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I. "INTRODUCTION-

~The soope of th:.s' review mcludes, with few exceptmns only those
"pubh.cat:n.ons thch are 1nc1uded in volumes 80 and 81 of Chemlcal Abstracts.
,The reader is referred to: the 1ntroduct10n of the prev10us rev1ew for a

','statement of seIect:LVIty :m soope \uth:m the above matenal. D

[P [ ~

An.nuua. DUTVeY uuve

’ 83(1974)65-154.

A*Sillcon - hynthes:.s e.na react:.v:.ty,
year 1973 see. J. Orga.nometal. Chem.
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'51‘1. REVIEWS e
Rev1ew artlcles 1nVOIV1ng s111con have appeared 1n the fb110w1ng :

' 1=
:areas.- annual rev1ews on the general chemlstry of organ051lanes 4,

_tafboéiianes7, fluxionél organosilicon coméounds R organqsil}l free

rad1cals°, fluorinated derivatives of organ0511anes 0, siliﬁdﬁ anélogues
of olefins and ketonesll, adducts of silicon tetrafluor;de s mélecular
rearrangemehts of oxygen—containing carbofunctional silanesls, formation

of alkoxy derivatives of chlo:r:os:i.lanes14 , preparation and properties of

0-silyl hydroxylaminés and oximesls, compounds containing the B-0-Si
moietylé, organGS' licon peroxides 17, silyl“hosphinesls, compounds con-
19-21 21,22

,talnlng silicon-metal bonds or silicon-carbon-metal bonds

) 27
silacyclobutane ring-opening reactions“”, heterocycloalkanes containing
silicon as a ring atom2 the preparation and properties of the 5i-Si

5 26, 27

bond2 and biological aspects ‘of organosilicon chemistry

III. FORMATION OF THE SILICON-CARBON BOND

The trimethylchlorosilane-Mg-hexamethylphosphortriamide (HMPT)

or the formation of silicon-

sve

ystem continues to be a powerful method

: ' . . . < 28
carbon bonds., Dienes, for example, undergo b15(tr1me;hy1511ylat1on).

R Me ,5iC1/Mg

CHZ=CH--C CHZ R —— Me381CH2--(,H=C—-CH281Me3 (60-66%)

HMPT . .
VCHS ZHS l'., < | l..
CH3C=CH—-CH=CH- =CHw~CH; ——> CH C=CH— FH—-CH—L-—?H-_CU_ (57%)
‘ SiMe _ SiMe_
> o]
FF Me,SiCl,/ig - RN\
© CH,=C——C=CH —_ = Pe— l SiMe (‘36-60%)
T2 i J— M e

Severélrof'thesé adducts were monodesilylated in fair yields by refluxing

acetic-acid.-



‘Me ;S1CH, CH=CCH 'siuéz

i Sl o

HOAc

L i Me381CH CH

2 2

R.
§

C= CHé -

'Vihvy'ltrrimefhylsillane 'i_s ,:converted, into trans-bis (trimethyléil}d) -

‘ethylene in high yield,

. : Me Si
Me ..S1CH=CH
3 2

'toizet'her with same higher silylated.products.

Cl/'ig

————-———-—? t-Me, SlCH CIISlMe

+ (MeSi),CHCH,SiMe

+ (Me, Sl) CHG{(SlMe )2

A variety of reaction pathways is exhibited by a,B-unsaturated

‘esters; the success of the reaction and the relative amounts of each
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product depend strongly on the substituent groups, R."0
R Me _Si C1/Me f1 R ¥
- e.Si f 1 -~ Rs f
R1>c=c: Y > Me. Sl—F—CH\ 2 s (Ro:,c-m—ct:-)z
: R2 OJZR HMPT R, co R R,
LA ~
(] (B)
R ~ R
1>cu—cu\ 2
Ry CO,R
)
Group Yield (%)
51_ :Rl E:”l R Recovered A B C
Ph H H Et 55 9
Ph H H CH,Ph 60 8.5 i
Ph H Ph Me 50 10
Fh H COZEt Et 30 76 2
H H-  Me Me polymerization
H H Br Me polymerization
H M Me nBu 10 30 50)
Me H H nBu 10 0 70
. . TiCl 4
Me Me H nBu S 10 70 ,éatalys t
Me H COEt  Et. 15 so [ erRroved
H wMe H Me 1 7
Cojtie . H H Me -V

29.. -



,B-Acetylem.c ketonw afford b15-s11ylated a;lenoxys;lanes hhlc-h.
Amay be hydrolyzed to the mon0511y1 u,a-unsaturated ketones.s_]f : In some .
_cases, the 1ntermed1ate allenoxys:.lanes undergo further C-s:.lylauon, and

for enohzable ketones > s11y1 enol and d:unenzatlon products are also found.

,‘,’ -SlCl/Mg oo 3
RC:CCtBU. ——-—-—-————) Me ,S1C=C=C-0SiMe —_— Me  SiC=CHCtBu
. ST 3 537
IMPT R Bu H+ R

‘(R=nBu, SiMe,)

o [0}
D | " . it o
lle3$1GCC-CH=C_HC}{3 — (Me351)2C=CllCR + (Mess:l.)zC—C—?~CH=CHCZH3
SiMe3
1 i '
PhECtCH; ——> (PhCG=C )2 + Messi-f.=C=F-OSiMe3
S].Me3 - Ph CHy
S1Me3 0
(Me..SJ.) (I:-C COSJ.Me + Messif=CHCC1{3 + MeSSif=C=F'SiMBS <
Ph CH. Ph e Ph CH.
2 2
Partial or total silylation of geminal polychlorocarbons can be
effected by the MessiCIIMg/HM‘PT system.32
Halide _ Product Yield
CC14 Cl_..)CSi.L‘le3 45
HECL HC1,SiMe ; 35
+ C12C(51Me3)2+C13CS1Me5 21+7
i»(eCCl3 MeCC].ZvSil-Ie3 80
Me,CC1, Me,CCiSiMe 10 .
PhCC1 .. * PhCCl_,SiMe 80
3 2 3
v p-ClCGH4CC13 —(21(26 4CC1251Me3 70
PhZCC:l2 : PhZCCIS].MeS _ 65
. + Ph,CHSiMe .
'PhCHClz PhCHClSi.Me3 ) 50 -
' + PhQi,SiMe, _
€1,C=CC1, - C12C=C(C1)51M63 o .35

-MeZCCI2 NeZC(SiMeS)Z_ S 55



‘Halide - _-Product - . , ‘Yield -

. 1, H,C(SiMey), } 30
H,CBr, 7 7 - HyC(SiMe,), 50
PhCHCL,, PhCH(SiMes)' 75
 Ph,CCL, ,C(sides), - 65
cc1,cc1 Me su:cslue- 50
c1.c=Ccl, , Me_slccslbb 65

2 2 3
(C1,c=CCl), (Me_,)sl)‘_’cc:cc(sme_,))3 65

N-Phenylpivalimidoyl chloride gives the product of mono- or bis-

silylation, depending on the stoichiometry employed. Hydrolysis of the

33

monosilylated product affords good yields of a-silylketone.”

Me ;SiC1/Mg/THF
tBu‘C =NPh > tBu(II=NPh + tBuCH=NPh
C1 : SiMe.,
(65%) (15%)
i 2 Me SiCl/Mg l
; HMPT
§ SiMe | H,50, g
- 5 tBuCH-N Ph | S tBuCSiMe3 (90%)
Slr-le3 HZO

The following transformations have been reported using the MeSSiCI/-

+
H.O
Li 3 ; 34
CHp=C-00R —23  —>—> Messm{z-'cucoza + (RO,CCH-CH,),
CH. CH,  CH,
9 0 3
CH;CH=CHCOMe —3 —> CH GHOIL, Csite (a0%) >
Sn-ie
Me3CCO Me —m  MesC-C(SiMe;), (63%) >4
0SiMe -
S
oo : : ?
CHy=C-Ce ——=  — e, S].CHZFHCPC + (HeC-gici,) 35
CH. - : . CH._ . CCH
3 - O 3 3 73
(43%) . (20%)
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6.
B (carvone underwent s:.mlar react:.on wlule a—1onone was d.l.s:.lylated.,.-. :
',"at the carbonyl group)

—CH-C.HO -—9 He..S:LCH CH CHOS:LMeS (70'-’5)

o, 7
cH cn—cu-cno — = CH_ CH-CHCHSJ.Me + CHyCHCH=CHOS iMe . 36
> 0515&:3 ) Sll.‘-ie3
(21%) (20%)

Both chloral and chloroacetone undergo carbonyl addition of Si-
ethynyl, Si-allyl, and Si-phenyl compounds undérriv.ewis acid catalysis as

shown below. 57

: \1C1..
- . 3
C13CCH0 + bvie3510-12CHfCH2 —— (1l CCHCHZCH-CH2

OSIMC
J

" + PhC=CSidMe,  — 0130%1{0;'(:1)}1
0SiMe..

" + PhSiMes — 3C|Cth
Cl

>

CICHZCOCH3 + Me:sSiCH.ZCH=CH2 _— CICH CCH CH CH
‘ 051Me

Tetralin is silylated in the presence of lithium and MeSSiC1/THI-';'

acetic acid dégrades the tetrasilylated product as shown.>"
g i A blMe H SiMe.
H S
SiMe S8
o) — A| J Kﬁ?ﬁ— s e, (YN
C . L. N
e T ~

Derivatization of various organolithium and organomagnesium reagents
-with triﬂtethyl‘chloméilane (TMCS) has led to the formation of a ngmber
of new 'organosilanes.' '

R ) . TMCS o lii e
c1 CP(O) (0}3t)2 -mEuli,  (Et0),(0)PCCL,Li —0y  (ET0), (0)PCCI,Sities (70%)
mEo o 2 A s




P_.hCl_{z Br - ’ie..SJ.CH scuzph

ai —cucuzsa .Z“B“Ll TeS, IS Me-sl-lm-cu_a{-

: XNe-c
R - < - s .
TMEDA -  :  Lo BT TH o St
Ph PbCH CH cCly —“—B“Ela L:l.(CCl CHCHZ) I-MES—> Me SiCC1 CH-CH2(99$)
. 95 i

c1cuzcu-cuc1 -—Lsﬂ&» t-Me SiCH,CH=CHiSiMe .  (80%) *2

 THF ,
. CH—CH , : CH—CH
ph—c? >C—Ph s e’ Ngepn 42
Br ‘Br SiMe; SiMe,

Me,CHCH=NR —EiigCl, TMES, o c.chenm + Me C=CHNR 43

2 2
SiMe. SiMe
3 i 3
(V] (B)
R A(%) B(%)
Ph 0 100
Me 6 94
Et 21 : .79
nPxr 23 77
iPr 100 0
iBu 88 12
tBu 100 0

{The C-silyl isomer could be converted into the N-silyl isomer

with LbSSiBr catalyst for all but R = tBu, 1Pr and Ph)

Tetraadamantylsilane has been synthesized in 18% yield from the
reaction of SiCl, with sodium and adamantyl chloride.**

The following arylsilanes have been prepared by coupling reactions.45

site

- g_@-_a ’g/ THE - Ph sl..O— S].Ph
. PhySixy’

References p.v 89 -



: [X(Y) Cl(H), OCH, (ocn.), CL(OCHS), OEt(OEt)]

" Pn. S].EIH = 7
_<_)_ —_— Br—<9)+—$iph HoY
. Details of a b15511v1atmn reacnon of acetvlenes have been reported',.
7 usmg b1s(trlch10ros11y1)b1pyr1dy1n1cke1(II) as catalyst 48 ,
c1355\ _R
RPN < res ' - < MeMgBr, e .
(bipy)Mi (SiC1,), + RCECR' = (bipy)Ni +— )] —=—- R(Me351)C-C(Sl.!e3)R

C
gl Ssicl,

REACTION OF Ni (bipy)(SiXs), WITH ACETYLENES; FOLIOWED BY METHYLATION

Sixs Acetylene Product Yield(3) ecis/trans

SiCl3 PhC=CPh Ph(MeSSi)C=C(SiMe3)Ph 49 0/100

5iCl;  PhC=CH Ph{Me_Si)C=C(SiMe )H 47 73/27

SiCl3 PhC=CMe ,Ph(MeSS (Slhe-)hb 38 92/8

SiCl., n-BuC= C-n-Bu n-Bu(Me_S1)C=C(SiMe,)n-Bu 44 not

S > > .

determined

SiﬁeCIz PhC=CPh Ph’FESSi)CﬁC(SiEES)Fh 52 8/160

SiMeCl2 PhGECQ Ph(Me351) =C(S1Me-)H 49 67/33

SiMeCl, PhC= Qe Ph (He 51) C=C(SiMe ;) Me 45 9377

SiM'eCl7 n-BuC=C-n-Bu n-Bu(thSi)C=C(SiMeS)-n-Bu 52 not

’ = - ~ determined

The bis silyl complex used above can be prepared as shown.49 These
v N:i.(b:i.p)')R2 +3 HSiXS —> Ni(bipy) (SiX3)2 + RSiX3 + H2 + RH
‘(R=Me, Et; X=Clg, MeCl,)

silicon-nickel complexes were inactive as hydrosilylation catalysts for

olefins, but other organonickel species were’found to be catalysts for



Zlegler-type systems of the fbrm M(acac) AlEt (M=N1 Co or Fe)
catalyze the hydms11ylat10n of 1 3-d1enes and. termmal acetylenes. E

The- latter undergo d1merlzat10n concomltant wlth add1t1on.5°

7- S st Ni (acac) _ . ) .
cuz=cg-caCH2 + Hsloocus)s________z,,cuscu_g:-cuzsl(ocas)3 (92%)
H3 : - ) ' CHS'

2SiEts (7%

CH3‘
- ot
CHSCHZCHZ(ECH + HSl)(3 —_— H2C=C—C=CHSJ.X3
nPmPr

B n"
" + HSiEt., . —————%» CH,CH=C-CH,SiEt
. > - 3 '

(X=0OEt, Et, Me)
The reaction of tetracarbonyldichlorodirhodium with dimethylamino-
methylated'styrené-divinylbenzene copolymers afforded a polymer-supported

51 Ih another study, Rh, Pd and Pt complexes

hydrosilylation catalyét.
were prepared whose t-phosphine, t-amine, cyano or pyridine ligands were
bonded directly or through alkylsiloxy linkages to an inorganic support
(alunina, silica, zeolite). Some of these showed high activity and

could be'recycled.52

A polymeric catalyst formed by the absorption of
Pt (IV) ions on an anion-exchange resin gives excellent conversions of
alkylaryl and arylsilanes and olefins or acetylenes to hydrosilylated
products. In addition, the catalyst may be used many times without sig-
nificant loss in activity.s3

Chelate complexes of Pt, Rh, Pd and Ni of the form shown were

prepared. These containing Pt or Rh were most active as hydrosilylation

catalysts.54
o
\\\1—/,,,-N
"\o

%,4-Hydrosilylation of 1,3-dienes occurs when mixtures of Cr(CO)s,
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al, a-dlene and X35111 are 1rrad.1ated 55 . The mo'nodle'finic p'ro'duétég': s
j"often produced in near quantltatlve ylelds do not undergo further

" add1t 1on .

0
N
I
e
E.
1
“,\;‘:‘-’
4
e
w
p=n
ig

. Cns\..nﬁCn—\..nZSiX
[X —Me Ph H, (OEt).., Me H]
; ‘Optimum reaction conditions have been determined for the hydro-
silylation of 1,3-butadiene with trichlorosilane using the (p-RCILCN) -

Pdc.l2 (R:H; Me, MeO, l-IeZN) and (p-Biech6H4CN)2PdBr2 catalyst syst:emsb.s6

silane to acrylonitrile at 120° have been reported.57
cat

,Cﬂz=CHCN + HSiCls —— CISSiCHZCHzﬂ‘!

Catalyst Adduct Yield (%)

Cu20 - C6H11NC 70
(."uZG = TBUNC 42
CuCl - C6H11NC 78
CuCl - tBuNC 56
Cu(acac)2 - CslluNC 75

The following hydro51lylations have also been carried out umnder
various conditions.

RR'SiH, + CH,=CHCN —> RR'(H)SiCHCN  (17-20%) 8

Ly
p 9 2 9
>

(R=R"=Ph; R=CH;, R'=Ph)

Ni (C0) a

‘/——-—> CL,Si-Cli-Ciig (only)>?
« PhCH=CH, + C1;SiHl L2
\ H,PtCl ri
Clssi-CH2CHzPh (only)

Ph P
3.
rR-czc + Rysin _FPPISRCL - pepecnsica O
(R=nPr, , nHex; RI=Etle,, (cis/trans ratio of 55/35 to 81/19;
PhMe,; Et.) note predominant anti- ~addition) -



The stereochemlstry of addltlon of dJ.chlorosnane to temmal acety- e

'lenes w1th va.nous catalyst systems has been 1nvest1gated. 61 .
' SiCl,H  HCl,Si COHL sicL,
. H,PtCl 2% 2 o 3
RC=CH + C1_SiH ,2 6, \c;c/ a- \c=cy.2.+ \“=>,(2
-2 2 orpt/CK - “H e RN
R R ~H
(R = alkyl)
ca. 50% ca. 12% ca. 20%
R SiCl H- SiCl :

"o+ m benzoyl =~ "N 5 4 Sec T 3 (ca. 50%
— TN —
peroxide H H R H overall yield)

(35-62%) (67-38%

A method for the synthesis of monofunctional chiral organosilanes:

has been described which involves coupling bifunctional asymmetric silanes

'.-.n_th saturated, vinylic, or aryl organometallic reagents (M=Li, Mg).
Ph n
(S) (R) —a-Np & H Ry NP mee Si e H
- OMen (rgtentmn) R.

