArCH2THR 
r4w 6H 

16 examples; 6g-96% 

(515) 

TMS 
PhcHo 

TBAF 

[4w 

Ph 

(516) 

CN 
66% 
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o-Trimethylsilylmethylbenzyl alcohol 157 was reacted with maleic anhydride 

via the o-xylylene generated thermally from 157. (Eqn. 517) A similar reaction is 

shown in Eqn. 518 and a preparation of the vital precursor in Eqns. 519 and 520. 

TMS 

toluene/reflux 

Me0 

157 

‘OMe 



SIR, 
1) BuLi/THF 

-X 
2) RCHO 

t4231 
(X = CH,, CH,CH,, X’ = Br) 

(519) 

SIR, 
1) BuLVTHF 

2) RCHO 

[4231 

The mechanism of the photocyclization of arene iminium ions was studied. Among 

those studied was the benzylsilane 158. (Eqn. 521) 

-J&-w (521) 

14241 

TMS 18% 

158 

Benzyltrimethylsilanes were directly converted electrolytically to methyl 

ethers. (Eqns. 522 and 523) 

ArCH,TMS 
-2e’ 

w 
Et,NOTs/ MeOH 

t4051 

ArCH,OMe (522) 



TMS 

as above 

XII. a-FUNCTIONAL ORGANOSILANES 

A. Preparation 

The successful monochlorination of methyltrichtorosilane was accomplished 

with N,-laser irradiation (Eqn. 524) and with a barrier discharge (Eqn. 525). 

CH,SICI, + Cl, 
N,-laser 

w 
hv 

CICH,SICI, WW 

[4251 70% 

C’2 
CH,SICI, - CICH,SICI, + others In small amounts 

I4261 65.7% WW 

The reaction of chlorosilanes with tris(diethylamino)bromophosphonium tri- 

fluoromethide results in the formation of trifluoromethylsilanes. Trifluoromethyl- 

trichlorosilane reacts to form a complex with pyridine. The Si-Cl bond reacts 

preferentially to the Si-N bond with this reagent. (Eqns. 526, 527 and 528) 
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P(NEt,),Br+ CF,- 
sic& 

ti F,CSICI, (525) 

14271 
50% 

mixed with DCM 

I F,CSICI, 
pyridine 

F,CSICI, 2py HCI F,CSICI, 

/ 

(527) 

HCI 

P(NEt,),Br* CF,- HC’Si(NMe2)2 w CF,SIH(NMe,), (525) 

The reaction of chloromethylsilanes with sodium alkylselenides gives the 

a-selenylsilane. (Eqn. 529) The reaction of chloromethylsilanes with formamide 

produces the trimethylsilyl formamide. This was treated with phosphorus oxychloride 

and diisopropylamine to give trimethylsilylmethyl isocyanide. (Eqn. 530) 

CICH,SI(OMe)3 + RSeNa - RSeCH,Sl(OMe), (5 2 9) 

14281 (R = Et, Pr, Ph) 

65-80% 

tYSCH,CI + H,NCHO NaH TMSCH,NHCHO 
DMF/120°C 

14291 

POCI, 
- TMSCH,N’=C 
‘Pr2NH 

DCW20” (530) 
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Chloromethylfluorosilanes were reacted with sodium benzoates to give the 

corresponding silylmethyl benzoates. (Eqn. 531) Another route to these materials is 

to react a chloromethylalkoxysilane with the sodium benzoate and then convert the 

alkoxy groups to fluorides. (Eqn. 532) 

R 

0 

I 

\ 

/ 

CO,Na 

CICH2SiF,Me3_, 
It 

60-66% 

R t H, F; n s 2,3 
RtH;n=P 

R R 

BF30Et2 

14311 

CO,CH,SI(OMe), CO,CH,SIF, 

4 examples; 6341% 

The reaction of 1,3-thiazole-5(4H)-thiones with Grignard or organolithium 

reagents and then trimethylchlorosilane gives the a-thiosilane. (Eqn. 533) 

1) MeLI 
w 

S 2) TMSCI 

14321 
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Tris(trimethylsilyl)methyllithium was reacted with methyl borate and the 

product of this reaction then hydrolyzed to the boronic acid and oxidized to produce 

tris(trimethylsilyl)methanol. (Eqn. 534) Tris(trimethylsilyl)silyllithium was reacted 

with a-chloromethyl ethers to give the a-methoxysilane. (Eqn. 535) This upon treat- 

ment with boron trichloride (or bromide) suffers a migration of one of the trimethyl- 

silyl groups and loss of the methoxy group. (Eqn. 536) Other examples of this process 

are given in Eqns. 537, 538 and 539. 

(TMS),CLi + B(OMe), - (TMS),CB(OMe), 

t4331 
I 

1) H20 (534) 
2) H202/NaOAc 

t 

(TMS),COH + (TMS),CH 

OMe 
(TMS),SILI + RCHOMe 

I 
- (TMS),S+H (535) 

t4341 
Cl 

R 

R = H (82%), ‘Bu (81%), Ph (81%), Mes (60%) 

OMe 
(TMS),S I+,H BCI, or BBr, 

,H 
t 

ooc 
R 

x’s,-qMs (536) 
TMS” 1 

t4341 TMS 

X = Cl, R = H (@Q%), ‘Bu (QS%), Ph (97%), Mes (87%) 

X I Br, R P H (92%), ‘Bu (79%), Ph (90%) 
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Br 
I 

(TMS),SiCH,OMe w (TMS)2SICH~OMe T 
BC’a - TMSfN3-lJ@b 

[4341 

,OMe .- 

x 
I I 

Si 
TMS’ ‘TMS 

cl 
BCla 

t4341 

Y 
TMS 

(539) 

Chloromethyldimethylchlorosilane was reacted with trimethylsilylated ditiyl- 

acetylhydrazine to give 159. (Eqn. 540) 

Me”t’ Cl 
OTMS ‘Si’ 

r” 
CIMe,SICH,CI + Me,N-N+ - 0 ) 

Ma r4351 F N, 
Me NYlk 

+ 

Me,!% 
(54W 

Si 
0’ 159 _ 
A- 

‘1 

Me 
,NMe2 

N + 
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Trimethylsilylmethylamine, prepared from trimethylsilylmethylazide (Eqn. 541), 

was reacted with aldehydes and ketones to give the imines (Eqns. 542 and 543). These 

imines can be reacted with water in HMPA and the resulting N-protonated azomethine 

ylide undergo stereospecific and regioselective cycloadditions with electron poor 

olefins. (Eqn. 544) 

TMSCH,N, 

TMSCH,NH, 

TMSCH,NH, 

TMSCH,N=CHPh 

1) Ph3P 
t 

2) Hz0 

[a361 

L 
P-61 

Ph&O 
W 

Et3AI 

14361 

TMSCH,NH, (541) 

TMSCH,N=CHR (542) 

TMSCH,N=CPh, (543) 

X H*O/HMPA 
+ - * 

W-1 

0 

>=( = <NMC! Meo2c*co Me 

2 
0 

Ph 

Y 
CO,Me 

CN 

\=\ 
CN 

Me 

* 
CO,Me 

2 isomers were also reacted 

ti 
(544) 

N Ph 
H 

References p. 305 
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TrimethylsilylmethylsuIfonyl chloride, prepared from chloromethyltrimathyhifane 

and thiourea followed by chlorination in water (Eqn. 545), was used to generate 

sulfenes in the presence of dienes. (Eqn. 546) The anhydride can also be used in this 

reaction. (Eqns. 547 and 546) Sulfines can be generated in a similar manner as shown 

in Eqns. 549, 550 and 551. 

1) (IJHM- 
TMSCH,CI - 

2) C12/H20 
TMSCH,SO,CI 

14371 

TMSCH,SO,X + 

TMSCH,SH 

Et 

1) CHsCOsH 
* 

2) PCls 
(TMSCH,SOp),O 

t4371 

I 

(545) 

(5W 

(547) 

(541)) 

v 76% 
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0 
TMSCH,CI + KSCOCH, _____t 

14371 (549) 

0 
C12/H20 ? 

- TMSCHf% r4371 

! -q+ /r-p+ 
TMSCH,/ ‘Cl 

14371 ‘r 
0 

(550) 

(551) 

B. a-Functlonal Organosllanes-Reactions 

The reaction of an aldehyde with carbon tetrachloride and trimethylchlorosilane 

with magnesium in HMPA followed by hydrolysis results in the formation of a-tri- 

chloromethyl alcohols. (Eqn. 552) The reaction is proposed to proceed via trichloro- 

methyltrimethylsilane. 

OH 

RCHO + Ccl4 + TMSCI 
I 

2) Hz0 
RCHCCI, (552) 

[4381 
R P Ph, Me, Et, Vinyl, 
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Thermolysis of methoxydibromomethyltriphenylsilane results in the loss of 1 

carbon monoxide and methyl bromide and the formation of bromotriphenylsilane. 

(Eqn. 553) The reaction is assumed to go through the intermediacy of methoxy- 

bromocarbene. 

Ph,SiCBr,OMe 
, 110°C ) 

Ph,SIBr + CO + CH,Br 
14391 

(553) 

6) (+I Naphthylphenylmethyl(dibromomethyl)silane reacts with potassium I 

alkoxides in alcohol to displace the dibromomethyl group with inversion of config- ( 

uration at silicon. (Eqn. 554) 

(R) NpPhMeSICHBr, + ROK IWH * (S) NpPhMeSiOR 
[4401 inversion 

It was reported that in the substitution of alkyl chlorides with trialkyl- 

stannyllithium reagents that trimethylsilylmethyl 

trimethylstannylmethyl chloride, benzyl chloride, 

reactive than n-butylchloride. (Eqn. 555) 

R’ Cl x RsSnLi 

- R* H r4411 

chloride is less reactive than 

and ally1 chloride, but more 

R’ and R* = various alkyl, aryl trimethylsilyl and 

trimethylstannyl groups 
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Trimethylsilylmethyldimethyl amine was reacted with bentyl chlorides and the 

resulting benzyl ammonium salt, when treated with fluoride ion, undergoes a 

Sommelet-Hauser rearrangement with very little of the competing Stevens rearrange- 

ment. (Eqns. 556 and 557) This is a consequence of the trimethylsilyl group directing 

the reaction since the protonated version give considerable amounts of the Stevens 

product. 

ArCH,X + TMSCH,NMe, - 
14421 

Me 
I+ x- 

ArCH,;CH,TMS (556) 

Me 
12 examples; 80-93% 

Me 
I+ x- 

ArCH,NCH,TMS 
I 
Me 

TBAF or 

csF t &NMe2 ~2&?hb2 THF/HMPA 
or DMSO R* 

AC 

itMe, I- 

S-H:S P 4258 S-H:S = 81:19 

12 examples; 80-93% 
(557) 

Sommelet-Hauser:Stevens = 94-99:1-6 

kMe, I- 

NC 

SH:S = <1:>99 
S-H:S = 12:+88 
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The photoinduced reaction of trimethylsilylmethyIdiethylamine with cyclohex- 

enones was reported. (Eqn. 558) Increasing the polarity and ionic strength of the 

reaction medium leads to more desilylation. The mechanism is discussed. 

CH&# 70% 5% 

30% 60% 

A diastereoselective synthesis of functionalized homoallylic amines was 

accomplished starting with 160. Treatment of 160 with trimethyloxonium 

tetrafluoroborate and then t-butoxide gives a-thiomethoxysilane 161. (Eqn. 559) 

This can be oxidized to 162, which can be converted to the hydroxymethyl or 

aldehyde. (Eqn. 560) Another example is shown in Eqn. 581. 

Me c I ~CH,TMS 

NHCO,Bn 

Me 

!I 
MeS+TMS 

/y./q/ _ 
i~c0,Bn 

161 

(8+ 

160 
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! 
MeS-+MlS 

/y/q/ 
MCPBA _ 

z 14441 

~HCO,B~ 

161 

S-TMS 

NHCOzBn TMS NHCO,Bn 

1) Me,O+B F; 
W 

2) KOtBu 

14441 

r 
MeS-*OTMS 

b (560) 
: 

NHCO,Bn 
162 

/ 7Q (561) 
MeS 

The oxidation of 1 -trimethylsilylcyclohexene with osmium tetroxide produces the 

cis diol, which was sequentially acetylated and reacted with dimethyl sulfoxide and 

acetic anhydride to give 163. This was then deacetylated and the alcohol converted to 

the mesylate; elimination then gives the enol ether 164. (Eqn. 562) The trans diol, 

prepared via the epoxide, is also a viable precursor to this enol ether. (Eqn. 563) 

0 TMS 

I 
0s04 

N-Me-morpholine 
oxide 

14451 

-0 TMS 

‘“‘OCH,SMe 1) KOH /R&OH 
ActOIHOAc 

““O&k 2) MeSO&l/py 
163 

(562) 
OCH,SMe 

164 
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14451 

I 

KHlTHF (563) 

164 

Group transfer polymerization of methacrylonitrile was initiated with a-tri- 

methylsilyl-a-methylpropionitrile. (Eqn. 564) 

a-Aminosilanes were used in the ‘in situ’ generation of azomethine ylides. This 

very highly useful methodology for the generation of an unstable reactive internMW@ 

in the presence of dipolarophiles continues to show considerable application. a-lmlcio- 

silane 166 reacts with methyl chloroformate to first give the adduct, which sulhn 

attack at silicon by the chloride ion giving the azomethine ylide. This cyclizes w&h 

dimethylacetylene dicarboxylate. (Eqns. 565 and 566) 



PhbNnTMS 

165 

CICO#le 
+ 

14471 

Cl- 

Ph+inTMS 
I 
CO,Me 

197 

(565) 

Cl- 

[ 1 Ph?inTMS 

L02Me 

DMAD 
- TMSCI 

14471 

MeO,C 

25 
CO,Me 

(566) 

Ph N 

kO,Me 

.70% 

Treatment of benzaldehyde oxime with trimethylsilylmethyl triflate gives the 

hydroxyl iminium salt, which can either lose a proton to form the ntirone or the tri- 

methylsilyl group to form the azomethine ylide. (Eqn. 567) When treated with fluoride 

ion the azomethine ylide is formed due to the high silicophilicity of the fluoride ion. 

