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In an effort to maintain some degree of currency for a review whach

nust abstract an ever-increasing number of publications, the approach

to coverage has been selective instead of inclusive. No attempt was

nade to report on the patent literature, dissertations, or the crgano-

silicon chemistry of polymers.
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In addition, other areas were treated in
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sion of alkyl halides to alkanes by complex metal hydrides ranging in composition
from LiCqu to L1’5CuH6 [427]. Reactions of such species with enones and cyclic
ketones to give reduction products are also reported.

Turning to boron ate complexes, dilithiophenoxyacetate (540) has been combined
with a variety of trialkylboranes to afford, upon hydrolysis, alkylacetic acids
[428]. For example, trioctylborane and 540 give decanoic acid (90%)'apparent]y

via 541. Ph F)
PhO Co,Li 0>—‘ CO,Li
~ =0
it R

540 541
Allylic boron ate complexes 542 have been found to combine in a head to tail
fashion with allyl chlorides and bromides 543 to give couplaproducts 544 in fair
to excellent yields [429]. The related complexes 545 have been added to acrolein
to yield homopropargyl alcohols 546 and a-allenic alcohols 547 at low and room

temperature, respectively [430].
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542 543 = 544
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Li+ OH R
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Lithioindoles such as 548 and vinyllithium have been combined with trialkyl-
boranes (R3B), jodine, and HZOZ to afford 549 [431] and trisubstituted olefins
such as 550 [432], respectively.

@_j\ R' R
Li l;l R R';
ﬁe Me

548 549 550

Migration of the methyl group from boron to carbon in the conversion of 551
to 552 by two equivalents of methyllithium is said to occur during the oxidation
step with HZOZ [433]. Several possible intermediates are discussed.

0
v
RCH=C{ B R/\l /
Nor/z 0
551 552
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Other papers in this area discussed steric effects in the reactions of cer-
tain trialkylboranes with 1ithium and sodium hydrides [434], the synthesis of new
germyl aluminates such as 553 by reduction of aryl digermanes by L1'A]H4 [435],
and ;he preparation of 4-alkylisoquinolines 554 by combination of isoquinoline,

LiA1H4, and alkyl halides [436].
R

(PhyGe-ATHZ) Li™

553 554
13.  REDUCTIONS AND RADICAL-AMIONS

Several benzhydryl benzoates (555) have been found to undergo deoxygenation
with Tithium naphthalenide to afford ketones 556 [437]. Acetates of sterically
hindered secondary alcohols and of tertiary alcohols are converted by Tithium in
ethylamine to alkanes rather than to a]coho]s.[438]. The process 1is illustrated
by the conversion of caryolan-1-o0ol1 acetate to caryolane (90%).

0 bh 0 Ph
Ph Ph
555 556

Four more tricyclodecan-3-ones have been reduced by 1ithium in 1iquid ammonia
as illustrated by the conversion of 557 and 558 to 559 and 560, respectively [439]
The results are discussed in terms of equilibration of intermediate carbanions and

the rate of protonation of kinetically generated anions.

557 (R=’i-Pr, I=H) 559 560
558 (R=H, R'=i-Pr)
Lithium-ammonia reduction of several bridged dicyclopropyl ketones to afford
products in which both cyclopropane rings have been cleaved has been ascribed to
two electron reductions occurring by pericyclic processes [440]. The process is

illustrated by the conversion of 561 to 562, 563, and other products. That car-
banions are involved has been demonstrated by deuterolysis [441].
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OH
0 0
561 562 563

A large excess of "lithjum bronze” (Li-4NH3) has been found not to be neces-
sary to effect convenient reduction of o,B-unsaturated ketones to saturated ones
[442]. For example, this reagent converts 564 to 565 (97-98%). More normal “Tith
jum blue” reductions have been employed in the conversion cf 566 to 567 [443] and
in a study of the stereochemistry of the reductions of 568 to 569 [444].

a0 O o

564 565 566
l
OH o 5 A
0 g | H
567 568 569

L ithium anthracenide has been alkylated by s-octyl fluoride with 42% inver-
sion and 58% racemization, and by 570 to give 571 via ring opening [445]. The
results are said to verify that such reactions can proceed by both SN2 and by
electron transfer processes. ’

3 H
H -i-CgHy7
N

o
1—C8H]7

570 ) 571

Alkali metal reductions of isomeric terphenyls and of biphenyl in HMPA have
resulted in some cleavage of the Ar-Ar bonds since up to 25% of dihydrobiphenyls
and -benzene were obtained, respectively [446]. New, severely hindered nitrogen
bases such as 572 have been obtained by 1ithium-ammonia reduction of 2,6-di-t-"
butylpyridine [447]. Additional examples of reductive silylation of monoaromatics
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have been described as illustrated by the conversion of p-cresol to 573 using
chlorodimethylsilane and 1ithium in THF [448].

HSiMe2
OMe

Me

HSiMe2
572 573

Other papers in this section discussed the preparation of 574 by reductive
silylation of 575 (R = Me, SiMe3) using chlorotrimethylsilane and Tithium in THF
[449], the synthesis of middle-ring cyclosilanes (MeZSi)n (n = 8,9) from dichloro-
dimethylsilane and 1ithium in THF [450], the conversion of chloroalkoxides 576,
prepared from Grignard reagents and chloroketones, to trisubstituted alkenes by
1ithium [451], and the preparation [452] and electrochemical behavior [453] of

M Ay,
BrMg0

R.
=Si—=""\Ssi= =""\0R R:;7l‘—__*T//
. R

C1
574 575 576

14. REACTIONS WITH INORGANIC AND ORGANOMETALLIC COMPOUNDS

As in the past, this section will be divided into the families of the per-
jodic table proceeding from left to right. First, LngH3 has been prepared by
the addition of LngPh3 to LiA]H4 [454]. Other ate complexes described in this
paper included LiM?HnR3-n (n = 1,23 R = Me,Et,Bu), prepared from RLi and alkylmag-
nesium hydrides or MgHz, and Lngzﬂs, synthesized from n-butyllithium and MgH2 in
a 1:2 molar ratio.

Several new organic derivatives of lanthanides were reported in 19738. Thus,
dicyclopentadienylerbium and -ytterbium chlorides have been combined with Tithio-
triphenylstannane to afford 577 (M = Er,Yb) [455]. A similar germanium derivative
was likewise obtained from the erbium chloride reagent. Erbium(III) chloride it-
self was condensed with trimethylsilylmethyllithium to give 578 [456]. Ate com-
plexes 579 (M = Er,Lu) were also obtained from the metal (I11) chlorides and six
equivalents of methyllithium in the presence of TMEDA [457].

Cp,MsnPh Er'/f/\SiE]3 (MegM) (Li-TMEDA),

577 578 © 579

New thermally stable bis(cyclopentadienyl) derivatives 580 of thorium and
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uranium have been prepared from the corresponding new dichlorides and methyl1ith-
ium [458]. Hydrogenation of 580 yielded the first organoactinide hydrides.

(Me5C5)2MMe2
580

A full paper described the titanium-induced reductive coupling of carbonyls
to olefins as ilTustrated by the conversion of benzophenone to tetraphenylethylene
(80%) and the mixed coupling of 581 and acetone to 582 (85%) [459]. The titanium
metal is conveniently obtained from titanium(III) chloride and 1ithium metal.

0

OMe 0Me

581 ' 582

Several organotitanium systems were prepared from organolithium reagents in-
cluding 583 from the dichloride and methyllithium [460], dibenzyl- and diphenyl-
titanium from 584 and 585 with benzyi- and phenyllithium, respectively [461], ti-
tanium, vanadium, chromium, and scandium systems such as 586 from 587 and appro-
priate halides [452], paramagnetic chelated derivatives such as 588 from 587, di-
ketones, and metal (III) chlorides [463], and fully methylated silylamide deriva-
tive 589 and related compounds from halotitanium species [464]. The first chiral
zirconocene compound, 590, was prepared from chiral o-phenethylcyclopentadiene,

591, and methyllithium [465].

Me
i .
CpZT1 0 sz(//\Ph)2 szﬁPh2
2
533 534 585
1 -}
CcpTi Li )"i
\\ N K\N
Mez Me2
L 2 L 2

586 587 588
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!
/\Si/——N\ iR
54
-(Ph—3,Ti N\ /Si< Me22r<c Cpzrely
Si—N p
/7 N |
—2 590 591
589

A full paper described the details of the preparation, properties, and struc—
tures of tris[bis(trimethylsilyl)methyl] derivatives of titanium(III), zirconium(IV),
hafnium(IV), vanadium(III), and chromium(III) [466]. Each of the compounds was
synthesized from 592 and appropriate metal chlorides.

592

Niobium-containing compounds 593 and 594 have been obtained from 595 and 596
[467] and various cyclopentadienyl anions and niobium(V) and (IV) chlorides [468],

respectively.

szNbCQH9 (RC5H4)2NbC12 szNbC12 _LiCQHg
593 594 595 596

Neopentylidene complex 597 has been prepared from 598 and two equivalents of
1ithio-Z.,2-dimethylpropane apparently via 599 [469]. The corresponding niobium

compound is also described. Additional chemistry of 597 and a related cyclopenta-

diene derivative is described [470,471].

1
TaZ Ta-Cl

Ta=
> ~c
3 4
598 599

3
597

Chemistry similar to the above has been employed to synthesize tungsten and

i

mol1ybdenum complexes 600 [472].

References p. 83
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Several optically active carbene and carbyne complexes have been prepared using
(+)-menthy11ithium and metal carbonyls and then characterized by IR, 'H-, and '°C-
NMR spectroscopy, and by polarimetry [473,474]. The compounds 1isted include 601
[473], 602 [M = Cr,W) [474], and 603 (M = Cr,W) [473].

OMe OMe

Br(C0)4MEEC

Cp(C0) ,Mn (C0) M===

601 602 603

Carbene complexes 604 and 605 (M = Cr,W) have been synthesized from the metal
hexacarbonyls and 606 [475]. The R groups of 696 were Me, Ph, SPh, and (CH2)3S.
Another paper presented a full disclosure about the preparation and reactions of
alkyl- and arylpentacarbonyltungsten anions [476].

OEt
OEt
Li\\\\T////SR
_Rl Rl
606

In an effort to determine if metal-metal metathesis in the chemistry of tri-
ple bonds between molybdenum and tungsten were possible, a mixture of HC16 and
MoC]5 was treated with 1ithium dimethylamide [477]. That only 607-609 but not
610 were formed along with other experiments suggested that such metal-metal tri-

ple bonds are not ruptured.

MOZ(NMeZ)G WZ(NMez)s N(NMeZ)G MoM(NMeZ)S

607 608 609 610

Now o-alkyl systems 611 [478] and 612 [479] have been prepared by treatment
of 613 with methyl- and ethyllithium, respectively.

MeZMOZ(NMeZ)4 (CH3CH2)2M02(NM62)4 C]zMOZ(NMeZ)4

611 612 613

Several new species containing chromium-chromium and molybdenum-molybdenum
quadruple bonds have been prepared from o-1ithiophenyl ethers or phenoxides and
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dichromium and dimolybdenum tetraacetates [480-482]. The compounds are illustrated
by 614 and 615. Similar compounds have been obtained from 1ithic-2-amino-6-methyl-
pyridine [483].

Me

/,Me

T

Cr

Cr

614 615

Finally, in this family, novel 1ithium derivative 616 has been prepared from
the corresponding organomercurial, then combined with a variety of electrophiles
to afford 617 [484]. An unrelated paper describes the preparation of 618 (R,R' =
alkyl, aryl) from the chloromolybdenum tricarbonyl and 1ithioamidines [485].

0
Li E A
cp(co),Mo
\\szll\\
1 R®
Cr(C0)3 Cr(co)3 R
616 617 618

Binuclear formyl complex 619 has been obtained by reaction of lithium tri-
ethylborohydride with dirhenium decacarbonyl [486]. The kinetically less stable
620 {M,M' = Re,Mn) has been similarly prepared from 621. Both 619 and 620 are

potent hydride donors.

Lit 0 Li* )
- i - |
(€0) ;ReRe(C0),,CH (C0) M'Fi(CO) 4CH ReMn(C0);
619 620 621

Manganese derivative 622 has been prepared from lithiopentamethylcyclopenta-
diene and manganese(IIl) chloride [487]. Compound 622 was converted to the first
isolable metallocene anion by sodium naphthalenide. Manganese derivative 623 has
been converted to alkyldiazene complex 624 by methyllithium which was then methyl-
ated to give azo derivative 625 [488].

References p_ 83



IV. CARBOFUNCTIONAL SILANES

Treatment of vinyltrimethylsilane with t-butyllithium-TMEDA fol-
lowed by derivatization with trimethylchlorosilane affords only products
arising from addition of the organolithijum reagent to the double bond.

In contrast, the sterically hindered trans- and cis-l-trimethvlsailyl-3,-

e 1.tBuLi/TMEDA -
Me3bLCd—CH2 2-ME3SLC1 > + M=3SLCH2CH2cBu + (Me351)2CHCH2tBu
(5%) (71%)
. + < -
+ Me351CH2CH2fHCH2tBu Me351CH2CH2FHCH2tBu
S.LHe3 SLMeZCHZSLMe3
({6%) (18%)

3-dimethyl-i-butenes were metalated by organolithium - TMEDA systems at

the silicon-methyl groups and (for the latter) at the a-silylvinyl

47
posirtion.

. RL2/TMEDA :
= —_f T = + L e
HeJCCH CHSLHe3 R=tBu,nbu MeJCCH CHSlHeZCHZLx MeJCCH=C 1SiM

(from cis substrate only)

3

Allylsilanes are metalated by n-butyll:thium-TMEDA to form orga-
nolithiun compounds which preferentially derivatize at the position y

to silicon. The corresponding Grignard reagent undergoes similar reac-

tions, but with a preference, in some cases, for a-deravatization.

. nBulLi
SiCH_CH=CH —_—_——— CH==-CH==CH
RyS1CH, CH=CH, Et_0/TMEDA S: 2
L1
R = Me, Ph

Ph ;S 1CH=CH-CH,Br Mg, Ph;S1CH=CH, -CH,MgBr

A yv-silyl product was further lithiated and treated with trimethylchloro-

silane to yield both a- and y-silylated compounds.48

s = 1 .nBuli/TMEDA . .
—_— > = - +
Ph3SJ.CH=-CH—Cﬂsz.He3 3.Me_SiCl Ph3SICH CH CH(SJ.HQ3)2 (12%)

Ph351CH—CH-CH—SiHe3 (88%)
SLHB3



Organolithium Reagent Grignard Reagent

Deriva- Yield Deriva- Deriva- Yield Deriva- Deriva-
tizing (¢} tization tization (1) tization tization
Agents a (%) Y (%) a (3) ()

+
H3O >80 30-40 60-70 80 >95
CO2 60 20 80 80 85
Ph_C=0 90 >95 65 >60
CH_~CH 70 40 60 70 90 10
\2%/ 2

[»]
CH3I 80 100 no reaction
Me3SJ.C1 70 100 50 >9S5

Vanylsilanes were effectively coupled with L1/THF in the presence of
t-butyl alcohol to give preoducts expected from intermediate radical

. 49
anions.

RBS.'LCH - CHzR' R3siCHZ-CHR'
| «—— R;S1-CH = CHR' ——=
R3S:|.CH - CHzR' R35:|.CH2-ChR‘
R=CH R=C_H
+* 3 6 5 -
L= L
R CGHS R H,Gi_.i
x [ 1
R351CHZCHZR R3S.LC.HCH2R
CH = CHZ
(C6H5)25.1 —_ (C6H5)2s:. (50%)
CH = CHZ

Tris- and tetrakis(trimethylsilyl)cyclopentadienes have been pre-
pared. The tetrakis compound does not undergo isomerization by silyl

. . 50
group miqration.

