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This review presents a comprehensive survey of the synthetic meth-
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1. Introduction

The use of silicon in organic synthesis is enjoying a
growing popularity due to its various preparative ad-
vantages'. The trimethylsilyl group is an especially
good example in that it has long been applied as a
protective group in the chemistry of peptides, carbo-
hydrates, and many other compounds, which can be
easily removed. Moreover, it has advantageous ef-
fects on the volatility, stability, and solubility of
compounds so protected’. On the other hand, the
specific reaction of silylated compounds with elec-
trophiles (e.g. alkylating or acylating agents) has
been only recently systematically investigated. The
reactions of trimethylsilyl enol ethers? are of special
interest, because different regio- and stereoselectivity
relations can occur than are encountered in the reac-
tions of metal enolates. One class of compounds,

whose mode of reaction towards electrophiles is es-
pecially interesting, is the aryl- and heteroaryltrime-
thylsilanes. Since reactivity and selectivity of C --H
and C---SiR; bonds differ significantly, isomers that
are difficult to obtain by conventional electrophilic
aromatic substitution (normally deprotonation reac-
tions) can, in some cases, be more conveniently pre-
pared by desilylation reactions®.

H E
@/ + E=X —> @/ + HX
R

deprotonation reaction

Si(CH3)3 E
@/ . E=X —> @ + (H3ChSi—X
R

R

R

desilylation reaction
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If desilylation reactions are to be of wide preparative
importance in the chemistry of aromatic compounds,
a simple access to the corresponding aryl- and
heteroaryltrimethylsilanes is necessary. Apart from
an older Japanese paper®, no review of the prepara-
tion of this class of compounds exists. One finds ref-
erence to the preparation of arylsilanes™®’ only in
connection with general publications on organosili-
con compounds.

We intend to give a survey of C-trimethylsilylated
aromatic and heteroaromatic compounds. The litera-
ture through 1977 has been reviewed. Compounds
which carry, besides the trimethylsilyl group, other
group IV substituents (e.g. R;Sn) are not included,
since they undergo electrophilic reactions” at the po-
sition bearing the substituent more easily than aryl-
trimethylsilanes®.

2. Direct Introduction of Trimethylsilyl Groups into
Aromatic and Heteroaromatic Compounds

In principle, trimethylsilyl groups can be introduced
into aromatic or heteroaromatic compounds in a ra-
dical, nucleophilic, or electrophilic manner.

2.1. Radical Silylation of Aromatic and Heteroaromatic
Compounds

The silylation of aromatic compounds via free radi-
cal processes can be induced thermally, photochemi-
cally, or by other radical sources. Aromatic com-
pounds react with silicon hydrides in the gas phase at
500-850°°, in the liquid phase under autogeneous
pressure at 350-500°°, and in the presence of perox-
ides at 135°'%; gas phase condensations'' and reac-
tions via electrical discharge'> have also been re-
ported with silicon halides.

BN

Ar—=H +« H-SiR3 Ar—=SiR3 + Hy

Ar=H + X=SiRs —>  Ar=SiRs + HX

The reactions of aryl halides with silicon hydrides in
the gas phase at 500-700°"* and in the liquid phase
at 350-450°% also afford arylsilanes. Disilanes that
can be thermally split into silyl radicals react in the
same way'®. All these reactions are of high energy

R2

R3

| .
RLQ—SIi—-SS(CHg)a s olr Q

Si{CH3)3
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consumption, give mixtures of products, and thus
have limited laboratory use. Their usefulness is fur-
ther reduced because the yield of arylsilanes de-
creases with increasing number of methyl groups in
the SiX;-residue. Since the reactants are readily ob-
tainable, however, these methods of preparation may
be of industrial importance.

Silyl radicals can also be obtained radiochemically
(e.g. ¥, e”'®) and show, in principle, the same mode
of reaction with aromatic compounds as those in-
duced thermally. U.V.-Irradiation of aryl halides in
the presence of trimethylsilane produces aryltrime-
thylsilanes along with other products in various
yields, e.g. phenyltrimethylsilane (11%)'7 or penta-
fluorophenyltrimethylsilane (53%)'%.