Generation of the azomethine ylides in this manner in the presence of dipolarophiles 

results in the cycloadducts. (Eqn. 568) The reaction with benzaldehyde was also 

investigated. (Eqn. 569) 

phLN 

‘OH 

+ TMSCH,OTf - 
W81 

ph+rTMs (56 7) 

azomethine ylide nitrone 
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(R = CO@, CN, dimathyfmafeate also reacted) 

PhLN /---TMS CsF 

‘OH 
--phcHo 

[4491 

Ph 

t- 
--“N 

0’ 

\I-( 

Ph (599) 
H 

IMAD OH 

PH r- Ph 

The reaction of 186 with lithium ffuoride was used to generate the arometfW 

ylide, which was reacted stereospecifically with dimethyl fumarate and dimethyl 

maleate. (Eqns. 570, 571 and 572) 

BFI 
I LiF 

TMSCH,NCH20Me - CH,&-CH; 

166 
14491 

[ 1 I 
(575) 

Bn 



CH,&H2- 
I 
Bn 1 

1 Me0 c-co 2 2 Me 
e- 

wg1 

7” 
N 

i-4 (572) 

ful?m,c CO,Me 

(other dipolarophilltds also used) 

The ~-cyanc-~-aminosilane 167, a potential precursor to azomethin~ ylides, was 

prepared (Eqn. 573), but only gave p~~0silytation upon tr~atrn~~t with fluoride ion 

(Eqn. 574). On the other hand, system 166 reacts with silver fluoriie in the presence 

dipolarophiles to give the cycloadducts. (Eqn. 576) 

PhCH,NCH&N 
I 
nil8 

TMSCI ) 

E4W 

“S+ ct- 
PhCH,NCH,CN 

I 
Jwe 

~ 
TMS 

d PhCH,N HCN 
I 

quantitative rw 167 

(5731 
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TMS 
I 

PhCHzNCHCN 
I 
Me 

AgF or 
m- 

other F sources 

14501 

PhCH,NCH,CN 
1 

Me 

B” 

TMS~H~N~H(CN~~ 
AgFfdark CN 

f orefin W$l 
! 

168 0n [4501 

~-(trimethylsilylmethyl}thio~midates, prepared a~rding to Eqn. 576, were 

reacted with a Grignard reagent and then methyl iodide or benzoyl chloride to p 

substituted trimethylsilylmethylimines. (Eqns. 577, 578 and 579) These upon terv*k)n 

I 
with fluoride ion or even water produce the azomethine ylide via loss of the trirrra## 

silyl group. (Eqns. 580). The reaction of 169 with dipoiarophiles in the presence of 

tetra-butylammonium fluoride gives both a-attack and y-attack, with only the 

y-attack leading to cyclitation. (Eqn. 581) 

TMSCHzNHB 

TMSCH2N=C=S 

TMSCH,N=C=S 

1) C% 
2) Mel 

1) RMgBr 
_) 

2) Mel 

14511 

1) PhMg6r 
w 

2) PhCOCl 

r451 I 

TMSCH,N=( 
SMe 

SMe 

TYSCH,NI3( 
SMe 

R 

TMSCH,N+ 
SCUPh 

Ph 



TMSCH,N3( 
SMe 

R 

TMSCH,N+ 
SMe 

R 

0N R CH*/_7 Y + 
SMe 

169 

Hz0 or 
w 

TfOHlF 
olefin 

14511 
15 examples; 23-98% 

> /N I3 

[4511 
CH2f7 Y 

SMe 

(579) 

(580) 

SMe 

R 

(a-adduct) 

+ (551) 

(y-adduct) 

Me02CuC02Me MeO,C_ 
/ 

CO,Me 

(a-adduct) (a-adduct) CO,Me (y-adduct) 

COMe CO,Me 
/ dCN ==c 

(yadduct) (Tadduct) (yadduct) Me 

Me 

b 

Ph 

CO,Me Y 
CO,Me 

(a and yadduct) (a and yadduct) 
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The triphenylsilylmethylimine of benzophenone was treated with the triflato of 

ethyl hydroxyacetate and the resulting imino ester reacted with potassium tert- 

butoxide to form a red anion. (Eqn. 582) This, when warmed to -2CPC, gives the 

aziridine in the absence of a dipolarophile. (Eqn. 583) In the presence of a dipolaro- 

phile and fluoride ion cycioadducts are formed. (Eqn. 584) 

Ph 

>- 
Ph -NL-slph 3 

TfO- 
Ph 

k- 
+ /--o,Et 

Ph -NLSIPh 3 

Ph 

)_ 

+ j-CO,Et 

Ph -NLSIPh 3 

TfO- 

TfOCHzCOzEt 

14521 

Ph 

>- 
+ r-C02Et 

Ph -NLSl Ph 3 

KO’Bu 
m 

THFI-70°C 

i4521 

CsF 
* 

14521 

90% 

Ph 

)_ 

+ pCO,Et 

Ph -NLSiPh 3 

+ 

CO,Me (“*’ 
I 
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Thiocarbonyl ylides were generated from organosilane precursors and cycloadded 

to various dipolarophiles. As with organosilicon synthons for azomethine ylides, these 

reactions can be carried out in the presence of the dipolarophile, greatly enhancing 

their utility. Thermally, 1,3-bis(trimethylsilyI)dimethyl sulfoxide eliminated hexa- 

methyldisiloxane and produces the thiocarbonyl ylide, which cycloadds to olefins. 

(Eqns. 585 and 586) 

TMS-S-TM 1 OOWHMPA 

0 
dipolarophilell0 min - W 

(585) 

[4531 
S 

8 examples; 50-81% 

TMS/\S/\TMS 1 OO°C/HMPA/10 min 

b 
Eto2c\_\ 

[4531 
‘CO,E t 

The reaction of mercaptomethyltrimethylsilane with paraformaldehyde and HCI 

gives chloromethyltrimethylsilylmethyl sulfide. This when treated with cesium 

fluoride liberates thiocarbonyl ylide, which was cycloadded to several electron poor 

olefins. (Eqns. 587 and 588) 

0 

TMSCH,SH + f-7 HCI ) 

OvO 
TMSCH,SCH,CI (587) 

[4541 

References p. 305 



204 

TMSCH,SCH,CI + * 
r4541 

(EWG = C02Me, C02TBS, COpmenthyl, C02bornyl, acyl) 

MeO,C 

Y Meo2CL/Co2Me 
CO,Me 

kf ww 
S 

Ph 

\=\ 

Ph 

\=\ 
COMe 

MeO,C = CO,Me 

The effect of the trimethylsilyl group on the regio- and stereoselectivity d ni) 

[2+3] dipolar addition reaction of a trimethylsilyl substituted thiocarbonyl ylik, 

generated according to Eqn. 589, was investigated. It was found that a mixture of j 

regio- and stereoisomers was obtained. (Eqn. 590) A new synthetic route to 3,4df 
i 

substituted tetrahydrothiophenes was reported. This route employs the desily&Wni 

2-trimethylsilyl tetrahydrothiophenes with cesium fluoride. (Eqns. 591 and 5181e) 

of 

TMS 
A 

S-TMS - 
TMSCHkH,. 1 Wb) 

t4551 
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Br 

A 
. olefln 

S-TMS 

~ 

TMS 14551 
(59011 

TMS 

olefin = methyl acrylate, acrylonitrile, dimethyl fumarate 

TMS Br 
x 

TMS Br 

TMS S-TMS and Ph 
x 

S-TMS 

were also investigated. 

R2 R3 
R%mm.. . ..I H R4 CsFlHMPA ) 

H20 (1 drop) 

S ““TN/E [4551 

R2 R3 

R’.“.. ..I’R 

H 

4 

(591) 

S 
““” 

c-5 
CO,Me 

MeO,C"" 

S ““TMS 

C. a-Silyl Organometallic Reagents 

5 examples 

(592) CsF/HMPA ) Meo2C\=\ 
Hz0 (1 drop) SMe 

14551 

Trimethylsilylmethyllithium was reacted with erbium trichloride and the product 

treated with deuterium oxide. (Eqn. 593) Trimethylsilylmethylmagnesium chloride 

was reacted with alkyl(dimethylamino)chlorophosphines to give trimethylsilylmethyl 

phosphines via displacement of the chloride. (Eqn. 594) These silytmethyl phosphines 
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were alkylated via the a-lithio derivative. (Eqn. 595) 

TMSCH,LI + ErCI, 
D20 

v INTERMEDIATE - TMSCH,D 
[4571 

1) Mg 
TMSCH,CI - 

2) MqNRPCl 

14581 

TMSCH,PRNMe, 

TMSCH,PRNMe, 
1) BuLi 

t 
2) R,SiCI 

TMSCHPRNMe, 
I 

14581 SIR, 
R&i = Me&i, PhMe#i 

(wJ) 

(5@4) 

(595) 

Trimethylsilylmethyllithium was reacted with 4-methyl-rl-nitrocyclohexadi- 

enone at the carbonyl to give a mixture of diastereomers. (Eqn. 596) 

a-Trimethylsilyl organocuprates were added to acetylenes to give 3-trhrwlhyk 

silylvinyl copper species. (Eqn. 597) 1-Trimethylsilylvinyl copper(l) was addo$ b 

ethoxyacetylene and protonated (Eqn. 596), as were two a-trimethylsilylmethyl 

copper(l) systems (Eqn. 599). The 3-trimethylsilylvinyl copper derivatives were 



subjected to alkylation (Eqn. 600), iodination (Eqn. 601), coupling (Eqn. 602), acylation 

(Eqn. 603) and ~r~xyiation (Eqn. 604). 

R 

TMSCHGuM + Y = H - TM5 -5=J CUM 

I II4661 
R 

(R = H, Pt, CSHflr 1111 = MgCI, MgBr, ti) 
(Y a EtO, H, TMS, ThlSCH2, (&0)&H, EtO&, BrMgOCH2) 

Y’ 

Hz0 J (597) 

TMS H 

TMS 
TMS 

+ 
* Et0 = H- VW 

CuMgBr, r4w ==5== 
Et0 

R 

Y 
TMS 

TMS 

+ Et0 = 
R 

HA 
--s== 

ww 

CuLfCl f4661 Et0 

56-62’16 

TMS CU(MX) R3X(R2 I H) 

l3451 

w TMsyR3 (600) 



R2 
TMS --T+ CU(MX) I* 

R’ 

R2 q  H R” 

13451 

TMS Cu(MX) 



209 

Dibromomethyltrimethylsilane reacts with magnesium amalgam in diisopropyl 

ether to form bis(bromomagnesio)trimethylsilylmethane. (Eqn. 605) This was der- 

ivatized with trimethyltin chloride (Eqn. 606), benzophenone (Eqn. 607) and cyclo- 

hexanone (Eqn. 608). 

TMSCHBr, + WOW 
‘PrO’Pr 

14611 
TMS--( 

MgBr 

MgBr 

TMS---( 
MgBr Ye@nCI 

- TMS--( 
SnMe, 

‘MgBr 14611 -SnMe, 

94% 

TMS< 
MgBr 

MgBr 

Ph,CO 
- 

[4611 

Ph 

>--=\ 
Ph TMS 

80% 

(605) 

(606) 

(607) 

/ 
TMS 

TMS--( 
MgBr 

+ ww 
MgBr I4611 

13% 

Tris(trimethylsilylmethyl)stannyI deuteride was reacted with either cis or trans 

kbromo-tert-butylcyclohexane to give predominantly the trans 4-deuterio-tert- 

butyl-cyclohexane. (Eqn. 609) It is argued that the stereoselectivity is a result of 

torsional strain in the transition state. 
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(TMSCH,),SnD + 5 [4621- 6 wy) 

‘Bu ‘BU 

The stabilities of a-trimethylsilyl-cc-halomethyllithium reagents was Mu&d. 

was found that these materials were stable to about -5O%, whereas a-bromometl 

lithium was totally unstable, and secondary a-haloalkyllithium reagents WHO lctrb 

to -llO%, and primary ones to -105%. [463] Lithiation of 1 ,l-dibromonm- 

methylsilane followed by chromatography gave (E) and (Z) 1-trimethylsilyl-1-ftorta 

(Eqn. 610) 

RCH,CXTMS 
I 

Stable to -50°C 

Li 

CH,BrLI Totally unstable at all temperatures 
I 
/ 

RCH,CXCH, Stable below -110°C 

I 
Li 

RCH,CXH 
I 
Ll 

Stable below -1OPC 

1) l BuLl C74!5 
C7H,,CH,CBr2TMS N 

2) warm 
4 v ;@I 

TMS 
14631 60% 
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Metal-halogen exchange was used to prepare a-halo-a-trimethylsilylalkyllithium 

reagents. (Eqn. 611) These were alkylated (Eqn. 612) and protonated (Eqn. 613); when 

elimination is possible this is a serious side reaction. (Eqn. 614) 

1 . 