References p. 139
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sJ.Me “'Me3 /\
Q e LS 2
A . 3
F__' ~nBuH Ve
SiMe 3 H SiMe
He3S1C1
-LiCl
SiMe
it | ® ) same ©s
nBuL:l.
l SJ.He3 —nBuH SJ.He
ue3s:.c.1
Su‘le SJ..He

SiMe

QF 7:><5 Q&"’E
Site S.LHe

Photolysis of 1,2,4,5-tetrakis(trimethylsilyl)benzene yields a

number of rearranged products which include either 6a or 6éb, but not 7.

SimMe, Me,S1 SiMe,
Me_Si SiMe 3 SiMe :.Me
3 3 Me Si SiMe, 3 ye S
Me_ S
3 1Me
SaiMe Me S1
3
1 2 q
Me_Si SiM S:.Me
3 . 83 Me3Si Me Si
Me,S2 Me, SL\@ He si
e iM . .
MeyS1 1M€3  Me. sy SiMe S
3 3
5 6a 6b 7

Heating 1 at 90° readily converts it into 2, while 3 can be photolyzed

to produce 1, 2, 4, and 5.°1

The following cycloaddition chemistry of trimethylsilylcyclopenta-

diene has been r:epozi:ed.s2



77

R S.i.Me3 Me3sik,_
/,K/ca-crm
~CH= o7
Qsme3+w2=cncuam—-’- |\- + ’/7;,.\

R=H,Me .
SiMe

3
l 3
+ CH,=C-CH=CH, — Me |

vinylsilanes and tetrafluoroethylene afford tetrafluorocyclobutyl-

silane; yields are best with t'_r:j.met:hy].vinylsi.lane.""3

Fa Fp

S1CH=CH, + F,CeCF __400-,

ClnMe 2 2 2 500°

3=

S1Cl_Me
n 3-n

The reaction of organomercurial carbene precursors with unsaturated
32,232

silanes gave substituted cyclopropanes .
Br
Me,SiCH=CH, + PhHgCFBr, —_—_ Me S1
F CF3
Me SiCH,CH=CH,+ PhHgCFBICF, ——> MGJSLCHZ-—A

Treatment of acetylenes and allenic silanes with Clsoz(051ﬂe3) or

503—dxoxane yielded products of S0, insertion into Si-C:Z and si-0 bonds.54
SO3
RCH2C=C51Me3 —_— RCH2C=Cso3s:.He3 (R = H, Ph,Me3C.Me351) +
He3SLOSOZCH2C=CSLMe3 (R = Measxo)
/C:'!e3 ~ cne3 s COC.Me3
Me  SiCRaC=C ——3» Me_ S1CR=C=C + Me_SiCR=C
3 AN 3 3 ~
oswe3 soqs:.p«ea 5035m63

(R = Me.Si,nBu)
Silyl ketenes have been prepared under both thermolytic and basic

conditions in 30-80% yields.ss

CH,=C=0 q
—_— iCH
R, S1CH,CO_H RySIiCH,CO,CMe ——> R, S1C=C=0

(R=Me,Et,) .

R' N
R,SiCH,COC1 —A3—> R,S1C=C=0
(ReEt,Ph)

References p. 139
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Trimethylsilylketenes undergo reaction with phosphines to give

- ._ 5
adducts which rearrange upon heating 6
05iMe

150°

Me _S1C=C=0 =+ R2PH —~——» Me_SiCH_COPR ~————> CH,=C

3 3 2 2
\\PR2

Arene- and alkyl- sulfonyl chlorides reacted with 3-buten-1-ynyl-

trimethylsilane in the presence of cuprous chloride to give products of

1,2- addition across the double bond. These were easily dehydrohalo-

genated by triethylamine.57 Benzenesulfonyl halides add in a 1,4 fashion

RSOzcl EtJN
H = —_— 2C= A 1C= =
HEJS.‘LC C—CH—CHZ cucl HGJS C C—(,:HCHZSOZR —_— HEJS.‘LC C-CH CHSOZR
cl

to 1l,3-butadienyldiethylmethylsilane; these products are also dehydro-~

- 58
halogenazed by triethylamine.
Phsozx Et_N
+ 1 = —h= —_— - b —_—>
E+,MeSiCH=CH-Ch CH, X=CI.Br.I Etzne51?n CH=CH—LH2502Ph

X

EtZHeS.LCH=CH-C.H=G'lSOZPh

Halonydrins may be prepared in good to moderate yields from the
reaction of trialkylvinylsilanes with - or O-halo compounds in an acidic

59
agueous nedium.

N-bromosuccinimide

1= =Br,Cl; 30-70%
R S1CH=CH, - tha R351?HCH20H (X=Br,Cl; 3 )
HgO/IZ X
] —_— i *
R S1CH=CH, ) R351?HCH20H (32%)

2 I

Tne reaction of trichlorovinylsilane, A1C13 and o-, m- Or p-carborane
leads to the corresponding mono- or bas-B-{E-trichlorosilylethyl) car-

boranes. 1,2-Diphenyl-o-carborane underwent a similar reaction. All

- - 6
products could be trimethylated at silicon with methylmagnesium iodide. 0
PhC — CPh Clas:i.CH=CH2 PhC —— CPh
BlOHlo A1C13 BJ.OHS (CI-IZCHZSJ.C13)2

Triethylsilylacrylic acids may be prepared by oxidation of the

©
corresponding aldenydes without Si-C bond cleavage. 1
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Et_SiCH=CHCHO ———3— Et_SiCH=CHCO_H  (70%)

3 H2504 3 2
A series of a-lithio and 2~ and E-bromomagnesium vinylsilsnes was
treated at low temperatures with acetic and benzoic anhydrides in order
to prepare silyl a,B8-unsaturated ketones. Best results were obtained

with acetic anhydr:de, but higher condensation products were always pre-

62
sent and led to reduced y;elds.°

i CH
RSt (R'C0) ,0 i N stl\c/ EANp e SiMe;
c=CH, —— > C=CH, + W i
Ve o cH c
M R'co 2 ~
R' OCOR'
(M = Li,MgBr)
(R = Ph,Me) S1R
l 3
CH
R,S1 H R_Si H 7 TN
37N pd (r'CO) ,0 3TN J CH CH
c=C —_— e Cc=C + | ”
H// \\'M B H < \\"COR' ,/c ,/C\\\
gbrY
RyS1 \H R' CCOR'

Homologation of a-silyl-a,B-unsaturated esters has been observed

. 63
to occur in a stereospecific fashich upon reaction with diazomethane.
2N2
He3SLCH=CHCOZMe ——i He351CH2CH=CHCOZMe (70-80%)

(cis or trans) (cis or trans)

Based upon product mixtures obtained by hydrolysis and traimethyl-
chlorosilane treatment of reaction mixtures, the reaction of trans-2-
bromovinyltrimethylsilane with lithium appears to produce the following
compounds in the ratios shown.64

HeasiCH=CHBr —E%%E;’_ Mess;CH=CH2/Me3SiCECLi/Me351CH=CHL1/

"coupling products" (2/1/3/3)
The yield of utilizable 2-lithiovinyltrimethylsilane is thus low, al-
though im situ reaction of trans-2-bromovinyltrimethylsilane, trime-
thylchlorosilane and lithium affords trans-bis(trimethylsilyl)ethylene
in 82% yield. Longer contact times lead to reductive silylation of

this product.

Relerences p. 139
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Me _S1Cl Me3SJ.CJ.
i i i —_— i CH. SiMe CH_SiMe
He3SLCH=CHBr ——EI———- He3S1CH=CHSLHe3 I (He351)2CH 251H 2 25 3

The reaction of (l-bromovinyl)trimethylsilane with lithium gave

similar results.

Ld
i |
Li .
C=CL1/Me _ S1C=CH
He351f=cu ather™ Me ,S1CH=CH_/Me ;Si 1/Me, 2/

Br
"coupling products” (2/1/1/<1)

Characterizable complexes are formed between bis-(trimethylsilyl)
acetylene and bis-{trimethylsilyl) butadiyne with aron, cobalt and man-

65
ganese carbonyls.

M2351CECSJ.HE3 + F33(C0)12 _ (Me_.,s:.c:zsme_.,)E'e(co)4
u + Coz(CO)8 —_ (Me:’s1CZS:|J‘-'Ie3)Coz(Co)6
[ ]
+ Cpm(m)a —_— (Meas;czsme3)Cpm(oo)2
(Cp = cyclopentadienyl) Pe(co)3
R Fe(CO)3 R
o = o
Me SiC:iC-CCSiMe, + Fe,(CO),, —> A:M:
R R
(R=He3s:.)

" o .
+ C 2(00)8 —_—— (Me351c4sme3)c02(oo)6

(He351C4S:.Me3)Co4 (co) 12

Platinum complexes are formed by the reacticn of acetylenic

si1lanes with tzans-HPt(PBt3)2C1 and trms—IZPt(PEt3)2.66

PEt PEt
i3 _H2 ;3
CJ.——'Pr.—H + RCiCsid, ——> CJ.-—rl?t—s;.H2CECR
PEL, (R=H,CF ;) PEL,
PEt PEt PEt
13 | 3/I slow Po3
I—Pt—I + RCECSiH, —> I;—IPQ:——H -5 I—IPt:—siHICECR
- 2
PEt3 (R“H,CFB) RC=CSiH, PEt3 PEt3
(isolable) (R-CF3)

Potassium trichloro(trimethylvinylsilane)platinate(II) was pre-

pared by a metathesis reaction in acetone. The camplex underwent clea-



. 67
vage with water and replacement of chloride with pyridine N-oxide.

Me ;SiCH=CH, + x[ptc13(cuz=c32)l —_— K[Ptcla(Me351CH=CH2)l + CH,=CH,
y I l

% (He3si)20

Q |
111
]
(o]
c1 —O)
H_C Pt
2|
HC Cl
]
Me351

The following reactions of B-functional acetylenic silanes have
6
been reported. 8

SiR

R3S:LC=COEt + L:.N'Etz —_— R3S:LCECNEt 3

2 R
MeCCH=CH,, ﬂ
R,SiC:CBr + Et,N —= R SiC:QNEL, e

o \m:.tz

(R = Me,Et)

Chlorine added to a number of aromatic silanes to form hexachloro-
derivatives which could be dehydrochlorinated thermally. For example,
phenyltrichlorosilane gave trichloro(tr;cnlorophenyl)s:.lane.69

3C12 . 550¢
—_———
C6HSS1C13 T C6H5C16S:.Cl3 C6H2C1351Cl3

organohalolithium compounds have been employad to prepare

a-haloalkylsilanes.

i Me_S 70
B
r Br Br 3 Br
nBuLi , THF Me3S.LC.'L
-108 >
(only)
H,CBr Me_SiCl 7
—2 2 4 LiHCBr., —>—> Me,SiCHBr (62%)
THF 2 3 2
iPr. NLi —=0
p3 -78°
Me_SiCHBr nc H_ I
3 2 . 479 . 71
—
Me3SLCBr2LL —_— Me3s;c3r2c4ug (93v%)
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CH,CHI Me . sSiCl

3 2 . 3 . 72
— —
CHJCIZCLL Me351C12CH3 (494%)
(Me351)2HL1
Me351CHI Me . S1Cl 22
Me3SLC12Li —_— (Me351)2C12 (69%)
Me,S0, 72
[—¥ CH,CLl, + Me;51CI, L ——————?-He351CIZCH3(45%)
Me3s:_CHI2 + CHClsz
Me:‘!s:i.CHCl2 (12%) 72

Tne monchydroboration of acetylenes with disiamylborane [HB(sia)Zl
gives vinylboranes whicn may be metalated at the allylic position. Sub-
sequent reaction of the organolithium reagent thus formed with trimethyl-
chlorosilane followed by oxidation affords 3-trimethylsilyl-substituted
aldehydes. In addition to the example shown below, the following acety-
lenes gave similar prcducts in the yields shown: 1l-hexyne (66%), l-octyne

(75%) and 3-hexyne (901.).73

CH3CHZCHZCECH + (Sla)zBH —_— CHJCH2CH2CH=CHB(SLa)2 ii:Atlr
l)He3SLC.I. / l"l
DU :
CH3CH2THCH2CHO Z)HZOZ,OH- CH3CHZfHCH=CHB(SLa)2 Li
SiMe Li

3

Ester-containing organotrichlorosilanes can be obtained by the

following procedure.74 Base treatment cleaves the Si-C bond.

. . .
HO,C —@-— C0,Et + HSiCl, _n'Pr_.i—N) Cl,SicCH, CO,Et (79%)

Several acylsilanes have been photolyzad in cyclohexane solvent.75

Products arise whose appearance may be rationalized by silyl radical
formation, followed by subsequent attack of these species on original
substrate or some of the products subsequently formed. Triphenylsilyl-
benzyl ketone 15 thought to give rise to triphenylbenzylsilane by an

intramolecular process.
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Ph.Sio SiPh Ph_S10 Ph_Sa H
-~
Ph,S1COMe v, 3 Sc=c 3, 03 \c==c52 + 3 o>c/
Ph_S1 ~H ph.s:” phosi” cH
3 3 3 3
(14v) (22%) (14%)
Ph,Si0 Ph Ph_Si0 CH_Ph
Ph,SiCOCH,Ph v, 3 e + 3 >c/ 2, Ph,SiCH,Bh
Ph_Si Ny ph.si” NcH_Ph
3 3 2
(8-12%) (40%) (30-35%)

When the photolysis of acetyltriphenylsilar.e was carried out in

di- or trichloroethylene, products of reaction with tne solvent were

isolated.
Ph_Si H
. hv 3TN -~
PR L) S -
Ph3s:.co<:H3 CHCI=CHEY /,C:C\\ (34-45%)
H Cl
Ph_S1COCH _hv Ph_S1CH=CCl (28%)
3> 3 CHCl=CCl 3 2

2

A rearrangement of the type Si-C-0-N — HN-C-0-S1 has been
reported in which migration of silicon to oxygen is accompanied by
migration of nitrogen to carbon.

50°

He3SJ.|CHCHZON(CF3)2 W (CF.'S)ZN?{CHZON(CF:‘I)Z (100%)
ON(CF,), OSaMe,
(CF.,) [NOS1Me CHON(CF.) , —=20v»  (CF,) NCHOSiMe_ ON(CF.). (100%)
3’2 2§ 3’2 T1In 3! QR{HOSe, 32
CH,ON(CF,) CH,QN(CF,) ,
150°

Me S1CH_ON(CF,), ———= Ho Rearrangement

°

3h NCMe

Cl351CHe OSiCl3 (98%)

2 3l NCMe,

In compounds of the last type, the ease of rea-rangement was found to
76

3 L]

be C1351CRR ON(CI-‘_.;)2 > Cl3SxCHRON(CF3)2 > C1351CH20N(CP3)2.

The carbinols R3_nCPhnOH (R = p—Me351C6H4; n=1,2) have been pre-
77

pared by way of p—He3siCGH4MgBr and the appropriate ketone or ester.
Bischloroformates may be synthesized from certain organosilicon

61015.78
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CcoCl

. 2
O(SiMe,ROH), —m=——> Ol(SiMe,ROCOCL),

R = CH2.(CH2)3.CH20C82CH2

sSilicon—carbon bond cleavage has been observed during treatment

of trialkylsilylalkyl sulfides and tetraethylsilan® with 30% H2°2 in
acetic acid.79
Hy02
EtSCHZSLEt3 -Ir———§ EtSOZCstiEt3 + (EtSl)ZO + C3H603SL“
(56%) (10%)
H20,
Et451 m" (Et351)20 + C3H603SJ.'

