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I. INTRODUCTION

This survey summarizes the synthesis and reactivity of
silafunctional compounds as reported in Volumes 100 and 101 of
Chemical Abstracts. Dissertations and the chemistry of silicon
polymers are not covered but some patents that contain synthetic
‘details are included. Sections III through IX concern the formation
and reactivity of the indicated bonds and each section begin with
a brief summary of the contents. The last sections gather together
the various reports concerning silicon derivatives with more than
four ligands and reactions that eliminate Me.SiX units.
II. REVIEWS

A general review of carbon-functional organosilicon

3

derivatives[1] was published as well as brief discussions of recent
topics in silicon chemistry [2] and new silicon compounds [3]. The
following specific classes of organosilicon compounds were sur-
veyed: silacyclohexadienyl anions [4], 1,3,2-dioxasilaheterocycles

(5], silaethenes (6], silylenes [7,8,9,10], silyl anions [11],
polysilanes [12]1, trimethylsilyldiazomethane [13] and odorous
organosilanes [14].

*Previous review see R.B. King and J.P. Oliver (Eds.), J. Organomet.Chem.

Library, 17(1985) 163-309.
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The reactions of organopolysilanes with organic peroxides has
been summarized [15]. The steric effects in organosilicon chemistry
[16) and in organosilicon radicals [17] has been reviewed. Silyla-
tion techniques applied to gas chromatography [18} have been
covered briefly as well as the use of hydrosilanes as silylating,
agents for hydroxyl groups [19].

Silafunctional derivatives have been used in various aspects
of organic synthesis. These silafunctional derivatives include
isocyanates [20,21]1, siloxyfurans and siloxyoxazoles [22],
hydrosilanes [23], silyl enol ethers [24] and transition metal
trialkylsilane complexes [25]. General surveys of silicon compounds
in organic synthesis also appeared [26,27,28 and 29] as has the use
of fluorodesilylation [301].

Developments in the area of biologically active organosilicon
compounds have been summarized [31].

III. Silicon-Hydrogen

Silicon-hydrogen bonds are usually formed by reduction of
chlorosilanes. A patent reports the use of MgH, to prepare SiH,
from SiCl, in THF or glyme [32]. LAH reduction of halo- and alkoxy-
derivatives is promoted by ultrasound in hydrocarbon solvents [33]
and an example is shown in Egn. 1 to illustrate the method.
Formation of deuterated silacyclohexadiene is shown in Egn. 2.
Dimethylsilane is formed in 15% yield on reaction of Me,SiCl, with
Na in xylene at 440°. The major product, the oligomers of (Me,S5i),
when heated to 710° gave a gas mixture whose major components were
Me,SiH, (51 pts) and (MeSiH), (20 pts) [35]

pentane
R=tetrahydro-2-furyl 25°/3h (100%)
[33]
B Et,0 X
. + LiAlD, —————— | . (2)
,Sl\ i7
c1 ol (1 eq) ih, R.T. o0 D
(1 eq) [34] 1

Hydrosilanes may be converted to other silafunctional deriva-
tives. The combination, tBuLi/Me;SiCl with silacyclohexadiene



resulted in incorporation of a tBu group (Eqn. 3) [35al The SiH
bond may be halogenated or converted to an alkoxide as shown in
Eqn. 3. The mechanism of the photobromination of hydrosilanes in
CCl, has been reported. The ratio of the rate constant for
kHSiC13/kHSiPh3 is about 1 but in the dark only HSiPhj reacts [36].
Hydrosilanes, RSiMe,H, are cleaved by KHCO4/30%H,0, in MeOH/THF

(1:1) to give ROH (100%)[37].
t
Bu
¢ si7
>N\ ~c1

PC].S,CC].4

X t pentane SN ——
| + “Buli/Me;sicl ————> || (

. 5h, R.T. . 3)
ST, : LSt t

0 - leq/2eq [35a] tBu “H \ Y - Bu
61% 51
OMe

Hydrosilanes are used to prepare silicon-carbon bonds through
hydrosilylation of olefins. The Rh(I) catalyzed hydrosilylation of
CgH,,CH=CH, with Et;SiH was shown to give vinyl- and allylsilanes
in addition to the expected tetraalkysilane (an example is shown in
Egn. 4) [38]. A comparison of product distribution with catalyst is
shown in Egn. 5. The two component Ziegler catalyst of Rh(acac)j-
RjAl also gave a vinylsilane from Et3SiH + PhCH=CH, [39] (Egn. 6).
This same catalyst promotes hydrosilylation of internal but not
terminal alkynes (Eqn. 6). Hydrosilylation of benzaldehyde by
HSiPhMe, in Bu,N'F7/HMPA gave PhCH,(OSiMe;Ph) in 91% yield [401.
This same combination of reagents (PhMe,SiH/TBAF/HMPA) was used to
synthesize 2-aminoalcohols (Eqn. 7). An assymetric hydrosilylation
catalyst is formed "in situ’ by adding a slight two-molar excess
of optically active 2-Ph,PC¢H,CH,NHCHMePh to [Rh(COD)Cll,. When the
catalyst is used for the addition of Ph,SiH, to PhCOMe (Rh/subst =
1:500), 93% hydrosilylation occurs and the optical yield of
PhCHMeOH obtained after hydrolysis is 52.7% ee [41]. Aminomethyl-
silanes are formed from hydrosilanes and (R,N),CH, (Eqgn. 8).

RhlI]
Et;SiH + H,C=CHR ;EEZ Et;SiCH,CHR + Et SiCH=CHR +EtSiCH,CH=CHC H, o (4)
R=CgH; ;—n [38] (77%) (12% trans) (8% trans; 3% cis)
80-85°/60min

(70% Et3SiH conversion)
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cat/C
. 66 . . : s)
R351H + H2C=CH'R —-—ﬁé]—; R351C8H17 + %S:LCI'I=G-IC6H8 + R3SJ.CHzCH=C'HC5H11
AR:C6H13T_1 % % trans % cis % trans % cis
RhCZIL3 60 32 - 5 3
1‘«'1.13 {o0) 12 11 47 - 32 11
H2PtC16‘6H20 96
PhCH=CH,
> PhCH,CH,SiEt3 + PhCH=CHSiEt,
(22%)
[Rh(acac) 3 ] "A].Et3
EtSiH (6)
[39] n
Aprc=cpr? nPr\ s
e e
Et3Si H
(94%)
0 o
PhMe,SiH + Ph NMe, > Ph’/\\r/llbz (1
1 T./1
- ) R /12h Ye
TBAF/BMPA (83%)
2) Hydrolysis >99:1 threo/erythro
[40]
THF, R.T.
Me,NCH,NMe, + Me HSiCly_, ——————) Me,NCH,S5iCl;_ Me, (8)
[42] n=0(67%); 1(57%); 2(68%)

Trichlorosilane has been used to deoxygenate phosphine oxides.
When an attempt was made to reduce 7-phosphanobornenes in refluxing
benzene, dihydrophosphindoles were obtained, but the combination,
HSiCl,/py gave the expected deoxygenated products [43]. Ring
cleavage occurred in benzazaphospholes on addition of HSiCl, in
refluxing benzene to give both 2-MeNHC4H,CH,PHPh (20%) and
2-MeNHC¢H,CH,P(O)HPh (61%) [44]. Reduction of MeCClj to MeCHCl,
occurs with Et3SiH/tBuy,0, [45]. The combination of Et3SiH/HCl0, in



CH,Cl, hydrogenates olefinsand converts PhCOMe to PhEt in 74% yield
[461. Aryl halides undergo reductive formylation under 50 psi CO in
the presence of poly(methylhydrosiloxane) (PMHS). When Phl is
treated with PMHS and PdL, (L=PPhj) with added HMPA at 80°C, 96%
(GC) PhCHO is obtained after 20 h. Treatment of p-ClC4H,Br with
PMHS/PdL,/PhCH,33N at 110° gave 4-C1CgH,CHO (54%) [471.

Multiple-IR-photon decomposition of EtSiHy proceeds by
elimination of SiH, which involves H atoms B to silicon [48]. Laser
driven reactions of SiH4 and C,H,; generated uniform powders of p-
SiC [49]1. The generation of KSiH; from SiH, in glyme proceeds at a
more rapid rate if dispersed Na/K alloy is used (20 h to convert 10
g of SiH,) and use of pure dispersed K reduces the time even fur-
ther (11-12 h) [50].

From a comparison of the reactivities of thermally generated
SiH, and reactions of recoiling Si atoms it was demonstrated that
singlet silylene is an important intermediate in the hot atom
chemistry of silicon [51]. Reaction of 1 (Egn. 2) with CF3C=CCF; in
an autoclave at 90° for 5 h produced the Diels-Alder product,
silabicycloactadiene, which provided D,Si=CH, upon flash pyrolysis.
The silaethene is stable in Ar at 10 K [34].

IV. Silicon-Group I, II, III

Silyllithium derivatives are used in syntheses either alone or
with added Cul. In general, Me3SiLi is produced from MegSi,/MeLi
and Ar,R3_,SiLi from reaction of a silylchloride with Li in THF. An
illustration of this latter method is the formation of a green-
black solution of thtBuSiLi from thtBuSiC1 and Li in THF at R.T.
in 6 h [52al. The previously unknown tBuasiNa {formulated as
[Na(THF)4][Na(SiBu3t)2] has been generated from tBuSSiBr and Na
wire in THF [52bl. Examples of the synthetic uses of silyllithium
agents are shown in Eqns. 9-11, Addition of Me3SiLi to chiral
naphthyl oxazoline followed by Mel gave 1,1,2-trisubstituted 1,2-
dihydronaphthalenes that are trang [551.

e}
fl
g-CgHy NCO + Ph,*BuLi —— ¢-C¢H,,NRCSi*BuPh, — ¢-C4H, NC (9)
-600°C A ~100%
[52a] 30 min
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Cul
R\I\/X + Me3SiLi — R\\(A§§ + R\M/\/Sl: + R\E=/F-Sl: (10)
S Si
t\
T S X %2 Pts Pts Pts
7-25° HMPA Cl 80 87 13 0
Br 80 60 13 27
-60° HMPA/Et,0 C1 87 98 2 0
Br 79 11 5 18
a. % oconversion
Cul/THF
<::>PC1 + PhMeZSiLi ——— <::>FSiMe3 (11)
-78 — 0°
[54] (75%)

Calcium atoms insert into Si-Cl bonds to give organosilylcal-
cium chlorides [56). Silyl-substituted carboranes (with SiC bonds)
are formed when RLnI (formed from PhCB;4H;,CLi and LnI, in THF/CgHg
at -10 to 0¢) is treated with Me3SiCl [57]. When nigg-(Me3Si)2C4B4H6
is heated at 210° for 3d in a sealed tube, pido-(Me3Si),C4BgH; 4 is
formed in 82% yield [58]. Silyllithium reagents couple with boron-
halogen bonds to give silylborane derivatives. When Ph;SiLi was
added to BBrj in hexane,B(SiPhj)j was isolated in 64% yield [59].
Derivatives of the type RB(SiPhj), (R=Me, Mesityl) were similarly
prepared. These latter derivatives are precursors to boranediyls
which were trapped by Et,CHMe or Me;SiCzCSiMe; (Eqn. 12). Silyla-
tion of arylhalides and vinyl iodides occurs with MeySi};Al in the
presence of a metal catalyst as shown in Egn. 13,

EtZCHMe
> Et,CMeBHSiPh4
hv
MesBSi(Phg)y ———> MesB: — (12)
[59]
il

Pe3SiCECSiMe3 ‘& &8




@-Br/diox

(©)-sives

~

(Ph4P) ,NiCl,
, (81-2%)
(Me3Si) 3A1-OBt, —— (13)
1601 | R~ 1/diox
> R _F SiMe,
(Ph4P) ,Pd R=nCgH,, (83%)

V. Silicon-Group IV

This sectioh concerns the formation and reactivity of deriva-
tives that contain one or more silicon-silicon bonds and will be
covered in the sequence: 1. Disilenes: 2. Disilanes; 3. Linear
Polysilanes; 4. Cyclic Polysilanes; 5. Heterocycles with Si-Si
Bonds; 6. Silicon-Tin Derivatives.
1. Disilenes

Photolysis of linear trisilanes is the usual route to dis-
ilenes through dimerization of the initially generated silylene, In
most cases the substituents on silicon must be bulky groups to
prevent further condensation reactions from occurring. The 266 nm
laser photolysis of (Me3Si),SiPhMe at room temperature in
cyclohexane gave a short-lived transient (tj/2 ¢ 20ps) at 440 nm
tentatively assigned to PhMeSi:. If the solvent is carefully
deoxygenated a more persistent transient at 380 nm is generated. In
the same study the transient at 440 nm reacts faster with 2,3~
dimethylbutadiene than Et;SiH but the transient at 380 reacts with
neither additive. No free radicals such as-SiMePhSiMe; were
detected by pulsed photolysis ESR. These observations may support
concerted elimination of MegSi, from the trisilane precursor [61].

A second route to disilenes is through the photolysis of a
cyclotrisilane. Again, bulky substituents are required for isola-
tion of solid disilene derivatives although several peralkyl-
systems have been generated with a finite stability in solution.
When the cyclotrisilane, (R,5i)3(R=2,6-Et,C¢H3-), is photolyzed in
3MP (~100K) for 25 min. disilene is generated in >50% yield [62]. A
similar photolysis of [(tBuCHz)ZSils afforded a mixture of disilene
and silylene whose presence was inferred from trapping reactions
[63]. Extension of this strategy to cyclotetrasilanes appears to be
successful. When [iPrzsi]4 is photolyzed in cC6312 solution a
species with a ., = 320 nm is generated which was assigned to
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cyclotrisilane. Continued photolysis (7h) have a new species with
Apax = 400, assigned to the disilene. iPrZSi = SiPr%. Additional
photolysis destroyed the yellow species [64].

The first disilenes that exhibit ¢is and trans isomers have
been formed by the two previously described routes. Photolysis (254
nm) of Mes(R)Si(SiMej), in pentane provides Mes(R)Si=Si(R)Mes
(R=tBu(95% trans at R.T.) and N(SiMej), (95% cis at -60°C)] [65].
Photolysis of c¢cig and trans cyclotrisilane isomers of (tBuMesSi)3
proceeds with retention to give disilenes with an initial Z/E ratio
of 7.1/1 (from gig-cyclotrisilane) and 0.38/1 (from trans-
cyclotrisilane). Continued photolysis of gig(tBuHesSi)a produced a
photostationary ratio of Z/E tBuMessi=SiMesBu® of 3.5/1 [66]1. When
;Lang—ues(tBu)Si=Si(But)Mes is photolyzed (A =350 nm) a mixture of
trans/cis = 10/5.9 is formed. However the ¢ig form reverts to
trans on standing [65]1. Thermal isomerization of disilene above
room temperature appears to occur by rotation about the Si-Si
double bond (isomerization is not affected by trapping agents such
as butadienes) [66].

Other methods for generation of peralkyldisilenes have been
reported from the disilane (Egn. 14), a dibenzo-disila-
bicylcol2.2.2]locta-2,5-diene (Eqn. 15) and 1,2-disilacyclohex-4-
enes (Egn. 16) but the formation of disilenes were inferred from
trappihg reactions.

X X Li, Na, K
tpy. 5i-&ipy.t t i =siBy.t
Bu,5i-5iBuy~ ——————> [“Bu,8i=5iBu,-] —> trap (14)
X = C1,Br,I or M+Naph
2 [67a,b]

hv
———> ipr,si=sirr,11 — trap (15)
CeHg
3 [68)

Me, Si’ ss50°C
2| l ———> [Me,Si=SiMe,] — trap (16)

Me,S 10~2 torr
[69]



In cases where unstable disilenes are formed, trapping reac-
tions are employed to 'prove’ their presence. The additives nor~
mally used are alcohols (Egns. 17-19) PhCOCOPh (Egqn. 20a), or
transfer from one diene to another (Egqn. 20b).

hv

EtOH
(RySi)g —=> R,Si=SiR, + R,Sit ——> EtO(SiR,),H + R,Si(OEt)H (17)
[631
R=CH,But
2
hv
3 + MeOH -——> MeOISi(Prl),l1,H (18)
(681 (41%)
hv/40h
(1Pr,si), > H(SiPr3),0Et + 'Pr,Si(OEt)H + other  (19)
EtOH/¢c~C4Hy,y (68%) (33%) products
[64)
1) M or MNaph \SlBu
2 ) (20a)
2) PhCOCOPh Ph 0’513“2
[67]
ph
Mezf' + D 1072 torr
Me,Si P 5500 (20b)
{,h {691

References p. 110
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Addition of diazomethane to Ar,Si=SiAr, (Ar=2,6-Me,C¢H;) gave
1,2-disilacyclopropane in 30% yield [70]. The reactions of this new
ring system are described in section V-5.

In the chemical vapor deposition of Si from SiH,, the species,
Si,, was observed and is proposed as a precursor to nucleation of
Si [71al.

2. Disilanes

A possible synthesis of 1,2-difunctional disilanes may
occur as an extension of the observation that Ph,HSi}, is formed
from Ph,SiH, when Rh(I) catalysts are added, although workup tends
to give O(SiHPhy,{71b]l. Silicon-silicon bonds are usually formed by
condensation of chlorosilanes with alkali metals. An interesting
application of this approach is shown in Eqn. 21 in the synthesis
of a 1,4-bis-trimethyl-1,4-disilacyclohexadiene.

ca_ //\ 01 Li mirror Me,Si /7\ | SiMe,
“si { + MeyS§iCl ——> si st (21)
Me —/ e M’ \—=/ ‘Me
[72)
(60%)

81% cis: 19% trans

Most other new disilanes result from substitution chemistry.
Pentamethylbromosilane is formed in 72% yield from Me sSi,OEt and
CH3COBr [731. A mixture of Me,Si,H, and Me,Si,Cl, and AlClj at 90°
gives MeH,SiSiHC1Me and MeCl,SiSiH,Me initially. After about 60
minutes two additional derivatives., MeCl,SiSiHC1Me and MeHC1Si),
are also present [74]. When MeCl,Si}, is reacted with tBuLi in n-
hexane (0-5°¢), MetBuClSi)z is generated in 54% yield [75], but
addition of PhMgBr to MeCl,Si), gave MeCl,SiSiPhMeCl (13%) [76].
Substitution reactions of chlorinated disilanes are shown in Eqgns.
22 and 23. When Me3SiOLi is added ClMe,SiSiMe,Cl two reaction
products (Eqn. 24) are observed but the rate of the second sub-
stitution step is significantly lower than the first (ky/k, ~ 30).
This result implies that partial substitution or a stepwise re-
placement of two different nucleophiles should be feasible. This is
in contrast to the reaction of Me3SiSiMeCl, with Me3SiOLi which
gives a mixture of MejSiSi(OSiMej)MeCl and Me;SiSiMe(0SiMej), [73].
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~4 eq. EtOH
> (Et0),8i-81(0Et),
4 eq. PY Me Me
Et,0 (80%)
ClzﬁiﬁiC12 ——— (22)
MeMe [761]
6 eq. Me,NH
> (MezN) zs|i-S'iMe(NHe2)
Me C1
PhMgBr
Me Ph
ClMe,5iSiMeCl, + HNMe, —> Me, (Me,N)SiSi(NMe,) Me (23)
6 eq. [76] (68%)
N(CH,CH,0H) 4
HeZSiSiHe(OCH2CH2)2§
ky ky
ClMe,SiSiMe,C1 + Me3SiOLi —— Me;SiOSiMe,SiMe,C1 —> Me;S5iOSiMe )y
[73] (24)

The combination RgSi,/PA(0 or II) or R,8i,Cl,/Pd (O or II) has
been shown to add to dienes or allylic esters and is a reducing
agent for benzylidene dichlorides. Examples of these processes are
shown in Egns. 25-29.
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Cat,, S
MegSi, + §§y/L§ ———) Me3Si\v/§ﬁ/A\/A\y/~\SiMe3 (25)
[771

Cat. S T(t) %
PAC1,L§ CgHg  160(16) 3
CH,C1, 130(19) +trP
- 60(12) 70
PA(0Ac), - 120(94) 87
a. L=PhCN b. CuCl, added
R? cat. R? 0 R?
Me Si, + R{A}\IOCR3 —_— R{A}M/Siz + 3siolr, + R{VA\/SiE
sealed tube (26)
[78]
R! Rr? &3 cat  T(t) * %
H H Me P4(0) 180(2) 48 100 48
Rh(I) 160(24) 100 100
H Me Me PA(0) 150(10) 100 100
Rh(I) 160(24) 31 31
PAL,2
MegSi, + PhCHCl, ——— PhCH-CHPh + PhCH=CHPh (27)
mesitylene Cl Cl
A B 3h [79]
A/B -2 *
a. L=PPh, 2/1 0 78
1/1 65 18
6h
Me,S8i,Cl, + PhCCi, > PhCC1,CC1,Ph + PhCC1=CC1Ph (28)
2 eq. 1 eq [791 (49%) E/2Z = 30/70

(45%)
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PAC1, (PhCN) , —jf==\
Meg_ Cl Si), + [/ \\ ————— Me;_ Cl Si —SiCl Mes_  (29)

(771

Mole % Cat. T(t) n %
2 60(18) 1 49
2.5 60(24) 2 50
1 60(15) 1 69
1 60(77) 2 20

The combination of HeGSileu4N+F' functions as a reducing
agent towards aldehydes and nitro groups and undergoes 1,4-addition
to butadiene. This combined reagent is also the basis of the
preparation of difluoroallylsilanes. These applications are sum-
marized in Egns. 30-33,

R=Ph, SPh
-
Me;SiSiMe, > PhN=NPh (30)
[801]
2-0,NC¢H 4CHO
(80%)
Bu N*F~
MegSi, + RCHO —————> RCH(OH)SiMey (31)
HMPA/THF R=decyl (67%)
[81]
Bu N*F~
MegSi, + f] \\ ————> Me;SiCH,CH=CHCH,SiMe;  (32)
HMPA/R.T. (78%)
[82]
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Bu N*F~
PhMe,Si+, + F3CCH=CH, —————— F,C=CHCH,SiMe,Ph (33)
HMPA
Me;SiSiMe,Ph

(85%)

TBAF/THF
[831]

The reaction of hydrogen radicals with Me Si, (Hg-sensitized
photolysis) proceeds at room temperature to give Me;SiH and Me;3Si*
[84]. Nickel-Kieselguhr catalyzes the reduction of CO by Me¢Si,.
The products of the reaction contain O from CO and are shown in
Egn. 34. Photolysis of aryldisilanes in the presence of tpuon give
silylcyclohexadiene (Egn. 35) as well as ring-opened products.
Pyrolysis of SiyHg provided hydrogenated amorphous Si films [87].