In the case of (R} (R)—Ph-a-Np(-)Men0SiCl, the chlorine is replaced with
inversion of configuration. With dialkoxysilanes, the less bulky alkoxy
group is substituted with retention of conf:i.guration.62 The use of

P R I R g e S B T P
dallyidi vipallviicLailic ITa

both inversion and retention products with Si-H and S$i-OMe substrates,
-4
but reaction with the chlorosilane still proceeded with inversion. ~
Carboalkoxycarbenes, generated from photélysis of diazo precursors,

have been found to insert into both a- and B-silyl C-H bonds, as well as.

strained Si-C bonds.%*

te SLOLGH + N,CHCO cu 1‘-& Me slcrxzcu- ..+ Me_SiCHCH.
2 2 2 37T 3
CH.CILCO.GH. CH.,00,CH.
L L. L o P4 AR |
a”s o (ew)

Q.
+ Me, SICHZCHZCHZQ)ZCH (6%)

References p. 89
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N Relative reactivity

per bond

R = H, R' ="00,CH

=
0
2
0
8
0
<o)

R=H, R'=C0,CH

R=R'=C02CH.. :
. ) >

-

Mey

1.6 © 2.0
7.0 11.9

Me_Si-

/\ 2
Mezsi Sil\!e2 + | l
\ { SiMe

R R
14% 33%
5% 50%

1.0

1.0

CHRR®
Me, Si

L]
SibMe

(112CHRR'

2

Copper-catalyzed decomposition of methyl diazoacetate in the presence

of the Si-H bond serves as a general method for the preparation of a-silyl

esters. 65

RR'R"SiH + N,QiCO

2

R=R!=R"=Et

R=,

R=R'=Me,Si, R'=Me

R=R? =R"=\1e351

" R=R'=Me, R"=Ph

R'=Me, RV=

Cu.
2

- (44-90%)

Me —— RR" R"Sl(]‘izco Me

T:Eeatment of the appropriate metalloid tetrabromide with phenyl- )

,(tnchloromethyl)mercury affords a general method for the preparatlon

of mxed tnhalomethyl (tnbromo) Group IV compounds.

SiBr4 + PhHgCCls

Nt BICCI,Sibr, (307%)‘

120°

) Experimerital 'evidence continues to mount in support of the .exist-

‘ence of a silicon-carbon dbublg bond,

The reaction of such a species



13-
'(g‘ener'atedbyi theip')'rblysis - bf Si lacic:ilob>utvanes) with ketones -and" aldé-% .
hydes results in e1ther 511y1 enol ethers (path A) or olef:.ns v1a,

poss1b1y, a “pseudo W:Ltt:.g" pathway (B).

| R2$i=Cli2 , st:.—cuz ,
(Aa) T+ l —» R'R"C= CH.2 + [R S1-0]»s110xanes L
O=CR'R" l_o-—-cn R| '
R* o R! 0SiR,CH
Z R N s
c” 5i c
] + » 1
® ¢ CH, - _C.
R ’ \l ’ RII/ \Rlll
RIII

Enolizable carbonyl compounds gave low yields of "pseudo-Wittig" oiefins

because of enol ether formation.

Cérbonyl Compound Yield (% based on consumed
_silacyclobutane)
Enol Ether Olefin
Me,C=0 32 » a
2 -
(CH,)C=0 62 9
Ph (C=0)Me 22 65
M-FCGH {C=0)Me 34 69
Ph,C=0 -- 97
Me (CH,,) -CHO 26 26
PhCHO - ' 54
Ph_C=0 - 65
2 ‘ .
1e (CH,,) .CHO " not 44
H2 5 determned

The transformation shown below has been 1nterpreted 1n terms’ of

_References p. 89



T

- When d:unethylsllacyclobutane was pyrolyzed in the presence of 5111_ j  ;”

con—halogen bonds adducts were formed :Lndlcatlve of polanty :m the sense

(6+)Me S:.—CH2 (6-) w1th:m this 1ntermed:.ate specz.es.e'9

Halosilane = . Products ( Yield) :
Si:Fé - ’ ' ESS1§H251bIe2F '(44) % MeZS:.\/SlMe (trace)
HSiCiS . : HCiZSiCHZSiMe2C1 (22) + ﬁ "~Ltrace)
51:61 4 o c155icn251x~xe2c1 0) + u )
MeSiCl4 C1,MeSiCH,SiMe,Cl (16) + " (16)
Me,SiCl ClMe ,SiCH,S1ie,C1 (13) + " (25)
MeSiCl Me SiCHSiMe,Cl (<2) + " (40)
CF‘.; no adduct + " (46)

An investigation of the pyrolysis of 1,l-dimethylsilacyclobutane

ﬁndgr high vacuum indicated that dimerization of the MeZS:i.=CH2 formed
occurred in the gas phase, but-that polymerization to (Me,SiCH,) occurred

on the surface of a cold trap.70

~and vinyl chloride is markedly improved by the addition of small quanti-
ties of Freons to the reaction mixt:ures.7l

Palladium(II)} compounds have ‘been found to catalyze the cleavage
of the silicon-carbon i)ond.72 Chlorosilanes are inert to Si-C cleavage,

te.5i PAUD . ye si0SiMe. + CH, + C.H

Mo 4\;...

H,0
 pdCl, or Li_PdCl
Me SiPli o2 2 "4, Mo SiOSiMe. + PhH + Ph-Ph
3 3~ 3
H.O
2
' VMessiOSj.l}bs + PAClL, —— HMe;Si0Sitle,C1 + [MePdCl]

. I1f olefins (styrene, cyclohexene) are present dul‘lng the cleavage reac-
tz.ons transfer of methyl or phenyl groups occurs from 51lane to olefm.

B : e : CH.CN _ .
| PRGH=CH, + Me Si + LiPdCl, —3—»  PhCH=CHCH. ~ - - (66‘%3

LN



'IV.. CARBOFUNCTIONAL SILANES
. Thé,f011§ﬂiﬁg routes to some ‘fm'\cti;oﬁalized' aikenylsiléﬁés..}{aﬁé :
"béen_réporcéd. R i Lo L : o »
' S U LiAlH, , —
- MeSSi(EC_CHZOH —_— trans-b!essiCH=cncu20H‘

bleSSiQi=mC1120H — Me SiCH=CHCH,X (¥=Cl, I)

NBS

M3381?=CH2 —_— Me351?=CH2
CH; _ CH, Br
' Y Et.SiH . LiAll, TXEts
cu;c;ccuzoétsu > > CH3CH=CCH_OH
2
H,PtCL, -
(regiospecific)
€1  1)Me SiCl/Na
A‘“”-':ju.'_k 0SiM - > E Z~CH,.C=CHC Q
LH_,(" { (..qublMes --'—""'—‘—"—Z)H o — E + _Z_ CHJ? CHC“Z H
2 SiMe.,
9
1)LiAlH, LiCuMe, )
Me_SiC=CCH,0l > - > E-CH_C=CHCH_OH
2 2 — 3 2
2)1 i
2 1Me3

Me SiCH=CH, + Me SiCl HMPT/Me e sicH=CHSiMe, 74
>

AlCl, 0 75

|
Me SiCH=CHSiMe; + RC-CL ———»> Me SiCH=CHCR (65-88%)
(R=Me, Ph, tBw)

= *x
rsic1 BEECOE 5 g sile=corr 25 RoSiZCH=C=0 7°

-* . -
(R351 = MePn-l—CIOH.]S1)

Peterson olefination reactions have led to new pathways to alkenyl-

silanes,77
Li

Gle.8i) CLi —C-H—Z(; (e, si).c=ci. Riiy  Me_si) bR
He551) 5 'ezlzi'z g 212_2

' (l)Brzl {(2)RL1 l R' CHO

Me,SiC=CH Me_SiC=CHR' -
T2 377
: L . ' CHZR
R'I /. \ “R',CO
hieSSi(l:;CQ‘lz M SiC=m2

3T
Ry L. T RY_ODH
o2 ;

: Réferéh_ée; p. 89
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A number of reactzons 1nvolv1ng addltlon.to the double bwnd of

5v1ny15113nes have bsen 1nvest1gated.

| RgSIGH=CH, + (1Bu) AIH —> RSSiCH,C HyAL(EBu), +- R3$1CHCH T8

: o 7 o , ‘ A1(1Bu)2
® =Ph, Et) . (30%)‘7 L
Bt SicH=CH, + (iBu)sAL —— (Et..S1CHzCH2)_A1 + (Et351CH)3 1 78
: : CH3"
(82%) (18%)

RssiCH=c=o + CH2=C(0R')2 —_— Rssi~1,__ﬂ<;0 (50%) 79

] (ROYZ
. . 0 . 80
B M§35;6H=CH2 + Hg[C(N02)3]2 > (MeSS1(IIH)2Hg (90%)
CH,C(NO,) 5
Br To Bzzo2
I‘Ie:,,S:i.l(.‘HCI-lZC(NOZ)3 (85%)
Br :
_ Alc1, 31
Adamantane + C1351CH=CH2 —— A.d-CHSJ_C].3 + Ad-CHzCHzSJ.Cls
Hs
(33%) 67%)

Ene reactions of alkenylsilanes afford entry into a variety of

unsaturated organosilanes .82

R, H SiCl R - _8iCl. R _SiCl
- 3 3 3
ST e 7 e U e

= N

(R = nPr, nBu, n-Pent)

51C1
@ (N CL
(CHZ)281C1
Q-

© 0+ Me SICHClI=CH, —> Me SiCH=CHCH,




: ';’-_.EtO CN—\ICO Et +: ‘Me: SlCHZCH-CH —+ Me SJ.Cfl-CHCHz\INl{CO Et v

I SRR . o COzEt
Mesi Tl 4+ 00 s Mesi ,
S : - CH,0H

CiSSiGi=CH2 + Me JSiCH,CH=CH, L, Crissi(Csz)éCHiﬁSiM‘s

Reaction of 1-trimethylsilylcyclopentadiene with furfural gave low

yields of the fulvenic product.8°

@-Sibles + O - NaOEt

The preparation and reactions of the following unsaturated silanes

have also been reported.

Br 31\;e Me..Sl 84
N Na® C, E‘
+ Me,SiCl 2 0Ts D_\\[’] N
. . -PhHgCl - . 85
M =
nieSS:LCHZLH CH2 + PhllgLC12$02Ph —_— Me:;S:I.(.H2 Cl
\/slozph
(47%; 1:1 cis + trans)
Me.Si
S
SiMe - R 86
=\ ) PN /\ /l\/l\ 2 ﬁ#“\\/
gsn&:s Ry | l\)\) v A~
(R=H, CH.) ’
>

Et. SlCH"'CHC!»l-'(.l-l.2 + CH SeCl ——} Et..S:LCH:CHCHC[!ZSeLH.. 87
(“l -

Factors 1nf1uenc:mg the ease and mode of addltlon of alkane- and
a.rene-sulfonyl chlorldes to homologues of Me S:LC C—CH-(.u2 have been’

88
a mvest:.gatgd.

~ References p. 89 o
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several groups.

: ﬁessicﬁ=cua + (PhCN)éPdClé%——) H

. A - : s e 90
’ R44n51(¢#l_CH2)n'+ CuCl —— R4_n81(CH—CH2]n . ZCQCI
=2,5)

Electrophilic reagents effected the cleavage of the allenic silane

shown below. o1

Me351cnzt|:=c=ccsme3) 2 * Me350H —3 Mos5iCH,CHC=C1Ne 5

CH. CH.
2 ]
11] = -e -
+ Br2 _ Me351CH2§:(Br)C_C51Me3
CH3
1\1013
" + tBuCCl ————> MeSSiCHZ(E(CHS)CECSiMe
(l:=0
tBu
" + CISOSSiMeS —_ MeSSi.CHZC(CH:.’)(:ECS:'.{\ie3
0_.SiMe .
3 3

Sulfonating agents [ClSOZCOSiHeS), Sos-dioxane] react with acetyle-~

= - - o s 92
nic or allenic silanes as indicated.

RGH,C=CSiMe, ——> RCH,C=CS0,Sille,
(R:H,‘ Ph, VMeVSC, MesSi)
| RCH,C=CSiMe  ——> Me,Si050,CH,C2CSiMe
_ (R=HO, e ;510) -
k (Me:.’Si)2C=C=C(CMe3)QSiMes ——y (NesSi)2C=C=C(CMBS)SQSSiMe;5

: l-‘le:;SlC (Bu)=C=C (CMes)051Me3 -—_— _Me351C (Su) =§:—50351Me3
- - ?=0
CMe ..
-3

e Metal c'o‘x_n;":ol_éxés originétihgr from vi:nyls'il'é'nes hzi\_r.er-beein preparedby T



- . ; E i g
»Sllyl yneam:mes are preparable 1n good yxelds as follows. 2

from

have

CpCo(CO) 2 *

" References p. 89

Et..SlC:CBr + Et_N
i T . D

MessiCECNEt

:————9 Et 51c CVEt + EtBr

(801:)

Me-51CEC-OEt + L1NEt2 ——> ‘Me;SiC= cnstz' 7(54%)

The latter yneamine underwent cycloadd1t10n to.3-buten-2-one

SiMes : :

+ (‘.H..C(:H-CH2 —> {] | (20%)
e
CH; NEt,

‘A cycloaddition-cycloreversion process forms silylated pyridazines

acetylenic silanes.g4
co, CH 2
= /
RCZCSiMe, N
N
SlMe
CO CH co CH

(R=H, SiMe;)
Reactions between transition metal complexes and alkynyl silanes

afforded novel species (Cp=cyclopentadienyl).

CpNb(CO) 5 + PhSiC=CPh hY,  cpnb(CO) (Ph SicECPh), 95
"~ Ph SiMe.
2
. A . 9
CpCo(CO), + MeSiC=CPh —— CpCo -——(Z:) + cis
SiMe Ph
]
R
R, 1
and CpCo 0
Ry, R, = Ph; Ry, Ry = SiMes 1
‘ . a
R, Ry = Ph; Ry, R, = SiMeg
Ry, Ry = Ph; Ry, R, = SiMes
Me_Si SiMe
2 -
) MeSSiCECSiMeS
Me SiCzCSiMe, —> Cp-C ‘o-Cp 5 s

siMe; 97

ble§Si

Me,Si " - SiMe;

g 19



A 5111°°n'°°“t31n1n8 Compound is among the flrst examples of polynuclear* S

Lfmlxed organocopper compounds.98

(o-Me NC H4) 4 Brz + 2 LiC= CS1Me ----—;(C)—Mezlilc6 4) 4Cu6(C CSlMe )

»A number of»b1pheny1y1_511anes have been prepared and their thermo-

stability investigated.%®

" (1)Li or Mg o \
(ZIR,SicCl .
Hal 3 - S1R3

Silicon-containing aryl-metal complexes can be synthesized as shown.

Me, 51 (Cp) ZBull. L3) [Me,5i(Cp),] " ——> Me,Si TiCl,
dioxane - 101

PhSl,Me3 + (NH..).CI(CO)3 ——-——-—-——}-(MeSﬂ’h)Cr(CO)3

Bis- and tris-(perhaloaryl) silanes undergo cleavage with butyl- or

methyllithium to afford good yields of the corresponding perhaloaryl-

lithiums.10?
c c1 '
' U RLi o,
O ,L —_— 2 (89%)
€l 8§ -2 SiMeH
SiMeH .
c1
“~N6 LTI 78%)
//A‘N Na
- . 1y 1] /
(C¢Fg) 5SiH : > —> )(_>— (90%)

(CgFg), SiMeH + 2 R ———> 2 CcF M + R SiMeH 103

' The effecfs’pf M = Li, MgX and the nature of R on the extent and
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: pos:.t:.on (C s:|. or C F) of attack were stud1ed 1n th:.s last report.

Tetraphenylsxlane has been reported to be 1nert to SJ.—C bond
cleavage by pota551um 1n ammonia. 104
' Treatment of some aromat:u: s:.lanes with mercury reagents has been

' reported.

OH SiMe o
R SiMe - R 0 u R _\Hg
2 PhHgOH "8 A O 105
—_— OJ)2 —= ,
tBu
tBu tBu

(R=Me, tBu)

Y

(EtSSiPh)Cr(CO) z ¥ Hg (0Ac) 2

Me_Si
S

In contrast to the lability of other B8-halo-substituted alkylsilanes,

2,2-difluorocyclopropylsilanes are highly Tesistant to B-elimination.107
HZO
ClnMes_nsnlﬂ—CHz — (CHZ——CHSL\.'eZJZO
S/ n=1
CF2 CF2
" M, cHy—cHsiMea,
n=2
CF2
(MA = HOCH;, CIMgCH, LiAlH,, SbF;)
HZSO4
1 —_— Me SiF + CH2 CH
=0 \ /
CFy
. AlCl
—_ Me-Sz.F + '-Ie..S:Cl + HC-CCH2
n=0 N

+ Me SiCH,CH=CE, + Ne.SiCH=CH,
-3 22 TS 2
Treatment of some polychlorocarbosilanes leads to pmducts_ of

References p.,_89’» :



(c1351cc,;2) S1Clz+MeMgI (XS) ’

(Me 51) C-—CHS1Me S

Me slcsmezcslm f»’

SO TN C_Hz Cﬂz _
'. c1 SlCCIZSICI CH SICI.. ¥ MeMgI (xs) — Me., s;|clsme cn s:uuxe3 e
: z _ C‘Hz R

- _:- bieSSJ.CClelClZCHClS:.Cl- +: MeMgI (XS) ——) (MeSS:L)zC—CHS:_Me- o

A (trlmethylsz.lylmethyl)allyl ether system undergoes a hlgh-yleld

er1cyc11c rearrangement upon heatmg.m,,
5 . 160-200° o
- =CH_; ...______). -
ch OCHZCH Rz? 051\1e3 S o
1 51Me3 iﬁi: S CHZCH-CH e

: - (R + R o o'-blphenylene, R = Ph)

B ’The reactlon of organohtluum reagents mth 1son1tr11es affords a

i}:lzthzum aldzmlne thch can be der1va;1zed w1th.chlorotr1methyls1lane
e a.nd the _dduct hydrolyzed to the a—s:.lvl keton°s.1]~'9" IR

L ":-Et. : MeSSlCl L ‘:‘t BN W 7
RNC + EtL1 " RN-CL1 -—————r RN"C SJ.Me3 — EtCS:_Me_, e

1 1 3 -tetramethylbutyl) : (80 ; e

The - synthe51s and react1v1t1es of the fOllOWlng systems»hévej



- :-'-pphfs. SN :

—-—> Et-SlCHZCOCH-NN-PP
CHZN i : © - 1B, -

2 .