(14%)
1-Trimethylsilyl-1-(phenylsulfinyl)methyllithium can be generated
in high yield frcm the n- or t-butyllithium metalation of phenyl tri-
methylsilylmethyl sulfoxide. The reagent reacts normally with carbonyl
containirg compounds, to give, ultimately, olefinic products by way of

B-elimination.ao

s RL1i .
Me 35 J.CHZSOPh W Me 35 J.'CHSOPh
Li

A variety of 2—benzothia::oly.l.silanes81 and 2—1m1dazoylsi1anes,82
have been found to be very susceptible to transsilylation and Si-C bond

cleavage in the presence of weak electrophiles.

O = L)
o RCOC1 @i:)_ L

Me

[H/}S”‘“ s ) e

W



The stability of some f-amainocethylsilanes to a variety of reaction

conditions was exam1ned.83

. 300° :
He351CH2CH2NR2 —_— No Reaction

. 300°
He3s:|.CH2CHzHHR -E-E——'r MGBS:LNHR + CH2=CH2 .
(30%)
+ - 250°
Me351CH2CH2NEt2He I —_— ME3SLI + CH2=CH2 + EtZNMe
+ - HZO
HeSS:.CHzCHzNEtzMe OH Tofimx T (HeJSL) 20 + c112=cuz + ET.ZNME
Me_SiCH_CHNEt.Me 1~ -PPULL_  uo Simu + Er_nMe + cH_=CH
3 22 2 3 2 2 2
c nBul.i
He351CH2CH2NR2 ‘IEE?“’ No Reaction
Me SiCH_CH_NB —512;- Me_SiNHBu + CH,=CH, + CH, + Me_Si1 (NHBu)-
3SR 3 2" 4 2
n NBuSiMe,

A variety of silicon-containing tertiary amines have keen prepared
utailaizing tris(chloromethyl)amine.84 The compound with X=0, R=Ph, R'sMe

polymerizes at 25° with loss of MePh_SiOH to give a C,H,N-containing

2
polymer.
-3Nacl .
'Si~X-| —_— -X- !
N(CH2C1)3 + 3R2R Si~X-Na N(CH2 X SLRZR )3

X R R'
(o] Me Me
[s] Ph Me
S Ph Ph
CHZO Me Me
CH, Me Me (via He3S1CHzL1)

Reaction of tris(chloromethyl)amine with silyllithium reagents led
to tris(silylmethyl)amines which could be isolated (except for the dime-
thylphenvlsilyl compound), but which were thermally labile towards poly-

merization at 40°.
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N(cuzc1)3 + 3R2R'SiLi iél—c’lr* H(CHZS:LRZR')J
R R
Pn Ph
Ph Me
Me Ph

The reaction of trimethylsilyldiazomethane with trifluoroacetoni-
trile gives triazoles via preferent:ial (over H) trimethylsilyl grouo

migration in tne origanal adduct.

F,C sm; F 3‘:\
Me S1CHN, + CF,ON —— z § " —_ N// \N\
N‘\H// \‘T -~
SiMe3

Reaction of the diazo ccapound with cyanogen chloride or bromide affords

open-chain 1:1 adducts.85

+ 2 SiN = C-
Me S1CHN, + XCN ——> Me,SiN (l:cml2

X
Silyl-containing ylids are found to form salts with certain tran-

86
sition metal complexes

+ -
- (] H ]
Me ;P=CRR’ + dM(m)3C5H5 -_—_ [He3PCH2RR | [M(co)3 CSHSJ

(R = SiMe,,R' = H or SiMe,; M = Mo, W)

These salts can be deprotonated with Me3P=CH2 or nBuLi. Anions of these
salts react with chlorosilanes to give compounds containing silyl-metal
bonds.

Na'[CT(CO) ,CoH )™ + Me,SiBr —»  Me,SiCr(CO),CoHy

The reaction of silylated ylids with ketones is known to give com-
plicated sets of products, but the course of this reaction is explainable
in a straightforward manner if the ylid and carbonyl compound are taken
in a 2:3 molar ratio.87

3 Ph2c=o + 2 Ph3P=CHSiHe3 — 2 Ph3PO + (He3si)zo + Ph2c=caz + Ph2c=c=cph2

3 Ph2C=O + 2 He3P-CHsiHe3 - HeaPO + (Measz)zo + 2 PhZC-CH2 + HBZP(O)CB-Cth



+ o = = =
3 M62C=0 2 M63P=CHSLHe3 — 2 He3P0 + (H_BSL)ZO + HEZC CHZ + MeZC‘CH? CH
Me

Silylateé ylids have keen used as starting materials for the syn-
thesis of the novel tetracorganofluorophosphoranes.

R39=CHSiMe + 2HF —> R3(CH3)PF + Me_351F (R = Me,Ph)

3 3

The analogous tetraorgano{traimethylsilyloxy)phosphorane can be pre-

pared, but decomposes above 0°.89

87

2

Me F=CH, + Me,S10d —= Me,POSiMe, —= (Me ,Si) 0 + Me,P=CH, + Me P=0 * CH,

3 2 3 4
Tne synthesis of tris-(2-picolyl)-methylsilane (TFM3) and preli-

minary results concerning its use as a chelating agent for transition

9
metals has appeared. 0
N CH_Lx

. 2 (/ N cn\) S1CH
2
MeSiCly * @ —_— @ 13 Paaar

TEMS-LiCl + Agcl.o4 —EEQE+ TpMs-Liclo4 + AgCl

TPMS-L1ClO, + M(C104)2 —> TPMS-M(C104)2 + LLCloq

4
(M=Ni,Cu,CO)

Silyl ylids have been found useful in stabilizing gold(I) compounds

by establishing a neighborang onium center.91

/’SiMeB _
Me_P - AuCl + Me_P=CHSiMe_ —»Me_P -+ Au-CH Ccl +
3 3 3 3 N3
PMe3

+
Me _ Si _ - PMe | _
3TN CH-Au-CH 3 Cl

+/ ~N
He3P SLMiJ

S;Me3

i
. — e
Me3p + AuCl + He3P=C(SlHe3)2 Me39 + Au f $Me3 Cl

S.l.He3

Treating l-phenyl-10-lithio-1,10-dicarba-closo-decaborane(10) with
trimethylchlorosilane gave the corresponding 1l-phenyl~l0-trimethylsilyl-

l,10—d1caxba-closo—decabozane(10).92
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Scme silylmethylgermanium compounds have been prepared by direct

synthesis.93

Ge/Cu
XHe251CH2C1 —_— XMe251CH2GeC13 + IXHezsLCHzlzGeC12

(5-8%) (26-474%)
X =F, w’is, OS.!.Me3
Hydrosilylmethyl Grignard reagents were used to synthesize the

silylmethyitin compound shown. This did not give the expected cyclic

4q
product upon attempted ring closuze.9
Me_ClSnCH,C1l

. 2 277, .
He2H51CH2MgC1 > HeZHS1CHZSnH92CH2c1
ClCli20C143,ZnC12
CH
VAN Mg .
Me_Sn SiMe Me_ClSiCH,_SnMe CH_Cl
2 \ 7 2 ether 2 2 272
CH,

A number of (hydrosilyl)alkyl Grignard reagents have been found to
reduce chlorosilanes. Two equivalents of Graignard are involved in hydro-

silane formation.

Br
|
- Mg\
H Cl CH_-SiMe_H
i I 2 2
Ph351C1 + MeZS1CH2MgBr —_— Ph351\\ SlMeZCHZMgBr
“H
& H
[}
Phss.LH + MEZS:.CHZSLMeZCH.HqBr

The Graignards employed and the yields of triphenylsilane obtained
were: Me,SiHCH, MgBr (90); h;:LHZCHZHgBr {75} ; PhMeSiHCHZMgBr (80) ;
ths;HCHzrsﬁr (93); thsxﬂ(cﬂz)znqﬁr (50); MeZSLH(CH2)3MqC1 (80) ; Mez -

SlHCHZSLHEZCHZHqI (45) ; HezsiHCHZHgBr (wath PhZMesiCI gave 493% PhZMeSLH

and 44% Ph2HeS:I.CH2

siBCHZSiHezcuzn after D20 tzeatnent).g

The behavior of (He3si)3CH and (He3si)4c toward scme metalating

SiCl gave 39% Me S;CstxueZH and 34\

S.LHez; with Me 3
5

3

He2

reagents has been examired. No metalation of (Me3si)3CH was observed

with nBulLi in ether, tetrahydrofuran (THF), or pentane-TMEDA or with
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tBuli in pentane or pentane-THF. Metalation did occur with methyllithium
in ether-THF to gave (Heasi)3CLi and with tBulLi in pentane-TMEDA to give

(He3si)2CHSiHe2CH Li only. The tBuLi-TMEDA system (but not CH3Li) also

2

metalated (He3si)4c to qave (Me3Si)3CSiMeZCH2Li.96

The use of trimethylsilylmethyl groups for the stabilization of
metals in low coordination states continues to be an active area. A
dialkyltin(II) compound has been prepared by the use of the bis(trimetnyl-
silyl)methyl ligand.

(He3si)2CHLi + SnCl, -—> l(Me3si)ZCH]2Sn (54%)
This compound forms stannylene complexes witn Cr(cm5 and MO(CO)s. as well
as a l:1 adduct with a-picoline. A 3% yield of l(He351)2CH]2Pb was also
reported.97

In contrast to other bis(trialkylstannyl)mercury compounds, bis-
[tris(trimethylsilylmethyl) stannyl] mercury is stable, and undergoes

8
expected transmetalation and exchange react;ons.g

SnCl4 Sncl4 L:'LAJ.H4 EtZHg
RMgCl ———m—— Rqsn — R:!anl —_— R3SnH _— (PESn)ZHg

(R = Me, SiCH,)
(RgSn) ,Hg 2 Li Hg + 2 RySnLi
(R3sn)2Hg + ng2 —>» 2 Hg + 2 !%Snx

[X=Cl, CH_CO

,CO,Me, CECPh, ColCO),]

(RySn) Hg + HgIC(CF,),l, —— 2 Hg +2 R SAF + 2(CF,),C=CF,

The hydrade Rasnﬂ also was employed to prepare a dialkyl cadmium compound.

% n35nu + Etzcd —_— CH3CH3 + (RBSn)ZCd

A stable copper(I) alkyl has been prepared from Me351CH2L1 and Cul.
The reaction of this HeasiCHZCu with Heasicl, CHz-CHCHzar, PhI and PthZBr
gave the expected alkylation products. With a 2:1 ratio of MeasiCHZLi to

Cul, a stable solution of (He3SiCH2)2CuLi was obtainable in ether.99

The trimethylsilylmethyl Grignard reagent was used to prepare (Mea—

100

S.i.CHz) 3A.1-0.Et2 and (Heasicﬂz) zz:z. The latter formed isclable complexes
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with 2,2'-bipyridine, 1,10-phenanthroline, tetramethylethylenediamine,
quinoline and pyridine. The first two of these were stable in air for

several days. In contrast to the reaction of Me_SiCH M (M=Li or MgX)

3 2

with Nbcls and Tacls, wnicn affords complexes such as (He351CH2)2Nb -

(u—SLMe3)2Nb(CH251Me3)2, the interaction of (Me3SiCH2)2Zn and TaCl5

: . - o . f e -
gives a mixture of (Me3._1CHZ)2TaC13 and (He3SLCH2)3TaC12. Niobium pen

tachloride affords mainly (Me351CHZ)3NbC12.
Tris[tris(trimethylsilylmethyl)stannyl]thallium has been prepared
from traiethylthellium and three equivalents of (MeBSLCH,)3SnH. This

compound underwent the following reactions in high y;elds.lo*

Hg .
—_—
[(He3SLCHz)3Sn]3T1 [(He3SLCH2)3Sn]2Hg + Tl
BrCH,CH,Br
_—_—_—* =
’ (Me SiCH,) ,SnBr + CH,=CH, + T1Br
Bz,0,

1

(Me3s1CH2)25nOBz + ThOBZ

Stable alkvls of titanium(IV), zirconium(IVv) and hafnium(IV) have
been prepared which contain traimethylsilylmethyl- and trimethylgermyl-
methyl stabilizing grou_r::s.'102 petailed preparative procedures, stabili-
ties, ard thermal and chemical reactivities are given for these compounds.
si=Cyclopantadienyl (Cp) species were best prepared from Cp2HC12 and
Me3H'CH2L1 1n ether, while the neutral tetrachlorides were starting
materials for obtaining (Me3M'CH2)4H products. The thermal stab:ilities
of the cyclopentadienyl complexes lie in the order HEVZr>Ti, the stabili-
ties of these species being greater than the methyl and ethyl analogues.

The compound (Me3siCH2)4Zr exhibits a thermal stabality which is

close to, but somewnat less tnan, (He3CcH2)4Zn.

Compound Starting reagent Yield (%)
i B L o}
cpsz(CB251He3)2 Me351CH2u1 6
CpZT;(CHZGeHeB)Z Me3GeCH2L1 70
CpZZr(CHZSLMe3)2 Me SicH, LS 70
Me;SiCH, MgCl 5

chzr(c1)cazsiMe3 Me3SiCHzHgC1 . 38



Compound Starting reagent Yield (®)
szHf(CH251Me3)2 Me351CH2L1 50
Me ,S1CH,MgC1 65
(Me351CH2)4T1 (Me351CH2)2Mq 73
MeJS:LCHZL:L 69
Me3SLCH2MgC1 63
(Me,S1CH,) ,2r (Me ;SiCH,) ,Mg 60
He3S:.CH2L1 89
(He3SiCH2)4Hf MeBSiCHZLl 96
(PhMeZSLCHZ)qu (PhMeZSiCHZ)ZMg 50-75
(PhMezsiCHz) QZr PhMezs 1CH2MgCl [14)
(thMesiCHz)qu (PhZMesiCHz)qu 60
(PhCH, M2 ,51CH,) , T (PhCHzMezsiCHz)zNg 66

In a related investigation, the preparation of the necpentyls
(Me3CCH2)4M, M = Ti, Z2n or Hf is reported, and thermal stability comparai-
sons made with the corresponding (Me351CH2)4M compounds.103 Stability
increases in the order M = Ti<Zn<Hf and for R M: R = Me<<Me,CCliAMe SiCh,.

As was previously mentioned, treating niobium or tantalum penta-

chloride with Me SLCHZMqC- affords the compounds (u—CcJ.Me3 2M,,(CH SiMe )

3
104
M = Nb, Ta. The niobium complex has the structure
SLMEB
Me . S1CH CH SJ.Me
3 2\ / \ / 3
//Nb ;,Nb‘\
. N .
Me351CH2 f CHZSLHe3
SJ.M&3

The first well-characterized binary alkyls of lanthanide elements
have also been prepared via Me S1CH, L2 and the anhydrous metal chloride,
MC1,. Thus, (Me3SiCH2)3Sc-2 THF and (He3siCH2)3Y-2 THF (along with the
neopentyl analogues), and the solvent-free (o-MeOT HqslMe CH ) <c have
been reported.1 05

Carbonyl complexes of arcn, cobalt and nickel with tris(trimethyl-
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si1lylmethyl)phosphine (L) were synthesized and some of their chemistry
106

explored.