TMSCXYR 
RLI ) TMSCXR 

X = Br, Cl 
Y = Br, Cl 
R = H, alkyl 

14641 I 
(611) 

TMSCBrClH 
1) ‘BuLi/-115°C 

2) Bul 

14641 

TMSCBr,C8H,, 
1) l BuLl/-115°C 

2) H20 

14641 

TMSCHClBu (612) 
71.5% 

Li 

TMSCHBrC8H,, 

81% 

(613) 

TMSCBrXCH,R 
BuLi 

), 
THF/pentane/Et20 TMShR (614) 

X 
25% 

A novel route to l-vinyl-l ,2,4-triazoles via a fluoride induced Peterson ole- 

fination of l-bis(trimethylsilyl)methyl-1,2,Gtriarole, prepared according to Eqn. 

615, with ketones and aldehydes was develpoed. (Eqn. 616) 
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+ (TMS),CHCI 
K2C03 

[4-l 

CH(TMS), 

+ Fh*co 
TBAF ) 

14651 ?J 

5 examples; 40”89%; 

c 
\ R’ 

P-tetralone gave 0% 

R2 

2-Trimethylsitylmethylpyridine was deprotonated and reacted with oximes of 

benzaldehydes to give 2-pyridylaziridines. (Eqn. 617) 

TMS + 

X = H, Cl, Me, OMe, N&2/ 

60-85% 

/ 
a-Thiophenoxysilanes were reacted with lithium naphthafenide converting W i 

thiophenoxy group to a lithio group. (Eqn. 618) The resulting a-trimethylsilyl Ii* 

reagent was utilized in Peterson olefinations of aldehydes and ketones. (Eqn. 619) 

a-Thiophenoxytrimethylsilylmethylfithium reagents and their applications was a 

popular topic. These useful reagents were reacted with aldehydes and ketones Ib I 

give vinylsulfides (Eqn. 620) and added to activated olefins (Eqn. 621). The p&w@ o( 



this addition were converted to trimethylsilyl cyclopropanes (Eqn. 622) and esters 

1623). The lithium reagent of thiophenoxymethyltrimethylsilane was reacted with 

213 

epoxide 170 and then converted to the aldehyde 171. (Eqns. 624 and 625) In related 

f 
hemistry a-phenylsulfonylalkyltrimethylsilanes were lithiated and reacted with 

$dehydes and ketones to provide vinyl sulfones. (Eqn. 626) 

R’ R* 

X 
PhS TMS 

THFI-78“C 

14671 Ll TMS 

(618) 

3 4 R CIO) R 
(616) 

Li TMS V671 

44 examples; O-85% 

(620) 

I 
38 examples; 38-82% 

i 1 phsn;; (621) 

TMS Li 

(622) 

30-75% 

(R’,R* = Ph, Ph; We, We; S(CH*hS; SPh, We; 

SPh, SPh; TMS, Ph; CO,Me, Ph) 



214 

TMS Ph 

61% 

0 

A 3 
0 

,*” 
\’ 2 

_ 

0 

+ 

_ 

‘4 - 8, = 
0 

170 

PhSCHTMS 
THF/O”C 

14691 

0 

A 3 0 

0 

,*> I- 3 0 
\’ : 

e\ 

ticf Qr 
\’ : 

1) TBSWlmidazole _ - 2) MCPBA 
(-1 

. SPh 
I 

W91 0, 2 CHO 
TMS 

TBSCi 

R3R4C=0 

14671 

R’ R3 

w PhSO, ‘R4 

25 examples; 19.87% 
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A general methodology for a-mercaptoalkylation was developed around the reagent 

173 available via lithiation of 172. (Eqns. 627 and 626) Thus, 173 was alkylated 

(Eqn. 629) and the alkylation product reacted with tert-butyllithium to give a-mer- 

captosilanes (Eqn. 630) or with aldehydes and ketones, the product of which was 

treated with tert-butyllithium to give 6-mercapto alcohols. (Eqn. 631) Reaction of 

173 with aldehydes and ketones gives the expected Peterson olefination product. 

(Eqn. 632) The reaction with enones results in conjugate addition. (Eqn. 633) 

H 

TMSCH,CI 
s - SCH,TMS 

[4701 

172 

LDA 
SCH,TMS - SCHTMS 

[4701 I 
Li 

172 173 

(627) 

(628) 

Rx 
SCHTMS - 

[4701 
LI R 

173 

‘BULi 
SCHTMS - HSCHTMS 

14701 I 
R R 

(639) 
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2) ‘BuLi 

R r4701 

R’R2co 
SCHTMS - 

r4701 
Li 

R’CH=CHCOR2 
-~;&v&* 

14701 
Li 

173 
Wb) 

Dialkyl-I-(trimethylsilyl)alkanephosphonates were prepared and deprotonti bl 

a single operation. (Eqn. 634) The a-trimethylsilyllithium reagents were alkylated 

(Eqn. 635), reacted with aldehydes to give vinylphosphonates (Eqn. 636), and 

protonated. (Eqn. 637) 

i 
(R’O),PCH,R’ 

1) 2 LDA 

2) TMSCI 

14711 

i 
(R’O)P LI 

x 
TMS R2 
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W’O)P LI 

X 
TMS R2 

(R’OP L1 

X 
TMS R2 

i 
(R’W LI 

X 
TMS R2 

3 

RX 

W1 1 

&Ho _ 

14711 

HCI ) 

[471 I 

(R’o)P R3 

X 

(635) 

TMS R2 
5 examples; 77-g@!& 

(R’O),P 
h- 

(636) 

R2 ‘R3 
7 examples; 64-78% 

(R’O)P R2 

X WV 
TMS H 

(Y = 0, 9 examples; Y = S R* = H (sole example) ; 6590%) 

Trimethylsilylethoxymethylphosphonate 174 was deprotonated and trimethyl- 

silylated (Eqn. 638) and the resulting phosphonate deprotonated and deuterated 

(Eqn. 639) Reactions with aldehydes and ketones gave the Peterson olefination 

product. (Eqn. 840) 

0 

(EtO),PCH,OCH,CH,TMS ‘) ‘BuLi - 
II 

2) TMSCI 
(EtO),PCHOCH,CH,TMS 

1 
174 14721 TMS 

(633) 

70% 
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P 
(EtO),PCHOCH,CH2TMS = 

I 2) D2O 

(EtO),PCDOCH,CH,TMS (@NW) 

I 

TMS 14721 TMS 
99% d, 

P I 

(EtO),PCHOCH,CH,TMS 1)‘BuLi 
(EW2P 

I 

Y I 
R/-.TM8 

I 

2) R’R2C0 
TMS W21 

JL RI R2 (844) 

25-85% 

1 ,1,3-Tris(trimethylsilyl)dimethylsulfide was deprotonated and reacted with 

benzaldehyde to give 175. (Eqn. 641) This was oxidized (Eqn. 642) and the sulfoxide 

used to thermally generate thiocarbonyl ylides in the presence of dipolarophiles. 

(Eqn. 643) 

(TMS),CHSCH,TMS ;* 

I4731 

TMS 
PhCH=( MCPBA 

s\ 
TMS 

E4731 

TMS 
PhCH+ 

S-l 

I 

($4 1 

t 

175 
-TMS 

TMS ~ 
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B 
TMS,,S olefin 

Ph - 
14731 

(343) 

TMS CHPh 

olefin = 
EtO,C 

Y 
CO,Et 

/ 
CO,Me 

Enantiomerically pure vinyl sulfoxides were prepared from (R) (+) methyl p-tolyl- 

sulfoxide via trimethylsilylation (Eqn. 644) followed by lithiation and reaction with 

1 aldehydes and ketones (Eqn. 645). 

+=J-$. 
vu (+I 

1) LDA 

2) TMSCI 

[4741 

6 examples; 50-65% 
acetone gave 15% yield 

Trifluoromethyl ethynyl ketone 176 was reacted with ethyl lithiotrimethylsilyl- 

acetate to give 177. (Eqn. 646) 
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Tetrakis(trimethylsilyl)germanium was reacted with methyllithium to liberate 

tetramethylsilane and the resulting germyllithium reagent was reacted with a-chloro 

ethers. (Eqn. 647) These ethers, when reacted with boron trichloride gave migration of 

a trimethylsilyl group and the a-germylsilanes 178 and 179. (Eqns. 648 and 649) 

(TMS)4G e 
1) MeLi 

D- (TMS),GeCHOMe 
2) RCHOMe I 

I R 
Cl (I? = H, tB~, Ph, Mesltyl) 

14761 

(T~S)~GeCHO~e 
I 

BCla 
w 

R 

pentane 

W’61 

W61 

57.89% 

~TMS~*ClGeCHT~S 
I 

178 
R 

Cl 
I 

TtdlSGeCH,TMS 
I 
R 179 



221 

D. a-Functional Organosilanes-Other Studies 

MM2 calculations were carried out on H#i(CX& systems where X = Cl and Br. The 

stable conformation is predicted to be of C2 symmetry. [477] Frontier MO theory was 

used to explain the regioselectivity in the 1,3-dipolar cycloadditions of thiocarbonyl 

ylides generated from [bromo[[(trimethylsilyl)methyl]thio]methylJtrimethylsilane and 

related compounds. [478] MM2 calculations were carried out on Si(CH,X), molecules 

where X = F, Cl, Br. They were compared to the values for the carbon analogs. 14791 The 

conformational analysis of the halogenated molecules Me2C(CH2X)2 and MesSi(CHsX)s 

were looked at with molecular mechanics. [480] The most stable conformation of 180 

was determined to be an equilibrium between chair and skewed boat forms. [481] 

Me 

(R = Ph, Ph,Si, Ph,MeSl, PhMepSi) 

Me 
Me 

180 

The x-ray crystal structure of trimethylsilylmethyllithium was determined. The 

compound is in hexameric units with two distinct Li-Li distances. [482] The IR 

analysis of intramolecular coordination in 181 

Me,HSI- Cl 
v 

181 

was accomplished. [483] 

Llrenceo p. 305 



222 

The 13.. 

spectrum 

b 

of 3,3-dimethyl-3-silathietane was obtained. It shows that this molecule : 

prefers a planar arrangment. [485] 

NMR assignments for 182 and 183 were made. [484] The photoelectron 

0 
Ph 

A 
CH,X 

182 

0 
Y\ 

Ph CH,X 

183 

The electronic absorption spectra of charge-transfer complexes based on 

ferrocene complexes with halogenated alkanes including a-bromosilane 184 was 
b 

Yli studied. [486] The charge-transfer complexes of chloranil with trimethylsilylmeth 

esters of cc-phenylbutyric acid and N-substituted aminoacetic acids 185 were stuc 

by electronic spectroscopy. The results indicate that the trialkylsilylmethyl aceta 

are electron donating groups. [487] 

Br,CCH,CHBrR Br,CCH,CHBrTMS 

184 

NHCH,CO,CH,SIR, 

la5 
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The electron donating ability of sulfur in thiasilacycloalkanes 188-189 was 

studied, [488] The donating ability of aryloxysilanes was also determined with 

compounds of the structures 190 and 191. [489] 

Me,Si 
L1 

Me,SI 

S 
2 

R 
186 187 188 189 

OCH,SiR, 

191 

Pentacoordination of the silicon atom in compounds of the structure 192 was 

investigated. [490] 

192 

Compounds of the structure 193 were found to have pesticidal activity [491] and 

those of structure 194 to have antiviral activity [492]. 

R’R2R3SiCH2tCHR4R5 

(2 I CH2, 0, NR’) 

193 
R’,R2 = Me, Me; Et, Et; Me, Pr 

194 
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XIII. P_FUNCTIONAL ORGANOSILANES. 

A. Preparatlon 

Several syntheses of a-silyl carbonyl systems were reported. Silyl acetic acid@ 

optically active at silicon, were prepared from the 
I 

appropriate silylmethylmagnesiuti 

chloride and carbon dioxide. (Eqn. 650) These were used in the determination of the / 

Optical purity of chiral amines, alcohols, and acids. 

j 
PhMeRSICH,CI 

1) Mg ti 
2) co2 

PhMeRSICH,CO,H (65 1 

14931 
(R = PhCH2, Et, o-tolyl) 

1 

The deprotonation-diphenylmethylsilylation of acids results in the formation of 

the a-silyl acid. (Eqn. 651) 

0 0 

1) 2 LDA150” 

OH 
* 

2) Ph2YeSiCI/-780C (55 

R2 3) HsO+ SlMePh, 

14941 

fb2 = Me, H; PhCH,, H; (CH,),; (CH2)4, W2hj; WH2h 

The 6-hydroxy-a-trimethylsilyl esters 195 were prepared from trimethylsily& I’ 

ketene as shown in Eqn. 652. 
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TMs>-O 
OH 

+ (EtO),Sn ‘:, ,T~~~~30c* Ph+ CO,E t 

H (652) 
14951 TMS 

195 

tert-Butyl bis(trimethylsilyl)lithioacetate was reacted with aldehydes to give 

the a-trimethylsilyl-a$-unsaturated esters. (Eqn. 653) These were directly reacted 

with aldehydes in the presence of fluoride ion to give the condensation product. 