Ni-Kieselguhr
. , _— . . .
Me Si, + CO ———-———){85] Me,Si + Me,SiOSiMe, + (Me, SiO)  +MeSiOF,SiMe,
(0.2%)  (38.3%) x=3,4 (6.3%) (5.2%)
(34)
H,, (CO/H,=1/1)
Me,SiOSiMe, + CH,
(59%) (42%)
|
L hv si-oBu®
Me-—<§z§>—si-si— —— ' (35)
| | /
tBuoH si_
[861] (65%)

The cleavage of Si-Si bonds occurs in the presence of bases
and can be used as a method for preparation of functional
monosilanes. The reaction of Cl,SiMe}, with CCl, as a function of

base is shown in Egn. 36. Other examples illustrating possible
variations are shown in Egn. 37 and 38.

cat./T/t
Cl,(Me)Si¥, + CCl, ——————> Cl;CSiMeCl, (36)
[88] %
PPh3/80/2 100
Bu,NC1/80/2 98

Et3;N/80/6 31
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CBrCl3/PPh,
> C13CSiMeCl,
80°/2h 91%
CFCl,
Cl,MeSi¥, > C1,FCSiMeCl, (37
[88] 45%(PPhy): 94%(Bu,N'C1")
CH,Cl,/BuyN*Cc1™
> NR
140°/15h
PhCCl3/Bu,N*C1™
> PhC1,CSiMeCl,
69% (46% conversion)
2-4 eq. tBucCOOLi
Me Si,Br > tBuO%i—o—%i- + tBuOO%i-O—%i— (38)
20-60 min
hex/20° (1 pt) (1 pt)
(731

3. Linear Polysilanes

The Hg(sPl) sensitized photolysis of H,/SiH, mixtures provides
SijHg, SigHg and SiyH,,. The origin of the last two products is
believed to be an activated disilane which decomposes mainly into
SiH, and SiH, (followed by subsequent reactions) [89].

One approach to linear polysilanes is through ring cleavage
of cyclopolysilanes. When Si Meg is reacted with Cl, in n-hexane,
Cl(SiMe,) ,Cl is produced in 68% yield. A similar reaction with Br,
in pet ether at -20¢ gives Br(SiMe,) Br (38%) [90]. In contrast to
bromination, iodination (pet ether/c-CgH,, at -40°) gives a high
yield of I(SiMe,), I (93%) but higher cyclopolysilanes are converted
in low yields: I(SiMe,)sI in 24% yield from (Me,Si)5 and I(SiMe,)4I
in 27% yield from (Me,Si)g [90]. Prolonged photolysis of 4iPrzsi)4
(64h) gave H(iPrzsi)3H (28% yield) but this system also provided
disilene products [64].

An extensive study of conditions required for ring cleavage of
(Ph,5i), (x = 4,5) and subsequent dephenylation has been published.
The ring opening of (Ph,Si), by Li and HCl as well as subsequent
conversions is shown in Egn. 39, and of (Ph,Si)g in Egn. 40. A
specific synthesis of H(SiCl,),H (x = 6,7) is shown in Eqn. 41.
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HCl/decalin HC1/Al1C1,
>  H(SiPh,) ;€1 ~—————> H(SiCl,) (C1
190°/6h (13%) Cellg (62%)
(Ph,Si), (39)
[91]
Li/THF
> [Li(SiPh,),Lil ——> H(SiPhy) B
(713%)
l HC1/A1C1,
B(SiCl,) 4H
(33%)
CL.,CH-CHC ' ALO
-—35—-—«~—£5> CL(8iPh,) C1 —TE 5 HO(SiPh,) (OH —2=3> H(SiPh,)
PCL/A (79%) dil,S0,  (gsg) Cels’/ & (30%)
(Ph,S1) ’ (40)
Ph,Si)g L]
Li __dil. H,S0, HCL/AICL,
3 [Id (SlPhZ) 5L1] H(SJ.PhZ) H— H(SJ.Clz) 5H
(763) (19%)
HPh,SiCl HC1/A1C1,
Li(SiPhy) Li —————— H(SiPhy)  gH = H(SiCly),,,H  (41)
dioxane CgHg
[911  x=4(55%): 5(62%) X=4(25%); 5(25%)

The trisilane, Me;Si},Si(OMe), is a "one-pot silicon atom
synthon" ag shown in the pyrolysis reaction illustrated in Eqn. 42.
In an effort to determine whether F~ attacks MegSi; on an internal
S8i to give Me3Si~ or a terminal Si to give a disilanyl anion,
MegSi,” the reaction in the presence of aldehyde and diene traps
vas studied. The results seem to favor disilanyl anion formation
(Egns. 43a and 43b). The addition order is important in observing
successive “insertion” into the SiSi bonds of Meg Siy . When CO,is
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added to (Me3si)3SiLi in THF the expected carboxylic acid,
{(Me ;5i) 3S1COH is obtained, An attempt to generate sila-

ethylenes from this source failed [94].

. . ~ .. )/ \\ -
ME3SJ.)251(0MG)2 e 51 e 51 {(42)
N, flow Me3Si

HMPR hydrolysis

{
RCHO + Me_,Si., + TBAF > HRO-CHSi-CHOH 43
83 {931 > SR (43a)
1 eq 1l eq .067 eq
R=n-—C10H21 (63%)
1:1 diastereomers
(TBAF added last), & R
‘ 3-8i i i,
R=H VAN Si-
4 r !k R (30-34%)
R P ' ' R i )
HMPA ~5i . : Si-
J + MegSi, + TBAF ———f TV S‘M! N ?
! <R 53] A A
Re1 (108) (43b)
Me,Si. added i R
g 3 > °Si\/§f\s" diea
last ! - Ty
(R=H) 5(238) X (8%)
R = Me - . TBAF
independent of 7 5 > 4
order

R=Me (6B%-69%) R=Me (43%)

References p. 110
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Thermolysis of poly(dimethylsilylene) at 440° gave Me,SiH,
(15%) and oligomer (85%). When the oligomer was heated to 720° a
gas (86%) was generated which contained MeySiH (51%) and Me,SiH},
(18%) [95].

4. Cyclopolysilanes

The major development this year has been the generation of
cyclotrisilanes. Hexaneopentylcyclotrisilane is formed from conden-
sation of R,5iCl, with Li in THF (Egn. 44) and Li/Naph was used for
condensation in the cases of tBuZSiClz. Ar,8iCl, and tBu(Ar)SiCl2
(Eqns. 45-47).

THF/ 0°/9h
(*BuCH,) ,8iCl, + Li ——————> [(tBuCH,),Sil, (44)
1 eq. 2.2 eq. [63] (14%)
THF
tBu,si1, + LiNaph?® ———3 (EBu,si) (45)
2°1ly P 20173
1 eq. 2.3 eq -78°-> R.T. (72%)
[67b] (air stable)
a. Added to silane
R,8iCl, + LiNaph ——————> (R,Si); (46)
[62]
R = (16%)
t
Ar DME Bu Bu Bu Bu Bu Ar

tBus'ic12 + LiNaph ————— Si - Si - Siy + 8i - Si - Si7 (47)
1 eq. 2.2 eq. -78 to R.T. {Kr Ar Arl [Ar Kr éu
(661 o
Ar=Mes (7%) (38%)

An extensive study of the lithium condensation of RR’SiCl, has
shown that the cyclopolysilane ring size that is favored is related
to the bulk of the substituent. The results are summarized in Egn.
48. An attempt to condense tBuzsiClz with Li under a variety of
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conditions gave H(tBuZSiSiButz)H plus many other products [96]. An
alternate route to alkylpolysilanes is the condensation of 1,2-

dichlorodisilanes (Eqn. 49).

r1R?sic1, + Li ———  (RIRZsi),
{961}
Rl r? mol  Li.mol  T(°C)/t(hr) n _ Yd(isol)
Et Et 0.05 0.12 3.5/43 5 49
Pr Pr 0.05 0.12 2.5/41 5 36
ipr ipr 0.25 0.54 2.0/1 ‘ 74
7 9
Bu Bu 0.04 0.096 3.5/98 5 67
iy  ipu o.0s 0.12 2.5/25 4 36
5 10
SBu  ®Bu 0.034 0.084 2.0/1 4 (61)
Rl R
1,0k, , 1,2
C1-81-8i-C1 + Li (RR?s511
rR? Rr? [971 n = 4,5
R! = R? = ipp
R! = R? = iPr,lle
Me4SiCH, ,Me

(48)

(49)

Condensation of dichlorosilacyclopentane and dichlorosila-
cyclohexane gives organosilicon rotanes. The ring size distribution
is a function of the conditions used and results for (CH,),SiCl,
are summarized in Egn. 50, and for (CH,)4SiCl, in Egn. 51,

(CH,) 4SiCl,

References p. 110

Li(2 eq)

7

THF
(non-equil.)

Li(2.2 eq)

[98]-

(thermodynamic
conditions)

Li(2.2 eq)

w

[(CH2)4Siln
6
n=5-12
max wt. % at n=6
wt. % n=5 ~ n=7

(i
¢ (:Bfﬁkki\:>

; ] l

n=5(2%); Si
. _51
6(28%) CZ'-Sf":)
1(7%) 12%
(:} -(CHp) ,~
6

n=5(1%); 6(80%); 7(4%)

(50)
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K(2.2 eq)

N

[(CHy) §Sil, + [(CH,) 4Silg0
THF (54 h) 1

n=5(63%); 6(16%); 7{7%)
non-equil.

(CH,) 58iC1, > yi (51)
[98] n=4(8%); 5(19%); 6(2%)
Li powder
> 1
35 h n=5(49%); 6(5%)

A less common entry into cyclopolysilanes is the dimerization
(or oligomerization) of disilenes. An example of the equivalent of
the dimerization of the disilene., R25i=SiR2(R=iPr). has been pub-
lished. Photolysis of 3 (Egn. 15) in ¢-C¢H,, at RT for 12h gave
tipr,5il, in 30% yield [68]..

One of the important reactions of cyclopolysilanes is the
photolytic extrusion of silylene. In the simplest cyclopolysilane,
(RySi) 3, disilenes are also produced and these processes were
discussed in section V-1. The photolysis of (Me,Si)g¢ in an argon
matrix gave Me,Si and when irradiated at 450 nm the silylene con-
verts to 1-methylsilene [99]. Laser flash photolysis of (Me,Si)¢ at
350 nm produced Me,Si and the rates of reaction of the silylene
with HSiBt; (¢c-CgH;,) and with MeOH (THF) were determined to be 2 x
10571571 apng 3 x 107M 1571 respectively [100]. Photolysis of the
rotanes has been reported and the results are summarized in Egn.
52. Thermolysis of [(CH,) Silg at 220°(3d) gave [(CH,)  Si),,
x=5(15%); 6(80%); 7(5%) [98].

isoctane

[(CHy) g1, + SM
=y=>5 (50%) (32%)
/Et,SiH

[(CHy) xSily
[98]

YEt3Si[(CHy) ¢SilH+Et;Sil(CH,) s8i1[(CH,) ¢SilH
(52)

[(CHy) (Silg + Et,Sil(CHy) (SilH
Et,SiH (39%) (76%)
(15%) (42%)
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4. Heterocycles

The smallest heterocycle with a silicon-silicon bond has been
generated from reaction of diazomethane with a disilene at -196°C.
The disilacyclopropane is a source of silylenes and silenes on
photolysis. Thermolysis provides a rearrangement product. Oxidation
results in insertion of O into the Si-Si bond. These processes are
summarized in Egn. $53.

P
&7 ~o”
A 3
R /Ar Ar u
Ar Ar Si Si A ~517
/ 7/ \/ \ L
Si = Si + CHyN, ——>Ar Ar——m
Ar Ar 80 h SiAr2 (53)
(54%)
Ar= (54%)
)/ \(
hv
Rry
Si
Ar,Si(OMe)H (46%) §=;Z + polymer
Ar,SiMe(OMe) (75%) (60%)

The reaction of 1,2-dichlorcsilanes with alkali metals to give
disilene was described in Egn. 14. When this reaction was run in
the presence of the trap, tolan, a disilacyclobutene was isolated
(Egqn. 54). A similar trapping reaction with 1,3-cyclohexadiene is
shown in Egn. 55.

Me
Ph
Li &1 -But
Me(*Bu)ClSi¥, + PhCICPh —> i ome (54)
/ ]
THF Ph But
[101] (61%)
X ¥ 1) M ot
tBu2§i~SiBuE —) S,1B11t2 (55)
z)</__> X iBu’y

{67a}

References p. 110
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An extensive study of the cleavage and insertion chemistry of
disilacyclobutane has been published [102). The non-catalyzed
processes are summarized in Scheme 1 and the catalyzed processes in
Scheme 2.

Scheme 1 [102]

N/
0
Sl . Cl Cl ] { H O/THF - ~
c1” }gxél” «— 2 -Si~—Si- 7 >si si:

/N - ’ [ 0., -free S {
2
(96%)

8 H,/60°/1h
1) phezeni  F\ L
THF "Ks/l‘
2) Hy0
"8i Si’
i H 2 -
~si Si-Li —
12 =/
z//g;o l Me ;5iCl (30%)
1 i 1 )& 4 H
-si/\ ,si-H -Si’\,Si-Si-
1 /(l i 'l |
(96%) (90%)
Scheme 2 [102)
com
<1: :1\ € MeOZCC‘CCO Me _J. . _me=cn iI:
ﬁl Si /T
a
3517 Nco,Me 2PdC12 | ’ L2PdC1
He/4-8h/80° S
993
(99%) R—phua%);msn):tau(%%)
a b
LZPdClZ LZPdClz

80%/C6H6/6 h

100°
b {\ Sk
v {PRL
3 12 - membered
membere (80%)
rings tentative assignment

a. Catalytic; L=PPh, b. Stoichiometric; L==PPh3
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Disilacyclopentanes have been formed from condensation of
ClMe,Si(CH,) ;SiMeClR with Na/K, Li or Mg as shown in Eqn. 56. The
Si~8i bond is susceptible to oxidation as shown in Egn. 57.
Photolysis and thermolysis of 1,2,3-trisilacyclopentane generates
silylene but only in the case of thermolysis is the central Si
ejected (Egn. 58) regiospecifically.

Mg;: R=Cl . D
i3 =51 -§1-C1 +-8i~-§i—Si-Si-
ClMe,S #\/\siMecir (56)
f103] \
Na/K —8i—si -R
— ()
R=Et,Pr,iPr,Bu,PhCH, .Ph
{ [0] \ /0\ -
-8i-Si - R > ~S§i §i—R (s7)
[103]
Nt
~ 1 s '
,Si/ Nsi hv or A i gt
e} (58)
) ( [104] /L—L’"
Ph Ph Ph Ph

Large-membered rings varying in size from 9 to 12 atoms with
S5i-S51i as well as Si-Si-Si linkages are formed from condensation of
alkynes and Cl(SiMe;);Cl (Egns. 59 and 60) or 1,2-dialkynyl-
disilanes (Egqn. 60). Such ring systems can generate silylenes
thermally or photolytically (Egn. 62).

1) PhMgBr =

> (SiMe2)3 (59)

2) Cl(SiMe,),Cl

[105] (379

References p. 110
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1) PhMgBr //EEEB\\

rd (Me251 (SlMe2)3
2) Cl(SiMe,)3Cl \__/
[1061] 37
e
HCEC(SiHez)chcﬂ——— ~ . (60)
/—(Sl!'bz)z
1) PhMgBr 7
: > (Me,Si), i
[} 1 1
2) C1Si-Si-C=C-Si-SiCl \_
] ] i ¥ 3
[107] N_site,),
(55%)
6500 =
8 _ (63%) (61)
(1061 hv Et |
s HeSi-—S‘i—H
}
Et,MeSiH Et

(>75%)

Dibenzosilacyclohexadiene, 9, is formed from the reaction of
0.,9'-dilithiobiphenyl with Me,FSi¥, (Eqn. 62). Photolysis of 9
provides dimethylsilylene and the process may occur through a
diradical (Eqn. 62). Photolysis of the dibenzosilole isomer gave
rearrangement products (Egn. 63).

izb’_bﬂ EtzMeSiSiFEZH

st (83%)
7 (85%)
' (62)
p==4 L
—————> y
Si
(60%)
—— OO
-SL- ~Sl-
Cl Cl
hv
_— @ @ (63)
oCMe, 5
[109] Me” ocmMe, 3

(28%)



Bridged anthracene systems are formed from both
dichlorodisilanes and dibromosilanes as shown in Eqgns. 64.

CL(iPr,5i5CL + ¢4 4Hay

5, Si~-Sn

LiNaph
,51R2
f67b1]
BEEEE— (64)
Li Bu- Pr (21%)
[68]

Trialkylstannyl anions condense with chlorosilanes to give
stannylsilanes. The selectivity with ¢ig-and trans-
chlorosilacyclopentanes is poor and depends on the method used to
generate the stannylanion. Typical results are shown in Eqn. 65,

/Slx

Me Ccl

E/Z
25/15
35/65
25/75s
35/65
257158
50/50
44/5¢6
25/15
63/37

D

. Me
Si
Me™ \SnR3

R3SnM —
[110]

R45nM Generation
Bu4SnCl/Li/xsTHF?
BuySnC1/Li/xsTHFP
BugSn,/BuLi/DME?
BuySnH/KH/THF?2
BuySnH/1PrMgc1/Et 02
MeSn,/BuLi/THF?

Me 3SnBr/Li/xsTHFP

Me 3Sn,/BuLi/DME?

Me ¢Sn, /BuLi /DMEP

O{MQ (65)
.~ \D

S
Me® ]\‘SnR3

%(E/Z)
38(55/45)
22(59/41)
16(42/58)
23(56/44)

7(71/29)
88(54/46)
52(47/53)
72(70/30)
20(52/48)

Stannocene is lithiated by BuLi and addition of Me3SiCl gave
1,1'-bis(trimethylsilyl)stannocene. Stepwise lithiation/silylation
also gave the 1,1’,3,3'-tetrakistrimethylsilyl derivative as well

as the 1,1*,2,2"

References p. 110

,4,4’-hexakis derivative [111],

25
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VI. SILICON-GROUP V

The chemistry of Silicon-Group V is covered in the sequence:
1. Acyclic Silyl Amines, 2. Silicon-Nitrogen Heterocycles, 3. Mis-
cellaneous Methods for SiN Formation, 4. Silicon-Nitrogen Bond
Cleavage, 5. Reactions at N in Si-N Derivatives and Silylamides as
Ligands, 6. Silylphosphines and 7. Silylarsines
1. Acyclic Silyl Amines

The standard methods for silicon-nitrogen bond formation
(aminolysis of chlorosilanes, chlorosilane and metal amides and
exchange) are summarized in Table 1.