(Me3SJ.CHz)3P + Fea(CO)_.,_2 —_— E‘e(CO)3L2

+ }.’-‘ez(co)9 —_—> Fe(m)4L

+ Hg[Fe(CO) ,(NO)1, ——r HglFe(CO),(NOIL],

+ NJ.(CO)4 —_— Ni(m)_.‘l.

+ Co,(co), —r [Colco)yul, -28815 Naco(co) 1

+ Co_.z(CO)8 —> {[Co{cCo) 3L21 [Co(CO)dl

CCJ.4

ClCCo  (CO) + CoCl(CO) L
3 9 HgCl 2

NaCo(CO) ;L + Hg(CN), — Hg[Co(CO),L}, — > ClHgCo(CO),L

+ T1N03 ——» T1l[Co(CO) 31.] 3

The reaction cf trichloromethyl compounds with dicobaltoctacar-

bonyl yiells alkylidenetricobalt nonacarbonyl! species. The use of

Coz(C.O)8 + M9351CC13 e Me3s.1CCo3 (CO)9 (41%)
+ PhMezs:LCCJ.]'—'—. Ph.HezS.'LCO:;(CO)g (50%)
i Y
+ Me35102CCC13 —_— Hc3s.1.02CCCo3(CO)9 (38%)
l“'.e3510‘.’11-1,,@-:3 (X = C1,Br) followed by hydrolysis arfforded HOGL,CCO3(CO)9

in 4-5t yields.1??

V. SILAFUNCTIONAL COMPOUNDS

1. Si1-H

In the presence of (1=Pn3)2lh.C12 alkoxy-, chloro-, and fluorosilanes

are reduced stereospecifically to the corresponding hydride by the action

_-1-naphthyl s_/l—naphthyl
S 20°C 1
EMg —— ~
(O:O Sx " HEBE EERNicT, @Q .

x-ocus, Cl, F, b

{v retention = 94-100, 0, 90, 100 (l00% inversion for Cl)]



of Grignard reagents possessing B-hydrogens. Reactivity of the Grignard

depends markedly on structure. For example, the use of X = OCH above,

3I
Plus a Grignard under standardized cenditions gave the following yields
after 72 h (R, % SiH, % retention given): Et, 90, 100; nPr, 62, 93;

1Pr, 24, 94; nBu, 85, 99; iBu, 6, 97; tBu, 0, —). .Vinylsilanes are re-

duced at the olefinic site faster than the s:.—OCH3 bond 1s attacked.lo8
?h Ph
EtMgBr ]
- L S [— p—
CHp=cH-34%-0cH, (BBh,) uicl, o_ > H3®a §r— 0o,
l~naphthyl ' l-naphthyl

(optical purity > 95%)
Several perfluorophenyl-containing chiral silanes were synthesized
to provide an electronegative group on silicon which would not be suscep-

table to easy nucleophilic replacement.lo9

?Men OMen 2Bu,AlH i
a-Np-Si-Me + CéFsLi ~—» a-Np-Si-Meé ——————== oa-Np-Si-Me
| 1
Cl CGFS CGFS
Ph Ph LiAlH Ph
] i
a-Np~Si-Me + C_F_Li —> a-Np-Si-Me §£E£—> —————3 H~Si-Me
. 6 5 1 C.HCl3 1
cl CeFs CeFs

Charal reducing agents (alkaloid-LiAiH, or alcohol—L.LAlH4 combi-

4
naticns) have been used to reduce a series of silanes [Mesi{OMe)RR';
R = l-naphthyl, Et, PhCHZ, mesityl, 1Pr, R' = Ph and R = cyclohexyl,
R' = Et] to optically active mixtures of enantiomers suitable for further
stereochemical studles.llo
Diethylfluorosilane has been reported to undergo thermal dispropor-
tionation in the absence of catalysts. Disproportionation occurs to the
2 HSJ.EtZF —A-—> HZSiEt:z + !-‘zsiEtz
extent of 49% in 3h at 56° to give (by weight) 51% of unchanged fluocro-
silane, 10% diethylsilane, 33% difluorodiethylsilane and 5% of an unknown
substance. In 15 h at 20°, 63% disproportionation is observed. Thus,
hydrosilylation employing, &.g., diethylfluorosilane leads to products

of mono~ and di- substitution at silicon.lll
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Heating phenylmethylsilane with (Ph3P)3Rhc1 led not only to dis-

proportionation products, but also to higher condensation products pos-

2
sibly arising through a silylene-type z.ntermed:.ate.11

Me Me Me Ph Me
(Ph3P)3RhC1

Lo o1
PhMeSiH, —— —g5—> Pn,MeSiH + PhSi-SiPh + Ph—si—si-Fi—Ph
1o

2 70° il
H H H Me H
30%
14% 30%
ror
n
Ph251H2 —_537* PhJSLH + Ph251—51Ph2
8% 38%
H ? H H Ph Ph Ph
" i | L | 11
phs.i.u3 —_ th;-siph + Ph-S1-Si-H + H-s;—fi—si—H
1 | | 1 |
H H Ph Ph H H H
H H h Et H
E I . |L|
tzslhz —_— EtZSL-SLEt2 Etzsl—ll—SLEtz

Et

Ph251H2 + Et3SLH (a:2U) ——m> Et351—SLPh2H (8%)

Mixtures of trimethyl- or triethyls:ilane with nitrogen diroxide
react in the gas pnase, explos:vely under certain conditions, to give

- 113
hexaalkyldisiloxanes, nitric oxide and water as the predominant products.

2. S1-Group VII

The redistribution reaction between bromofluorosilanes and HSi.I3

has been used to prepare the following Br/1 exchange products: siFClzr,
114
SLFClIz, SlFBIZI, SLFBrIz, SLFZBrI. SLF13 and Sinlz.
Disproportion.tion occurs when trichlorosilane, a-chloromethyl-

chlorosilanes and tertiary amines are allowed to react. This reaction
15 accompanied by condensation products.l15
. amine . :
ClCH,s1Me,Cl + 2HSiCl, ———> ClaststiMe2c12 + s;cl4 + H2

2 2 3
. . amine
CICHZSLHe2C1 + Hs:.Cl3 —_— 2 CH351C13

The exchange equilabria of fluorine with the silicon substituents
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Br, H, OMe, NMe, and SMe in the mono- and trimethylsilyl (substituent.

2

series have been determined. The order of substituents in terms of their

preference for the least alkylated silicon atom was given as OMe > NMe, >
E>F > sMe > cl > Br.t1®

Methods for the preparation of aryloxyfluorosilanes (stiFoc4H6x;

R = alkyl, aryl) have been investigated. The best preparative method
involves the reaction of stiHF with the required phenol, although signa-

ficant amounts of RZSi(OA.r)2 compounds are also produced. The synthesis

of the required R,Si1HF starting compounds was also given.117

Exchange of chlore and ethoxy groups during the nydrosilylation of
vinyldimethylethoxysilane by dimethylchlorosilane was found to occur both

before and after addition, and was not dependent on the presence of chlo-

roplatinic acid. Vinyl-hydrogen exchange was shown not to occur.118

=ChSiMe _Cl

Me_SiClH + CH=CHSiMe OEt —> Me_ S1(OEt)H + CH

2

2 ClsaMe_CH_CH_Si1Me OEt —> ClsSiMe

2CH,G, 2 2CHZCH SLHeZCl + EtOSlMeZCHZCHZSLMEZOEt

2

The replacement of dimethylamino groups by iodine has proven to Le

the best route to pure fluoro:.odos;lanes.119

I + xNH . Me_.I (x = 1, 71%; x = 2, 80%)

Sin-x(NHez)x + 2xHI ——> S.i.E'4_x % oMe,

Some chemistry of these species was reported, among whirh were the

following:
2 F3SII + HZO —_— F351-0-51F3 + 2 HI
+ HgQ —>» FSSi—O-SiF3
+ HgS —> F,S5i-S-SiF,
I-‘3S.|.1 + Hg(CH)z —_— E‘351CN
+ Hg(NCS) ——> F3siNCs
+ He3N —_> Fe351'2 NHe3

+ HeZNH —— F3SLNHe2

A number of chloro- and fluorophenylethynylsilanes have been
prepared from phenylethynyl magnesium bromide and the appropriate mono-,

or trihalosilane. Yields of partially substituted halosilanes were bet-
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ter wheén organofluorosilanes instead of organochlorosilanes were used as
starting materzals.lzo
The reaction of silicon difluoride with trifluorcacetyl chloride

at liquad nitrogen temperatures afforded a volatile product which was

characterized as 2,2,3,3,5,6,7,7-octafluorc-2,3,6,7-tetrasila-4,8-dioxa-1

S—dicnloro—l,S—bls(trifluoromethyl)cyclooctane.121
- F2. P2
N 51— Si\\
C o 1
0 i /C
F3C (o] ’,C ~
~N
si — si CF3
F2 F
The reaction of SLFq, SLZFG' SLC14, 512C16, s;HJI, SiHBBr, SLFBI
and p—ClC_H_S1H, with various nitrogen oxides has been studied with and

64 3

without U.V. irradiation. Silicon tetrafluoride is generally inert, but

reacts below -60° with NZO to form a thermally labile (above 0°) adduct,

3

probably NoO' (51F4-N02)_; S1 and NO or N,0, produce (F;Si),0, and

2Fe 2%

sizcl2 behaves similarly. Other silanes produced siloxane mixtures, but

no reaction occurred between p-c1C6H4siH3 and NO in the absence of irra-
diation. No evidence for isolable Si-nitroso compounds was ohtained.lzz
The firs. example of a metal carbonyl complex where the halogen
atoms of a metal halide serve as ligands has been reported. Thus, the
irradiation of a mixture of Fe(CO)5 and 5114 gives the compound 5114 -

[Fe(C0)312 in low yzeld.l23 Its proposed structure 1is

3. Si-Group VI

an insoluble polymer-supported chiral rhodium complex for the asym-

metric hydrogenation of olefins and hydrosilylation of ketones has been

prepared.}24



o PPh insoluble

+ thCl(CZH ),1 —_ complex

= 4'2°2
PPh2

x

The hydrogenation of olefins (2-ethyl-l-hexene, a-ethylstyrene, methyl
atropate) is effectively catalyzed by this material, but optical yields
are lower (0.6-2.5%) than with the soluble complex shown below (15%

optical yield with a-ethylstyrene). However, use of the insoluble complex

H
Me O beh, Soluble
+ thCl(CqH4),]5 —_— complex
u PPn, =T ="
0%
H

for the hydrosilylaticn of acetophenone with dihydrosilanes (diphenylsilane,
phenylmethylsilane, a~naphthylphenylsilane) gave high optical yields

(up to 58%) which closely paralleled those obtained employing the solu-

ble complex. Isobutyropnenone was an exception in that somewhat lower

optical yields were obtainea from the insoluble complerx. An extremely

o-s1% OH {100%)
. catalyst ! !
PhCOCH, + H,SiPn(a-Naphthyl) ———<=—» Ph?-CH3 —r PhCHCH
H

(s)-(~)

58.5% optical
yield

useful observation i1s that with the soluble catalyst, dihydfosilanes
afforded much higher optical yields, and under milder conditions, than
did monohydrosilanes.

A chiral cationic complex, [Rh{ (R)-(PhCH,)MePhP} H S,1" Clo,~
(S = solvent) has also been found effective for asymmetric hydrosilyla-
tion of a number of alkyl phenyl ketones. The silyl ethers produced were
isolated and converted to carbinols by methyllithium treatment.l?>

The reaction of hydrosilanes with ketones in the presence of col-
loidal nickel produces both monosilylethers and silylated dimerization
prodicts.
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PhCOR £ilyl Ether Carbinol Optical Yield
R= Yield (%) Configuration (%)
(Me 97 (] 31.6
PnMezs:LH Et 94 S 43.1
Itau 84 S 61.8
Me 100 [ 5.1
MGJSLH Et 92 S 6.4
tBu 81 R 28.1
(I)S.LR; R".‘S.l.? (l)SJ.R"3 (')H (I)SJ.P"3
RCOR' + HSiR} colloidal Ni o cype & RRC ~CRR' + RR'C - CRR
R = R' = Ph R" = Et 40.4% 57.0%8 = —ememmme—o
R = Pn; R" = Me R" = Et 50.3% 42.6% 00 0o—m——me———e
" = nBu 67.1% 14.3% 8.2%
R = Me; R'tBu R" = Ec 47 .5% trace = = =@ ~===—m—e-——-
" = nBu 70.1% 8.6% 8.4%

For those ketones which are enolizable, small amounts of the cor-

responding =silyl enol ether mzy have been present in the monos:ilylecher

product.lz6

A facile O-silylation of alcohols has been reported using a homo-
geneous system containing Cth(PPh3)3 as catalyst. Isomerization or dis-
proporticnation is not observed. A mixture of cholesterol, diethylsi-
lane and catalyst 1n hexane, for example, afforded a quantitative yield
of cholesterol diethylsilyl ether. The rate of silylation 1s in the
oxder pnenol > MeOH > EtOH > iProH > tBuod and RSiH, > R,Sin, > R3siu.127

Diarvlalkoxysilanes (stiHOR') can be prepared by either the mono-
alcoholysas of diarylsilanes or the hydrosilylation of ketones wath
diarylsilanes, both in the presence of either rhodium or ruthenium com-

plexes,

(PPh,) RhCL
—— 3 [ ] H
or (PPh,) JRuCI, RySIH(OR') + H,

stiﬂ + R'CH

as
above

stih + R'R"C=0 > RZSiH(OCHR'R“)

The method appears to be general in the nature of R' and R". For both
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reactions, the rhodium complex was found to be the more efficient cata-

Lyse. 128

Ionic fluorides catalyze both the alcocholysis of hydrosilanes and

the addition of hydrosilanes to conjugated ketones and aldehyaes. The

. 29
following conversions are illustrative of the methoa.1

CH_,FN
Et351H + PhCH20H CsF Et3510CH2Ph + H2
(95%)
CHJCN
Et3SLH + PhCHO Sor Et3510CH2Ph
(96%)

As part of an anvestigation concerning the mechanism of acetal for-
mation from the photolysis of acylsilanes in alcoholic media, the photo-
lytac behavior of acylsilanes in other protic solvents has been reported.
In almost all cases, the indicated products were formed in good y1e1ds.130

Ph SiCOPh + HX BN Ph,SiO0CHPR(X)

X = OAc, ON, pyrrolyl, sPh, Cl, CH(CN),

Triethylsilane adds to the carbonyl group of Kketones unaer cataly-

s1s by indium tr:.chlorxde.131

InCl3 OSlEtE!

—_—— CHCM
PnCOCMe3 + Hs;Et3 ToFlux Ph e,
OSLEt3

|

o as .

E'hCO:a:LMeJ + HS.I.E"-3 '—? PhC-HSLMe3

Optically active O-si1lyl enol ethers are formed with inversion of
configuration at silicon when optically active methylphenyl-a-napthyl-
chlorosilane 1s allowed to react with an active methylene ccmpound in

: 32
the presence of base. BRoth B-keto esters and ketones behave s.x.mllarly.1

Referencesp 139



100

*
0Sig
L Na I
RCOCH,COR® + -Si-C1 ————> R-C=CH-COR'
2 I or NEt:3
S:rlylated enol ethers have been prepared as follows.
-Et_saCl OSiEt,
. : . 3
C113COC.'I. + 2 CHz=C(0Me)OSLEt3 —CH3C02Me' CH3C=CHC02He (67%)
(cis:trans = 9:1)
—He3siC1
+ = 1
Et3S1CH2C0C1 2CH2 C(OMe)OS:L_Me3 -Et3SJ.CH2CDCl rd
os;Me3 (I)s:.Me3

Et351CH=C-CHzC02He + Et3SiC52C.(I!COzHe

In the latter case, the principal product is the B,y-unsaturated isomer.133

A number of soluble and insoluble (polymer-supported) palladium
catalysts were investigated for the addition of trimethylsilanol to

butadiene.