351CH2C0\.1 ————>Et381CH2C0CHN2 -———p Et AS:.CHZCOCHBr

_falso glven): B

Et.,

J_A_C_CLH_> Et-SlCH CHCH OAC:

NaNS -

. Et..S:.CH NCO 114 -

- Me Sl(C“z) scocu —h"—;. i CHD + Me..S1(C!-12) SCH_ + [Me Sl(CH2)3]252
' (23%) (41%) o (4%)

oy 115
1CH2CH2CH3 el

(6’6)

Ne S:L(CHZ)..SCOCHS ﬂ-; aiy cx-xo ¥ uesslccuz) ,SCH; +. [Me SI(CHZ)Z] = +_,:

'1(32%) S @s%) (14%)

s*:;f
MeSS1Et » [”"351("'“2)2]25 s

( 16%) (7%)

:Me..SJ.(CHZ) scoca-»Lsxe 31(caz) ,sH _a—jzlg Me, Sl(CHz)nSCHzC].

i me2,8)



ACHV,N(CH,,Li).,‘#lZ Me,SiCI.;f-—) -CH;N((ZIi,Sil!e,)-.

A rearrangement of aminomethylsilanes 1nvolv:mg al 2-s:.1y1 group

o 119
’ nu.grat:.on has been discovered.**”

nBuLi

‘RssiCHR-NHR" ol R3SiNCHzR!
° Rll
(R' = H, Ph; R" =,alky1; nQ rearrangement occurs

‘Carbamyl chlqrides,’ureas or isocyanates are products which arise

from phosgene treatment of the heterocycles shown below.

Pl

S . R
RN Gocl, i \

_ NR —_— ClMezsiCHzNCOCI + (ClMe:ZSiCiizN)2C=0
~8i~ R = alkyl

Mez

cocl,

om ————) CIMeZS:LCHZNCO

’ SJ.Me-

for RV

R

- TS
Silyl azomethines were prepared from a metalation route.’*

nA_wAr B C (1) BuLi . norr_ag
RO

n-?‘; i Ph —_—_— n\.nfulcﬂp'ﬂ
2) R'351C1 SiRS '
. CH ~-CH=N- CGH11 —-——-)- Rs'SiCHZCH=CH-C6H11

Thg chemistry of some unsaturated silicon-nitrogen compounds has :

‘been investigated.

. - 7 ‘ 1792
- - ! - ALl
Me351C1 + Agz(CN)z —_— liessij-NS1Me3 _
(1)LiNiPz, 123
R'CHZCN - ———————— R'C—C-NSJ.R.. - (100‘-’5) _
T (RgSICL. e

3

. S . - . CN
- [R'=alkyl; vinyl; R =tBuMe,; ArCH,CN also gives some ArC(SiR;),]




. L:.N:.Prz . o ‘ 23
R'R"CHCN —_— R'R"C" NQ;R (87 10095) 1
- R 51C1

-S11y1d1azomethy1 reagents were employed to generate some carbon—

'l‘)A
E X

sulfur bond 1nsert1on producta.

. R
) - ' e . I -
- nv <¢
Me351C(N2)COZEt + RSR —_—> MeSSlfCOZEt
) SR

(R = Me, Et, iPr)
The photochemical reaction of diazomethyltrimethylsilane with Sub-
strates has been studied.125 Similar results were obtained with copper-

(II) chloride catalysis.

Substrate . Products (%)
Me
1 .
£-CH._CH=CHCH_ t—Me_.Si—A—Me (23) + t-Me_.SiCH=CHSiMa. (61)
-3 3 -3 - "3 3
CH2=CH2 MeSSi ..11:3 Qa7 + + E:we3siCH=CHSiMe3 (30)+
gtzgSiz (
(CH3)2C=C(CH3)2
or
F_C=CF., (no evclopropane) + t-Me.SiCH=CHSiMe, (30) +
,2., T2 ? b S el TE = — > >
or CgHygSi, (30)
CF,CF=CF,
MeSSiH NeSSiCHZSiMe3 (66)

Silyl derivatives were included among a large number of acgtylenes

whose behavior towards diazomethane and 2-diazopropane was studied.™ "

7 ' v R,Si -  R' R,5i RY .
D : . ) 4
R.SiCZCR' + CHN, — » N: ; o ; N .
35 22 ] \N N ;
(A). L (B)

(R—Me Ph R'-—H Ph Me MeSS]. » CHZOH CHO COzMe)

,References p: 89
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- 12.6*'

','A'I‘he predom1na.nt product for all acetylenes was A; thlS product (R'-CO2 :
/ He) afforded a cyclopropene upon photolys:.s. . ‘ '

Sqme-s111confconta;.n1ng tr1aques ,have been prépéred.127'

RS ' -EtOH.
Mo SICH,CH,CoNH + HNMigo O, M63$1CH2CH2 -—( }R

OEt R HO
(R = H, CH)
| ~ET,NH
CH..——( 7—CH + MegSiNEE, ——=—> Cliy—? “-CH;

N—N.
MeSSi
Animomethylsilanes are produced when 2-silyl-substituted ethyl-

ammonium salts are treated with n-butyllithium. No such product was

obtained when R = Me, R' = Ph, however, 128
+
s - nBulLi R
Ph SiCH,CH,NRR' X© ———=% PhgSiCH,NRR' (14-57%)
. H HMPA
3

(R = R' = Me, Et; R = Me, R' = iPr)

A novel heterocycle was formed from titanocene dichloride and
lithium bis(trimethylsilyl) amide.'?®

CH
(Cp).,TiCl, + LiN(SiMe;)., ——> (Cp) T./ Z\S-Me
plytitly + 1Mezl; Pyttt 1
\N/

i
SiMe..
3

3

" Various silylmethyl phosphines have been characterized. With

R=Meand X=5, a b1s adduct, (Me381)2CHP(S)Ph2, was obtamed.l 30

R..S:LCI + L:Ll.HzP(X)Ph —_— R-SJ.CH P(X)Ph

(R = Et, .‘?h naphthyl X =0 or S)

Et-SlCHzMgCI + PhPOClz —f——P Et..S:LCHZP(O)PhCH S1Et




Interest:.ng chemstry cont:mues to be d:.scovered :m the 511y1—

ylz.d area.] ) } o _ )
§,b,e395c52~ . ’”?3P?-¢(SiM?ZX)2 ~i'v‘Mer.':.;P=lc‘(Si‘l\l¢2X)2 B
2 Me,SiX, 3 Me P=CH,- 2 Me,PCH,CH, Li

!

J_

_ Me,
-PM
n °3 c P\
Me.Si ot s M y M Hg é M
3 1 28 e > {] 1 iMe
2 2" ~ 2
\ yd C/
& .
PMe es3
3
/
Me,SiCl,, -78° MeP=C \c_=PMe3 151
ClMe,Si SiMe,C1
+ ".1 o +
2 MeSSiCH=PMe3 + HgCl, ———3 Mesl’--C—-l-lg—(:—PMe3 2c1” 132
.MeSSi SiMe3
MeHgCl ABuLi
+

MesP ——(Iil'l—-l’lg(il‘l3 Cl
SiMe..
9
Me 3PCHSiMe -
3
Me_P=C-SiMe..
) l ]
l-lgCH3

nBu,tg + 2 l\{eSP:CHSiMe3

Transfer of silyl groups from transition metal complexes to ylids

133

has been observed, Substitution reactions were also reported.

LnMS].Me.. + R3 -CHR' —_— R-P-CR'SlMe

[LnM: cP(co) 3Mo, cP(c0)3w Cp(CO)ZFe-V R = alkyl R''= H, Me sme-]

Cp(CO) Fesme C1 + Me S(O)-CH2 -—+ Mezs(o)-CIimMezFe(co)sz

- _,"; + Me P=CHSiMé; —+ Me PC(S:.MeS)SlMeZFe(CO)ZCP k
. ‘Re'fe_re‘nce_sp.VSVB. ’ V . o ‘




) Trmethyls11y1meta1 compounds are formed qu1ck1y and cleanly by
134 - '

- the add1t1on of b1s(tr1methyls11y1) mercury to metal sand
(Me351CH2)Hg + M —3 2 Me; slmzu + Hg

(M = Na, K, Rb Cs)
React:.ons of 2- 11th10-2-1:r1me1:hy151 1yl- 1 3-dithiane with a number

of electroph;hc reagents proceed as Vshown.{l"s

<::§><Sﬂb3 R'C=0 A" sy

. + RR'C=0 —3 < 45-7.

—S~ Li S R" .
(R,R! = alkyl, aryl, H, vinyl, MezN)

SiMe. —S_ SiMe

"+ MeCOC1 —>} ¢ >< —( X 3
, coMe . s cecH,
0COMe

SJ.Me.. S
. Ph — nBuLi /—
C ><CHZCH0H LSX

SJ.Me
< >(_ —> No cyclopropane product

CHOL:L

S _SiMe; S SiMe
(XT3 s as-gngp) e, — {0 >3
57 s

Li Pt(C1) (PPhy),

Silylmethyl-lithium or -sodium reagents may be prepared via the

_alkoxide-induced cleavage of silicon-carbon bonds.loﬁ

 (Me,Si) CH, + MoMe —BPA, [(Me.si) CHy ]M" + MeOSiMe
37 /n""'4-n 3
m = 2-4; ‘M = Li, Na)
(Me S:L)ZCHPh + NaoMe IDIPA, MeSSlCH(Ph)Ll + MeOSiMes '

High y1e1ds of 1,7-bis (d1methyls:|.1y1) —m—carborane ‘have been real:.zed

by the »reactmp _of the 1,7-dilithio re_agent with dlmethylchlorosnapg.,l%?_'
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fSome reactmns of a sﬂylalummum spec1es have been mvest:.gated. .

: : M(OAc) ‘ ' T 38
»(Ph 51) ALEE-2THE-2LiBr — 3y (Ph 51) M+ A1(0Ac)3 ,
~ Orefig.C)”
" B ;—53‘5)—99——?} PhSS:.O‘AlSJ.Ph 4 (eh S:.O)zAlEtl 8.

OtBu

" - ()PhC=CPh o sic=CH + H, + Ph,SiOH + -
(2)H,0 S 2. 08T
2 PhPh -

+ THF + AL(OH)3 139

2 He

Ferrocenylmethylsilanes ate known to be cleaved by aéids at the

oxidants [12, Ce(SO4)2, Cu(OAc)z], cleavage occurs in methanol to give

the methyl ether.l4?

. acid ' .
+ Fc-CH, + Me.SiOMe
Fe-CH,SiMe,R MeOH > 3
FeCl.,

2> Fc-CH,OMe + Me,RSiOMe + FeCl, + HC1

(Fe = ferrocenyl; R = alkyl, aryl, SiMeS, OMe)
Coupling was observed when a(trimethylsilyl)benzyl ferrocene and

a-(meihoiy)benzyl ferrocens were treated with methanolic HCl. Pairing

of radical species was postulated.141
Fo-CHSiMes + Fe- cuoue HC! _ Fe-CH-CH-Fe  (100%)
MeOH J

Ph Ph Ph' Ph
Treatment of either exo- or endo-1-(trimethylsilyl)-2,3-ferro-
cenoindane with ferric chloride in methanolraffords the exo-ether. and

no coupling products.142

, //gf\,\NSiMe:,, CO—\J........H o o
/O\' >—: _2 FeCl; / : BT
\)\\i> MeOH . l-‘_e o ) -

: heferencesp‘:sg :
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Cyclopentad1eny1—meta1 complexes may be metalated and derlvatlzed o

; i,;to afford s11y1—su.bst1tuted co::\'xplexes.]"?‘3 o

Lo /YSJ.Ph

. Ph331C1 _+
 M(€O)5 M(CO) 5
: ' (M = Mn, 25%; Re, 63%)

Certaxn mercur1a15 react with methylldevetrlcohalt nonacarbonyl to

yJ.eld methy11dene substituted spec1es.144 No product was obta1ned,
Hg(C:HBljSiMe:.’)2 + H(.I(Jo:,)(CO)9 —_— Messi.CHzCCos(CO)9 (70%)

" however, whgn’Hg(C}leﬂles)z \;:as employéd.
7 Lively interest continues to center about the stabilizing effect
: pf trimethylsilylmethyl ligands attached to a central metal atom. The
following chémi;try has appeared in this area (R = Me;SiCH, in the
eqﬁatidns below)'.

3(Me smaz) Hg + 2 Al/Hg S, (Me,SiCH,) Al + 3Hg 145

[(Me SlCH2) AlNHMe]z + Me Si - -+—-| MeNH

ethereal

'R';SICH,CL + SnCl, -SORVemt . R'5S1CH,SnC1 146.

(R"3 = alkyl, aryl halo, alkoxy)

' 147
Rssnm + cascnzar —_— R-SnCHch-

" . ’(CHS):);CCI _— Rsan + R SnSnR,
LIS (CHSJSFBr — RSSnBr'+ R:,,Sn_SnR3
" + PhCl S —— ~RSSnSnR3

"+ PhCOCI - ———> R3SnCOPh

S

ClCHZCOZEt ——9 R..Sl'lSnR3

C1HgCH —————> RSSnCH S+ RSSnSnR

+




81

RiSnli .+ Ph, co —__> Ph. cnou 9 RSSnSnR..
ST 2 .2

com + -PhC‘CH s PhC(L1)-CHS1R3- + RySnH + phc-cui -
"+ PhyCsCH, —3 PhC<CHLi

s Lie,COOCLle__s——). R SnOCMe + MecoLi 14°
" 4 (PhCO,), —3- R SmSnRg + PhCO,Li 148
“u : o . 148

+ (Phc02)2 —_— RSSnSx_nR3 + PhCOZLl

' : 149
2 RMH 4 Et,Cd ——s (RgM),Cd + EtH

+

M = Sn,r Ge)
(RSM)ZCd + (PhCO?_)2 —_— Cd(Oz_,CPh)2 + RSSnOZCPh

Et_SiBr
(RsSn),Cd + Li ——> RsSALi —>——» R SnSiEty

(R3M)2Cd + Hg —a (RSSn)ZHg or (RsGe)zHg
(RSSn)ZCd + Hg(CHZCOZMe)2 — Cd(CHZCOZMe)Z + (stn)zﬁg

(R_.sSn)ZM + 2 12 —_— MI2 + 2 (RSSn)ZSnI

(M = Cd, Hg)
R,Hg 200° Me,Si + RHgCH,SiMe,Ci,CH,SiMe_ + Hg (5% conversion) >0
’ 100 h :
RMHg + HgX, —E-0s 2 RHgX (X = C1, Br, I) (100%) 150
20°
(Me Si,CHLL + MCl; — > [(MesS1),CHIM; @ = Se, ¥, Ti, V, eyt
" + MCl, ——> [(MeSi),CHIMCL; (4 = Zr, HE) 151
‘ . oo 151
" + Cp,TiCl, Cp,TiCH(SiMe,),
" E . 152
RM + (VszT:.C»l);2 ——-> Cp,TiR,
RM + (CpTiCl,) ———> CpTiRy 152
K 28 1} ) D
™ = Li, MgCl)
SURT ' ’ 153
CpFe(CO) s;Me c1 L CH,C1 —_——-> CpFe(CO)ZCH SlMe2 - n+1

( 02)

—Re_ferencesvp. 89 o




2 CppTiCl), + RLL
ICp.TiCLL

RzTiOCOiPr .