2. Silicon-Nitrogen Heterocycles

Heterocycles that include one or more Si-N ring bonds are
included in this section. The material is organized in terms of
increasing ring size followed by selected aspects of the reactivity
of the silazane heterocycles.

The usual preparations of cyclodisilazanes involve reaction
of a dichlorosilane with a primary amine. Such a route is shown in
Egn. 66 for the aryl derivative, 10, which exhibits a unique
coplanar conformation possibly due to interaction of the g-chloro
substituent with silicon. Other entries to cyclodisilazanes involve
condensation of amide such as Me;SiN(M)},SiMe, with metal halides
(Egn. 67) or "elimination’ of LiF from the unit, Si(F)N(M) and
dimerization of the resultant silaimine (Egn. 68,69)

7

Et 0 4h “si
Vd ~
Me,SiCl, + ArNH, ———3 ArNH},SiMe, ————> ArN NAr (66)
s
[127] 330-340° >si”
Ar= 10
@24, (41%)
1 ]
_?i- _S‘i_
MX4 N /'N‘\ /'N N
— Si M Si
4 / \ ~
Ny N
] j
BuLi - S8i- —§i*
!
Me3SiNH) ,5iMey —— HeZSiNLi)zsiMez—-j Me=Ge (14%); Sn(60%) (67)
Pet, Ether Zr(77%); HEf(82%)
[128] - 8i-
t
SIX4 N P N\ /X
——3 Si Si

t
~8i- X=F(40) ;Br(40)
|
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A [ ?e But e

-Si- L]
-SiN N-Sj~
Me(SSLIN) pSi-NSIiBUE ey 0 gy NS g T (68)
F Li <100¢ -SiN SN Twe
Me =S5i~
toluene gat
(121}
F Al,Cl, P But Cl; Me  (69)
3
Me(:5i)N),Si-NBut > ue('31)usl--u 4>A1 e—u(sl-)
Pet. Ether /Et 0 -StN - A1<-N — SiN(Si=)ne
1h/A Me C1, But F
[129) 11

o~

Five membered disilazanes have been generated both from the
amide Me(Li)NCH,CH,N(Li)Me (Eqn. 70) and by condensation of
C15i(Me) ,CH,CH,Si(Me),Cl and MeNH, (Eqn. 71). The high temperature
exchange/extrusion of Me,N(Me),SiCHy¥, with ArNH, shown in Egn. 72
occurs at a lower temperature and a faster rate if catalytic
amounts of ZnI, are added. The first cycloalumadisiladiazane was
reported (Egqn. 73). '

jo—
Me(Li)NCH,CH,N(Li)Me + SiBr, ———> MeNCH,CH,N(Me)SiBr, (70)
(123] (70%)

| . EtgN(2.1 eq)
ClSﬁC52CH2%iC1 + MeNH, ———or——) Me,5iCH,CH,S5iMe,NMe (71)
toluene/o0° (60%)
[114)

m—BrCGH4N82

4

—_—
Me,SiCH,CH,SiMe,NAE
200°/8 h (100%)

[
Me,NSiCH;); (12)

[114] m-CH3CGH4NHZ

[omm————————
ZnI,/180°/10 min

References p. 110
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TABIE I. Fommation of Acylic Silylamines

Silane Nitrogen Resctant Product 3 Ref
Aminolysis
casir? O-XCH Nl ORCHMNMeSiR,  16-88 112
ClsiMe, MengH© MeNRSiMe, 90 113
ClSiMe, G}, Me, N Me NSiMe, CH}, 90 114
Et N Bt NSive, O}, 51 114
Me,SiCL,/MeSICL, 1) “Buc/Et N Buome,SiNHPh 87 115
2) mm,
Et,SiRCL HNCH Pr® Et,Si () Nace, P 116
MeSiCl, MeNH, Mes1 (Nidve) 117,118
Coupling with Metal Amides
cisive, LiNMelte, Me§ iNveNve, 119
MeS (=NR') NRL4 Me S(=NR*)NESiMe, 120
ReR'=SiMe, 92
R=R'=‘Bu 48
rsi'er'Bu LiNHBu® iertmusi(pmEBat 73 121
FSiMes,, LiNEBu® Mes,Si(E)NEBu" 78 121
F,Si(esiMe,) LanerS (Me,SiNMe] Si(FINER 78 121
F silC(siMe,) 4] LiNEAd (Me,S1) CHSIF Nad (SiMe) 122
LiNg, (Me,Si) ,CSIF ¥ MH 49 122
Br,si LiNMe, (Me ) sSiBr,
=2 84 123

ki
-~

66 123



TABIE I. (Cont.) Fommation of Acylic Silylamines

Silane Nitrogen Reactant Product s Ref
Exchange

Et,NSiMe,CPr' XC B N ° (projme siNrC B X 95 115

EtpNsive(cer'),  XCHNH, (pro) pesiNac X 98 115

HN (Silb3) 2 H(NHZ 'stoz/(x)z Me3SiCN (Sﬂb3) (Dzs.ﬂb3 79 124

1 voow, £ (Me,SiNH) ,CO 98 125

NSNHSO2CF3 lh3SiN (Na) SOZCF3 126

Footnotes
a. R=Me, Et, Ph, Bu, etc.
b. X=Cl, Br

c. R= \

d. PR=SiMe,Bu

f. Presence of Fle3SiNH)-2m;

Reaction on Kg scale.

References p. 110



30

1. pet.ether ;Si—si:
H(Me)NSiMeq ¥ > N N Cl (73)
Y s0e/punt AL T3y
uLi c1 7 t\\\N/, ~y.
2. AlCl,4 - /
-Sji—Si~
CgHg/Et3N T
~80/2h -> R.T./12h (45%)
[130]

Condensation of MeClSiR(CH,),SiR’ClMe with MeNH, provided the
seven-membered ring MeRSi(CH,) SiMeRNMe (R=Me,Et) [131].

The spirobicycloheptane system with Si as the spiro center
could not be prepared by the route shown in Egn. 67 but was
prepared by a stepwise procedure shown in Eqn. 74. Hydrolysis of 11
(Eqn. 69) cleaved the Si-N bonds and gave the aluminum analog of
cyclodisilazane (Egn. 75). Redistribution of the spirocyclic metal
silylamides occurs in the presence of MCl, (Egn. 76).

M63
]
x ® R
'
N 1 i
PN pet, ether N\ /NHZ ) BuLi /N\ /NH
R,Si  SiCl, + NHg—————R,5i  Si —————R,8i  Si (74)
A4 AN . N7 N
? 0° ? NH, 2) MeszSiCl ? NH
1
R [128] R n-hex R §i
R=Me (72%) (64%) Mey
1)BuLi/THPF
Me
)3
R si
|
N
R S'// \\S"/ \\S'R
i i i
PN TN
¥
R Si
|
(75%)Me,
Et,0 '
—_—
11+ H0 —————— YBu(NNALCL,N(H)ButALCL, (75)
3h/R.T. (35%)

[1291



N N 1) tol/Et,O0
NN SN 2 N7
Si Zr Si + ZrCl, Si Z;\\
SN N~ N /NS

N ? 2) remove solvent §

i

[128] (100%)

3. Miscellaneous Methods for SiN Formation

Cl

Cl

31

The NH bond can be silylated with Me;SiC4Fs (Eqn. 77) as well

as by HSiMe; (Egn. 78). Disproportionation of (RO);_pR,

occurs in the presence of TiCl, (Eqn. 79). Thermolysis of

R.SiNHR’

siloxyisocyanates resulted in O to N rearrangement (Egn. 80). A

silylsubstituted triazene was formed from silylazide and NaSiR,

(Egqn. 81).
R
! KCN/Crown
[::::I:i:>=0‘+ MesSiCeFy ————> 12+ CgPyH
CH4CN R=SiMe,
ke [132] (64%)
12 R=H
(x8) FED Reactor (92%)

[126]

PhOSiEt,NHCH,Ph + 2TiCl, ——————> Et,Si(NHCH,Ph),’ 2TiCl,
133,134}

©-OCNC¢H ,OSiMe;

Sealed tube
[135]

References p. 110

77)

(78)

(79)

(80)
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THF
tBuySiNg + NaSi(But); ——————— (*Bu) SiN=N-Nsi(Bu®);  (81)
(MeOH quench) H
[52b]
4, Silicon Nitrogen Bond Cleavage

The silicon-nitrogen bond is cleaved by acylhalides and inor-
ganic halides and thus silyl amines and other silicon-nitrogen
reagents are useful as synthetic intermediates. Examples of this
synthetic use are given in Table II. The general utility of low
molecular weight silicon-nitrogen-phosphorous reagents in formation
of (RPN), and (RR'PN},, (R,R’=alkyl, aryl) polymers (generated by
cleavage of SiN bonds) has been reviewed [151].

The silicon-nitrogen bond is also cleaved by oxygen-containing
reagents, and particulary by water in most aqueous workups. The
kinetics for the hydrolysis of Me3SiN(Ar)CO,Et and ArSiMe,NPhCO,Et
(silylurethanes) in aqueous buffers has been determined [152, 153].
The rate of methanolysis of MestOSiMeZOSiMezﬁAr to ArNH, and
MeO(Me,Si0)3H has also been reported [154].

Silicon-nitrogen derivatives have a variety of other synthetic
uses. The combination of (BzO),/(Me3Si),NH is an epoxidation agent
at room temperature in CH,Cl, [155]. An aprotic diazotization
method has been developed from PhNR(SiMej) and O=NX (X=Cl,Br,I;
generated from O=N0C5H11i and Me;SiX) in CH,Cl, (25°) to give
PhN,*X” and Me;SiOR (R=H, SiMe;) [156]1. Silylcarboxamides react
with silylepoxides, Me3SiCHCH,0, in the presence of Me;SiONa to give
Me SiOCH,C(SiMe,)HNMeCOH (38%) [157). Silylamines add to carbonyl
derivatives to give both 1,2- and 1,4-addition products (Egns. 82-
84). The dianion formed from CH3;CNHSiMej; condenses with
electrophiles to give amides (Eqn. 85). Anionic 1,3-rearrangement

of Me;Si from N to C is shown in Egn. 86.

o] 0
KCN/Crown ?
N—SiMe3 + RCHO ————) N-CHOSiMes (82)
o THF/48h \3
[158]

R=1Pr(87%); Ph(96%)

i
[159] (70%)
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% triflate
Me,NSiMes CH3CCH=CH, ~—————> CHgCH-CH=CMeOSiMe, (84)
[160] NMe, (90%)

? 2 eq. BuLi //)L\\ Mel ?
1

H THF/0°/30 min (41%)
[161]
e Me e
C[N\Sis RLi AN RBr Nag
<:> —_ (:;ﬂ —_— /[:::Ij (86)
B car/-1000 ~ ‘giMe3 SiMe,
[162] R=Me(52%); Bu(16%)

5. Reactions at N in Si-N Derivatives
The formation of silylamino radicals from photolysis of
R'(R38i)NC1 has been reported [163]. N-Silylpyrazines react with

TCNE via an SET process to give solvent-separated radical
]

anion/radical cation pairs (Egqn. 87). -5i-
=\ CH,C1, »
Me SiN N-SiMe; + TCNE —— ﬂ;ql TCNE~ (87)
== [164] 7,
~81-

The acidity of a series of secondary amines in THF was
measured. Silylamines are more acidic than dialkylamines containing
groups of similar size and Me;Si),NH had the greatest acidity of
those examined (pK = 29.5) [165]. A novel example of the non-
nucleophilic but strong base character of LiN(SiMes), is shown in
Eqgqn. 88. The formation of both metal and nonmetal silylamides is
shown in Table III.

Et,0
cis-Ru(OAc)C1l(PMe3), + LiN(SiMez), ——> Cl(Me3P)zRu-PMe, (88)
[166]

The use of (MegSi),N~ ligands as a substituent at phosphorous
is quite common. The reactivity of the Si,N-P-C linkage has been
summarized [180]. Some examples of the chemistry of (Me,Si),NPRR’,

P ——
Me,SiCH,CH,SiMe,NR, (MesSi),NP=NSiMe,; and (Me3Si) ,NP=PN(SiMe,), are
shown in Egns. 89-92.
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TAHLE II. Cleavage of SiN Bonds by Crganic and Inorganic Halides

Halide Reagent SiN Product® 2 Ref
Organic Halides
?' e}
. . t
Me CClL Me,Si) NosiMe, mlmg{ 85 136
Me,siNmBu" Shut (1) &!{3 88 137
e %
PhCC1 Me,Si} NOSiMe, PhONHOH 95 136
§
Me,Si} NH PhONHSiMe, 85 137
9
Me SINEL, PhONEE., 67 137
o o )
. -
cleel 1&&(51&33) ) ipadhaco 45 138
38 %
c1cect Me SiNEE, (1 eg) Etzn&'!c.t 36 137
e
1]
Me SINEL, (2 eq) ) 61 137
qF
Me,Si},NE - [m&i-x 137
Inorganic Halides
CLEN(SiMe,) Me,SilMe, (MeS1) NB(CL) Nue,, 94 139
oy
C1(Me) BCH, 3., Me,Si} e MeBCH,CH,CH,B (Me) e 140
. t .
cis-C1,BcBu"s), Me,SiNve, Me ClEtwe, 70 141
B t
Bu
‘ 142
Bzcl 4 IEZNCZH 4N (Me) Sﬂb3 MeN N ‘{MZ
B~-B
/ ~
o’ la
c1
il m
Cleph, MeSN (SiMe,) Bu® !bs-!'l - 1'==maut a8 120
t



TAHLE II. (Cont.) Cleavage of SiN Bonds by Organic and Inorganic
Halides '

Halide Reagent SiN Product® Y Ref
Inorganic Halides
0
. 0
CLPMeEt sSintnsis ; 143
I A
c1-p P-NEtMe
i i
ueN\./‘Me
0
+ - 24 -
ClPNMe, RICL, MeSiN, mznmsguez 28101, 144
Cl,S(2 eq) [(Me.Si)N]. SO (o} N N
2 3 22 \S/ Ne s/ \S//° 80 145
V4 o Y5
AR\
CL,50, (Ph_PN) (SN) ,/Me,SiN=) .S Ph,PS.N 70 146
(C1SN)N,PPh, Me,SiNve, (Ph PN) , (NSNYe,) 147
C1,5¢0 ue3snmsu"- (se) 148
4 \umt
N,/
(se)y
FCs Ph,CO/Me,SiN=) .C Ph_C=NCN 62-70 149
Cl,Ticp Me,SilMeNve, CPTCL e, 57 119
150

Brn (CO) 5 Q'E3Si) Vol (=t€:lm3) 2

f(oc) 3th8i.lh3] 2
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( //R
Me,Si),NP
351),
Npo
R
g?z
K\ R
[:j N - P
o  w
e,

(Heasi )'1NP=NSiM93—ﬁ

CCl, GH(SiMe3)
> Me3SiN=P-Me
{1701 (16%) &1
CCl,
> Me3SiCCly + MeasiN=€Ph2
{1701 (77%) C1
Mel $ +
> Messip—g-ne 1~
CH,Cl,/0° H Me
{180}
CH,C1, H Ph
(1801 (85%)
\ .
ccl, SL
Si
? t
R=CH,SiMe, ~§i— N==pBu
R’'=But cl
[170]
O\ /
—_— \Si
o g —:>
ZnBrz tP: \Si
R=R'=Me !
[181]
CXa
SiMe -5
s 3
— <:: JP==PN(SiMe;),
Et ,0/THF S
[182]

1) tBur

2) LAH/O®
[183]

But

|
b  (Me3Si),N-P=NSiMe,

H
(89%)

(89)

(90)

(91)



TABIE III. Formation of Metal and Nonmetal Silylamides

MN (R)Si.lv!e3 Metal/Nonmetal Product % Ref
Halide?
LiN(sive,) , BC1, (Me,51) NECL, 76 139
O
/ s°
PhCH,CHC1B PhCH,CHB 85 167
No \ No
N(SiMe3)2
Brcazcacn/Me3sicl Me3sicmzN (sme3) 2 78 168
clp=C(siMe,) (Me,51) C=PN(SiMe) , 59 169
c12m>h/Me3Simzmc1 (Me3si) zmlxnzsme3 61 176
Ph
c1zPMes me3si)ZNP(Mes)cl ~100 171
MrBr, Mn[N(siMe,) 21 2" THF 172
LiNSiMe_Bu® F_BN(SiMe.) tBuMe SIN—NsiMe But 85 173
v 2 32 251N —NSiMe Bu
| B
s + |
LiNSiMe Bu Ph
LiN(siMe,)P(u%), CLPN(siMe)), (MeSi) Ne=Np(m’), 36 174
LiN(siMe)But voau).c1  votosat), But(sime,)] 56 175
3 2 2 3
NaN(SiMe,) Mel MeN(SiMe,) , 75 176
i 176
Br (CH,) jBr Me S iNCH,CH, CH, (¥,
Mecx:izcl/zulgar MeOCHN (SiMe3) 2 82 177
Bul,/dme  Eu[N(SiMe,),](dme), 7 178
Eul,/Et,0 Naf{Eu (N (siMe,) ) 3} 41 178
ZniN(siMe,) ], Et,Zn EtZniN(SiMe.) 179
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Q—C5H6
F—'——‘)/// —N(SiMe:;)2
-N(SiMe,),
(Me,si)zNP=PN(siMes)2 1 (92)
[184]
> R,N-P
\
\NR

The reaction of silylamidophosphines with various metal sub-
strates is shown in Egns. 93-95. Mixed sandwich derivatives with
azoborolinyl ligands were prepared [188], The oxidation and
electrochemical studies of bis(azaborolinyl)cobalt have appeared
[189,190]. Cleavage of CO by (MejSiN),ZrMe, gave an 80% yield of
the two products: ([(MegSi),Nl,ZrMel,0 and
[(Me4Si) N1,2r [ (OC(Me)=CMe,]1(Me) ([191].

(OC) ,Fe N(SiMe,)
4 ~ P 372
C1,PN(SiMej), + Na,Fe(CO), ~———> BAR (93)
(45%)
togy t N7 t
BuNP=NBu® + L,Pt(CHy=CH,), — Pt NBu (94)
0 7 NI Z
X [186] L P\
NSiMeg
!t
Bu

X=5,Se; L=PPhg

put
Me,SiN-P=N-Bu® + [Re(CO),(THF)Br] —— MeySiN_ /But (95)
But (1871 P

P = N
oc, | \ Lo
"Re Re=—=CO

YN
oc” | \Br co
oc ‘Br

(60%)
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A BgNy~ phenalene was prepared from Me;SiN(SnMej), + B(SMe);
[1921.

6. Silylphosphines

A new method for the formation of Si-P bonds has been
developed from silyliminophosphine. When Hg(SiMej), is added to
(E)-(Me3Si) )NP=NSiMe; in HMPT (Ar/40°/2h) Me3SiPIN(SiMej),l, (63%)
is formed [193]1. The usual method of formation of SiP bonds is the
condensation of LiP with a balosilane, although there are several
variations of this theme as shown in Table IV. Deprotonation of PH
bonds can give a mixture of products due to decomposition. An
example is the reaction of [(Me35i),P1,PH with tBuLi which gives
LiP{P(SiMe3),]1, initially but PP cleavage occurs with time and
(Me4S8i) ,PP(Li)SiMey and LiP(SiMej), are produced [204]. When
P,(SiMe3), and LizP; (ratio=2/1) are mixed LiP; (SiMey), forms and
when the ratio is 1/2 the product is Li,P,S5iMej [205].

The reaction of the atom sequence, —-PHSiX (X=Cl1,F), with RLi
follows the patterns that have been established for comparable
NHSiX sequences. When the groups at both P and Si are sufficiently
bulky, phosphasilaalkenes are produced although the extreme O,
sensitivity precluded isolation (Egn. 96). The half-life for 13 was
1 day at 25° and about 1 week (-60°C). The presence of i3 in solu-
tion was inferred from the trapping reaction also shown in Eqn. 96.
The generation of a head-to-tail dimer 14 in Eqn. 97 may imply a
P=Si intermediate. An attempt to bridge the two P centers in 14
failed.