Pd catalyst :
H a ——— = -
Me3510d + G-{Z-Cl:i-CH G:Iz H 3510Na Meas:.OGiZCH C!-l(C!!-'..,_)3(':!-!=C1-i2

The soluble system PdC12(PhCN)z—PPh3-He3sona was the most advantageous.
Polymeric catalysts could not be recycled and lost palladium content after

134
one use.
Lithium derivatives of the compounds H3S.LXH (X=0,S,Se) and of
(EBSi)ZYH {(Y=P,As) can be prepared indirectly by treating fully silylated
. S 135
X or Y with methyllithium.
(E,Si) X + MeLi —> LlSiH, + MeSiH,
(5351) 3Y + MeLy, ——> LJ.Y(SiH3)2 + Hesiﬂa
Chloral inserts into the ring structure of a cyclic silylether to

give the acetal product in quantitative yield.136

Me Me
Me_si + Cl,CCHO ——» Me Si
2 3 2
% Yoy’
0-7<:\

H CCl,
A series of (w-ethoxysilylalkoxy)trimethylsilanes has been synthe-
sized arnd their cyclization studied under basic (NaOEt) and acidic (HC1)

conditicns.
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-EtosiHe3 / (CHZ)m
. ;
(EtO) Me, Si(CH)) CSiMe; ——————> (EtO) Me, Si

\_o
(n=1-3, m = 3,4) (n = -2, m = 3,4)

six-membered rings are formed faster than five-membered rings, and
with base catalysig, the reactivity towards cyclization increases with
increasing numbers of a2thoxy groups on silicon. The latter observation
is also true of acid-catalyzed cyclizations to five-membered rings, but
a reversal in reactivaty is cbserved for cyclization to the six-membered
137

heterocycles.

Cycliz vicinal diols produce heterocycles upon appropriate silyla-

. 138
tion. o
/T CHOH CH ~ SiMe,
ey, | + ClMe,SiCH,C1 ——> (ci,) | ]
\_ _CHOH \ CH-_ .~ CH,
n = 3,4

Trimethylsilylcyanide affords functionalized silyl ethers with a

nunmber of co-reactants

R . 139
—_— N
Me351CN + COC.I.2 Me3510C(CN)3

" + ClCoCoCl ————— [He3SiOC(CN)2]2 139

" + F_CCOCl —m— > Me,Si0C(CN) ,CF 139

3 3 3
n + R COR' —_— He3SiOCRR'CN 139,140
alcl
3 131
" :
+ —_—— MeSS:.OCHZCHZCN
w 4 poocy ~ Byxadime, Me,SiOC(CN) R 142
" 4 RCO-G-COR ————>  Me,SiOCR(CN)GCR(CK)OSiMe, o+
(G = CHez, o-phenylene) + Heas;QCR(CN)GCDR
Trimethylsilyl phosphite was found to add to 2.3—butanedione.142
O OSiMe
20° 3
(Ew)zposi.ua3 + MeCOCOMe ——> (EtO)zP-CI:-COHe (45%)
Me

Organotrichlorosilanes react with B-diketones to form chelate com-
plexes of the form [Rsi(diket)zl+x- (diket-H = acetylacetone, benzoylace-

tene, dibenzoylmethane, benzoylacetanilide):; the complexes with X = Cl1
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wa2re easily converted into tnose with X = HC12, Fecl4 and anls. Similar

complexes of formula (SiL.) X~ were prepared from $iCl, and 5-hydroxy-

3
ketones and B-hydroxynitro (or nitroso) compounds. These complexes appear

to be ionic and contain pentacoordinate s:.l:.con.143

Stannyl-silyl group transesterification has been effected in some
Group IV esf‘.e::s.]"“l

fI Ri'SnOH 1
!gS.LOCCH(CH ) CH S.‘LR3 _— !g"SnOCCB(CH )CH C.\.R3

Bistrialkylsilylcarbonates have been prepared and the reaction of

t-butyl trimethylsilyl carbonate with aminoac:ids ..nvestigated.14s

(o)
1. Nad M
RBSJ.OH 2. co RBS:LOCOS.'I.R3
3. R g:.Cl
Iol Et3H
l:.BuOCOS.u:.t’.3 + HZNCHZCOZh —_— He_.,S.:.—:l—CHzCOZS:LMe3

C0251He3

Unsymmetrical organosilicon peroxides result from the treatment of

a mixture of hydroperoxide and chlorosilane wath anhydrous aunmon:.a.]'46

NH
n H ———\
P 3S.'l.OC) + RSiMe Cl Et o Ph SJ.OCSJ.HezR

(R = aryi, akyl)

Heating some peroxides results in phenyl group migzatxon.14

-]
Ph351.005.1.Ph3 —191—.5 PhO (°h) 2S:LOS.‘I.Ph3 (100%)

A method for the hagli-yield synthesis of mono~ and bis-peroxysi-

lanes has been reported.148

/. \ 7\
tBuooH + N/N\_N + R,SiCl —>  tBuOOSiR; + N, y~N-HCl (74-95%)
AN \_/

PhcMe_OOH + NL/:N + R,SiCl, —> (PhCMe,00),S1iR, + NE"'HCJ'
2 LL;) RpSicis 2001 5S1R, )

(76-95%)

The reactivity of bis (trimethylsilyl) peroxide with a variety of

nucleophalic, electrophilic, oxidizing and reducing agents has been

probed.149
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Agent Products
[ES] [E;] + Me3siosiﬂe3(HMDs)
n N
phjp Ph3PO + HMDS
(EtO)JP (Et0)3P0 + HMDS -
Et,S Et,SO + Et,SO, + HMDS
PhsH PhSO3H + HMDS
nBuli n!.’.uos:.rlle3 + Me3S.I.OLi
EcMgl Et.osme3 + HessLOMqI"
HaOH,HZO Me;S10H + H,O,
NaGMe, PhH EtOSiMe, + MeasiOO-RIa+
Li,Na or K (M) Me3SL0H
H1(L.o)4 (Me3510)2N1 + CO
Pn2C: Crzo3 + HMDS + th + Hzo
i +
Pb(OAc)4 MejSioCoMe + Pb(OAc)Z 02
CrOB,HOAc (::'(Ol\c)3 +°"HMDS + H20 + 02
Ph cou (Ph3C0),
0, Me ,51050,051Me ,

The ¢ig- and trans-isomers of a fluorine-containing diorganocyclo-

50
siloxane have been prepared and charactenzed.1

Me O _Me

:S:L ‘S.'L\
R o R
k'si'\ R CFS(CFZ)SCHZCHZ
Me R

An excellent yield of a polycyclic compound can be obtained by con-

trol of a polycondensation reaction.lsl

Ph Ph Me Me PhSy ———— O ——— S1Me

Lobion  sba—onbin [ So o
HO—S3—0—31 T . 6 Nsi—o0 SiMe

? ? + o ? —_— | é Q é

. : . Phsi S1Me

Ho—S$1—0—Si—oi HSi—O—Sid RN l ° <o I

1

Ph ph e Me s o >~ siMe

rh
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The preparation and physical properties of cyclic organopolysil-

oxanes having the following structures have been z-eported.ls2
Ph
Si- S1-C~-Si-0~S51
RB« 'LQZ Rz| i I f2
0\ 0 (o} CI) o
. 1 |
si”” R,Si-0-Si-0-51R,
Me Ph
2
R25.|.-0 /O—S.L!'-'.2 ths —O\ /O—S.'l..b'le2
0/ \S.I.-Q'-SJ. N (o} [s) Si \0
\.. / N, 7 N, SN &
st.l.—o 0—5:.!-12 ths.l.-o o-s:.!"le2

(R = Me, Ph; Q = p-C H.)

Treatment of lithium octamethylcyclotetrasiloxane with cyanogen is

reported to give 80% of the cyancmethyl der:.vat:.ve.153
Me
0—S2x —
N (@, o8
MeZISz. '0 _ Hez?i (ID

o - 5iMe(CH,Li) o SiMe (CH,CN)
N AN

Si—o0 Si——0

l-(cnloromethyl)- and l-(3-ch'~r—~metnyl)- silatranes have been synthesized
by standard methods.]'s4

The silylation of dimethylnitromalonate occurs nearly quantitatively
to aiford the O-silylation produczt. The same product, though in lower
conversion, 1s obtained from the silver salt of the malonate and tri-
methylchloros lane. In contrast, the sodium salt of the malonate does
noc react with trimethylchlorosilane. The O-silylated product underwent

1,3-dipolar cycloaddition reactions with olefins.lss

(Me0,C) ,CHNO, + phhmcom(Ph)s:.ma3 0
. —> (Me,C), C=N
Ag [c(No)z(cozuerl + HEJSJ.Cl OS1Me,
(Co_Me)
MeO,C CO_Me z 2
2 \c/ 2 cH,
if + — R N
N\ CHR o osiMe,
MeqSio ° (R = CO,Me, Ph)
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Similar sehavior has been reported for the nitro compounds HC(N02)3.156
. 57 57
Chz(hoz)zl and Meozccuzuoz.1 Other products can arise from AgC(N02)3.158
A~ ~— N02
AgC(NO,) . + Me.SiCl + h —> /J i
273 3 ~0” Np
-NO

2
" + v + PhCH=CH, —> —',_l
Ph O/N\o

Silylation of AgC(NO

Ph

2)3-p-dioxana with RthsiCI (R = Me, Ph) led

to 1solable products (in contrast to sialylation with Me3

underwent the expected 1,3-dipolar cycloaddition with styrene Lut reacted

SicCl) which

with methyl acrylate by conjugate add1tion.159

Silylation of trifluoronitrosomethane under u.v.
160

irradiation has
been reported.

HSiX, + CF;NO Ve CF jNOS1X, X =CL, 17.3%

X = F, 80%

The preparative chemistry of some compounds containing Si-~0-P

bonding has been studaied.

o] o] Fﬂz
It 1l l 161
(HE3SLO) 2PH + CH3CC02He —_— !-‘e3S:I.OP (H)OCHCOZME

o] o] CHJO
. g 1 T BT 162
Me3SLOP(OEt)2 + CH, —-P(OEt)z —_— (EtO)ZP-——C-——P(Or.t)2
siMe3

|
(R3S;0)3P + R'COCL ——> (R3sio)29con' + sticl 163

[R=Me, Et; R' = CF3, (CF3)2CH1

3 RyP(X)YH + 3 Me,SiCl + HN(SiMe,), —

> RZP(X)YSiHe3 164

R3P (X)YM + neas:.c1

[R=alkyl;!andY-Sand0:H=Na,NH4]
Siloxymetallic compounds have been synthesized as shown.

. 165
V=NSiMe

NH4V03 + 2 HN(SLHGJIZ —_— (He3510)3 3

: 165
NH4V03 + 3 nPrNHSiHe3 —_— (Heas:.O) 3V N-nPr
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SzHe3
-70° 7\ 166
(Me_P) NaiMe_ + MeOH ————> Me_P(Me)Ni N1 (Me) PMe
3 °3 2 Me _Si0OH 3 3
3 N 7
1
SiM
€3
s s - 166
Pn3s;oCd;t + o2 e PnBSLOCdOOEt
2 + (PnCO,), —>  Ph,510CdOOEt + Ph S10Cdocorh &7
Silicon disulfide reacts with 2,6-dimethylphenol (AroH) and ethanol
168
to form ethoxyaryloxysilanes.
o, ¥ o
EtOH -
s:.s2 + C —_ (Eto)BSon: + (Et0)251(OAr)2 + EtOSJ.(OAr)3

Supstitution of st for EtOH and a variation 1n mole ratio of reac-

tants allows the formation of silanethiol and cyclodisilth:ane.169

CH3 OH
CHJ HZS /S\
sis, + o —— (Ar0) ;S15H or (Ar0),s1 S1(0Ar),
~N .

S
Moderate yields of silyl bis (tnicethers) are obtained by the pal-

ladium-catalyzed condensation of alkyl- and aryl-thiols with diethyl-

s11ane.17o

- pd
Et251H2 + HSR ——Z—r EtZSL(SR)z (19-41%)

A highly effective catalyst for this type of transformation, how-

ever, has now been found which affords nearly quantitative yields.171
(Ph3P)3RhC1
R,SiH + R'SH R3515R' + H,
(Ph,P) ;RNCL
[ ] T
R, SiH, + R'SH ——————> R,S1(B)SR' + H,

The known reaction of silanethiols with silver nitrate has Leen
used to develop a potentiometric mechod for the determination of silane-
- 172
thiols.

(R0)3sisu + AgNo3 —_— (R0)3SiSAg + HNo3

Silanethiols have been reported to undergo the following reactions:



Ph351SH + ROH —— Eh3siOR + HZS 173

(R 10,2°,3° alkyl, allyl, aryl)

Et351SH + EtLi —— Et3SLSLL + EtH 174

Methylphenylcyclosiltnianes have been synthesized which are capable
of cis, trans-isomeriem, and their conformational preferences investi-

7 - :
qated.l 5 A complementary investigation of the trimethyltriethylcyclo-~

traisilthiane and the trimethyltrivinylcyclotrisilthiane systems has also

176
appeared.
Pt s\\\ FhMeSi S
PhMeSiCl, + H,S _pyridine, ., vesi SiMerh 23 l
L L S SiMeFh
\ /
sa
Phie

The following preparative methods for the formation of sulfur-con-
taining silyl esters have appeared.

o S
177

| . i
PhCs K+ + Me351C1 —_ Phc-osiMe3

s S
178

| " i
PhCS NHEt, + Me,SiCl ———> PhC-SSiMe,

S S
" - o 178
2PrCS 5 + Me,S1CL —>  iPrC-ssiMe,
2

Conpounds containing the P-0-Si and P-S-S1 moieties have been

synthesized.
F ga + (Me_S1).NH ——>> F_F-OSiMe 179
2 €351, 2 3
(CF.).PF + (Me_Si}. 0 —> (CF,) ,POSiMe 179
3'2 3°a 3’2 3
. 179,180
(CFB)ZPCl + (Me351)2s —_— (crs)zpssma3

Attempts at synthesis of the P(V) isomers (e.g., P(0)SiMe_ ) gave
3

only P(IIX) forms. Cleavage reactions of the P-containing silyl esters

with HCl and HezNH as well as with HBr and (CEJ)zpcl,lao were reported.

Silicon-substituted selenium compounds have been prepared by a

number of routes.lal
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MeasiCL + MeSeH + He3N

Me SiNMe, + MeSeH —_—
“ _— He3SiSeHe

3
M8351C1 + MeSeM (M = Li, HgI)——J

Me_ SiCl + LiAl(SeMe)4

Pantafluoro-orthotellurates of silicon [Me3si0TeF5, SL(OTeF5)4]
are formed by the reaction of He3SiC1 or siCl4 with, respectively, HoTer
and 41\g0'1‘er-‘5 .182

Crystalline complexes are formed by mixing bas[tri (i ~ntafluoro-
prhenyl)lgermyl] cadmium with silicon derivatives of Group VI elements.l83
(Ph3Ge)2Cd + (Et35i)2H — (PhaGe)ZCdH(SiEt3)2

(M = 5, Se, Te)

4. S1-Group V

The scope cf aminosilane prevaration by amine-silane condensations
catalyzed by (Pn3P)3RnC1 has been reported. Good to excellent yields of
the moncaminosilanes are obtained in all instances. Phenylsilane and
triethylsilane, as well as aniline, were successfully employed in similar
transformationg.