NG

'Hg(0COiPr),
LR o) v WP » -
T

[RT1C1By] —29C0iPT, RT1(0COiPr),,

l Me ,Sn Me.Sn
&

MeRT1Br ~T2OCOiPL \oor10COiPT 155
. Me ,NBr 0 156
Cr(C0)g + RLi ——— Me,N[(CO)cCrC(O)R] —Ar (CO]SCrCCHZNMe
:‘\C'\al, , II ' ACCI,
2 : MeCN
CHZCIZl l l e
Me N[ (€0) CxC1] Me N[ (C0) (CrI] (CO) SCrNCie
HX 156
(CO)CrC(OEL)R — = (CO) rc\x,)g_ag (X = OR, NH,)
Ph_P___
(Ph_P)_RhCl + RMgCl ——» 7 O] s pu 57
(PhzP) ,Rh
(Ph;P) (RICI + R, ‘ n ™ = Ti, zr) 57

o3 M, . - 7
(PhsP)sRhCI + HMe281CH2C1——-gﬁ-(PhSP)4RhH + Rh + Me3$1H + RMe281H 15

"V.  SILAFUNCTIONAL COMPOUNDS

Saturated Grlgnard reagents .activated by nickel complexes reduce

halo- and alkoxyszlanes stereospec1f1cally. Retentlon of conflguratlon

occurs for X = OMe and F, but inversion is. observed for X = Aci.lsg
ft . (e P)2N1C12 A
Ph-§i-xr + RMgBr - - > Ph-Si-H
i ' R 1

(R = Et, nPr, iPr, nBu, iBu)



S V1nyls1lanes (x = CHZ-CH) are also reduced wh11e deuteros1lanes ’
;(X-D) undergo H-D exchange.~ - _; 4

The syntheses of b1funct1onal, optlcally actzve phenyl—u-naphthyl-

( )-menthoxys11anes (Ph-u-Np( )MenOS1X x = H Cl Owe OEt) have- been )

. described. 159

Trzchloros1lane "but not trifluoro- or tr1me;hy151lane Teacts w1th
cyanogen chlorzdef16o‘r
HSiCl; + CICN + NEt;—— NCSiCl; + NEtg-HCI

(80%)

2. Si-Group VII

A method for the transformation of Si-H bonds into Si-Cl bonds
employs homogeneous cupic chloride solutions.161

CH.CN
R;SiH + CuCl, ——— R,5iCGl + CuCl

(R = iPr, Et)
High yields (96-99%) of chlorosilanes (RSSiCI) are realized by
Teaction of RSSiﬁ with chlorobenzene and colloidal n:i.ckel.i62
Ligand exchanges among silicon, germanium and tin compounds were
found to proceed as shown.163

Bu.SnOMe + R

3

;SiX —_— BusSnX + R;SiOMe (X = F, Cl, Br, I)

(BuSSn)ZO + 2 Me351X —_— 2 Bu35nx * (ﬂeSSi)zo (X = C1, Br)
Bn SnOAC + Me,SiX —= BuSnX + Me,SiOAc (X = Cl, Br)
Bu SnY + MeZSiCI2 —_— EuSSnCI + MeZSiCIY (Y = 0Me; OAc)
BuSSpY2 + RSSiX_ 74—a—fBu28nXY + RSSiOMe (X = f, Cl, B;, 1)
rMixed.prbducts'wereAnot obtained with an excess of halosilane; egly
t1n d1ha11des resulted

' Equ111br1um constants have been reported for scramb11ng of the

‘substituent pairs C1/Br, C1/I, Br/I, Ci/OMe; Br/OMe, C1/0Ph, C1/SMe and |

" References p. 89 -
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Z,Br/SMe between the Me 51 and MeGe m01et1es.. Lower atomlc number halo-:fﬁlq

:"gens favor 5111con attachment in. halogen/halogen red1str1but10n. Halo-:::

gens :Eavor germaxuum in- halogen/OR systems wh11e the opposn:e is: true DR
for halogen /SR exchange., 64 ' :
Chlor0511anes react w1th cobalt carbonyl spec1es to’ g:we low y:.elds

o_f a varlety of products.165

' L THF. o ' :
COZ(C0)8 + M851C13, —_—) RCCO..(CO)9 [rR = C4 g5 HO(CH2)4],

Co, (CO)4 + SiCl, —% T1,510CCos (CO)g

NaCo(C0), + MeSiCl; —Tif,  HO(CHp),CCo(CO)g
R THF
"+ 81014 —_— Co4 (co) 10

Et,0

n -l»MeSiCl3 —-—2->- MeCl

zSiOCCo3 (Co) 9

Et.0
m s SiCl, —2 5 C1,510CCo4(CO)g

A number of halosilane adducts to electron-donor organic compounds

have been reported.

i ) 166
SiCl_OMe), = + Me,NCHO ——> 1:2 adduct
(n = 0-4)
166
" + HzNCRO —— 1:(n+2) adduct
(R = Me, H, Ph)
: S NH, 167
. 2 . ~ ’
SiF, + 4 @ —— SiF,-2 E,I
- NHZ ‘,,
The :Eluorosilanés PhMeSlpz, Ph,SiF,, PhSiFy and Et SiF formed adducts
_with MeNO,, PhNO,, MezNAc He,50, (Hegh) ..PO PhF and Phcoate.l,68




3. S1~Group VI

Phosphorous reagents have been employed in the preparatlon of alkoxy-

51lanes from carbonyl conta1n1ng compounds

(EtO) ,POSiMe + CFLCOCF, —> (Et0) P(O)C(CFS) 051Me3 169
" "+ PhCAcorh —————>—(EtO)zP(O)-F==?—OSiMe3 170
: Ph Ph
] o B . _ ;
' * P-XCgH,GHO —— (Et0) 7P (0)GH-CgH,X
b :
(X = F, C1, N0,) ; SiMe
Me
- ‘ ! . 171
Me351PEt2 + MeCQCOMe ——— MeCOC-O—S:LMes
Ets
?e
Me,Si(PEt,), + MeCOCOME ———3 Me,Si-0-C-GOMe +
i i
‘PEtZ PEtZ
(40%)
171
Me 0 —C(PEt,,)Me
M. Si (0 v 2
e2$1(0-$-C0Me)2 + Me251 | _
PEL, 0—CG(PEL,)Me
(45%) : (15%)
re
Me,Si(H)PEL, + NeCOCOMe ——>  Me,Si (H)-0-C~CoMe
PEt,
[VHZPtC16
0—C(PEL)Me 171
Me2$1 '
O—C(H)Me
p i
(e, 510) PH + MeCOCH2C1 2, Me-SLOP(O) C- OSIHe—
o : cH,CL -
- 1;150°,"-Me-51c1

. ff__efe._regfc%s P, 89 - - MeSSiO%fofcfmz E
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Crown ether complexes of ‘alkali metal cyanldes are eff1c1ent cata-

';lysts for carbonyl cyanosilylation. 173

Electrolysis of a mixture of triethylsilane and 3-pentanone affords
1"4

the alkoxysilane as part of the product mixture.'’

SiEt..
S
-Et +

EtSSiH + EtCOEt ——— Et- (EtSSi)ZO + EtSSiOH

=00

(80%) (17%) (3%)

umber of oxinatosilanes, so

4]
(e}
Pl
-
o
1
[

A
. . e aa 175
were prepared from chlorosilanes and 8-hydroxyquinoline.
The ease qf condensation of alcohols with dimesitylchlorosilane

(MSZSiHCI) was investigated as a function of the steric bulk of the

alcoho1.17®

I
[
i
o]
<
n
ot
=
1]
=]
m
W
n
8
o

e ozonized to the corresponding silyl esters,
“zlthough migration of silicon to an adjacent position occurred with

ISOme'systems.

: _ 051heztBu o /JL\ 177
N 3 o \/\/\ 0SiMe,tBu =
: OSibbztBu' _ ' co We
NS N . 03 NSNS L ]
e o e " ——> CHO OSiMeztBu
S L : _ h - 178
A~ 0siMe. S 0
@/ | mCICHCOH (:\( |
ST e e e 'osme2

Hydroboratlon-ox1dat1on of cyc11c 511y1 enol ethers afforded the :

alcohol der1ved from 1ntroduct1on of boron beta to the s110xy funct1on

The 1ntermed1ate organoboranes were only'stablerin cyc11c systems and led
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OSiMes : OSiMe3 08iMe._
. S , 3
@' B - K0 :
: N 7,
’lla OH “OH

Certain silyl-substituted keto-enols undergo 0-C rearrangements in.

solution.180
. H SiMe3
0 0SiMe 3 0 0
N
I R
—~
CH3 CH3 CH3 CH3

OSiMe3 QH
: SiMe..
3
~N —_—— ~
O ~ .
0 ) .o./\ 0

Easily enolizable ketones are converted into siiyl enol ethers by

triethylsilylthiophenoxide. The process can be made catalytic in

thiophenol.181
1
R-CCHZR' + EtSSiSPh———+ RC=CHR! + PhSH
OsiEt,
i
R-CCH,R' » Et_SiH PhsH R-G=GHR!
‘ (Ph;P) ;RRC1 OSiEt,

(R = Ph, R* = CN; R = Me, R' = CO,Me; R = Me, R' = COMe)
An overall insertion of carbenes into Si-0 and Si-S bonds has.been -
found to occur; these may arise via a silyl group shift from ;afbenef

complexed heteroatoﬁ to cai'bon.182

Me SiOCH, + PhCHN; ~Yy Me,SICHOGH; + PhGH)0CH,
- - . -t - . : . -
SRR

S-CRR" ',_%r,_néjsifsis;j T RRICHSEE | ..




a8

In add1t1on to ;he expected e11m1nat10n products,iz-bromoalkoxy-

. 51lanes and magne51um also afford productsrof coupllng and dlspropor-d':{_-

t1onat10n.189

Me SlOCHCH Br L—é PhCH—CH + (Me..SiOCHCHVJ + Me SiOCHVCHv :
3 { 27 ether 2 3 [ 272 73 3
Ph ] Ph Ph
(10%) (35%) 4%)

, 0SiMe ' OSiMe, .
Mg : : )

(10%) (31%) (19%) (16%)
The selectivity between alkoxy groups in the redction~of diaryl
methoxyélkoxysilanes with‘Grignard reagents and the. stercochemical
~ changes accompanying substitution have been determined. Phenyl-c-naph-
thylmethoxyborneoxy (or -menthoxy-) silane undergo replacement of only
the ﬁethoxy group (with retention) using aromatic or saturated RMgX in
- ether, while allylic and benzylic Grignards substitute the bulkier
alkoxy group with inversion. In THF and DMF, only methoxy is substituted

with retention.. For the cyclic silanes, both methoxy and menthoxy groups

are substituted with retention.m4
-Np ll-Np
Ph- ?1 —oMe -RiMEX, Ph-S3-R"
OR OR
OR OR R?

OSSN HOUSIC SN
\OMe > )\Rl \)\_R'

1,2-Anionic rearrangement of the silyl group has been observed in

metalated benzyloxyorganosilanes.185 Rearrangement was shown to occur
stereospedifically with inversion at benzyl carbon.186
Li . Li
PRCHOSiRY _nBuli, Ph-C-0SiRY Ph-C-SiRy
R R R

" (R'= H, CHj, SiMeg; R’ = alkyl, Ph)
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The relatlve rates of 511y1 ether cleavage by phosgene as a: funct1on

of the alkoxy group were. determ;ned , Slower rates were fbund for bulky
alkoxy groups and for unsaturated alkoxy groups.ls7 - 7

’ R SlOR' + COL:.

3 —-——+ R Sicl + R’O"OCl

2

A Some success’ at the hydrogenolys1s of alkoxy51lanes has been re~

ported although fully saturated alkoxy511anes only reacted to low
conversion. 188 ‘

. : pd/C .
}?hCHZOS:l.Me3 + Hz——/-)— PhCHS +* (Me351)20

Alkoxy- or acetoxystannyl compounds readily exchanged those groups

189

for halogen when treated with halosilanes. No mixed products were

BuSSnOR + RiSiX—~—-—)- BuSSnX + R\.')S:'LOR

(R = Me, COCH,, 0OSnBu,; X = C1, Br)

32 33
observed from the reaction of BuZSn(OR)2 with halosilanes.

Exchange of acetoxy for alkoxy groups on silicon in ethynylsilanes

has been carried out succeSSfully.190
Ac20
!-lCEC—S:i.R,:.’_l_l(()Me)n ————> HC=C- 51R3 (OAc)
pTsOH
(n = 1-3) : (21-65%)

~ Preparative methods and chemistry in the area of .0-silylated oximes

have been reported as follows.

2 R-CH=NOH + (Me Si),NH —5- RCH=NOSiMey + NHy 191:192
(R,R' = alkyl, aryl, H) ,
6 RR'C®NOH + (Me,SiNH), —> 3 (RRIC=NO),SiMe, + 3 NHg 153

(R,R' = alkyl, aryl, H)

Preparations of amidoximes have alsc been described.

Et N
MeSiCl + R-C=NOH ———~ R-C=NOSiMe, 194

NH B

L2 K lnBuLi.

R-CNOSiMe o3¢ R-f=NOSiMe3
. -NHsiMe. = - .. . NHLi : -

. Refereeces D. Bé
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N-sulf1ny1~0-tr1methy1sxlylhydroxylamlne 1s prepared as- shown.}gs"

(Me Sl)zNOS:LMe + SOCI ——% Me Sl—O-N S‘O + 2 Me..S:LCl

3 3 3

N:.tram:mes may also be s:l.lylated to y1e1d tautomer:.c m:.xtures of '

l;q-_anq N-511yated materlal, 197 The 0-511y1 materlal is more stable the
' ' 0. ' 'S].Me..
CH..NI-INO2 + Me S1NHCH H ‘CH -N—N-os:.Me ——> CH.N-NO

2 3 3 3~ 3 2.
vaulkier;theAsilyl group.

Dimethyl [a-methyled-(trimethylsiloxy)benzyI]phosphonate thermo-

198

1yzes to dimethyl trimethylsilylphosphite., The reaction is reversible.
) O-OSiMes'
(M) B-¢-ph === (4e0) Posive + PhCOCH,

Tetrak1s(tr1methyls1loxy)phosphon1um salts have been prepared in high
y1e1d.

VMe351I + (MeSS10)3P0—'——)' (Me3510)4P 1 (IQO%)

Messn_+ Me P(0) (0SiMes) ——> MenP”* (0SiMes) )X

(nfm = 1 or 2)

Siloxated oxadlazaboroles are synthesized as shown.200

: RN ~2Et N-HC1
( i B>To+2Meslc1+zst3N+Ho———~————>

R N R ‘ ,
H Iﬁ/o\ 7
. : ’ -0SiMe,
(R = aryl, alkyl) R-—C\N_/B 3
' . {
H

Cleavage of trlalkylstannyloxy- or germyloxy-substltuted 1,3 2-

7d1oxaborolanes with' chlorotrlmethyls11ane affords the correspond1ng

s11y1 der1vat1ves.20l,:’ B _‘; ‘.




y, 7 N -051Me3
) eRR}-0//'

- (n =0,1; R,R* = Me, H) -
Di@ethyl(tripheh&lsiloxy)alumihum undergoes ligand isomerization
upon strqhgiheéting.?oz - ’
o eiph . 250° o . »
Me,A1-0-SiPh ——> MePhAl-0SiMePh, + Ph,Al1-0-SiMe,Ph
2 50h 2 2 2
Monosodium salts of organosilanetriols were prepared and used to

synthesize organbaluminosiloxanes.203

3RSi(OH),ONa + AICl; — > [RSi(OH),0];A1 + 3 NaCl

(R = alkyl, aralkyl, vinyl, Ph)

A trimethylsiloxXy vanadium compound has been characterized.204

3 CISVO +3 HN(SiMes)2 —_— (MeSSiO)3V=NSiMe3 + 2 C15V=NSiMe3 + 3 HC1

A number of catalysts have been found effective for the hydrosilyl-
ation of ketones. In ome report, a ruthenium complex affordsrgood yields
(55-74%) of silyl ethers. This catalyst was not as active, however as

(o)

0 RuCl, (PPh.) OSiEts
R-C-H(or Me) + Et

SiH ——————————)— R-C-H(oxr Me) 205

3
(R = n-CsHII, aryl)

m——

the analogous RhCl(PPhs)s. The use of palladium chloride affords mix- .
tures of silyl ether and silyl enol ethers.206 Addition of phenylfhiol
ﬁ PdCl, OSiMe;  OSiMe;
R-CCHZR' + EtSSiH ———3p R- R'* + R-C=CHR®
v u .

(R = alkyl, aryl; R' = H, alkyl)
" raised the reaction rate and increased the relative yield of silyl enol .
ether to 80- 90%

Hydrzdometallocarboranes of fbrmula 3= (Ph P)2-3-H-a 1, 2 RhC B,H,-

a1’

2911

~

Reterences p. 89

.and 2,2-(Ph, P)Z-Z-H-Z 1 7-RhC2 9 11 were fbund to catalyze the quantx—:i;fs




::; 42 :

2073 :

?ﬁtat;ve hydros;lylat1on of acetophenone w1th d1pheny1511ane.
: 0pt1cal y1e1ds of up to 46% are obtalned by the asymmetr1c hydro- ff

j‘;s:.lylat:.on of ketones by a ch1ra1 phosph1ne—rhod1um complex.zosf

[CCH, L), RhCl]
81472 2y (331

1-NpPh§iH2 + RCOR -NpPhHSiOCHR2

(R = alkyl “Ph}
The reactlon of optically active alcohols with prochiral 511anes

'(RR'S1H2) affords silyl ethers which can be converted to optlcally

| active s11y1 hydr1des.2 4

+  (PPh.) RhCl .
+ R OH —3—3’———> RR"sl -or” BMeXy prirmsih

H

RR'51H2

The -chiral complex [Rh-((R)-PhCH MePhP)2 5 2] *c10,” , where S = sol-

vent,has also been used for the generation of chiral organosilanes in

the hydrosilylation of ketones by 1-NpPhsin, 210

Fluoride ion was found to catalyze the conversion of aromatic

aldehydes into- silyl ethers.211

ATCHO + Et SiH —SSF 5 arcH 0siEt,

3 CH CN

Generation of 8-silylethyl radicals in aromatic solvents led to the

_ conclusion of high reactivity for these specieé.212 A similar conclusion

I SlCH cuzco tBu ~CUBNC . Ep Si 4+ PhQMe,-CMe,Ph

A
PhC1 5
1 ——A———> C6H4 (C].)CHZCH:_,SlE‘t:3
Et35n5n5t3 - ‘
" s EfQQ‘l CHzmchzsnEts + EtSSnOtBu

was reéched for a-silylmethyl radicals generated from the thermolysis of
cumjl-triethylsilylpefacetate.21°
: B1s(trlmethy1511yl)perox1de was found to undergo numerous reactions -

-not observed with- its non- s111con counterpart d1-t butylperox1de 214



——-——RM——+ Me, st + MOS1Me

TR alkyl aryl M= Lior 'MgX)

e M—; Me381OEt + Na0OSiMey -
. NaAmL(OR), . _
E — > H, + NaAl(0SiMe;),(O0R),
o - —alkall metals, o 550 or Ni(0SiMe;),
or Ni(CO),
. o S0
1! - A 3

> (Me SSi) 2SO

"C_ertéin oxidations can also be effected in high yields.