BuLi
ArPHSiClMes, > ArP=SiMes, + ArPHSi(But)Mes, (96)
hex/THF/-60°->R.T. 13
[198] MeOH
Ar=2,4,6-"Bu CcH,- l
ArPHSi(OMe)Mes,
? F?iuez
_ BuLi 2N . DBuLi 2N .
(1Pr) ,SiFPH, ==—> (1Pr),Si /Si(Pr")z ——— (dpr),si /si(prl)2
(1971 Np 2)F,SiMe, p

(97)

H H
14 TtBuLi

S

(iPr)zSi iMe Si(Prih

u-in-v

~
™~

References p. 110
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TARLE IV. Fommation of SiP Bonds from Phi and Halosilanes.

Phospharous Halosilane Product % Ref
Precursor
l\'la/K/E'4 Clsi (SiMe3) 3 (10 eq) PGSi4 (Si!h3) 8 40-70 194
+
ClsiMe, (1 eq)
. . . ta
P4/tBuL.1 Clsive, P, (SiMey) Bu 195
P, /Meli ClSiMe, P, (SiMe,) pt 196
P, (SiMe,) Me 3.3pts
oo i i .
PH,/Buli FSi(Pr’),, 0.5 eg (’?r)zsnpnz)z 30 197
F,Siler’),, 1 eq ('Pr) ,S1(PH,)F 28 197
HPPh/BULL  F,Si(Bu%),, 0.5 eq  (Bu),si(esph), 16 197
F,si(Bu"),, leg (*Bu) 51 (PHPR)F 52 197
H,PAr/BuL.i” CL,SiMes,” (Mes) ,SICLPHAE 198
clsiMe Bu® tmnezsmm: 199
o-(HP),CH, /R ClSive, o[ (Me,5i) P1,C H, 200
— . | gy |

mzmﬂonh/m.i C].Si.!‘ba Me3sil=cazm 201
A (*Bup) H ClsiMe, ve, i ("Bup) 3SiMe3d 94 202
' H.© (R) (W) Li 203

LiPth Mlﬂiz(}izdiz thnb R) 2) 3

3)3 also formed.

a. (Mesi) ,PBu", P(SiMe
b. Ar=2,4,6-(tBu)3C6H2

c. Mes=Mesityl
d. Primarily threo-erythro

e. RaMe, m-tolyl
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The SiP bond is cleaved by nonmetal halides, C=0 containing
reagents, alcohols and by RLi as summarized in Table V. When P4 is
added to LiP(SiMej), (1/4 eq) LiP;3.4THF is produced but when there
are 2 eq. of LiP(SiMeg),., LizP, and P(SiMej); are generated [204].
Elemental Te cleaves Si-P bonds as shown in Egns. 98 and 99. When
methylenephosphines are treated with RLi/Me3SiCl cleavage of PR
bonds and addition to P=C are both observed (Egn. 100).

2R,PSiMe; + 2Te ——>2R,PTeSiMe; w=> R,PTePR, + MejgSiTeSiMe, (98)

(2161
A(R=tBu) ||A(R-Ph)
hv (R=But)
R,PPR,
Te
I ~N t
(MezSi) ,PBut + Te —————> ‘tmup PBut + MejSiTeSiMe;  (99)
~
144, R.T. f///
[216] But
(~100%)
MeLi/Me4SiCl
> Me,P-CHSiMe,
Me
(Me45i),NP=CHSiMeg ——— (88%) (100)
[217]
tBuLi/Me SiCl

> ©Bu,PCH(SiMe;),
(69%)

VII. Silicon-Group VI.

Derivatives that contain silicon-oxygen bonds are described in
the sequence: 1. Silylating Agents; 2. Alkoxysilanes and Related
Derivatives; 3. Linear Siloxanes; 4. Cyclic Siloxanes and
Heterocycles with SiO Bonds; 5. Silyl Enol Ethers, Formation and
Chemistry; 6. Silicon-Oxygen Bond Cleavage; 7. Synthetic Uses: 8.
Silicon-Sulfur, Silicon-Tellurium Derivatives.
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TARLE V. Cleavage of SiP Bonds

Reagent Silyl Phosphine Product % Ref
R
/—'—S:L
X, CSiR,CH SIR,CH,SIR) Me,SiPMe, R,S1 >=1>m2x
i
)
R X
cl cl 37 206
F cl 29 206
0 Me Br 78 206
Cl&:ﬂa Me3si[N (SiMe3) 2] 2 A:P[N(s:'.vea) 2] 9 193
o) o]
cl Prh 81 207
(Me,51) PPh
cl 0
0
O .
osiMe,
1 e si) pen Z pen 82 207
c1l ]
R N
OsiMe,
/Q,L OsiMe,
cl
(Me.si) =~ PPh >75 208
Cl i !
X PPh
Y bsiMe3
0 0 0 g
cﬂ":(ai ) &‘.‘L Me,SiPPh, Ph I'(CH ) _CPPh 209
2 351FPh, JFC(CH,) PP,
=1 72
=2 58
=3 8l
cl.s (Me_Si) JPAr [
22 et S arp” 722 210
Xs
Carbonyl Reagents
|_p-side, | ,0SiMe, 211



TABIE V., (Cont) Cleavage of SiP Bords
Reagent Silyl Phosphine Product % Ref
Carbonyl Reagents
o-Clve,) , o-[(Me,51) P1,CH, o (Me NCH=P) CcH, 200
O=C=CPh, ArP(Li) SiMezBut ArP=C=CPh,, 58 199
Csite]
O=C=PAr ArP(H) Sine3 ArP=C-P(H)Ar 212
de
O=C=NCH(QMe)Ph  (Me,S1) ZPBut BhQE - N - C-PsiMe, 685 213
Side, Bu®
clasmeznut
0=C=0 AP (1) SiMe,Bu" ArP=CP (H) Ar 81 214
(SiMe,
(0C) Mrtve Me,SiPPh, (oc) 414{-;:‘& 75 215
P
N
Ph,
Alcohols
MeOH Me SIP(N(SiMey),]l,  EPIN(SiMe,),] 193
t
. t
P, (SiMe ) Buy P BuH 85 195
Lithiun Reagents
t . t
nBuLi P, (SiMe,)Bu; LiP, (Bu") 195
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1. Silylating Agents

No new silylating agents have been reported but a method has
been developed to generate variously substituted R,SiX0S0,CF,
species by cleavage of SiC, SiCl and SiH bonds (Egn. 101). Reagents
such as H3Si0S0,CF3; which disproportionate readily and Cl3Si0S0,CF,
could both be prepared by this method. An improved method for the
preparation of Me,;5i0;SiCF; is shown in Eqn. 102 from TMSO [N-
(trimethylsilyl)-2-oxazolidinonel. The results of other agents used
to prepare silyltriflate are shown in Eqn. 102 for comparison.

RySiXY + CF3S03H ————————— R,S5iX0S0,CF3; + HY (101)
[218a,218b]
R X X s
Me H Cl 95
Me H Ph 86
H B Ph (not isolated)
cl cl Ph 85
Me Me Me ~100
Silylating Agent + CF3503H ——> Me35i035CF, (102)
[219]
Time [Y
Me (OSiMe3) = NSiH93 (BSA) 5m 43
MegNHSiMea(MSA) 5m 35
ﬁ:?—SiMea(MSI) 30m -
C13CC0SiMeg 5m 40
0. N—SiMes(TMSO) 2m 80

A good catalyst for silylation of alcohols by tBuHezsiCIIEt3N
is 1,1,3,3-tetramethylguanidine [220]. The use of TMSO as a
silylating agent is shown in Egn. 103.

CF3S03H
RH + TMSO ~————> RSiMe; + d ﬁH (103)
[219] Y
Time R % 0
5m PhCO, 95
30m? EtS 82
10m PhS 93

a. DBU cat.



45

2. Alkoxysilanes and Related Derivatives

The more standard methods for forming SiO bonds (SiCl + HR;
SiCl + "OM or "OR: exchange) are shown in Table VI. The formation
of C(SiMe,0H), in 69% from addition of AgOCN to C(SiMe,I)4 in moist
ether has been reported [242].

Hydrosilanes react with alcohols to form alkoxysilanes but
catalysts are required. The simplest seemsto be piperidine (Egns.
104, 105) or ZnCl, (Egn. 106). It has been shown that the dimeric
Ru species, [LRu(CO),Cl,1, (L=RyP; R=Me,Et) were active catalysts
for alcoholysis of EtjSiH but that L,Ru(CO),Cl, derivatives are not
active [245b]l. Ethanolysis of Me3SiO[Si(H)(Me)Ol SiMeg (n=50) has
been accomplished with Rh and Ir catalysts anchored on silica
[245c].

piperidine
RSiMe,H + HON=CMe, ~———————) RSiMe,0N=CMe, (104)
50°/3 h (41%)
R = 2-thienyl [243]
piperidine
PhssiH + EtOH —m™@™@ PhssiOEt (105)
R.T./20 h (78%)
[244)
ZnCl,
RyMeSiH + HOCH,CECH ——————> HCZCCH,0SiMeR, (106)
' [245a] rR=ipr, ipu, pentyl

(25-30%)

Ring opening of oxiranes, THF and dioxacycloalkanes occurs in
the presence of HSi/metal catalyst as shown in Egn.s 107-109.
Acetals are converted to ethers by SiH (Egn. 110).
Cco

/\
MeOCH,CH-CH, + HSiBt,Me —————————>MeOCH,CHCH,CH,0SiEt Me (107)
COz (Co) 8 0s iEt‘zMe
25°/1 atm
[246]
| Ni
—
OCH,CH,CH,CH, + HSiEt; =——=——-——) Et;5iOBu (108)
[247]
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TABLE VI. Formation of Alkoxysilanes fram Chlorosilanes, Anions and
Miscellaneous Sources
Organic Substrate Silane Product % Ref
Alcohols/Acids
EtOH sicl, (/12 Et0SiCl, 90 221
$ic1,(2/1) a (Et0) ,SiCl, 95 221
sic1,(3/1) a (Et0) 55iCl 80 221
SiCl, (4/1) a (BtO) ;Si 82 221
iprcst sier, iPrOSiBr3 75 123
('projsinr, 19° 123
(*pro) ,iBr 64 123
PhC (O)N(R') CHC R251c12° [PhC{O)N(R*) 0] ,,SiR, 222
AXOCH,COH Me,PhSiCl Ar(CH,C0,SiPhve, 223
| e [ ———
(0C) 4 -C~C —CHOH Me3SiCld (oC) p-C~ c-c‘:rxos:‘.tae3 52 224
H 8,
MeOH TrisSiMe,I TrisSiMe,OH 90 225
TrisSiPh,I (Me,5i),C(SiPh,Me)SiMe,OH 90 225
00,_Me o Me
i ]
HOCH “Bave,5ic1° “Buve,Si0CH 90 226a
Ve Me
. t .
HONH,,*HC1 R,SiFNABU R_SiFONH, 226b
Anions
Ag,Cr0, Preh,Sicl lPrmzsiO)-ZCrOz 93 227
BuPh,SiCl BuPh,Si0}.,Cr0, % 228
Cgly1Ph,SicCl CgHy 7Ph,Si0F,CrO, 95 229
MePh,SiCl MePh,5i0) ,Cr0, 97 230
EtPh,SiCl EtPh,5i0) ,Cr0, 94 231
Me - Me.SiCl Me_NOO,SiMe 95 232
N0y 3 N0, Sikey b
(pu oo ) fRu gl 1 me,sicl iBu pco,sive, 86 233



TRBLE VI. {Cont.)

Formation of Alkoxysilanes fram Chlorosilanes, Anions
and Miscellaneous Sources

Organic Substrate Silane Product % Ref
Alcohols/Acids
- + . . .
[RWHO0, 1Bt N MeSICL  MeN(SiMe;)CO,SiMe, 67 233
YBuLi/00; PhcHO Me,Sicl tBu:G’:(Ph)H&im3 95 234
tBuLi/co/mz Me,SiC1 tmjosiu% 64 235
Miscellaneous
cro, ‘purh,sicr  Buph,sio},cro, 98 236
C Cp*
oc\hp;n«:,_,' oc\D“A/ ey
e, 0 Yo Me 5i0.SCF, Me.sioc” Yo 93 237
4P O £ 3510,5CF;  Mey N/
v W
| ]
EtOCHO(QH,) 10 Me SiCPT Me,SiCEt 100 238
Me, EXCOH Me NCOSiMe,  Me,SiO0Me,Et 239
(Me,S10CH,CH ) N F,0C0, (CH,) ,SiF, F3000, (CH,) ;i (0CH,CH) N 240
iMes
F COONHNYe, Me,SiCL F3o§m4e2 90 241a
A NNHAC Me,SiCL @io(m)mfm 241b

a. Ratio of Etai/siC14 b. low yield attributed to disproportionation

during distillation

c. R'=Ph, tolyl; R-Me, Ph d. (Ih3Si)2NH added

e. EtN and 4-(dimethylamino)pyridine present F. Cp*ﬂMes‘C5
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Ni/ZnCl 2
1
OCH,OCH,CH,CH, + HSiEt, ———————> Et;SiOCH,CH,CH,OMe
100°/1 h (96%)
[2481
2nI,

MeCH(OPr), + HSiEty; —————3 EtOPr + Et;SiOPr

[249]

(109)

(110)

Hydrosilanes add to carbonyl derivatives in the presence of
cis or trans [RhC1(CoD)LMe] (M€ - CNMeCH,CH,NMe) to give both the
siloxy- and silyl enol derivatives (Egn. 111). Catalysts have been
developed from addition of appropriate base ligands to
[Rh(COD)C1},. The catalysts can be generated in situ and up to
97.6% ee was observed in the alcohol products. Examples are shown
in Eqn. 112, A similar tactic was used to make amines (Eqgn. 113).
Silanes ‘also add to ketones in the presence of ZnCl, (Egn. 114).

0 cis[RhC1(COD) LR}
PhCMe + Ph,SiH, > PhCHMe + PhC=CH, (111)
R.T. OSiHPh, 0SiHPh,
[71b]
O ——
:CN(R) CH,CH,NR R=Me (76%) (24%)
R=Ph (98%) (2%)
0 H [Rh(COD)C11, H,0 OH
] é_ + L ]
PhCMe + HSiPh, > > PhCMe  (112)
[250;251] B
L Rh/L time % %ee
(E S
N C=NCCHT 1713 41 96 57.3(R)
Ph
H s
@é/ 1 1/13 100 97.6(R)
NN A
g CDzEt



OH
N {Rh(COD)C11,L3 HNSiHPh,
phiMe + 3H,SiPh, > PhCMe + Ph,SiH¥,0 (113)

15 f252] H
R Rh/15 Rh/P t . See
Me 1/100 1/2 a4b 54 4.5(R)

1/100 1/4 96P 60 14.4(R)

Et 1/200 1/2  144€ 20 18.9(R)
ipy 1/200 1/2 44d 30 12.7(R)

a. L=(R,R)-(-)-P,P-[1,3-dioxolane-4,5-bis{methylene)bis~-
(diphenylphosphine)]
b, -10 -> 25°, ¢, 25¢ d. 50°

ZnC1
2
PhSiHy + ArECH2CH2C02Et > PhSiH(3_y) (OCHATCH,CH,CO EL) (114)
[253] X=2,3 (37-54%)

Alkoxysilanes can be prepared by more indirect routes which
include addition of BSi(OEt)j; to olefins (Eqn. 115), a metathesis
reaction of (EtO)3S5ivin (Egn. 116), a form of exchange from tri-
flates (Egqn. 117) and by a variety of rearrangement processes
(Egns. 118-122). Particularly noteworthy in this latter group is

49

the new anionic rearrangement shown in Egn. 118. Silyl groups also

migrate between trans diaxial OH functions of carbohydrates [265]

Me4Sivin
> Mes8i ™\ .~Si(0Et),
C04(CO) 4, /H,NR (95%)
30°/30-40 min
[254]
Me N\ ~Z
HSiOEtg y MeZN/\/\si(OEt)3 (115)
L3RhC1/2h/140° (80%)
1255]
N\"\s5i(0Et),
» (EtO)asi‘/\/\Si(OEt)3
Rh cat/4h/120° (50%)
[256]
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120°
2(EtO) 3SiCH=CH, > (Et0) 3SiCH=CHSi(OEt) s + CH,=CH,(116)
sealed ampoule
[2571 .
Catalyst trans/cis %
RuCl,L, 5/1 69
RuCl;L, 5/1 63
Ru(acac) 4/1 51
RuH,L, 6/1 42
R=tBu
(PhCH,) 3NO
~> (PhCH,) 3NOSiMe,But1%0;5CF;~
[258]
RMe ,5i03SCF3— (117)
M(CO), (dppe) LSO,

> [M(CO) , (Appe) LSO, SiMe 3] "504CF 3~
[259] L=P(Prl),
M=Mo., W(60%)

1) Na/kK F
(HeSSi)ssi(CHz)XOH > (HeSSi)ZSi(CHZ)xOSiHeS (118)
THF/1-2 h x=1,2
2) H0 (~100%)
[2601]
? A/48 h qe
MeSiCH,0,CRy —————— MeSiOCR, (119)
R’ [261] R'

R1=R2=Me(90%); Ph(80%)

RT/30 min
(Me3Si)3CSiHe20He + CF3C02H -—-_-———9(Heasi)2C(siHe202CCF3)2 (120)
[262] (74%)
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9 Et N E OSiMeg
(Et0) ,POSiMe; + CH3CC1 ——— (EtO), -é=cn2 (121)
[263] (42%)
/OSiMea
CpCr(CO) ,NO + Me,P=CHSiMe; ————> Cp(CO)(NO{CrC§ (122)
[264] CHPMe,4

Silicon sesquioxide has been prepared from Si,Brg and SO4
[266]. When either Me,5iCl, or MejSiCl is added to graphitic oxide
(pyridine present) intercalated graphite bound -0OSiMe,OH and OSiMe,
are formed [267). Trimethyl polyphosphate, formed from addition of
Me3SiOSiMe; to P,04, is a mixture of cyclic trimer and tetramer as
well as linear dimer and tetramer [268]. The collision induced
dissociation of Me3SiO~ (formed in the gas phase from Me, Si/OH")
forms CH, and dimethylsilanone enolate [269].

3. Linear Siloxanes

Carbon monoxide is reduced in the presence of Me4Si, when Ni-
Kieselguhr catalyst is added (Egn. 123). When the reduction is
performed in the presence of H, (CO/H, = 1/1), Me3Si),0 is formed
in 59% yield (9% yield of other siloxanes) [85]. From labelling
studies it was shown that the O in the siloxanes is derived from
CO. When F,SiR, is reacted with KOH variously substituted disiloxanes
are produced (Egn. 124). Addition of PhCHO to PhSiCl,
(hv/NiCl,/5nC1,/12h/120°) gave Cl,(Ph)Si¥,0 (22%) [76].

Ni-Kieselguhr

MegSi, + CO > Me,Si + Me3SiOSiMe,y + (HezsiO)x (123)
[85] (0.2%) (38.3%) x=3.,4
(6.3%)

(5.2%) (7.3%)
FzsiR? + KOH ————— XR,8i),0 + FR,5i0SiR,0H (124)
R=pPrl {2701 X=F, OH

References p. 110
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When D3 is treated with AcOSiMez or Me3SiOMe in the presence
of CF3S04H ring opening occurs to give Me3Si(OSiMe,);0Ac [271] and
Me3Si(0OSiMe,) gOMe [Me3si(OSiMe2)60Me is a minor product] [272]
respectively. When silicic acid is adsorbed on Fe(OH); then sily-
lated the following derivatives were formed: R3SiOSiRj,
RySi(0SiR,) 0SiRy, (x=1,2), (R,5i0), and RSi (R=0SiMe;) [273].
Hydrolytic condensation of (EtO), Si/EtOH gave Et[0Si(OEt),],OEt
(n=2-4) [274].

A more directed synthesis of siloxanes is accomplished by
coupling of silanols with chlorosilanes or hydrosilanes as shown in
Eqns. 125, 126.

