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I. INTRODUCTION

This section of the annual survey of organosilicon chemistry covers material
appearing in volumes 110 and 111 of Chemical Abstracts. It is the intent of the
author to be as thorough as possible without being redundant in presenting the results
of the chemistry of the silicon-carbon bond and carbofunctional organosilanes. Liberal
use of abbreviations is used. These should, however, be familiar to the practiced
chemist. An honest attempt has been made to arrange the subject matter into
categories, but due to the multiple nature of much of the chemistry this is not always

possible, thus the reader is advised to peruse all sections.

II. REVIEWS

A total of 25 reviews were found. Not all of these were directly related to the
silicon-carbon bond, but are noted here nevertheless. The number of references cited
In each review is indicated in parentheses. The Annual Survey for the Silicon-Carbon
Bond for 1986 appeared (617). [1] A history of the development of organosilanes and
silicones with no references was published. [2] The literature on the use of
sonochemical reactions of organosilanes was reviewed (61). [3] Several reviews dealt
with the structure and reactivity of organosilanes, these included aspects of the
reactivity of hypervalent siIiE:on species in organic synthesis (15) [4], selective
transformations of pentacoordinate silanes (21) [5], organosilanes having specific
valence states (17) [6], organosilanes with nonstandard coordination types (111) [7],
and the electronic structure of 1-halosilatranes (59) [8]. Others were on the structure
and reactions controlled by strong sigma-pi interactions, which deals with the
conjugailon of the Si-Si bond with C-C double and triple bonds (18) [9], the influence
of silyl groups on the reactivity and formation of metal-carbon bonds (32) [10], and
298i-15N spin-spin coupling as a probe for structural studies of nitrogen containing
organosilanes (26) [11]. Reviews dealing with mechanistic questions were examples
of the contribution of gas kinetic studies to the understanding of organosilicon
reaction mechanisms (38) [12], and radical thermochemistry using silanes as free-

radical reducing agents (9) [13]. The remainder of the reviews dealt with the use of
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organosilanes In synthesis and these included the oxidation of silicon-carbon bonds
(21) [14], development of new synthetic reactions using organosilicon and organotin
chemistry (44) [15], silylated and stannylated thiazoles and oxazoles in synthesis
(48) [16], sllanes as reducing agents in organic chemistry (18) [17], diastereofacial
selectivity In nucleophilic additions to chiral acylsilanes (6) [18], dipolar additions
of nitrones with organosilanes (71) [19], 1-alkoxy-1-siloxycyclopropanes as
homoenolate nucleophiles of esters (18) [20], 1-siloxycyclopropanes as homoenolate
ion precursors (12) [21], synthesis and reactions of functionalized silyl enol ethers
(78) [22], nucleophilic activation of silyl enol ethers and esters (32) [23], donor-
acceptor substituted cyclopropanes as synthetic building blocks with special
attention to methyl 1-trimethylsiloxycyclopropane-carboxylates (115) [24], and the

steric influence of the trimethyisilyl group in organic reactions (145) [25].

I1l. DISSERTATIONS

A total of 16 dissertations were abstracted in 1989 with the majority dealing
with synthetic aspects of organosilicon chemistry. These included the synthesis of
allylsilanes and B-silyl ketones from 1-alkynyltrialkylborates [26] , synthesis and
reactions of allyisilanes [27], synthesis of highly substituted arylsilanes [27], 1-
arylsulfonyl-4-trimethylsilyl-1- and -2-butenes as synthetic equivalents for 1-(1,3-
butadienyl) anion and 1,1-(1,3-butadienyi) dianion [28], silylfuran oxidations applied
to the synthesis of the antibiotic patulin [29], allylsilane initiated carbocyclizations
including the diastereo-selectivity and the total synthesis of hirsutene [30], studies
on the development of organosilicon reagents [31], synthesis and studies of silyl
methyl ketals of quinones [32], and trimethylsilyl ethers of ethyny! alcohols as latent
drugs [33] Mechanistic emphasis was found in a mechanistic and kinetic study of
thermally-induced o- and B-elimination of alkoxysilanes [34], synthesis and reactions
of bis(trimethylsilyl) compounds a search for the mechanism of the Peterson
olefination reaction [35], kinetic and mechanistic aspects of the thermal decomposition
of silylketenes, -thioketenes and -ketenimines [36], and reactions of silylenes with

various reactants [37]. Organometallic chemistry of organosilanes included silyl



substituted iron alkyl complexes [38], transition metal complexes involving the 1,5-
bis(trimethylsilyl)pentadienyl ligand [39], and synthesis of some late transition metal
and main group organosilyl compounds [40]. Finally the synthesis and application of
alkyldihydrochlorosilanes for surface modification of porous silicon was published.

[41]

I1V. ALKYLSILANES

A. Preparation

A convenient preparation of bis(trimethylsilyl)methane from dibromomethane
was reported. (Eqn. 1) Trimethylsilylcyclopropanes were prepared as illustrated by

the example in Eqgn. 2.

. _ ELO/THF
CHzBrz + 2 Me3SIC| + 4 Li —5—0:'6—_-> CHz(SiMea)z (1)

[42]
(CH,CiBr also works well, but not CH,Cl5)

™S Zn/DMF
——————
\T/\7</ [43] / " 2

a ¢’ cl T™MS Me

The cross dehydrocoupling of cyclohexane and triethylsilane was reported. (Eqn.

3) The reaction runs with ethanol to give the o-hydroxysilane. (Eqn. 4)

EtSiH Hg*/hv SiEty
t —_—
+ Et35I [44] (3)
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EtOH + Et;SH = — Y (4)

[44]
Me
The reaction of nucleophilic reagents with pentavalent silicon complexes 1 resuli

in alkyl as well as aryl, ethynyl or vinylsilanes. (Eqns. 5-8)

LIA|H4 .
—m RSiH, (5)

. © . 1) MeMgBr .
PhSi Na —— PhMe,SiH (8)
2) LiAlH,
o)

(45]

g —

O
. + Li Li / \
> D T uam, > N~

0 1, [45] Me” “H
1
O , 1) 'BuMgBr (3 eq) .
PhSi Na — - Ph, BuSiH (8)
3 eq TDA
0 » 2) LiAH,
] [45]

(TDA = tris(3,6-dioxaheptyl)amine, which together with
LiAIH, causes disproportionation)
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The trimethylsilyl substituted cyclopropyllithium reagenmt 2 was used to prepare

3. (Eqn. 9)

TMS

Br ? f\ ; |
1) H* (9)
[46] 2) base

not isolated 19% 3

The tin-silicon exchange reaction shown in Eqn. 10 was reported. It is essentially

an irreversible reaction.

R2 R1 X r_l-{2 r_l-{1
50°C
Rsané—(IDHCOZMe + MegSiX —=— R,SnHC—CHCOMe (10)
4
[47]

R = Me, "By, Ph; X = Cl, Br, |

Certain boron catalysts were found to convert polydimethylsilanes to

polycarbosilanes. (Eqn. 11)

Me Me

éi éi 380-400°C H MeH Me

— e

T catalyst g/ \/Sl\/§ (11)

catalyst = B(OMe);, B(OTMS)3, B(NEt;); or TMS;BNMe,; yields 35-63%

The 12-silacrown 4 was prepared in a 9 step iterative process starting from

chloropropyltrimethoxysilane. [49]
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Me,
(fSi\H

4

B. Reactions

The carbosilane 5 was shown to react with idoine monochloride to give

chlorodemethylation in a rather clean reaction. (Eqn. 12) Carbosilane 6 reacts with

aluminum bromide to give 7 and the all cis isomer 8. (Eqn. 13)

M
Iciccl
Me\r W Me —— % Me r j Cl
5 drcat. I, \ S,
/ \/ \ \/
Me Me [50] c” Me

5

(12)



Me SiMe,

. SiMe, o
. . . [51] PI/
6
7 (13)
+
Me,
S|
,S Me
Meas, " SiMe
8

Trimethylsilylcyclopropanes were ring opened with acid. (Eqns. 14 and 15)

e cl
(14)
[52] TMS
_BF3 2HOAc
T2 *
(15)
™S
+ or
OA

Cc

The total selection H/D exchange of the o-CH bonds of alkylsilanes was reported.
(Eqn. 16)
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CH,

| Me,P),Os(H)SIEtM
CHCHy—Si—H - eoPlOs(ISTEtle, (CD;),CH,CD,SID  (16)
: ] 90°C/C¢Dg
CH,
[53]

1-Trimethylsilyl- and 1,3-bis(trimethylsilyl)adamantane undergo bromination at

the C-H bond and not at a C-Si bond. (Eqns. 17 and 18)

Br

Br
™S L —— TMS (17)
H,O or MeOH
small amount

[54]

T™S
T™MS

Bra TMS (18)
—_—
T™MS H,0 or MeOH
small amount

The reaction of singlet methylene with 1,1-dimethyl-1-silacyclobutane gives

both C-H and C-Si insertion. (Eqn. 19)
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Me Me, Me

N

1 Me,Sj Si s
CH, + 2 —_— Et” + Me
Me, Me\S.,Me
S '
Me” | | + S ]
Me

C. Other Studies

The enthalpies of formation of Me3SiX systems was found toilinearly correlate
with the ionization potential of X. [56] The favored conformation of c-C3HsSiH2X (X = F,
Cl, Br, I) was found to be the syn 9 and not the gauch 10. [57] A study of long range
hyperfine splitting of substituted (including silyl substituted) adamantanes was

reported. [58]

9 10

V. ARYLSILANES

A. Preparation

Various derivatives of 9,9-dimethyl-9-silaacridines 11 were prepared by the
direct reaction of N-trimethylsilyl bis(2-halophenyl)amines with sodium and
dimethyldichlorosilane. (Eqn. 20)
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T™S TMS

lll [
Na N
—_—
Me,SiCly (20)
Si

59
Cici [59] Me,

11
The pentavalent organosilane 12 was prepared from two equivalents of
dilithium reagent 13 and trichlorosilane. (Eqn. 21) Compound 13 was shown to reduce

aldehydes and ketones (Eqn. 22) as was the PPN (PPN = Ph3P=NPPh3*) salit.

CF,. CF,
Li  OLi
CF3 11_“-_- “\\“
CF, + CI3SiH _-7—8? H—Si (21)
(60]
12
CF{ CF;
13
CFy. CF,
H—gi™" 1) R'R2C=0/0°C/2h R2_ _H
; - X (22)
2H R OH
[60]
CF{ CF,
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Metalation-trimethylsilylation of phenanthryl diethylcarbonate gives the ortho

sitylated product 14. (Eqn. 23)

O O,CNEt,
‘ 1) 'BuLi
2) TMSC|
[61]

O,CNEt,
(23)
™S

88 %

Metalation-trimethylsilylation of phenoxazine gives the 4-trimethylsilyl

derivative or the 4,6-disilyl derivative depending on the amount of lithiating agent

employed. (Eqns. 24 and 25)

OO

R=H, '‘BuMeSi

1) BuLi/Et,O/rt
2) TMSCI
[62]

1) BuLi (3.3 eq)/Et;,0/rt

2) TMSCI
[62]

00
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o
(24)
N
|
R
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Metalation-trimethylsilylation of 2-bromothiophene gives the 5-trimethylsilyl
derivative. (Eqn. 25) This was coupled with the iodo bisthiophene 15 to give the o-
terthienylsilane 16. (Eqn. 26)

1) LDA
U\Br 2) TMSCI TMSA (25)

S [63] S Br

A - N/ \ {
TMS/Q\Br 2) /S\ /S\ | 4S\ { s\ 4 s>\TMS
15 16 (26)

[63]

Ortho lithio lithium benzoate was reacted with p-anisyldimethylchlorosilane.
(Eqn. 27) A number of 1-silaindolinone systems were prepared starting from 17.
These conversions are shown in Eqns. 28 through 32. Although the product of 17 with

ammonia is structurally similar to saccharin it exhibits no sweet taste.

O @COZU HO.G
SlMe2CI (64] O\S,jg

Me, (27)



COCI

2

SiMe,Cl
17

COClI

2

SiMe,Cl
17

CcocCl

2

SiMe,Cl
17

COCl

%

SiMe,Cl
17

COClI

X

SiMe,Cl
17
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NH3
—_— NH
[64] st
Me,
0
RNH,
— NR
(04 sf
Me,
OTMS
2 TMS,;NNa A
_——»
N
64 ’
(641 Si
Me,
0]
H,NMe,
NHNMe,
84 si
Me,
0O
1) 2 MezNH
——»
2) H,O S',o
i
[64] Me,

(28)

(29)

(30)

(31)

(32)

15
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Benzothiazole was lithiated and trimethylsilylated as shown. (Eqn. 33)

Lithiation-trimethylsilylation of benzothiazine 18 proceeds as shown in Eqn. 34.

N N

N TMSCI \

S>_ ———*{65] >—TMS (33)

S

Me Me

N 1) BuLi/THF/-78°C> A TMS

N48\4O 2) TMSCI \ 43\40 (34)
p-Tol [66] b-Tol

18

A full account of the preparation of arylsilanes from aroyl chlorides appeared.

(Eqn. 35)

(PhCN),PdCl,  PhSiMe,Cl + PhCOCOPh + PhCHO
PhCOCI + CiMe,SiSiMe,Cl —————=

3P

+ Me,SiCl, + CO (33)
[67]

Treatment of 1,3,5-tris(chlorodimethylsilyl)benzene gives 19 in 0.22 % yield.
(Eqn. 36) This material is stable to at least 300°C, but is oxidized to the disiloxane with

trimethylamine N-oxide. (Eqn. 37)
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Me,

Si
SiMe,Cl SiMe,
Na/18-C-6 i
toluene Meath (36)
Me,Si
CIMe,Si SiMe,Cl  [68] \ SiMe,
Si
Me, 19
Me,
Si
SiMe,
Me,Si_ TMANO
Me,Si [68]
\\ SiMe,
Si
Me, 19

(TMANO = trimethylamine-N-oxide

Thiophenol can be doubly deprotonated and the dilithium reagent reacted with
chlorosilanes to give, after desilylation of the mercapto group, the ortho silyl
thiophenol. (Eqn. 38) The product from the reaction with dimethyldichlorosilane was
oxidized to 20. (Eqn. 39) Similar results were obtained with 2-pyridinethiols. (Eqn. 40)
in this system the second deprotonation occurs at the 6 position. (Eqn. 41) These

materials were used to form complexes with Cu(I) and Ag(l).
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SH SH

1) Buli/cyclohexane T™S
TMEDA

2) TMSCI
3) MeOH
[69]

> (38)

SH

1) BulLi/cyclohexane Si
2 TMEDA
, - (39)
2) Mezs|C|2
3) MeOH 'S—S
4) DMSO/A

[69]

= 1) LDA N

I - I
N__~ 2) TMSCI N__~
[70] ™S

(40)

| N 1) LDA X
N__~ 2) TMSCI ,\Il (41)
P
™S [70] ™S

SH SH

The silylated copper reagent 21 was reacted with enones to give 22. (Eqn. 42)
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T™S.__O~_}-Cu(CN)Li
P () == %
[71] O ™S
¥ r
iPr iPr \ /

22 67%

By incorporating the presence of a hindered tertiary amine to trap the HCI
liberated and therefore prevent protodearylation it proved possible to electro-

philically trimethylsilylate, albeit in low yield, benzene with trimethylchlorosilane/
aluminum chloride. (Eqn. 43)

AICl, TMS

+ Me,SiCl TEIQ_» (43)
2

[72] 0.3%

Et,SiCl gave 1.2% and 'PrzSICI gave 1.6%
B. Reactions

The facile dephenylation of phenylsilanes with trifiic acid was reported. (Eqns.
44 and 45)

CF3SO5H

Ph MGZSISIMGZPh —T/rt——* CF3$03M923iSiM3203$CF3 (44)
[73]
_ CF3SOH
Ph,SiMe, — (CF380,),SiMe, (45)

(73]
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The bromodesilylation of arylsilanes was again shown to be much better than
the reaction with simple arenes. (Eqn. 46) The selective protodesilylation was

employed in a regioselective Pictet-Spangler reaction. (Eqn. 47)

Y Br
R
NBS/NaBr R R R R
——
MeOH/rt + (46)
[74] Br
R=MeO Y=H 4% 96 %
R=MeO Y =TMS 100 % 0%
R=Me Y=H 4% 96 %
R=Me Y=TMS 100 % 0%
NH,
1) CH,O/pH 6
: (47)
T™S 2) HCO,H <
OMe

OMe

(72 % versus 22 % for H compound)

Bromodesilylation of ortho trimethylsilylbenzamides is possible, but when a
methoxy group is present on the aromatic ring it will direct the regioselectivity of the

bromination. (Eqns. 48 and 49)



CONEt, CONEt,
Br2
48
751 (48)
R2 T™S R2 Br
R1 R1
OMe OMe
CONEt
2 Br,/0°C CONEt,
49
78] (49)
™S T™S
Br

Phenyl and benzylsilanes were shown to react with tertiary chlorides in the

presence of aluminum chloride to give phenylation or benzylation of the alkane. (Eqn.

50)
Me Me
cl RSIM AlCl
—_—
+ FSies CH,Cl R (50)
[76]

(R = Ph, PhCH,)
Perfluoroarylsilanes give the corresponding diaryl system when treated with

xenon difluoride in the presence of a metal fluoride salt. (Eqn. 51)

MF
R,SiMe,, + XeF —_—— -
n 4-n 2 [77] R-R (51)

(R = CgFs; p-FaCCgHy; 2,3,5,6-tetrafluoropyridyl; M = K, Cs, Rb)
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The trimethylsilyl group was used to control the regiochemistry of the reduction
of phenanthrenes. (Eqn. 52) The trimethylsilyl group can be protolytically removed
(Eqn. 53) or used to specifically alkylate the dihydrophenanthrene (Eqn. 54).

(52)

6 1) Li/NHg(l)
-———>

(78]

(R = H, Me, Et)

TBAF
[78]

TBAF/R'X
(78]

Arylfluorosilanes were cleaved by mercury(Il) salts to give the arylmercuric
halide, cyanide or acetate. (Eqn. 55) The reaction was, as expected, facilitated by

electron donation in the ring.
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(Y = H. Me, Cl, Br, NO,; X = Cl, Br, I, CN, OAc)

Furylsilane 23 was oxidized with singlet oxygen to secomanoalide 24. (Eqn. 56)

A similar reaction was used to synthesize manoalide 25.

o
$ 4
o)
o)
HO 56
OEt o4
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At lower temperatures 2-trimethylsilylfurans react with dimethylacetylene

dicarboxylate to give the expected adduct 26. (Eqn. 56a) At higher temperatures the

reaction leads to extrusion of acetylene to give furan 27. (Eqn. 57)

/@ __bwo
TMSOCH; "\~ ~TMS Txlens
811

DMAD

Rﬂ\ T™MS

@)

neat/reflux
[81]

CH,OTMS
CO,Me
(56a)
COZMe
MeO,C COzMe
(57)
27

Thermolysis of 28 does not give the silaanthracene 29 as hoped, but rather the

benzylidene derivative 30. (Eqn. 58)
PhCH,. _CH,Ph

Pr” “Ph

28

CH,Ph
~
Si
)
29 (58)
Ph(H)

30



C Other Studies

An x-ray study of 31 shows the Si-N distance to be 244 nm. [83] An x-ray
analysis of 32 was carried out. [84] The analogous phenyl derivatives were
halodesilylated with predominant retention of configuration. The fragmentation of 2-
thienylsilanes in the mass spectrometer was studied. [85] The n-donor ability of
furylsilanes was investigated. [86] The conformations of dibenzochalcogenosilacins and

-silanins were studied spectroscopically. [87]

* §
aH

(:(/NMe2 \mShMe
'Bu

31 32

VI. HYDROSILATION

A. New Developments

The synthesis of polyvinylsiloxane-platinum complexes and their catalytic
acitivity for hydrosilation was investigated. In addition to the addition of monomeric
silanes to multiple bonds with these catalysts the hydrosilation of olefins with
polyhydrosiloxanes was studied. [88] Vinylazole complexes of some platinum and
rhodium salts were employed successfully in hydrosilations. [89] A poly-o-
diphenylphosphinoundecylsiloxane platinum complex was used to catalyze the
hydrosilation reaction. [90] A poly(phosphino-organosiloxane)silicate-supported

rhodium(I) catalyst was employed in the hydrosilation reaction. [91]
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B. Hydrosilation of Alkenes
Allyltrimethylsilane was found to be 3 to 10 times less reactive than vinyl (or

butenyl)silanes towards the hydrosilation reaction. (Eqn. 59)

P _ H,PtClg
TMS/\/ + HMeSiCl, W TMS/\/\SiMeCIZ (59)

[92]

The hydrosilation of (E) 1,2-bis(trimethylsilyl)ethene and bis(trimethylsilyl)-

acetylene was reported. (Eqns. 60 and 61) Both give trisilylated systems.