. Me,S
- : o 2
B ' - . —_— -
' l\4e:’.S:|T-0—0--SJJnle3 MezSO + (Me351)20 (HRMDS)
: -Mezso .

n o — Mézsoz + HMDS
- P
. (OEt) 3

———=5 OP(OEt); + HMDS

Eph..
—_2 s OEPh + HMDS

(E = P, As, Sb)

The reaction of triphenylsilylhydroperoxide with phenyl isocyanate

-afforded the products sht:mm.z‘15

. -CO
Ph,SiOOH + PANCO -——23 PhNH, + (Ph.Si),0 + (PhNH),CO
3" _ -0, 2 3772 2
Reports concernmg the preparation and chem:.stry of the following

cyclos:.loxanes have appeared

H

coc1 N :
(I V @ 1Me ' \-— 216
OS:LHMe o . A

0

e NHSNe,GH,CL coc1, N | 216
s @( R O: ‘S1Me2 3 C( >—0CHZSiMe2C1 ‘

: 0SiMe 3




‘Me
) 1
R - +H0 > O] 0
SitMe, < e
) rMez -
/OKSiMe
Me,Si Me,
: NSt 218
@(Simxez) 6+ 0 —» [O] Y
~_ - A -/' \Si/ -
Me251 . Me
st e
Me,
2 .
(@-pom - @D @)
Chs $i=0 Si
, PA I\
PH R R R
- - N 2T\ )
(R = m-MeC_H,0) <33\>“_(<3 219
. Ll N\
{ {
o 9
/Si< V
Ph R

c1
ocH o2
3 660-700° i, 220
_— O)+10O
SiPhCI1R
, p )

/0
5\

T Na (35%)
(R = C1, Me, Ph) (40-57%)
oH Et,N D '
[:::I: + RSiCL, —2> E:::r’o SiR, 221
~7 TcH,0H : ‘\/)
(R = Me, Ph  Me,
= ) Sy 222
DME

_ C1SiMe,0SiMe,0SiMe,C1 + phne, 2ME, )
2051Me, 0S1Me, ! .
o , s ‘MeZSl,\N-/JIMGZ o




L Me o
, o sio SRS
e e PN WBh 222
- C1SiMe.,0SiMe,Cl + PhNH, D¥ » J .
1eg0SihetL “; He251\\0/,é1Me2
Me
. /Sii
S v . : . EtgN HN NH 223
[Phe (H,N)Si],0 + Me,SiCl, —23> ) {
MePhSi SiPhMe
~¢"
PhMe PhMe 223
4 7 ) 81-l1ll¥ -/N"‘Si\
[PhMe(NHLi)Si]ZX + S1C14 —_—>X i X
Sl-NH/ NH—Si/
PhMe PhMe
(X =0, N)
EesN 5"'0“S'M 224
(MeNHSiMe,),0 + RPCl, —> 5 2%} e
- MeN Nre
\E/
(R = Ph, Me; E = PMe, PPh)

(e = Me,p*1”, Phvep’1”, Mep®Cs,”, PhP'CS,”, MeP*1,[cOL,] 2,
MeP(S), PhP(S] and MeP=NSiMe, were also prepared)

S<
i
/S:L (OEt) 2

- e e P
HOCHZCHZSNE- + CICH251(OEt)5 — L

226 1226
{Other silatranes containing the groups BrCHZ,"'"’— Br(CHz)s,"'

H,N(CH,) ;227 and HNCH CHZNH(CHZ)- 7 have also been- reported )

Eight-membered cyclic compounds were obtained quanti;atively from

. } . < ans : ; 228
the reaction of dialkyl dichlorophosphoramidates with chlorosilanes.
SR G
(RO) P(O)NC1, + R'SiCl; ——> (Re}zr S ,?;
o_ (R,
< DsioN7 -

. References p. 89
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The behav1or of (d:.methyls:.lylmethyl) -su.bst1tuted benzo1c ac1ds towards

lactone formatmn has been :mvesugated 297
- CH slMeZH g CH SiMe, OC P CHZSil@ezaa‘-O_
KOH = SR
* N
c02H C\OS:.Me —caz co,H
(78%) (22%)

CH S:.He _ CHZS:i.Me2 %2— 0

@ -%S-H—) "polvmeric silylester” +
, , Co,H

Me2
/51\
CH SlMe H .
CH S:LMez%——-z 0

2
o { l
co Hz -@COZH
19——-—

A movel silicon cage compound was obtained from the controlled

hydrolysis of ClgMes(SiCtiy)g. >0

Mes ;7 c1
\

H,0
e i2 G 2
7 5i_ s’, —Me -
cy ~c1

Detajled preparations of hexamethyldisilthiane and hexamethylcyclotri-

- silthiane are now ;n.'a:i.lablez31



et

TP O R Pt S S S B |
- (MesSi) NH + 2 HNF! s 2 Me-sl_N\_'}_ Hz 2 e S1) s . 2 Tl ?’

—N‘,' . _‘\.=N,
Me ' ' o
2
‘s sSs SRS
3. Me,SiCl., + 3 H.S _2225%&22), | g, sHeNHC1
2 2 2 M6251\.‘, 1Me2
(83%)

Imidaiple catalyzes the reactions of thiols with hexamethyldisi-

lazane, probably via the intermediacy of l-trimethylsilylimidazole, to

afford trimethylsilylthioethérs232
/=N
RSH + HN ‘J + (Me,Si) NH ———> RSSiMe. (50-93%)
\ o 3 2 3
N

(R = CIOHZZ’ Ph, PhZCH C6H11, (CHZ)Z’ t-amyl)

Bis({alkoxysilyl)sulfides were prepared as follows.zas

Et_N
3

2 RR' (OR")SiCl + H,§ ————» [RR'(OR")Sl] S (58-82%)

2

Me, Et, Ph; R'' = n-al

Some metal sulfides can be obtained upon treating their oxides with
hexamethyldisilthiane>>%
3 \ = o

(Me351)25 * MO2 —_— (Me251)20 + M52 (25-70%)

(4 = Ba, Pb, Mn)

Both mineral acids and carboxylic acids are silylated in high yields
by hexamethyldisiithiane.?>>
(Mezsi)zs + H2804 —_— (MeSSi)zsoz »(9396)

" + H;PO, — 5 (Me;Si)PO (96%)

n + HgBO; —— (Me;5i0).B (82%)

" + RCO H -—-'-> Me, SiogR (80—90%)

A sulfur to carbon rearrangement 1s effected in benzylthlotrlmethyl—x

;s1lane upon metalat1on w;th t-butylllthlum.2°6 Lithium dlslopropylam;de

References p. 89



. PHCH,SSiMe,: —tBuli " 'y - phcHsSiMe, ——> phCHs'Li*
SLTTETYS PR et AT S
SR THF,-78° . I. _ ! o
LT Li : SlMe3 S
- PhCHSR 4&—J RX-= HOH, Et351C1
S1Me3 :
ST CH, I Mezso4 -
'may'ql'so be used for the metalation. Small amounts of products arising
»'from Si-S cleavage and Si-methyl metalation were also found in the
f-butyliithium reactions.
Varlous trlalkoxy51lanethlolates were prepared by the. reaction of
. trlalkoxy511aneth1015 with metals.237

(RD)SSISH + M —————5-(R0)351SM + 1/2 H, (100%)

7 (R = n-, sec-, tert-, iso-alkyl, Me; M = Li, Na, K)
_ (RO)SiSH + M — 3 [(RO);SiSIM + H, (90%)
(M = Ca, Sr, Ba)
Hydrolysis of trialkoxysilanethiols afforded the corresponding
238

‘trialkoxysilanols

(RO)SSiSH + Hy0 ——> (RO);SiOH

(R = iPr, s-Bu, t-Bu, Am)
The methylselenosilanes MeSeSiHS, (MeSe)ZSiHZ, MeSeSiHZMe have been
~ prepared using the following reaction type.zs9

LiAl(SeMe)4 + 2 HZSiBr2 —_— 2 (MeSe)ZSiH2‘+ LiBr + AlBré

4. Si - Group V

In contrast to the behavior of chlorotrimethylsilane, iodosilane
7 reécts with bis[bis(trifluoromethyl)amino] mercury to give the previously
unknown N,N-bis(trifluoromethyl)silylamine.240
[(CFS)ZN]ZHS + Z'M?SSicl _ 2 MeSSiF + 2 CF3N=CF2 + HgCl2
" ’ ] + 2 Si_'HSI _ (CF3)2N§§.H3 +VCF3N--7>CF21+.S:1H31'=_—+ agIZ' :

ey



g S11ylat1on of methy1n1tram1ne affords tautomer1c adducts wh1ch are:

5sens1t1ve to hydrolys1s. The s11ver salt of. methy1n1tram1ne 1s s11ylated A

by chlorotr1methy151lane to afford the same adducts.241;
R : - : 0 S
- - N . . . . - _ . ’ - .
CHSNHNOZj+ B§e281Nm1e -—},CHSN—N . \————"—“__‘L CH3I‘W-T51M63
0SiMe . NDZ

Hydrosilylation of carbodiimides offers a high-yield route to

N-silylformamidines. These may be hydrolyzed or acetylated.242
PAC1, or PiRY
R-N=C=N-R + R.SlH ————————————%— R-N- CH‘N R (60-98%)
(Rh,P) _Rh
AcCl H20
Ac
" :
R-N-CH=N-R R-NH-C=N-R

(R = iPr, C6H11’ R' = Ph, Et, Me)

Arylazotriphenylsilanes have been prepared from the corresponding

hydrazines.24°
Ph $ic1 chloranil
- —2 5 p- —_— X~ =NSi
P XC H NH.NH2 P XC6H4NHNH51Ph X C6H4N NS:.Ph3
(X =H, Ci, CH3) (41-68%) (12-45%)

The preparation of metalated silylhydrazines has been carried out

by two routes.244
G 1
\ / MR ———> ™~ N A
+ o™ —
'Rssl/ \ R, RSSi/ \SiR3

(G = Hor RSSi; M = Li, Na, K)

M M
PO R \\ e
R.Si-N=N-SiR, + 2 M —— N—N
3 3 yd N
: R,S1 SiR

s s 245
Azo compounds afford adducts with silanes.

R-N—N R+ stw ———} R-NH-N R
S iR}

. "References p. 88



80

;f(ri.,:'-- 'cc';‘ué' -co'Et' ' Ph‘;‘—'R' A=.E't Ph)

Thermally stable . (200 300°C) N-s11y1 1.3 4-oxad1azolln-2 ones are o

'acce551b1e as shovm.246":
. M»351C1 éEﬂ C -
. RCONHNHCOzPh s RCO\I—NCO P _ l\{essiOPh + RCONHNCO.
. RSN SlMe.. :
N—N—SiMe, ‘N—NH -

R;/I\o):;o oﬂl__ R_/Ao):o

(R = Me, tBu, Ph, ,CH=_CHCH3)
A number of siiylated amidophosphates have been p1-epa.1:ed.247

, _ OR
: . .
(RO),PC1 + (Me;Si),NH ——>- (RO),PNHSiMe; ——~ H-P=NSiMe (41-54%)
3 \ 3
OR )
(RO),PCL + 2(Me;Si),NMe ——3- MeN [P(OR),]1, (43-46%)

Other phosphorus chemistry involving silylamines is shown below.

F 0
'~ /s/o - \/s._//N 248
\},Cl _@ess ¥ Noumsive,
2 \g N/
s—N =
. R, I:/ X0

(R = H, Me, Et)

RSJ_CI
(RO) ,P(O)NC1 2> (R0)2P=N—~S1RCI
2 2 1
(4} 0
, b
(R = ¥e, Cl1) CIRSi—N==P(OR),
LiPMe, ' LiNMe, ' 250
C1SiMe,CH,C1—=> C1SiMe,CH,PMe,—— Me NSlMeZCHzPMe
HNMe2 )
: LiNMe, - 1)PC1
> Me.NSiMe.CH.Cl———%> Me_NSiMe, CH,NMe, —— s
A 2 272 22)L1PMe2

Mezpsl_nezq-lzm»gZ



S BL

Na.N (SlMe..) 2

N:. (PFS) . -____—> N].(PFs) [PF, N(S:I.Me )2] - Nlcpss) [PFZ‘J(S:LMe 251

3)2]2

a

wo [~ ] pmpcr, .. Y _
2 l L z VPFZN(SlMeS)z«
Ni (px-‘sj 3 (PFZNHSiM§3) + Ni(PF3); (PF,NH,)
Ni (PF.), (PC1Ph,) [PF N(PPh,), ]
252

Sulfur dichloride reacts with N-silyl amines,

A tBuNH
SC1, + Me,SiNHtBu —> MeSSiTsm—————z-—;» Me;SINSNHtBu
) tBu tBu

(85%) . (75%)

The preparation of aminosulfinyl chlorides and their reaction with
the Si-N bond have been eXamined.25°

Me;SiNR, + SQCI, —_— RNS(0)CI + Me,SiCl

(R = Me or morpholino) RiNSiMe

M3381C1 + (RZN)ZSO + (RiN)ZSO
2 MeZNS(O)Cl + R'N(SiMe3)2 —_— (MeZN)ZSO + RMNSO + MeSSiCI

(R" = nPr, nBu).
MeSSiNSO + MeZNS(O)Cl —_— MeZNSNSO + SOZ + MeSSiCI

Silylamines are cleaved by diphenylselenium dichloride.2>*

-Me._ S1C1
PhSeClz +VM§SSiNMe2 —————————> PhZSe(NMez)Cl

-Me-SxCl
PhSeClz + (Messl)zNH —-—————> [Ph Se—‘(—Seth] c1

N-Silylated Z-amino—l,3,2-dioxabdrolanes~and dibxaborinanes,are}

“preparable in high.yig}dé;2$§ ’

Refeyenceé p. 89



(R = ~CH,CH,-, L - (Messn'zuﬂ
N R o :
. -CMe,-CH,-Ce,,-) ( Ve \ A NH

' [o\ ' N -
—Cl1l + (Me,Si).N ——————}-’[:j B-—N(SiMe.)
O)» 7 35313 o 372

The-2-chloroborole shown below reacts similarly with hexamethyl-

disilazane, %>

N . BN
e B—Cl + (MesSi),NX —> I NX
CH.” ~s7 CH o
5 3

(X = H, SiMe;)

The reaction of phenyl(dimethylamino)chloroborane with N-lithio-
-silylamines forms stable silylaminoboranes, but the stability of simi-

lar products obtained from phenyl(dichloro)borane was dependent on

structufe .257

MegSINLi + C1B(Ph)NMe, —— MeSi(RINB(Ph)NMe,
R

(R = iPr, Et, Me stable)

3

MeSSiN'Li + C1,BPh ——— Me,SiN(R)NB(Ph)C1
R |
[R! = .tBu, iPr stable; Et, Me unstable to give 1/3(RNBPh)3 + MeSSiCI]

Stepwise cleavage by Me,BBr of the Si-N bonds ian(NMeSiMes)scan

be carried out'and all members of. the cleavage Sequence can be isolatéd.zs8

MeZBBr,
B(NSiMes); — ——> Me,B-N-B(iSites),

L -Me,siBr - b b
e R : Me,BBr, -
, ~MeSiBr

. MezBBr, : N :

(Me,BN) B <—=— (Me,BN),BNSiMe

21°3 -Me_SiBr 22 3

Me - 3 - Me Me



53
Tr1s(tr1methylstannyl)am1ne reacts w1th chloros1lanes to. form :

silyl stannylam1nes.259x

(M§SS§)3N_+ Me4_nSiC1h ———f4>,(Messn)zNSiMe4_nC1n_1 n=1-4)

Z(MeSSn)zNSiMe3'+ S4N4 —— (MeSSnN)zs + MeSSnNSNSiMe3

2(MeSSQ)ZN51Me2NCS + S4N2 ——g——k-Me4Sn + bEZSnN2$2'+

—MeSSnNCS _~N=5=N ~
2 MeSSnNSNSlMeZNCS _ MeZSJ. SiMe

N=S=N

2

A new 4-coordinate thorium compound containing silylamino ligands

has been reported. Attempts at introduction of a fourth such ligand

were unsuccessful.260

THF

ThC1, + LiN(SiMe —_— ClTh[N(SiMe3)2]3

32
Numerous aminofluorosilanes have been cobtained from mixtures of
tetrafluorosilane and primary and secondary amines in the presence of

dehydrofluorinating agents such as LiAlH,, NaBH,, 82H6 and electroposi-
: 26
tive metals.”®t
Complexes stable to 100° were formed between silazanes and aluminum

chloride.262

Hite,SINSiMe H + ALGl; ——> (HMeZSi)Zlil-AIC]_S
R R
(R = H, Et)

Disilazanes have been transsilylated by some chlorosilanes; the

263
reactivity order was found to be MezSiClz < CH;SiCl; > SiCl,,

+Me Sicl +Me3_m51C1

(Me 1) NR 3 s e, sSINR mely Mey_,C1 NR
~Me;SiCl -Me,SiCl .
Me:,,__nS:LCIn 3 . S:LCln

(n = 1-3; R = H, Me)
Simple, high yield, routes to tetramethyl- and pentamethyl -1,3-

,d1chlorod151lazanes have been descr1bed 264
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'n~-NH €L n e --NH'

3 7 . _
MeZSIC].z * 2 NHS _> MeZS:.(Cl)NHZ _;__) Mez?l-N S1Me (ss%)

‘ . ) “arb Ea

o , -MeNH c1 R : -MeNH2 H
Me,SiCl, + 2 MeNH, —-—)- Me S:L(C].)Nmfe ———Z— Me,Si-N-SiMe, (90%),
R (x2).. frc1 vél B

In contrast,-ethylamine gives oni‘,' dimethylchloroethylaminosilane under
similar éonditions. '
A number of 1-chloro-3- d1alky1am1no disilazanes were prepared as

1nd1cated below.265 These could be transformed into disiltriazanes,

'butinbt into'cyclosilazanes.
~N(51Me Cl)2 + HNR'R" ——» R-N- SlMeZCI

SlMezNR'R"

(R = Me, Et; R' = H, Me, Et; R" = n-, iso-, tert-, cyclo-alkyl)

2 EtNH,
R-N-SiMe,C1 ————> R-N-SiMe,NHE:
SiMe,NHR SiMe,NHR
 Me, R Me
Et_N
3 L SIZ—N——SIZ\
RN NR
Nsi—N—8i”
Me, R Me,

Thermolysis of bis{trimethylsilyl)diimine has been found to proceed

as f'ollows.266

- - 0° - .
2 M8351N=N51Me3 —_— (Me351)2N-N(S1Me3)2 + N,

. (74%)
2 " —:§9ﬁ+ (Me351)2N-V=N-N(SiMe3)2 (88%)
3 - =1507 (Me.Si).N + N, + (Me.Si) NNHSiMe, -
‘ 3773 2 3772 3.