(Eqn. 654) 

CO+l TMS 
+ RCHO - (653) 

[a961 CO,‘Bu 

TMS 

CO,‘Bu 

PhCHWTBAF 

14961 
(654) 

(R = CF,) 

Trimethylsilylketene was reacted with trimethylsilyldiazomethane to give 2,3- 

bis(trimethyIsilyl)cyclopropanone. (Eqn. 655) This was reacted with benzyl alcohol to 

give the hemiketal in excellent yield. (Eqn. 656) 
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Y++ 

0 

0 + TMSCHN, - 
H w71 TMS 

(6553 
t 

TMS 

Y 
0 

TMS 

TMS 

PhCH*OH 
W 

14971 

osn 
‘y’ TMS OH 

TMS 

90% 

A clever synthesis of a-silyl ketones, optically active at the u-carbon containing 

the silyl group, was reported starting from optically active hydrazones. (Eqns. 657 

and 658) 

1) LDA 
W 

2) RMe,SiOTf 

W81 

‘; 
/N 

“1 
2 OMe 

R’ 
_.,3iMe,R 

R2 

R = ‘Bu, thexyl 

R’ 

0 
.SIMe2R 

- (R) R’ **’ 4 (65’ 1 
03 

W81 
7 examples; 22-79%; ee .96% 
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a-Trimethylsilyl ketones were synthesized by oxidation of P-hydroxysilanes, 

prepared from trimethylsilylmethylmagnesium chloride and aldehydes. (Eqns. 659 and 

660) The a-trimethylsilyl ketones were used in a 1,3-diene synthesis. (Eqn. 661) 

/ 

TMSCH,MgCI + 

R 
TMS 

R 
WHO - TMS 

(659) 
t4991 OH 

6 examples; 8597% 

R 
TMS 

0 
6 examples; 86-98% 

(660) 

R 
TMS R ) HOAc - 

0 NaOAc (661) 

6 examples; 74-95% 
6 examples; 50-84% 

cl-Silyl aldehydes were prepared via the acid catalyzed rearrangement of 

a,B_dihydroxysilanes. (Eqns. 662 and 663) a-Silyl ketones can be prepared in this 

manner as well. (Eqn. 864) 

0 0 
,440 

al 

)_( CF3C0,H ‘Bu 

- # 

slowly 
H -‘Bu d 

TMS [500] 
Ii 

‘Bu TMS 
(662) 

Itefemncea p. 305 
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Ho OH CFsCC,H 
W 

TBS [5001 

R?, ..H CF3C02H 

“)5+” - 
TBS R2 WOI 

0 

‘BuMe,Si 
A 

H 

85% 

0 

I?’ Kf R2 

TBS 

R’ = H, R* = C6H,, 88% 

R’ = Ph, R* = H 99% 

R’ = Pr, R* = Pr 98% 

Tris(trimethylsilyl)methyllithium was reacted with O-ethyl thioformate to give 

the ethyl enol ether of bis(trimethylsilyl)acetaldehyde and the interesting tris(tri- : 

methylsilyl)ethanethial 198. (Eqn. 665) The thial 198 thermally provides thioenol 

ether (Eqn. 666) and photolytically gives tris(trimethylsilyl)ethene (Eqn. 667). 

S 

(TMS),CLi + 
H 
A 

S 

OEt ;(TMS),C 
A 

TMS OEt 
*,, m 

H + 
>=( 

TMS H 
18% 25% (66 ) 4 
196 

S 

A 
TMS 

>=( 

STMS 
(WO 

i-11 TMS H 
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S 

hv 
TMSS TMS 

w11 >=( (667) 
H TMS 

196 

The homopropargyl ether of trimethylsilylethanol was prepared as shown in 

Eqn. 668. 

TMs’-bo’w’c’+ Br- - 
t5w 

TM/--*- 

49% 
(668) 

The cyclization of 197 with ethylene and other olefins gives the silylated IaCtOne, 

for example, 198. (Eqn. 669) 

I 

Y 
CO,SnBu, 

\ 
TMS 

197 

Co(ll) 
+ CH2=CHp (669) 

15031 

198 

Trimethylsilylethanol was reacted with succinic anhydride to give the half ester. 

(Eqn. 670) 

References p. 305 
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0 

Trims-OH + c o - T#yJM 
[5041 0 

0 
(674N 

59% 

Lithium reagent 199 followed by alkylation with iodomethyltrimethylsilane 

gives the p-functional silane 200. (Eqn. 671) 

TMSCH,’ 
P(O)(OW, - 

w51 

Ph 
199 

f 

TM 

P(OWW2 

Ph 
(6711) 

70% 
200 

B. P-Functional Organosiianes-Reactions 

Synthetically useful reactions of a-silyl esters were reported. A facile synthesis 

of the monoprotected 2,2-ethylenedioxy-6-ketones was reported starting from ethyl, 

!$&ethylenedioxyhexanoate via diphenylmethylsilylation as reported earlier and then 

treatment of the a-silyl ester with a Grignard reagent and desilylation. (Eqn. 672) A 

identical approach was used to prepare 2,2-ethylenedioxy-5ketones. (Eqn. 673) 
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1 o+co,Et 
i 

I 
Ph,MeSi 

lowCo2Et 
iu 

SiMePh, 

RCH,MgBr 0 
0 

---KG-+ 

PO61 oh 
CH,R 

Ph,MeSi 

KFNeOH (672) 

OUCHR 
2 

6 examples; 63.82% 

RCH&Br 

THFlA 

PO71 
\ SiMePh, 

(673) 

” a-(Trimethylsilyl)trimethylsilyl carboxylates undergo fluoride-induced 

oondensations with aldehydes. (Eqn. 874) 

Rrirrences p. 305 
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R OH 

Y 

CO,TMS 

+ PhCHO ‘) F- - CO,H 
TMS 2) H30+ Ph 

+/ 

R 

(R = Me, Et) 
15081 

Yields 34-84% (874) 

erythro:threo 70-81:19-30 

The trimethylsilyl ketene acetal of methyl trimethylsilylacetate was used in td 

preparation of a$-unsaturated esters via a condensation-Peterson olefination 

sequence. (Eqn. 675) The reaction of this reagent with cycloalkenones gives the 

P-carboxymethyl cycloalkanone. (Eqn. 676) The reaction of the trimethylsilyl ketene 

acetal of ethyl trimethylsilylacetate with enones produces 5-keto-2-trimethylsilyl- 

pentanoates, which were converted to exo-methylenevalerolactones. (Eqn. 677) 

s4 

OMe R CO,Me 
+ RCHO 

1) TiCWDCM 

TMS OTMS 2) W% >=< (874) 
H H 

15091 

TMS 

/ KF/MeOH 

TMS 

CO,Me 
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TMS 
2) K2C03 

o 0 R3 
w91 Sl-98% 

R3 (677) 

1) NaBHdEtOH R4 
2) 2 LDA 

0 R3 3) R4CH0 

40-89% 

enones studied 

Mep EtY- MeYY 0 0 0 ’ 

MePph PhPph 
0 0 

0 d 6 I 
a-Diphenylmethylsilyl esters were reacted with vinylmagnesium bromide, the 

first equivalent providing an unsaturated ketone, which then undergoes addition of a 

second equivalent of the Grignard reagent in a Michael fashion. (Eqn. 678) The resulting 

or-silyl ketone can be quantitatively thermally rearranged to the silyl enol ether. 

(Eqn. 679) Treatment of the silyl enol ether with palladium(ll) acetate in acetonitrile 

gives 6-endo-trig cyclization products. (Eqn. 660) 

References p. 305 



234 

0 

R’ 

+ 
OEt 

R2 
Ph,ndeSi 

/ WBr (xs) 
e 

w 01 Ph,MeSi 

(679) 

OAc 

W 

The p-trimethylsilyl-1,2-oxazines 201 were reduced and eliminated to give 

unsaturated amines (Eqn. 681) or hydroyzed with concomitant elimination to give 

y&unsaturated ketones (Eqn. 682). 

I 

P 

Ph Ph 
1) LiAIH,/Et20 

(6a 

0 
/N 2) H+ - /(y NH2 

TMS [3761 
87% 

201 
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Ph 
HCIOJDCM 

Ph 

(682) 

13761 
201 

The silane 202 was pyrolyzed to provide a sample of P-cyanophosphaethene for 

microwave spectroscopy. (Eqn. 683) 

TMSCH,PCICN & 

202 15111 

CH,=PCN (683) 

The reaction of trimethylsilylmethylmagnesium chloride with ketone 203 was a 

key step in an approach to the Prelog-Djerassi lactone. (Eqn. 684) It was found that 

treatment of the axial trimethylsilylmethyl isomer with potassium hydride gave the 

desired exo-methylene cyclohexane (Eqn. 689, but similar treatment of the 

equatorial trimethylsilylmethyl isomer gave a complex mixture of products. 

(Eqn. 686) 

BnO I 
OMe 

203 

TMSCH#AgCI 

15121 

OMe 

Reference9 p. 305 
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OMe 

TMS 

OMe 

L 

[5121 
(684u 

BnO I 
OMe 

L complex mixture 
of products (5w) 

r5121 

C. P-Functional Organosilanes-Other Studies 

The structure of several gaseous w-(acyloxy)alkyltrihalosilanes, including the’ 

@substituted ones, were studied by mass spectral techniques. [513] The pyrrolidiqo- 

ethylsilane 204 was prepared in optically active form. It demonstrates antimusau/inic 

activity. [514] The sita-procyclidine 205 was studied for its peripheral and cenw 

anticholinergic activity. [515] 

204 
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: , 

205 

R1C0,(CH,),SIR3 where (R’ = Me, Ph, R = Cl, F; n = 2,3) 

PhCH2SCH,CH,SIF3 

4 

Benzylmethylphenylsilyl acetic acid has been put forth as a reagent for 

Petermining the optical purity of chiral amines [516] as has been ethylmethylphenyl- 

1 
yl acetic acid [517]. The IR, UV and mass spectra of 206 indicate an 0-Si inter- 

to 
tion as in 207. [518] 

ii 
F3SICH,CH,SR 

/ 

206 

V. MISCELLANEOUS FUNCTIONAL ORGANOSILANES. 

-0 

207 

; y-Functional Organosilanes 

The reaction of triethylphosphite with 1 ,l-dibromotrimethylsilylmethyl- 

. 

cvpropane gives the phosphonate 208. (Eqn. 687) A similar reaction leads to the 
‘. 

i&functional system 209. (Eqn. 688) 
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P(OEt),/Et3N 

H20 

15191 

208 39% 

TMS Br 
P( OEt)t/EtaN 

TMS 
=, 

H2O 

15191 

209 

The reaction of chloropropyltrimethoxysilane with potassium isocyanate and 

pyrrolidinone gives 210, (Eqn. 669) heating of which leads to the isocyanatopropyf- 

trimethoxysilane. (Eqn. 690) The N-(34rimethoxysilylpropyl)acrylamide 211 was 

reacted with proline to give 212, which was used to treat silica gel for HPLC 

applications. (Eqn. 691) Bis-(chloropropyl)dimethoxysilane was reacted with pot- 

assium methacrylate to give bis-(methacryloxypropyl)dimethoxysilane. (Eqn. 692) 

Chloropropyl- and chloromethyltriethoxysilane were reacted with sodium cyclo- 

pentadienide to give the corresponding cyclopentadienylpropyl (or methyl) trietholxy- 

silane. (Eqn. 693) 

0 

CUCH~)3SWMe)3 + HN 
Y 

-=$w 

ww 

(MeO)+$I(CH,),NHCON 

210 3 
mw 
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I 0 0 

I Y 107-142°C 
1 (MeO),Si(CH,),NHCON - OCN(CH,),SI(OMe), + HN 

15211 Y 

0 

2 NH(CH,),SI(OMe), - (MeO)SSI(CH,),NHCO(CH,),N 3 
211 HN 212 CO,H 

I 3 PO) 

I [521] CO,H 

4 
COOK 

SI(OMe), d 
i5221 (692) 

c tO),Si(CH,),CI + Na+ _ 
15231 

n = 1,3 (6931 

The y-amino allylsilane 213 was reacted with a variety of substrates to give 

ylated heterocycles. Some examples are given in Eqns. 694-699. 
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TMS-NR, O+CH, 
t 

213 
r5241 

TMS 
NR2 

H202 
w 

w41 

R,N = Me2N, Et2N and 

TMS&NMe, _/Co2Me 

15243 

TMSYNR2 

o,s--’ (6W 

(695) 

l-MS 
NMe2 

(qu 

‘CO,Me ) 

NMe,; 
MeO,C = 

TMS&NMe, (0$7) 

15241 MeO,C co2 Lp 

TMSANEt, 

0 

‘)Ph A/ _ Br 

2) H,O 

l-5241 

TMS 

“c” 

0 

Ph 
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I 
In related chemistry a y-ethoxy allylsilane was formed (Eqn. 700) and 

ploadded to hexachlorocyclopentadiene (Eqn. 701). 