Pentafluorophenyltrimethylsitane '*:

Hexafluorobenzene (8.6 g, 0.1 mol) and trimethylsilane (7.4 g, 0.1
mol) are irradiated (U.V. light) with shaking tor 240 h in a 300 ml
silica tube. The tube is cooled to — 196 prior to opening. Trime-
thylfluorosilane is separated by fractional condensation and the re-
maining liquid is distilled to give hexqfluorobenzene; yield: 9.1 g
(49%); b.p. 80--82° and pentafluorophenvitrimethylsilane; yield: 6.5 g
(53% based on hexafluorobenzene consumed); b.p. 170°.

Aryltrimethylsilanes are also produced by the U.V.
photolysis of bis[trimethylsilyljmercury in aromatic
compounds as solvents, though usually only in mod-
erate yields'*2*?',

hy

Ar=X + [(HyClySLHg ——>

Ar—=Si(CH3)3 + (H3C)3SiX + Hg + other products

In the photolysis of substituted disilanes 1 [R'=H,
CH,, -C4Hy; R% R3*=H, CH;, CHs, Si(CH)i,
reactive intermediates 2 are formed by a [1,3]sigma-
tropic rearrangement. In the presence of trapping
agents such as 3 [Y=CH,, O; R*=H, CH,, t-C,Hy;
R*=CH,, Si(CH3);, C(CH:)--CH,, etc] or 4
[R®=H, Si(CH;)y; R"=H, -C4Ho, Si(CH,)s, CoHs),
intermediate 2 undergoes addition reactions to give
the aryltrimethylsilanes 5 or 6, respectively*.

In contrast, photolysis of 1 in the presence of dime-
thyl sulfoxide takes a different pathway. Here, the

R¢ 2
y=c{_, (3) '? ",'
R
5 g Sli—Y—(ll-R“
3 5
; Hy0nsi © R
S,,R 5
i ]
H R
RZ RS R7
Rb--C=C—R7 (4) &
e

l
R~ M-si-c=c
- | At
R3 H
HaCl3Si
6
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products are found to be disiloxanes, arylsilanes
[among these are aryltrimethylsilanes (56-57%)], di-
methylsilanone, and dimethyl sulfide®.

2.2. Nucleophilic Silylation of Aromatic and Heteroaro-
matic Compounds

The reaction of triorganosilylmetal compounds®
with aryl and heteroaryl halides leads to triorgano-
silylaromatic compounds.

Ar=X + R3SiIM  —> Ar=SiR3 + MX

M = Li, Na, K

The preparative value of this reaction using isolated
trimethylsilyllithium®, -sodium?®, and -potassium?®
is limited, due to the instability of these compounds
and to the possibility of a metal/halide exchange
(formation of disilanes). This method has gained sig-
nificance only through the in situ formation of the si-
lylating agents from hexamethyldisilane with appro-
priate bases. The reaction of aryl halides 7 with the
disilane in this way gives aryltrimethylsilanes 8 in
yields of 63-92%%.

x‘—<;>‘x2 + (H3C)3Si—SilCH3)3 + MY

HMPT

7
x‘—C>suc+13)3 + (H3C)Si=Y + MX?
8
x! = H;C, Cl
x? = ¢l 8r, J

MY = LiCHs, NaOCHs, KOCH3

2-Pyridyltrimethylsilane is similarly obtained from
2-bromopyridine, the disilane, and potassium me-
thoxide in 80% yield*®. The exact mechanism is still
uncertain, although an aryne pathway can be ex-
cluded because of the distribution of isomers ob-
tained. Cleavage of hexamethyldisilane with aryl
halides 9 under the catalytic influence of tetrakistri-
phenylphosphine]palladium(0) affords similar prod-
ucts 10. This reaction is especially important for the
preparation of nitrophenyltrimethylsilanes, since the
nitro function is destroyed by all other silylating
methods (Table 1).