™S
TMS A~ + HMe,SiCly,, 2 TMS\)\ . (60)
™S nEERN T (eg) SiMeCls.,
™S
HPICls  TMS. _~ SiMo Gl (6]

—_— iCl
T™S TMS + HMe,SiCly, —o—

Functional organosilanes were prepared by the hydrosilation of functionalized
systems. Thus, hydrosilation of 2-cyanobicyclo[2.2.1}hept-5-ene gives the expected

cyanofunctional organosilane. (Eqn. 62)
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NC RMeHSIOSiHMeR NC
> g

[94]

(62)

SiMeROSiHMeR
The hydrosilation of cyanoethylallyl ether with 1,3-dihydrodisiloxanes followed

by the hydrosilation of allylglycidyl ether gives difunctional disiloxanes. (Eqn. 63)

R R
i | |

o) HSiMeROSiMeRH Si—~O—Si—H
NC/\/ X »NC /\/O\/\/I ]

HoPtClg
[95] Me Me

O [ H,PICIg

AN (63)

R R

| [ 0
NG OWEZO_E;\/\/O\/Q

Various chloroplatinic acid/amine systems were investigated for the
hydrosilation of allyl chloride. Chloroplatinic acid/tri-butylamine is reported to give

85% yield of the commercially important chloropropyltrichlorosilane. (Eqn. 64)

ClySiH
Cl ———— e e R
A HLPICI/BusN o "siol, (64)

[96]

The hydrosilation of allylamine with rhodium phosphite catalysts was reported
to give up to 92 percent of aminopropyltriethoxysilane with very little of the P-
adduct. (Eqn. 65)
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A~ N2 (E1O),SH AN
Z Rh(PPh,)(COD), HoN Si(OEt), (65)
p-xylene 92%
[97]

The reaction of several tri- or dichlorosilanes with acrylonitrile in the presence
of Copper(I) oxide and N,N,N'N'-tetramethylethylene diamine (TMEDA) together with
ultrasound was reported. (Eqn. 66) Dimethyl- and diphenylchlorosilane reacted very

poorly under these conditions.

R3SiH
CN
—_ .
ZeN TMEDA/Cu0 RySi7 (66)

ultrasound
[98]

C. Hydrosilation of Acetylenes
The hydrosilation of 1,7-diynes in the presence of a nickel catalyst gives

hydrosilation-oxidation. (Eqn. 67)

=R! R
X3SIH .
SiX
Ni catalyst 8 (67)
=R?2 [99] =



Tris(silyl)ethenes were prepared by the hydrosilation of bis(silyl)acetylenes.

(Eqn. 68) These materials were studied extensively by NMR. Some of the chloro
derivatives were reduced to the silanes.

R'3SiH R,Si SiR,
R,Si—=—=—-S3SiR —_— —
8 8 [100] \_<S. , (68)
iR'5
TMS TMS Cl,Si SiCl, TMS TMS
Prepared were: N—=( N—=( N—x(
™S SiCly SiCl,
Ci3Si SiCly TMS :TMS TMS_
TMS SiMe,Cl SiCl;

Various ethynylisilanes were subjected to hydrosilation by thienylmethylsilanes
(Eqn. 69)

. Ar,Mes ,SiH R.Si
R3Si—==—=H S 3 \/\SiMe;;_nArn (69)
2 6
[101] (Ar = 2-thienyl)
D. Hydrosilation - Reductions

Benzaldehyde was reacted with triethylsilane in the presence of a ruthenium

catalyst. (Eqn. 70) Dihydrosilanes were used to reduce acyl iron complexes (Eqn. 71)
and 4- and 2-substituted cyclohexanones (Eqn. 72).
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Ru(CO)3(PPhs),
. Ru(CO)4(PPh
PhCHO + EtpsiH L uCOMIPS) o o) osiE, (70)
CsDe/hV
[102]
oc ° o PhySiH, oc 7% osiPhH
Fe - Fe (71)
/ (PPh3)sRhCITHF or CgHg /
ocC 0-22°C ocC
[103]
o OSiPh,H
Ph,SiH,
various conditions> (72)
[104)]
R R

A total of 58 different prochiral ketones were reacted with diphenylsilane in the
presence of [Rh(COD)Cl]z and various chiral ligands. The highest ee value for the
resulting alcohols found was 88.5 percent. [105] A further report was submitted on
this topic by the same researchers in which 21 different 2-(2-pyridyl)oxazolines as
ligands were investigated. [106]

Anti-selective 1,3-diols can be prepared by a silylation-hydrosilation-

desilylation sequence on P-hydroxy ketones with diisopropylsilane. (Eqns. 73 - 75)
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R! R? 'Pr,SiCIH R! R?
—_——— (73)
Et;N/DMAP )
HO 0] [1 07] 'PYZSiHO (0]
1 2
R1WR2 SnCl,/-80°C R \'/\./R (74)
B e A H
. CH,CI o
Pr,SHO O 2% Osg°
R! R? R! R2
HF N
edTHON (75)
0. .0 [107] HO OH
) /Sl\l
'Pr Pr 60-69% de 95-98.3%

E. Other Studies

The (Ph3)3RhCl catalyzed hydrosilation of olefins, acetylenes and carbonyls with
1,2-bis(dimethylsilyl)ethane gives only the mono adducts. [108] The mechanistic
aspects of the hydrosilation of styrene with triethylsilane were reported. [109] The
rates and o/B ratio of the hydrosilation of some acrylates and methacrylates were
reported. [110] The disproportionation of methyldichlorosilane with Speier's catalyst

was reported. [111]

VII. VINYLSILANES

A. Preparation

The reaction of vinylmetallic reagents with chlorosilanes provided some
interesting vinylsilanes. For example, chlorotrifluoroethylene suffers metal-halogen

exchange with n-butyllithium and the resuiting vinyllithium reagent can be silylated.
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(Eqn. 76) These vinylsilanes can be reduced and metalated to lead to other

derivatives. (Eqns. 77 - 79) Coupling reactions were also reported. (Eqns. 80-81)

F F 1) BuLi F F
) < 2) RoSICI = _ (76)
F Cl (12] F SiR,
H F
F: _ :F LiAIH,/ THF — (77)
F SiR, [112] F SiR;
M F
H>=_<F —_— >=< (78)
. [112] F SiE
F SiEt, £ty
(M = Li, ZnBr)
0]
Li F
—_— +
F>_<S1'Et3 [1 12] SiEt,
KF 2H,0
(other electrophiles also reacted) l z (79)
OH

S)e



33

i F TMSCH.ZnBr  TMSCH, F

F>~—< (112 >_~< (60

SiEty F SiEt,
F
BrZn_ F . _ Et< J\ a4
>===< + EINIYN N \l// TSiEy; VU
F SiEt fi1z]

Vinylsilane phosphonates were prepared as shown in Egn. 82 starting from o-
bromo ketones. Other Toutes to these systems involve deprotonation-phosphorylation
of B-ketosilanes (Eqn. 83) or conjugated addition-enolate trapping of a-silyl-a,B-unsat

urated ketones (Egn. 84).

O OTMS
)K/B,— ——— )\/Br
R [113] R
1) Bulu

2) (PhO),P(O)CI (82)

(PhO),P(O)O
™. ~TMS

4 examples: 64 - 87 %
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0O

TMS 1) °BusBH L* _ (PhO),P(0)O

[113]

Me
R = Me (8%), Ph (67%)

o T™MS
1) LDA (PhO)zP(O)O\l/L.,
84
H)I\/TMS 2) (PROAOPCI H (84)
[113] R

Methylenecyclopropane reacts with lithium metai to give dilithium system 33.

The more reactive Li-C bond is that of the sp3 carbon. (Eqns. 85 - 87)

Li
[114] Li

33
Li T™S
D
Li 2) TMSCI SMe (86)
33 [114]
Li ™S
TMSCI (87)
Li [114] T™S

33
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The addition of organomagnesium halides to acetylenes followed by trimethyl-

silylation provides a regio- and stereoselective synthesis of vinylsilanes. (Egqns. 88 and

89) The photochemical isomerization of 34 was reported in the same paper. (Eqn. 90)

1) R°MgX/THF/HMPA

2) Cul,LiBr
3) TMSCI
[115]

1) R2MgX/THF/HMPA

2) Cul,LiBr
3) TMSCI
4) E-X

[115]
(E-X = ICI, Bry, AcCl)

H
Ph_~ hv
TMS [115] »
Et
34
33% at equilibrium

H
1
AN S 1iis (88)
R2
5 examples: 35 - 85 %

E
1
AN “1us (89)
RZ
™S
Ph 90
G H (S0)
Et
67%

The addition of silylmetallic reagents to triple bonds was used to prepare

vinylsilanes. The reaction of trimethylsilyllithium to phenylacetylene in the presence

of lithium tert-butoxide gives (E) P-trimethylsilylstyrene. (Eqn. 91) Protected

propargyl-amine reacts with trimethylsilyllithium and then electrophiles to give 1-
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trimethylsilyl-2-substituted allyl amines. (Eqn. 92) The carbomethoxy derivative was

converted to the corresponding silylmethylidene lactam. (Eqn. 93)

LIO'Bu

Ph—==—H .+ Me,SiLi
[116]

P 1us (91)

E
N(TMS), 1) Me;SiLi/CuCN \)\/
— : S 92
H——= PA 239G TMS.__~ N(TMS), (92)

2) E-X
[117]

COM V4 TMS
2Me MeOH/A (93)
H

Lithium bis(phenyldimethylsilyl)cuprate was added to allene followed by the
addition of an electrophile to give either substituted vinylsilanes or allylsilanes. (Eqns.

94 - 96)

(94)

. - PhMe,Sj (Cu)
H,C=C=CH, (PhMezSizCuli LiCN - \/K +/or \/K
[118] (Cu) PhMe,Si
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PhMe,Sj (Cu) Ex PhMe,Sj
(Cu) X PhMe,Si N [118] E N

(E-X = NH,CI, Mel, AcCl, ethylene oxide, cyclohexenone, Cly)

—_— .
(Cu) PhMeZSi\/g [118] PhMe,Si

(X5 = Bry or 1)

Phenyldimethylsilyllithium was reacted with o-lithiated cyclic enol ethers to

give ®-hydroxyvinylsilanes. (Eqn. 97)

O _Li

1) CuCN SiMe,Ph
[+ PiMe,Sili o Ho/\/\l/ 2 o7
2) H,0 (97)

[119] H
92 %

Phenyldimethylsilyldiethylaluminum was reacted with 3,4-epoxybutyne to give
4-(dimethylphenylsilyl)-2,3-dien-1-01 (Eqn. 98), which was used in alkylations with

active carbanions (Eqns. 99 and 100).

PhMe,SIAIEt, + == o) PhMe,Si

N—
[120] —C=¥OH (98)
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1) NaH

PhMe,Si
2) BSA 2N (99)
M —0=
Y A —\—cH(CO,Me),
PhMe,Si
4) 2 gci
[120] QAc
PhMe,Si
PhMe,Si liyl bromid ==C=
2SI\ e i_Vc_c’gL“_'_L —\—C(COZMe)Z
T \—CH(CO,Me), 2 \
[120] (100)

[Tris(trimethylsilyl)manganese]methylmagnesium was reacted with
bis(trimethyl-silyl)-1,3-butadiyne to give 1,1,4,4-tetrakis(trimethylsilyl)-1,2,3-
butatriene. (Eqn. 101) An x-ray structure determination showed the internal C=C to be
127.6 nm and the terminal C=C's to be 131.9 nm.

™S
TMS—==—uo=—Tms MOWMMMe ™o (101)
[121] ™S ™S

The reaction of (methoxydimethylsilyl)trimethylsilylmethane with tert-
butyllithium gives lithium reagent 35. This reacts with ketones and aldehydes to give
exclusively vinyltrimethylsilanes with loss of the methoxydimethylsilyl group. (Eqn.
102)

(@) TMS
MeOMe,Si
> L+ - MeOMa,SiOLi (102)
Me,Si 2
[122]

35
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A variety of coupling reactions were employed in the preparation of
vinylsilanes. Vinyltrimethyl(or tricthyl)silanes were coupled with aryl iodides to give
B-aryl vinylsilanes. (103) A similar reaction leading to the same class of product is

seen with (E) 1,2-bis(trimethylsilyl)ethylene and aryl iodides. (Eqn. 104)

SiR,
R,Si PA(OAG)
S N AR ‘ (103)
Tz

(R = Me, Et)
TMS.__~# + Al Pd(OAc), _
N 1us EtsN/DMF Ar’ TMS (104)
110°C/2h

5 examples: 43 - 57%
[124]

The cross-coupling of silicon containing vinylmetallic reagents leads to

vinylsilanes as seen from the examples shown in Eqnms. 105 - 111.

TMS
PhS Br BrMg. A~ _PdC(PPhs)a PhS L/_/
[125]

4 examples: 60 - 88%
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NiCly(dppm)  PhS A A 1ms

Br
[125] 7 examples: 70 - 86%

I
==<MgBr N C( THF/40°C/3h ™S
TMS [126]
Br MgBr

lE-X (107)
™S
E
znCl B~ B(0Pr, ™S oo
= + PhCH,Ql ————— / Ph
T™S [1271]
89%
BraA /i ™S
ZnCl CH | B(O'Pr)
=< LN TR N\=/CSH13
™S [127]

79% (109)

1) (PhaP),PdCl, T™MS

ZnCl
THF/3h
: == —_— (110)
Br\/\B(OIPr)z * ™S 2) LiOHaq :%z_—¥
PhCH,CI Ph

[128]



Pd(PPh —
R—=——=—2nCl + Br\/\TMS_—(_ﬂF—QL’ R—=SA “tms (111)
(129]

Trimethylsilylated 1,3-dienes were prepared by carbopalladation of allenes

followed by treatment of the m-allyl palladium complex with a stabilized carbanion.

(Eqn. 112)

i ]

y

MSw Pd(0)Ln
~"Br R
r \—=C=CH, /l\
[130] Pd
L .
NaCHZY (112)
(Z = COMe, Y = CO,Me or COMe)
T™MS
s
CHzY
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The addition of organocuprates to vinylsilane phosphates (see Eqns. 82 - 84 for
the preparation of these materials) gives vinylsilanes in a stereospecific manner. (Eqn.

113)

(PhO),P(O)O, TMS  R,CuCNLi, R T™MS
>=/ — >_/ (113)

R [131] R

22 examples: trace - 90%

Vinylsilane 36 was reacted with aminostannanes to give 37. (Eqn. 114)

Reduction of 38 or 39 gives a Z:E mixture of vinylsilanes. (Eqn. 115)

Me Et RoNLi (cat) Me Et

>==< + MesSnNR; _2h___> >=—< (114)

T™S BEt, [91":'2‘]" T™S SnMe,
36 (R = Me, Et) 37
R I R SiEt, Bu.S R SIEt
>__ < > < 3SnH 3
= or — —_— 11
. Et;B >={ (115)
H SiEt, H I H H
39 -78°C/0.5h
38 [133]

Vinylsilane 40 was converted via known chemistry to vinylsilanes 41 and 42.
(Eqn. 116)



/

CiMe,Si ™S

40

BI'Z
[134]

43

BrMe,Si SiMe,Br
— (116)
CMe,Si ™S
41
l 'BuLi
‘BuMe,Si SiMetg,
'BuMe,Si T™S
42

The Sharpless kinetic resolution technique was applied to racemic 43 to give

vinylsilanes 44 and epoxysilanes 45 in good to excellent ee. (Eqn. 117) The 2-

trimethylsilyl derivatives 46 were also looked at with somewhat less impressive

results, however. (Eqn. 118)

T™MS.__~~_ _R

OH
43

TMS
R1 z RZ

OH
46
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Ti(O'Pr),

L(+)DIPT
'BUOOH
[185]

Ti(O'Pr),

L(+)DIPT
'BuOOH
[135]

R TMS\O\>\/H

TMS._ _#
\/\I/ + 3(117)
H

OH
44 45

9 examples: ee usually >99% for each product

T™MS 0 TMS
R1\/k|/R2 R1\\>Q/R2
s + g
OH 6H(1 18)

87.4 - >99 % o0 79.2 - >92.4 % o0
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Acetylenes and acetylenic silanes provided the starting materials for

vinylsilanes. The silyl formylation of acetylenes gives B-silyl acroleins. (Eqn. 119)

CO/Rh,(CO) R! R?
Rl—=—=R2 + PhM@,SiH ———— 2 —_—
CeHe/EtsN OHC SiMe,Ph
[136]
+ (119)
18 examples: 43 - 99 %; E:Z 100:0 to 0:100 R‘: :R"’
PhMe,Si CHO

Treatment of phenylethynylpentamethyldisilane with platinum(0) gives 47.
(Eqn. 120) On the other hand the phenyl derivative 48 eliminates

phenyltrimethylsilane. (Eqn. 121)

Me,
on.py.p Si TMS
t
Ph—==—SiMe,SiMe, ——2 11y I I (120)
135°C
137
46 [137] Me2
47 36%
IIDh
PhyP),Pt
Ph—==—=_SiSiMe, —(—&b Ph——————-"TMS (121)
| 135°C
Me [137] 52%

48

Retro cleavage of 1-trimethylsilylpropargyl methyl ethers produces, via loss of

formaldehyde, allenylsilanes. (Eqn. 122)
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MeO A
o S=—TMS g™ TMS>=C=\TMS (122)

R2 [138)

6 examples: 79 - 99 % by GC and 50 - 83 % isolated

Suitably unsaturated ethynylsilanes are cyclized to vinylsilanes with zirconium

complexes. (Eqns. 123 - 125)

OR OR TMS
TMS
S
1) Cp,ZrB
Z )_pi_u_z,.. (123)
2) AcOH
N (139] Me
R = 'BuMe,Si 79%
R=H70%
TMS
TMS
4 1) CpyZrBu, A
—-—_——»
~ 2) AcOH (124)
[139) Me
RO RO

R = '‘BuMe,Si 78%
R=H81%
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TMS

7 \

™S
1) CLZ 1 =

) Cl,ZrCpa(1eq) Oersz
2) Mg(10eq)

3) HgCly(1eq)

[140] 1) CO (125)

2) Hz0"

TMS
-

Trimethylsiloxyethynyl ketenes 49 react with acetylenes to give silylated

quinones. (Eqns. 126 and 127)

0]

I

o]
TMSOJJE——ph

49

O]
]
o]

TMSOJ]\E_-ph

49

0
Ph
Ph—=—""n_ = (126)
141
(141 Ph ™S
o}
0
Me Ph
EtO————;——Mg’ (127)
[141]
EtO T™S
0
45%

Vinylsilane 50 was reacted with boron fluoride etherate to give 51 and 52.