OEt 

:TMSdOEt -+- TMS -0Et (700) 

$MS -*Et 

I 
OEt 

The diastereoselectivity of the aldol reactions of p-silyl enolates was studied. 

Thus, 214 was condensed with acetaldehyde to give 215 (Eqn. 702). Compound 215 

‘I 
was decarboxylated and dehydrated to allylsilane 216 (Eqn. 703) or converted to the 

ri -lactone and then allylsilane 217 (Eqn. 704). Other examples of these approaches 

t stereodefined allylsilanes were reported. 



242 

PhMe,Si OLI 

Ph” 

1) Y&HO 
(7O;P) 

oBn 2) WPd 

214 [5251 
215 

,J=JH 
CHCIJA 

(7018) 

215 

PhMe2si 

NW / 

216 

This diastereoselectivity was applied to the formal synthesis of thienamycin i 

illustrated in Eqns. 704-706. 

PhMe,S? OH 

A,,.. ;zo4) 

iO,Bn 
2 

PhMe,SJ OH 
1) H2 

* 
2) H2NOBn 

/SIMe p h three steps t / 

: 2 

~ONHOB~ (7 5) 
I 

I 
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SMe,P h 
1) BF92HOAc 

2) MeC03H/Et3N 
3) Me&[OYe),/TsOH 

thienamycin 

Enantiomerically pure p-silyt esters were prepared from the optically active 

Wtam 218. (Eqns. 707 and 708) 

RLilClll 

Lewis acid 

218 ' 
Lewis acid = BF30Etz, EtpAICI; R = vinyt, I-prapenyl, Me, Et, Pr, iPr, Bu, 
Ph, PhMe2Si 

Yields 43”86%; ee high 

1) LlO~~HF~a~) 

21 W&‘b 

WW 

Me0 

88-91% 



The trimethylsilylmethylcuprate 213 was added to 2-methylcyclopentenone ’ 
” 

boron trifluoride etherate catalysis to give ketosilane 220. (Eqn. 709) 

220 63% ’ 

219 

(1R) (-) Myrtenal was converted to the y-methoxysilane optically active at carbon. 

(Eqns. 710 and 711) Another route to r-alkoxysilanes is from the y-alkoxyalkylsulfido. 

(Eqn. 712) 

1) [(PhBb&Si]&uLi 
m- 

2) HCI 

WW 

SIMe,CI 
1) LIAIH, 

_) 
2) NaHlHel 

3) HCI 

r-91 



i 

~~ 

OR OR 
1) LiDBB 

I “r* 
‘-SPh 

2) TMSOTf f7w 

I 
c5303 

‘-TMS 

i (LIDBB = lithium di-tert-butylbiphenyl) 

! f 
I Various alkoxy~kyldimet~ylsilanes were treated with trityl perchlorate 

kesulting in cyclization to the aikoxysilane. Examples of this process are given in 

p ns. 713-716. 

1 
/--\OR ‘#e,Si 

I 
H 

Re,SI 
I 3 H RO 

Ph&+ClO,* 

DCM/O”C 

/ 
Me,SI, 

0 
(7131 

t5311 R = Ph& (77%), “Bu (85%), PhCHp (16%) 

Ph&+ClO~- 
w 

DCWO*C rJ Me,S I, (7141 

0 
f531 I R = Ph& (68%), ‘Bu (76OA), PhCH2 (48%) 

Ph3C+C104’ 
)r Me,Si 

3 
(7151 

DCM/O”C 
‘0 

15311 
R = Ph& (86%), ‘Bu {79%), PhCH:! {49%) 

P h3C+C104’ 
Me,Si 

3 
(7161 

DcM/o*c 

r5311 
‘0 

R E Ph,C (61%), ‘Bu (82%), PhCHp (18%) 
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The effect of y-trimethylsilyl groups on the solvolysis of 1-bromoadamantane w 
1 

studied. It was found that one trimethylsilyl group enhanced the rate by a factor of j8.6 

and two trimethylsilyl groups by a factor of 33. (Eqn. 717) 

EtOH/H,O 
Br - OH 

R’ 
(7i7) 

15321 R’ 

R2 R2 

(R’,R2 = H, H; H, TMS; TMS, TMS) 

The carbanion reactions of several lithioalkylbenzylsilanes 

/ 

were investigated] 

Four possible reactions were seen depending on the chain length. These were trawet 

alation of a methyl group on silicon, an intramolecular shift of the 

trimethylsiyl shift, and an elimination process. Some examples are 

718, 719, and 720. 

benzyl proton, 4 

shown in Eqns. 

TMS 
PhL,, Li ) -CHz=W ) A ~ 

[533] Ph 

L qlls 

Li Ph Li 

(7’W 

Me,SlCH2SIMe,P h 

A/ 
4 

Ph 

TMS 

Ph 
A 

SIMe,P h 
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phLBr L (-I&‘” 
- MeLi 

15331 si Li 
Me2 
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(719) 

TMS 

’ PhkB, + o( 
Ph 

Si 
Me, L’ 

(720) 

The stabilization of a carbocation by a trimethylsilyl group in the y-position was 

P 
emonstrated by the solvolysis of 4-(trimethylsilyl)-2-butyl p-bromobenzene- 
. 

bulfonates. (Eqn. 721) The rate of solvolysis was observed to be much faster than that 

bf the tert-butyl analog. 

TM-y % os 

TMSy + Meb (721) 

OBs 
I solvent 
I 60% EtOH 80 20 

80% EtOH 85 15 
90% EtOH 88 12 
97% CF&H,OH 7 3 27 

The effect of a p-silyl group on the regioselectivity of ketone enoliration with 

lithium diisopropylamide was studied. The results are summarized in the structures 

below. [535] 



,AJO , 

0 J 
R q  TMS, PhMe2St, ‘Bu 

B. Epoxysllanes 

Glyceraldehyde was converted to all four diastereomeric b,y-epoxy glycerols asi 

shown for two of them in Eqns. 722-725. 

TMS 
* 

CHO BrMg 

05O/b with 5% other diastereomer 
CuCl catalyst gives other diastereomer I 

VO(acac)* 
W 

TBHP 

[5361 



OH 

R 

I 0 

249 

(724) 
z 

& 

0 
1) ‘BuOK/TBAF 

- “WR (725) 2) L-selectride 
or NaBH,, OH 

15361 

A stereoselective synthesis of unsaturated erythro 1,3-diols via the epoxidation 

df an allylsilane was reported. (Eqn. 726) 

‘TMs-oH 1) y-IIacl’ ~ JyR 
R 2) sio2 

t 
E4041 

(726) 

(R = Me, CH2CH,0Bn, CH2CH20Ac, CH2C02Bn) 

etythro:threo = 83:17 to 97:3 

The separation of optically active erythro-epoxy secondary alcohols employing 

‘kinetic resolution with the Sharpless oxidation on fbtrimethylsilyl secondary allylic 

talcohols was successful. (Eqns. 727, 728, and 729) This same procedure was also 

successful with the u-isomers. It was also used to prepare optically active ally1 

,rlcohols. (Eqns. 730, 731, and 732) 



5 
OH 

Ti(O’Pr),, 

t5371 

R’, R2 P H, C5H,, ; Bu, Me; ee = 87.4 

and 95.4% for epoxides and 79.2 and 92.4% 

for ally1 alcohols. 

TMS 

Rl&R2 
z 

+ &I 
(727) 

plS 

R’ / vt R2 

OH 

R1&R2 (7218) 

b” 

R* - - 
R1&,R2 t7a8) 

z 
1537) &I 

OH 

TYS&R1 
: 

OH Ti(O’Pr)4 
&-I 

15331 + (7$0) 

R’ I CsH,, 88 = 97.6% 
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TMS&R’ 1)d 
OEt 

/H+ R*eR’ 
z 

& 
2) R*MgBr/Cul 

z 

3) KH/THF or H2S04 & 

15331 
from elimination with KH 

or (731) 

from elimination with H2S04 

TMS,./yR’ ;%a; ) R*+yR’ 

OH 2) R*MgBr OH 

3) KH or H,SO,, from elimination with KH 

W81 or (732) 

(\( 
/ R1 

R* OH 

from elimination with H,SO, 

a$-Epoxydimethylisopropoxysilanes were converted to erythro and threo 

1,Pdiols via reaction with a Grignard reagent followed by oxidation of the silicon- 

carbon bond. (Eqns. 733 and 734) 

,SIMe,O’Pr ~IYe,O’P f 

R2 m$ 

H202 (30%) 
R2 

OH W OH 
R’ = CBH,l; R* =: Et, allyl, Ph, 2-thienyl 

(733) 
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R’ 
SiMe,O’Pr 

tn + 

OHI 
R*Y~x/cu~~~’ R2 WC% 

0 SIMe,O’Pr pj391 H202 (3O’W -+ 

R’ 
I+ 

OH KF OH 

R’ = C6HT3; R* = Et, &I, Ph, 2-thienyi (7? 

The synthesis of optically active &y-epoxy alcohols and secondary allylic alco 

was accomplished by the addition of organometallic reagents to a-(trimethylsilyl 

a&epoxy aldehydes. Some examples are shown in Eqns. 735-740. 

R’ TMS 
R2M -hc 

R' 

R2 
TBAF 

E5401 o ; 
-hci 

0 ; 
OH oH 

7 examples; 81-9756 
erythro:threo = 5.4:1-263 

(7: 

TMS 

-is-- 
R” 

(74 
3 

TMS 
R' R’y-R2(7: 

OH 

2 

5) 

5) 

7) 
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TMS 

R2 R’_R2 
or NaH E + “‘n (738) 

[5401 iti OH R* 

TMS 

’ -“C5H,, R N&l 

15401 

t “C5Hlly/R (739) 

OH 

TMS 

nc5H11yy (740) 

OH R 

! (R = Ph, = Bu 

i a,P-Epoxysilanes were reacted with trimethylsilyl azide in the presence of boron 

t ifluoride etherate (Eqn. 741) or with zinc chloride and sodium azide. (Eqn. 742) The 

ulting P-hydroxysilanes were reduced to the amine, condensed with benzaldehyde, 

F then eliminated to give N-vinyl imines. (Eqn. 743) 

R’ 

tT\ 
o SIR, 

TMSN3 

BFBOEtP 

I541 1 

=;$_?3 (74,) 

R 3 

2 examples; 74 and 88% 
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R’ 

tT\ 
0 SIR, 

ZnCI, 
w 

NaN$MeOH 

;>-g 
(742) 

R 3 

15411 4 examples; 48-88% 

1) LiAIH4 
2) PhCHO v 
3) KH/THF 

R\_\ 

Ni 
(7431 

P411 Ph 
R = C6H,3; 80% 

y-Hydroxy epoxy&lanes were shown to rearrange to the silyloxy epoxides under 

the influence of strong base. (Eqn. 744) This was also found for the corresponding 

vinylsilanes (Eqns. 745 and 746) 

TMS OH H OTMS 

R’ tBuOK/THF 

R2 
) 

R2 
0°C 

15421 

I 

(7441 

I 
I 

TMS OH 

TMS OH 

KH or NaH 

HMPAlTHF 

15421 

KH or NaH ) 

HMPAITHF 

15421 

H OTMS 

R2 

H OTMS 

R1d,42 
E 

R’ = H, R* = Et, Ph 

R’ = Bu, R* = Me 

6) 
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C. Acylsilanes 

Cyclopropylacylsilanes were prepared by a Brook rearrangement on a silylated 

ally1 alcohol followed by oxidation and cyclopropanation. (Eqns. 747, 748, and 749) 

The tert-butyldimethylsilyl group showed more stability. 

CH212 
w 

ZnfAgOAc 

-30°C / 83% 

t5431 
(747) 

+a Cro3Py - 
73% 

) #o as above 

15431 

OTBS 85% overal I (748) 

-0TBS as above ) 

15431 

D\/~TBS 
(749) 

18% overall 

Referencesp.305 
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/ 

Acylsilanes were prepared from a silylated acyt anion equivalent as reported In 4 

patent. (Eqn. 750) 

1) FPX 
R,SI 

THF~HMPA ) 

Li 
2) KIO,, 

0 

VJd) 
-_ 

r5441 

~-Bromocyclopropyltrimethylsifanes can be converted to their lithium reagent 

and this reacted with dichloromethylmethyl ether to give cyclopropylacylsilanes. 

(Eqn. 751) 

R3 

R2 A TMS 

R’ Br 

1) BuLi 

2) CI,CHOMe 

15451 

I?’ MsHMeHH / 

$ 
-(CH2),,- !II H MsMsH Bu 
H H MsHHHH i 

% 50 46 39 16 35 30 35 

a-Bromoacylsilanes were prepared by the hydroboration-oxidation of ethynyl- 

silanes followed by reaction with N-bromosuccinimide. (Eqn. 752) 

R + 
1) BH,SMe2 

WTMS - 
2) #&N-O 
3j NBS 

[5461 

” 

MS 

lbr 

5 examples; 52-61% 

(7W) 



A general preparation of a-ketoacybilanes was reported. (Eqn. 753) Oxidation 

of these acylsilanes gives the a-ketoesters (Eqn. 754) and reduction gives the 

silylated acyloins (Eqn. 755). 