RZ R PA[PICsHs)s), »
- o -
Raﬂx o (H3C)ySi—Si(CHy)y 1401160°% 4090
9
RL R
R3—©—Si(CH3)3 + {H3C)3Si=X
10
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Table 1. Aryltrimethylsilanes 10 via Palladium-Catalyzed Cleav-
age of Hexamethyldisilane with Aryl Halides 9

Substrate 9 Yield [%] Refer-
No. X R! R? R* of 10 ence
a Cl H H H 98 27

b Br H H H 99 27

¢ Br H H H,CO 39 27

d Cl H H O:N 61-100 27, 28
¢ Cl H O:N H 53 28

f Br H O;N H 35 28

g Cl O,N H H 65 28

h Cl O,;N H O;N 40-51 28,29

2-Nitrophenyltrimethylsilane (10g)™:

A mixture of 2-nitrochlorobenzene (4.37 g, 30 mmol), hexamethyl-
disilane (8.78 g, 0 mmol), tetrakis[triphenylphosphine]palla-
dium(0) (0.35 g, 0.3 mmol), and xylene (15 ml) is heated in a pyrex
tube at 150° for 40 h with stirring. The mixture is diluted with pe-
troleum ether to precipitate the catalyst, which is removed by filtra-
tion. Evaporation of the filtrate and subsequent distillation gives
10g; yield: 7.81 g (65%); b.p. 115-117°/10 torr; njy: 1.5325.

Aryl iodides form stable adducts with the palladium
catalyst and therefore will not react in this way?’.
Reaction of hexamethyldisilane with dihalobenzenes
produces halophenyltrimethylsilanes and bis[trime-
30,31

thylsilyl]benzenes’

The reductive silylation of aromatic compounds is
also an example of the nucleophilic-type reaction. It
differs from the reactions of aryl halides discussed
above because of the lack of an anionic leaving
group. Consequently, cyclohexadiene derivatives 12
are formed by an addition reaction from aromatic
compounds 11. They rearomatize in a subsequent
elimination step often achieved by the introduction
of air {Table 2) to 13. Even without introduction of
air, smaller®? ** or larger** amounts of 13 are
formed together with the adducts 12, depending on
the reaction conditions.

sz R! RZ R
Li/(H3C)3SiCl H H
{H3C)3Si Si(CH3)3
R3 R3
1 12
R2 R1
% (H30)3SF®—SNCH3)3
R3
13

t.4-Bis[trimethylsilyllbenzene (13a) from Benzene*':

Method A: Indirect: Benzene (1 mol), finely cut lithium (3 mol),
chlorotrimethylsilane (4 mol), and tetrahydrofuran (250 ml) are
stirred for 12 days at room temperature in an inert atmosphere.
After the mixture has been filtered and volatile products removed
in vacuum, product 12a (60%), contaminated with about 5% 13a.
crystallizes. The product mixture in carbon tetrachloride is well
stirred during the introduction of air to yield 13a quantitatively.
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Method B: Direct: Performed as above except with immediate in-
troduction of air after which 13a is isolated by distillation and re-
crystallization; vield: 65%, m.p. 98°.

Table 2. Reductive Silylation of Arenes 11 with Lithium/Chloro-
trimethylsilane® in Tetrahydrofuran to 12 and Subsequent
Air Oxidation® to 13* %

Substrate 11 Yield [%)]
No. R’ R? R? of 12¢

a H H H 60 -85

b HiC H H 67

¢ H,C H;C H 30

d H H,C H;C 75-80

e H,C H H,C 70-75

f H,C H;C H.C 5

g i-CyH; H H 50

¢ Use of magnesium/chlorotrimethylsilane in hexamethyliphos-
phoric triamide results in lower (10-25%) yields of 12447,

® Only papers which include this rearomatization step are listed.

¢ Yield of 1213 almost quantitative in each case.

Naphthalenes and anthracenes do not react with me-
tals and chlorotrimethylsilane as specifically and
usually give poorer yields than the benzene deriva-
tiVeS 1133.3&,30‘40.

Besides the 1,4- and 1,2-adducts**, monosilylated ad-
ducts® are formed; also, the rearomatization step
often requires special conditions**?. Despite the
above mentioned disadvantages, reductive silylation
is the best known method for the preparation of
some sensitive compounds (e.g. trimethylsilylanthra-
cenes). Biphenyl reacts with an excess of sodium/
chlorotrimethylsilane to form a complex mixture of
silylated isomers*,

It has been demonstrated, by investigations dealing
with the mechanism of reductive silylation, that se-
quences of radical anion intermediates and not di-
anions are involved*>**. The reaction of chlorotri-
methylsilane with highly activated magnesium in te-
trahydrofuran at —10" to give trimethylsilane or
hexamethyldisilane ts assumed to be proof of the
existence of organosilyl Grignard compounds**. The
general mode of reaction of the system metal/chlo-
rotrimethylsilane/donor solvent with various func-
tional groups has been reviewed*. Under the condi-
tions of reductive silylation, reactions of aromatic al-
dehydes, ketongs, esters, imines, and nitriles lead to
product mixtures that can be derived from radical
anion sequences*’. Thus, from reaction of benzoni-
trile, the tetrakis{trimethylsilyl] compound 14 is ob-
tained which, upon the hydrolytic work-up, affords
the benzylamine 15 (64%)*.