(Eqn. 128) A similar reaction occurred with §3. (Eqn. 129)
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BF30Et/CHCl3
s e R

-20°C
[142]
S\ Ph
Z g pr BFsOEt/CHCIy ™S Ph
e -
F -5°C
142
T™S P nezl 35% (129)
+
53 Z
Sw.___Ph
Ph
™S

52%
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B. Reactions

Two (Z) vinylsilanes were isomerized to the (E) isomers with a weak acid in the

presence of silica gel, which greatly reduced the protodesilylation process. (Eqn. 130)

PhSO.H R
R___JTMS SO, - — (130)

Si0,/CHCI,/60°C ™S
[143] R = PhCH, 86% E:Z = 937
R = PhCH,CH, 97% E:Z = 93:7

The vinylsilane 54 showed greatly enhanced stereoselectivity in reduction of the

carbonyl group compared to the protonated derivative. (Eqn. 131)

(HTMS (HTMS (HTMS
[H] .
—.»
CgHiz  [144) CeHy7 : CaHiz
HO o) HO OH HO OH
54 (131)
LiEtsBH >99% (66%) <1% (34%)
DIBAL 81% (37%) 19% (63%)

Alkenylfluorosilanes were used to couple with vinyl iodides to give 1,3-dienes.
(Eqn. 132) These vinylsilanes also were coupled with aryl iodides. (Eqn. 133) These
reactions are better with the fluorine ligand on silicon as opposed to the simple

trimethylsilyl group.
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R SiMe Fa, R* R Pd(PPhs), R1>—2__—_<R6
— + —— —_—_— —
> < > < DMF/TASF or
R? R l R®  rgaF R? R®  (132)
[145]
7 examples: 55 - 89%

R’ SiMe,F3.p Pd(PPhy), R Ar
S N
— 133
R2 - OMFTTASF or n2 - (133)

[145] 8 examples: 43 - 85%

The hydroformylation of (Z) vinylsilanes 55 gives predominantly the B-

formylation product. (Eqn. 134) The (E) vinylsilane gives the enol silyl ether upon

hydroformylation. (Egqn. 135)

'BuMe,Si R CO/H, CHO tBUMGZSi R
\——/ —_— .
Rh(CO)(PPhg)s 'BuMe,Si +
55 [146] R CHO
o 4°/°
R = Bu, CH;OMe, CH,OTMS, CH(OMe)Me, >96% % (134)
CH(OH)Me, CH(OH)Pr 6 examples: 17 - 80%
'BuMe,Si

CO/H, 'BuMe,SiCH, OTMS
—— —_——ee N\ —
N\ Rh(CO)(PPhs); (135)

[146] 60%
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Divinylsilanes and germanes were cleverly converted to 4-sila- and 4-
germacyclohexanones by first treating with 9-borabicyclo[3.3.1]nonane (9-BBN) to

ensure clean B-hydroboration, then transborylation with borane methylsulfide

complex, methanolation and carbonyl insertion as shown. (Eqn. 135A)

1) 2 9-BBN
/— 2) HzB.SMe, / \
R.M =  RM B-OMe
\— 3) MeOH \ /
[147]

(RzM = MBZSi, Etzsl, MezGe, EtzGe)
2) Hy0,/NaOH

RZM/\:>=O 75 - 91%

A detailed study of the hydroboration of P-substituted vinylsilanes by both

ln LiIO'Bu/MeOCHClI,

borane methyl sulfide complex and isopinocampheylborane was reported. (Eqn. 136)

For the optically active isopinocampheylborane hydroboration ee's up to 40% were

observed.
1 1) H3B.SMe, or 1
R \/ IPCBH, R1\/ :OH R > 156
—— —_—_
R? SiR 2) HyO,/NaOH R2 Si * R? SiR ( )
: [148] Fe OH °

5 examples: 98 - 99%
ratio dependent upon substituents
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Vinylsilanes were treated with ijodine in the presence of a nucleophile to give

a-iodo-P-substituted silanes. (Eqns. 137 - 139) Vinylsilane 56 was reacted with iodine

chloride to give vinyl iodide 57. (Eqn. 140)

T™MS I yMS
2 "oy
v I (137)
[149] Y

(Y-X = MeOH, LiN3, LiSCN, LiOAc)

TMS | X
2

[149] |
'‘Bu
T™S I, T™S_ |

B ———
)\/\/\ Y-X R</\/\

[149] X

+ (139)
™S, X
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ICl
CH,Cl,
-78 - 0°C
[150)

a-Trimethylsilylmethylene lactone 58 was converted to o-methylene lactone 59

as shown. (Eqn. 141)

PhS.
™S T™MS
/ PhSH

o) [151] 0

u,,,o llo

(141)
58 . ConelTBAF

(0]

""'O
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Three routes to (E) 2-nitroethylenyltrimethylsilanes were investigated. These
were the addition of NO2Cl to vinyltrimethylsilane followed by treatment with sodium
acetate (Eqn. 142), the reaction of vinyltrimethylsilane with N2O4 and then sodium

acetate/acetic anhydride (Eqn. 143) and nitromercuration of vinyltrimethylsilane

followed by treatment with base (Eqn. 144).

TMS 1) NOLCI O,N
= 2) NaOAC/THF \TMS (142)
[152]
TMS 1) N,0, O2N
2) NaOAG/AC,0 \TMS (143)
[152]
TMS 1) HgCl/NaNO; ON
= 2) NaOH \TM s (144)
[152]

(E)

Vinylsilanes react with iodosylbenzene in the presence of a Lewis acid catalyst

to give vinylphenyl iodonium tetrafluoroborates. (Eqn. 145) The (Z) isomers do not

react under these conditions.

R TMS Ph-10 R
~—/ (Ph-10)n — (145)
BF3OEt2 or
o - . IPh
Et30 BF4 BF4 +
[153] 10 examples: 61 - 94%
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Ethoxycarbonylnitrene was added to vinyltrimethylsilane to give the silylated
aziridine. (Eqn. 146)

CO,Et
_ /™S eoon N (146
1 46)
[154] A
T™S

Perfluoroalkanesulfonyl bromides were added to vinyltrimethylsilane. (Eqn.
147)

M8 ReSO,Br T™S

SO (147)
[155) Re + 5%

Br

Brominated malonitriles were added to vinylsilanes. (Eqn. 148) Cyclization of the
adducts gave silylated dicyanocyclopropanes. (Eqn. 149) Vinyltrimethylsilane was

reacted with iodochloromethane to give 1-iodo-3-chloropropyltrimethylsilane. (Eqn.
150)

SiR, Bry _CN hv R,Si CN
E— * x><CN CH,Cly WCN (148)
[156] Br X

(R = Me, Et; X = Br, H) 65 - 75%

! A CN [156] A< oN
r 74 - 80%
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|
ey o
= + ICHCI 85 - 100°C Ci ™S (150)
[157]

Free radical addition of the a-C-H bond of ethanol to vinyltrimethylsilane was

reported. (Eqn. 151)

T™S E{OH T™S
-/ —_— W (151)
BuOOBu
[158] OH

Allenylsilanes 60 were shown to react with acid chlorides to give silylated

furans. (Eqn. 152) The reaction was also carried out in an intramolecular fashion. (Eqn.
153)

R?2 SiMe,But
H, SiMe,Bu! AICl,
=c= + PhCH,COC! ——3 / \ (152)
R2 R! CHCle PhCH;~ o ~R!
60 [159]
6 examples: 35 - 79%
'BuMe,Si
'‘BuMe,Si,,
Me H CH2C|2 Me | ( )
cloc [159] ©

76%
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The intramolecular cyclization of vinylsilanes 61 and 62 was applied towards

the synthesis of (+)-heliotridine and (-)-dihydroxyheliotridine. (Egn. 154)

OAc
PhS,
PhMe,Si
\__—\_/N
61, O BusSnH/AIBN
[
OAc CsHe/A
PhS, (160]
/_.;\——/N
PhMe,Si
(@)
62
™S H DOAc

(Yields are for a ratio

of 61:62 of 18:1. Yields in +
parentheses are for a 61:62 N
ratio of 1.3:1)

10%(11%) ©
™S OAc
X
N
0

3%(-)

63%(64%)

— H

™S | opc

N

18%(12%) ©

OAc



57

1-Silylethenyl sulfides and sulfoxides suffer Michael addition of lithium reagents

to give an intermediate, which can be substituted or used for Peterson olefinations.

(Eqns. 155 - 158) Treatment of the sulfide with two equivalents of phenyllithium

gives a cyclopropane. (Eqn. 159)

% ———
SPh [161]

PhS_  siMeR'R2  E-X
R\)<Li [161]

PhS, ‘ 1R2
SiMeR'R PhCHO
———e
R\Xu [161]

SiMeR'R2 1) R'Li

SPh 2) R%CHO
I [161]
SiMeR'R? > PhLi
SPh [161]
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Rt——ﬂj>__JHR
[

17 examples: 26 - 92%

Ph——\>¥£3K:TMS

(155)

(156)

(157)

(158)

(159)
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Intramolecular cyclization of vinylsilanes with iminium ions was used to prepare

tetrahydropyridines. (Eqn. 160) Unfortunately, the reaction occurs with racemization.

TMS

CF3COH = =
—_—
CH,CNIBOC . Pha Mo+ Phal A

0 ™ [162] iONT dONT *Me
racemic (160)

Ph

u
o

optically active racemic

Copper(II) triflate brought about the cyclization-rearrangement of 63 to 64.

(Eqn. 161) Compound 64 was further converted to G6a-epipretazettine.

0“"\ O__-\o

0]

Cu(OTH), 0
—_——

+SiMe,Ph (161)
[163]

HO
|- SiMe,Ph

NMeCH,CN A Me
63 64

The vinylsilane cerium reagent 65 was used in a key manner in the synthesis of

allopumiliotoxin A. (Eqns. 162 - 164)
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Bu TMS 780
N . \= < THF/-78°C
CHO CeCl, [164]
H [ ™0Bn 65

TMS  AgNO4/EtOH/23°C
o

[164]

camphor
sulfonic acid

-
(CH,0),/CHZCN/100°C

3-Trimethylsilylpropen-1-0l was used to prepare silylated vinyl allyl ethers for

Claisen rearrangements leading to allylsilanes. (Eqn. 165)
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OH

P OH Z
TMS TSOH O
L MS /j (165)

CSHG/A
[165] ™S
decalin
175°C/20h
1) EtAICI, TMS”«,, /
o) CH,Cl,/-78°C e}
R —
2) TBDMSOTf CHO 68%
2,6-lutidine

OTBDMS
65%

Tropylium tetrafluoroborate was reacted with allenylsilanes to give azulenes.

(Eqn. 166)

R1
] SiR, (166)
ik +R2/=C=<R1 el OQ SR
R2

7 examples: 22 - 59%

Ethynyl substituted alcohols were silylated and then intramolecularly
hydrosilylated to give vinylsilanes, which were oxidized to keto alcohols. (Eqns. 167

and 168) In ome case the vinylsilane was brominated. (Eqn. 169)
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R Hec
SiMe
(MeHSi),NH \ \ 2 (167)
_——
\_/OH [167] N/O
R Hw Me,

\ S\(')Mea HPtCls Si~o
CH,Cl/rt/0.5h e

[167]
H,0,(30%)
KFkHCO, (168)
MeOH/THF
0O
R\)I\/\
OH
Me, Br
Sio 1) B
I~o VB /=U H (169)
e 2) KHF/MeOH R
[167]

C. Other Studies

The kinetic parameters of the Diels-Alder reaction of certain 1-silacyclo-
pentadienes with maleic anhydride were determined by !H NMR. [168] A 1H, 13C, and
29Si NMR study of a- and B-silyl styrenes was carried out as was a similar study on
their dichlorocarbene adducts. [169] A comprehensive theoretical study of the _
dissociation pathways of vinylsilane was reported. [170] The vibrational-rotational

analysis of vinylsilane was reported. [171]
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VIIIL. ETHYNYLSILANES
A. Preparation
Reaction of acetylene, sodium and trimethylchlorosilane in the presence of
anisole gives trimethylsilylacetylene. (Eqn. 170) The Grignard reagent of this was
reacted with various halosilanes to give mono- bis-, tris- and tetrakis(trimethylsilyl-

ethynyl)silane. (Eqmns. 171 - 175)

H—=—H NSOl g =4 (170)
anisole
(172
'PrMgCI
TMS—==—H i TMS—==—MgCI (171)
[172]
TMS—==—MgCl ———— (TMS—==1}SiH
9 [(172] ( a
79%
Bl'zsin
TMS—==—MgCl ——» (TMS—=1}SiH 173
9 [172] ( —_)5 e (173)
84%
™S o =} (174)
—===—MgClI —_— TMS—=—=3-SiH
9 [172] ( 3
78%
™S MgC e —} (175)
——— | —— TMS—=——=1}-Si
g [172] ( 4

77%
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The di-Grignard reagent of 1,2-diethynyldisilanes was reacted with 1,2-
dichlorodisilanes to give 1,2,5,6-tetrasilacycloocta-3,7-diynes in good yields.
(Eqn. 176)

R R o
BrM —_"‘——éi—éi_—_—_M gy _CIRESISIRYCI R,Si—=—3iR),
g L : [173] (176)
R R R,Si—==—SiR,

R,R' = Me,Me (67%); Bu,Bu (73%); Me,Bu(62%)

Bis(trimethylsilylethynyl)zinc was shown to react with o-phenylthiolactams to

give silylethynylation. (Eqn. 177)

A (TMS—Z—)Z—Zn A
- (177)
SPh [174] o SPh

-2
-2

Trimethylsilyl(tributylstannyl)ethyne was reacted with isonitrile dichlorides to

give diethynyl imines and ketones. (Eqns. 178 - 180)

Cl PdCI,(PPh =—TMS
R—N=< + BusSn—=—TMS C_ZL:QE-» R—N=X
Cl o =—TMS

[175]
(178)
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TMS _KFIDMSO-H,0

h—N=< (179)
TMS l1751

Ph—N

.m.

(180)

=—1TMS  BF,0Et/Me,CO-H,0
PH—N < 3OEty/Me; O
=—TMS [175]

Trimethylsilylethynyllithium was reacted with quinone monoketals. (Eqn. 181)

+ TMS———-1i [176]> (181)
TMS

MeO OMe MeO OMe
86%

o)

Trimethylsilylethynylzinc chloride was coupled with 1,2-dibromoethylene. Only
the (E) dibromoethylene reacts. (Eqn. 182)

Br. Pd(PPh3)4
TMS—==—12ZnCl + \% THF/0°C (182)
Br 20 min
[177]
81%

The coupling of trimethylsilylacetylene with vinyl iodide 66 was used in an

approach to histrionicotoxins. (Eqn. 183)



65

TMSC,H

e (183)
NH Pd(PPhg)4/Cul NH
I BuNH,/CgHg \\ ™S
O [178] O
66

The coupling of cthynyldisilanes with aryl halides gives the arethynyl disilanes.

(Eqn. 184) These were subjected to studies of their absorption and emission spectra.

—_— o : (Ph3P),PdCl> _ . .
H—==—S5iMe,SiMe; + Y-Ar-X ——————» Y-Ar—==—"SiMe,SiMe,
Cul/Et,NH
[179] (184)

Silylacetylenes give 1,4-bis(trimethylsilyl)enyne 67. (Eqn. 185)

- Pd(PPh3P, R——=

R—————H — —_—
100°C N (185)
[180] 67 R

(R = Me;SiPhMeSi-, PhMe,;Si-, Ph;MeSi-)

1,5-Bis(trimethylsilyl)pentyne was prepared from 1,2-dichlorocyclopentene.
(Eqn. 186)
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Cl

Na/TMSCI -
<j( —W TMSCHchchz—_'—TMS (186)
Cl 45-50h
or THF/15h

[181]

Bis[(trimethylsilyl)ethynyl]ether was prepared from divinyl ether 68 in good
yield. (Eqn. 187)

cl Cl 1) BuLi/THF/CgH 4
Br Br -78°C o N (187)
r
Z 07 2) TMSCI T™S o T™S
Br Br [182]
68 55%

Trimethylsilylpropional was treated with the enolate of protected glycine to give
ethynylsilane 69. (Eqn. 188) Bis silylated ynimine 70 was used to prepare B-lactams
71. (Eqn.189)

Me,
Si
\ NH2
E ,N/\COZEt 1) LDA/-78°C ™S (188)
H ¢ ot
Sl'e 2) TMS—==CHO CO,Et
2 [183] OH
69
R'R?N S=—TMS
L 1) LDA N—
R'R°NCH,CO,Et >
2) ZnCl —N (189)
) £nCl . 7 “ms
3) TMS—:\ 71
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Treatment of B-bromo enol silyl ethers 72, available as shown (Eqn. 190), with

lithium diisopropylamide and then trimethylchlorosilane gives the bis silylated

ynoates (Eqn. 191).

BuLi(2 eq.)

Et,0/C5H1 2

-78 - 25°C
[185]

Br,CCH,OSIR,

Br OSiR,

\e=—/"
72

2) TMSCI
[185]

1) LiTMP(2 eq.)
B —— s

Br. OSiR
N (190)
72
TMS—==—0SIR, (191)

Whereas other 1-substituted propargyl allyl ethers undergo [1,2] and [1,4]

sigmatropic rearrangements upon treatment with butyllithium, the silylated material

73 gives only the [2,3]-Wittig rearrangement. (Eqn. 192) Protodesilylation is readily

achieved with fluoride ion.

R/\/\O BuLi(2.3 eq.)
—-—_——’

TMS——:_\/ THF/-78°C
[186]
73

1-Trimethylsilylenynes were prepared

and ketones or aldehydes. (Eqn. 193)
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OH
i =—TMS
R
CsF/MeOH/M,0
(192)
OH
v ==—TMS
R

from silylated propargyl arsonium ylide
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. Br 1) BuLi/THF R!
Ph;AsCH,—==—TMS = - %—:—TMS (193)
2) R'R2CO

R2
[187] 7 examples: 72 - 100%

B. Reactions
Ethynyltrimethylsilane was reacted with iodosobenzene to give vinylphenyl

iodonium tetrafluoroborates. (Eqn. 194) Desilylation is possible with fluoride ion.

+
(PhIO), IPh BF ;-
E1:0"BF, EtO T™S
or BF;OEt,
[188]

TBAF or Et;N

~=C==IPh
EtO

Bis(trimethylsilyl)butadiyne was reacted with aryl azides to give triazenes. (Eqn.

195) The silylated hexatriyne reacts similarly at the silyiated triple bond. (Eqn. 196)
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N
AN, Ar\N \\N

MS—=—=—=—TMS — - ___)\_k (195)
[189]
TMS—== ™S

H
N,CHCO,E ™S N‘N
MS—————=—=—T - \ )/ (196)
[189]
TMS—= CO,Et
Alkynamides were prepared from alkynylsilanes by treatment with
chlorosulfonyl isocyanate (CSI). (Eqn. 197)
O
CHCl3
R—=—TMS + CSI e TMS——:‘—-—( (197)
NH

[190) 2
4 examples: 54 - 71%

Ethoxyethynyltrimethylsilane was reacted with carboxylic acids in the presence
of mercury(Il) acetate ketene acetals 74, which were converted to esters. (Eqn. 198)

The reaction was used to prepare certain lactones (Eqn. 199) and in peptide synthesis.

5 ™S
Hg(OAc)
RCOH + TMS—==—0Ft —om  J_ /(
e R” ~0” TOEt
74

[191]

ROH (198)

RCO,R'
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CO,H

+ TMS—=—=—0OFEt

HgO/CICH,CH,Cl

o

(0]

76% (199)

1,2-Diethynyltetramethyldisilane was reacted with trimethyl- or triethylborane

to give boradisilacycloheptadienes. (Eqn. 200)

MeZSi
Me,Si

+ R3B

MeZSE /§<

—_—
120°C/3d

R

B—R  (200)

MeZSi\¢<

R

Bromoallylation of trimethylsilylacetylene followed by carbonylation gave

cyclopentenone 75. (Eqn. 201)

H—=—TMS + A\_-B'

(CH30N)2PdBr2
—_———

T™S
Br o
62% (201)
Ni(CO)4/CHsCN
T™MS
(@) 65%

75  CH,CO,Me



n

Bis(trimethylsilylethynyl)carbinol was oxidized to the ketone (Eqo. 202), which
was cyclized with phosphorous pentabromide (Eqn. 203) and converted to
tris(trimethylsilyl-ethynyl)carbinol (Eqn. 204). The tris(trimethylsilylethynyl)carbinol
was coupled (Eqn. 205) and reacted with triethyl- or
tris(trimethylsilylethynyl)aluminum (Eqn. 206).