Ii0 oxatyl chloride 0 

I) TBAF 

0 0 

R TMS 
v 

Y---T 0 

-3-f 

15471 
R -EMS 2) HCfaq R OH 

(R = Ph (5-1, ‘CsH,t (3Q%)s “Bu (41%)) (753) 

0 w 0 NaBH,/Me~H~-78*C 0 

% 

OH 

Me TMS t5471 Me TMS 

Double deprotonation-trimethyfsifylation of 221 gives 222, treatment of which 

with methyl iodide in acetonitrib gives the a,&unsaturated acylsilane 223. 

(Eqns. 756 and 757) 
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OH 

+ 

OK 
S’Bu 1) KH 

W S’Bu 
2) BuLi 

221 15481 Li 

(756); 

[Tris(trimethylsilyl)methyI]methyIsuIfide can be oxidized to bis(trimethylsilyl)- 

ketone. (Eqn. 758) Trimethylsilyldiazomethane when lithiated and then reacted with 

alkyl halides gives cc-diazoalkylsilanes, oxidation of which leads to acylsilanes in 

good yields. (Eqns. 759 and 780) 

0 
I) MCPBA/DCW78=‘C TMS SW 

(TMS),CSMe + 
2) H20 TMS TMS TMS 

x 
Sn, / 

0 
BuLi 

TMSCHN, 
t5501 

w TMSCN, + TMSCN, McpBA- 

I I R 

Li R 

(Best with R E primary and X o I, Br) 6 examples; 66-714 



TMSCN, 
1) I 

CH3(CH,),CHCH3 
Li w 

I 2) MCPBA 

I WOI 

0 

nw13 
TMS (760) 

31% 

A full account of the formation of acylsilanes from the reaction of hexamethyldi- 

silane with acyl chlorides and a palladium catalyst has appeared. (Eqn. 761) The best 

catalyst was shown to be z-allylpalldium chloride dimer with triethylphosphite. 

0 Pd catalyst 
0 

+ Me,SISlMe, - (761) 
Wll Ph 

II TMS 

The 1 -sila-3-zirconacyclobutane 224 was carbonylated to give acyltrimethyl- 

silane. (Eqn. 762) The reaction proceeds via the insertion product 225. (Eqn. 763) Two 

equivalents of carbon monoxide leads to 226. (Eqn. 764) 

A 0 

CP,Z r 
v 

SIMe, 1) CO/2!PC/30 mln 

2) H20 TMS 

224 W21 

(762) 
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A 

Cp,Zr SiMe, 
V 

CO (1 es) 

-78°C 

w21 

0 
Cp,Z r’ 

LSIMe, 

225 

(733) 

A 
Cp2Zr v SIMe, 

co (xs) * Jo 
-78°C CP,Zr, SIMe, (764) 

0 

226 

Aryl acylsilanes were shown to react with hydrogen sulfide to give thioacyl- 

silanes. (Eqn. 765) Oxidation of these with m-chloroperbenzoic acid gives the (E) 

S-oxide. (Eqn. 766) Reaction with diphenyldiazomethane gives the silylated thiirane, 

which when treated with fluoride ion gives elimination to the olefin. (Eqn. 767) 

Reaction with an alkyllithium reagent gives attack at the sulfur atom and the &hi@- 

alkylsilane. (Eqn. 768) 

0 

K W S 
H2S Ar SH 

Ar SIR, HCI 
SIR, TGiz X VW 

r5531 
3 R,SI SH 

Ar = Ph, p-MeCsH4; RsSi q  MqSi 
Ar = Ph, R3Si P Ph,Si 

S 0, 
MCPBA 'S ) 

I 
Ar K 

SIR, 15531 Ar 
A 

SIR, 
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S 
Ar’&N2 

Ar 
K 

SIR, [5531 

Ar’ Ar Ar’ 

(767) 

Ar’ 

S 

K RLi 
Ar Li 

x 
H+ 

Ar H 
~ X (768) 

Ar SIR, t5531 R,SI SR R,SI SR 

A second report on the oxidation of aryl thioacylsilanes further showed that the 

resulting S-oxides can be protodesilylated with fluoride ion. (Eqn. 769) 

0 

b 

A I 
Ar TMS 

TBAF 

[5541 

Treatment of phenyldimethylacylsilane 227 with fluoride ion gives l-phenyl- 

0 
b 

A I 
Ar H 

(769) 

ethanol and polydimethylsiloxane. (Eqn. 770) A mechanism involving a pentcoordinate 

silicone and a migration of the phenyl group is proposed. 

0 

04 TBAF cf” 
PhMe,SI Me 

~ 

THF/HsO f t 
?I-0 + PhCHCH3 

I 
(770) 

227 [5551 Me n OH 

Referencee p. 305 
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A regio- and stereospecific synthesis of enol silyl ethers from a-phenylthiosilyl 

ketones was reported. The reaction involves addition of an organolithium reagent to 

the carbonyl followed by 

of lithium thiophenoxide. 

0 

Ph 
+ 

TMS 

SPh 

a Brook rearrangement of the a-alkoxysilane and elimination 

(Eqns. 771 and 772) 

SPh 
MeLi/EtzO LiO 

* (771’) 
-78% 

H 
Me 

15561 
97 parts erythro and 3 parts threo 

other organometallics used were 
LiAIH4, MeLi, EtLi, vinylllthium, 
PhLi, m-CF,C6H4Li, Me$nLi, 

P 

- 20% 

(MeO)BPOLi, Bu4N+CN-, ‘pr = Li -PhSLi 

TWO 

>--< 

H 

Me CH,Ph 

Ph 

SPh -78°C to 0°C 

[5561 

Phy+oTMS ,,,I) 
H Me 

s 99 parts and 4 1 part E isomer i 

Silyl allenol ethers were prepared from acylsilanes via reaction of the acyI&/W 

with an ethynyllithium reagent, a Brook rearrangement and trapping of the rerulllngl 

allenyllithium intermediate with an electrophile. (Eqns. 773 and 774) 



0 

R’ II TMS 

TMSO Li V 

R2 z Li 

15571 

+ 
E_ 

LioVTMS c) * 
R1L-R” 

(773) 

R1LR2 

R’h=cR2 
TMSO- ‘E 

several examples; 36-92% 

263 

WH,), = Li 
w 

w71 

(774) 

The photolysis and thermolysis of a&unsaturated acylsilanes was studied. The 

results of these studies are given in Eqns. 775-778. The products can be explained by 

abstraction of a y-hydrogen and silyloxycarbenes. 

Yields from (E) isomer; yields in parentheses 
from (2) isomer. 

22% (24%) 

Referenm p. 305 
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Eqn. 774 continued. 

I TBS 

12% (19%) 10% (14%) 

17% (16%) 

I TBS 

32% (from E isomer) 

46% (from 2 isomer) 

. 
OTBS 



Fvp 

t5581 
+ (778) 

25% 

OTBS 

A 13C NMR and theoretical study of acylsilanes was reported. The 25 to 103 ppm 

downfield shift of the carbonyl carbon in the 13C NMR spectrum was explained by the 

theoretical results, which indicates that the silyl group acts as a o donor and a IC 

acceptor. [559] The UV spectra of several aryl acyl silanes were obtained. A straight 

line was obtained when the Hammett c value of the substituents on the aryl ring 

against the wavelength of the n-x* transition. The plot of the dual substituent 

paramters gives on*/ot of 2.5 indicating more resonance than inductive effect at work. 

R.eferences p. 305 
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XV. REACTIVE ORGANOSILYL SPECIES. 

A. Sllyl Radicals 

An experiment was designed to test the hypothesis of pentamethyldisilyl radicai 

being the precursor to dimethylsilylene. The radical, generated as shown in Eqn. 778,) 

was shown not to lead to dimethylsiylane. 

Me,SISIMe,H + ‘BuOm - ‘BuOH + Me,SIpie, 

15611 (77s) 

Me,Sl;IMe, - Me,SISIHMe, + Me,SIMe,SIMe,SISI# 

no evidence for Me2HSIO’Bu from Me2Si: 

or Me3SlMe2SISiMe2H from Insertion 

The kinetics of the radical formation from homolysis of alkenylsilanes Hd #+ 

butylsilanes was studied. The results indicate that the a- and 6-silylalkyl 

radicals generated by pyrolytic cleavage are stabilized by about 2.6 kcal mol”. Thai 

tert-butyl systems were similar in stability. Some of the results are shown in I;art. 

780-783. 

TMS- 
LPP 

W 

15621 
Me+ (7NO) 
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TMS- & Me,HSICH,m fl 

15621 
Me,Sb 

J. 

54% via this route 

He,SiTSiMe3 (731) 

XMe,SIw w XMe,SIAm v XMe,Sim 
W21 

X=H,Me 
H&H, 

(732) 

16-19% via this route 

RMe,SI(CH,),CH=CH, R = H, Me; n = 2,3 

HMe,SI- Me,Si- 

HMe,Si- Me,S I- 

Me,S,i 

3 

t Me,SI=CH, + MeCH&H, (733) 
H/ 15633 

Chloromethyldimethylsilane was reacted on a silicon mirror to give trimethyl- 

chlorosilane via a radical mechanism. (Eqn. 764) 

CICH,SIHMe, 
Silicon Mirror ) 

Catalysis 

15641 

Me,SiCI (784) 
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The electron spin resonance spectra of the radicals generated from silacyckb 

pentanes were reported. (Eqn. 785) Silicon radicals are the intermediates in the 

far-UV photolysis of unsaturated silanes. (Eqns. 786, 787 and 788) 

0 
si 

R’ ‘H 

y-irradiation 

15651 
0 

S’. 
R’ 

ww 

~e,si’%IMe, hv ) <u;- si 2 
\ 

+H= SI- 
F -s 

[566] Si Me2 H 

Me2 

5-9% 12% WW 

Me2SiASiMe, & 
Me2SiA~IMe2 

\ ROH(D) H 
+ 

OR 
H + 

VW 
H(D) 

R = Me, tBu, CF&H2 

Me,Si *SIMe, 

NJ4 
(WH a 

(717) 
R=fBU 



B. Sllylenes 

H= SI5IMe 2 

(788) 

The pyrolysis of disilane generates silylene, which was added to ethylene and 

1,3-butadiene. The reaction with ethylene goes through the intermediacy of sila- 

cyclopropane leading to ethylsilylene and ethyldisilane in the presence of &lane or to 

vinylsilane. (Eqns. 789 and 790) With butadiene the silacyclopentane is formed. 

(Eqn. 791) 

pyrolysis 
H,SiSiH, - 

WW 

H,Si: + H,C=CH, - 
W71 

H,SI: (789) 

H2 
Si 

w Et6iH 

7 1 

(790) 

_/S’H, EtH,SISiH, 

H,SI: + W---+ 
15671 0 (791) 

Si 
H2 

fkferencea p. 305 
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The kinetics of the formation of silylenes from the four disilanes 228481 w0F9 

measured. The results were discussed in terms of substituent effects on the bond 

dissociation energies, the energies of the silylene insertion reactions, and the 

reactions of silylenes. 

$Nle $Ne tple 
Me,S,i-SIMe, Me,SI-SiMe, Me,SI-TIMe H,MeSi#YCtH 

OMe 

228 229 
iv 

230 
231 

Evidence for the silylsilylene to disilene rearrangement was presented. The 

evidence comes from the observance of the adducts of both silylsilylene and disilene 

to butadiene in 

recoiling silicon 

(Eqn. 792) 

addition to the previously reported products from the reactions of 

atoms in gaseous mixtures of phosphine, butadiene and silane. 

SIH4 + PH, + 

H2 

The mechanism of the gas-phase thermolysis of monomethylsilane was m i0 

involve methylsilylene in addition to some methylsilyl radical and hydrogen rvlkvl 

[570] Silylene, generated from silane, was reacted with 1-butene to give addilbn Sna 

olefin isomerization. (Eqn. 793) 



SiH, 643-689K 

N 
-SiH 3 

I 15711 
SIH, 

I The relative rate constants for the reactions of methylphenylsilylene with 

y8rbus substrates were determined. The results conflict with those of a flash 

lohobolysis study of this species. The relative rates found were kEtcH/kEtsstH - 4.8; 

bn&Et3SiH = 3.0. [572] Time-resolved studies of the reactions of dimethylsilylene 

with silane, methylsilane, dimethylsilane trimethylsilane and pentamethyldisilane 

&NJ carried out. The rate constants, on a per SCH basis, increase with an increase in 

t)H, number of methyl groups. [573] The absolute rate constants for silylene reactions 

!@I hydrocarbons were determined. This study showed that silylene is unreactive 

hrds alkanes and reacts rapidly and unselectively with unsaturated hydrocarbons. 
I 

[574] The decomposition mechanism and kinetics of n-butylsilane was shown to 

PLd through silylene and radical intermediates. [575] 
t 

The mechanism of the decomposition of silacyclobutane to silylene and propene 

+s studied. It was determined, via deuterium labelling experiments, that the reaction 

prowads through a 1,2-migration of hydrogen (or deuterium) from silicon to produce 

vlsilylene, which 

Ttene and propene. 

reversibly forms a silacyclopropane before decomposing to 

(Eqns. 794 and 795) 

ryrva p. 305 
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Wd H,Si 

il 
L A + H,SI: 

15761 
(794) 

do, d,, d2 with deuterium found on all positions 

D,Si 
il 

w 
I5761 

(79’5) 

The kinetics and mechanism of the pyrolysis of 1 ,l -dimethylsilacyclopent-3-ene. 