A variant of the reductive silylation, which affords
better yields and homogeneous product formation,
especially with naphthalenes, requires the use of t-
trimethylsiloxynaphthalene (16). The primarily
formed adduct 17 rearomatizes to 18 with the elimi-
nation of hexamethyldisiloxane®’.

SYNTHESIS
Mg/{H3C)3SiCI/HMP T
Cyon mmozmme,
) H,0/H®10H®
(HaC)3Si ?H-N[SI(CH3)3]2 —_—
Si{CH3)3
14
(H3C)3Si ‘fi:H—NHz
SilCH3)3
15
OSilCH3)3 4 na {H3C)4Si_ OSilCH3)3
2. (H3Cl; SICUTHE H
_—> O‘ Si(CHs)3
16 17
Si(CH3)3

—> + [H3C13Si,0
18

Special conditions have been found with o-methoxy-
aryloxazolines that permit the cleavage of the
methoxy group, in proximity to a potential carboxylic
acid function, with trimethylsilyllithium or the cor-
responding Grignard compound by nucleophilic
substitution of the methoxy group*®. The addition of
alkyllithium compounds to styrenes and subsequent
treatment with chlorotrimethylsilane affords alkyl-
phenyltrimethylsilanes (18-85%)*".

2.3. Electrophilic Silylation of Aromatic and Heteroaro-
matic Compounds

The direct introduction of silyl groups into aromatic
compounds via a normal electrophilic substitution
has not yet been achieved. Even such reactive sub-
strates as phloroglucine trimethyl ether or 1,3,5-tri-
pyrrolidinobenzene™ have not afforded C-silyla-
tion’' with either chlorotrimethylsilane or the even
more reactive trimethylsilyl trifluoromethanesulfon-
ate>. Not even by addition of Friedel Crafts cata-
lysts can this reaction be effected™. The instability of
silylenium ions [R;S1®)**%° may be one reason for
this behaviour, but the very easily occurring reverse
reaction [protodssilylation, which can be used for
the simple preparation of compounds of the type
(CH,);Si—XJ*". is more decisive. When the reverse
reaction is excluded (for instance by the irreversible
removal of hydrogen) direct silylation of aromatic
compounds witk boron trichloride as catalyst oc-
curs™®,

Ar—H + (H3ChSi—X «— Ar—=Si(CH3)3 + HX
BCl
CgHs—H + HSICl3 = CgHs=—SiCly + Hp?
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Despite this fact, electrophilic introduction of silyl
groups into aromatic and heteroaromatic com-
pounds is the most important preparative method for
this class of compounds. However, instead of the
aromatic compounds, their considerably more nu-
cleophilic organometallic derivatives are usually al-
lowed to react with chlorotrimethylsilane or similar
silylating agents.

2.3.1. Preparations via Organomagnesium Compounds

Many aryltrimethylsilanes have been prepared by
conventional Grignard reactions [i.e. defined forma-
tion of the Grignard compound and subsequent sily-
lation (Table 3)]. The use of cyanotrimethylsilane or
ethoxytrimethylsilane® instead of chlorotrimethylsi-
lane are exceptions.