(TMS—E)ECHOH NelrOr (TMS—_=_-)EC¢O (202)

[194]

T™S TMS
O PBrs
__)_— 7z —_— 203
(TMS —— 20 o4l ( )
Br Br
Br Br

(TMs—=}- A MS=—"L 0 (ms—=) ~CoH (204)

2 [194]

_ K1/18-C-6
(TMS—.:.—-);COH —_— (TMS%);C—C—%TMS)S

[194]
(205)
RjAl TMS—== TMS
TMS'—)—: COH ———»
( 3 [194] ™S :> :C=<R (206)

R = Me; TMSC,
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Various bis silyl acetylene derivatives were reacted with a-pyrone to give, after

decarboxylation, ortho-disilyl benzenes. (Eqn. 207)

SiMe,X
. , Z N0 decalin
XMe,Si—==—-SiMe,Y + ——Z—)—
N .
(@) [1 95] SlMezY
(XY = Me,Me; H,H; CI,H, CI,Cl; MeO, MeO) +
Me, (207)
0
/O
Si
Me,

Trimethylsilylacetylene was coupled to give (E,E)-1,4-bis(trimethylsilyl)-1,3-
butadiene. (Eqn. 208)

(PsP)FeH(N,)BPh, ™S

TMS—==—"H 55 Ferin,BPh; ~ NN Ny (208)
THF/A
P3P = P(CHzCHzPth)a [196]

Trimethylsilylacetylene was coupled with chloropyrazines to give bis adduct

(Eqn. 209) or monoadduct, which could be arylated (Eqn. 210).
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Pd(PPh3)4
TMS—=—=—H + KO Ac

100°C/2h (209)
[197]
Pd(PPh3)4
TMS—== /E Et3N
100°C/6h  'Bu TMS
[197]
p'BrCsH4N02
Pd(PPhg),
KOAC/DMF (210)
100°C/2h

i
/[N\ Bu
Bu” “NZ = NO

Indenols were prepared by the reaction of various ethynylsilanes with

manganese complex 76. (Eqn. 211)

1) MesNO/CHACN
o ) MR —— Rz (211)
2) Rl——=r—
Mn(CO), [198]

(R',R? = H,TMS; Bu, TMS; EtO,TMS; Me, TMSCHj; Et, TMSCH,: 31 - 70%)

76
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The chromium carbene complex 77 was reacted with
bis(trimethylsilyl)dacetylene to give cyclopentadienone 78 and upon oxidation

cyclopentenone 79 (Eqn. 212).

T

77

(0]
Cr(CO)s TMS
+ TMS—=——-TMS W
OMe
MS OMe
78

Cr(0)
leo (212)
(o]

Cyclization of ethynylsilane 80 proved possible. (Eqn. 213)

NS ame fiMe,
2 1) CpyZrBu, N<
[ —_— 0,CCF3 (213)
S ™S 2) (CF3C0),0
[200] X TMS

80 73%



75

C. Other Studies
A theoretical investigation of the primary dissociation pathways of ethynylsilane

was reported. [201]

IX. ALLYLSILANES

A. Preparation

Fifteen different allylsilanes were prepared by reacting a chlorosilane with
magnesium and allyl chloride. (Eqn. 214) Various conditions and their effect on the

yield of the reaction were studied.

RSICI + Mg + AN_AC _Yarees A ~SRs (214)

conditions
[202]

The allylzinc reagent 81 did not react with alkyl halides, but can be silylated.
(Eqn. 215)

BiZ \)L L \J\ (215)
rZn ™
CO,Et THF/A S CO,Et

81 [203]

Deprotonation-trimethylsilylation of 82 and 83 gives allylsilanes. (Eqns. 216 and

217) The 5-tert-butyl system silylates away from the tert-butyl group. (Eqn. 218)
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Other 5-substituted systems give mono- or bis silylation depending on the reaction

conditions. (Eqn. 219)

™S
= *BULI/Et,O/T
O 1) *BuLi/Et,O/THF (216)
N 2) TMSCI
| [204] '}'
COCMeEt, COCMeEt,
82 47%
1) '‘BuLi
] (217)
N7 2) TMSCI
I [204] ']‘
COCMekEt, COCMeEt,
83 40%
t '‘Bu
(218)
2) TMSCI
N ) N T™S
| (204] )
COCMeEt, COCMeEt,
5%
R 1) LITMP
\(j or BulLl
2) TMSCI
'}' [204]
COCMetkt, COCMeE’t2 COCMeEt2
(219)

147

Y
+ 40%
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Silyl organometallic reagents were used to prepare allylsilanes. Phenyldimethyl-
silyllithium was reacted with 3-chlorocyclohexenes in the absence and presence of
copper(l) iodide. In the presence of copper(I) iodide the reaction occurs with clean

anti SN2' attack. (Eqn. 220)

Me Me Me
PhMe,SiLi
+ (220)
-78 - 0°C
Cl [205] ol Cl
c/it = 81:19 no Cul 54 (20) 46 (80)
or (13:87) with Cul 72 (85) 28 (15)

Various silyllithium reagents were reacted with tri-tert-butylcyclopropenium
tetrafluoroborate to give the silylated cyclopropene. (Eqn. 221) These materials were

found to be very stable both thermally and chemically.

By 'Bu_ Si(TMS),R

+ (MegSi),RSiLi ————» (221)

[206] . t
By By Bu Bu

The reagent formed from 3 equivalents of a silyllithium, methylmagnesium
iodide and manganese(II) chloride reacts with allylphenyl sulfides to give allylsilanes.
(Eqn. 222) These same reagents also couple with vinyl halides to give vinylsilanes.
(Eqn. 223) Silyl aluminum reagents react with allyl phosphonates give allylsilanes.

(Eqn. 224)
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N spPh (PhMezSi)sMnMgMe WSiMezph

[207] 75%
. (222)
PhMeZSi\(\
%
R\ R (PhMezSi)oMnMgMe R\ ___ R® (223)
R2> :x [207] R2 SiMe,Ph

20 examples: 40 - 100%
(X = Br, I, SMe, OP(O)(OPh),, OP(O)OEt),, OSO,CF3, SPh)

i PhMe,SiAlEt, .
—_—— Bu SiMe,Ph
Bu A~ OP(OE), 207] N\ \OMe;
53%
+ (224)
Bu N

21%  SiMe,Ph

Silylcupration of allene leads to a 2-(trimethylsilyl)allylcopper reagent, which
when reacted with typical electrophiles gives the allylsilane. (Eqn. 225) When reacted
with iodine it gives the 2-iodoallylsilane 84 (Eqn. 226), which can be converted to the

lithium reagent and then reacted with various electrophiles. (Eqn. 227)
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PhMe,Sj
THF
H,C=C=CH, + (PhMe,Si),CuLi g (Cu)
[208]

lE-X (225)

PhMe,Si I/ THF
2 i 226
)\/(CU) Treo8 A smen (220

84
I . E (227)
1) BuLi/THF/-70°C/30 min .
2\/SiMe2Ph 2) EX - SiMe,Ph
[208]
68 - 92%

(E-X = D0, Mel, CH;0, CH3CH=CHCHO, acetone)

The reagent formed from tert-butyldimethyl(trimethylstannyl)silane and a
higher order cuprate was reacted with various electrophiles. (Eqns. 228 - 230) The
thexyl-dimethylsilyl reagent was also thusly prepared and reacted. (Eqnms. 231 - 233)
This type of reagent does not form from trimethyl(trimethylstannyl)silane due to

reaction at silicon rather than at tin.
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1) Rp(CN)Culi,

ot 'BuMe,Si OH
Me,SnSiMe, Bu —Fi0°C/30 i 2PN (228)
2) %\/OH 99%
[209]

1) Rz(CN)CuLi, 'BuMe,Si
. t 2
Me,SnSiMe, Bu THF/0°C/30 min \/\rﬂ\OH (229)
2) o
/
[209]

. 1) Ry(CN)CulLiz ,
Me;SnSiMe, Bu TAF/0°Ca0 min > 'Pr O (230)
2) iPr—<;>=o tBuMe,Si’

[209]

1) Ry(CN)CulLiy

ThMe,Si va1
Me,SnSiMe,Th THF/0°C/30 min \/* (231)
) ¢\|<OH

Th = thexyl = Me,CHCMe,- [209]

1) Ro(CN)CuLiy /\)\/
i SiMe,Th (232
Me;SnSiMe.Th  rirseciao min ™ Miez )




81

1) Ro(CN)CuLi,
.
THF/0°C/30 min

Me;SnSiMe,Th 0O (233)

SiMe,Th
2) o

[209]

Silylmethyl organometallic reagents were also employed in the preparation of
allylsilanes. Tris(trimethylsilylmethyl)aluminum, which was generated without
isolation from trimethylsilylmethyllithium and aluminum trichloride, was reacted with

vinyl triflates to give allylsilanes. (Eqns. 234 and 235)
0]

O T™S
Ot py(ephgy),
(TMSCHo)oAl + CICH,CHoCIlCeHa (234)
[210]

8 examples: 48 - 81%

TfO Pd(PPhg), T™S (235)
(TMSCH,),Al + >—_\ - —
G0t COTECHOTCHs Co,E1
[210]
48%

Trimethylsilylmethylmagnesium chloride was reacted with dithioketals in the
presence of nickel(I) to give allylsilanes by a process of addition-elimination. (Eqns.
236 and 237) The reaction of trimethylsilylmethylmagnesium chloride with esters
gives allylsilanes via a double addition-Peterson elimination sequence. (Eqns. 238 and
239)
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1

\ CloNi(PPh), R (236)
Me.SiCH,MgCl + S. .S —=ma > >—‘x |
3 2 g >< EtzO/csHs R2 TMS

R! R? [211]
9 examples: 48 - 89%

CIZNI(PPha)z Ph T™MS
Me;SiCH,MgCl + >==< ] ELO/CaHe >=C (237)

Ph TMS
[211)

MegSICH,MgCI + (MeO),(CH,),COMe ———» (MeO)ZCH,M,u\/TMS

n (238)
n = 3 (42%)
n = 4 (78%)
0
Me,SiCH,MgCl + Q ™ Ho’Hn\/\n/\TMS (239)
In
n =1 (74%)

n = 2 (60%)
The reaction of aldehydes with a modified Seyferth-Wittig reagent gives

predominantly the (E) allylsilane in addition ot the (Z) isomer and the silylated allyl
alcohol. (Eqn. 240)

R R TMS
Me,SiCH,CH=P(0-Tol); + RCHO —— \—\_ N
[213] ™

S
major product 38 - 91% (240)
OTMS
+
F



The deprotonation-methylation of several allylsilanes with different groups on
the silicon atom was carried out in order to investigate the effect of the ligands on
gilicon on the a to 8 methylation ratio. (Eqn. 241) The amount of o product was

observed to greatly depend on the ligands and the solvent of the reaction.

! ! !
- 1) LDA . -
AL ) - A S o xSi—2Z
2) RX | [
Y Y Y (241)
[214] R R

Y,Z = OMe,OMe; OEt,OEt; OCH,CH,OMe,OCH,CH,OMe; Me, CH,NEt,;
Me, OCH,CH,OMe; Me, OCH,CH,NMe,; Me, OCH,CH,OCH,CH,OMe.

Also looked at Y = Me and Z = CH,-G where G =

NEty; MeNCHoVH,NMe,; N(CH,CH,OMe),

N(CH,CH,OE),; l S N‘/ \S and
N N N
OMe

The ruthenium catalyzed reaction of olefins with silanes gives allylsilanes. (Eqns.
242 and 243)

. Ru(COD)(COT) // N\ . SiEts
Et,SiH
=<_ + i 60°C/5h - \ SIEts +rr|_,-=<_

{215] 56%

(242)
+ g + \L

SiEt,
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Et,Si
‘H + Et,SiH m _‘T’vﬁ (243)
CO,Et 60°C/Sh CO,Et

[215] 63%

Chlo'romethylethynylsilanes react with diisobutylaluminum to give the a-
alumino vinylsilane, treatment of which with methyllithium gives a rearrangement t
a 2-lithio allylsilane system. (Eqn. 244) This was trapped with several electrophiles.

(Eqn. 245) The intermediate organoalane can also be trapped. (Eqn. 246)

'BuyAlH R SiMe,CH,CI
R—=—=—SiMe,CH,0| —>— = = 272
heptane Al'Bu
[216] 2
lMeLi (244)
R Li
TMS
R Li E-X R E
\—_-Q_ —_— T \—=& (245)
™S (2161 T™S



RsAl

I{l'i——-——SlMe;_,CH;_,CI 216]

E-X = Hy0, D,0, allyl bromide | E-X

SiMe,CH,CI

~

R AIR,
(246)
SiMe,CH,CI
R’ :E

Enones were reacted with 1,1-dichloro-1-phenyl-3,3,3-trimethyldisilane and

palladium(0) to give 1,4-disilylation and allylsilane 85. (Eqn. 247) This reacts as an

85

enol silyl ether towards alkylation or solvolysis. (Eqn. 248) Oxidation of the Si-C bond

was also carried out. (Eqn. 249)

R‘\/\"/Rz PhCI,SiSiMe,
Pd(PPhy),

o CeHe/80°C
[217]
1 2
R ~ 1 1) MeLi
PhCL,Si  OTMS 2) RX

85 [217]

References p 193

R X i (247)
PhCI,Si OTMS
85
RS
R! R?
(248)
PhMe,Si O
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R3 R

H

(o]

PhMGZS' 0] [217]

R! \/l\'( R2 1) HBF, R‘\/l\"/nz
_—___>
2) Hy0;

o

(249)

Alkylidenecyclopropanes were reacted with trimethylsilyl nitrile to give cyano

functional allylsilanes. (Eqns. 250 and 251)

TMSCN Ph{TMS
____—__.___>
PdCl,/pyridine N +

Ph [218]
71% Z:E 49:51

TMSCN Bu e TMS
B
PdCl,/pyridine CN

[218]

Bu

30% Z:E 60:40

TMS

(250)
CN

(251)

In a clever route to allylsilanes B-trimethylsilylethyl thiosulfonate was reacted

with a-lithiosulfones. (Eqn. 252) These could in turn be alkylated and then subjected

to a Ramberg-Baecklund reaction to give allylsilanes. (Eqn. 253) This approach was

used to set up allylsilanes 86 and 87 for cyclization reactions. (Eqns. 254 and 255)

O,

TMSCH,CH,ST HF
R
+ 2CHSTS —a—5c

[219]

(252)



02

1) Buli

THF/-78°C E
2) E-X
[219]
leuu (253)
E | TMS
T™MS
0 CHO \
< l TBAF
0 [219] HO
TBDMSO
CO,Et
| TMs
\ OH
TBAF LUTTTY,
T (255)
[219] EtO,CCH,™
@]

87 S5/
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B. Reactions

The preparation and a study of the stereochemistry of the acidolysis of some
cycloheptyl-2-enylsilanes (and stannanes) was reported. (Eqns. 256 and 257) The

electrophile is delivered in an anti-Sg' mode.

Me
Na/TMSCI
[ 220] (256)
OPh
major minor
~TMS
"TMS T™MS
71% 17% 10% 2%
[220] | CFsCOH (257)
Me Me Me Me
~TMS TMSE
+ + +
“IMs T™MS

70% 18% Fo 4%



The regioselectivity of the hydroboration of allylsilanes was determined for a

pumber of systems. The results are indicated below. {221}

<2 20(10) 23(14) 80(99)
s | />98 o | 7ies s |
~" SI\/Y Sl\/\|/ /K/\
80(90) *
20(1)
S 90(99) /1 7 Si 13
i >99 Si
/V\ Si\(K/ K){ /‘\X
i Ph : !
10(1) 93 87
(Si =

PhMe,Si; numbers are for borane in THF, numbers in parentheses are for 9-BBN)

89

The stereochemistry of the hydroboration of allylsilanes was also studied by this

same group. Utilization of the dimethylphenylsilyl group allows for both oxidation of

the C-B and C-Si bonds leading to diols of fixed stereochemistry. (Eqns. 258 - 261)

PhMep_j\/\ 1) 9-BBN PhMez/\/(lbi -
—_—
A 2) H,0,/NaOH (258)

[220]

PhMe,Si  OH 4y (phc0o),0/DMAP/ELN OH OBz

- /\/l\ (259)
2) KBr/AcOOH/NaOAc/HOAc
[220]

MmMn—

1%

References p 193



90
PhMe,Si
P

PhMe,Si

Ph

OH OBz
as above E :
?2—()]'-—» /\/\ (260)
74%
OH
as above :
[220] P " NoH (261)
70%

(E) 4-Hydroxyallylsilane 88 was prepared and subjected to the Sharpless

epoxidation procedure. Treatment with fluoride ion gave the optically active diol 89.

(Eqn. 262) The (Z) isomer 90 was oxidized and ring opened to give 91. (Eqn. 263)

CsH
TMS/\/\/ 5M11

Olllll

gg ©OH

Ti(OiPr), o)
—— /\WCsH11
L-DIPT/TBHP T™MS

CH,Cly/-20°C

OH
[223] 89

iTBAF (262)



p CsHy4 MCPBA
TMS 0°C/1h
90 f223]

lTBAF (

91

263)

Allylsilanes photochemically allylate 1,1-dicyanoalkenes. (Eqn. 264) Benzylation

is similarly possible. (Eqn. 265)

R1
R2
AI’ o CN . hv Ar
} phenanthrene R2
R CN T™MS ™ Cuon NC™H
[224] CN
11 examples: 51 - 97%
CN
Ph CN PhCH,TMS /ﬁ/\\
> ( hv/phenanthrene Ph CN
H CN CHyON L
[224]
84%

(264)

(265)

Chiral o-alkoxyallylsilanes were shown to react with nitrile oxides to give the

products of dipolar addition. (Egn. 266)
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=Z
|
O

/\'/SiEts R EtsN SIEt
+ >=N\ _[2—2? R 3
OR
Cl OH OR

(266)

i
ul“o

R SiEt,

olllll
o)

Trimethylsilylmethylallyl alcohols were shown to react with cyclopentadiene

under the influence of a Lewis acid. (Eqns. 267 and 268)

‘TMS
R N T|CI4 (267)
R PhNHMe

HO [226]

TMS

N @ T|CI4
(268)
HO “PhNEMe
58%

Whereas normal nitroalkanes do not react with allylsilanes, B-nitro sulfide do

react to give allylation. (Eqn. 269) Trimethylsilylnitrile reacts similarly to give

cynation.



93

» SPh r2_SFN

R’ H Lewis acid/CH,Cl, H ( )
NO, [227] x

11 examples: 44 - 79%

The silicon-directed Nazarov reaction was employed in the preparation of

linearly fused tricyclic ring systems. (Eqn. 270)

™S

Fe - CH2C|2
-20°C/45 min >
[228] H |§|

(270)

The oxidative ring closure of hydroxy and amido substituted allylsilanes was

accomplished. (Eqns. 271 and 272)

H
o ™S (NH,),Ce(NO3) S
OH 4)2 a)e 5 (271)
CH3CN/0°C
Bu [229] sy °H

three other products also observed
yields of 43 - 92% on 6 examples
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R —
~ ™S (NH4)2Ce(NO3)g x R
———.——» +
NHCOR' CHsCN/0°C NCOR' NCOR'

12291 (272)

Epoxidation of some substituted allylsilanes lead to silylated tetrahydrofura-

nones. (Egn. 273)

T™S
MCPBA
V/Y\CONMGZ MCPBA H"", +
[230] HO.,, o)
™S O
81% (273)
™S ™S
H
+ 5,
HO 0 HO o0
16% %

The allylsilyl 92 was cyclized with titanium tetrachloride. (Eqn. 274)



95

<’:‘>/( :
T|CI4 g:(t
+ (274)
[230]
OH
AcO
OAc

92

Allylselenides were prepared from allylsilanes. (Eqn. 275) The procedure was

used in the synthesis of cytochalasin isoindolone utilizing allylsilane 93. (Eqn. 276)

(275)

™S 4 BFs.
Q/\ PhSeSeMePh /q
_——>
'Bu [231] By SePh

03 lsle 93%

=1}
(0]

Phenyltellurinylation of allylsilanes is possible as shown in Eqn. 277. The allyl

tellurium oxides can be converted direcdy to amines. (Eqn. 278)
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BF;0Et,
A ~TMS . PhTe(0)0,CCF, SoRGIaT et (277)
[232]
TePh + RNH, —2C 0  _A_-NHR (278)
A 2 [232)

11 examples: 15 - 95%

The conjugate addition of allylsilanes to electrophilic cyclopropanes was

observed. (Eqn. 279)

N EWG
A<EWG . N™S EtzAICI/CHZClm (279)

0°C R EWG
R EWG [233]

EWG = electron withdrawing group; R = H or Me

Allylsilanes were shown to react with aldehydes and ketones under both acid
catalyzed and fluoride ion promoted conditions. Allyltrimethylsilane reacts with
aldehydes in the presence of tin(IV) chloride and zinc chloride. (Eqn. 280) Similar
conditions give the ethynylation of ketals utilizing ethynylsilanes. (Eqn. 281) 1,1-
Difluoro-3-trimethylsilylpropene was reacted with aldehydes and ketones to give B,B-

difluoro alcohols 94 in the presence of fluoride ion. (Eqn. 282)

OH
TMS SnCl,y/ZnCl, )\/\
—————»
A + PhCHO aa] Ph S (280)

61%



ORZ 97

3 _ 1 2 SnCI4/ZnCI2
R—==—TMS + R'CHOR), —(—> qo (281)

12 examples: 15 - 85%

R F
F TMS R'R?CO
£ TASF R2
DMPU
OH g4

[235]
6 examples 34 - 100%

The stereochemistry and the mechanism of the allylation of ketones and
aldehydes with allylsilanes 95 and 96 was studied. The results are consistent with a

six-memebered ring transition state for the reaction. (Eqns. 283 and 284)

Si(OEt), catechol
95 OH 90%
6 10%
SiF;
CSF/T HF
\=/'\Ph + PhCHO [236] \|/I\/\ (284)
96 73%

Ph

%

Ph
7%

Olllll
I

References p 193



98

The allylsilane 97 was utilized in efforts to convert aldehydes into optically
active homoallylic alcohols. (Eqn. 285) The configuration of the homoallylic alcohol

depends on the Lewis acid catalyst used for the allylation reaction.