+ (Me Si) NH + above two products

Products conta1n1ng N-H bonds appear to arise v1a hydrogen abstrac-

e 6
tlon by 1ntermed1ate 511y1hydrazy1 and 511y1am1no radlcals.267 268



Alkall metals (L1, Na, K) reduce bls(trlmethylsxlyl)dllmlne to the
' dxanlon or radxcal anlon the latter is’ unstable towards dedomposxtlon
into n1trogen plus the metal b15(tr1methy1511y1)am1de or. the metal o
{bls(tr1methy1511y1)am1de trls(trlmethyl511v1]hvdraa1de and a21de. ﬁgf

~Metalation and subsequent 511y1at1on of a1d1m1nes afforded a series

of C silylate prcduct=;27o
S . . C1SiR', .
R-CH=N-CH,-Ph _nBuli_ R-CH=N-CHPh — 3, RCH=N- CHPh
’ Li - sm's

(R = Ph, p-Me NC.H,, CH  ; R' = Me, Ar)

" N-trimethylsilylketimine reacts with bis(benzonitrile)palladium
27 '

dichloride to afford an N~s:x.1y1ket1m1ne complex.

(PhCN]deCI + 2 Ph2C=N81Me —_— (Ph CNSiMe ] PdCl2

2

quent silylation affords mixtures of N- dnd C-cilylated products that
are interconvertable when heated or treated with halosilanes. The

amount of N-silyl material at equ{librium is governed by the steric

requirements of R.z—]2
. Mr,SiCl
N
Me,CHcusNR IPIMECL, 5 T e c_caNR + Me,C=CIHNR
SlMeS SlMes

The following silyliminophosphorane chemistry has appeared.

.55

” , SN=5,, 27
2 RRjP=NSiMes + 2 SN, ————————> RRjP= N:Q ,)ﬁ + {Me,SiN),S
' , : : - 'N—8" o
(R,R* = Ph, CH.) : : (71-86%) ]
- =) 2 Ma WNCIAr~

nreN$s=1§-Sibié3 + (\ie351N)25 + MezNSN-S—NS1Me RRZP—NS:LHe..

. Ph MeP NS1Me.. + Ac 0 —-——->> Ph. MeP—NCOMe + AcOSlMe 274

(9895)

" - R—NCO —_— Ph MeP, NCONSlMe (62 86%)274

S . ) »R
»Referg.nces'p. 8y - . ‘7 LR = life:, Et)



s1lane w1th N N'—b1s(tr1methylstanny1)su1fur d11m1de. e

g :ph 1~4.,=p_ns,1m,=3 + PhNCO — Ph-N=G=N- Ph + Ph-N-c—N sm«a3

74¥5-

2
@) . ase)
L+ thMEPO + Me Slhco
1) 67
" $CS, ——> MeSiNCS + Ph,Mep=s 274
(98%) - (76%)
RNP=NR + 2 RNy ——» RNPQNR), + RN 275
(R = SiMe,) CH_0H
OR
R NP=NSiMe; (70%)
HNSiMeS
p-p iN : ; 276
RyP-PR, + MeSiNy s R P=NSiMes + R;P—PR,
' PR,  Me,SiN NsiMe,
. lss
p-p
Rahhi2
S NsiMe,

_ : v 277
(C13C)pP=NH + RX ——— (C15C),P=NR **

Cl C1

(R = SiCl;, X = Cl; SiBry, X = Br; SiMe,Cl, X = C1)
(LxeSSi)ZNLi__+ PXy —> (MeSSi)zNP;NSiMeS (59-61%)
(X = Br, C1) [ (Me;S1) N PN

(Me..S:L) NP (-—NS:LMe-)Z

s : : 279
Ph,P(CH,) PPh, + 2 Me,SiNg -—-,\-M<9351N=P(Ph2)[CHZ]nP(Ph)2=N81Me3

(90-98%) .

100° _ . - 280
MesslN—SF —NSJ.Me.. + 2 SF ——> F,8= =N- SF4-N—SF2 + 2 Me351F
CSF !

A b1cyc11c compound is produced by the reactlon of methyltr1chloro—
281



57.
e
, si
2 MeSiCl. + 3 Me.SmNSN _ My
w2 e ?1‘3 + e .S SnMe; —> 6 Me;SnCt + ﬁ N”’s ({4%).
W | ~uT

]
Me

De- and trans;silylation reactions of silyl sulfur diimides proceed

as follo'ws.282

RZS(=NSiMeS)2 + PhZPCI — VRZS(=NPPh2)2

" : + Me,PCl ——> st(=NSi_z~ie3)'(=ane2pMe)c1"
b + Me,SiCl, — R,S(=NSiMe,C1),

" + MeSiCly —— R,S(=NSiMeCl,),

" + AlMeg; — MeSSiN=SR2=N(Aihle3)SiMeS

New heterocycles result from the interaction of N,N'-bis(trimethyl-

silyl) sulfur diimide and chlorosulfinyl isocyanaté and imidobissulfonic

acid chloride.283

l\less:i.NSNSiMe3 + CISOZNCO —> S N + MeSSiCI

/ .

» + HN(SO,Cl)., ——>» S/ NH + 2 Me_SiCl
2 2 \\ 3

N...

%

7 (7%)
‘Other reactions ofAthe silyl sulfur diimide are shown below.2%4

Me ;SiNSNSiNe; + C1

——>Me

2 3§;N; =NC1 ~ (82%)
.0 . bv' S—N_.
: S S : i /0N
) - _._+7F3CCC1——‘-—-7~ FSCC—N\ //S

. 8N

: Befergncesp.’éé’ o



58
yé351ﬁ5§$iue3}{Scizf—————»»(MéséiNSNizsA.
'(Me;Si)zNNé 4 soir — (Me;SiN=) . s

A fac11e msertmn reaction of silylamines wu:h benzoylot-butyl-
T
»rcarbodnnude leads ‘to a preparative method for tr1methy1511y1carbod11m1de 8f
9 - cl) N(R)Me
PhC-N=C=N-tBu + Me..SJ.N(R)Me _— PhC-N C=NtBu (63-88%)"
MesS:l.
150°
MeSi-N=C=N-tBu
(68-82%)
An isocyanurate is formed from phenyl isocyanate and silyldiimicles.286
NSiMe..
. l\ >
Me..SiNCNSiMe.. + PhNCQ ——> Me.S NPh (82%)
c > PN
- ; 7
0~ TN" 0o
bn
U - 287
Sulfur diimides were obtained as shown.” .

= - - . idine ‘SiN iMe. 9
3 Me3S1NH81Ne3 4- NSSSCIS—EL——» 3 Me381\SNS1Me3 (37%)

MeSS:i.Nl-lSiJ‘f!e3 + PhSCl —> PI’IN!‘ISi.I\le3 (32%)

N,S,Cl,
- PhSNSNSiMeS (45%)
Trimethylsilylnitrene is fixed by reaction with transition metal

-complexes .v288

_MeSSiNs + Ru, (CO)_ 12—> Ru3 (C0) IONSiMeS (5-6)

"o+ CSHSCO (CO)2 — Co3 (Co) (CSHS)SNSiMe3 (54%)

"+ Rhy(CgHg) 5(CO), —————;~Rhs(Csﬂé)s(Co)NSiMesr (48%)

The reaction of trimethylsilylazide with orgahic esters affords

P : e : - 2
silicon-containing species. 89



, o L S S T 59
RCO,R' + Me SiN;. ——» RCON; + R'OSiMey o |
Y = '_' . . . : -
(R* = CgClg) N I = ‘
S : ' - R-NCO  (40-50%)

' CH2=?——?H + Me-S1N ————)— H C-C CHZNCO + CH--C CHNCO

- 0—CO0 051Me3 OS1Me3'
(45-50%)
f _—FHZ +* MeSSiN3 ————e>—N3CHZCH2C0281Me (75%)
0——COo

An iron complex is formed between diironenneacarbonyl and N-tri-

methylsilylbenzophenonimine.290

Ph?ﬂ

Ph_C=NSi < \F co
,C=NSiMe; + Fe,(€0)g ——> (CO);Fe—H —Fé(C0)5
: SiMe;

Evidence for a species containing a silicon-nitrogen double bond

has been reported.291

— SiR, SiR,
| 611° I

+ Ph(R')C=NPh ——————> Ph———————-——N\\\ !

-CH,=CH, L i !ﬁl

Eh -Ph (R')C=CH,
R251< >SiR2 4————  [PhN=SiR,]
i
Ph
(25-41%)

The preparation, characterization, and reactions of a series of
isocyanato- and isothiocyanatosilahes and halosilanes have been. reported.
7 These are of the form HS1(NCQ)-, Sl(NCQ)4, HSJ.X(NCQ)2 and HSiX, (NCQ)
Q=0 or S; X = C1, Br and I)
The heterocyc11c chem;stry of 5111con—n1trogen compounds has been .

an act1ve area of 1nvest1gat10n.—.
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.60 .

R R ;'.- 2 C“z,'_zgs

e g
‘R R"S:.Cl + HZNN -c, Hy NNHZ -9 RSN ?:R
) . RIR" )

(R = Me, Bu; R' = Me, Et; R" = Me, Et, Ph, viny1)
, NH, X ( 203

R'RUSi (NEt,), + HZN?_CZH“NHR—O_) » -

120 Nsi
R R'Rl'

(R = Me, Bu, iPr; R' = Me, iR" = Me, Ph, vinyl)

Me Me
H H
i 294
ClMe,SiSiMe,C1 + MeN—NMe~> L J\"”e' (57%)
Me e
\51—8{
MeZMe2
Mez
Li Li i 294
} . 1311 hnm‘{ MeN/S fe
+ eN—. (]
z MelN R e
Si
Me2
(CcH.)
: / &N 205
- s (NE NR
Me (CH,=CH)Si(NEt,), + m'u(cuz) NH - - RN\ss./\
R Me” =CH,
(R = alkyl: m = 2,3) (n = 2, 82%)
'R
295
' 57 G,
Me (CH,=CH)Si (NEt,), + RNCH cH, NCH CHNR —3- n}«
) H R H s :
: Me” . “CH= =CH,
(R = Me, 59%)
Me, o . _ |
RN/SJ\ el R  oyay 296

2 _RiC-Cl_, ClSi(Mez)CHZN ; C-R*  (R' = Me, 92%)
R R : ‘
-3
Mey

Ei



: o
st : u R ,
: 'C—N—CH T L
S % o 2>$ilie2 (92-95%)6
s/ N (%=0,9) CH~ g—g—x .
Me,
o _—~CH5—NR |
" _RNECXS  me,si 2 (90-95%)
(X=0,5) SN —C=X
R
Me
) .
1
3 i1 4 s NS RN’S NR 5
Me,Si(NRLi), + Me,ClSINSiClMe, ——> . A (34-41%)
. R Mezsi-\N,Si}iez
(R,R' = alkyl) A
. _-SiMe,C1 R'NH, _-SiMe,Cl
- >~ R~N EEE—
“SiMe,Cl SiMe,NHR .
R"NH,
Me, I
_-Si%N ' . _ SiMe NHR" 298
R—N Sside, 4AinBuli R—N 2
~ Si—ll‘l - 2)Me,SiCl, " SiMe, NHR
Me; Re
(60%) : {60%)
(R # R # R" = alkyl)
M"2 . l;h ;h 299
HI Hllv “NH el \NH
+ PhBCL,—> ) L . |
Me 1Me , 277 Me,Si N/$1Me St
H H
‘Me ‘ :
o sﬁ.Nﬂ : - (26%) , (29%)
MeZS%'\N’ ‘JH #+ PhBCI, —
-—b:.Mez ’
. . )
NHg Vi

. _ClMeR51(CH2) SlR.MeCI ~—> RMesl\ S:.MeR (73 91%) 300 .

297



620

2 .

o st sive, + vovame > el VT owy L
, i . D o ' 17
7_72'1_. le, eNHNHMe * . —— - e\/NMe (20%) ~
i U L Si- R
a Ne,
: Mea
. L ./sl\
‘Me,SiCl, + MeNHNHMe ——> MeN Nie (405 301
Meall \Si’NME'
Mez
Me
si’

Me Me ‘Mel"l - fe . =
Me,SiN—Ngive, ~ _LlnBuli Me,Si - SiMe, (528) O}
i - ! 2)Me, SiCl N—N o

~ Nide  NMe 272 Me Me
Me Me
. ;i?_Si\z 301
 Jielte ynBuli MeN NMe
" Me,SiN-NSiMe i ol
5 2 2)Me,Si-SiMe Me,S1 Sidie,
NHMe NHMe 2979 2 N__N
C1cC1 Me Me
;’?2
i 5
H - bl
(Mez;Si-O)ZSiMe + Mel:l-NMe ——= Me,Si s'iMe?_ (25%)
C1 Li N—n/ :
- . Me Me
Me
7 S/N SiMez o~ 302
(Me;Si-N3,S + Me,Si-SiMe ———= \ (72%)
O Me L4 MeN SiMe
C1 Cl1 ez
S—N :
Me
 Me
N
s/ iMe :
. . - T 2 (89%) 302
(MgaziSl—l!‘l)-zS + MeNH2 — MeN\ ’INMe .
Cl Me 5i”
Me




63
 MeNHSiMe,SiMe NEbte + MePCl, "—om Me,SLTTgiMe, 303

MeN : e
- Ve
.\p., )
“‘Me . .. »
S Et ,
. ’ : .Me : N 303
EtNHSiMe NHEt + mrNrm Mefl’/ \{SiMez 2
’ MeMe MeN\p/ NEt
“Me
' Me_Si—SiMe 3
ClSiMe,SiMe,Cl + RP(NHMe), ———=> 27 "\ 02 (R=tBu, 34%) 0%
2918, 2
MeN NMe
\P/
= i
(R = tBu, CHSO) R

MeZSi—SiMe2

tBuP (NMeSiMe ) (=NSiMe ) + Me,C1SiSiClie, —= e (52%) S04

%p/
c1 .
tBu/ \Cl
Me
N Me —
Me. s%/ \fiMe cs, | /,N\ 305
Me,S1 NMe = Q-ﬁ-s Q= Mess‘.;- SiMey
P S MeN NMe
! N p¥
R ° <
L—,
C012 -2 '
" ———=2 @, (Col.,)
2 2
" Mel QI'
S
o 8 . Qs”
Me _SiN., -
" —_ QSiMe
' . N - 306
Mezlsi-X-SiMez + R'NHSO,NHR' Mezsg_ SiMe, (30%)
1 : ] R
ca c Me251\SOZ/NR'

(X = 0, NR; R = SiMey, Me; R' = H, alkyl)

Refeienc_es p.'89 o



- <33Ajfl“-s e Me 51{N3251Me s

ERE A -'f-Mfezsir.SiMé

' (M AN

(M = Ni, Co; X =0, S)

' ' , ss\ P 2\ 308"
(C5 5) '1‘1(312 * L1N(51Me3)2 —_— /T \ S:I.Me2 5
L C.H

5 5 |

- ¥

"5,~ihé‘§iépara£ibﬁ éﬁ&'chéﬁiCAI'reacéivitiéé;ofza npmbefvbf giiy;pﬁgs;l'-'
’;phme speues have been mvest1gated o - ’ , A

A BrS1F-,+ u.u(puz) 4__;. F-S1PH2 + AlBrs +-MBr (M = L1, Na) 309
— IR (eo%) ERRT, SRR

(heySi6, and bE,SAF 452 nox yield sitylphosphines)




2.X_

" 3S1PH 4 L1PHHe s R..S1PHL1"—'—~‘ (R3$1)2PL1 + L1PH2

e (Me Sz)ZPL:. . CHSCI-——— : »' (Me s1) PCH, ‘-31,1; -
- (MeHZSJ.) PLI MeHZSJ.Br SR (Me!{ Sl) I
Ry S1PHL1 + A1c1-, 3 L1A1 (PHS1R3) .
: 1 4 R.SlBr ,
311
(R Sl) PH + awe M »
I L o 259 ’ ‘- . 312 o
g H331PH2 + FSCM 3 > F. CM(PHZ) (M-P, AS)
PSR .(7‘“?1
’ _Me-—51PMe e (CF.. ZPH ————'{_ >, MeéSiP(CF - Me PH °1"
' F.SiBr + Me_SnEH -4“ t:>1= S'iE!:-"" (E =P, As) "‘4
'3 it Sy B N
: (705)

~H251PH2 + HNRR' —;——>- H. S1NRR' * PH —315

(R R' = alkyl) (;oo%)

‘-=H slpu2 s HXC.N-—-—'\ H351NCX (x 0, S) 315 A




86 -

;516 0

:’ ﬁ:,{'KP PK +° 2 Me. SlCl-—-#—Me 51P PSlMe=:r(93%j; O
"'PhPh L PhPh
' -,Phpxz + 2 Messlmhr (Me 51)2PPh (64%)
Tia T SR SRRy (v P - -‘18
© Me,PH + BuLi - Me,PLi ~—— LiAl (Pue o
. o RSIK s
" t 2 5 R..SlPMe2 (68-80%) °
(RS = Hz, MeH,, Me,H, Mes)
o (cH,)
- . on” N\ oy 319
pm;-(cnz)n-fph + Me,SiCl,——~ PhP\ PPh (17-51%)
Li CLi » Si
Mez

M =2, 3)

Exceptionally stable dialkylarsenido-transition metal complexes

containing silyl groups have been prepared.°20

. . +. -
Hs (CO)_ 3MoAsMe2 + Me381CHzC1 — [CSHS (co) 3l"lo:’\sl*lezCHzSlMes] C1

. . - +_ -
Hs {Co) S‘\IAsltle2 + Me,Sil [CSHS (co) 3i\ll\slﬂezsﬂdes] 1

z

i . . . . oy 321
(MeSi);Sb + Ni(CO), — (Me5Si);Sb-Ni(CO); (60%) =42

5. Si-Metal

Several trifluorosilylpentaboranes have been prepared and charac-
terized.>%?