CH,=CHSiCl + HO(SiMe,0),H ————3C1,VinSiO(5iMe,0),5iVinCl, (125)
[275] (47%)
ZnClz
H(SiMe,0) SiMe,H + Ph,Si(OH), —— Ph;Si0(SiMe,0) SiMe H (126)
[2761 n=1-5§

4. Cyclic Siloxanes and Heterocycles with SiO Bonds

The smallest cyclosiloxane, D,, has been generated through the
reaction of a disilene with O, (Egn. 127a). The O, derivative 16 is
unique in terms of having a very short 0...0 distance. Indeed, when
16 is reduced with Li/Naph, the disilane (Mes),(H0)SiSi(OH) (Mes),,
is formed [2771. A similar approach has generated D; from oxidation
of a cyclotrisilane (Egqn. 127b)

H
Mes,Si
o ZT T Non
<N
Mes,Si=SiMes, + 0y -——— MeS,8i------ SiMes, (127a)

[2771 o \\\\\Ei/Naph/THF/—78°

16 MeSZSi—SiMeSZ
A T hv !
decali OH OH

lin
NR
NR
CHC1,4
(tBu,Si); + m-ClCgH,CO3H ————> (YBu,Si0)3 (127b)

[278] (90%)
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The usual route to cyclopolysiloxanes is through hydrolysis of
dichlorosilanes (Egn. 127c) or a trichlorosilane (Eqn. 128).
Sesquisiloxanes are normally formed from trichlorosilanes (Eqn.
129). The competition of intermolecular vs. intramolecular conden-
sation of HO(SiMe,0)4H catalyzed by RSOsH (R=Me,CF;) has been
reported. The rates of the competing reactions are about equal in
dioxane and in CH,Cl, formation of cyclic and linear derivatives
are independent of initial concentration [284]1. The cyclic
siloxane, (Me,SiO)4, may be useful in the control of flies and
cockroaches [285].

> (Me,5i0),
350 [279] n=4(47%); 5(13%)
Me,SiCly ———j , (127¢)
(F541C) SO3M/HCL/H, 0

> (Me,Si0) )

[280] n=4(79%);: 5(16%); 6(3%)
Et,0/py
RSiC13 + HZO —ee) [(HO)(R)SiO]4 (128)
-70 : (47%)
R=thienyl [281]
(AcO) 4SiR
> [RSio; 1,
py/R.T. [281]
R=thienyl
R=allyl
RSiCl, » [RSi0; s1g + [RSi0; sy (129)
EtOH/H,0/~40° (1%)
[282] [
Si-
. m—Si,/Sb
R=Vin/SbCl,
EtOH [283] |_si— —Sis

(each'edge is O bridge)

References p, 110
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A more directed synthesis of cyclopolysiloxanes is shown in
Eqns. 130 and 131.

R R
~. 7
1.
-
s n-hex , 2 Bui 0N
Pr,5i},0 ———— Prz?i-O—FiPrz —_— | i (130)
. i . .
2 eq. KOH Ol o %,5iR, Pr2$1\0 /SJ.PJ:'2
2hA .
65% R="Pr(50%); Me (55%)
py ,0(SiMe,0),
HO(SiMe,0) 4H+C1,VinSiO(SiMe,0),SiVinCl,——>C1lVinSi ﬁivinCI
. \ .
[275] (45%) (131)

Cyclopolysiloxanes are subject to ring-opening or polymeriza-
tion reactions by either acids or bases. When AcCl is added to
(Me,5i0) , at 150°, Me,Si(OAc)Cl is formed if ZnBr, or FeCl; is
added. About 74% of AcCl is consumed in lh when FeCl; is present
[286]. Ionic fluorides catalyze the polymerization of D3 and Dg,.
Their effectiveness as catalysts decrease through the sequence,

Me NF or Bu,NF.2H,0>CsF>KF [287].

The oxasilacyclopropane ring functions as a source of
silylenes but also undergoes insertion reactions with adamantanone
as shown in Eqgn. 132,

MeOH
> MeO(B)SiMes,
(100%)
\ hv Et3SiH
(:) Si(Mes), > Et3SiSi(H)Mes, (132)
{288] (82%)
Ad>=0 ,g‘?sz .
— oy 0 ]*
0

a4

(65%)

Phololysis of the disilane., MegSi,;C(N,)COR (R=adamantyl)
provided the novel unsaturated ring system, 1,2-silaoxetane (not
isolated in pure form). Thermolysis of the silaoxetane appears to
give a silanone as inferred from the trapping with Dj. Addition of
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MeOH cleaves the ring. These reactions are summarized in Egn. 133.
An oxatrisilane is formed during the mild oxidation of
cyclotrisilane with DMSO (Egqn. 134).

{
12 -§i—rsi "7 (6o%
MegSiyCCAd —— | l 120°/1h /e, =L (6% (133)
. 0 CgHg 0—ad 4z,
(2891 ~100% \
Dy, + 17
MeOH (@47%)  (62%)
o
MeO (Me) ,S i(iH('JAd
SiMe3
(86%)
Ry
toluene Si
(RpSi); + DMSO —————) R,Si 0 + of S0 (134
72h/A /Si—Si
\
R = By [278] R,Si iR, R, R,
(12%) (18%)

Insertion of carbonyls into silacyclopropane and
silacyclopropene provides five-membered rings which contain a SiO
bond (Eqns. 135 and 136). The formation of 1,3~
dioxosilacyclopentane is shown in Eqn. 137, although it is doubtful
that the product is monomeric as shown. The formation of rings with
a BOSi sequence and an NSiO sequence is shown in Eqns. 138 and 139.

\ </
§|> I Si_
CF4CCF, = .
h Y F
’ N CF3
CgHg/RT/18h o 3
=si
L7
Fr— (135)
=si \ </
si [290] ﬁ si st
MeCMe /hv >__
->
-si
2h/pentane /' No
(73%)

References p. 110
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o
i
sil  + RCR'  ———— (136)
[291]
L R
o_Bu"
HOCH,CH,OH/Na + %Bu,SiH, ———> [ofl\mt (137)
[292]
(70%)
|
Et\B'/N\sj_: 1) Hy0 Et\B/O\si/
\ _— N (138)
>——‘<‘ 2) Et,0 BF H
20 BFj3
Et [203] Et
Ph
N/N\/
ACNHNHPh + Me,Si(CgFg), —— J'\ si (139)
/\
[294] -0

Oxasilacyclohexanes have been generated by a rearrangement
reaction (Egn. 140) and an insertion process (Egn. 141). Metal
carbonyl complexes of 10-sila-9-oxaphenanthrene have been generated
as shown in Eqn. 142. The disiloxane, O[Si(Me),CH,Cll,, has been
converted to a cyclic derivative by reaction of the -CH,Cl sub-
stituent (Egn. 143).

Pd
O‘Si(H)Mez —_— (140)

° [295] O’S\l

.

0 2

R

@_-‘S. + riR2 o (141)

—_— 1R2 N s
{2961 S
R 'R

R = Me, Ph

R1 = Me, Et, Pr
R? = H, Me, Et, Ph
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Cr(cog pL
| Bu,0/140°/8h
o::ji:_q (0% cr(coy,
18
Or<0O) — o
(297]
- SM + 18
diox/100°/8h
(28%) (43%)
i toluene Mezﬁ;——\
0[Si(Me),CH,CL] + H,N N\ NH, ——— 0 NANH, (143)
A/24 h Me,Si
[298] (62%)

Six-membered rings with an 0SiO sequence have been formed by
silylation of N-acetylacetamide (Eqn. 144), alcoholysis of Si(OEt),
(Egn. 145), exchange (Egn. 146) and rearrangement (Egn. 147).

/

0 CH,CN “si’.

Meé)zNH + Me,Si(CgFg), —_— ?i\ :ib\ (144)
8h/200 N
KCN-18-crown-6
[299]
EtO OEt
N/
Na, Cl-Naph ,SLb
(Et0),Si + HOCH,CMe,CH,0H - > 0 (145)
[300] L\7</J
Pr Me /OBu
O/L\O . o/Sl\o
+ MeSi(OBu)y —— (146)
L\\/J [301a]

References p. 110
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NaOMe /MeOH Si -0

. ' N
C(SiMe,0H), ~——————> HOSi-CH sl (147)
R.T./10 min \/sg -0
[301b] (74%)

Condensation of RSiH; with c¢cjg-phloroglucitol resulted in good
yields of 2,4.,10-trioxa-3-silaadamantanes [30lb], When the
ethanolamine derivative, (Me3SiOCH,CH,)(Me3Si)NCO,5iMe;. was
treated with C1CH,SiMe,Cl. the new heterocycle, Me,SiOCH,CH,NRCH,
(R=CH,SiMe,Cl and CH,SiMe;) was formed [30lc]. Addition of tguLi to
tBuzsi(F)ONHBut, led to the cyclic silylhydroxylamine.
tBu,Si0N(But)Si (But) ,0NBut [226b1.

The seven-membered dibenzol[1,3,2]ldioxasilepin ring system was

formed from biphenol (Egn. 148) and the dibenzol1l,3.,2]oxadisilepin
from oxidation of dibenzodisilacyclohexadiene (Egn. 149). An effec-
tive trap for silanones is 1,3,2~disilaoxacyclopentane as shown in
Egqn. 150.

EtgN
toluene
@ @ + R!}RZsicl, ——— (148)
% 12h/RT
on o [302]
Rl rR2 .
H Me 77
Me Me 47
TCNE/hv O
—_— ) (149)
[303} ;Si\o,si\’

~ 4900 ~ / \ 7
; +_ N /—< S 51
/Slﬁo >8i sil ———y Y/, \ + Y) (; ~ (150)

\OA/
[304] (100%) ~sil.
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Interest in transannular interactions such as exist in
silatranes has motivated the synthesis of 1,3-dioxa-6-aza-2-
silacyclooctanes (Eqns. 151-153) and the disilane analog of
silatrane (Egn. 154).

| Si\,Nthz-f MeN¢\_~OH), =) | 1@-&;(151)

e, 45°/30 min

[308) (92%)

Na(cat) /o

R'R25i(OEt), + HN(CH,CH,OH), -————— RIR2gi (152)

2 2CH, 0H) 8

CeHg/A 0 NH

[306]

R! - R?

s
Ph Me 44
Me Me 52

Na
Me,Si(OMe), + MeN(CHCHOH); ——— Me,S, N (153)

\
Me (3071 0\]/

CH,CN %e

The intermediate '0=Si=0' has been trapped by D3 to give the
spiro-derivative shown in Eqn. 155. A derivative of D, has been
reported from the reaction of R,GeX, and Ph,Si(OH), (Eqgn. 156).
Reaction of methylene bisphenol with R,SiCl, gives 12H-dibenzo-
fd,gl1{1,3,2)dioxasilocin (Eqn. 157). These dioxasilocins are stabi-
lizers for polyolefins and PVC [310]. When dichlorosilanes are
treated with catechol the expected monomeric product is not ob-
served but the dimeric dibenzotetraoxasiladecadione is formed (Egn.
158).

s s
o” o ~
0 Si 0 > “of "O/S o\s"
(P d% 54, (155)
4900 o_.90_ 0
[304] /Sl\(“)‘)ﬁl\

References p. 110
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4NEt
acetone
[308] R=Ph ,Me

Et ,N ‘:::' o 1
3
@ rRIr2sic1 > e (157)
2 2 .2

oH O toluene/12h/RT

0]
[3101 @

H Me 30
Me Me 86
H Ph 24
gl g?
0"5g
Py
9-(HO) ,CcH, + RIRZsic1, > )::::](153)
CgHg/A/2.5h 4
[309] Rl-S1 g2

R = Me, Rl = Ph(59%)
R = Rl = Me(46%);: Ph(60%)

A sila-14-crown-5 is formed from Vin(Me)Si(OEt), and
HO(CH,) (OH [Ti(OBu),, cat.l [311] and a 15-membered ring is formed
on oxidation of 3,4,7,8,11,12-hexasilacyclododeca-1,5,9-triyne but
19 is unstable with respect to intramolecular cyclization (Eqn.

159).
i i,
(Si)z _S]_"’o\
i .
;z/ \&\ HeaNO 33{ %
- ody 93 > [-CXC-81-0-5i-1; — (159)
S0 \ . ,
12 Si {
N / [3 1 12 AN . \ S]\
= si./
’ (o]

5. Silyl Enol Ethers: Formation and Chemistry

Silyl enol ethers and their chemistry will be described in
terms of the structural type: C(OSiR4)=C; C(OR) (0SiR3)=C (R=alkyl
or s8ilyl); siloxydienes.
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Several of the methods that were reported during this Survey
Year for the synthesis of silyl enol ethers [C(OSiR3)=C} are
described in Table VII. It has been demonstrated that Me3SiCl is
not attacked by LDA or LOBA at -78°, therefore this combination can
be used to deprotonate and silylate ketones (first entries in Table
VII) [313]. A regio- and stereocontrolled synthesis of silyl enol
ethers has been developed from enol boranes by exchange with N-
trimethylsilylimidazole [319].

The principle use of silyl enol ethers is in applications to
synthetic strategies. Many of these processes are acid catalyzed
reactions as shown in Table VIII. Although less common, inorganic
reagents added to silyl enol ethers may also provide novel com-
pounds including thiadiazoles and oxathioles. These reactions are
shown in Table IX. Silyl enol ethers also react on addition of MeLi
followed by the organic substrate as demonstrated in Egns. 160 and
161. Coupling processes are also initiated by oxidation both
electrochemically (Egn. 162) and chemically (Egn. 163). Silylenol
ethers react with ketones to form silyloxycyclobutanones (Egn.
164),

08i= ’ 0 oH
1) MeLi
AN g \ ) MeLi N\ sis
i + HCC=CCH,Si~ > (160)
]
23 [3441 (76%)
0Sits
0
TN 1) MeLi/THF/RT L~
) (161)
2) NCS/-170° ~
[345] (74%)

electrochemical _~Me
Me 2
23 + Me NMe, > (162)

oxidation
[346] (50.5%)

References p. 110
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TABIE VII. Methods of Formation of Silyl Enol Ethers
Silicon Source Substrate Conditions Product % Ref
omMs
Me,sicl/toa? THF/~78° @,b 90 313
Bu Bu
20 21
omMS
Qs »
Bu
22
m3sic1/loaAb 20 THF/-78° 21 97 313
22 3
9 .
Me3SiCl/LiNP; Tproc (Me) BT -78 J‘PIC(OI?JE)=C‘.Ve2 98 314
Me Sicl/FeC +Om Et,0 4—®-oms 98 315
—/
. . o oS
Me,SiCH,Li 1. co Et,0/15 e 75 316
2. Me,sicl
1. © E0/-78 msc——=cms® 33 316
2. lh3SiC1 (Iyns (l)dn.s
omMs
MeSiCl/Na—K Et0,0CH,CH, 00, Et | I| 78 317
Et,MeSiH/C0 (50 atm) 0 318

@, (C0) g/PPh,y

175 __/< 95
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TABLE VII. Methods of Formation of Silyl Enol Ethers (Cont.)
Silicon Source Substrate Conditions Product $ Ref
TN TMS
MeSi-N N CBEY., . 73 319a
i
(Me,ST) NCCF, 60°/1 h 319
-si Si-
0 =0 ' \ /
P
P 0% “pn
0” Ph ™SO\
. e °
Me SiSrBu, BrCH,CoPh PAC1,/80° o /O=Cﬂz 81 320
ons o
Me_SiCN PRC(H)=CHCOMe  120°/12h  PhC=CHMe 82 321
fo
o ]
Me,SiON Aroac KCN/Crown Arc=ci, 322
0
Me3szLL<_ BF, * CEt, = OT™S 68 323
OH i
ve,si—p—vin SBuLi/-20°  EeC=cHOH,' 324
Et
OH ™SO0 H
M—:35i-+— c=ph Yol /TaF/-78 > . < 325
Pr Pr Ph

a. IDA=lithium diethylamide

b. lithium t-octyl-t-butylamide

c. Fe° from Fecla/blevgBr

d. E/z=1:1

e. P(aMe)3 also added

£f. Z/E = 95/5

References p. 110
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TABLE VIII. Lewis Acid Catalyzed Reactions of Silyl Enol Ethers

Lewis Acid Silyl Emol Coreactant Product % Ref
Catalyst Ether
BF,°CEL,, (\Et Ph D’I\Ph 94 326
oH
- U;
0siz
i / E\ 50 327
O/
z Eé
c1
Ph 1 24 Ph 60 328
\/\C 24 M
0
08iz
0 e a
Me,SiX 23 PhCH((Me) O/\ 897 329
- Ph
Ticl, 23 Y c1 Q 61 330
o
Th
z :< ’\FO
e No, 83 331
e
\_/0515 0 o
= ! ﬁ\/“>\ 90 332
- H
osis Me oMe
/ 95 333
25 e Me
2nCl, 0si=
oH
@: AdCl 66 334
oS4z ad
1= 0
ZrBr, 25 Me,SiCHCISPh = &sh 86 335
Sph
b
Pd(CAz)z 23 £\ 030 o <;>=o 87 336
PACL is
2 xgcnz P Rbon,cHon 95 337

a. Erythrolthreo-99/1 b. dppe added



TABLE IX. Reaction of Silyl Enol Ethers with Inorganic Reagents and
Halogenated Organics

Inorganic or S8ilyl Enol Product % Ref
Halogenated Ether
Reagent
=510 Ph —OH
NS, AN ;/ \\
/‘= N N 338
Ph ~ s e
osiz 70% 339
BrCH,50,Br/TEN or/\ 0,
N\
23
C150,5i= ssio\ tau A/s%sg 85 340
5
S0.C1 23 o 80 341
) 23
Cr
NisP 051z 0 74 342
@ (Y
c11m3 _ = 90 343
= o

a. Et0H solvent

b. N-iodosuccinimide

References p. 110



66

. t ! -
OsiMe,Bu” Tpa(cat) ~—SiO O  pel* Cu?* ot
————) —) — (163)
H,0, 13* HY/MeOH
[347] (538)
HO,C(CH,) ;,CO,H
(52%)
PR osiMe,But
Ph
Ph,C=C=0 + == —_— (164)
0siMe,But [348] 0,
(86%)

Silyl ketene acetals are usually formed from esters but the
silicon source can vary from TMSOTf (Egn. 165) to Et3Si0C10; (Eqn.

165) to (R35i),Hg (Egn. 166).

acid also provides the acetal (Egns. 167,168),

The use of Me3SiCl/LDA/ester or

The acetal,

Me,C=C(OMe)OSiEt,, was formed by catalytic hydrosilylation of

methyl methacrylate [353b].

R-CFS
Me;SiOTE£/NEE,

~

CH,C1,/R.T./18h
(3491

RCH,CO,Me
R=Me
; i
Et48i0C104/ Pr,NEL

~

-70¢/90 m
[350]

0

1 i
RCH(Br)COR +
[351]

EtySi) ,Hg ——

/ OMe
CF4CH=C

(92¢) OTMS

E/z = 1/4

(165)

OMe
MeCH=C
OSiEt4
(>90%)
E/% = 1/99

OR
RicH=C
0SiEt,
R=Et; R1=H,Me
R=Me; R1-Et
(69-83%)

(166)
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1) LDA H omns
E£CO,H y =t (167)
2) MegSicCl 0 Noms
13521

1) LDA/O®/THF

A~ C0,5iMe; > *”\\"Esfbns (168)
2) ClSiMe,

[353a] (87%)

The synthetic uses of silyl ketene acetals are shown in Table
X. The migration of SiMe; in a ketene acetal occurs under high
pressure (10 Kbar) and provides a new synthesis of e-silylated
esters [356].

The E,E-isomer of 1,4-giloxydiene has been prepared from E,E-
AcOCH=CHCH=CHOAc as shown in Egn. 169. A cyclic siloxydiene has
been generated according to Egn. 170.

1) MeLi/THF
aco~7 \\_oac - tBuHezsiO-ﬁy_j\\-osiHe2But (169)

2) tBuMe,sicC1 (85%)
(364}

X 0 \/::7 -~ 0SiM
( f s 3
+ et}
Me351NEt2 or \ / (170)

Me3SiNEt,/Me35iCl [365]
Temp/time X >
0°-RT/12h NMe 70
-78/4 h ] 65

The incorporation of siloxydienes into synthetic strategies is
shown in Table XI.
6. Silicon-Oxygen Bond Cleavage

In mixed tetrahydropyranyl, text-butyldimethylsilyl deriva-
tives.,RO(CH1)1OOSiMezBut, the THP group is removed selectively by
Me,Al1C1 [374]. The RO group bound to silicon may be transferred to
a variety of nonmetal and metal centers as illustrated in Table
X1I. The common characteristic of the reagents in Table XII is the
presence of an element-halogen bond.