(CzHg)zo

Ar=X + Mg —> Ar—MgX

{H3C)5SiCl ]
—————>  Ar—Si(CHs); + Cl—MgX

Table 3. Aryltrimethylsilanes via Conventional Grignard Reac-

tions
Ar—-X Yield Reference
[%]
@—Br 41-92 72-77
D

@Br 76 77
D—@—Br 60 78

Br
CH,
e s .
HsC
@Bv 80 61, 72, 76
H3C—©—Br 56 61, 79

t'Cz,Hg‘@‘Bl’ - 80

(C2H5)3Si—CH2—CH2—©~Br 78 81

(H3C)3Si—CH2—CH2—©—Br 80 81

(C;Hs);,si—CHr@‘Br 7 81

(H3C)3Si—CH2—©—Br 84 81
Br

Table 3. Continued

Preparation of Aryl- and Heteroaryltrimethylsilanes

Ar- X Yield Reference
[()0]
HZC=CH—©—C1 70 65, 81%, 83*
H3(|3
H,C=C —@—m bl 84%
FaC
s s 55,
FsC
Cl-@Bv - 86
(H3C) 38~ 60-80 87, 88, 89
Br@Br 93% 52-80 67, 72, 76, 87,
105
Ar—O|
HgC—SIi~©—Br %= 41 90
Ar-0
H';CO
@Br 36 91
H3CO—@Br - 92
Br
Ol 0 w
@—o—@er 42-81 93, 94, 95
@cm—o—@—av 88 7
Bv—@—CHz—O—CHr@‘Br - 96
H3C—S—©—Br 65 97
@—s-@er 60 94
(HgC)gSi—O—@Br 77 62, 63, 64
C,Hg-t
(H3C)3Si—0 Br 62 98
CiHg~t
F@—Br 68-91 72, 76, 99
F. F
FQ& 35 18, 100
FF
ct
@J 22-41 61, 101
ol
@J 45 98, 102
cl
@—Br 75 61, 91, 103, 104
Cl—@—Br 90 61, 72, 76, 105
cl, Ct
ct ct 52 106
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Table 3. Continued

Reference

Ar--X Yield
%]
¢, Ll
N H-c 80 107
a’ ol
Br,
@—Bv - 108, 109

S
B'UB' 50 10, M
* Polymers of product are also formed.
® Several trimethylsilylpotyphenyl ethers are also formed.
¢ Bis[trimethylsilyl] product formed.

Diethyl ether is usually used as the solvent, although
tetrahydrofuran is finding increasing use. Since the
formation of Grignard function in sterically hin-
dered positions (o-silylation) occurs only with diffi-
culty, the ether can be replaced by some higher boil-
ing solvent after the reaction has been started, to af-
ford better yields®'. Functional groups that react
with Grignard reagents have to be protected, e.g.
phenols by O-silylation®*%*** or carbonyl groups by
acetalization. An example for the preparation of 4-
acetylphenyltrimethylsilane (19) is illustrative®**°.

0 ™M
il {CH,OH), /H® 0 0 78\
H3C"C Br > H3C -Br

1. Mg

2. (HsC),Sicl 0

3. H9H,0 Il

RN H3C—C—©-Si(CH3)3

19

Haloaryltrimethylsilanes are obtained by selective
silylation of polyhaloaromatic compounds, in the
course of which the different reactivities of C--X
bonds (J>Br>Cl>F) towards magnesium are uti-
lized. By using an excess of magnesium and chloro-
trimethylsilane it is also possible to achieve bis-
silylation®”-**. The introduction of the trimethylsilyl
groups via the trichlorosilyl compounds®-**7%7" is
less often used but is illustrated by the preparation of
1-naphthyltrimethylsilane (20)®.

Br

SiCly

Si(CH3)3
CH3MgJ “
==

20

1. Mg/(C,Hs),0
2. SiCl,

In some cases inert aryl halides which do not react
well under conventional Grignard conditions can be
converted to aryltrimethylsilanes in better yields by

SYNTHESIS

using the entrainment method''* (during the reaction
some alkyl bromide is continuously added as an en-
trainer to keep the magnesium surface active (Table
4).

Table 4. Silylation o” Aryl and Heteroaryl Halides via the Entrain-
ment Method

Aryl Halide

Entrainer Yield Reference
)
OOQ -Br Br—CH,;—CH,—Br 51 13
GOQ Br Br—CH,~CH,~Br 10 113

Br—-CH;~CH,—Br 25 114, 115
CH4
Q'O Br Br—CH,—CH,~Br 31 115
Br,
Br—CHp—CH,—Br — 116
Q—CHz@Bv Br—CHz—CH,—Br 41 113, 114

BY—CHz“‘CHz“'Bf 23 97

s
@;/2 Br—CH,—CH,—Br  — "
Br
s
(\_/z CoHs—Br 50 7

@—s ? N-Br Br—CH,—CH,~Br 60 114
Br
a CoHs~ B -~ m
H3C N
=\ /\
\L(N Br  Br—CH,—CH,~Br 80 M9
CH3
Br Br
Br—Q—Br C,Hs—Br 87 120
Br Br
0. Br
(:©/ Br—CH,~CH,~Br — 121
o

* Only the mono-silvlated product is formed.