- . " ether
—_—— -
LJ.BSH8 + Slr‘ 8° 2~ FSSJ'BSHS + 1-F, S:I.BSH8

(45%) (1%)

Boron insertion reactions have been used to prepare the first
‘examples of apically substituted hexaborane(10) derivatives. 2>
CH,BC1 + 1- or 2-MesSiB.H Li — > 1-Me SiBH, (5%

Compbunds contaiming germanium-silicon bonds are formed from
- dlfluorogemylene and- chlorosllanes-324, -

=~GeF2 + Ph, 51c1 ——~—-+ Ph ' S:LGeF c1




A somewhat 1mproved preparatlon of an- optlcally act1ve mercur1a1
has been reported along Wlth some of its’ reactlons which proceed pre- :' E
‘domlnantly by retentlon.qzs‘ )

tBuZHg + (+) R S1H ———~—~%> (—=)- (R Sl) Hg + 21BUH E
Sh
'”(R- = methyl- l—naphthyl—phenyl)

(_-) (R;S1) Hg + L1A1H4 —_— (+)—RSSiH

"o + (BxCH,), ——> (-—)-RSSiBr

" hv

; (—)-(R;8i),

New chemistry of t-butyl(trimethylsilyl)mercury has been investi-

326
gated. 7 v ?N
M = _ -Hg _C=C=NSi o
tBuHgSiNe; + XCgH,CH-C(CN), > XCGH,CH-C-C-NSiMe;  (95%)
tBu
| o
" + MeOC6H4CH=C(CN)C02-:Eg—€> MeOCH, CHC=C -0t

tBu OSiMe3

HgSlMe
>-PhC—CCN (90%)

Y

tBu

tBquSiMe3 + PhC=CCN

A number of alkyl(trimethylsilyl)mercury compdunds have been pre-
pared, and their stability to heat and light inyestigated.327
(Me Si) Hg + RigX 297> Rigsine,
(R = Me, Et, Pr, iPr, tBu)
Conditions for the symmetrization reaction were also discussed.
2 RigSiMeq — R,Hg + (Me5Si), Hg
New work on silyl-platinum complexes has been reported. The chemis-

try of some cyclic compounds of this type is shown below (L = PPh, )‘)28

SiHMe,

PTL(CoHy) + | O (95%)-

,.Retexrences p.89.



68

-thL(C 4) o 'T . "’Tf‘?'*‘PPtg<;-"?i~"'f
. g : TN N

" + (HPh,Si),0 -,-4_5—>'Lpt< o O

-]
PEL(CH,) + (mre251)2 45 iMe,0SiMe,H)L,  (75%)

Attempts to prepare 7-membered ring systems only gave acyclic species.

CH251HMe
PtL,(C,H,) + ﬁ)ji ——— LPeHSiCi,

CH S3 HMe 2 CﬂzsiHMez

" + HMe,SiCsCSiMe,H —— PtH(SiMe C=CSiMe H)L, (92%)
2 2 2 2 2

PtL, (C,H,) + HR,Si(CH,) Ci=C—> PtH[S1R (CH,) CH=CH,

’(n =1, 2; R = Me, Ph)




S 81 . 2 Br, . B '
i \ LTTR20 T b : e
e, o
. 2 ¢
" =2 - RPt(Me)I (73%)
1] 2 PhCECH‘L D D= -T2y
- zrl.u'u\..—uu ouvDy
. Ph Me
: P 2 Si2
Ph,PCH,CH,PPh, .~ ~_ 7t~ "N
" e ‘Pt @) (63%)
v ... .
Si
Ph,, Me,,

Silyl-platinum complexes containing varied functionality in the
zTI0
T

silyl group have also been prepared (L = PPhS).

PtL,(C,H,) + R;SiH — > PtH(SiRs)Lz (45-98%)

[Rg = Phg, PhyMe, PhyH, PhMe(CH,=CH), Ety, (Et0)z, Me(Mez5i0),]

3!

Pth(C2H4) + Me

2ClSiH -—) Pt (S:i‘l\162C1)2L2 (74%)

PtL,(PhC=CR) + Ph,MeSiH —> PtH(SiMePh,)L,  (47%)

(R = H, Ph)
Pt{PPh Me}, + R Si——> Pr(SiR;},(PPn,Me},  (60-70%)

(Ry = Cl3, Cl,Me)

A new method for the synthesis of silyl-platinum cémpfexes has

been described. (L = PMe,Ph) 350
Pthe,L, + Ph,SiH, cis-[Pt(siHPh,),L,] (67%)
"+ R,SiH -» cis-[PtH(SiRZ),L,]  (18-64%)
(R = Ph, p-FCgH,) V

PtMe_L, + Ph_MeSiH -———> cis-[Pt(SiMe.Ph),L,1  (21%)
Z < < N —_— < L L

PtMe (PMePh,)., + Ph,SiH

22 SSify — cis-[ptH(Siphzu) (pnxerfhz)'z], C(50%)

' Reported chemistry of non-platinum transition metal-silicon bonds <

.69

N
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( Hs)Fe(COJ sm . AgBF T (c HSJFe(COJ SiF_ - ‘(iS%)sSl
@ ' | FEp
332

2 Phy X SiH + My ——> 2 Phy_ X SiM +H,
[n =1, 2 X = C1 C6HS’ M= Mn(co)s, Fe(co) Cp, the reactnunes of
these species with Cs H L1 are descnbedl 7

Me
. : ) ' T/Siz\
. Mn(coy  + MeZ'SiCHz(IHz?iMez —_— (C0) .M . J 333
- H H 1
o i Me,
M=Fe,n=1, m=5, 51% -
M=Ru, n=3,m= 12, 89%
M=0s,n=3, m= 12, 89%
Ce, (CO),, + Me.,SiCH,CH.SiMe, — ~ [(CO),CoSi(Me )CH, ], (36%)°°°
2 ‘8 3¢ 2 2( 2 b o s = ‘
H H '
hv . 334

llg(SiMeS)Z + Fe (CO)s ——» Hg[Fe(CO) 4S‘:i.Me3 1, (28%)"
Hg(SiMe,),
¥ 32
(C0)4Fe(31Me3)2 (78%)

An iron to carbon.silyl group rearrangemenf has been observed under

thermal or catalytic (AlBry) conditions'.335

(QSHS)Fe(CO)ZSiMez_nCInCHZCI——%~(C H )Fe(CO) CH SlMe2 nC1n+1

(n = 0-2)
Cleavage of metal-metal bonds occurs when the silyl-iron complex
shown is treated with electrophilic reagents.°36

Me., SlFe(CO)‘(C H ) + A-B —> Meg SiA + BFe(CO) (CH, )
(A=B=‘C1;A=B=I;A=VC1,B=H;A=C1,B=I;
V A%CF3,3'=I)
Sllyl metalicomplexes have been formed by coup11ng reactlons.

’ Na[M(CO) 5] + \{e4 s;x —_— Me4 n*n- s:LM(COJ3 st 5

n = 1-4 X = Br, C1; M= Mo, W)



=
Ng[Fg(Cq}zcsﬁs]'+ M§4_ns;xni+fff;? Med;ﬁxﬁ:iSiFe(CO)zqsﬂs.f:.;,:r-’
(n = 1-3; X = Br, Cl) |

Na[Mn(CO)5] + Me;SiBr ——> Me,SiMn(CO)g

A mild haldgenation method has been developed for transition metal-
" silicon hydrides.>>8 '
CgHg (CO) sMSIHRR' + GC1 R CSHS (co) gMSiCIRR!

CSHS(CO)sMSiHMe2 + CBrd-——ﬁ?-CSHS(CO)SMSiBrMeZ

(M = Cr, Mo, W; RR' = Mez; MeC1, Clz)

CSHS (co) 5M?l’lSlHCHSCI + CCl1 4—-——?- CSHS (Co) 5{‘vfnS:i.ClzCk'l3

CSHS (Co) 2FeSiHRR‘ + CC14 — C5H5 (CO)ZFeSiCIRR‘
(RR' = MeC1, Clz)

Silylcobalt carbonyls have been synthesized and their reactions

with some electrophilic reagents investigated.oo”

Coz(CO)8 + RSSiH RSSiCo(CO)4
R;SiCo(CO), + HgX,— R.SiX

<
90 R.SiX

1" 23 5
* HX —7000 atm Bs

(R3 = MEZC1, MeClz; X = Cl, Br)

Reactions of some transition metal complexes with fluorine-con-

taining acids in glass apparatus resulted in the formation of salts.

- 340
Boron trifiuoride affords the tetrafluorcborate analogues of these salts.

... glass
(Phsp)slr(CO)H + SIF4 —_—

——>  [(Ph;P) Ir(CO}H,]SiF

" + HF ~ ———]
silica

‘_ ' siliéa ' - l. .
(PhSP)SPF + HF«———-———e>?(Phs?)SB;H]S1Fs_

"References p. 89



‘-;'-?reii‘ nary results concern1ng the fbrmatlon and react1ons of. =

gv1ny1 s11y1-metal complexes have appeared 041

(CO) MNa + C1R281CH-CH2'—————E> C (CO) MS1R2CH—CH2

v_H;rC,1 JSilegﬂ:Cﬁ 4+ AoBF,  —— = 'C_H_(CO) MSiFE i
gt (L0 oCH=CH, + AgBF, 5Hg (CO) MSIF,CH=CH,
(R, = Me,, Cl,, MeCl; M = Fe, no=2; AgBF,
M =-Mo, W, n = 3) . ‘1’ .
CSHS(CO)3M51F3

CSHSCCO)ZFeSiMeZCH=CH2 + HY —— C H (CO) FeX + HSiMe CH--CH2

X =F, C1, Br, I, CF3C02, CC1 COZ)

CSHS(CO)ZFeSiCIZCH=CH2~———-

C_H_(CO),FeSiF,
HF/BF.. SHS 2 3
>
New silicon-nickel complexes have been added to the limited number
342
Ni(bipy)R2’+ 3 HSiX;—————€>-Ni(bipy)(SiX3)2 + RSiX3 + H2 + RH
(85%)
_ (R = Me, Et; X; = Cl;, MeCl,)
HSiPh

Other hydrides [HSiPhCl Me, HSi(m-CF.C

2’ pA

no stable silicon-nickel complexes.

3 6 4

-EtSiCl3 :
C_H.Ni(PPh.)Et + HSiCl, —— "= C_H_Ni(PPh.)SiCl. (49%)
55 3 3 55 Y5 3
CHSI
v .
MeSiCI- : (24%)

The b1pyr1dy1 complexes were ‘inactive as olefln hydros11ylat1on
catalysts. They were also- fbund ‘to undergo Si-Ni bond cleavage with

HC The d1ch10romethy1 complex reacted w1th tetracyanoethylene to

) Me, HSi(OEt)_ ] gave



)

,EfiQencc-fbt,;he,fbrmation of silyl-ruthénium'céﬁplexes has been

-fepot;ed (Phé? E.L);> o

343

| LgRuCL, + BegSiH——— L RuiCl
"+ (Et0),SiH-——= L RUHCI + L RulSi(OEt);
n ‘A 3 __ N N 343
+ CL,SiH > L,RUH(SiCl;) + L Ru(SiCl),

: - 344
LSRqu + RSS:IJi——é- stRuHsSJ.R3 )

[R3 = Et,, EtMe

2!

3 PhMez, (EtO)s, EtzH, PhMeH, thH, PhHZ, cyclo-

hexyl-Hz]

Ru(C0)4(SiMes)2 + CDT ———= RU(CO)Z(CSHQ)SiMeS 355

(low yields)
" + COD ——= Ru(CO), (CgHy)SiMe, (19%) 345

Ru(CO) , (SiMe,) + COT ——= Ru(CO),(C.H,)SiMe, (17%) >°
4 3 2+°8 9 3

(CDT = all trans-cyclododeca-1,5,9-triene; COD = cycloocta-1,
S-diene; COT = cycloocta-1,3,5- and 1,3,6-trienes; Ru complexes

free of silicon were also obtained as products).

VI. SILACYCLIC COMPOUNDS
A silacyclogutane has been shown to undErgoAring opening by inter-

nal nucleophilic displacement.°47

[—_—Sli—Me o -—IQL
& I

|
f—te ccl,
\
c=cC
. Ny
Me. H

Stereoselective syntheses (60-90%) of some silacycliobutanes were
" achieved by alcoholysis or amminolysié of 2- or 3—methy1—1—chloro-1— 7'

silacyclébutaﬁes.?4§

References p. 89



B 7

Me . . Me
v , ROH I l ‘ :
SiRC1 3° amine. - SiR(OR')

(R = H, Me; R' = Me, tBu, Ph)

Me 7 Me

g RéNH

-

——SiRC1 SiR(NRZ')
(R = H, Me; R' = Me, Et)
Reactions between organolithium or Grignard reagents and t-butoxy;
"dimethylamino- and fluorosilyl methyl-substituted silacyclobutanes have

been investigated. 349

RM )
| si—x —RL —Si—R

|
Me/ Me Me Me
X = tBuO, Z/E = 15/85 RM = MeMgI, Z/E = 15/85
X = tBuO, Z/E = 10/90 RM = nBuLi, Z/E = 10/90
Me : Me\
, I ] RM ,
» ._’Si——x lSi—R
Me _ Me
X = tBuO, Z/E = 65/35 RM = MeMgI, Z/E = 65/35
X = tBuO, Z/E = 80/20 RM = nBuli, Z/E = 80/20
X = Me,N, Z/E = 60/40 RM = nBuMgBr, Z/E = -60/40
X = F, Z/E = 60/40 RM = nBuli or nBuMgBr,
Z/E = 55/45

' Photolysis of 2,4 ,4-trimethyl-4-sila-3-methy1ené-1,S-hexadiene

" led to the formation of a silabicyclic photoproduct. Other trienes did

R ; . < 0 N
not undergo cychzatmn.:'s

| )l\/ V | i ’
. P - Me,S1
/\Sir [" W /2 :
: Me2 'I\'lé‘, —Vs,_ensr;,r . /

Me




5"

A ser1es of 1 o-dl-(Group IV)-meta1101dal cyclobutanes has been ) : ?5

prepared by a novel route "51

\v
Me 2;\1 (s

(Me..S:.) CBrL1 * Mezl\d(.l2 _—_)(\b-S:.) I \me

'5)2

(M 51 Ge Sn)

Aéyclic' ylids have been used as precursors to silacyclic ylids’.°52

6 Me P=CH, MeP=C(SiMe,X), . Me ;P=C(SiMe,X),
+ + 7 +

2 Mezsixz 3 Me3P=CH2 2 MeZPCHZCHLi

l | |

PMe .. l/‘\ Me
'(|: 3 - 2

P
H.C” \gl{

i i 2y i
MepST SiMe, & - me,si SiMe,
C e
B 11
PMe PMe .
w 2 'i‘sriCHoimes Me
\ p 2
X R
Me_P=C(SiMe,Cl), HyG ¢-Sitey
M i ide
\ / NepSl 2
&
2 LiCH,Me,P=CHSiMe PMe..
9 9

A new Toute to S5-membered silacycles utilizing the intramolecular
addition of a silyllithium to a C=C bond has been developed."s"

MeZCISiH + CH2=Cl*lCl*l2Cl*l=Cl*l2 — ClMeZSi (CHZ) SCH'_'_CHZ
l Na/Hg
s o _ Ly L _
L151Me2 (CH2) SCH'CHZ <«————— Hg [SlMeZ (Cllz) 3CfLCl*lZ] 2

/ ’ HOo - ( ' \ '
‘)._cu Li 2 _ CA=CHo
\Si : 2 . — sy o3 o

TMe, S Mey
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T8

The effect of ring size. on the ut111ty of chloroplatlnlc acld- }',fiﬂ

1'cata1yzed 1ntramolecu1ar CYC11zat10n of alkenylsllanes has been

i?exam1ned 554 - o . 7 o o : :
o - - wpecL TN e /'—-\c__.e -
.qizv:'(;‘.H(CHz)nSiMezH‘ _‘__°_> (CH\ ) nes S1Me + (cnz) 1
N \_/ ) ) __S;Mez
 Yield (3) Distribution (%) V
n= 0, 1 [¢] 0 0
n=2 " 46 100 , 0
n=3 58 10 20
n = 4 70 48 52
n=s 16 46 . 54
n=6 2 0 100

Silacyclopentenes have been obtained from chlorosilanes and conju-

aated dienes or trienec
gated dienes or trienes.
Mg/Cu.,C1 -
== F~— +rsict, —2 2 o || sir, >°
— < ¢ THF /.
(R = Me, 45%; Ph, 61%) —
: - r» .
- - M i . . o+ 356
RR!SiCl, + R"CH=CHCH=CHR"'@ —E£ > ] SiRR! (22-68%)
o THF ‘
. RIH )

(R, R' = Me, Ph, H, vinyl, allyl; R", R"' = H, Me; the use of

HMPT as co-solvent increases yields).