The results are consistent with a nonconcerted mechanism involving vinylsilacyclo- 

propane intermediates. (Eqn. 796) 

0 
Si 

\ 
r5771 

-b 
fb,SI 

Me2 

n + 
Me,Si : 

Me2S1: 

(796) 

M 
Si 
Me2 

Furylphenylsilylene was generated and its reaction with 2,3-dimethyl-1,3- 

butadiene studied. (Eqn. 797) Cyclopropylphenylsilylene was generated photo- 

chemically and its reactions with 2,3-dimethyl-1,3-butadiene and cyclohexene 

studied. (Eqns. 798 and 799) 
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15781 

Y 

% 
e,SISISIMe, hv 

I 
Ph 

x 

I t5791 

H + 

Ph 

Y 
HMeSi 

(798) 

t 

I 
TiMe3 hv 

0 
I Ph 

S’, 
Ph 

Several dibenzo-7-silanorbornadiene derivatives were prepared and studied as 

recursors to silylenes. The silylenes, thusly generated, formed disilenes in the 

of traps and were trapped with 2,3-dimethyl-l,3-butadiene and with 

none. (Eqn. 800) 

k-- p. 305 
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hv R’R*SI=SIR’R* wm 
[5801 

the silylene can also be trapm 
with anthracen and 2,3-dim- 
butadiene 

Twenty two different silylenes were generated and isolated in 3-me- 

glass. The wavelengths of the principal electronic transitions were obtained. Tlwc T 
a range from 368 to 577 nm. Upon annealing of the glass the silylene absom b I 

lost and new bands appear, which are assigned to disilenes. [581] Spectrosoagic 

evidence of the product of the reaction of hindered silylenes with 2-met- 

furan was obtained. (Eqn. 801) The first spectroscopic detection of silaylidr Im 

reaction of dimesitylsilylene with phosphorus, sulfur and nitrogen-containing 

substrates was reported. (Eqn. 802) 

I 

Irdro- 

“ttm 

8’ 
TMSSiTMS -+--- 

I 
R2 

2-MeTHF/3-MP 

15821 

0 
R%iR’ + 

0 

8 R’\ 
- R’R 

Si&l 
R”i 

R’, R* E: Mes, tBu; Mes, Mes; Mes, 2,6-dlisopropylphenoxy; Mes, 1-Adamantyl 



MeslSI: 

hv/3-MP - 
isopentane 

15331 

0 
N+ 

d 'SIMes, 
I 

(802) 

Q 0 Q Q nBU3P 
N 

H 

also reacted with dimesitylsilylene 

Thermally generated dimethylsilylene was reacted with alkynes to give disila- 

Cyclohexadienes. (Eqn. 803) The reaction with a cyclic alkyne gave the silacyclo- 

P 
ropene. (Eqn. 804) The reaction with trans, trans-1 ,Cdiphenyl-1 ,&butadiene gives 

dddition to one of the olefinic groups as the primary reaction course. (Eqn. 805) 

/ 

Me,SI: R’(R) 
R’ I= R- 

15341 
(303) 

R q  R’ = ‘Bu or TMS no reaction W’) 

R = R’ = Ph; R = Ph, R’ = Me; R = Ph, R’ = H 

Me,St: 
m 

W41 

SIMe, 
(804) 



216 

Ph 

< 

/ 

\ 

Ph, , 

Me,SI: 
,, 

W41 23 w@h 
Ph si 

Ph Me2 

Dimesitylsilylene was reacted with allenes to give, as the major product, the L 

alkylidenesilacyclopropane and/or a 3-silyl-I ,3-butadiene. (Eqns. 808-809) 

Mes 
I hv 

Me,SISiSiMe, m 

I 
(Mes),SI : 

W51 
Mes 

oqw 

‘Bu 

36% I 

QiMes,H 

‘Bu (Mes),Si : 

- CH, d 
H 15851 

+ ‘Bu = CH2SiHMes2 

7% 
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Dimethyls~lylane, generated from hexamethyisjla~y~ioprapane, was reacted 

with a tantalum hydride to give insertion into the tantalum-hydrogen bond. (Eqn. 810) 

A dmilat reaction was obsenred with a moiyb~num-hydr~en bond. (Eqn. 811) 

,PM% /PM@, 
* CPD, 

H 
- CFO, 

t5w SiMe,H 

CP 
I 

‘/yTH + 

CP 
1 

* - X 

Difluorosilylene was reacted with cycfopentadisne according to Eqn. 812. Di- 

fl~orosilylene, generated from hexafluorodisiiane in a flow pyrolysis apparatus, was 

very reactive, reacting with butadiene to give the silacyclopentene and disilacyclo- 

hexene. (Eqn. 813) 



Eqn. 811 continued. 

When reacted in the condensed phase the above products are obtained along 

with those shown below. 

SIF,SIF,H 

+ 0 ;,p 
2 

+Fs,R 
S’h 3 wti 

F,SiSiF, 670-720°C 

flow 

15891 

F2Si: + SiF,, 

F,Si 
3 

+ F2S/ 

F,Si 3 

96% 4% 

A thoeretical investigation for the silanone to silylene isomerization m 

conducted. The barrier for the 1,2-shift in trisilylsilanone to silyloxysilylenr w& 

calulated to be about 22.7 kcal mol-‘, consistent with the experimental evidence. 

[509] The atomic properties of carbenes and silylenes were calculated. [591] 
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C. Silenes 

Photolysis of a-diazosilanes leads to silenes in such a manner that they are 

isolable in frozen matrices. Several silenes were thus generated. (Eqn. 814) The 

ultraviolet spectra of these silenes were studied. 

R’Me,SiCR*N, hv Me, 
3-MP 

,Si==(’ 
Me R2 

w21 

(814) 

Me,SICHN, Me,SISIMe,SiCHN, Me,SiSiMe,CN,SiMe, 

PhMe,SiCN,CO,Me Me,SiMe,SICN,COAd 

The enol silyl ethers 233 undergo a retro-Diels-Alder reaction upon flash 

pyrolysis at 800°C to give a silyl ketene (Eqn. 815) but at 600% to give a silene 

(Eqn. 816 Vinyloxytrimethylsilane gives acetaldehyde and 1 ,l -dimethylsilene at 

650%. (Eqn. 817) 

FVPI8OO”C ) 
RMe2s’l==0 (815) 

References p. 305 



FVP1600”C 
w RN 

,S i=CH, (816) 
15931 Me 

CH,CHO 

SO* FVP~8OO”E, + (81’7) 

[593] H Me,SI=GHI 

The elimination of lithium bromide again served as a method to prepare SHlnr. 

The silene 234 was shown to form a complex with trimethylamine. (Eqn. 818) The 

silene 234 undergoes the classic reactions of silenes. (Scheme I) 

Me2Sli- ~UW, 
Br Li 

M@sN TMS 
w 

-LiBr 
Me,+ (ww) 

w41 t TMS 

Me,N 

complex stable to 0% 
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TMS 

Me,SI 
+ 

TMS 

TMS 
+ 

SiMe, 

TMS 

r t 1 

Me,SIT 
v t _ _ TMS -NT= 

!2LT!!?- 

( ) m .-I- / _ _.. \““zc” \ Ph \ 

Me;SI-CH(TMS), ,Pj, $4 
‘Bu N 

Scheme I 

1 ,BDichlorodisilanes containing the tert-butyl and cyclohexyl groups react with 

lithium metal to give, in the absence of an acceptor, the anion radical of the corr- 

esponding disilene. (Eqn. 819) In the presence of anthracene the disilene is trapped. 

(Eqn. 820) 
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‘By’By 
. 

cy-y-y I-cy 
LVDME t 

[5951 
(81W 

Cl Cl 

Cy = cyclohexyl 

‘: ? 
cy-SI-SI-cy 2 

: : 
anthracene 

FW 
R z ‘Bu, Cy; X = Cl, Br, I 

1,2-Divinyltetramethyldisilane photochemically gives silene 235 (Eqn. 821), 

which can be trapped with trimethylmethoxysilane (Eqn. 822) and butadiew @qn. ml. 

Thermolysis of the silacyclobutane 236 was carried out in this study as wall. 

(Eqn. 824) 

Me Me 

235 



SIMe, 

r\ 
I 

/S! 
Me Me 

235 

Me,S/ Si'\\ 

Me2 (822) 
Me0 THS 

Si- 
Me,Si Me2 

< 

+ (823) 

Me,Si 

6) 

I 

Me,SL/ 

S/X/+ 
cyclohexane 

E 10% 
25% 

Me,Si-,/ 

E4%;Z3% 
(824) 

Me,SI 

E 31%; Z 17% 

Eg%;ZW% 
trans from E 26% 

R = ViMe2SICH2 cis from Z 26% 

Precentages indicate yield from the (E) or (Z) starting material. 
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In another study silenes were again generated from a-diazosilanes, but this time 

the silenes were trapped with various reagents. (Scheme II) The interesting 8ilykte@ 

silenes were prepared in a similar manner. (Eqns. 825 and 828) 

11 hv 
TMSMe,SiCH B TMSMe,Slk!H L Me,SI=CHTMS 

or A w71 

TMS 

A 
Me,Si 

Y 

Sir&, 

TMS 
A (53%) 

Me,S,i -TMS Ph,C=CHTMS hv (47%) 

0 A (58%) 

hv (28%) 
A (54%) 

Scheme II 

N2 

II 
TMSMe,SICTMSs TMSMe2Sl&MS C) Me,SI=Cm 

or A 

w71 
ww 

N2 

II 
(TMS),SiCTMS L (TMS),SItiMS n. (TMS)2SI=mjr 

or A 
w71 (me) 
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The, photolysis of a-pentamethyldisilyldiazo esters leads to a,a-bis(silyl} esters 

and bis(silyl) ketenes. Thermolysis also gives the ketene. (Eqns. 827 and 828) Trapping 

experiments with ~yciohexanone (and also benzophenone) indicates the interm~iacy 

of silene 237. (Eqn. 829) 

iI* 
TMSSiMe,CCO,Et 

N2 
II 

TMSSiMe2~G02Et 

iI* 
TMSSIMe,CCO,Et 

proposed route 

L 
or AtTHF 

W81 

hv 
w 

cyclohexanone 

TMS 

I 
Me$ICHCO,Et 

I 
OR 

R = Me, Et, ‘Bu 

TMs>-* 
EtOMe,Si 

99Ok, with hv 

(827) 

WW 

WW 

Me, TMS TMS 
Me& 

TMS 

Pi< - Me,&* +--+ 
Me CO,Et CO,E t -5- 

0- 

237 Et0 

Referencea p. 305 
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The stereochemistry of the addition of methanol to silenes was determined. The 

reactio was shown to be stereospecific and is believed to occur via a cis addition. 

(Eqns. 830, 831, and 832) The activation energy for a silene isomerization was 

determined to be 43 kcal mol-’ for 1 -phenyl-1 -methyl-l -sila-4,4_dimethylpentane. 

WW 

TMS 

PhMeClSi 

‘BuLi 
t 

benzene 

w91 

anthracene 

t 5991 

Ph-_SI-Me Myl-m 

OMe 

loo:o WW 
69:31 
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The regiospecificity of the cycloaddition of 1 ,l -dimethylbis(trimethylsilyl)silene 

with isoprene and piperylene was studied. The results are given in Eqns. 833 and 834; 

the regiospecificity of the reaction is high. The conformational effects 

of the reaction with trans- and cis-piperylene were also studied. (Eqns. 835 and 836) 

Me\ 
/Si< 

TMS 

Me TMS 

Me 
;si=( 

TMS 

:Me TMS 

TMS 
/ 

TMS 
/ 

66% 8% 

(833) 
Me,S I-CH(TMS), 

+ 

5 
26% 

+ A i60;es&s+ 6:s 

.99% <OS% 

+ M+-CH(TMS)2 (834) 

<OS% 

Ilfferences p. 305 



TMS 
(835) 

only 

TMS 

only 

The fluxional behavior of silenes was demonstrated with deuterium labelling 

experiments. It was shown that the methyl groups of the silene migrate with a rapid 

shift of the Si=C douible bond from one silicon atom to another in 238. (Eqn. 837) 

CD,, ,TMS 

CD; 
Si’C, + Ph,C=NTMS 

TMS 

Trapped as the adducts: 

D,C TMS 

CD3 

Y 

TMS 
and 

N 

TMS’ Ph 

Ph 

W31 3 CD, ‘TMS (@a71 

D,C SIMe,CD, 

CD3 

Y 

TMS 

N 

TMS’ Ph 

Ph 
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Donor adducts of silenes with tetrahydrofuran, trimethylamine, pyridine, and 

fluoride ion were reported. (Eqns. 838 and 839) 

X+ 

Me, 
.Si< 

TMS . 
x. 