References p. 110
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TABLE X. Silyl Retene Acetals in Synthesis
Silyl Ketene Substrate Product 2 Ref
Acetal
/e .
CEQRC . Me,C(aMe),  MeOC(Me) CH(CF;}COMe 74 349
osiMe,
e osiMe
3
pectic” Q o q 94® 354
N OBiMe, CoMe
¢ “iboper Meo%@mzzt 87 355
0
/o CO,Et
HeCHeC, b ‘ 80 356
OsiMe, "8i-
iMe,
OO 80 357
co.
e 2=
N m(oe) 5" EtO \g, 56 358
c . o0,
OF,Sive, 2 ik
cEt 0, e
/ 2
PhCE=C 1) moac), o /l\ - 75 359
Nosime 2
3 2) Bt P
/=
Ny ve NCH (M), mznca(gmozn-)ze 27-65 360
OSiMe, R
Me,O=C (Me) OSiMe, ey “Bugie) oM 85 352
c MeD,CC (Me) ,C (Me) ,COMe 352
Me,O=C(0SiMe,) , PheHo® HOCHPhCMe 00,1 86 361
GEt OEt
¢ = bos d Lo et
Me,Si0C = C0SiMe, e, O HOCMe,, (00, Et ~100 362
Lt
Me, 0 Me,SiocMe,C(OBL) (0SiMe,) 87 363

a. 1:l1 diasterecmeric mixture b.
d. ZICJ.2 cat. e. Mb,Et,Pr,iPr, Bu; R'=Me FtPr f.

10 Kbar pressure

c. TiCl4 cat.

after acid
hydrolysis



TAHLE XI. Siloxydienes in Synthesis

Siloxydiene Coreactant Product % Ref
Measio-//——\\ o=®=o : 2 92 366
[)
sid 0
0 Me "es
~ Phcuo® "j\/‘ﬁ 367
(o)
I‘E3Si0 AN
% M
y Ko 28 368
Me,Si0-\_0
PhSO,, Vin 0,
2 mso@ j 85 369
HOCH,CH . CH 0
e oc,

I’e3510 -
1) ) i 69
_ m@%@
2) “PrBr/K,C0, +
by
Et0,C co,Bt
27\
g/“‘mes RN (CH,Se) 7 b 5105
~N
(Bﬂh3 k
cEt

> Pheao® c’@ 85 370,371
~ Ph

372

373

References p. 110



70

TABLE XII. Transfer of Oxygen Substituents fram Silicon to Nommetal and

Metal Centers
ROSi= Halide Product %  Ref
1
Me,SiOP(CEY),  CCL, (Et0) ,C1 375
t
Me,510,CBu Ph,a” tBt.cochh3 94 376
0\
Me3siocnzt§; Me SiX ncusz 51-76 377
g
Me,SiOCHCF,  POCL, CF{CH,0ECL, 94 378
i o

bbﬁi(&rb} (FC) PP Me NOOFF,  (CF,) 379
Me.,S10CH,Ph PFC1 PECH,OPF, 82 380
¥e,SIOCHLAd-1  PF,Cl 1-AACPF, 75 380
Me Siove TeCIF, MeOTeCIF, 381
Me,Si0 e H(CF,) (CH,08F A(CF,) (CH,0,SF 98 382

5i0 —q Br @ 60 383
Mey N 2 Br
Ve, SiOTE w(c.tx)x.‘lc1d W(CH)L, (CF,S0,) 96 384
a. S:i.li‘4 cat. b. X=C1,Br,I. n=1,2,3 d.
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7. Synthetic Uses

Although several examples of uses of oxygen-containing func-
tional groups at silicon were described in the previous two sec-
tions there are a series of examples that do not fit the patterns
described for silyl enol ethers or in the cleavage of Si-O bonds by
halogen-containing reagents and these miscelleneous processes are
covered in this section.

A method has been developed for the preparation of multigram
quantities of trimethylsilyldiazomethane from the treatment of
trimethylsilyl triflate with diazomethane (-78¢ in the presence of
EtNPri) [3851.

A synthesis of benzyl halides has been developed from
halosilanes and 1,1,3,3-tetramethyldisiloxane (Egn. 171). Adaman-
tylsilanes can be formed from 1,3-AdCl, and Me;SiOSiMe; (Egn. 172).
A synthesis of acyloins from silylated cyanohydrins is shown in
Eqn. 173.

1) Me3SiCl/Nax

CHO > CH,X (171)
" 2) Me, (H)S1),0 b1
[386] X=I(86%); Br(64%)
Na/HMPA
[387])
OSiMe; 1) EtMgBr 0 gn
H-CCN > EtC-CH (173)
Lt bt
Bu 2) Hy 0 Bu
[388] (55%)

Trimethylsilyl derivatives of peroxysulfuric acids can be
formed by addition of S0; to Me3SiO,R [389]1. When CrO3 and Me,48iCl
are mixed a red-orange liquid forms which is presumed to be
Me3S5iOCr0,Cl [390]. This reagent constitutes a new oxidizing system
(Egn. 174).
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p-OzNC6H4CH20H

> p-0,NCgH ,CHO
(87%)

Ph ,CHOH

CrO3 + Me3SiCl —> Me3SiOCr0,Cl ? Ph,C=0 (174)

[390] (98%)

PhSH

» PhSSPh
(93%)

Reactions of peroxysilanes are shown in Eqns. 175 and 176.

Oxidation of alkoxysilanes by H,0, is shown in Eqn. 177 and a 1,3-
diol synthesis also involving an alcoxysilane 26 shown in Egn. 178.

B : 0—0
nessiocf-cosines + (e "—’HX—@ (1)
t %Yo
- {391] K

Bu
(90%)
VO(Acac), OH
Me3SiO0SiMey + —_— X (176)
oH [392] ==
(92%)
KHCO,
<(:::>—sine(0Et)2 + Hy0p ————— 0 (177)
MeOH/THF
60°/3h (99%)
[393}

1) nBu;SnH/A1BN OH
<:::>>4osi(ne)2CHzBr > [:::]::o (178)
2) Hy0, H

26 [394] (100%)

~
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8. Silicon-Sulfur and Silicon Tellurium Derivatives

A common method for formation of silicon-sulfur bonds is
quenching of a sulfur anion with Me;5iCl. Several examples of this
process with different substrates are shown in Egns. 179-183. The
reaction of R3SiH with ArSSAr to give R3SiSAr and ArSH has been
studied by kinetic methods [400].

s 1) LDA/Et,0/-25° e,
RCH,CNMe, » Z-RCH=C (179)
2) Me,SiCl SSiMe,
(395,396) R =Me,lPr
Ph,_,SiCl, + nNaS,AsR, ————> Ph,_ Si(S,ABR,), (180)
[397)
n R %
2 Me 80
1 Me 78
2 Ph 63
1 Ph 62
R=Bu
(ipro)4sic1
» ({proy,siseut
THF/ $h/A (12%)
RSNa (181)
[398] R=Et
(tproy,sic1,
> (iPr0),Si(SEt),
THF/1.5h/A (11%)
iprosici,
(——————> iprosi(set),
hex/2h/A (61%)
EtSH + EtgN (182)
(3981 | sici,

b——————> 8i(SEt),
hex/2h/A (67%)

References p. 110
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H,SicCl,
————————> H;35i5),SiH,
B;51),8 (183)
[3991 | HSiCl,4

————

(HSi) (S

A silathiacyclopropane 27 has been prepared from a silylene
and indanethione (Egn. 184). The three membered ring is stable in
the presence of air or moisture. Other heterocycles have been
prepared from HS/SiCl (Egns. 185 and 186), by pyrolysis of a mixture
of 1,1,3,3-tetramethyldisiloxane and sulfur, (Egn. 187) copyrolysis
of silacyclobutane and cyclotrisilthione (Egn. 188) and pyrolysis
of a silathietane (Egn. 189%).

s
hv Mes
“Mes
RT/15h
[401}] 27
e ¥ Py
C1$i-(CHy)3SiCl + H;S ——— MeRsi Sir1r? (185)
i
R R? [402] s
R = Me, Et
Rl = Me, Et, Bu, Ph
R? = Et, Bu, Ph, Cl
Et N _____1
PhMeSiCl, + HSCH,CH,SH ——) L 5 (186)
CeHg 517
[398] Me Ph
(71%)
AN S ~ 7/
260° si” i
Me,HSi3p0 + § ~————) (Me,5iS), +7| I (187)
[403] (4.5%) o A°
Si
Vd ~
X =0 (67%)

S (19%)



(L

[404] mz

. ' !
Me, Si=CH Me,Si {b‘b si=s] -Si—S
7, th— | |— 72 3—9 (1 (189

si
i
I— s [405] CH,=$ S S-Sll-

Me,

The silicon-sulfur bond is cleaved by halogen-containing
reagents as illustrated in Table XIII. The silylsulfide, Et3SiSBr,
reacts with Grignard reagents to give Et;SiSR (R=Et, Ph), but with
BuLi a complex mixture containing Bu,S, (EtgSi),S, BuSSBu, BuSSiEtg4
and Et,;SiBr results [416]. The reaction of Ph3SiSBr with
cyclohexene gave cyclohexene sulfide and with P(OEt);,, (EtO)3P=S
was formed [416]).

8. Silicon-Tellurium

Addition of Te to PhMgBr gives PhTeMgBr which on addition of
Me;SiCl, gives three products (Egn. 190). When MeOH is added to
PhTeSiMe3, PhTeH and MeOSiMej are produced [418].

THF
PhTeMgBr + Me,;SiCl — MejSiTePh + (Mey5i),Te + MeySiO(CH,) ,TePh
[417] (40%) (10%) (45%) (190)

VIII. Silicon-Halogen and Silicon Pseudohalogen

Most silafunctional derivatives are formed from chlorosilanes
(many are commercially available) and several examples appeared in
previous sections. The sequence followed in this section will be:
1. Methods of Formation of Halosilanes, 2. Applications of
Halosilanes in Synthesis and 3. Formation and Chemistry of Pseudo-
halides.

References p. 110



76

TAELE XITI. Cleavage of Silicon-Sulfur Bords

Silicon-Sulfur Carectant Product $ Ref
Derivative
Me,SiSPh PhCH_Br PhCH,SPh 97 406
WCl, (SMe,), Me,SCL.W(u-SFh,)WCL, (SMe,) 13 407
isMe i i 408
Me3S C /N MeS /N 0
1
GaCl, (1 eg) C1,GasMe 67 409
GaCl1,(0.5 eq) ClGa(sMe), 99 409
GaBr, (0.3 eq) Br,Ga, (SR), 94 409
GaCl,(0.3 eq) Ga(sMe) 87 409
i ;
Me,Si}.S PhP[N ~ P - Ph] PhP ~ PPh 54 410
3479 . 2 I\
Me C1 RPN
_P\/
d e
toq= a
M(CEt) o/EL, N C1 (Bt,N) , [McS;4]-35 411
SSiMe s 412
3 \
@ - @[ >-a
N 5 /
~ssiMe, s
5 i s
' .
(MeO) ,PSSiMe, MeN=C=NPh Me3$:llllc -b‘l P(CMe), 413
Me ©Ph
Ph s 55 414
s H =t
£00
S\/“H
Me,Si(SEY), (Me0) ,CHR RCH(OMe) (SEt) 415

a. M=Nb,Ta; S=013CN
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1. Synthesis of Silicon-Halogen Bonds

Silyl fluorides can be prepared from bromosilanes with
KF/crown in CgHy (Egn. 191). When Me3SiCl reacts with AgBF, in
CH3CN, Me;SiF and F3B+NCMe are formed and not the adduct
[MessiNC=CMe]+BF4' as originally proposed [420]1. The difunctional
dinydrosilane. Rnlsinz {R, R! = Br, Vin) reacts with SbF; to give
RRISiHF and then RRSiF,. The yield of RRSiHF passes through a
maximum 1421}. Phenyl groups are cleaved from RMe,5iPh by
HBF 4*Et,0. An example is given in Eqn. 192 [422]. Partial substitu-
tion of fluorosilanes with organolithium reagents or Grignard
reagents provides fluorosilanes as shown in Eqns. 193 and 194,
Formation of a thia-silacyclooctane with exocyclic fluorine sub-
stituents is shown in Egn. 195.

KF/18-crown-6

(ne331)29-§isut2 > (MegSi),C-SiBut,  (191)
H Br CgHg/2d/R.T. HF
[419] (two rotamers)
CH,C1,
Ph\SiMe,Ph + HBF  Et,0 =-————> Ph"\_~SiMe,F (192)
2h (78%)
[422]
FoSiMe,
— (Heasi)2$ - ?iHez
Et ,0/THF /hex ClL F
(56%)
c1 F,SiPri, _
LiC(SiMejy), — (Me3S1i),C - $iPrt, (193)
[423] H F
(61%)
SiF,

(41%)
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THF/Et ,0 F
Me3SiCICMgBr + F3SiCH,Cl ————— Me SiCSC),SiCH,C1  (194)
[424] (66%)
hv
FpSi #°N7 ), + HS ————> F,si s (195)
3h
[425] (28%)

The reaction of MeCl with Si-Cu and added Sb catalyst provides
a product mixture which consists of Me,SiCl, (78%), MeSiCl; (18%)
and Me3SiCl (3%) [426]1. Chlorination of R,SiH, by CCl, occurs in
the presence of PdCl, to give R,SiCl, [R=iPr(76): tBu(ssw);
tBu(86%)1 [96]. Addition of a 5 molar excess of IC1 to tBu3SiH
‘gives tBuasiC1 in 85% yield [427]. A Si-C bond in Me,Si is cleaved
by CCl, in the presence of 5 mol % I, to give MeySiCl in 100% yd.
after 20 h at 30° [428]. The three component system
(Et,N) 4P/CF3Br/Me, SiCl,_, gives MeSiCl,CF; and MeSiCl(CFj3), [429].

Addition of HSiCl¢ derivatives to olefins produces new
chlorosilanes. Several different metal catalysts have been employed
for this process. Reaction of HySiCl, with RCH=CH, (H,PtClg
catalyst) provides the dichlorosilanes, R%SiClz (R1=Et(77%);
Pr(91%) and Bu(90%)] [96]. However, addition to Me,C=CH, can be
made to occur stepwise with appropriate choice of catalyst {Eqgn.
196) . The reaction of hydrosilane with trifluoropropene gives a-
product as shown in Egn. 197, but the catalyst can drive the reac-
tion to the B-product (Egn. 198). Bicycloheptane derivatives are
formed from an intramolecular hydrosilylation process (Egn. 199).
Gas phases thermolysis of HSiCl3/Cl;C,H mixtures provide several
products including C13SiCH=CCl, an Cl35iC=CSiCl; [431b].
Tetrasubstituted silanes, stiR% undergo redistribution reactions
in the presence of HSiCl, when H,PtCl, is added. The smallest and
least hindered R group migrates (431cl].

L3RhC1 H,PtClg
H,SiCl, + =\ -——————alnus§c12 ~———>1Bu,5iC1, (196)
L=PPh, H (95%)
(83%)

[96]
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PACl,(PhCN),  CE

HMeSiCl, + CF3CH=CH, > '?HSiHeClz (197)
2PPh, CHg
(4301
RU3(C0)12
& N
L
150°/70 h
RhC1L,
HSiCl + CF4CH=CH, > Py \_ SiCly (198)
[430] | 120°/36 h (15%)
PAC1,(PhCN),  CF,
X Nchei
CH,
(trace)
Me H,PtClq/iprom
iH > 2 (199
[::>V/\%1 di—a )
cl [431a] !
Me
(91%)

Bromosilanes have been prepared from bromination of
hydrosilanes (Egn. 200) or siloxanes (Eqn. 201) or from a disilane
and EDB (Egn. 202). Addition of ICl to TsiSiMe,H in MeOEH gives
TsiSiMe,I (100%) yield but if the reaction is performed in CCl,,
both TgiSiMe,I and'rsSiMe2C1 are formed in 77% and 23% yield

respectively [433].

(Me,Si) ,CHSiHBut
3 2 2

HessiOSiMes + Brz

Br2/CC14
. . t
———) (Messl)ZCH51BrBu2 (200)
0° (100%)
[419]
PPhgy
———) BrSiMe,y (201)
[432] (96%)
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Phgoogph
Me,SiHY, + BrCH,CH,Br —0 0 BrMe,SiH (202)
[431a] (68%)

2. Applications of Halosilanes in Synthesis

Silaethenes have been generated from halosilanes by reaction
with alkali metals (Eqn. 203) or from LiF elimination in the unit
>Si(F)C(Li)< (Egn. 204). This latter reaction is facilitated by the
presence of Me3SiCl.

K/Na
C1SiMe,CH,C1 — Me,Si=CH, (203)
280-300°
[434]
Et.,0 Sire;Me
(Me,S1) 2c-Sj.13u,Z 5—/1—59 (Me3sl) C- snau2 4THF —->Mezslc—s:.Bu2 nTHF
204
THE L1 F F L1 (204)
[419] Et50
RT./1h
Me,SiCl
/SJ_M.-:‘3
Me,Si=C - THF
Sﬂ&b
(45%) Me

Several examples of the use of Me3SiX in inorganic syntheses
are shown in Table XIV. Most frequently the halosilane is used as a
source of halogen although it may serve the purpose of water sponge
as in the case of Np3W(O)OW(O)Np3/Me3SiCl to give OWNp3Cl {442].
The reduction potentials of MejSiX were measured in PhOMe and DMF
and correlated with quantum chemical calculations [445].

Silyl halides are also employed in organic syntheses as shown
in Table XV. In addition to the ether cleavage reactions in
this Table a mild method for cleavage of methoxymethyl ethers with
Me3SiBr has been demonstrated [461]. Other functional groups such
as esters, alkyl or silyl ethers and amides are stable in the
presence of MejSiBr. The combination, Me3SiCl/NaI/Et3N/MeCN, has
been used to replace MeO by H in the synthesis of 7b-methyl-7bH-
cyclopentic,dlindene [462]. Epoxides are converted to alcohols by



TABLE XIV. Use of Ealosilanes in Inorganic Synthesis

Incrganic Reagent Halosilane Product A Ref
Main Group
O=NOR Me,SiCl o=C1 95 435
Me,SiBr O=NEr
EtPhPSEt lb3SiI : EtZPPh 84 436
4
+ -
Et,PPh'1 15
MeArSeNSO,Ph Me,sicl MeArSeCl, 37 437
IPS IhnSi'F4_n !‘EIIE‘4 438
Transition Metals
Mo, (0,0CF ), MejSiCL/CHON Mo, (0,CCF,) , (CR.CN) C1,¢ 439
Mo, (0.LCF,) 4 (C,H.N)CL
Me,SiCl/SS-dprb” Mo,Cl, (S,5-dppb) ) 440
Me,SIC1/dppe”  a-Mo,Cl, (dppe) 40 441
Me,SiC1/dppe” B-40,C1, (dppe) 30 441
0 0
gy d
Np3w-o-t&p3 Mesic1/mc1® WONp,C1 442
TaCl; [N(SiMe,) 5], Me SiBr  {TaBr,(NSiMe,) [N(SiMe,;),1}, 25 443
lkm,)h\ml Me_SiBr ipr.pd — peer,l 95 444a
3 3 3 Tl 03
B
y 0
P Ir —$ ‘Mme
(Me,P) 5 (MeOCH,) l Me,SiBr Me,P) . Ir <>Ar 4“4
c
Ar Ar

a. s,s—dppbamxzm(m3)m(cn3)m2 b. toluene c. THF

d. Np=Me3(!252- e.