CH,Me,SICH,CH=CH,

TiCl, R F
—_—
+ RCHO or SnCl, or \|/\/ (285)
BF;OEt, OH
97 [237]

R configuration from TiCl,
S configuration from SnCl, or BF;OEt,

Stereodefined crotyltrifluorosilanes were shown to react stereoselectively with
aldehydes under the influence of fluoride ion. (Eqns. 286 and 287)

\=_—¥ +RCHO  SsFHF R N (286)
SiF, [238]

> 98% with < 2% of syn i1somer
5 examples: 68 - 96%

OH
/=\£_§QHO CsF/THF
L

(287)
[238] R N

9% with 10% of anti isomer
5 examples: 77 - 96%

Chiral pyruvate 98 was allylated with allyltrimethylsilane with high diastereo-
selectivity. (Eqn. 288)



99

Ph (o)
TMS Ph
Pﬂ\ochOMe Yl o ) /
SnCI,/-78°C no’ “Me (288)
CH,C!
o8 [2;9]2 de > 99% yield = 80%

1,3-Dicarbonyl containing allylsilanes of the type 99 were cyclized under
chelation control with titanium tetrachloride to give very high stereoselectivity as

compared with the results from non-chelation control. (Eqns. 289 and 290)

0o O
HO, COoYy
R! Y wr—X.
R2 catalyst Rw g2 .
[240]
T™MS
99 For Y = CO,Et major
TiCly >200 <i
BF30Et, 1 1.2
TBAF 2 1
TiCly/CH,Clp .
-78°C
[240]
‘TMS
10 parts 1 part

An interesting twist to the concept of intramolecular allylation via allylsilanes
was to utilize siloxy aldehydes in which the silyl group contains the allyl group as well
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This was applied in [,3-asymmetric inductions of chiral silylated B-hydroxy
aldehydes.
(Eqn. 291)

Me,Si OH OH OH OH
Iof \ Lewis acid s + : :
N TN
“\\\\bCHO [241 ] \ \
Me Lewis acid (291)
TiCl, 8% 92%
SnCI4 92% 8%
BF,0Et, 70% 30%

As has been the case for the recent past several intramolecular cyclizations
involving the reaction of an allylsilane group with an enone were reported. Some of
these proceed best with fluoride ion while others are better with Lewis acid. Examples

are shown in Eqns. 292 - 297.

T™™S

) BF;0Et, 0

or SnCl,
R [242] R

(292)
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/
Et,AICI o
[242] - (293)
R

R = H, Me, both diastereomers formed

TQ
o) 0)
__TBAF 094
TMS [242] ( )
/DMF
+ 0O
[243] <j ]

SiMe,Ph

lo) TiCly/-78°C
15 min
s [244]
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SiMe,Ph

O catalyst
[244]

OIIIII
>

catalyst = BF3OEt, (94%); SnCl, (77%); EtAICI, (329%)

Allylsilanes were employed in an intramolecular cyclization procedure involving

para-quinone methides. (Egns. 298 and 299)

OH

1) ZnC|2

2) TBAF/THF/CHCI, (298)
[245]

R = H (83%), OTMS (82%) R
T™S
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OH
1) Ag20 (299)
2) ZnCl2
3) TBAF
[245]
EtO,C EtO,C

CO,Et COEt  98%

Allylsilanes were used to allylate o-hydroxy ketones. The stereo chemistry is

explained by a chelated bicyclic transition state. (Eqns. 300 and 301)

o) HO, =«
SiF3 EtaN <
N T 0 )I\/OH —= A (300)
[246]
£ OH

5% of diastereomer formed

(301)

3% of diastereomer formed

Allylsilane 100, prepared by hydrogenation of the appropriate propargylsilane,
was reacted with aldehydes and acetals to give products retaining the silicon group.

(Eqns. 302 and 303) A [2+2] cycloaddition is proposed to explain the results.
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TMS TiCl R TMS
BON— " ™ 4+ ReHo C—Hzc-;:> \=<_ (302)

100 (247] CHO

EtO TMS TiCly R TMS
—" . RCHOR), =™ >=<_ (303)

CHoCly
100 [2a77 RO CHO

Allylations with allylsilane 101 gives vinyl acetates as a result of the double
bond transposition that occurs during the allylation reaction. The allylsilanes 102 and
103 were also employed in the allylations, with the relative reactivity being

102>103>101. (Eqn. 304)

TMS )\/TMS /YTMS
OAc OAc OCO,Et
102

b

103

OBn

MS BnO
“ BF3 OEt, Bn O ““‘OBn
__—._>
OAc CICH,CH,CI | (304)
101 [248] = 0
Aco‘l‘_./l OBn

6 examples: 50 - 81%

? 2
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The allylation of 2-acetoxy azetidines with allyltrimethylsilane was reported.

(Eqn. 305)

OAc Tic| =
1
A~_-TMS | I l _ne _]/\/
Z N, 78-25°C | (305)
Ts 25h ~
Ts
[249] 62%

The reaction of y-vinyl-y-butyrolactones with allyltrimethylsilane results in a

clever preparation of 4,8-alkadienoates. (Eqns. 306 and 307)

/\/TMS
\/Q\O MezOBF, 2V~ (308)
[250] 7 examples: 74 - 100%
/ T™MS
o MeOBF,
[250] 4 examples: 60 - 87%

other allylsilanes used as well

B.y-Unsaturated carboxylic acid esters were prepared via allylation of

diaryloxydichloromethanes. (Eqns. 308 and 309)
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1 ) SHCI4IC H2C|2

R2 R ) i,
(Ar0),CCl, + >=&_ 78 to -25°C
R3 T™MS 2) 10% HCIaq
[251]
Ar = 4-CICgH5
™S ) snci/CH,Cl,
-7 -250°
(Ar0),CCl, + @) 8 to -25°C
2) 10% HCly,
[251]

R1

A’°20>(g (308)

R2® 'R
5 examples: 46 - 79%

(309)

og

COLAr
79%

Epoxy functionalized allylsilanes, prepared as shown in Eqn. 310, were converted

to oxepanes upon treatment with Lewis acids. (Eqn. 311)

1) BuL/THF RA O R
_..._—>
310
R3>Qg R3 ( )
OH 2 MsO 0
[252] T™S \<—TMS

42 -

91 %
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R2 O R1

HO 1
R

R3 *

O BF3OEt,

(311)
[252] + 0

TMS

7 examples: 63 - 82%; ratios from 1. to 7:1
with TiCl, 6 examples: 48 - 95% only 7 membered ring.

The allylsilane 104 was cyclized via the aminal group. (Eqn. 312) Several other

examples were reported.

TMS o) \
HOOCH
= >" + (312)
[253] BuN
o) N OEt . o) N OEt
Bu Bu

66%
27%

104 8 other examples: 73 - 98%

Hydroazulene were prepared via a [3+4] cycloaddition involving allylsilane 105.

(Eqn. 313)
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T™MS

OH
A (CF3S05);0
S 2,6-lutidine (313)
CH,Cly/-78°C
105 [254]

2-Azaallyl anions were reacted with allylsilane 106 to give piperidines and

pyridines. (Eqns. 314 and 315)

Li
e —_— (314)
R1/\.N/ Rz + ! s [255] 1 \
R N R
106 H

3 examples: 66 - 75%

Hg(l1)/HOAc F (315)
————»
[255]
R! N R? R! SN R2

5 examples: 14 - 73% over both steps

Y-Alkoxy-a,B-unsaturated sulfones were shown to react with allylsilane 107 to

give a stereocontrolled cyclopentenone synthesis. (Eqn. 316)
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OR
OR ’
Pd(PPh3),
* e
( OAc TMS  [256]
n SOPh 407 " SO,Ph

(316)

The palladium-catalyzed trimethylenemethane reaction was applied to
aldehydes with the aid of a tin cocatalyst to give tetrahydrofurans. (Eqn. 317) In one

instance both the double bond and the carbonyl were reacted. (Eqn. 318)

OHC
BnO 0] Pd(OAc),/R3P BnO

Bu3SnOAc
OAc TMS [257] o

+
O/O‘( 107
62% O{

(317)
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PhCO,CH,..,
PhCO,CH,..,, Pd(OAc), .
P(O'Pr)s
OAc TMS [257] (318)
OEt

The same allylsilane, 107, was reacted with pyrones to give the products of

[443] cycloaddition. (Egqn. 319)

R1 \ R1
)
R N7 Xp OAc TMs Cets o
107 [258] RZO
+ ©
R\ o
7

RZ

major product: 7 examples: 23 - 92%

The allylsilane 108 was reacted with enol silyl ethers to give keto allylsilanes,
which could be cyclized upon treatment with a Lewis acid. (Eqns. 320 and 321)
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OMe OTMS

TMSOTY © ™S
™S OMe —_ (320)
[259]

108

T|Cl4
[259] +

H
5

IIIIIO
I

(321)

examples: 55 - 66%

The lithium reagent derived from allyltrimethylsilane was reacted with epoxides

to give both a and y attack. (Eqns. 322 and 323)

AASMS >ﬂ< — - / (322)
R1
+
oy attack from <10:<1 to <1:>10 R3 OH
9 examples' 67 - 97% R2 P ™S
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SiR OH
AT, 0 — (323)
it [260] . _-SiR;

major product
SiR3 = Me;Si, Ph,Si, PhoMeSi, Me,CHCMe,;Me,Si

The anion of (diethylamino)allyldimethyisilane was reacted with aldehydes

under various conditions to enhance the « or y attack. (Eqns. 324 and 325) The

resulting silanes could be oxidized. (Eqn. 326)

CHO
_A_-SiMe,NEt,
7N N — (324)

Li* [261]
SiMe,NEt,

Intermediate silylated with TMSC! OTMS
Best conditions for o attack (>95%) were

BuLi/TMEDA/ZnCI,/0°C or BuLi/TMEDA/Cul/-78°C +
Best conditions for y attack (>85%) were
BuL/TMEDA/CuUCN/-78°C

OTMS
iM 1) CuCN/-78°C i )
/\\/SI e,NEt, W——» ('PrO)Me,Si\__~ R (325)
Li* 3) TMSCI
4) 'PrOH
[261]
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| OTMS o orm* Hoﬁpn

i H ——eee

(PrO)MGZSI\/\)\R 2) HyOo/KF (326)
KHCO3;/MeOH
THF 90% on oxidation step

for R = Ph

Deprotonation-alkylation of 1-substituted allylsilanes gives the product of

d-alkylation predominantly. (Eqn. 327)

R2
1 1) BuL/KO'Bu /\/‘\ 307
RN\ A~ ™S ;)—Rz;———* RN T™S (327)
[262] 8 examples: 39 - 63%

v attack ranged from 0 - 39%

(Pentamethylcyclopentadienyl)trimethylsilane was shown to be a good reagent

for the transfer of the pentamethylcyclopentadienyl ligand to other metals. (Eqn. 328)

Co'SiMes + MXy  —557™  Cp™MX; + TMSX (328)

{MX,4 = TiCly, TiBry, Tily, ZrCl, and HfCl,: yields 95.2 - 99%
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C. Other Studies

An x-ray study of 3,3,6,6-tetrakis(trimethylsilyl)-1,4-cyclohexadiene was
reported. It has a shallow boat conformation with rather long (192 pm) Si-C bonds,
which form an angle of about 34° with the n axis contributing to the HOMO

destabilization of this compound. [264] An ab initio study of 7-silanorbornadiene and

7,7-dimethyl-7-silanorbornadiene was carried out. [265]

X. PROPARGYLSILANES

1-Ethoxy-3-trimethylsilylpropyne was shown to react with a-chloroketones in

the presence of titanium tetrachloride to give dienic esters. (Eqn. 329) When the

a-chloro ketone is disubstituted cycliztion occurs with retention of the trimethylsilyl

group. (Eqn. 330)

R1 HZ
2 TiCly

EtO—==—GCH,TMS + CICHR'COR oo (329)

EtO,C
10 examples: 37 - 71%

TMS
. T|CI4 ==
EtO—==—CH,TMS + [266] (330)
(9) O

44%
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Propargylsilanes 109 and 110 were reacted with aldehydes to give

exocyclovinylidene hedterocycles. (Eqns. 331 and 332)

MS
N—_ 331
[267]

109

X = O 5 examples: 40 - 87%; X = S 5 examples: 20 - 85%; X = 'PrN 2 examples: 57 - 86%

™S .
— N0~ omMs TieL o

(o) T|CI4 S > (332)
110 [267]

7 examples: up to 95%

Intramolecular cyclizations of propargylsilanes were also reported. The bridged

azabicyclic systems 111 were thusly prepared. (Eqn. 333)

0)
HOOCH
[253] BUN)/ )" (333)
OEt
111

n=182%;n=298%

Propargyltrimethylsilane was reacted with N-(alkoxycarbonyl)iminium salts.

(Eqn. 334)
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CO,R

RO,C
N + H—==—CH,TMs 2% acd__ (334)
Ph  Ar [268] ol
r
+

ratio of products depends on reaction conditions

and Lewis acid employed Yields 51 - 85% with OYO

allylsilane to allene ratios from 100:0 to 34:66 T™S

Ph N

Ar
Propargyltrimethylsilane was reacted with dicobalt octacarbonyl to give complex
112, which was reacted with olefins to give 2-trimethylsilylmethylcyclopentenones.

(Eqns. 335 - 337)

CH,TMS
Co,(CO)g
H—==—CH,TMS —— < (335)
[269] (C0O),Co—Co(CO),
112
CH,TMS O

TMS

" 336
(CO)acon—\co(co)3 O [269] (336)

112 28%
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O T
CH,TMS MS
4 + HC=CH, ——» (337)
(C0),C0“—"Co(CO), [269]
112 20%

XI. BENZYLSILANES
1,1-Bis(trimethylsilyl)toluene 113 was formed as shown (Eqn. 338) and then
deprotonated again and the anion reacted with aromatic aldehydes. Desilylationa nd

cyclizations gives lactones. (Eqn. 339)

TMS.__TMS
CH,

CONEt, CONEt,

(338)

1) *BuLi/TMEDA

2) TMSCI
MeO 3) BuLi/TMEDA  MeO

4) TMSCI 113
[270]

T™S TMS Ar

2) ArCHO
MeO 3) CsF MeO
113 4) TsOH
[270]

(339)

Ortho-trimethylsilylmethyl benzamides were reduced with borane and alkylated

with methyl iodide. Treatment of the resulting ammonium salt with fluoride ion in the
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presence of methyl acrylate gave the Diels-Alder adduct expected from the ortho
xylylene. (Eqns. 340 and 341) Treatment of ortho bis(trimethylsilyl)methyl
benzamides with fluoride ion in the presence of al aldehyde gives the product of a

Peterson olefination. (Eqn. 342)

+
CONE2 ) BHyTHE NEt,Me (340)
DER
™S 2 Mel TMS
[75]
.
+
NEt,Me CsF/CH3CN/A CO,Me
TMS  methyl acryiate” (341)
[76]
85%
O
o
NE, TBAF NEt,
TMS ACHO & (342)
[75] —
T™S Ar

ArCHO = 3,5-dimethoxybenzaldehyde 74%

Benzylsilanes were formed by the reaction of a chlorosilane with potassium on

graphite followed by the addition of benzyl bromide. (Eqn. 343) A similar silylation
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occurs with cyclohexeneone in the presence of Cu(I) to enhance the conjugate addition.

(Eqn. 344)
PhClH":Br
PhMe,SICl + G ———— PhMeSK ———=— PMe,SICH;Ph (343)
90%
0
PhMe,SIK  + L 344
[271] (344)
SiMe,Ph

60%

The effect of solvent and reaction conditions on the cyclization shown in Eqn.

345 was studied.

OTBDMS
P Nt I hy
[272)

TMS

The sigma value of the Me3SiCH2 group was determined from the pKa's of

trimethylsilylmethyl substituted benzoic acids. [273]
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XII. a-FUNCTIONAL ORGANOSILANES

A. Preparation

Sulfide 114 was converted to o-trimethylsilyl sulfide 115 with high

diastereoselectivity. (Eqn. 346)

O 1) *BuLi
SPh
C s L (048)
O [274]

114

Triethylphosphate was reacted with two equivalents of isobutyllithium and then

trimethylchlorosilane to give the o-silyl phosphonate. (Eqn. 347)
O O

i 1l ; 1l ;
- ! I — | |
(E10)P-0 + 2 Buli — (EtO)zPY Pr TMSCI (EtO),P _Pr

Li T™MS
(347)

Sodium trichloroacetate derived dichlorocarbene was inserted into an Si-H bond

to give the a,a-dichloromethylsilane. (Eqn. 348)

/ \ ClaCO,Na/A / \

) (348)
x n SlMes_nH [276] x SiMes_nCCI2H
n

X=0,8
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The reaction of chlorosilanes with bromotrifltoromethane in the presence of
tris(diethylamino)phosphine gives the corresponding trifluoromethylsilane. This was

used to prepare 116. (Eqn. 349)

' (Et;N)3P
CL,SIHNR, + CF4Br —‘[;'7? (CF;3),SiHNR, (349)
116

Trimethylsilylmethyl azide was reduced with lithium aluminum hydride to
trimethylsilylmethyl amine, which was reacted with ketones and aldehydes to give o-

trimethylsilyl imines. (Eqns. 350 and 351)

TMSCH,N; + LiAlH, W TMSCH,NH, (350)
R‘l

TMSCH,NH, + R'R?C-0 T >=¥ (351)
R2 TMS

4 examples. 85 - 91%
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Methyldiphenylphosphine was metalated and trimethylsilylmethylated. (Eqn.
352) Reaction of the trimethylsilylmethyl derivative with trimethylsilyl azide was

carried out as well. (Eqn. 353)

CH4PPh 1) e, TS
—_— —_—
she 2) TMSCH,CI Me P\Ph (352)
[279]
/CHZTMS TMSN; Me\ /CHQTMS
Me—P_ —_— /P\\ (353)
Ph [279] Ph N—TMS

The borane reduction of acylsilanes was used to give a-hydroxysilanes. (Eqn.