R,SiH, + R', NH -cat, R,SiFNR'

2 2

Transition metal halides are found to catalyze the fixation of mole-

cular nitrogen by trimethylchlorcsilane and lithium.las
CrCl3
Me3s.1C1 + N2 + Li 'I'HF—> (M2351)3N

Syntheses of the following silylamines have appeared.

186
[(@3)2N]25g + H3SiI E—— (CP3)2NS:LH3

. 187
Me SiNH

3 2 + HN(CHZ)n — MeJSi—N(CHZ)n (o = 2,3)

Me_SaN_ +

3 3

s
X, \ i
v e

\//

e /\// 188
\ \ \/\

R
Lme
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SnBu3 3

/ W+ megsicr ——= f/ \E 189
N
' I
SiMe
2-Trimethylsilylpyrrole has been shown to slowly isomerize into

. 189
the N-silyl isomer.
Silylation of substituted phenylacetonitriles by trialkylchloro-

silanes varied according to substitut:.on.lgo

R = Ph
» thc-c=u-siR'3
R' = Me,Et,Pr
R=H S1Rj,H
» PhCH_—-C-N-S1R°'
> 2 3
R R' = Me |
ohincy NaE | Fh-c
2)R3SiC1
e
R = Me i
3 Ph=C-SiMe_ + Ph(Me)C=C=NSiMe
R' = Me | 3 3
cN
R = Et or nBu Et,nBu
e Ph-C-S:LMeJ
R' = Me (|:N
R"NH,,
— R'Nl-lsiHe3 + PhZCHCN

(R" = Ph,Me.CsHll,RBBLO)

thc-c.%N-s:.Me}

HS.i.Et3

—> PhZC-CHN (smas)smt3

Pl‘.Cl4

Treatment of silyl amines with tetrasulfur tetranitride leads to a

. 191
nitrogen exchanged product. The same product is obtained using S3N2C12.

i~-Ne -5=-N
Heasian + 54N4 -—_ He351 SuN-S R2

(R = Me,Et)

192
Heptasulfur imide anion and chlorotrimethylsilane afford an adduct.

S.INK + He351<:4. — S7N51He3
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Under the catalytic influence of 10 mole 3 bromotrimethylsilane, the

following carbon to nitrogen silyl group migration was effected.lg3

Me3siBr
HGZC—CHHNR —_— He2C=CHNR (R = Me, Et, nPr, iBu)
| :
s;ye3 s:.Me3
< : . ss 194
Trifluoromethyl-containing silylimines have been prepared.
Me S1Cl

MelLi 4-n
- ﬁ =
((::‘3)2(:-1‘-’!1 —_— (G‘3)ZﬁIL1 h = 1=2) He4_n5.1.[N C(CE‘3)2]n

ll-Halohexamethyldisilazanes are preparable ain good yields by the

use of N,N-dihaloberzenesulionamides. Poor yields (ca. 15%) were ob-

tained with N—bromosucc;nxmlde.lgs
Bz,0,
PhSOZN‘x2 + 2(Me351)2Nh —_— Ph502NH2 + 2(Me351)2Hx (70%)

(X = Cl, Br)
The synthesis and reactions of some silylated hydroxylamaines have

peen reported. Equilibrat:ion (via silyl group migrataion) ketween N-

lithiated and O-lithiated forms was observed.196
(Me,Si) NH + hONH €1~ 5;%%55;—7 Me ;SINHOSiMe
+ I : :
2(Me S1),Hh + 3 HONH; Cl° ——— Me,SiNHOSiMe, + 2 H,NOSiMe, (1:1)
. _ Et,N _
(Me Si) ,NH + HONH,MeCl ~ ———> MeNHOSiMe,

+ -
(Me3S.L) 2Nh + HEOHH3C1 B (Heas.l.) 2N—OMe

Et,Sicl
— i
(Me;S2) NOSiEt,

RL1 H s
He3SUIHOS_LHea o > HessLNHOSLMe3

Mel -
.—> i S
(HessL)ZHOMe + Hess...H(He)Oa.LHe3

- - 1l)2tBula -
HEJSLNH051He3 3YMet (Me351)2N-He
H_NOSiMe 1) 1 tBuMe SiNHOSiMe_. + Me_ SiNHOSiMe._tBu
e e ———————— £
2 3 2)tBuMe_SaCl 2 3 3 2

2



A1l

MeI <
e o e
M 2NOS iMe 3

MeNHOSiMe, -2291ty

—————> Me,Sili0SiMe,tBu
tBuMe_SiCl |
2 Me

Silylated hydroxylamines have been prepared by other workers, and

simllar rearrangements opserved.

197
: N . : .
R3510NH2 + Pn2C=C N-SaR 3 ——> PBSJ.ONHS.LR 3 + PhZCHCN

(R, R' = alkyl) (70-90%)

120° : . 198
Me S10ONHS1Et, —— Et,SiONHSiMe
3 I 3 3

99
Silylation of some hydrazine derivatives has been carried out.l

NHZ tlms:.MeJ

Cﬂzia’lc-NNHez + EtzNSLMe3 e Et2NCHzCH2C=HHMe2

N e i JHU
HNM 2 S:.Me3 tlHKMez

) ) i
MezNNHQZCH2C=NNMe2 + E:i:zNS:l.Me3 —-—)- MezN-lJCHZCh2C=N.lMe2

M i~N-N
or e3Sx lil lMez

MeZHNHCHZCHZC=l‘ﬂ‘IMe2

The preparation and reactions of some silylaninoboranes have appeared.

. 1) RL1 i 200
“9 =
(Me3s.1.)2NH 5)ciB(x)5h (Me381)2NB(X)Ph (x Ccl, NHE)
tBu Cl
/N—B
BCl 150° Cle nesy 201
Me Si-NtBu ——» Me SiNtBu - ] i
3 1 3 | -Me _SiCl
. 3 tBul BCl
Li BC12 \
B—N
Cl tBu
Re_BNLi + Me_SiCl — BNsivMe, 02
25 35t o8 3
R' R’
(R= Me, R' = Et; R = Ph; R' = Me)
N
N 202
I /j + Me;sicl —— E\I/j
-
llq B\I.I‘i ?/B\lr
Li H SiMe. H

3

F.eferences p. 139



112

. . 60° : 203
(He351)2hne + ClBH2 0£t2 —_ hzaN(Me)SLHe3 + Me351C1
n + CLBH_-QEt., ——» H_B_N(Me)SiMe. + Cl_BH-OEt, <0°
2 2 572 = 3 2 2
+ Me3s:|.Cl

Attempted preparations of compounds cantaining two —EHZ groups on the

same nitrogen or containing the Hza—NH—si fragment did not succeed.203
New chemistry of silylaminophosphorus compounds has appeared, in-

cluding those containing the first example of the phosphazene structural

camponent, -P=N.

. . 204
(‘“‘35”3“ lor (He3s.1.)2NLJ.] + 0PE‘2 —_—> (Messz.)zN 1?01."2
(Me.S1)_.N [or (Me.Si) NPOF.] + P.O.F, —» Me.SiN(POF.). + Me.SioPOF. 227
3o1) 5% lox 3% 2 2Y3%4 3 2’2 €351 2
(Me_Si}) N {[or Me_Si)_NLi] + OPCl —— Me,SiOP(Cl_)=NSiMe 204
3°*t3 372 3 3 2 3
{RO)
2
P = N
7
a1, o) FiRCl 205
(RO) _PGNCL_ + RSiCl, —=x CI1RSi o
2 2 3
\ /
N = P(on),

(R = Me, Cl)
(Me3s:.)2NL1 + (Me:’s:.),._,N‘r.-"}:-"2 — (He3S1)2NP=NS:.HeJ
Cf:!l4
06

: . 2
MeJS.LN-PCl (CC13) N (S:LME3)Z

: : 207
1 =
(He3SL) ZNLL + PC_S —_ ME3SJ.N PC13

Unusual thermal stability is observed for mono N-silylated amino-
tellurium pentafluoride, whereas attempts to isolate the big-silylated
analogque [frem (Measi)zNLi and 'rerl were u.l:Lsuccessful.zoB

(He:is'i)ZNH + TeE‘G — Mess:.F + HeSSiNH'I‘BPs

Pyridines and ring-methylated pyridines form stable adducts with
diaminossilyl cobalt and zinc compounds. Triethylamine appeared to form

complexes in solution, but no stable adduct was obtained, possibly due

. 20
to steric factors. 9



MIN(SiMe,) ), + € O v ——= (O Nemintsivey 1,
c°l

(M = Zn)
210
A novel titanmium-nitrogen heterocycle has been reported.
4 T:C1l, + 4 N(SiMe), —oMH g g Mo cj S e
4 = 373 50° e3g1C1 + Cl—'l'll—TSLMe3 4
(65%)

The reaction of Pdclz with silicon-containing amines affords stable

complexes. For example, [Et,si(CH2)3NH2]2-PdC12 was characterr.:ed.211

A series of low—coordinate lanthanide and actinide complexes was
attainable because cf the large steric requirement of the bis(trimethyl-~
N . . 212
silylamino) ligands,
1 3 3 .
MCL, + 3 LLN(SLME3)2 —> MlN(s:.Me3)213
(M = La, Ce, Pr, Nd, Sm, En, Gd, Ho, ¥, Yb, Lu)

Silicon and nitrogen are heteroatoms in a variety of new cyclic

113

compounds .
v
{ Me
N N 2 213
PELIN
. 177° N H
H O d H H
(24%)
(erythro)
RR' RR' H
Ssi Si-—~—N 214
PN 7
HN NH HiN SARR'
RC1,SiR' + NH; —> | | + |
RR'Si SiRR' RR'Sy™ NH
7~ ~N ~
N—= S1iRR"'
B H

{R= Me, BEt; R' = CH2C.H20CH-CH2)
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(C1l_MesSiCH_ ). + RNH ———————3»  RNHMeSi SiMeNHR
2 2°2 2 N
N
(R = Me, Pr, Bu, Ph) L
|,
H 215
Me/ H \Me

Me | Me
(1-:::_,is:o)zs.1c12 + NH3 —— (EtJS:LO)ZSJ.(NHZ)z +
H
N
(Et3510)2ls-—NH-'S.1(OSJ.EtJ)Z + (Et3510)251\ /51(0515:3)2 216
th N.':lz N
H
s s
/
N N S Ow — 217
Il Na o+ MEZISJ.-X—?JHEZ > MeySa S,
S AN A N N
HH BN N N
s’\ i /s
\
(x = 0, NMe) Ni—s” Ns—n?
NH N—Si—N
Z Bt N Z N
Me.S + Cl,SiR, —=— Me,S sMe
27 2 2" / 2
A X pyesin?
Ry
(R = FPh, Me)
N
PN 218
Si SMe
S
Me s/ \SiRz
2115 . !
Lo N\A
Si S
By Mo
(ClsiMeCH,) ,GeMe, + BuMh, _— Me 219
ah
Me _Si iMe
2 e,
Yy



Complexes of aminosilanes and metal halides have been characterized.

R

l ] l 1 |
Si—NRR" + Alcl3 —_ si-—lil--’lucl3 220
1 i
L]
CH, CH, R
(R = E_—%:., R' = H; R, R' = Et; R = Me3si, R' = H; R, R' = El?l)
cu, CH;
. L -
(Hezs:.NH)4 + MC13 —_— (MezsLNH)4(MLl3)2 2L 221
(M = Ta, V, Cr; L = THF or Me3N)
(Mezs:.NH)4 + T:.Cl4 —_ (Mezsxﬂu)4(T1C14)2 221
H
N s
NG 2H,S g N H,S S—§iMe, 222
Mezs% ?LMeq _— Hezsf ?lﬂez —_— Me1S{——S
HN INH S NH
\N. ~_. 7~
Sa Si
Me, Me,

Thermolytic decomposition of silylphosphine nas keen snown to pro-

ceed via two routes. The first chemical evidence for phosphylene was

2
thus obtained.223

SiH_ + PH

S!.H4 + PH

A high-yield method for the preparation of organosilylphosphines

(and arsines) is now at ham:l.z"'4

PCL; + Me,SiCL + Mg —oots (MeySi) P (763%)
HMPT
tBuZPCl + Me351C1 + Mg ——r He3S;P(tBu)2 {95%)

Silylphosphines add to ketenes and diketenes to form silyl enol

. . . 235
ethers which isomerize upon heat.mg.2 3
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PEtz
Me SiPEt, + R,C=C=0 — Me,Si-0-C=CR,
250°

PEt
|

(R = H, Ph)

2
Me3Si-CR2—C=0 (R = Ph)

Me_SiPEt_ + CH.=C—CH —> Me —C— _
3 2 26 3S10—C—CH, —C—PEL,
0=C=0 cH, o

Partial isomerization and cyclization occur when the hydrosilane

adduct is heated.

CH
72
o—c¢
Me_S1PSt i i ~
ezlJ. =t, + (:Hz=<l':—?!2 —_— Mez'S:.O(;Cl!zﬁPEtz —_ HeZSJ. /CH:,_
H 0=Ca0 H CH, O o—c':u
(40%) PEtZ
a
P
o—c
Me_S1—0—C=CHCFEt, —>» Me_Si §G"l
e 1 e 1
2 [n 2 2 s
CH o o —CH
3 |
(60%) PEEL,

Silylphosphines undergo similar carbonyl additions to u—d::..ke:t:one:s.226

a3
Me3SiPEt2 + G13COCOQi3 —_— He3SJ.O(I'.‘—G)CH3 (90%)
PEtZ
M3
l\-{ezs.r.(PE:t:z)2 + c:h3C0C0C83 —_> Mez?x—o—f—cod-ls +
PEtZ PEtz
PEtz
CH o]
I3 -~ 3
uezsi (I:—COQ!E] 2 + MeZS:.\ CH3
PEt2 O <
Et
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CH
y 3
Me_S1PEt_ + i —C —
2] 2 CH3C'OCOCH3 —_— MEZS.L—O (I: COCH3
H
PEtz
HZPtClG

- o CHy
; PEE
Me,S1 3 (eis & trans)
~N !:i cx
(o} 3
H

. [o] Me3510
Me SiPEE, + —— EtPH + ﬁ (74%)
o o

5. Si-Metal

Further chemistry of silyl-containing C284H8 derivatives has been

explored, including silyl migrations from bridging to terminal positzons.227

. NaH -+
u—Me3S:.CZB4H7 ——dr 4-He35 iCZB“H.7 Na

Me 3S.'LC.'I.

u,4-(Me3si)2cza4H6

MeSLCIZH
— u-(MeSLHz)C234H6

MezsiC].z

—> u—(Hezsin)CZB4u7 (trace)

+ -
Na C284H7 —

8251C12

A
> u,u'—stZ(C234H7)2 —_

4,4'-SiH, (CzB H,)

477’2
(cu,)  sicl, N\ ~C2Bafy
L= - = u- si A

Cl —»r

( l CZB4H'7
q- Csi
Ccl
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Ethyl bas(triphenylsilyl)aluminum has been utilized for the pre-
paration of bis(triphenylsilyl)mercury. Results obtained upon treatment

of the aluminum compound with alkyl hydroperoxides followed by hydrolysis
228

suggests that structures with Si1~0-Al bonds are formed as intermediates.
. . . . -4 THF
2 P - - + —= =" .
n3511lSLPh3 2 LiBr-2 THF 3 Hg(OAc)2 2 LiBT
Et

2(Ph,Si) Hg + Et,Hg + 2 AL(OAC), (40-70%)

2
{Fluoroalkyl)silylmercurials may te formed by exchange reactions

at mercury. Salyl B-fluorocalkylmercurials are stable but the stannyl

analogues are not.229

T
(Et, S1) Hg + HgR, IHE ., Et.SiHgR (R = CF

3 CF,CF.,)

3' 273

CsF

Et,SiF + Hg + (CF,)_

. THF
[(MEBSLCH2)3SnJZHg + dg[C(CF3)3]2 —_ 2 (He3SLCH2)3SanC(CF3)3

in situ

2 (He351CH2)3SnF+2Hg+2(CF3)2C=CF2

Oniunm salts containing silacon and transition metal complexes have
. 230
been characterized. These undergo the normal reactions of onium halides.