References p. 110
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TABLE XV. Use of Halosilanes in Organic Synthesis

Organic Substrate Halosilane Product 3 Ref.
Ether Cleavage
> Me,SiCl/Nal G 2 93- 446
OMEM oH
0 Me3SiC1/NaI + <C::>—I 75 447
Me,SiH},0
AN
Ph —. Me,SiCl/LiBr + P\~ Br 69 447
Mezsiﬂ¥20
0 0
- /H
H,N | )« Me,SiF H, N7 N 60 448
N AW
MeO |
Me Ae
THF Me3SiI/KIa Me,Si0\N\ 1 449
N n
CH, (OMe) ,/ (nBu) ,CHOH Me,SiI Bu,CHOCH,OMe 80 450
Elimination of Water
PhCH,,CH=NOH Me,SiI/(Me,Si) ,NH PhCH,CN 84 451
0
Ph,C=NOH Me,SiI phaleh 80 451
ArNHCO,Ph Me,SiCINEL 4 ATrNC 452
o]
I b ', .C
RCNHOH —s:1c1 RNCO 453
7 =
oS 0 Me,Sicl s O 86 454
Miscellaneous Reactions
Me o
\é 0SiMe, Me,SiI O/)::b 40 455
M\ o
H0-__ >-(co Me), Me,SiI 0 90 456
CO,Me
+ -
R2Ncgfﬂzl’h Me,SiI R,NH, I 70 457
neZNEH/ArNﬂzd Me,S1iT ArNHCH=NAT 458



TABLE XV. (Cont.) Use of Halosilanes in Organic Synthesis

Organic Substrate Halosilane Product £ ] Ref

Miscellaneous Reactions

O::o 1) LiNPr,"/Me,SiCl (-)—s 459
- 0

o 2) H,S
H ) Hy NHAC

[]
)>—-’—- oH Me,SiC1/AgBF,/CH,CN PhCHCH,CH=CEPh 460
Ph
Ph

a. No reaction in absence of KI b. R=Me, Me2CHCHz, Ph

c. Phsicl3, PhMe81C12 or Mezsicl2

d. Ar=C Clc H4, (o]

6857 6 6H4Me, CGH40Me

References p. 110
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the combined reagents Me3SiCl/zn (Egn. 205). Oxidative cleavage of
alkenylfluorosilanes provides a route to ketones (Egn. 206).

oH
[:::]:b + Zn (205)

w

2) H,0 (98%)
[4631]
R=C_H,.,R'=H 0
6713’ il
> CqH,sCH
-50°/1 h (82%)
R R'
N\ /
/c = c\ —_ (206)
H SiF, . [464]
= = 0
R=R'=C,H, g
-> C5H11CC4H9
(57%)

3. Formation and Chemistry of Pseudohalides

The usual method of formation of silyl pseudohalides is the
reaction of a halosilane with a salt and several examples are shown
in Eqns. 207-209. Trimethylsilyl cyanide has been prepared from
(Me35i0),50, (molten) and KCN in 67% yield [466]). A cyanate to
isocyanate isomerization occurs when (Me3;Si);CSiMe,OCN is heated in
diphenyl ether (195°C) [467]. Methyltricyanosilane is generated ''in
situ’ from MeSiCly /KCN/Nal/py in CH CN [468].

RX
——— MegSiX
X=CN(80%); CNO(95%)

Me;SiCl ———— (207)
[432]

NaNg
——————> Me35iN,
(92%)
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NaN3
t :
—
Bu3SiNg
MeOH/84 h (74%)
tBugSil ———— (208)
14271
KSCN
———————  tBu;siNcs
MeOH/12 h (85%)
tBuMe,S5iCl + NH,SCN — bBuMe,SiNCS (209)

[465]

Silicon pseudohalides add to carbonyl groups and cleave ether-
type linkages and these processes are shown in Table XVI. Examples
of transfer and cleavage of the pseudohalogen in inorganic systems
are shown in Eqns. 210-214.

Pet. Ether
L=PMe, 12 h/R.T. (60%)
[481]
toluene
L=PhMe, 12 h
[481]
75-80° 130-140° }
[482] (70%)
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TABLE XVI. Uses of Pseudohalogens in Organic Synthesis
Organic Substrate Silyl Psendohalogen Product % Ref
AMdition to Carbonyls
Me, 00 Me,SiCN/Znl, Me,C(0SiMe, ) CN 95 466
o
<:>=o Me,Si0N/2n1, <:>< 75 466
OSiMe,
°‘<j Me,SIN Q—csﬂbs 469
? NC
]
MeOCH (Qe) , Me,SicN csiMe; 83 470
Me~CCH (CMe)
KON/18-crown—6 ™
PhMeC=0 1) Mesi(aN), pma'mzmz 75 468
2) LinlH, o1
a .
4-RCH CHO Me,SiN,/ZnCl, 4-RC H N a7
Addition to Ethers, Acetals and Oxirane
Me(CH,) CH(CMe) , bh3SiQib oMe B9 472
' Me (CH,) .CH
2’5 o
(B0) & Ve, SN (BO) ;0N 73-85 473
0
[\ Lb3SiN3/ri(0Pri) . N 77 4
osiMe,
Oo Me,SiN,/Ti (CPr') 4 UN3 474
- 08iMey
o 0sis
@?o Me,SiqV/Znl, @—osg 71 475
"H
&
oy, H NC
0 /
[« —
Ar< Me SION/TiCl, Ar f\ 97.5 476
0% . 0



TABLE XVI. (Cont.)

Uses of Pseudohalogens in Organic Synthesis

Organic Substrate Silyl Psewdchalogen Product %  pef
Miscellaneous
tprac(set), Me,SION/SnCl, Lprac(sEt) QN 93 477
Et,C(SEL), Me,S1OV/SrCl, Et,C(SEt)N 7% 477
0
P!'E(‘_l Me,SIQY/SnCL, iew 91 478
o = o
Me SiCN/Me 90 479
N 3 N
i ™N
0
1) Me,SiqVEF, 480
@(% veo LI

a. FReH,Me,(Me,Cl

b. electrolysis

c. R-de,Et,Pr,’pr,Bu,'Bu,Me ca(cn) -

d. Ar-m-PhOC H,

References p. 110
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sc1,

> MegSiCl + S(CN),

-80¢ (82%)

Me3SiCN ————] (213)
(4831 |5,Cl,

> MeySiCl + S(CN), + Me;SiSCN
-80° -> 5-10°  (68%) (68%) (72%)

[483] (72%)

IX. SILICON-METAL, SILICON-METALLOID, SILYL-SUBSTITUTED LIGANDS

The chemistry of derivatives that contain both silicon and
metal atoms will be covered in the sequence: 1. Silicon-Transition
Metal Bonds: 2. Silylmethyl ligands; 3. Silyl-substituted Ligands
1. Silicon-Transition Metal Bonds \

Hydrosilylation of metals can pro#ide products of oxidative
addition with formation of both metal-hydrogen and metal-silicon
bonds. Examples have been reported for manganese (Egn. 215),
rhodium (Eqn. 216) and iridium (Egn.s 217, 218). Exchange of
hydrosilanes at cobalt centers has been demonstrated and is shown
in Egqns. 219,220.

-10° co H
1
(n3MeC5H,IMN(CO) )L + Ph,SiH, ———> (nMeCyH,IMn (215)
L=CO,P(OR) 5,PR, [484] L “SiHPh,
SiEt,
Et 3N/C1CH,CH,C1 B
[n3CsMesRh1,Cl, + EtySiH > nd(MesC5IRN  (216)
20°/2 h
[485] (50%)  SiEt,
1 i
Si- si-
! CeHg |wso 28:NELy I'mcq
P PhP"\_SiMe,H —3 PhyP - Ir-L ————> Ph,P = Ir-si,
o L 28 [486) H | A/THF/ 4h B° | (217)
c1 P
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'
Si~

D ‘ | «co
HITL, + phzﬂ“\Fiuez —» —d}i - D —> H/D scrambles (218)
[487] 2 '
L=PPh, L
hv R1,siH
R3SiCo(CO), —=3[R3SiCo(CO) 31 ——> [RySi(R1,Si)HCO(CO) 51  (219)
250
[488]

R=Me ,Et,Ph
R1;5iCo(CO), + R,ySiH

cis-mer-HM(SiEty) (CO) 3L + PhySiH & cig-mer-HM(SiPhy) (CO)4L + Et4SiH
' L=PPhy [489] M=Fe,Ru (220)

Several novel reactions of hydrosilanes have beeen reported in
which the silyl group but not hydrogen is incorporated into the
product. Examples include cleavage of metal-metal bonds in
polynuclear carbonyls (Egns. 221 and 222) and displacement of.
unsaturated hydrocarbons (Egns. 223 and 224) from nickel triad
metals.

/
(6 eq) 72h/145°C |
[490] -Si_ PPh,
1 N\
» [Si(Me)Co(CO) 01,
pentane n=4(82%); 5(40%)
H
Dn — (222)
[491] n=4
[CPPE(CO)zlz
> pfe
1) 160*/70 h (30%)

2) 170°/50 h

References p. 110
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Phy
/Si\
L,pt-| + HSiPhy),SiPh, ———— Ph,Si PtL, (223)
[492] \\‘ﬁi
L=Pph3 th
(35%)
toluene
—<N1>_ + HSiXy ——————) (224)
-196°-> R.T. l
[493) Ni

7N
XgSi  SiX,

Metal carbonyl anions condense with chlorosilanes to provide
silicon-metal bonded derivatives as shown in Eqns. 225-227. The
reverse strategy of reacting a silyllithium reagent with a metal
chloride is also successful (Egn. 228).

1) HSiCl,
2) LiAlH,
[494]
Na([Fe(CO),Cpl (225)
ClsiMe,SiPh,
THF/0.5 h (60%)
[495]
CpRe(CO) (NO)H + BuLi ———>CpRe(CO) (NO)Li ——————>CpRe(CO)(NO)SiMe;,
" [496] (226)
c-CgHyz
40 h (13%)

[457]
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hex
M,Cl,(NMe,), + (THF),LiSi(SiMe;) ;——>M,[Si(SiMes) 3], (NMe,), (228)
(2 eq) 1h/R.T. M=M0o(23%); W(25%)
[498]

There are several variations on the reactivity of organometal-
lic derivatives of silicon. In metal carbonyl derivatives a CO
ligand may be substituted without cleavage of the silicon-metal
bond (Eqns. 229-231). Carbonyl anions may be alkylated without loss
of the silicon substituent (Egn. 232,233).

13co (2 atm)

Ru (COLL(SiCly), > Ru(CO),(13corLesicly), (229)
L=PPh, CH,C1,/R.T./72h
[499]
trans-Ru(CO) 4(SiC14)Br Br CO
> (0C) 408-> Ru-5iCl4
hexane/3h/0° ocC
co
OS(CO)S —_— (100%) (230)
(5001
gig-Ru(CO) 4(S8iCl3),

>  (0C) 408Ru(CO) 4(5iC1,),

hv

Cp(0C) ,FeSiH; + L ———> Cp(CO)LFeSiH, (231)

(4941  L=MeNC(39%); “BuNC(22%)

MeOSO,F

R[(OC) jFeSiMe3] + RX ———— ¢ig-(0C) Fe (232)

Ether SiMegy
£501) R=Me (46%); Et(56%); CyHs(34%)
[(n5-MeC4H,) (CO) ,SiPhMn] ™+ RX — n3MeC4H, MN(CO),SiPhgR  (233)

[502] R=Me(75%);Et(73%):CzHsCH,(56%)

References p. 110
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The silyl group that is coordinated to the metal may undergo
substitution chemistry without loss of the metal-silicon bond (Egn.
234) . However, a sequence of rearrangement steps involving coor-
dinated silicon has been demonstrated as shown in Eqn. 235, If the
e-carbon contains no hydrogens the carbene complex (29) is
moderately stable.

?P
H_ _Fe(co),L
CgHg/4d <
Cp(CO)LFeSilly + C0,(C0)g ——————3 (OC)3Co——Co(CO); (234)
L=MeNC {494] Cco
(32%)
(0C) 4FeSiMe;~ + MeCBr — (CO)4feSiMe3 ~> (0C) 4Fe=C (235)
[501] C 29 Me
7N\ ~~
Me (o} l
Pe3(CO)yp + || — (ocunﬁ
(70%)

Several reactions of silylmetallic derivatives result in
cleavage of the silicon-metal bond. Silyl mercury derivatives have
been used for an improved synthesis of Me;3Si),Mg (silyl moiety
transfers from one center to another) as well as in the synthesis
of diphosphine (Egn. 236). Electrolytic reduction of
ns-Cp(CO)zFeSiPh3 results in loss of SiPhj~ (observed as HSiPhj)
[505, 506]. Photolysis of gis-mer-HM(SiEt3)(CO) 3L (L=2-
methyltetrahydrofuran) at 100K resulted in reductive elimination
(in part) of Et3SiH to give M(CO)3L and HM(SiEt;)CO),L (M=Fe.Ru)
[489]. The silicon-rhodium bond is cleaved by both CO and HBF,
(Egqn. 237). Reductive elimination from a manganese center also
occurs on addition of phosphine (Egn. 238).

Mg
> Mg(SiMegy), DME
DME/30°/4d (80%)
[503)
Hg(SiMeg), —— (236)

Ar/Glyme/6h/20° ;L»
> < N-P=P-N >
{ NPCl, [504] (92%)
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CO (10 atm)
90°/24 h (92%)
n3CgMe sRhH, (SiBty) , ——— (237)
[485]
HBF ,

» [(n3-CgMegRh) ;H, 1 (BF,),
[n®-CyMeH Mn(CO) yMeSiPhy] + PPhy————>nZCsMeH Mn(CO),PPh, + RSiPhy
(502) R=Me,H

(238)

A mixture of aldehydes and CO or ether and CO inserts into the
silicon manganese bond to provide manganese acyls (Egn. 239) and a
new synthesis of allylcobalt tricarbonyl utilizes cleavage of a
silicon-cobalt bond (Egn. 240). Silyl cuprates have been used in
organic syntheses and examples are shown in Egn. 241,

CH5CHO
200 psi CO ?
> (0C) gnCCHOS iMes
CH3CN/12 h CHy
(68%)
PhCHO
300 psi CO ?
> (0C) MnC-CHOS iMey
CH4CN/20 h Ph
(39%)
(OC) sMnSiMey —— N (239)
[5071 250 psi CO
»  (OC) gMnCCH,CH,0SiMey
20 h (77%)
0
2so(pZi co o
> (oc:),uné(cuz)pSiMe3

21 h (54%)
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o)
47\\/,03CH3
(80%)
(0C) 4CoSiMe; —— (240)
[508]
o}
44’\~¢¢
> /‘([\\\WHOSiMeS
Co (64%)
(CO) 4
) Ph
M i 0
PN OMe /J\\\(/JL\\
> Ph ¢ OMe
[509] ’
(88%) 97/3

X
PhMe ,Si%,CuLi ORC 5 pp SiMe,Ph  (241)
[510]

OAc
Ph-q<::>{ (94%)
N\ i §
Ph ==\
SiMe.Ph

[511] 2
(56%)

N

N

The kinetics of the reaction between HFe(CO),SiCl, and con-
jugated dienes has been determined. The reaction is first order in
each reagent and probably occurs by H atom transfer (free radical
mechanism) [512]. Addition of SiH to RCH=CH, is catalyzed by
Ph3SiMn(CO) 5. The catalyst is activated both thermally and
photochemically but the product distribution differs in the two
cases. On photolysis, ESiCHZCHzR is formed exclusively whereas in
the thermal activation alkenylsilanes and disilanes are formed in
addition to the alkylsilane [513].

2. Silylmethyl Ligands

Improvements in the preparation of (MeySi)4CLi [from
(Me3Si) 4CH and MeLil have been summarized and include the use of
MeLi generated from MeCl, removal of Et,0 (to leave THF) and
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destruction of excess MeLi by addition of Me3;SiOMe [514]. When
(Me3Si) 3CH is added to powdered MeLi (THF/A/6h followed by 12 h at
R.T.), s0lid [Li(THF)  JILi{C(SiMe3)3},] (65%) [515) forms. The same
procedure has been used to prepare [Li{C(SiMe,Ph)3}(THF)1 (67%)
[516]1. Another route to e-silyl carbanions has been developed
through reaction of PhSCRR’SiMes with LiNaph. Equation 242 sum-
marizes the preparation of phenylsulfides and conversion to the
carbanion. Formation of phospinomethylsilanes is shown in Eqn. 243
and 244,

1)nBuLi/THF/0%/0.5 1)nBuLi
PhSCH,SiMe, > (Me351) yCHSPh—~————— (Me 351) ,CRSPh
Z)Me3SiCl/1h (96%) 2)RI R=Me ,Bu
(5171 (242)
2 cycles
1) nBuLi LiNaph
2) MejSiCl THF/-78°¢
v LiNaph LiC(R) (SiMeg3) ,
PhSC(SiMeg)y ———————> LiC(SiMey),
(52%) THF/-78°
Me,_;SiCl; + LiCH,PMe, ———-—3 Me,  Si(CH,PMe,) (243)
[518]

n=1(72%); 2(38%); 3(31%); 4(40%)

THF
MeySiCl + Ph,PCH(Li)SiMey =——————> Ph,PCH(SiMe;), (244)
(519] (13%)

Many silylmethyl metal derivatives are formed by the reaction
of (Messi)xCHs_xLi(MgX) with a suitable metal or metalloid deriva-
tive and examples are shown in Table XVII. There are more novel
routes to silylmethyl ligand derivatives including exchange (Egn.
245) and ring opening of a thoracyclobutane (Egn. 246). A new
silylmethyl substituted base has been prepared from 2-[bis-
(trimethylsilyl)methyllpyridine. Condensation with Ml Gerivatives
gives dimeric derivatives as shown in Eqn. 247.

(5271 R = C1, MeO
n=20 -3

References p. 110



96

TABLE XVII. Reaction of Silylmethyl Organcmetallics with Metal and

Metalloid Halides

(Me3si) xQ-I3_xM Metal/Metalloid Product ) Ref
Halide

X M

Main Group

2 MgCl GeCl, -diox {i (Me,Si) ,CH] Ge ), 520
SbC1, (Me,51) CHSHCI, 521
AsCl, (Me,5i) ,CHASCL, 521

Transition Metal

1 i IrCl (bipp) 2 Me,SiCH,Ir(bdpp)  48-59 522

b .

1 MgCl LRuCL (Pe,) , LRuCH,SiMe, (PMe,) , 73 523

3 Li cur [Lds, ) {culc(siMe,) ,) ,1,1° 26 524

Lanthanide/Actinide

1 Li Cp,Lu(C1) CHPPh, szhll(GIzSiMe3) 83 525

Ca,PPh,
1 Li Cp,THC1 Cp,ThCH,SiMe, 46 526

a. PhR¢ ~"rPRh,),

b. L= ns—Csbh5

THF



Q—C6H12 r——SiMes
5 : 5_
n —CPZTO + MeySi ——— 1 szTh_ (246)
300 30 “—sut
[528] ) (~sow; impure)

Q C|(SiMe3) 2

|
@ ? M M . (247)
N~ C(SiMe,) L [529,530] | |

(Me3si) ZC\©
M=Cu(from CuCl)

M=Ag(from AgBF,)

A variation of the reaction of silylmethyllithium reagents
with metal halides produces both o-xylidene metal complexes (Eqgn.
248) and 1-metalla-3-silacyclobutanes (Egn. 249). Occasionally the
reaction of MegSiCH,Li(MgR) gives unexpected cyclic products (Eqn.
250, 251) and in one case coupling with a coordinated carbonyl

occurs in preference to the halogen (Eqn. 252). .
i_pba iMe

3
n3-Cp,HC1, + {Li(tmen)}, ——> M(n°Cp),, (248)
[531] iMes
SiMe
3 M=2%r(48%); HE(60%); Nb(30%)

[Mg(CH,) ,SiMe,1, + (n¥Cp),MX, ———— (n%Cp),M  SiMe, (249)

[532]
m=Ti(95%): Zr(44%):
Nb(48%): Mo(535%)
THF L
0s(04CMe) )L, + Mg(CH,SiMej)y ——m— :SJ./\‘OS\L (250)
L = PMe, [533] VX

toluene — —
IrClLs + Me3SiCH,Li ———————> Ir(CHSiMej3)(0-C4H,PPh,)L (251)
L=PPhg4 (3 eq) 2 h
[534]

References p. 110

97



98

Et,0
MoC1,(CO) L, + Me3SiCH,MgCl——————>MoC1(n2COCH,SiMe3)COL;  (252)
L=PMe, ~60->R.T. (60-70%)

5h

[535]

The reactions of silylmethylmetal derivatives can occur at the
coordinated silylmethyl group (without loss of this group) or at
the metal center without loss of the silylmethyl group. The thorium
derivative, 3Q (Eqn. 246) is converted to thorasilacyclobutane.
(q’-Cp)zThCstiHezéﬂz on heating at 30°C [528]. A migratory-
insertion reaction occurs at the ThCH,SiMe; group in the presence
of CO (Egn. 253) and insertion of paraformaldehyde into the Zr-C
bond occurs in silazirconacyclobutane (Egn. 254). One of the most
novel reactions of a coordinated silylmethyl-substituent occurs in
the photolysis of CpW(CO)3CH,SiMe,H where spectroscopic results
support a coordinated silene (Egn. 255).

co
(n®-Cp) jThCH,SiMe; ————— (n°-CP)3Th-0\__ (253)
I
700/4d “8i
[526] (50-70%)

\

pentane -
(nSCp)ZZr/A\SiMez + HyC0 ~—— (n5-cP)zzr/rtfj> (254)
4 20h/70°C
sealed tube (80%)
[5361

co.co cCo
ns-cPW(CO)acazéi—H 2/ 5 aScpHZ- B —— n3CPW(CO) ;SiMe; (255)
77 k l warm (30-50%)
[5317] /S}

The reactions at the metal site in coordinated silylmethyl
derivatives can be quite varied. When KH is added to
Ga(CH,SiMey) ,Br in glyme the complex, KIGa(CH,SiMej),H;], }}.'is
isolated in 46% yield. Addition of Ga(CH,SiMejy),Br to 31 did not
yield the hoped for Gal{CH,SiMej),H [538]. When (Me;S5i)3;CSnMeCl, is
treated with MeOK in MeOH/THF (reflux), cyclotristannoxane is
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produced (51% yield) [539]. The stannylene. (Me3Si),Sn reacts with
1,3-dienes to give 1,4-cycloadditions and with Os3H,(CO);, to give
the first closed SnOs; cluster (Egn. 256).