354)
O
)J\ 1) HyBSMey OH (354)
—_—_—

[280]

The tert-butyldimethylsilyl allyl alcohol 117 was treated with sec-butyllithium

and then diethyl carbonate to give the o-silyl ester 118, which underwent a Claisen

rearrangement upon treatment with base. (Eqns. 355 and 356)



OSiMe,tg, 1) *BulLi

2) (Et0),CO
281
117 [281]

SiMeztBu

(o) LICA

[281]
(0]

118

B. Reactions

123

SiMe,tg,
Q (355)
0
118
SiMe,tg,
=
(356)
CO,H

The gas phase thermolysis of (chlormethyl)arylmethylsilanes resulted in the

preferential migration of the hydrogen atom from silicon with a lesser amount of aryl

migration. (Eqn. 357) On the other hand the aryl group migrates preferentially to the

methyl group. (Eqn. 358)

: A . :
ArMeHSICH,CI gas phase ArMe,SiCl + MeCIHSICH,Ar (357)
[282] minor
, , A
ArMe,SICHCl ——— o™ CIMa,SICH,Ar + ArMeCISICH,CH, (358)
[282] minor
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Esters of hydroxymethylsilanes were thermolyzed as well. In this case a
hydrogen migrates from silicon in preference to a trimethylsilylmethyl group. (Eqn.

359)

A
(TMSCH,JH,SICH,0,CR ——-—=— (TMSCHJH(RCOp)SICH,  (359)

The reaction of iodomethyltrimethylsilane with alkoxide ion gives alkoxy-
trimethylsilanes as a result of attack at silicon and cleavage of the Si-C bond with loss

of methyl iodide, which is converted to the methyl ether. (Eqn. 360)

Interestingly, the reaction of phenoxy or anilino chloromethylsilanes with
fluoride ion results in the migration of the phenoxy or anilino group from silicon to

carbon. (Eqn. 361)

KF/CHCN

PhEMe,SICH,CI
[285]

FMe,SiCH,EPh (361)
E = O 85%; NMe 90%

Several reactions of o-functional organosilanes with fluoride as an initiator or
mediator were reported. Thiophenoxymethyltrimethylsilane was reacted with ketones
and aldehydes in the presence of fluoride ion to igve thiophenoxymethylation of the
carbonyl. (Eqn. 362) (Trimethylsilylmethyl)methyl sulfide gives a similar reaction

with benzophenone in the presence of tert-butoxide. (Eqn. 363)



TBAF/THF

PhSCH,TMS + R'R’C-0
[286]

KOtBu/DMF

"3 h
[286]

CHySCH,TMS + Ph,C=0

12¢
2
R ><OTMS(H) (362)
R “CH,SPh

7 examples: 45 - 96%

R? OTMS(H
S (563
R “CH,SCH,

62%

A similar reaction was used with the a-thiophenoxysilane 119 and 120 with

benzaldehyde. The stereoselectiviyt of the reaction is very high. (Eqns. 364 and 365)

>/l\/ __TBAF/THF
PhCHO (15 eq)
™ [287]
119
anti:syn = 973
O SPh _ TBAFTHF
S PhCHO (15 eq)
TMS [287]

120

anti:syn = 25:75
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'U
=2

anti:syn = 94:6

cy&

anti:syn = 25:75
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Reaction of the o,o-bis(trimethylsilyl)sulfone 121 with fluoride ion in the
presence of acetaldehyde gives the product of addition followed by Peterson

elimination. (Eqn. 366)

R1 R1
OXTMS TBAF O, Me
MeO & Mg CHCHO - >'—' (366)
e o [288] MeO S
R? 2 R? 02
121

Bis(trimethylsilyl)methylamine was converted to the corresponding imines,
which upon treatment with fluoride ion in the presence of an aldehyde gives 2-aza.

1,3-dienes. (Eqn. 367)

R\ _H
(TMS),CHNH, + R'CHO ——» \f
[289] N
~
CH(TMS),

i TBAF/R?’CHO  (367)
1

R H

N

X

H R2
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Trifluoromethylsilanes were shown to react with quinones in a route to

trifluoromethyl substituted phenols and anilines. (Eqns. 368 - 370)

o) o)
R,SICF, + DA gy catabyst_ 2 o
! [290] !
S R,Si0” “CF,

7 examples: 44 - 90%

(368)

(several catalysts used including CsF, KHF,, NaCN, NaOH, LiN;, and others)

o OH

D o Zn/HOAc RN
E-. |
& [290] -

CF,
0O NH,

=

) . reductive amination

[290] e
RsSi0” CF, ee
3

__R1

.__R1

(369)

(370)

The attempted interception of CH2=S03, generated from trimethylsilylmethyl-

sulfonyl chloride and fluoride ion, by the enolate of 2-methylcyclohexane-1,3-dione

gave only the methyl sulfonate. (Eqn. 371) Similar results were obtained with other

1,3-diketone enolates.
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0 o)
- CsF
TMSCH,SO,Cl + @ i ij: (371)
[291]
0 0SO,Me

Desilylation of (trimethylsilylmethyl)benzylmethyl sulfonium salts with fluoride
ion gives sulfur ylides. These were shown to equilibrate with the more stable phenyl

stabilized ylides. (Eqn. 372)

o o
GH, PhCD,—S—CH, === PhCD—f—CHzD
CsF +
PhCD,—S—CH,TMS — = fast
+ [292]
fast 1;
e e
PhCH—S—CHD, === PhCHD—S—CHD
+ +
Sommelet- L ]
Hauser reacti)o/
ArCHO (372)
CHD, CH,D
M o)
CH,SCH, CHDSCH, (D)H> / N\ A
PH

Treatment of N-trimethylsilylmethyl substituted indoles with fluoride ion in the

presence of dipolarophiles gives the dipolar addition product. (Eqn. 373)



12¢

R O R

\ AgF \ O
+ NPh ——» 373
[293] ( )
N\ N NPh
CH,TMS (0]
(0]

The reaction of aryl substitated oximes with trimethylsilylmethyl triflate gives
the corresponding silyl iminium salt, which upon treatment with cesium fluoride in
the presence of an appropriate olefin gives the cycloadduct. (Eqns. 374 and 375) A

mechanism involving deprotonation and silyl migration is proposed to explain the

reaction.
TfO
Ar TMSCH,OTF Ay, CH,TMS
=N_ e =N (374)
H OH [294] H OH
TiO (|)H
A’: . CHTMS  csrDME N rAr
—— ———e R
H \OH trans (375)
RCH=CHR R
[294] R

Photolysis of 122 gives 123 via a single electron transfer cyclization process.

(Eqn. 376)
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hv/MeOH
[295]

(376)

N
N
™S l}l 123 Bn

122 Bn 71%

N-Trimethylsilyl carbamates were shown to give N-methoxymethyl carbamates

upon electrolysis in methanol. (Eqn. 377)

O

O
Ph )k electrolysis Ph\/\ )k
—_— 377
TN oMe MeOH/Et,NOTs N OMe (377)

|
CH,TMS 1296] CH,OMe
6 examples: 68 - 100%

C. o-Metalated Organosilanes

Tetrakis(trimethylsilyl)ethylene was shown to react with lihtium metal in

tetrahydrofuran to give the dilithio derivative. (Eqn. 378)

T™S
T™S TMS 5 |iTHF ™S, S Tms ho  TMS ™S
>—< o —TM
T™S T™Ms [297] ™S TS S MO
L H (oyH H(D)
(378)

Thermolysis of trimethylsilyllithium results in elimination of tetramethylsilane

and formation of o,c-dilithiotrimethylsilylmethane. (Eqn. 379) The same reaction with

bis(trimethylsilyl)methyllithium gives bis(trimethylsilyl)dilithiomethane. (Eqn. 380)



131

150°C . MeCD
- 4

[298]

150°C MeCD
(TMS),CHLI ———  (TMS),CLi, ——= (TMS),CD, (380)
- 4

[298]

The reaction of bis(trimethylsilyl)dichloromethane with sublimed lithium metal
or with 4,4'-di-tert-butylbiphenyl (LiDBB) gives bis(trimethylsilyl)dilithiomethane,

which was reacted with seveal electrophiles. (Eqn. 381)

(TMS),CCl, + Li (or LIDBB) ————3 (TMS),CLi, —= (TMS),CE;

(381)

E* = EtOD, Mel, Etl, TMSCI, Me;GeCl, Me3SnCl, Me,SO,, PhCHO, cyclohexanone gives
proton transfer

Trimethylsilylmethylpotassium was prepared from the reaction of bis(trimethyl-
silylmethyl)mercury and potassium metal. It was shown to deprotonate olefins. (Eqns.
382 - 384) In one application the thusly deprotonated olefins were reacted with
diethylboron chloride to give an allylborane which was reacted with acetaldehyde to

give homoallylic alcohols. (Eqn. 385)
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(TMSCH,),Hg + K ——— 2 TMSCH,K (382)

[300)
Et,BCI
TMSCH,K + _—— . (383)
[300]
BEt,
D,0 D
TMSCHZK + P - (384)
[300]
1 2
R R2 1) TMSCH,K/rt/48h R R
— — \ _R® (385)
3) CHaCHO/EL,O OH "
R* 4) NaOH/rvéh
5 examples: 70 - 78%
[301]

Trimethylmethoxysilane was shown to react with tert-butyllithium in
cyclopentane to give deprotonation of a silyl methyl group rather than substitution.
(Eqn. 386) A similar reaction takes place with methoxymethyltrimethylsilane. (Eqn.
357)
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1 _ TMSCI
BuLi/c-CsHyo MeOSiMe,CH,Li — MeOSiMe,CH,TMS
[302
] (386)

TMSOMe

'‘BuLi/c-CsH .
2 0 MeOCH,SiMe,CH,Li — MeOCH,SiMe,CH,D

MeOCH,TMS
[302]
(387)

The organometallic derivative formed from the reaction of trimethylsilylmethyl-
magnesium chloride and cerium(III) chloride reacts with esters to give allylsilanes,

presumably via the intermediacy of an a-silyl ketone. (Eqn. 388)

0
THF
TMSCHM = ——=
R‘)J\onz + 2 303] R1J\/TMS (388)

? 7 examples: 6 are 77 - 95%
and 1 (1-AdCO,Me) is 0%

TMSCH,MgC! + CeCl,

The reaction of bis(trimethylsilyl)methyllithium with ketone 124 was used in

the preparation of the C,D-ring fragment of artemisinin. (Eqn. 389)
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e /™S
TMS),CHLi
- [(TMS)CHL O (389)
[304]

'

C,D-fragment of artemisinin

Bis(trimethylsilyl)methyllithium was reacted with aluminum trichloride to give
bis(trimethylsiyl)methylaluminum chloride, reduction of which with potassium gives
the dialane. (Eqn. 390) The x-ray structure shows it to be nearly planar with an Al-Al
bond length of 266.0 pm.

Et,O
(TMS),CHLi + AICI, -[3—&]—-» [(TMS),CHLAIC!

.k (390)

[(TMS),CH],AI-AI[CH(TMS),]
59%
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(Trimethylsilyl)chloromethyllithium and

(phenyldimethylsilyl)chloromethyllithium were used to probe the migratory insertion

reactions of various transition metal organometallics. (Eqns. 391 and 392)

H0
Bu,Mn + PhMe,SiCHCILI [306]’ - BuCH,SiMe,Ph (391)
88%
. . HO
CpyZr(pTol); + PhMe,SiCHCILI [306]> - (392)
CH,SiMe,Ph
60%

Bis(trimethylsilyl)chloromethyllithium was reacted with bis(trimethylsilyl)-
methyldichlorophosphine to give a 1-chlorophosphirane, which could be substituted
without ring opening. (Eqn. 393)

Cl
B
THF/Et,0/CgH
(TMS),CCILi + (TMS),CHPCI, [3;7] S o TMS>1 \
T™MS T™S
¢RLi
(393)
cl
i
P
T™S, f}
T™S ™S
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Lithiated thiophenoxymethyltrimethylsilane was reacted with the epoxide of
allyl bromide to give phenylthiocyclobutanols via a 1,4-silyl migration of silicon from

carbon to oxygen. (Eqn. 394)

OH(TMS)

PhSYTMS o
+
Br/v ———>—[308] ﬁ >' (394)

Li PhS

a-Epoxysilanes were shown to be deprotonated at the a-position with several
strong bases. The lithium reagent was quenched with several electrophiles. (Eqn. 395)
The presence of a B-phenyl group, however lead to deprotonation of one of the silicon

methyl groups. (Eqn. 396)

O R, . . O
/\ Y R3S'7Ls (395)
R.Si [309]
3 Li

(R = Me, Ph; R'Li = "BuLi, 'BuLi, PhLi, LDA)

quenched with H,O, D,O, TMSCI, Mel, Me3SnCl benzoylaziridine

TMS
.0 t
Me,Si 1) 'BulyTMEDA - (396)
2 \ 2) TMSCI Me,Si
Ph [309] \Ph

a-Trimethylsilyl thiono and dithiono esters, prepared as shown were

deprotonated and the lithium reagent condensed with aldehydes and ketones to give

a,f-unsaturated thiono and dithio esters. (Eqns. 397 - 400)



/U\OR
S
TMS\/H\ '
OR
TMSCH,MgCl

S
s L
SR

TMSOT!
EtaN/20°C
[310)

1) LDA/-60°C

2) R'CHO
[310]

1) CS,/-40°C
2) RX
[310]

1) LDA/-60°C
2)R'CHO
[310]

OR

S

R1/\\\/H\OR

9 examples: 68 - 87%

S
SR

H1/\/H\SR

4 examples: 51 - 86%
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(397)

(398)

(399)

(400)

(Chloromethyl)diethylphosphonate was deprotonated and trimethylsilylated to

give as an intermediate (trimethylsilylchloromethyl)diethylphosphonate, which was

further deprotonated by the presence of a second equivalent of base. The resulting

lithium reagent was reacted with various electrophiles. (Eqns. 401 - 404)
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TMS

il 2 BuLi/THF/CgH
(EIO)P—CH,Cl S (EtO)zP—ém (401)
TMSCI
[311]
TMS (1? TMS  NaOEt (,? H
(EtO)zP—ém [311] (E0LP—~cI EoH (EtO)zP“ﬁCI
R R
(402)
T™S XCH,CHpX i IMS 403
(Eto)zp—ém —n €01P—c (403)
X
(X = Br, i)
T™MS ci H
RCHO
(EtO)zp—ém L S S=¢ (404)
(811} | (EO)P R

N,N-Dialkylacetamides were deprotonated and metalated with trimethylchloro-
silane and trimethylchlorogermane. (Eqn. 405) The «,a-bis(trimethylsilyl)acetamides
were also present mixed with the tautomeric O-silylated material. (Eqn. 406)
Deprotonation of the o-trimethylsilyl-a-trimethylgermyl acetamide followed by
condensation with an aldehyde gave principally the product of loss of the

trimethylsilyl group rather than the trimethylgermyl group. (Egn. 407)



? 1) LDA
)kNRZ 2) MegMCI
[312)
noa
MeaM\/u\NR 2) Me,SiCl
[312]
M = Si, Ge
0O
MeaGe NMe 1) LDA
2 2)RCHO
T™S [312]
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O
v L (408
NR,
0O OTMS
Me;M + Me M\%
3 NR, 8 NR,
™S (406)
R GeMe, R ™S
\_._‘: . \_{:
NMe, NMe,
major i
i minor (407)

a-Cyano substituted vinyl sulfides were prepared starting from

¢yanomethylmethyl sulfide and proceding through an a-trimethylsilyl lithium reagent

_as shown below. (Eqns. 408 and 409)

TMSOTHEt,0/EtzN/0-5°C

CH,SCH,CN

: (408)

[313]
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™S R? CN

1) LDA
:}——<—— (409)
2

——e
CHzS” “CN 2) R'R°CO R SCH,
[313]

15 examples: 41 - 95%
E>Z

The bis(trimethylsilyl)benzotriazole 125 was reacted with butyllithium to
remove one of the trimethylsilyl groups. The resulting o-trimethylsilyllithium reagent
was condensed with aldehydes and ketones to give the Peterson olefination product.

(Eqn. 410)

N . N
N’ 2) R'R®CO N R
)(TMS [314] >=<
2
K TMS R R
125

The o-borylsilane 126 was shown to allylate aldehydes with very high

enantiomeric excess and yield. (Eqn. 411) The R enantiomer was also prepared and

studied.
OH
B RCHO H
—_— A 411
T™MS

126 7 examples. 92 - 97% ee and 80 - 92% yield
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D. Other Studies

A differential scanning calorimetry study was carried out on the thermal
rearrangement of a-substituted silanes. [316] The crystal and molecular structures of
a variety of trifluoromethylsilanes were determined. [317] The infrared spectrum of
127 was reported with an analysis in terms of Si-O interaction. [318] The synthesis

and structure of 128 were reported. [319]

o SiF3 M +
62N—\ /C|
O N Si—Me
N\ SN
O Me
FiC
127 128
XIII. B-FUNCTIONAL ORGANOSILANES

A. Preparation

a-Trimethylsilyl trimethylsilyl esters were prepared directly from carboxylic
acids. The ratio of C-O silylation depends on the structure of the carboxylic acid with
the more hindered acids giving more C-silylation. (Eqn. 412) A combination of

thermodynamics and steric effects are presented to explain the results.
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O O

R 1) 2 LDA/THF/-78°C  R! OTMS R‘\(‘k
- >_<—
OH 2) TMSCI R2 + OH

2
R2 (320] OTMS R (412)
R R2 % Yield
H H 100 0 70
Me H 80 20 65
Et H 50 50 56
Me Me 24 76 84
Pr H 0 100 79
'‘Bu H 0 100 60

The direct C-silylation of azetidinones was used to prepare ylidene azetidinones.
(Eqns. 413 and 414)

Ar
N—?° 1) LDA “N—F

R (413)
| 2) TMSCI )_\
[321] Ar' T™S

Ar. Ar (o)
“N—?° 1) LDA “N—¢F (@14)
—>
)._ 2) (E10),C0 )—\ CO,Et
Ar N TMs TMSC Ar 2
[321] CO,Et

The C-silylation of 129 was used in the synthesis of carbapenum antiobiotics.
(Eqn. 415)



Me

NP4 oahEr7eec
A,
7N 2) TMSCI
o R [322]
129

™S

N

Me

(415)

R

The a-silyl ester 130 was alkylated and then methylated to give 131 as a

mixture of diastereomers. (Eqn. 416) The same materials, but with a different

143

diastereomeric ratio, could be obtained by a silylation-alkylation sequence on menthyl

propionate. The purified diastereomers were converted to o-silyl ketones which were

subjected to Haller-Bauer cleavage. This occurred with retention at the carbon. (Eqns.

417 and 418)

(’Men0” “CH,TMS

130
0

T™S
(-)Meno/u><
CH,Ph

Me

References p 193

1) LDA
2) Mel

3) LDA
4) PhCH,C|
[323]

1)DIBAL-H

TMS
(-)Meno&
CH,Ph

2) Ag,COg4/celite
) AgoCOj/celi -

3) PhLi
4) CrO,.2Py
[323]

0
Me
131
0

TMS
Ph
CH,Ph

Me

(417)

(416)
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o
NaNH KNH.
o /u><TMS aNHp (or KNHp) H><TMS (418)
Me” CH,Ph CeHe/A M~ CH,Ph

The deprotonation-trimethylsilylation of 132 gives the o-trimethylsilyl ketone
rather than the silyl enol ether. This is the first report of the direct C-silylation of the
enolate of a ketone. (Eqn. 419) Moreover the o-silyl ketone was not rearranged at
150°C for 18 h, conditions which are known to convert a-silyl ketones to their enol

silyl ethers within 1 h. (Eqn. 420)

1) LDA/-78°C
2) TMSCI
[324]

(419)
OMe

150°C .
—1—8h——> No Reaction (420)

[324]

The acid catalyzed reaction of aldehydes with trimethylsilyl ketene gives a-
trimethylsilyl B-lactones. These were not isolated, but desilylated with fluoride ion.

(Eqn. 421)



H
BnO/\M:\"/ +

o

TMS

145

TMS
—_—— n
CH2C|2/0°C O'—\
O [325] : 0
not isolated
v C=0 1845cm’’ (421)
CH;CN l KF.2H,0
Bno/\Hﬁ_
O—
\O

A full account of the rearrangement of 2-trimethylsilyl-3-hydroxy alkenes to -

silyl ketones was published. The general reaction is shown in Eqns. 422 and 423.

T™S
R\~ R2
OH
TMS R?
3
R! ~ 7
OH R4
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HRh(PPhg),
CeHe
[326]

HRh(PPha)s
CeHs
[326]

T™S
1 2

R R (422)

o]
13 examples: 0 - 98 %

TMS R?