The separate preparation of the organometallic in-
termediates is often accompanied by disadvantages
(e.g. isomerizaticn, decomposition, more difficult o-
silylation, etc.). These obstacles are reduced by
bringing together the aryl halides with magnesium
and chlorotrimethylsilane in a one¢ pot reaction. The
advantages of such an in situ procedure'** have be-
come obvious in the preparations of polysilylated
benzenes'** '** and naphthalene®, 2-halo-'%'7'%7,
and some other phenyltrimethylsilanes'** as well as
in the reactions of 2-chloropyridine'?*'?*13 and
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-quinoline'*, Particularly advantageous - even with
sterically hindered compounds - is the in situ Grig-
nard synthesis of aryltrimethylsilanes in hexamethyl-
phosphoric triamide as solvent, as demonstrated by a
recent publication which gives a comprehensive sur-
vey of the applications and limitations of this proce-
dure (Table 5)'*.

Table 5. in Siru Grignard Synthesis of Aryl- and Heteroaryltrime-
thylsilanes from Halides using Magnesium/Chlorotrime-
thylsilane/Hexamethylphosphoric Triamide'*'

Aryl Yield Aryl Yield
Halide [%} Halide %]

@—cn 87 F—@—Br 61
@—Br 88 ct—@J 67

CH3 FSC
ax 0 AT
Fac@u 33

OCH;
aC~©—Cl 81 @—Br 7

H3C H3CO
Qar 83 @Br 73
CH, HgCO-@-Br 75
3C‘®'

Br 85

CH, @Br 74
H3C~Q—Br 62
H3C—S—©—Br 41

CH,
HiC, CH HaC
’ ’ ’ )N@—Br 75
H3C Br 49 H3C
Hi¢' CHy @ —@—Br 7
CiHo-t
@Br 58 { N:@_B, 7%
£~ CuHg

i\
@Br 74 iy 62

t-CLHg—@Br 80 @ :l 78
o N D-Br 32
OO @
N

=:T 49
HgC:CH—©—Cl 3 =

Br
[>—©—sr 77 e 78

2-t-Butylphenyitrimethylsilane'*':

Magnesium (1.46 g, 0.06 mol), dry hexamethylphosphoric triamide
(40 ml), and chlorotrimethylsilane (8.62 g, 0.08 mol) are placed in a
two neck, round bottom flask equipped with a dropping funnel,
condenser, and drying tube (phosphorus pentoxide). To this, a few
ml of a solution of 2-r-butylbromobenzene (9.5 g, 0.044 mol) in dry
hexamethylphosphoric triamide (15 ml) are added, the mixture is
warmed until the contents begin to foam, and then the reaction is
initiated by adding a few drops of 1.2-dibromoethane. The rest of
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the aryl bromide solution is added with stirring within 5 h at 80°.
stirring is then continued for 45 h at this temperature. After cool-
ing, the reaction mixture is hydrolyzed by pouring into a 0.5% sodi-
um hydrogen carbonate solution (250 ml), in the course of which
the neutrality of the solution is tested. After the neutral mixture has
been filtered by suction, the silane is extracted with ether, washed
with water, dried with sodium sulfate, and fractionated; yield: 5.3 g
(58%); b.p. 120°/130 torr: npy: 1.5143.

2.3.2. Preparations via Organolithium Compounds

Organolithium compounds are differentiated from
the Grignard compounds by their greater reactivity
and lesser steric sensitivity. The various procedures
differ only in the preparation of the required lithium
intermediate.