Thermolysis of an a-diazosilane affords a benzosilacyc lonentene.”57
Me . Si. Ph
‘Me,si-C-ph 00° AT—’ + * \C=C/
3 g V [\\ ‘/ B Ph/// N\\SiMe
2 - “si- . 3
.!.,2‘
“(15%)

The react1v1ty of 51lacyclopentenes towards a number of-reagents

.has been 1nvest1gated 358-



:'j!i

(R, R = H, H; H, Me; Me, Me)
R ' R
' l | SiRy .+ Br -t Br>/\31 n (75-90%)
/ R4 Br / RZ
R . 7 R! -
(R, R' = H, H; Me, Me; R" = Me or Ph)
Me :
-~ R s . - - =
O:QIHeZ + HCL———> CH,=CH-C=CH, + (Me,SiC1),0
) : Me
HO
) Sifh, + HX — SiPh, (X=Cl, Br)
. , /“\_/ 2
X
Na‘oﬂ/ LiAlH,
thlSiCHzfl!C}hCHz th'SiCHZGI:HCthHZ
OH. OH H. OH
HO
\\ sir, —Raney l SiR,
/ Ni o~
Me
Cr0,
. _
" T Ph,SiCH,CH,C0CHy
' OH

Silabicyclics are formed By the addition of dihalocarbenes to 1-

silacyclopent-3-enes.

X

N ... _KOtBu N o
“si . KotBu. . si 20-60%)
(/S:I.R2 + gcxo "10° > X ,' 1#2 C € 60..)

(R = Me, Ph; X = C1, Br)

References p. 89 A

k—ﬂ/ éxR,

LS‘?hziv* PNOCeHy D5 ——= ‘-’>'L/S“’hz (60-95%)
R e B2 L (2). HZOZ, O™ —>. j:/slph (80-95%)

The thermolysis of these species was i.m'lesti.gat:ecl.?’s

fi: 77



}S11y1ene generated from neutron 1rrad1at10n~of PH3, has been fbund to
Vreact W1th 1 3-butad1ene to form 511acyclopent ene 3§0 361 “_
- Thermally generated 511y1ene (from dlsllane) reacted w1th trans

trans 2 ,4 hexadiene to afrord al:1 mlxture of. s1lacyclopentene stereo-

) 362
1somers

H-SlSlH ﬂi_. 4207 [ ), ‘j

2

Cycloaddition reactions of silacyclbpentadienes have been reported.

2 : 0
Ph / \ Ph + — SiMe “ R
e | ) : PN
Me -
2 .
\\// ~si
(19%) Me,
Ry
: . si Ph
Ph Ph Ph | 364
YA i@ ~ AR -coph
2 Ph + PhC-C=C-CPh —_— /
RO Ph ’/‘4\\
R, _ " bh COPh
Ph 364
" + CHy=CHX ———s (X endo)
X=CO,Et ,CN)
(X=C0, Ph
Me
= a §i2 b
Ph Ph N Ph -
AN, [ —"y
P ~Ng37 PR pr-T e
R, J Ph ! -

(R = Ph, Me, CH=CH2)
' 1A1tempts at the _ring. closure ‘of perchloroblyyrldyl ch10r051lanes

: 365
were unsuccessful

FTBL L L T T I s



R R ' M?2‘ .
TN ' ylene P Sl\]’yh 366
. . X 11 ]
+ C.H.Co(CO) e . (95-100%)°
w LN oo, 2 o
 Me R o R
2 .
(R = H, Ph) L"Cl \
_/"
. ~
R\ /Ph Mg ™ Hg (OAc)
R — R C
P Ph—e’ —rh g 2
\ !/

G + : ;
Ly S [ dioxane/HC10
~ k . : * : / 4

R Co Ph R co R
/AN f ety \
i (O A ( Cf)
N ~_
Br
367
~ Br Jﬁ\ Br —
ol N BT ? S—m’ \Z \
i” Ph/ \Sl- ph/’ Si- ’\ Ph
Me Me,, Me
2 2 . Me,
I Fe OV
l Fe, (€O}
Me,
) V%e (C0)4
| i 2
Ph _4/ S Pn + Fe(O)g — Ph SN pn  (4-08%) %8
si” \ 1/
" Fe Fe (C0),.

) Referex;égs p- 89 -
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o -< §—— : K . : 81- 87%
Ph Ph + csusco_(’m)2 —_— \ /§/ v ( ) RN
o ,'RZ : (R = Me, Ph) . Co : S

The following chemistry of silacycldhexadieneshaé appeared.

: ) _ - v S1Me 369
AN : ' Me.SiCl
- nBulLi
O @ el Oy
S
2 Me, Me,
Ph ;_ Ph Ph
/l NG . .
( l81Me2 _hv, H\S1Me:2 Z “SsiMe, (38,5)370
!
Ph Ph Ph
Ph H
e
MeQOH l SiMeZOMe (50%)

Ph r Ph Ph
Ph L Ph 370

\/\sme i TsiMe, Z S SiMe

» 2 _w, | | —_ e
Ph/\r = i PN Ph -
Ph l h Ph

i L ] }

?h H l Ph

Ph Ph

~ . /\
- Sll\Iezo.‘-ie + SlMe OMe
- CH
PH™ Lﬁ Ph ,

Ph Ph .




R 8
"0

- - . -A O » ; '
f | Chy - PR I
" - tButH - si/R' ' W
RRY . . R er,0t Bu \'si....mOtBu
"R )

R

(R, R; = Me, Me; Ph, Ph; Me, Ph) -

Thermolysis of arylsilanes affords polynuclea» silicon-containing

‘compound.s . 572
VR ane
c1i { O 690 (20%)
(L\ko/[ c1
c1251——( o)
P \r— — (20‘%)
(oi¢c] 9
~ TN

Substitution reactions at the 9- and 10- positions of 9,10-dihydro-

S-silaanthracenes have been cles<:r:i.bec1.373
H
//\/\, . \< .‘/- T .-
!8) | tBuLi >-78° @/ @2 + @ @ (24%)
“SiTN"  -78° 19~ 51
<N\ e » 7N\
R Cl R N R
C )
~ S;
Cl

R' - R
" tBuLi, __R'Cl @\fj/a (51-65%)
-78° ) sy ~
< |

(R = Me, Ph; R' = SiMe., COZMe)

) _ SiMe.s
o) wzu o (SYYH | —2-
Ssil s (@Messicl N .Si.J\/ :

SN > v

* References p. 89
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A new mechan1st1c route has been suggested as the. pathway by Whlch 2

3,acetylenes afford 1,4= d1511acyc10hexa-2 5- d1enes upon treatment w1th

| 51ly1ene generators.374v
RZSi: 2X R251—51R2
lﬁ'CECR' lR'CECRF
' : ls% - R SiR, R* SiR, |
A R,Si: ’ A o == |
N T . S .
R R TR SiR, . |R SiR, |
l R'C=CR!
Rt gz R!
N~ LT//
/LSiJ\
R? R?*
R,
Silacyclic carboranes have been prepared as shown below.
CB, oty oCH CB, H. C 575
(1) 2 nBuLi 7 TI0TI0TN
CH.OCH e CHSOCH\ /SlMes
(2) Me,SiCl
CBIOHIOCH 2 2 CBIOHIOC
(30%)
: CB. H. C
zx, Z/ 10710 \s‘ 376
p 1Me2

Li-C-—C-—SiMez—-C-—C—-Li _
S N\S 7 N
B10M10 10tho CB1oM10C
(Z = SnMe,, GeMe,, PPh, AsMe)
Synihetic schemes were investigated which led to the preparation of
médium?sized silacycloalkanes by reduction of initially prepared acy-
fAc}loins of fbliowing Ting size were prepared from available

11 (8.8), 10 (4.8), 91(1,6), 8 (11.8).

loins;
377

Startlﬂg materlalg (51ze, % yleld)

r‘— (ca, AR .
. C=0 : LT~
Me251 , '_ |- —ZnfHe Me,Si - '(C”z)mmi-z
RN

,‘ ‘CHOH ~ HC1,HOAc
(Cﬂz)m ' ’ - SR
L (62-75%) .-




Pailadium 6oﬁp1éx¢5'afford silacycles from»diacetylgné$;378,'

(PhCECC6H4)2$iBiez + PACL,—— Me,Si

PhC=CPh -

Ph
© _L__Ph
MezsiL—J/;Eg:[: Me,Si
<O> Ph Ph
(50%) : (30%)

Photochemical addition of HZS to diallylsilanes affoxrds 10-25%

isolated yields of the l-sila-5-thiacyclooctanes. These can be trans-

formed into s:i.lfa.cyclcphept:enes.:'79

by (@)

RZSi(CHZCH=CH2)2-———————4> R Si (R = Me, Fh).

-78, hv L‘ (cH

2)3
lperacid
' (CH,) )
st | KOH/CC1 ="
Rz 1 4 R281 SOZ
tBuCH L cnypg J
(40-50%)

The silacycloheptenes were also prepared from the corresponding acyloins.

o 0S0,,CH __
1)LiAlH g - »
R,Si 4 _ RS Nal o R,Si
H L
on  (DCHS0,C1 N/ DSOCH;  HMEK

(20-37%) '
A ring-expansion reactlon afforded entry 1nto several d1benzos1la- -

* 380
_ cycles

" Re_fe}ences p; 89
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-1 i : Si=CH.
CHY - TeHCl S m{.l\cl

(0 = 0-2) -

A synthesis of the first nonannulated silacycloheptatriene has been

‘achieved.ssl o :
v - _ MeO OMe ,
Ph -ﬂ—ph + CH2=C(0Me)2;..}1,. Ph / (70%)
Si si” Npp
Mez Me2
. + -
o | l"3° 0
S NaBH (72%)
, T
Si Ph Ne. .
Me 2
2
(52%)
Ph Ph
Ph
T @, D
Ph PN NSi” " ph
. Me .
_~M¢2 _ . 2
(11%) (3%) (24%) (12%)

‘The pyiolysis of tetramethylsilane at 700° afforded twenty charac-

terizable compounds with bi- and polycyclic Si-C-Si’ frémeﬁorks; nine

of these were 1,3,S,7-tetrasilaadan'xantanes‘.r382

A novel macrocycle has been prepared containing thiophene mpieties.38°

"~ Me : S : MeZSi‘fof—S1biez

Li,‘@— Si@ i+ MeZSiCIZ’——z-V N - : )\
o s - 8 _ |

S Me . -
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VII. DISILANES AND POLYSILANES
‘-A'hu_-n_lber' of: methods have been reported. for the preparation of -
_disilanes. ‘ o
S esas : . L.y 384
7(5»*90)33151(0_Me)3 + 6 BF; ——> Si,F, + 6 BF,(OMe)

(76%)
HF,SiSiF,Br + SbF; ———> F SiSiF;H >0°

RR'SIiHC1 + M —BE—» RR(H)SiSi(H)RR' €

(R, R' = alkyl, aryl, H; M = Mg or Na; mixed disilanes were
also prepared)

o
lksca + Si (mirror)-—gig—e> MeSSiSiMe3 387

x x
MePh-c¢-NpSiLi + MePh-a-NpSiCl —> (MePh-a-Np)2512 388
(meso + d,l)
389

CISSiSiCI3 + 1,10-phenanthroline — 512C16-C12H8N2 (65%) -

A difference in reactivity between dichloro- and methyl chloro-
polysilanes allows the preparation of monochloro permethylated poly-

,silanes.:'90

Cl(SiMez)nCI + MeMgl ——— Me(SiMez)nCI (58-90%)

(n = 2-6)

Polysilanes of high catenation number have been synthesized for

the first time.°91

. g K vpes '
= e = 12, 18, 24
» Cl(SlMez)G?de + Cl(Side ) C1 .1e(slr.1e2)nne (= 12, 18, 24)

Other pblysilane chemistry hés'appeared as follows:
HZSi[Sir((?Me). 51y + BFy —> HSi(SiFg),) .
) o S (60-70%)

335 )

- ST 393
B(SI_HZJIP ,f_BuLl —> gg(s;gz)nn

" HSi[Si(OMe);]; -+ BF; — HSi(SiF

(n'='3-5;R'="H, Bu)

- "Béfetéﬂcésf:isg"_’ o 5
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* The polysiiyl anions H,SisiH,”, (H551) ,SiH, and (HSi);Si” have
béé_n Prepa}ed 'andr 'cliaraétéi;_ized by NMR and IR Sbgctrdsc0py.,39f »395 o
'I‘hgsé hai(e be.enf’used in coupling feactions with PhSiH C1 and C'H (_:1_;"9S o

Polys:.lanes have been employed as ln.gands in the formation of tran-

51t10n metal complexes. 596

: MeSSlZH + Mn (co)1 —_— “95512Mﬂ(co)5_ (12%)

MegSi, Cl + NaMn(CO)g ——> Me Si,Mn(CO)g (26%)

5 S
Brdn (CO) 5
(MesS:.) SiMe ——————)- Me (Me Sl) SiLli —=F Me (Me..Sl) SiMn (CO) 5 (30%
BrMn (COo) 4PPh -

(Me Sl) Sl—ﬁ (\Ie Sl) Sili ————— (Me Sl)-Slbm(C0)4PPh (8%)
(Me 81) SlCl + NaFe(CO) H —_— (Me Si)., S:.I-‘e(co)2 5 5 (18%)
(ClMe,Si),Si + NaFe(C0),CoHe ——» [CcH (CO), FeMe,Si],Si  (5%)

in addition to the above, the following compounds were similarly prepared.

x‘\lenS:i.mFe(CO)ZCSHS m=7,m=3;n=5, m=2;n=3,m=1)
MeSSiMn (C0)4PPI‘£3

»l‘v(enSJ_mlth-L(CO)s mM=9, m=71;ns=3, m‘ = 1)

A variety of new ring systems containing di- or polysilyl moieties’
have been synthesized.

:.\IeZSi—-— Sﬂiez

397
§Ie2l81—?1ble2 + EY2 — R-N\E _N-R
X X
(X = NHMe; E = BPh, SiF,, GeCl,, .PMe, AsCl, SbCl, SO, SnBu,; R = Me
(X = Ci; EY, = X; (MeSSiNH)ZSOZ; R-='Me or Me;Si)
&(eZS/i—fSi}!ez - ) 7 : MeZS’i‘—',?lbleZ
LA R + S —_— 397
MeN _-NMe 8 _MeN_ "~ Nie
B -

Me _ - ‘ / \
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Me S:.——S:I.Me
Me . e

N e

T MeI —

2 Br
10 + C1Me25151Me2C1

@I }iuez
51

Me,
“/\Br + ClMe23151Me Cl- Me (\Sﬂ!e T (40%) 339
~.~ BT /S1Me2
. / "
DDQ —
H,/Pt 0, Phy . o
HOAcC
. ph
3 Ph
“side,, s‘:Mez ’ \I/O\ /\5,1“"'
SiMe
~ sm.e 4 / PhT N 2
2 \...— SiMe, NC B L
(29%) (48%) " (23%) (24%)
AcOSlMe 1\$e CHZCH-(ZHz
(64%)
R R : ,
5 S~SiM -
\__< + CIR'siSiR'Cl —1L» ]|/ PM2  (s0-50%) 490
2 N\ : ~.~-SiMe,

(R= H,

- Referencesp. 89 . .

Me; R!' = Me; Et)



ss '

/_\smez S C T sibe,

(CH) 1 +m-c1cucoﬂ—>(CH) ‘7\027;
O GiMe, 6-373 R 2'n Me
SN \~_/51 2

(n = -5 ease of ox1dat1on dependent on nng stram)

Ph Ph
ph 402
7~ T SiMe hy f\smez A
. _ SiMe - . %Sﬂde “"hy
Ph Ph ]
Ph Ph
Ph . Ph Ph 402
H
H /'\SiMe Z ~sile, \/\Sﬂle
2 ___hy .  ~ L
N 'smez — sitle, <~ ‘Aslmez
) Ph Ph
(Note reversal of thermal stabilities of photoproducts. This is
the first proven example of a vinylsilacyclopropane-silacyclopentene
i‘earrangement)
R 403
Ph,Si—SiPh, Ph,Si—SiPh,
Li | Me,NBC1,,
. i i _,____.___.a. i
— Ph2§1 ‘.ihth Ph S1\B/S1Ph2
Ph,Si—5iPh, Li L1 NMe,
PhZSi—Sith
I
A — thlSI—-Slth RNHZ Ph251-— 1Ph2
. ———r s
th?l S‘J.th thfl IS:LPh2
1 RHN  NHR
H,0 Me N 220°
>
Ph251~§1Ph2 Ph281~5\1Ph2
Ph,Si SiPh Ph,S1i SiPh
2 l\0/ 2 2 \1|q/ 2
R

(86%) , (95%)



(No spectral ev1dence was fbund for electron delocallzat1on in any
of these heterocycles ) | ' |

A dlrect synthe51s of a hlghly unreactive cyclotetras1lane has been
Areported. ‘A 2:1 mlxtgre of the all-trans compound and what appears tov'
>>be73n:isomer confaining~arl,2,3-cis arrangement of groups was isolated.
tﬁesg are found to be jnert to oxygen, HZSO4 or HCl—AlCls, but can be

“reduced to a radical anion.30?

THF . tBuMeSi—SiMetBu
—_—

tBuMeSiCl., + Na/K (25%)

2
tBuMeSi-—SiMetBu

Reaction of either 1,4-dilithiéoctaphenyltetrasilane or 1,5-dili-
thiodecaphenyipentasilane with the dihalides PhZCCIZ, HZCCIZ, CH28r2
or MeCCIZMe gave no carbosilacyclic products.405

The reactivity of dodeéamethylcyclohexasilané towards oxidizing
agents has been investigated. Oxygen or hydrggen peroxide had little

effect but CrO_, k2Cr 0 or KMnO4 gave cyclic siloxanes.406

Me,Si—-SiMe

25 oIk
Me,S1 side, _[0] (Me,S10) (n = 3-8)
" LN n
Me251~~—S1Me2
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