R R3 (423)

o] R*

14 examples: 0 - 99%
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Diazo compounds served well for the formation of a-silyl carbonyl systems. The
reaction of ethyl diazoacetate with 133 the a-silylcyclopropanone as the ketal. (Eqn.

424)

Et0_ OEt
™S OEt c /CeH
N\==( + N,CHCO,Et ”(a";c;;] LI A (424)
OFt ™S CO,Et
133 72%

The reaction of silanes with a-diazo ketones or esters was shown to give the -

silyl carbonyl compound in good yields. (Eqns. 425 - 427)

o) 0]
. Rha(OAc), i
N Et,Si 425
2 pn * Et;SiH —-—-—-»{3281 3 Ph (425)
90% including 10% of
the silyl enol ether
Rhy(OAc)
N,CHCO,Et + Me,SiH —ﬁ-]—‘:» TMSCH,CO,Et (426)
O
A° _ Rhy(OAc), 7 (421)
+ Et;SH ——— SiEt
By [328] 'Bu Ha

N, 88% only isomer, but

10 % of silyl enol ether
also present
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The reaction of triethylsilyldiazomethane with triethylsilyl ketene was reported
to give the a,a’-bis(triethylsilyl)cyclopropanone. (Eqn. 428) This was reacted with

bromine to give ring cleavage without desilylation. (Eqn. 429)

O
Et,SiICHN, + Et3SiCH=C=0 W (428)
Et,Si  SiEt,
70%
O O
Br2/CH20I2/-78°C> Et3Si\)‘\(SiEt3 (429)
[329]
Et,Si  SiEt, Br Br
96%

Trialkylsilyldiazomethanes were reacted with silyl (or germyl) ketemes to give
again the a-silylcyclopropanones. (Eqn. 430) These were subjected to some other

reactions. (Eqns. 431 and 432)

M Rla O

R3S|CHN2 + W (430)

o)

R,Si MR,
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LiAIH, Raswﬂ'a (431)

e
[330]
R,Si MR,
O MR’
(RO),POTMS R;Si A\OTMS
— = (432)
. [330]
RSt MRS P(O)OR),

(R3Si = Me;S1, MeEt,;Si; R'3M = Me;ySi, MeEt,Si, EtyGe)

MR’ MR,
R,Si JOTMS MeCH R,Si |OH
[330] (433)
P(O)(OR),

The reaction of a-silylcyclopropanones with diazomethane gives the ring
expanded o-silyl cyclobutanone. (Eqn. 434) The reaction with

trimethylsilyldiazomethane gives the silylated derivative. (Eqn. 435)

0 ™S O
CH,N, 4
22 (434)
[331]
T™S TMS ™S
75%
0
o)
OHA, T™S y.
—_— (435)
[331]
TMS TMS T™S T™S

70%



B. Reactions

It was shown that a-(methyldiphenylsilyl)ketones could be rearranged in a

stereospecific manner to the (Z) enol silyl ethers in CD3CN. (Eqn. 436) When carried out

in the absence of solvent or other solvents a mixture of isomers was obtained.

1 R' OSiMePh,
; 140°C - 436
R 2 —_— - (436)
R CD5CN H R2
Ph,MeSi [332] 100%

R' = Me, "CgH,7; R? = Et, Ph, 'Bu, Pr
o-Trimethylsilyl azetidiones were deprotonated and reacted with ketones and

aldehydes to give o-alkylidene azetidinones. (Eqn. 437)

Ar. 0O Ar.

O
~ 1) LDA -
R e (437)
2) R R"CO \
Ph ™S [333] Ph R2

R1
several examples

It was found that the intermediate B-oxidosilane derived from bis(trimethyl-
silyl)methyllithium and benzaldehyde gives Z and E B-trimethylsilyl styrene in a ratio
of 1.4:1, whereas that derived from 2,2-bis(trimethylsilyl)-1-phenylethano and tert-
butyllithium gives > 90% E B-trimethylsilylstyrene. (Eqns. 438 and 439) It is argued

that in the Peterson olefination there is not a well defined B-oxidosilane.
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TMS,

: (438)

EZ=1.4:1

OH t ™S,

Buli (439)

TMS —_— =\

Ph/k( [334] Ph
™S EZ > 9:1

B~(1-naphthylphenylmethylsilyl) alcohols, optically active at silicon were
prepared from the silylmethyllithium reagent and aldehydes. (Eqn. 440) These were
subjected to various elimination conditions and the stereochemistry at silicon
determined for each. The observed inversion at silicon for acid catalyzed elimination

and retention with base catalyzed elimination is consistent with expectations.

OH
. diti .
1-NpPhMeSI‘\A _conditions | NpPhMeSI'X + ==
R [335] R
(440)
conditions X Stereochemistry
BF;0Et, F inversion
HOAc/NaOAc OAc :nversion
(o3| nversion
HZSOWTHFIHZO H Retention

KH/THF/then H,0
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The treatment of various trimethylsilyl alkanes with leaving groups in the b-

position with potassium tert-butoxide leads to loss of either a proton or the

trimethylsilyl group. (Eqn. 441)

H

KO'Bu
IG ——
TMS B THF

[336)

G
PhS
PhS
PhS
PhSO,
oH

N
OAc

C. Other Studies

T™S

kobs(rel)
1

0.55
2x104
34

v. fast
0.3

v. fast

-

H

%Si attack
32

57

100

90

100

100

100

(441)

% H attack
68

43

0

10

0

0

0

A quantum chemical and x-ray study was done on P-chloroethylsilanes.

Calculations were carried out to determine the potential emergy surface for the b-

elimination reaction. [337] Diphenylphosphinoethyltriethoxysilane was bonded to

monmorillonite and then reacted with PA(PhCH2CN)2Cl2 to give a catalyst that was

émployed in the hydrogenation of alkynes to give cis alkenes in high yields and nearly

complete stereoselectivity. [338]
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XIV. MISCELLANEOUS FUNCTIONAL ORGANOSILANES

A. Epoxysilanes

The preparation and reactions of trimethylsilyl substituted oxiranyl lithium
reagents was reported. The stereoselectivity of the reactions of these reagents was

also investigated. (Eqns. 442 and 443)

R SiR SRyl o
SO 1) *BuLi/Et,0/TMEDA/-116°C
/ \ 34 >
2) R°R*CO

R2 H
[339)

RS (442)

O O
nCsH17'I’I, ,\“‘TMS as above’ ncaH17"’o, S\“TMS nceH17"0a
7/ N [339] H R *

H H
OH

major
(ratios from 2'1 to 7 7:1)

The reaction of certain epoxysilanes with fluoride ion in the presence of an
aldehyde or ketone gives the product of the oxiranyl anion derived from loss of the

silicon. (Eqn. 444)
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0]

R, F 1) R'R%CO/F
1," o —___>
A 2) HC/MeOH

F ™S [340]

(444)

7 examples: 48 - 85%

Lithiated aryl sulfones were reacted with epoxysilanes leading to allyl alcohols

after B-elimination of trimethylsilylphenylsulfone. (Eqn. 445)

H O H ‘o Ph802 Bu
{ } 1) R'R (:Ll)SogPh> R (445)
™S Bu 2) BF30Et, R2 OH
[341] T™S
lTBAF/THF
1
R F Bu
R? OH

An intramolecular version of the attack of anions on epoxysilanes followed by
elimination was employed in the preparation of alkylidene cyclopentanes. (Eqns. 446

448) Isomerization to the internal double bond can occur as seen in Eqn. 448.
OQ_NEt,
Bu

1) LIN(TMS), . (446)
—_—

73% yield; 93% Z
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CSHH
, o 1) LIN(TMS
e A\/\/L 2)) KIH( * (447)

[342]
60% yield: 96% Z

CsHyy
1 LiN(TM

[342]
87%

Epoxysilanes were reacted with various organometallic reagents as a route to
substituted olefins. (Eqn. 449) The stereochemistry of the olefin coul be controlled by

the elimination procedure. (Eqns. 450 and 451)

RY, /A TMS AV R1~: _ :R (449)
RZ/ N [342] R2 H

11 examples: 0 95%

(RM = Li;CuPhyCN; PhLi; thienyllithium; hexynyllithium; Li;CH,CONEt;; Ilthiodithianeb
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- Ph R
Ph, /\ o1  NRCui_ — (450)
g 2 BFOEL Et> <H

[115]
R = Me (60%); R = Bu (65%)
pn. /A H 1) RCuli Ph H
—_— >—_—< (451)
Et ™s <" Et R
[115]

R = Me (50%); R = Bu (50%)

The reaction of epoxysilanes with hydrogen halides was used to prepare vinyl

halides with fixed geometry. (Eqn. 452)

0]

Ph., / \ " H Ph X (452)
115
Et ™S [113] Et; :H

X = | (70%); Br (60%); Cl (50%)

In an interesting extension of the Sharpless epoxidation of allyl alcohols, the
vinylsilanol 134 (a silaallyl alcohol) was reacted with the Sharpless reagent and then

desilylated to give the epoxide of styrene as the S enantiomer in 90% yield and from
85 to 95 % ee. (Eqn. 453)

Ti(O'Pr), o)
Ph
A siMe,0H —ypEr L YA (453)

'Bu,0,/CH,Cl,/-20°C
[343]

134 (90% vyield; 85-95% ee)
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B. Acylsilanes

Cyclopropyltrimethylsilyl ketones were prepared by the reaction of 1-trimethyl-
silylcyclopropyllithium with methyl(dichloromethyl)ether. (Eqgn. 454) The acylsilanes

were subjected to several reactions.

o

H A/u\
A + CLCHOCH, ——> ™S (454)

TMS

Halogenation of 1-silyl enol ethers leads to a-halo acylsilanes. (Eqn. 455) These
were also available via reaction of the enolate of an acylsilane with surfuryl chloride.
(Eqn. 456) o-Halo acylsilanes were deprotonated and reacted with methylvinyl ketone
to give cyclopropyl acylsilanes (Eqn. 457) Cycylopropyl acylsilanes were also prepared
as shown in Eqn. 458.

OEt 1) NCS or NBS \/(lL :
_————————»—
== X 455
SiMefay 2 HeO/CHCN SiMe,tau (455)
[345]
o
\/IO]\ SO,Clo/CCly (456)
—————— e . t
SiMe,tau [345] SiMe, B4
cl
87%
o | o o
A 1) LiNR, (457)
SiMelau  2) MVK ’ SiMe,lBu
X [345] R

X =Cl, Brand R=Hor X =Cland R = Me 13 examples: 14 - 90%



O Me,S/rt/24h
—_—

Br\/u\SiMeztBu [345]
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Br’ 0
Me,5
e
2 SiMe,au
NaOH (458)
acrolein
0]

T™MS

5 examples: 40 - 89%

Acylsilanes were reacted with Wittig reagents to provide a highly stereoselective

synthesis of (Z) vinylsilanes. (Eqn. 459) Deprotonation of the acylsilane is a major side

reaction. This methodology was employed in the synthesis of E-11-hexadecen-1-ol

acetate and example of a pure trans insect pheromone. (Eqns. 460 and 461)

Interestingly the protodesilylation of a vinylsilane with acetyl chloride in acetonitrile

is very highly stereoselective.

o
2
. /”\TMS + PhyP=CHR

@)

/U\ + PhsP=CHR
T™S

R = (CH,)gCH=CH,

Bu
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1

LiX R H
TMS R2
9 examples: 0 - 82%
Z.E > 964 except for
R' = Me, R? = OMe 78:22
i Bu
X Z Mg X (460)
[346]
T™MS
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s Y-
MRS Enomeon 8 (461)
™S 3) AcCI/CH,CN

[347]

Acyl tert-butyldimethylsilane was used to react with the enolate of a B-lactam tc
give, after a Brook rearrangement, the lactam with the protected hydroxyethyl side

chain present. (Eqn. 462)

'BuMe,SiO

1) LDA
—

0
o/

2) /U\
SiMeztBu

3) 'BuOK/'BuOH
[348]

Aryl acylsilanes were converted to their thiones by reaction with hydrogen
sulfide. (Eqn. 463) The trimer of the thione was also produced in these reactions. They

were protodesilylated with fluoride ion.
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R,Si

o S
)J\ H,S/H*/0°C /"\ ArX \'<Ar
————
Ar SiR, [349] Ar SiR, * S><S (463)
R,Si Ar

The acylsilane 135 was subjected to MO calculations to determine whythey are
colored. It was concluded that the LUMO has a large negative hydperconjugation
stabilization of the chromophoric antibonding orbitals suggesting excited state
geometries to be more like the corresponding ground state so that long wavelength UV
absorption due to vertical axcitation energies are nearly equal to adiabatic excitation
energies. [350] The 29Si isotope effect on the photolysis of acylsilanes was studied.

[351] The esr spectra of anion radicals of seven different acylsilanes were reported.

[352)

o

135

C. Other Functional Organosilanes

An interesting di-Grignard approach to 4-silacyclohexanones was reported

starting with the protected 1,5-dichloro-3-pentanone. (Eqn. 464)
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0 Cl 1) Mg/F,SiMeR/THF Me
><>\/ d = 0 (464)
o ci 2H R

[353)

R = TMS (8.6%)
R = SiMe,TMS (15%)

v-Ketosilanes were conveniently prepared by treatment of o,B-unsaturated

ketones with copper(I) cyanide, butyllithium and a chlorosilane. (Eqn. 465)

o 1) R'R?,SiCI R'R2,Sj 0
AN D SuCuON L 7S OTHE, y\/ll\ (465)
Ar R 3) NHyH,0 R

Ar

4) H or F
[354]

10 examples: 52 - 81%

It was shown that chiral a-silyl benzoylcycloalkanes undergo base-catalyzed
cleavage with retention of configuration within limits of steric crowding. (Eqns. 466
and 467) The chiral starting materials had their origin in 3-trimethylsilylcyclopentene,
which was converted by kinetic hydroboration of the racemic mixture to (-) 3-

trimethylsilylcyclo-pentene. (Eqn. 468)
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Me Me
Ph & NaNHg/CeHG/Algl'L> o (466)
T™S® [355] T™S'

98% trans 2% cis

O
Ph
NN, NaNHiCeHyaish (467)
TMS Me [355] T™MS Me
95% cis 5% trans
TMS ™S
dusopinocampheylborane (-) (468)
[355]
racemic

Z-5,e-Unsaturated carboxylic acids were prepared by addition of trimethylsilyl
lithium to the dimethylhydrazone of cyclohexenone followed by alkylation, Bayer-
Villiger oxidation and elimination. (Eqns. 469 - 471) Both exo- and endo-brevicomin

were prepared utilizing this chemistry as a key ingredient.

References p 193



162
NMe2

1) Me,SiLi/HMPA/THF Et
- (469)
2) Etl

[356) “TMS
0]
MCPBA Q 470
—_—— +/or ( )
[356] Et
™S 4
T™MS
(0] O
(0] 1) KOH
. % e (471)
Et Et 2) KH

/ [356]

T™S T™S

5-Trimethylsilyl-2-cyclohexenone was the source of 3-substituted-y-
butyrolactones. (Eqns. 472 -476) The preparation of (-) enterolactone 137 was

accomplished from optically active cyclohexenone 136. (Eqn. 477)



RMgX/Cu(l) (472)
—-———_-»
[357] oy
T™S TMS R
9 examples: 74 - 92%
o) o]
Merea % (473)
oy [357] -
T™S R R
™S
9 examples: 88 - 95%
O
'=I'MS R O
O NaOMe/MeOH HO : (474)
——____.>
", [357] OMe
R

T™S

IMS R O CF3COH R O

—_— /\/]\/lk (475)

oMe [357] & OMe

79 - 99%
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R O 1) PdCl,(Cat)/CuCl/air
/\/l\/u\ - e
7 OMe 2 MeOHHC(OMe)

3) MCPBA o~ 0
4) H*
[357]
o) OMe 6] OMe
Cu(l)
‘ * [357]
™S CIMgCH; ™S’

136

HO

(-) enterolactone

The optically active R-5-trimethylsilyl-2-cyclohexenone was used to prepare
optically active 3-substituted-S-trimethylsilylcyclohexanones. (Eqns. 478 and 479)
The methodology was applied to the synthesis of (+) a-curcumene, (+) a-curcumone,
and (-) methyl citronellate. The syntheses of (+) a-curcumene and (+) a-curcumone are

shown. (Eqns. 4780 and 481)

RMgX/CuBrSMe2> KF (478)
TMSCI/HMPA K
T™S [358] ™S R



1) p-TolMgCl/Cu(l)

2) MCPBA/CH,Cl,
™S 3) NaOH/MeOH
[358]

HO

PCC = pyndinium chlorochromate

References p 193

COH o
(-) ) [358]
™S "p-Tol

(+) a-curcumene

CO,H
) J\/l/
T™S “p-Tol

165

(480)
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HO CO,H CO,H
21 CF,COH l 2 (481)
(- - 1358] .
TMS “0-Tol

p-Tol

(+) a-curcumone

The above methodology was also applied to the preparation of (-) B-vetivone as

shown in Eqns. 482 -485.

o OTMS
TMSCI }
™S [359) T™S
OTMS

Br L
(+) —
[359)
TMS Br ™S
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(484)

o (0]

il I\
|~ 1) LDA )\( (485)
2) NCS .
"':'l, 3) TBAF "y

T™MS

(359]

l

(-) B-vetivone

This useful starting material was also used to prepare R (+) 4-butyl-2,6-

cycloheptadienone, a constituent of marine algae. (Eqns. 486 - 489)

0] OTMS
BuMgBr/CuBr
(486)
TMSCVHMPA
T™S [360) T™S ‘Bu
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OTMS
CHzlzlEtzzn
[360]
OTMS
_FeClyDME__
[360]
1) LDA
Nes
3) TBAF
[360]

Cyclic PB-trimethylsilyl contining aldehydes were ring expanded upon

with Lewis acids. (Eqns. 490 and 491)

_AIXClp

ij\ [361]

X =Me, OPh;n=4,6, 10

OTMS

.."I

T™S Bu

™S

-

Bu

W

Bu

™S

n

57 - 100%

traces

(487)

(488)

(489)

freatment

(490)



0]
CHO TMS
/ AICI,
g ~TMS = g (491)
[361]

70%
0.
AICIy
[361]
56%

The ketals of this type of silyl substituted aldehyde is also ring

expandable. (Eqn. 493) The same products, allyl methyl ethers, are available

from the aldehyde with trimethylmethoxysilane as a reagent and trimethylsilyl
triflate as the catalyst. (Eqn. 494)

OMe
\\ M
OMe ZnBr2
.. (493)
" —TMS  [362]
100%
OHC OMe
T™MS
TMSOMe
494
TMSOTHCH.Cly (494)
n [362] n+1
86 - 96%
n=23 6, 10

B-Trimethylsilylcyclopentanone 138 was converted to the acetoxy oxime
and 1,4- eliminated to give the unsaturated nitrile 139, which was used to

prepare a component of the sex pheromone of the potato tuberworm. (Eqn. 495)
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O N,OAc

o CsH,, l CcH
N H,NOAc N (495)
[363]

T™™S 138 T™MS 139

N,OAc N

I o CsHis  Tmsors I s UsH1
Lo E/ /.- err— (496)

[363]

TMS

139 ¢ ; ¢

Aco/\/\/\/—_=\

CSH11

The synthesis of 3-ethy1-3-hydroxy-‘y-valerolactone, a homolog of

mevonolactone, was prepared from B-silyl ketone. (Eqns. 497 and 498)

SiMe,Ph

PhMe,Si LDA
Oz '\/\IK\ + CH,CO,'Bu -[—3';7]> HO(| ~_ (497)
)

COztBu
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SiMe,Ph
HO,

HO Ag(OAc), (498)
[364]

COztBu

The reduction of ketone 140 gave a slight preference for the anti isomer. (Eqn.

499)

/o HO H
NaBH, (499)
[365]

TMS T™S

140

Trimethoxysilylpropylcyclopentadiene was reacted with acetylene
dicarboxylates and fumaronitrile to give materials that could be attached to silica gel
and complexed to transition metal complexes to provide solid supported catalysts.