Me I 
>Si< 

TMS 

Me SiMe,tBu [604] Me SIMe,‘Bu 

X = THF, M&N, pyridine, F 

t 

x+ 
Me 1 

)I< 
TMS 

Me SIMestBu 

t c 0°C ) 

16041 

(636) 

(839) 

Several relatively stable silenes were generated and trapped with ketones to give 

1,2-siloxetanes. (Eqn. 840) These 1 ,Bsiloxetanes undergo some interesting thermal 

chemistry of their own. (Eqns. 841, 842 and 843) 
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(TMS) s, !R hv _ “e;si’(T”s R’R*c=~ TMS-_Si R 
3 

16051 Me TMS 

TM? OTMS 

TMS-7 i 

* 

Mes 

0 Ph 

Ph 

(8461 

R = Ph, Mes, ‘Bu, Ademantyl; 

I?’ = R* = Ph, fluorenyl, p-tot; I 

R’ = $3u, R* = H, R’ t Ph, R* = H 

dark 

+ ($41;) 
hv 

16651 Ph Ph 

rl\\ 

D3 + D4 I 
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The photolysis of tris(trimethylsilyl)acylsilanes containing a-hydrogens leads to 

cyclic and linear head to head dimers. (Eqn. 644) 

0 

I31 (TMS),S i h hv ) 

R2 
L 

H W61 

r?tlls\ OTMS 
TMS-Si 

TM& t- 

CHR’R* 

CHR’R* 

TMS OTMS 
(844) 

+ 
TMSO R’ 

)=t 
(TMS),S,I ‘R* 

(TMS),& 

w 

CHR’R* 

OTMS 

Restricted Hartree-Fock ab initio calculations on the isomers of C,SiH, were 

: done. The order of stability of these isomers is shown below. [607] 

Si - 4 
most stable 

Si 

A 
+ 27 kcallmol 

SI ILI 
+12 kcallmol 

fH* 
& 

+43.6 kcal/mol 

SIH, 

A - 

+59 kcallmol 

YH 
H2C 

P 

+66.9 kcallmol 
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Ab initio calculations were directed towards the question as to why A bonds to 

phosphorus are more stable than those of silicon towards addition reactions. It was 

essentially shown that the K bonds to silicon are weaker in R character and stronger 

in o character whereas those of phosphorus are the other way around. 16061 

gThe crystal structure of 239 was done. The results are as shown. [609] 

1.7029 

239 

D. Disilenes 

Tetrakis[bis(trimethylsilyl)methyl]disilene was synthesized and characterized. 

Thus, treatment of di[bis(trimethylsilyImethyl)]diiodosilane with lithium naphth- 

alenide gives rise to the disilene. (Eqn. 845) Some of its reactions are given in Eqns. 

846-849. 
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TMS,CH, ,CHTMS, 
(TMS&H)sSilp 

LiCIoHs 

VI 01 
,SI=S! (845) 

TMS,CH CHTMSz 

40% 

TMS,CH, ,CHTMS, 
,SI=S! 

TMS,CH CHTMSA 

,CHTMS, 
1 
‘CHTM& 

(846) 

(847) 

VW (848) 
Me0 \ ,CHTMS, 

IS! 
H CHTMS, 

,CHTMS, 

TMS,CH ‘V’CHTMS2 
0 

(849) 
60-70% 

Tetramesityldisilene and trans-1,2-di-tert-butyl-l ,Bdimesityldisilene were 

reacted with terminal acetylenes to provide 1,2disilacyclobutenes. (Eqn. 850) These 

materials were found to be air stable. The obtention of both possible stereoisomers 

as shown in Eqn. 851 is consistent with a stepwise mechanism. 

Referenm p. 305 
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R R 

Mes,SI=Si Mes, + 
benzene 

CH [Sill H 
(850) 

R = Ph, TMS, MeO&, EtO; 
no reaction with R = Bu, Me, H or 
with PhC,TMS, Ph2CI, DMAD 

‘Bu Mm R 

‘si=si 
80°C 

Mes’ 
+ 

‘!Bu III benzene 
CH WI1 

(Wli) 

Hindered disilenes were reacted with nitrous oxide to give disilaoxiranes. An 

x-ray structure of one of these shows that there is considerable Si=Si character in 

these species. (Eqn. 852) 

NzO 
R,SI=SIR, - 

0 

W21 R2&SiR2 

(R = Mes, 2,6-dimethylphenyl, 2,6-dimethyl-4-tert-butylphenyl) 

Evidence was provided for possible z-complex intermediates, such as 2#, in v 

reaction of disilenes with mercury(ll) trifluoroacetate. (Eqn. 853) 
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Mes, ,R 
/s i=q WWChh _ * 

I? Mes 25”C/Et20 or THF 

R q  Mes, ‘Bu (E and 2) 
16131 

Mes, ,Mes 
R/SI 

I 
-y 

CF&O, O,CCF, 

raw0 

(353) 

(Pure E gives a single diastereomer whereas a 65:35 mixture gives a 
65:35 mixture of diastereoemers) 

/ 240 

E. Sllanones 

The low temperature generation of dimethylsilanone and its perdeuterated 

version from epoxysifacyclopentane 241 allowed for the matrix isolation of these 

materials in argon. (Eqn. 854) 

R2 
Si 

9 

L 
El 41 

[ R,SI=O ] 

0 Ar matrix isolated 

(354) 

241 

References p. 305 



Flash vacuum pyrolysis of silaspirocycle 242 leads to spirocyclosiloxanes wh 

the intermediacy ,of silanones. (Eqns. 855 and 856) 

242 

Mk3? 0 Sl 

Me 

The mechanism of extrusion of silanone from alkoxyvinylsilanes was stu- 40 

evidence for a silaallene was found, but the extrusion of silanone was seen. MH&9g 

experiments indicate that the reaction starts with a 1,Bshift of a hydrogen cf thr 

methoxy group to give a 1,6diradical, which closes and extrudes dimethylsifancno. 

(Scheme Ill) 
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TMS OMe 

S;Me, Fvp 750 - 800°C Yr + JT”,,.o\s,Me OMe 
2 

Me2 

35-23 % 
+ D, + D4 

TMS TMS 

k 
S\IMe, 

F 
n SIMe, 

TMS 

0 

(D)H---/ 

- (D)HCH, ‘0 
- (D)HCH, 

t 
SiMe, 

H,& 
0 

I 

Scheme III 

Dimethylsilanone was generated via a retroene reaction of allyloxysilanes. 

Substitution of the ether linked carbon with methyl groups brought about competition 

between C-O bond homolysis and retroene decomposition. (Eqns. 857 and 858) 

0-SIMe,H W171 

(857) 

4 

0-SiMe,OSiMe,H 

~ Rderences p. 305 
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>(= 16171 / 

-/==x 0-SIMe,H 

4 A / + HMe,SIOSIMe,H + Da 
(858) 

The photolysis of di-tert-butylsilanol in the presence of potassium tert-butoxide 

leads to the anion radical of di-tert-butylsilanone. (Eqn. 859) The photochemical 

reaction of methylsilane and dimethylsilane with ozone provides methylsilanone and 

dimethylsilanone, respectively. (Eqns. 880 and 861) The IR spectra of dimethyl- 

silanone with l6 0 showed an absorbance at 1209.6 cm-’ and with 180 at 1174.4 cm-‘. 

I 

’ Bu,Sl 
P hv w 
‘OH ‘BuOK 

’ Bu,SI-O= N5 1 J 

W 81 

1 

MeSIH, + 0, hv 
Me, 

16191 
/s I=0 

H 
f WjU 

i 

Me, I 

Me,SIH, + 0, hv ,si=o (,ri 1 
16191 Me 

Flash vacuum pyrolysis of bis(trimethylsilyl)thioketene extrudes dimethyf- 

silthione and forms trimethylsilylacetylene. (Eqn. 862) A mechanism was proposed. 

(Scheme IV) 



299 

FVP/76S°C 
S - TMS = H + TMS = Me 

11% 13% 

+ TMS = TMS + Me,SI-7 
L- 

+ Me,S,I-_S 

17% SIMe, S-SIMe, 
4% 

TMS> sBu (862) _ 

TMS 

Me 

H 

TMS 

Me,SI S 

, 1 

t 
TMS 

)-qMe2 

S 

-Me2Si&H2 
I TMS 

4-f 

TMS w 

TMS c 
- 

S 
“+- S 

- TMS 
Me,S I-S 

‘:. 1 

1 i 

TMS = TMS 
HXiMS 

r” 

e,Si=S + TMS = Me 1 
S 

H= TMS h - 
4 

TMS 

Scheme IV 

TMs>-s was used to aid in the mechanistic studies. 

, HMe,Si 
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F. Silaimines 

The photolysis of trimethylsilyldimesitylsilyl azide extrudes nitrogen and gh& 

I 

N-trimethylsilyldimesitylsilaimine, which was matrix isolated. (Eqn. 863) This 

material shows a &,ax of 272 nm, but when it is concentrated it shows a X,,, of 

474 nm. These are attributed to a x--x* and n-z* transitions, respectively. 

yes 
TMS-_SI--N, hv 

ides 
‘SI=NTMS 

cool to 77K 
- kix 272 F 

Mes 16211 Mes’ hv 

h mllx 237 nm concentrate 

I 
(cds) 

5 max 474 nm 
orange 

Trimesitylsilyl azide was photolyzed and the resulting silaimine matrix isolated. 

It adds tert-butanol and inserts into an ortho methyl group of one of the mesityl 

ligands. It shows I,,,,, at 296 and 444 nm. (Eqns. 864 and 865) 

Mes,SIN, hv /3-MP > -120°C 
I 

77K or -140% 
* Mes,SI=N, - decompwM/ion 

Mes Wb4) 
I 

F-1 

Mes,SiN, 
[6221 

Mes,S,l-TMes 

‘BuO H 
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Bis(trimethylsilyl)silyldiazide upon photolysis gives N-trimethylsilyl(trimethyl- 

silyl)azidosilaimine. This can be trapped with trimethylmethoxysilane and a new 

silaimine generated, which in turn can be trapped. (Eqn. 888) Carrying out the 

photolysis in 3-methylpentane at low temperature and then trapping with trimethyl- 

methoxysilane gives the adduct of both the azidosilaimine and N,N’-bis(trimethyl- 

silyl)siladiimine. (Eqn. 887) 

TMS 
TMS,SI(N,), hv 

> 

Y3 
NTMS = TMS-SI-NTMS, 

16231 N, 6Me 
I 

1 
(368) 

PMe 

m 
TM&N 

I TM&N--QI-NTMS, + NTMS 

OMe TMSO 

) TMS,Si(N,), hv 
3-MP177K 

TMSN=SI=NTMS 

16231 
(367) 

I Y3 pMe 

TMS-?I-NTMS, + TMS,N-?I-NTMS, 

OMe OMe 
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Thermolysis of sila-1,2,3-triazoles gives silaimines, which, in the absence of 
t 

trap, produce the head-to-tail cyclic dimers. (Eqn. 868) Trapping of the siiaimine Y) ith 

azides was a~ornpJish~- (Eqn. 869) 

Me2 
,si TMS 

R 

% 

\ Me2 

RY TMS wii+,m. I N---S1 Me, 

‘=lrl 
+ 

N=N [624] T’S 
,SI”NR 

Me 
I 

M0,sy-ryl 

RN-SIMe, 

Me2 

RY 

,SI TINS 

%- TMS TMSNB 
Me~~-NT~S2 &t 

N=N [6241 
N3 

In a similar study sih-1,2,3-triazoles, prepared from dibromide 243, (Eqrt. 8?Q 

were thermolyzed in the presence of alkyl azides to give silatetrexzoles via aiWM#W8. 

(Eqn. 870) 

?&a TMS 

Me-_SI 
+ 

TMS 

Br Br 

RY ww 
2) RN3 N’N 
W251 
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Me, 

Me2 

R’N, 
,SI=NR - RN 

9’. 
I 

\ /NR’ + polymer (871) 
Me PW N=N 

5,5-Bis(trimethylsilyl)-4-sila-1,2,3-triazole thermally extrudes bis(trimethyl- 

silyl)diazomethane and produces silaimines. (Eqn. 872) 

Me2 
TMS SI 

TMS Y 
\INR A > Me, 

-TMS2CN2 
,SI=NR 

N=N Me 
16261 

(872) 

R = TMS, TBS, ‘Bu2MeSi, TMSINMe2Si, p-to1 

. Miscellaneous Reactive Organosflane Species 

Photoreaction of 245 with silanorbornadiene 244 gives silirene 246. The x-ray 

re was determined and argued to be consistent with pseudoaromaticity. 

873) The contrasting ring energies of small ring carbon and silicon rings were 

wm In the silicon rings angle deformations dominate. [628] 

644 645 646 

-p.3os 
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A high pressure mass spectrometric study of the binding of the trimethyl- 

silicenium cation to various bases was studied. [629] The first demonstration of th 

solvolytic generation of a silicenium ion was reported. It occurs via the 1,2- 

migration of methyl group from silicon. [630] The formation of heptamethyl- 

disilyl cation and the methyl exchange reactions that it undergoes were reported. 

16311 
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