> osssnﬂz(CO)lo[CH(SiHes)zl2
[541] (85%)
((Me4Si) ,CH} ySn —— (256)
Ph ph
J’;|;;:;E> Ph " Ph
e Me s

T Me R,}”{R Me

R‘CH(SiHea)z

[542]

Substitution of metal-halogen bonds in Mo,Br,R,(R=CH,SiMej)
occurs on addition of LiOAr/py to give Mo,(OAr),R, (Ar=2,6-Me,C¢Hj3)
{543]1. wWhen alkynes, RCECR (R=H,Me,Ph) are added to W,(n-CSiMej3),R,
(R=CH,SiMe;) coordination of the alkyne occurs in the first step
followed by insertion of the alkyne into the bridging ligand to
form W,(u-CSiMegy) (n-C3RySiMe3)R, [544]. Addition of bases such as
PMey to the homoleptic alkyl, [Mn(CH,SiMej3),l,, results in
depolymerization to the coordinated dimer, Mn,(CH,SiMej;)  (PMej),
{5451. Base exchange occurs when dmpe (Me,PCH,CH,PMe,) is added to
Ni(CH,SiMe3),(py), to give Ni(CH,SiMe,),dmpe in almost quantitative
yield [546]1. Coordination of silylmethylphosphines to both Ni and
Rh centers have been reported (Eqns. 257 and 258).

\/ N
Ni(COD), + Me,Si(CH,PMe,) pentane Me S'/_P\N‘/P_\S'M

2 2 2PMe, )y ———> Me, K\_ i ; iMe, (257)

24h/R.T. -

[518) '(965)

toluene

[{RhC1(COD)1,]1 + C1PR, ———————> (COD)C1Rh(C1PR,), (258)

R=CB(SiHe3)2 250 (54%)

[547]

One of the major uses of the -CH(SiMejy), or -C(SiMey),; ligand
is to stabilize diphosphines (distibenes, etc.). An approach to
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these El1=El (E1=P,Sb) systemsis through the reaction of an or-
ganolithium or silyllithium reagent with RPCl, as shown in Egn.
259, If a metal carbonyl anion is employed, derivatives where the
metal portion is coordinated to the El=E]l unit are formed (Eqns. 260
and 261). When RSbCl, [R=CH(SiMe4),] is treated with Mg/THF the
cyclic polystibines, (RSb)3 and (RSb), are formed in a manner
reminiscent of the condensation of R,SiCl, with alkali metals
[553].

tBuLi
f——— 3% RP=PR
[548] 32 (61%)
RPCl, ———— (259)
R=C(SiMegj) 4
RLi
_— 32
THF /Et ,0
[549] (100%)

Na, [Nig(CO)y,]

> Nig(CO) ¢ [RP=PR],C1
Et20/12h/R.T. (15%)
[550]
RPC1, (260)
R=CH(SiMe3) 2
2_.
Cr(C0o) R
: ? > P P//
7 / - \ _
[551] (45%)
(co) ,
L]
THF /,Fe\\ .JR
RSBCl, + Nay(Fe(CO),] ——>  Sb——5b (261)
2h/25°C R
R=CH(SiMej), [s52] (20%)

Unsymmetrical El=El’ systems can be prepared from the reac-
tions of RE1Cl, and R’'ElH, as shown in Eqn. 262,
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DBU/THF
ArPh, ———— REl=PAr (262)

[521,549]
E1=P(78%);As(47%):Sb

REIC1, +

R=CH(SiMej),  Ar=2,4,6= BujCg¢H,

ArAsH,

ArAs=AsR
El=As (66%)
[549]

Coordination of El=El’ to metals has been actively pursued.
The possible coordination of Me,Si=CH, is outlined in Egn. 263 and
examples from El=Group V are shown in Eqns. 264 and 265. Formation
of a phosphavinyldiene-molybdenum complex is suggested for the
product in the condensation reaction shown in Egn. 266.

Ar
/
< f
RP = PAr + Fe,(CO)g ——> _Fe - P (263)
R=CH(SiMej) , [554) I
Ar=2,4,6-*BuC¢H, (63%)
At Cr(co) g

RAs = AsAr + Cr(CO)4 e+ THF — ‘\hs = Aq\ (264)

R=CH(SiMe3)2 [5551] R

Ar=2,4,6-(tBu)3C6H2
co /Sites

s
RC=PC1 + K[M0(CO)3(n®-Cp)] ———— (n%-Cp), Mo-P-C_ (265)

R=CH(SiMe,) [556] Co iMe
3’2 3

There are a few examples of silicon-carbon-metal sequences
that are not silylmethyl derivatives but where the carbon is for-
mally tetrahedral. These miscellaneous examples are shown in Eqns.

266 through 269.

?i"eS
hex //,C\\\
MeasiCECSiHes + Coz(CO)s —— (OC)3Co———!—-Co(CO)3 (266)
200 ~c
[557] §1H83

References p. 110



102

NH 4PF ¢
Me35iCCo4CpsCH + AgPF, » [Me3SiCCo4Cp3CH] *PF¢~ (267)
CH,C1,/10 min
{558]
1400
[559] (3%
CgHg/h co
C6H5Hn(co)5 + MejP=CHSiMe; — CsﬁsanH(SiHes)Pnes (269)
14h/25° Cco
[560] (86%)

3. Silyl-Substituted Ligands

Vinyl and allylsilanes react with metal complexes to give
substituted olefin and allyl complexes respectively. Examples are
shown in Eqns. 270-274. A silylbutadiene complex was generated as
shown in Egn. 275.

~

CqHg —\ .
L,Ni— + VingSi ————— L,Nil  Si __INiL, (270)
=) \=—

20°/1 h
L=PPhg [561) (75%)
L L
N4
pentane Co_
L=PMe,4 30¢/h -Si‘o’Si_
\
(5621 ©(67%)
MeOH
M i SiM + Li,PdCl —> Me,Si (272)
essl\%/\v/ iMes + L1,PdCl, - 3 \\Afgzs\

~c1
(5631 \§>/j>/
2
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A/THF/12 h el
Y S fos
—_—
44¢*\\3/51He2 + RP N (273)
2 In [564] : Bh~
In=Indene (74%)
1) DBuLi/HMPA i AL 87
7 NS
Me3Si\ N SiMes > b (274)
2) adcp,Tic1 o e
(565] P P
(not isolated)
Measi CGHGIh
__,R + Pe(CO);
R'
(L)
> Me3Si//ﬂ\—R'(275)
[566] ‘ R
Pet. Ether Fe(CO)4
L + Fe,(CO)y
60° R R’ »

H H 75
Me Me 80

Cyclic ligands that contain silyl-substituents can be prepared
from condensation of silyl acetylenes in the presence of CpCo(CO),
(Egn. 276) or by reaction of alkynylphosphines that are coordinated
to Pt (Egn. 277). Cyclohexadienes react with Fe(CO); (Egn. 278).

N .’
5i CHMeR 5i
= CHMeR + Me,SiC=CSiMe, + CpCo(CO), —> + (276)
3 3 2
(567151

Si o CHMeR

R=0H(34%); OSiMe;(37%)

Ph,y S:‘Ll“b3
P
X Pt (Ph,PCSCR), + Fe,(CO)y ——> Cl,Pt O (a1
~
R=SiMe,; X=Cl [568] p .
th Sﬂb3
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- ive *pp -
+ Fe(CO)y — S PF¢~ (278)
24 b CH,Cl,/A
(65%) 18-24h (75%)
[569]

When an equimolar mixture of BuLi and TMEDA are added to
Me3SiCqHg in hexane, LiCgH,SiMey+TMEDA is formed. The crystal
structure shows this to be the simplest metallocene [570). Treating
1,2,4-(Me3Si) 3CgH,Li with quinuclidine, TMEDA and (Me,NCH,CH,),NMe
provides 1:1 complexes with a metallocene structure [571].
Silylcyclopentadienyllithium derivatives react with metal halides
to give plumbocenes (Egn. 279) and titanocene derivatives (Eqn.
280). In a reverse approach coordinated Cp-ligands can be
deprotonated with BuLi and quenched with Me3SiCl (Eqn. 281).

THF
2Cg(MeySi) Hg pLi + PbCl, ——— gL, (279)
0°
(5721
R R! R? *
Me;Si H H
MeySi  MeySi H 9.8
MeySi  MegSi  MegSi 7.8
THF /Ar
Me,;SiC4H,Li + nfcpricly ——————  cp™Scpric1,  (280)
(5731 (76%)

BuLi/THF/-78°
n3-C5HsFe(CO) ,Ph > n’-Me;SiCgH Fe(CO),Ph  (281)
Me;Six (90%)
[574]

Two different silicon-substituted bridged cyclopentadienyl
ligands have been prepared according to the sequences shown in
Egns. 282 and 283,
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THF Fe (CO) ’
{ i ' I H] \ /’““_-
CpNa + C18i7\ §iCl — CpS‘i/\/ §iCp ———— St 51282
i
: [575) ! xylene /\,C\ /\\
Fe ~w-—Fe
A/10-12 h ey
o© o %
1)nBuLi MeLi 1)nBuLi
2)SiCl4 (80%) (57%) 2)ThC14iDHE
{576]
2RLi
R=Bu,CH,SiMe,,CH,But (not purified)

Silafluorene forms a complex on reaction with Cr(CO)q. Ex-
change of groups at silicon in the complex occurs with alkyllithium
but not silyllithium reagents. The metal can be removed with I,.

These various processes are summarized in Scheme 3.
Scheme 3 .~ Me

3
A= QL Q
MeLi
Ssi?
Side Lyme/digl 0 /‘hﬁl ve Me Crlo)
glyme/iglyme - (229
sil %+ i), —— > MeSiCl
Me 8/24 h -

(5771 si  GiMe, Cr{oo)
C-Ere R e

-32) MegSicl
imhz
53 + SM
Me”“Bside,  (518)

16%

Silylacetylide derivatives of Pt are prepared from L,PtCl, and
Me3SnC=CSiMey (Egn. 284). Thermolysis of a silylcarbene complex
resulted in loss of the silicon moiety (Egn. 285).

e Py
P . P
[ ,PECly + MesSnCITSiMe; ————3 PE(CICSiNe;),  (284)
P [578] P
Ph, Ph,

References p. 110
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1250
PhySiC=W(CO)s ——————> PhySiH + CoH, + W(CO)g  (285)
OEt [579]

X. Penta- and Hexacoordinated Silicon

Extracoordinate derivatives of silicon have been prepared by
reaction of an appropriate neutral ligand with R,5iCl, or SiCl,.
Derivatives of 2,3-naphthalocyanatosilicon have been reported
[580]. The ligand was prepared by refluxing a,a,a’,a’'~tetrabromo-go-
xylene, fumaronitrile and Nal in DMF at 70° to give 2,3-
naphthalenedicarbonitrile which was condensed to 1,3diiminobenz(f)
isoindoline in MeOH/NH;. Reaction of the indoline with SiCl, in a
mixture of tetrahydronaphthalene/(nBu)3N at reflux gave SiNcCl,
which contained between 20-40% impurities and could not be
purified. The SiNc(OH), reacts in concentrated sulfuric acid to
give SiNc(OH), after hydrolysis. Further substitution of SiNc(OH),
occurs on addition of ("hex)ssiC1 in pyridine (reflux) to give
SiNc[0Si(hex-n) 3], [580). Addition of NaCZCC4H,CZCNa to SiPcCl,
(Pc=phthalocyanato) in THF gave polymer, [PcSiC=CC¢H,C=C}, in 85%
yield [581}. A related derivative, SiLCl, (H,L=tetra-2,3-
pyridineporphyrazine), was formed from H,L and SiCl, in the pre-
sence of quinoline and CgH3Clg [582]. 1In all these derivatives
silicon is six-coordinate.

Several Schiff base adducts were described during this Survey
Year. Condensation of benzaldehyde with ring substituted anilines
gave the imines PhCH=NAr (L) which react with SiCl, in CCl, to give
§iCl4 2L [583]. Schiff bases of the type 0-HOC.H, CH=NC¢H,), react
with Me,SiCl, in CgHg to give complexes with 1:1 stoichiometry
[584]. Hexacoordinate complexes. R,SiR’ (R=Me,Ph) were formed
from bidentate tetrafunctional Schiff bases, R'H,, where
R'H,=HOCH,CH,N=CMe), etc. [585]. Binuclear complexes NiL,*S5iCl,
have been reported from the reaction of NiL, (HL=R-2-HOCgH3CH=NOH)
and SiCl, in CgHg but the adduct contains an Si-OH bond [586].
However, in the Cu(II) salicylaldoximate case, reaction with
Me,SiCl, gave a non-electrolyte product where the NOH moiety is
still intact [587]1. Condensation of substituted salicylaldehyde
and ethylenediamine gives substituted salens which gave Co(salen)o
on reaction with CoCl,. When the cobalt complex is treated with
two equivalents of Me,SiCl, a 1:2 complex forms which is a non-
electrolyte and formulated as a coordinated disiloxane is formed
as shown in Egn. 286.
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CHC1, LN /N)

Co(salen)O + 2M,SiCl, _— ’/C (286)
[588] o” | 0
A o2 S
He\i E Me
/Sa\\ ,/§i\
c1| o7 | ¢
Me Me

Neutral five coordinate complexes can be formed when one of
the substituents at silicon contains a grouping that can coordinate
to the silicon center. A five-membered ring is usually formed as
shown for 33, 34 and 35, however an example of S-coordinate silicon
involving a six-membered ring, 36, has been described in non-polar

solvents. Formation of 35 and 36 are shown in Egns. 287 and 288,
R Ph

o i
S/C\(i F @ /C\\Q F

N-Si Si
‘ Me” L\F I\F
F F
34 33 36
[591] 15921 [593]
‘("/ Etzo
i\ + SiF, ——— 35 (287)
N -1300
LiN_ye [592]
0 0 40%aq.HF
PhéOCH=CH2 + BSiCly; —— PhéOCHZCstiC13 ——————> 36 (288)
[5931] 82% CgHg/1 h  (70%)

When g-phenanthroline is added to the spiro-derivative shown
in Egn. 280 a hexacoordinate species is formed. A five-coordinate,
nonhygroscopic anion is formed from the related system that con-
tains the unit o-C¢H C(CF3),0~ (Eqn. 281). The salt, 37, is a
polymerization catalyst for methyl methacrylate.

References p. 110
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CH3CN O\
- c
<g:::%> o cr, * OPhen ——— (::L\~|/, (289)
F3C L _si— - [594] Si
F3C (o} CF3 / \o

/© 2?3 B T ,°
Ph,Si 3 + (Me,N)3S'MegSiF,” ———) (Me,NO)4 st Ph,Si )
[595] c

7
27 (290)
(90%)

Electron donating solvents coordinate to silicon in Et3SiH
[596]. Anionic organosilicon species/may be studied by the flowing
afterglow technique. A study of several species generated in the
gas phase in the presence of N,0 shows that N,0 reacts with silyl
anions but pot pentacoordinate Si anions. Such a study demonstrates
that addition of F~ to Me3SiCH=CH, gave Me3SiF(Vin)~ and not
[Me3SiCHCH,F1~ [5971.

XI. Elimination of Small Organosilanes in Synthetic Strategies

Although a few examples of the elimination of small molecules
have appeared in previous sections the types of possible processes
are summarized in this section. In most cases elimination of MesSiXx
occurs from a unit Me3SiEl-E1’X such that E1=El’ is produced. These
processes are summarized in Table XVIII. Elimination of MegSiX
occurs thermally or from deprotonation in the sequence
Me;SiOE1-E1'H. These methods have resulted in the generation of
B=N, Si=C, P=C, P=N and P=P derivatives. Elimination of Me,Si
occurs subsequent to orthometalation in the iridium derivative
shown in Egn. 291.

20
-Me,Si ETN
Ir(CH,SiMey) (CO)L, + P(OPhg)y ———— /Ir;:: (291)
L=PPhg [607) o2 | N
B x

R=OPh; L=P(OPh),

Introduction of unsaturation in organic derivatives is ac-
complished by the same strategy. Pluoride ion induces a 1,2-
elimination of o-MeySiC¢H 03SCF3 to give a benzyne intermedaite
[608]. Similarly, addition of Bu,NF to Me3SiCH,CH=CHCH(R)SO,Ph



XVIII.

Elimination of Me.SiX in the Synthesis of Multiple Bonds Between

Precursor He3six Conditions Product Ref
Eliminated {(Initiatar)
BN t
tBuJia - NBa®  Mesicl 530° tuB=NBu 598,599
]
Cl SiMe,
. a . ° 4 OSM3
CIBR,/(Me,51)N0"  Me,SiCl -78 RZH\SJ_ME 599
3
[C1ENSMe, 1 5 Me SiCl 360° (), 600
Si=x
Me,SiCH SiMeHMe Me,SiOMe 700° ( 5 +( \5 601
. // \\ ,SJ.\ /Si\
(MeO) JMeSiN (s:'ne3) 2 MeSitMe MeO (Me) Si=NsiMe, 602
P=X
“Ba
7 . [\
Mazs:L Me351F hex/A MazSJ. 603
|
MeSi P! P
F
SiMe, /But
phgk - E -F Me, SitMe 170-190° mm-%mt 213
Me . SiMe, CsiMe,
OsiMe,Bu
ArP=C-PHAr MeSiOLi nBulLi/THF ArP=C=PAr 214
-8 %
Me SiP - C -hsme3 Me,SiOSiMe,  KOF/THF RP=C=NR' 604
D e
-PHAY Me,SI0LL Sours ArP=C=pHr 212
RCIPN(SiMe,) 2° Me,SiCL  120-130°/0.02mm RP=NSiMe, 605
c . t
RC1PP (Bub) SiMe, Me,SiCl A RP=PBu 606

a. I¢=CHZCHIE2

c. (£ N$+
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b. R=tBu, 1Pr, Me, Mes, Ph; R’ = Bu, iPr, Ph
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results in a 1,4-elimination of Me3Si0,SPh to give the sub-
stituted butadiene, CH,=CH-CH=CHR [609]. When the alcobhols,
RCH(OH)C(Me)HSiMej are treated with KH or acid, Me;SiOH is lost

and olefins are produced [610]. A silylation amination sequence for
hydroxy nitrogen heterocycles involves elimination of Me;SiOH and
occurs in high yield if silylating agent is present to convert the
silanol to disiloxane [611]. Isocyanates are formed by elimination
of Me3S5iOSiMes from RC(OSiMegy)=NOSiMej [612] and Me3SiCl from
ArC(0SiMeg)=NCl [613]. Pyrolysis of MeO(MezSi0)C=CHCO,Me at 500°
eliminates MeySiOMe and forms the a-ketenic ester, Me0,CCH=C=0
[614]. Heterocyclic N-oxides can be reduced by Me(Si,/TBAF. The
intermediate is believed to be the silylated N-oxide as is shown

in Eqn. 292. Cyclization of Ph(Me3Si)C=PCl to a phosphaazulene
probably proceeds by elimination of Me3;SiCl (Eqn. 293).

1.2 eq Me6512 ~N H
C:) s | (:) + MeySiOSiMe (292)
N

N 0.05 eq TBAF SiMe,
0 [615] SiMe, (90%)
H Me Ph
xylene/A -
Ph(Me3Si)C=P~Cl + > // (293)
KF/18-crown-6 OMe
f6161]
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