Me_ PaCHS1Me

3 3

v 5 + -
+ :m(co)B-n-csﬂs —_ [MeSPCHZS.LMeBI [M(C°)3'“-CSH5]

Iron-substituted silacyclobutanes are readily preparable and under-
go reactions involving ring cleavage and demetalation.231

Halogen-alkoxy excnange can be effected by treating n—CpFe(CO)2 -
s.i.CJ.3 with sodium alcoholates. The species ﬂ-CpE‘e(Co)zSJ.(OR)3 [R = Me,
Et, nPr, iPr, tBu] were thus prepared. An excess of alcoholate results
in Fe-Si bond cleavage yielding the [ﬂ—CpFe(Co)zl_ ion.232

An optically a:tive derivative of an Si-Fe compound [(-)-{n-Cp)Fe
(Co)zsiHePh(l—Np)l has been pzepared.233

Evidence has been presented which indicates that a vicinal bais-
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silylation of an acetylene occurred via bis(trichlorosilyl)bipyridyl-

nickel(II).234
Ph i
~ /SJ.C13 Ph\ ’/SJ.MeJ
C C
(bipy)Ni(SiCl,), + PhCZCPh=s¥ (bipy)Ni'+ || Rl
C\ - C (55%)
C13Si Ph He3si Ph

The nickel-silicon complex n—CSHS(C13Si)(Ph3P)N1 was obtainable in 35%

yield from (n—C5H5)2N1 and ClasiH. Ligand exchange reactions were ob-

se:ved.235

n—CsHs(C13sz)(Et3P)N1

=-C_H_(Cl_si) (Ph_P)Ni
5

> 3 3 HGeCl1

3 .
ﬂ-CSHS(ClSGE)(Ph3P)N1

Vaska's compound [i{rans-carbonylchlorobis(triphenylphosphine)irid-

ium(I)}] edded the silanes H.Si1X (X = H, Cl, Br, I), MeS1H,Cl and Si,Hg

to afford 1:1 adducts. These appear to have the general structure

H co
1
Ph,p — Jl:r—— PPhy
Cl
XH,S1

Upon several weeks standing under an equimolar excess of Hasxcl, the 1:1

adduct from Vaska's compound and H3S1C1 formed the compound

H SiH_Cl 236
1 / 2

Ph3p; Ifr— H

PhJP (a.0]

Low oxidation state transition metal complexes react with hexa-
chlorodisilane to form higher oxidation state trichlorosilyl metal species.237
In contrast to an earlier report, no reaction to form Pt(Pph3)(SiC12)2
was cobserved between Pt(PPhs)z(SiC13)2 and PPh3.

A series of compounds Iz(CI,Br)(H,D)(siRB)(CD)(PPhJ)z, where R =
halogen, alkoxy, alkyl, has been prepared to assess the frang-influence

of the silyl group in these complexes.238



['H—CSHSMO(CO)312 + S.l.zcl6 —_— MO(CO)3(1T-C5H5)51C13

Ir(Cl)(co) (PPh:’)2 + S:i.zcl6 — Ir(Cl) (cO) (PPh3)2(SJ.C13)2

HZO

xr(cl)z(co) (") (PPh3)2
———
RhCl (PPh3)2 + SJ'ZC]'G Rh(PPh3)SJ.C12

Fe (CO) 5 + s:'.zcil.6 —_— [Fe(Cu) 4S'.i.C12] 2

Cyclic bis-silyl chelates of platinum have been reported.239

siHezH
Me,
SiHeZH S1
—_— Pt(PPh3) 2

S1

Pt(PPh3) 2(C2H4)

S2

i~
N @[ ,Pt(PPh3) >
SiMe,H 81

CH2 Hez

CH_SiMe_ H

th

(HPh,S2) ,0 /st
o Pt(PPh,;),
Ne,”
1
rh
Pt(PPh3) 2 (C2H4)

» Cis Pw(smezosmezh) (PER,) 5
(H.Mezsi) 20
Mey
Sy
o\ /Pt(PPh3)2
si

He2

The dihydrides o—(miezsicuz)csu4 and m-lezs.i. (cu2)4si.ue2u do not afford
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cyclic products. Ligand exchange with PhZPCHZCHZPth and Pt-Si cleavage

with bromine were both observed for the 5- ard 6- membered cyclic chelate

compounds.

A magration of the tramethylsilyl group from cobalt to oxygen is

observed upon heating trimethylsilylcobalt tetracarbonyl. This cobalt

24c¢c
conplex also reacts with tetrahydrofuran to give silyl enol ethers. 4

o 105 o
MeszCo(CO)q-———-———" Me3>10CC03(C0)9 + (Me3SLOC)4C02(CO)4

THF room
temperature

Me3s.1.OCCo3(CO)9 + Me3510CH=CHEt + Me3SLOCH=CHCH2CH2051Me3
Convenient syntheses have been described for a number of silyl-
24
transition metal complexes. ! Analogues containing tne Mn(co)s moiety

=N
H,S1CL, + NaCo(CO) _tHaCl H,S1C1Co(CO)

H,SiCl, + 2NaCo(co), —2NaCl o 4 silco(co),]
2 2 4 2 472
-NaCl .

HeZSJ.C]_H + HaCo(co)‘I —_— Hezs:.HCo(Co)4
_Hz

2 HZSiCI, + Coz(CO)8 s 2 HsiCIZCo(CO)4
-H_‘

st;.clz + Coz(CO)s —_C—0>- S.LClZCoz(CO)7

were formed in a similar fashion. Heteropolymetallic silanes are also
accessible by an extension of the method.

SaH,ClMn(co) + Coz(CO)e —> SiHC1Mn(CO) ;Co(CO), + SiClMn(CO) 5C0, (Co) ,
SiHCIMn(CO) [ColCO), + Fe3(CO)12 —_ Fe(CO)4[SLClHn(C0)5]2[Coz(CO)7]

Transition metal complexes containing the trifluorosilyl group have

been prepa:ed.242
M_ (CO) + F_SiH ﬂ—r F,Si1M{CO) (M = Mn,Re)
2 10 3 -H2 3 5 '
[n-CsHSE‘e(CO)zlz
Fssiﬂ
or Fssxre(n-usﬂs)(co)z or FJSLH(H—CSHG)(CO)3
lﬂ-CSHSH(C0)312 e

(M = Mo,W)
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VI. SILACYCLIC COMPOUNDS

The first synthesis of the elusive silacyclopropane ring system

has been r:epo::ted.243
Fed M Me
Br %) Br s '8
Br - AT L sicl ~ S1 z
(/\ nBuki Me,SiCl, 7
——— ————
THF, =95°
Mg | THF
Me Me
\\ /
S
S~
Me Mezsicl Me2 Br Br . Mez
Me __J Li ———i —9.
< 7
Sy Me Sy
Me
Br Mez 2 Mez 2
H
B
Me L1 MeH Br ¥ HMe MeH HMe
nitsl Me SiCl
2 2 Mg
/7
H o aniean Br Med Sy HMe  THE MeH Si HMe
Me Hez Mez

These silacyclopropanes are oxidatively unstable in air, and undergo facile ring-

opening reactions with HC1, CH3L:i. and HOCH3, e.g.,

Me, He,
M l>‘_<\ X = OCh,, Cl, CH,
e Me2 Mez
Mez

Mezs.ﬂ(

? subsequent report indicated that this high reactivity is a general
244 R
characteristic of silacyclopropanes. 4 In addition to the above, the

following reagents afforded the ring-opened product with X derived from
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the anionic portian of the reagent: HOH, HOtBu, HOPh, HNEtz, HZNiE:,

H3N, st, HStBu, HOAc and HOZCCMea.
Pyrolysis of 4-silaspirof3.3]heptane leads to polymeric, or at low

. 245
pressures, moaocyclic products in additicn to ethylene.

C > 470-725° E:HfSi ——> polymer or st@

Mixtures of cig- and irans~ 1,3-dimethyl-n-butyl-l-silacyclobutanes have

been prepared and subjected to PhHgCClZBr treatment. Both Si-C and B-C-H

bond insertion products are formed with the latter predominating. The

data obtaired is consistant with a high degree of retention of configqura-

tion for botn processes.245

Cl cCl
Me Me Me
PhHqCCl_Br
j:: ye _BULL N S;/”\\\ Me —0 2 5 ;}Si .

tBuo \\\ nBu Me

He\\ Me

Si
Ve

nBu cuc,

Arene ccmplexes of chromium which contain silacyclobutane rings
bave been prepared. 1,l-Dimethyl-2,3-benzo-l-silacyclobutane polymerized

under the reaction conditions.247

Bh R ] R
cr(co), + Nei —_— si
(3 Ve R \, R

Rt

R' «= Ph, R=H
R' = Me, R = Me

Cobalt and nickel complexes containing the ligand l-methyl~1-(3~

248
pyridyl) -l-silacyclobutane have also been reportsasd. 4



Me,

He
; S1 3-BngC5H4N ~ si !-!C.'l.2 He\ /\
-—____* - -———.’_ -
cl C.H N ethanol si MCl,
54 e \/
sHgN

(M = CO,Ni)

A variety of mono- and disilacyclobutanes were cleaved with HgCl2
in alcohol at the Si-C bond. Products were not isolable because of
thermal instability. Relative reactivity studies were carried out and
compared to earlier results of HCl- and alcoholic KOH-induced ring
opening. Electrophilic attack of the [ng]+ ion on the ring was indi-
cated as the rate-controlling step.249
Open-chain organometallic compounds are formed when silacyclobu-

tanes are treated with alkali metal silanocates or hydroxides.zso

H,O

MeJSiOH —2~> nPrSiMe,0SiMe,
‘ . .
Me,Si —TE;ETE;Tb- M(CH2)351Me2051He3 ———-ACCI
(> > cHc (cuz) 351.He2051.MeJ
MOH Me,si
i —_— s i
HeZSL ———n HosiMeznPr M(CH2)3 Mezoslneznpr

A strong ring-size effect has been observed in the attempt to form
a silacyclohexane by intramolecular hydrosilylation. Although in acyclic
systems, hydrosilylation leads to terminal silanes, silacyclopentanes
resultang from the formation of a Si-C bond at a secondary position are

the major products in this case.251

H_PtC
HSiMe si” NMe st
Me2 Me

2
2
(trace) (73%)
//\/\ _ H,PtCl
SiHMe, ———> (60%)
Si
Hey
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Also of synthetic interest were the following observations.

No cyclic product

Ccl SL(CH ) fHCH3

Br(cH,) cl'wcu ——-" (233%)

€2

Silacyclopentanes containing hydroxyl or amino functicnality beta

to silicon underwent derivatization by acyl chleorides and phenyl isocya-

252
nate.
Me OCONHPh
Me Me oH PhNCO Z——E
2 ! 1)82H6 Si
- Y e rearrenayere . .
Si 2)H,0, ,08% Si Me,
Mez He2 RCOC1
—
Me OCOR
zsij
Mez
(R = Me, CHeCH,, CMe=CH )
')
Me Me NH, Me NHCOR
Z 5 1)B,H, Z i RCOCL Z ;
—_ —— .
si 2)NH,0S0,H si Si
Hez Mez Hez

(R = Me, CH=CH,,, c:ueacuz)

A n—complex of 2,2-dimethyl-2-cilaindane has been reported.253

" Nsine, + cricor. 149 o oy cr -
2 6 nBu,O * 3 SiMe,

Free-radical bromination of silacyclopent-3-enes results in alpha-
and/or beta-bromosilacyclopentenes. Product distribution is highly

depéndent on the substituents at silicon. The ring-opened product,

Br
— - —
{ ) w20 * VA S
cc1,,Bz,0 [_.—X—Br
si 475250, si .
T ke - gt R/SL\R.



A (%) B (%)
R = Me; R' = Me 35 65
= Ph; = Me 25 75
= Ph; = Ph 0 100
= ph; = CH=CH, 0 100
RR'SLBrCH=CH—CH=CHZ was not observed in these reactions. Reduction of
the 8-bromo product affords a method for the overall conversion of a
B,y- to an G,B-silacyclopentene.zs4 An unexpectedly facile ring-~opening
Br
{/ ! LialH, (/ 5 A_ + Ph,S1CH=CH-CH=CH
s 51 i si> ) :
th Ph, th
(70%) (10%) (20%)

reaction of 2,2-dimethyl-2-silabicyclo(3.1.0lhexane by anhydrous HCl has
been observed. 1In contrast to the behavior of the isomeric 3-~silabicy-
clol3.1.0)hexane, in which C-C bond cleavage is observed, Si-C bond clea-

vage occurs in the 2-sila isomet.255

{ S ; HC1
————
) 150%,h ClsaMe CH,CH,
si
Me

2

A number of new synthetic methods leading to the silacyclopenta-

diene system are now available. One proce55256 1s thought to involve
NaCl1, (PET,), é/ \5
- red 1 = [ ________"_* ) v
hﬂezs;s.u-(ezl-' + RC:=CR 50° R si R' + stu‘lez
Mez
R = Ph; R'" = Fh (S56%)
R Ph; R' = Me 44%)
R = Et; R' = Et (95%)
R, R' = Me or nBu (100%)

the intermediacy of "dimethylsilylene", as the omission of acetylene
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results in the previously observed formation of _he trisilane HHeZSiSi—
He,SiMeZH. Dimethylacetylenedicarboxylate does not afford cyclic product
The use of 1,3-dienes under similar conditions led to products of appa-~

renc dihydrogilylation and hydrodisilanylation. 1In another method,

R R! R R!
o HiClz(PEt3)2 A yd
HMe_SiSiMe H + — C=C +
2 2 / 90 S N
HHezSLQiz CHZS.'LMEZH
R = H; R" = H HeCR=CR'CHZSLHe25iMe2H

R = H; R' = Me
R = Me; R'" = Me
R = H; R' = Ph

1,l-dimethyl-2,5-diphenyl-l-silacyclopentadiene was prepared by dehy-

5
droqenation.z 7
[¢)
cl N
VRS § G |
Ph si)—?h 1’y - P iR
Me, o Me,

Similarly substituted compounds are obtainable by a three-step
synthesis beginning with the silacylclopentane. Yields for each of the

last two steps range fram 40-65%.