(Eqns. 500 and 501)

(MeQ),Si E

E——————=E
i ———
(MeO)as:/\/\G o i

E = CO,Me (57%), COEt (62%) (500)
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The solvolysis of 141 was studied in order to study the y-silicon stabilization of
carbocations. Some acceleration was observed. [370] The effect of trimethylsilyl groups
on the solvolysis of 2-norbornyl systems was studied using 142 and 143. [371] The

stereochemical course of the solvolysis of y-substituted silanes was studied using 144

and 145. [372]

OBs
D
™S ™S OPNB  TMS OPNB
142 143
OBs
D, H OBs H '&\D
™MS™ 7 ™S o

D H
144 145

XV. REACTIVE SPECIES

A. Radicals

In a study of the reactivities of silanes with tert-butyoxy radical it was found
that trimethylsilyl groups activate the Si-H bond towards radical cleavage. Thus one
finds a relative reactivity of Et3SiH < TMSMesSiH < (TMS)3SiH. [373] The rates of
reaction of (TMS)3Si radical with alkyl halides compared to those of Et3Si and Bu3Si
radicals was made. For examples for the reaction with benzyl bromide the rates were
Et3Si- (2.4x109), Bu3Si- (1.5x109) and (TMS)3Si- (9.6x108). In general the (TMS)3Si
radical towards alkyl halides is not as strong as other silyl radical, but as good or

better than the tri-butyltin radical. [374]
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NC

\—— (Me0);Si CN
‘(MeO)ssi/\/\<:| —  ON,
CN

[366]
(501)

Trimethylsilyldiazomethane was reacted with olefins under the influence of

copper(l) chloride. (Eqn. 502)

TMS

R CuCl R (502)
TMSCHN, + \—— W

Unsaturated sulfones were reacted with lithio trimethylsilyldiazomethane to

give pyrazoles in good yield. (Eqn. 503)

R! R?
R R? TMSC(Li)N, J (503)
_ kbt bl T
>—< N
H so,ph 1368 T™™S” N’
H

13 examples: 36 - 98%

Ketenimines were reacted with lihtio trimethylsilyldiazomethane to give

triazoles, again in good yield. (Eqn. 504)

References p 193



174

R2
R! R3
1
R TMSC(L)N N
R — R /B
R2 RS [368] N (504)
™S N7

examples: 67 - 82%

The gas-phase acidities of organosilanes and electron affinities of organosilyl

radicals were determined. These are given below for various silanes. [375]

Silane AHCacid EA(for RH3Si-) Si-H (diss. energy)
SiHg 372.8 32.4 91.6
PhSiHj3 370.7 33.1 90.2
PhMeSiH, 374.2 30.7 91.3
MeSiH3 378.3 27.5 92.2
Me3SiH 382.8 22.4 >91.0

A study of the reaction of triethylsilyl radcial, generated by laser flash
photolysis of a 1:1 solution of triethylsilane and di-tert-butyl peroxide, with sulfides
was reported. The reaction gives carbon centered readical via attack at sulfur by the

silyl radical. (Eqn. 505)

in SR ————— Et,Si-R + Rs
Et;Si= + R-S-R 37 sSi-R + (505)

Silacyclobuty-1-yl radicals were generated and studied. ESR studies showed the
radicals to have non-planar rings and the SOMO on Si to be pseudo-equatorial. A

substantial long range coupling of 16.4 G to the pseudo-equatorial y-proton was found
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{3771 It was shown that mechanistically silacyclobutanes undergo Si-C bond cleavage

upon photolysis at 185 nm. (Eqn. 506)

185 nm .
SiMe,, [378] SiMe,
B Si=CH
/ 2
~
185 nm ﬁl
[378] = SiMe, CH,
l (506)
il
P H

The reaction of 1,4-bis(trimethylsilyl)-1,3-butadiyne with R3Al and potassium

metal led to the first observation of persistent radical di-ate complexes 146. [379]

RsAl AR,

™S T™™S
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An ESR study of the radical cation of trimethylsilyl acetate and trimethylsilyl
trifluoroacetate showed the unpaired electron to be on silicon. Upon annealing one

finds a rearrangement taking place to give the silylmethyl radical. (Eqn. 507)

H
7/
. +* +0 Me Me
—_—

/Sl\
R O CHs
(R = CH3, CFy)

B. Silylenes

Bis(pentamethylcyclpentadienyl)dichlorosilane was reduced with naphthalene-
lithium, sodium or potassium to give a stable decamethylsilicocene. (Eqn. 508) The
silylene could be further reduced to silicon metal and the
pentamethylcyclopentadienyl-metallic, but treatment of the dichlorosilane with four
equivalents of the naphthalene-metal system did not give total reduction to metallic
silicon. (Eqn. 509) The silylene can be sublimed and the NMR data support a m-bonded

rather than a ¢ bonded system.

(MesCy),SiCl, + 2 C,oHgM T (Me;Cs),Si: (508)

(Me5C5)2S|: 2 C10H8M W Sio + 2 MGSCSM (509)

Laser flash photolysis of pentamethyldisilane or octamethyltrisilane was used to
generate dimethylsilylene, which was then reacted with various unsaturated systems.

(Eqn. 510)
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: i : laser flash .
Me;SiMe,H or Me,SiSiMe,SiMe, W Me,Si: (510)

[382]
Thermolysis of divinyldichlorosilane yields dichlorosilylene, which was trapped

with 2,3-dimethylbutadiene. (Eqn. 511)

R R R R
sicl, 250800 €, o6 T T u (511)
=/ [383] Si
R=H15-20%

R = Me 50 - 60%

Thermolysis of 1,1-dichloro-1-silacyclohexa-2,4-diene gives cyclopentadiene and

dichlorosilane. (Eqn. 512)

A
——— Cl,Si:
S [384) 29l O (512)
|

Photolysis of dimethyldiazidosilane gives dimethylsilylene in a matrix as did the

thermolysis of sym-tetramethyldimethoxydisilane. (Eqn. 513) The reaction of the
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matrix iisolated silylene with oxygen under different conditions gave either methyl 1

sila-acetic acid or dimethyldioxasilirane.

Me,Si(Ny), —[3—8‘:;]—> Me,Si; ~——— MeOMe,SiSiMe,OMe  (513)
(Ar matrix)
G
Q o)
. or
Me™ > ~OMe Me,Si——0

The reaction of dimesitylsilylene with allenes was reported to give alkylidene-
silacyclopropanes. (Eqns. 514 and 515) These were shown to undergo a number of

interesting reactions. (Eqns. 516 - 522)

Mes, Mes,
'Bu Si Si
(Mes),Sii + === ——» .
(386] ) y
u 7

generated photolytically 147 -
from (TMS),Si(Mes)s Mes,

Si (514)

R
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Mes,

By S Mes,HSi
.
(Mes),Si: + \==< [386] \ /_Av/
Bu

(515)
I\éesz '‘Bu
| e N—=_ (516)
‘ y [386] Si(OMe)Mes,
Bu 100%
147
Mes2 MGSZSI"-O Mes281
(51 7)
/A 386
13861 tBu
147 cit > 95:5
40% 30%
hsﬂies"’ Mo, CHePN
es
+ PhC=N(O)CH,Ph ——» 2 (518)
y [386]
'Bu |
147

83% ‘Bu
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Mes,

Si Mes,Sj{—O
/\ + PnSO  ——m (519)
By Z [386] Vi

'Bu
147 70%
Mes,
Si Mes,S|—0 (520)
] O —
-//_X + ©-CaHiMeN-O —— _)__I
'Bu Bu
147 o
Mes,
Si i i
__/—l [:‘:;?4 ‘BU/YSMeszH + BU AN SiMesH
tgy—"” Me (521)
147 20% 14%
Si CF3COzH Me
: z [386] 40% (522)
Bu +
147

40%
Three different silylenes were generated by the photolytic extrusion of
hexamethyldisilane from trisilanes and subjected to reactions with various donors.
(Eqns. 523 and 524) The reaction with ethanol was shown to proceed through a

complex which then upon warming gives the OH insertion product. (Eqn. 525)



181

hv

R'R®Si(TMS), R'R?si: (523)
[387]
R'R? = Mes; R' = Mes, R? - lBu;
R' = Mes, R® = 2,6-diisopropylphenoxy
donor
R'R%si: R'R2Si-Donor (524)
[387]
(donor = R;0, R,S, BusP, R3N)
Et
.. EtOH . V2
R'R%si: R'A?Si—0] ——» EOSR'R’H  (525)
[387] H

The kinetics of the formation of dimethylsilylene from the pyrolysis of
pentamethyldisilane and heptamethyltrisilanes were determined. [388] The
mechanism of addition of silylenes to 1,3-butadiene was reported. [389] It was
concluded that the main cyclic adduct results from initial 1,2-addition to form a
vinylsilacyclopropane followed by a 1,3-silyl shift, rather than Si-C bond rupture. The
rearrangement reactions of 1-methyl-2-vinylsilacyclopropane were studied by
deuterium labelling. [390] The heats of formation of methylsilylene and
dimethylsilylene were predicted based on MP2/6-31G(d,p) level of computation. The
values given are 49.2 kcal/mol for dimethyl-silylene and 32-33 kcal/mol for
methylsilylene [391] The heats of formation of silylene, methylsilylene and
dimethylsilylene were determined kinetically. The values are 64 kcal/mol 48 kcal/mo}
and 32 kcal/mol, respectively. [392] The latter two numbers are in close agreement to
those predicted by theory. The uncertainties involved in the determination of the
heats of formation silylenes was discussed. [393] The thermal decomposition kinetics
of sym-tetramethyldisilane and 1,1-dimethyldisilane were reported. [394] The eight
competing decomposition pathways for methylsilane were evaluated theoretically.
[395] The kinetics of the reactions of laser flash photolytically generated

dimethylsilylene with alcohols, olefins, acetylenes Si-H and Sn-H were reported. [396]
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C. Silenes
The addition of tert-butyllithium to vinyltrichlorosilane results in the generation
ofdichloro(neopentyl)silene. (Eqn. 526) Some of the reactions of this silene are given

below. (Eqns. 527 - 529)

ClaSi\ 'Buli  —— =
o+ 5971 CIZSIX‘BU (526)
CHxtg,
Cl,Si== 2x Clzs'—|/
_————>
—\_tBu 307] | )-—SiCIz (527)
BuCHZ
Cl,Si 5
Cl,Si= ClySi u
_\_tBu + = [397] . (528)
C'ZSI\,//
oligomers
CH.t
CLSi 'BuLi 'Bu C‘aS]—( zo
= —_— —= — P
2 __\__tBu ‘L|C| C|>_\_tBu t ?' Bu

Di-tert-butylneopentylsilacthene was prepared as shown below. (Eqn. 530)



'‘BuLi
BuSi~ Y — , —_—
X
‘x =F,Cl (530)
) U

An organolithium route was employed in the synthesis of 1,1-diphenyl-1-sila-
2,2-bis(trimethylsilyl)ethene. (Eqn. 531) This silene was trapped with organolithium
reagents, PhoC=NTMS, and tBu;MeSiN3j.

(TMS),C—SiPh, —— m  (TMS),G—SiPh, (531)
[ i
X = Br at -78°C
X=Fatrt

(TMS),C=SiPh,

1,1-Dimethyl-1-sila-2,2-bis(trimethylsilyl)ethene can be stored as its
benzaldehyde adduct and regenerated therefrom at 100°C. (Eqn. 532)
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TMS
™S Me,Si——TMS
MeSi=<  + PhCHO ———= 2 (532)
™S 100°C O——Fh
[400] H

The photolysis of 1,1-dimethyl-1-silacyclobut-2-ene was studied and found to
be consistent with the intermediacy of 148. (Eqn. 533) Another silabutadiene 149

was photolytically generated. (Eqn. 534)

[, - [
. 533)
M 401 (
SiMe, [401] \SiMe2
148
| L 7z 534
)jSiMez [402] Q (534)
Ph Ph”” SiMe,

149
The insertion of a silene into an isonitrile was shown to give a silaaziridine. (Eqn.
535) The photochemical rearrangements of stable silenes was studied. (Eqn. 536)
Silacyclopropanes were shown to be produced from the reaction of silenes with Wittig

reagents. (Eqn. 537)
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R
T™S

TMS_  OTMS #Z ~otms

/Si=< + RN=C ——» TMS (535)

[403] N
™S R ,

Rl
(R = 1-adamantyl, mesityl; R' = 2,6-dimethylphenyl)

Me
|
™S OTMS Me gi-OTMS Me SiMe,t
N A h B
S= Ssi=C B e s=
™S Ad 14041 e Ad TMSO Ad
* (536)
dimer
™S _ OTMS  pppoc, TMS\Si OTMS o
TMS/ '\Ad or M328=CH2 TMS/ \ ; :Ad
[405]
|
OTMS
(TMS)ZSI—I——H
MeO Ad

. A study of the microwave transitions for transient dimethylsilene lead to values
of 1.692 pm for the Si=C bond length in agreement with theory. [406] The crystai
structures of four sterically crowded 1,3-disilacyclobutanes generated from the
silenes, were determined. [407] All four contained essentially planar disilacyclobutane
rings. The generation of Si=C in the coordination sphere of iron carbonyl complexes

was accomplished. [408]
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D. Disilenes
Sym-tetramesityldichlorodisilane was reacted with lithium tert-butylamine to

give a disilene, which via insertion gives a bicyclic disilene 150. (Eqn. 538)

Mes,S[—SiMes, , |iNHBU ———»
Cl Cl 14091

The disilene 151 was subjected to x-ray analysis and was shown to react with

oxygen to give 152. (Eqn. 539)

Mes JAd Mes, O Ad
~si=s{ TP{_EGT" :Si’ )s( (539)
Ad Mes vz = ad” 00 Mes
151 (4101 152

Di-tert-butylsilylene and tetra-tert-butyldisilene were generated from the tri-

silacyclopropane and added to bipyridine. (Eqn. 540)

'Bu,Si—Si'Bu,
1
Bu
/Si\2 L (540)
tBu,Si—SsitBu, O Iane
[411]
Si

Bu,
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Tetramesityldisilene was reacted with phenyl nitrite and phenyl nitrate 1o give

the cycloadducts.

Mes, Mes
/Si=Si\
Mes Mes
Mes, Mes
/Si=Si\
Mes Mes

(Egns. 541 and 542)

PhNO
[412]

PhNO,
(412

Ph
N
=9 (541)
Mes,Si—SiMes,
Ph
,/O‘N’
MeSZSl\ I (542)
o—SiMes,

Tetrakis tert-butyldisilene was reacted with tri-tert-butylsilyl nitrile and tri-

tert-butyl isocyanate. (Eqns. 543 and 544) This same disilene was added to a cyclic

imine. (Eqn. 545)

'Bu /'Bu
/S|=Si

Bu Mgy

‘Bu ‘Bu
>Si=Si

By My

'Bu 'Bu
;Si=Si

Bu My

SO,

'BusSiCN tBUZS'—?itBuz (543)
— e R
[413] )=N
'Bu,Si
tBu2
'BusSiNCO Si<g
t
o] BusS— 1 e, (544)

tBUZS'-—-?i‘Bu2

N
[414] (545)

S 'Pr

tetrakismesityldisilene was reacted aryldizomethanes to give disilaaziridines.

(Egn. 546) It was also reacted with white phosphorus. (Eqn. 547)
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Mes Mes Mes,Sj~_
Ssi=s{ + ACHN, ———— N—N=CH-Ar
Mes Mes [415] Mes,Si (546)
Ar = p-tolyl
Mes Mes P (547)

Naiai - :
/SI—-SI\ + P(white) —_— MestiZ'PESiMeSQ

Mes Mes (416}
87%

The transition state kinetic parameters for the isomerization ofl,2-di-tert-butyl
1,2-di-mesityldisilene were determined by calculations and found to be in agreement

with those found experimentally. [417]

E. Silanones and Silaimines

The reaction of carbon dioxide with a pentavalent silicon hydride splits out
formaldehyde and a silanone, which was trapped with (Me2Si0)3. (Eqn. 548)
Dimethoxysilanone was matrix isolated and subjected to infrared analysis. [419]
Dimethylsilanone and dimethylsilanone-dg were matnx ixolated and subjected to

infraicd analysis. [420]
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Ph

1 H
R =
o ™

65 - 85°C/2h

Ph

/
(&
CH,O + \

o

L i

Trimesitylsilyl azide as well as other hindered silyl azides were photolyzed to
give silanimines. (Eqn. 549) N-Tert-butyldimethylsilaimine was reacted with various
donors in the presence of trimethylsilyl triflate as a catalyst. (Eqn. 550) The donor

strenghts were found to be F-> NMeEt > Cl- = EtzN > THF > EpO.

. hv
549
Mes,;SiN, I (549)
Si’NH
Mes,
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Me ‘Bu Donor Me ‘Bu
Ngi=N —_— >S|=N/ (550)
Me (422) Me l

Donor
Donor = Et,0, THF, Et3N, NMesEt, F°

F. Other Reactive Species

The conformational structures of 1-phenylsilabenzene, 1,4-disilabenzene and
2,2'-bis-1,3-disilabenzene were studied by the ab initio STO-3G method. All have high
conformational mobility and are preferentially planar. [423) The aromatic energies of
some heteroaromatic systems were calculate including that of silabenzene. [424] High

vacuum pyrolysis of 153 gives 154. (Eqn. 551)

TMS T™MS TMS
HVP N
|| — l (551)
[425] =z
/Si\ Si
By “OMe gl
153 154

Thermolysis of 155 or 156 gives loss of trimethylmethoxysilane and the
alkylalkylidene-borane 157. (Eqns. 552 and 553) It was shown to dimerize in a head

to tail fashion, react with pyridine, benzophenone and a boraimine. (Eqns. 554 - 557)

TMS
560°C
MeB—C(TMS); —o MeB= (552)
l [426] ™S
OMe
155 157
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MeB—C(TMS);  —0C g MeB= (553)
L [426] ™S
157
156 S
™S

TMS 2x MeB—I'—TMS
e
MeB < [426] TMS—|—BMe (554)

T™S
157 ™S
94%
2,6-dimethyl- M ™S
TMS pyridine ey
Mes= — /B——< (555)
™S [426] =N ™S
157 \ y
T™S
TMS Ph,CO MeB——TMS
MeB= — i (556)
TMS [426] O—_Ph
157 Ph
T™S
TMS Ph,CO MeB_—l—TMS
MeB= e Ty (557)
TMS ' 7/ \'B
157 u u

Theoretical studies on various disila three-membered rings (containing CHa, O,
NHj, SiHz, PH, and S) gave the heats of formation and the thermodynamics of the
insertion reactions of X + H2Si=SiH;. [427]

The trimethylsilyl anion was shown to give loss of Hp, loss of a hydrogen radical,
loss of methyl radical, loss of methane and loss of ethane and a hydrogen radical in its

gas phase decomposition. [428]
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Aromatic electrophilic substitution by trimethylsiyl cation in the gas phase was
studied. A sigma complex is suggested from the data. [429] The preparation of
trimethylsilyl perchlorate in dichloromethane was accomplished by the reaction of
trimethylsilane and trityl perchlorate. It showed a molar conductance of 0.65
ohm-lecmZmol-1 compared to trityl perchlorate itself with 43.5. It did show higher
values in sulfolane (10.7) and acetonitrile (175.9). [430] Ion cyclotron resonance
spectroscopy has been used to compare the relative stabilities of carbocations and silyl
cations in the gas phase. [431] The generation and rearrangement of some B-silyl
cations in the gas phase showed the formation of silyl cations among other things.
[432] The hydrolysis of o-metalloidal vinyl ethers undergo a rate-limiting protonation
to produce o-metal carbocations. Comparative data indicate the order of stabilization
of the cation to be C>Sn>Ge>Si>H. [433] In a study of the stereochemical dependence of
a B-trimethylmetal group on the stability of a carbocation it was found that tin and
germanium are about 10 times as interactive as silicon. [434] Ab initio calculations
show that a secondary cation with a B-silyl group is more stable than that without the
silyl group by about 22.1 kcal/mol and for a tertiary cation the extra stabilization is
15.9 kcal/mol. A batch, stirred-flow technique for the kinetic study of organosilane

reactions in the gas phase was presented. [436]
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