NBS X Fh KOA / \
fh Ph —E=23 —C 5 ph ph
i ’ Phf "si” 'Br cHyen si
rd VAN /7
R R

3

7 Vg " \g

R = Et; R'" = Et

R = nBu; R' = nBu

R = Me; R' = Et

R = Me; R' = Ph
The dienes thus prepared underwent the expscted cycloaddition reactions
with diphenylacetylene and maleic anhydride to give 7-gilabicyclic com-

pounds. Dimethyl acetylenedicarboxylate afforded an adduct which spen-~

tancously lost silicon to form a compound identified as a dimethyldihy-~



drodiphenylphthalate, but may more likely be the dimethyl diphenylph-

thalate itself. Reaction of the silacyclopentadienes with iron carbonyls

resulted in good yields of the iron complexes.258
Fe(C0)3
ﬂ Fe (CO) ,140°,12h hﬂ
"
Ph-{; 2 Ph Fe, (o1 5,40%, 1R P . Ph (61-75%)
VRN VRN
R R‘ Rl

R
or Fe3(C0)12,80°,1h

Fully arylated silacyclopentadienes have been prepared by the di-
merization of diaryl acetylenes with lithium followed by reactiom with
diphenyldichlorosilane. The mixed acetylene, phenyl-p-tolyl acetylcne,

gave three isomers whose proportions were determined by NMR spectra.259

R R R R’ R! R
cl1,siph
R-cicpt By, 2 2, R'-Z_\S- R' + R _(/ \;_R + Rﬂk'
Si S Si
R = R' = Ph ph, ph, Ph,
R = Ph; R' = p-tolyl (25%) (25%) (50%)

Silaazaspirold4.5)1decanes and silaazaspiro[5.5]undecanes have been

synthesized from 4,4-dimethy1-4-ailacyclohexanone.260
o N(CH2)3NMe2
(CHZ)I,Z
—_—
Si: Si
Mez Me 2

The synthesis of 1,l-dimethyl-l-sila-4-cycloheptyne was attempted
in the expectation that the longer $1-C bond would render this alkyne
more stable than its all-carbon counterpart. A product was obtained
that had a half-life of 108 h in dilute CH,Cl, solution at 4° and reac-

. . 2
ted in the expected fashion with tetraphenylcyclopentadiencne. 61
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NWH .,
Ac,0 “

s N_H «H_O <
Me,S2 —Tmso ™ Me,S 2.4 2 o MeQSM
NHH,)

Pb (OAC) 4

Ph
h
—_—
h
h — h
®h s
0 M
Hezs.l. —o Nezs:l. ‘ l
Ph
Ph

The product cktained from the reaction between trimethylmethylene-
phosphorane and 1,1-dimethylsilacyclobutane suggests that this may repre-

sent ring opening via C-C bond cleavage instead of the normal Si-C bond

attack usually experienced by silacyclobutanes.262 The use of silacy-

clobutane itself in the reaction leads at 0° to a cyclization of the

wnitial product.

1/\
Me3$—c32 + \/s:.r.se2 — [Me3$c:r12cazcuzsmezdi2 }

Me_P-CH_CH_CH_SiMe
2&222 3

2

~H c

o . 2
Me ,P-CH, + <>s:.u2 —_— Mezﬁ(m2)3smeaz————r Mezf

a‘z H2C

N\

pume
CH

AN
/ 2
CHz

/

Normal Si-C bond cleavage is observed when 1,1,3,3-tetramethyldi-

silacyclobutane is employed.

+* = / . . .
RyP-CH, + Me,Si SiMe, ——% R,P=CH-SiMe,CH,SiMe, (R=Me ,Et)

Vapor phage Lhermolysis of 1,2-dimethoxytetramethyldisilane in the
presence of 2-butyne afforded the novel and highly reactive hexamethyl-
1,2-disila-3-cyclobutene, perhaps formed via 2 dimethylsilylene insertion

into an intermediate silacyclopzopene.263
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Me
. - 400° SN———siMe
H —_—_———
(MeC)HeZS:.S:.Hez(OMe) + MeC=(CMe -Hezsx(OHe)z l 2
P SJ.He2
Me
02 room temp.
Me
2
Me Si
\
‘ o
Si/
Me Hez

A number of partially- and extensively-methylated cyclic and acyclic
derivatives of 1,3-disila-4-trimethylsilylpentene are produced upon treat-

ment of the disilapentene with methyl magnesium chloride. Use of an

cl2 ] .
/\ > Me,5iCCl,51Cl,-CZC-SiMe, (60%)
C12§i SiMe2 MeMgCl
—_— Cl2
Cl SiMe3 R o clzsl Si.Mez (8‘)
Me SiMe3

8-fold excess of methyllithium resulted in cleavage of initially-formed
open-chain products i: give He4si, HeBSiCHHeSiHe3 and He351CC1MesiMe3 as
the major components of the product mixture.264

The disilapentena employed for the above investigations was obtained
by a ring-contraction reaction of perchloro-l,3,5-trisilacyclohexans with

methylmagnesium chloride. Concurrently, the behavior of other 1,3,5~

trisilacyclohexanes with this Grignard reagent was also 1nvestlgated.265

/CQ C12 C12

Cl,si sicl, amacL o1 s N
i : ; .
c:L‘ cl:L MeMgC 2 s:.Cl2 + Clzs:. s:.Me2
2Nsi” 2
cy SiMeC i
c1, 12 c SiMe,

cl.si sicl N



2
(/”\\ ) iMe
cJ.zs‘: j.clz 2 Hezsz. S 2
= L
H 2 Hy HyNsi Hy
2 Hez
4. si
251 Sin . 2 HeZSL SiHe2
szSl 52 sz Si)ﬂz
H, "
2
cl
2 Cl
/\ /\2
Hysi Sif;  Memg@l o Me, S1 SiHMe
H Si ci, k /,
2 82 HZ Si C.'I.2
Hez
e
H,Si SiH
2 2 _l(_e_r‘g&_) open~-chain products
ClNs1 - L2

H,si

SLHZ M 1
l\ /l MemgCl o no reaction
HZ si 32
HZ

The reaction of calcium carbide with dichlorodimethylsilane in

fused LiCl-KCl affords low ylelds of a twelve-membered tatrasuatetrayne.zss

Me,Si-C=C~SiMe

2 2
Cl-KC i ]
cac, + Me sicl, -ZRSLKCL, ¢
2 2 400 lii 'él
c

Hezéi—CEC-éiHez

in contrast with earlier results which showed that l-chloro-3,5,7-
triwethyl-l,3,5,7-tetrasilaadamantane (Heaadcl) was only slugglishly
reactive with lithium aluminum hydride and water-triethylamine, this

silaadamantane has been found to undergo facile reaction with various

othar reagents at 25°.
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;l\/SICI —_— MeSJ. \/Sl‘<

Me
Reageat Solvent Rxn Time Product Yield
(X =) (v)
NaOMe HOMe <15 min OMe 86
Phcuzﬁnesé'ﬂ HOMe <15 min aMe 92
HOMe HOMe 24 h no reaction
+ -
°'c6“11NH3F HOMe 1.5 h P 90
" CuC13 12 h P 89
Meli Etzo-'I'HEDA 0.5 h Me 70

The dichloro analogue, MezAdC12, was also found to be very reac-
tive towards NaOMe/HOMe; Me,Ad(QMe), was formed in 93% yield in less

than 2 minutegs. 1In addition, Me AdOMe was easily reduced (25°,4h) by

3
. 267
ethereal 1Bu,AlH to Me,AdH in 86% yield.

A number of transformations involving the octachlorohexasilaasterane
system have been carried out. Treating the compound with R1~R6 = Cl with
two equivalents of Li.AlH4 gives the products with R3 = R6 = H; Rl. R2,
R4, Rs = Cl and Rl-R° = H in a 1:5 ratio.

11
5 R :
3 SiRr
Ri 5 RZ si /’/ 2
. si
Si 2 a
4 10 g, — R
) > l\
Si
/ i Rlzs: — 1\
RoSi 2 HA7

Both of these may be rechlorinated t. jive back the original starting
material. If a 10-fold molar excess of L1A1H4 is employed in the reduc-
tion step, ring cleavage occurs to give the tricyclic compound shown with

R7~R12 = H. Use of MeMgCl in place of LiAlH4 results in the production
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of methylated derivatives with Rl,RZ,Rq,Rs = Cl, R3,RG = Me and Rl-RG =
Me. HNo reaction of the octachloro compound with chlorine or bromine is
opserved, but the octamethyl derivative is cleaved by HBr to give the
tricyclic product with R7,R8 = Br, R9-R12 = He.ZGS

Separation of the products formed in the pyrolysis (700°) of tetra-
methylsilane has afforded a new type of carbosilane whose six-membered
rings of alternating silicon and carbon atcms exist only in boat forms.
A nowenclature system for this class of caompounds was also proposed.

For example, the product shown below is named 3,7,11,15-tetramethyl-l,-

3,5,7,9,11,13,15-octasrladodecascapnane

—e = Si-CH

Other products characterized were as follows, the last structure repre-
senting a combination of chair (carborundane-type) and boat configura-

2
taions. 69

Jur SN

A preparation of the novel 1,2~disilacyclohexadiene system has been

described. The disilane undergoes ready oxidation to the cyclic siloxane.
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2 PhCiCPh i PhCL1 = CPh - CPh = CLiPh

(Mezs:.cl)2
Ph
Ph Ph
P /
(5%) ’4 \ + M2 (55w
Ph Si ph PhAX. - SiMe,
Me, oh
Oz,hv or ETC1C6H4C03H
Ph
Ph Me
-~ S.I.2
o
>~ _Si
Ph Mes
Ph

Other peroxaides [(tBu0)2 and tBuOCH] also led to the siloxane.
Since Si-Si bonds an, e.g., 1,2-diphenyltetramethyldisilane are much less
reactive towards oxidation, ring strain may be a factor in the enhanced
reactaivity dasplayed by the cyclic system.27o

The facile reaction of 2,3-bis(trifluoromethyl)-7,7~dimethyl-1,4-
diphenyl-7-silanorbornadiene with water was investigated and a ring-

opened product characterized. 1In addition, the facility of thermal

Me

-2 Me
$i pp ph. _ SiH
cF
CFy H,0 3
—
Ph N CFy
3 Ph

decomposition (presumably via expulsion of dimethylsilylene in each case)
of a number of 7-silanorbornadienes was determined by mass spectrometry
and compared with reported data. In general, stability towards elimina-
tion is increased by increasing numbers of substituents on the basal ring.
The following order of thermal stability was indicated for the compounds

shown.271
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Hez Mez M
h Si Ph =)

e
Ph Sl Si
pn Bb eh Fh rh  ph ph
CF;
O) - < <
v
Ph Ph bh h Ph h Ph N h O
CF'3

An eight-membered silicon heterocycle is formed upon irradiation of
an st—dimethyld.ialkylsilane mixture at -78°. Irradiation of an indepen~

dently prepared sample of the intermediate thiol under like conditions gave

- SH
S S
— H.,S
ISR
hv
51 si Si
Mez He2 _l Me2

comparable yialds of 1,l-dimethyl-l-sila-5-thiacyclooctane.>’ >

Both germanium and silicon are constituents of a novel eight-mem-~

bered ring system prepared as show'n.219

CJ.2

Ge
. . Ge/Cu l—— _—I
(clcH.) s:.—-o—sﬂcr.-!zc.l)2 —===-> MeSi—0-~SiMe

2°2 370°
' [
L -

C‘J.2
MeMgCl
Me Me Me
2 2 2
Ge Ge Ge
R soc1, [
HEZSi SJ'.Me2 4—— ClMesSi SiMeCl ~———o MeSi—0—SiMe
L I LA
Ge Ge L Ge
He2 M‘ez Hez
VII. POLYSILANES
273 274
The first boron-containing and unsubstituted cyclopentasilanes

have been synthesized. The dilithium precursor to the boron hetesrocycle
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can be isolated ags its tetrahydrofuran complex.

Ph,Si-——5ipPh, Ph,Si—SiPh,
. Na/K Li -
4 Ph251C12 = ~TaF I
ths:.--s:.th th,si 's;phz
Li Li
Cl‘?BNMe2
thsi—-—Sith
Ph_Si SiPh
2 2
s
NMe2
Ph Sl-—-SJ_th B Br S:.-——si.Br:2 L:.Al!i4 l-!z/s:.—-S:\.IH2
Ph,Si SiPh ——= Br,Si iBy, ———>» H_Si SiH
2 2 2 ~ ./ 2 2 N 2
Si Si si
th Brz Hz

Syntheses of various polysilanes have bean carried out by the

methods indicated below.

B M & PhSiH_S1H(Sih.)_ —2X, BrsiH_SiH(SiH,). 2 >
2 3’2 2 3’2
_ KSi(SiH,) 4 Br
PhSiH,C1 ® PhSih Si(SiH)), ——» BrSiH,Si(SiH,),
KSHSLH3)2(512H§) Phsins|1(si.h'3)2 _ﬂgr_, BrSiHZSi:L(S‘.H3)2
31H251H3 siHZSiH3
Lialn, 275
Brsil,Si(siH), ————> Si(S1H,),
LinlH, e 275
Brs:.uz.?.i(sins)3 —_— (H3s:.)3s:.s:.stiH3
S1E,SiH,
o LiAlH, e . 276
s.x(s.xc13)4 — bel4 + (H3si)zsiusmzsuqe3 + SJ.(S:LH3)4
{£Bu0) . 277
(He351)3Siﬂ——1-3-5,,—'—> (Measi)asisi(smes)s (92%)
maver eyt vy, o
e N (eBuo), Ve l_/ ..
Mezs:'.\ /si\ W—-’HeZSx\ /Si—s:.\ -/smez (66%)
si—si H Si-—si ' Si— Si
nez Hez Hez Me !-'le2 Me2
MesiH(siMe,), i:—;—fh» (He3si)zsi—?1(su‘193)2 ts2vy 277
Me Me
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Cl

. 2 . MeOH 278
CaSlz(i—lO\ FeSJ.Z) —_— S.'|.3C.l.8 —E‘t—N—b S:L (OME) (12-15%)

3

The following transformations are of interest in the chemistry of

polysilanes.

Me ,S1(SiPhMe) ,SiMe, DY, [:siphMe] + Me,SiSiPhMesiMe, 279

O Et MeSiH

(a transient s:ilacyclopropane was postulated)

> Et,MeSiSiMePhH
HSiFhMe

c1
|
. PhHgCCL Nai_ C138iSicCly + PhHgCl 280
c1
C1,5i52C1, ——f— + PhHGCCL,Br —2L> Cl,Sisi(Cl,)CCl; + Phigsr
o N, 2. (clcH,)Cl_SisiCl
22 2’1, 3
CcH hz,cu

(c1cﬂz)c125151012(cuzc1)
{PPh,) _Rh(Cl

. 281
HeJS:LS.'LNe H + ROH —-——-3——————.- HEZSJ.(H)OR + HEBSiH

. 281
HHezsisiHezﬂ + ROH ————————————ep Hezsi(H)OR + Hezs:.u2
or
MEZSi(OR)z + Mezsiﬂz
(PPh ) RhCl 281
_—_—_) 3
HH325151H0251H22H + ROH MeZSLH(OR) + (BMe2)2312
or
. 282
Hezs.l(OR)2 + (Hne2)2512
(PPh )3RhC1 282
Ph.ues:.uz ——7—0———4 Ph MeSiH + HMePhSiSiPhMeR + HMePhSisi (MePh)SiPhmeH
{30%) (14%) {30%)
Ph_SiH - Ph SiH + HPh_Sisiph g 252
—_—_—
2 2 3 2 2
{8%) {38%)

- s 282
B e e + +
Ph51H3 (HzPhs.l) 2 EPh,.SiSJ.Pth HzPhsi(PhH) SiPth



cyclic polysilanes and tetracyancethylene has been observed.

VIII

10.
11.
12,

13.

14.

15,

16.

17.
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The formation of charge-transfer complexes between both linear and

283,284
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