The reaction of aryl halides with metallic lithium, a
method which is convenient in most cases only for
less sensitive compounds (Table 6) has the closest
similarity to the Grignard synthesis. Normally chlo-
rotrimethylsilane is used as the silylating agent but
in some cases the bromo and ethoxy derivatives have
also been employed’* 3% 133,

Ar=X + 2Li > Ar-Li
(H3C); SiCl )
—""5  Ar=Si(CH3)3 + LiCl

Table 6. Aryltrimethylsilanes from Aryl Halides using Metallic Li-
thium/Chlorotrimethylsilane

Aryl Yield Reference
Halide [%]

a
@-x 67 108, 134, 135

X
70 136
@x 67

@—Br 31-84

108, 134

91, 108%, 134°

a
mc—@—x 53-72 75, 91, 108, 134, 137
H3C CH3
@—J 55-66  134° 138
CH3
Hac@J 41-69 1347, 138
CHs
Q—B: 55-77  134% 138
ch
CHs
J 72-75  134% 138
CH;
H3C
mc—@m 65-74 1347, 138
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‘Table 6. Continued

Aryl Yield Reference
Halide [%]
HyC

QJ 36-65 1347 138

HyC

Br
OO

Br, Br
(ceH5)3Si~©—Br 83 140

OCH;,

HCO
@Bv 36 o1

40-55 91, 141

NICH;),
@cn 30 142
@Br 45 143

(HsC),

46-84 91, 143-146

(H3C)2N—©Br
[(H3C)35i]2N—@Bv 53 147

* Halide used for the preparation of the aryllithium not speci-
fied.
® Bis[trimethylsilyl] product obtained.

29-79 91, 137, 144, 145

3-Dimethylaminophenyltrimethylsilane'**;

To finely cut lithium (5.6 g, 0.81 mol) suspended in ether (100 ml),
a solution of 3-bromodimethylaniline (70 g, 0.35 mol) is added
with stirring over 2 h. The mixture is heated under reflux for 30
min, then a solution of chlorotrimethylsilane (37 g, 0.34 mol) in
ether (75 ml) is added over 1 h. Stirring and heating under reflux
are continued for 2 h. The reaction mixture is hydrolyzed, the ether
layer separated, and dried with drierite. The mixture is filtered and
the ether evaporated under reduced pressure. Distillation affords a
colourless product; yicld: 56 g (84%); b.p. 109-110“/8 torr; nj;:
1.5265.

Halide/metal exchange reactions present a further
possibility for the preparation of aryllithium com-
pounds.

—>

Ar—X + n-CyHglLi Pr— Ar—Li + n-CyHo—X

{H3C)3 SiCl . .
—_— Ar=—Si{CHs3)3 + LiCl

The discrimination of reactivity of the C-—-X bond
(J = Br=Cl1>F) toward n-butyllithium enables a se-
lective exchange with polyhalogenated aromatic
compounds (Table 7).

SYNTHESIS

Table 7. Aryltrimethvlsilanes via Halogen/Metal Exchange with
n-Butyllithivm and Subsequent Reaction with Chlorotri-

methylsilane
Aryl Yield Reference
Halide [%]
Br
OOQ 30 13
Br
o0 0
Br Br
83® 149
Br
Br
7 46 77
S
D
Br
~N
@’ 59 7
Br
D
Br
OCH;
g 35 150
\:/
OCH3
20 150
Br
Br
OH
OO 53 150
OH
48 150
Br
Br
70 151
QO 50 152
Br
v
| 72 152
Br
PN
9 o
8r
[ 1] 70 152
he
Br
Br
/~\(’O
/k\’ 36 94, N4
0
Zant Br 48 94
Ao
Br

ﬂ 51 94
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Aryl Yield Reference Aryl Yield Reference
Halide 1%] Halide [%]
S S—CH;3
B’ 50-71 94, 153 @B, 8 97
; A s W
64-80 94, 153 HyC=$ Br
Br
s {HO=CH,— CH,),N
45 9% @Br 51 160
Br S—Si(CH3)3
Cats @—Br - 97
N
77 9 (H3C)3Si—8—©—81 20- 80 97, 161
Br
H3C,_,CHy Br@—O—@—Br 77° 162
Bf 68 15
CH,—CHy=NIC;Hs),
N @—Br 80 163
(:_\>~Br 24-33 129, 130, 154
cl
N/ M-gr 37-39 129, 130 @Br 62 91
Ny ¢l
@;l 49 130 ] )
By cl cl 48, 44 164, 165, 166
Na c” e
Br (ch)gsiQa - 167
Br Cl Ci
a 91, 90 155, 342 Br
o Do mo s
Br
- 1
A 697 242 Br—@—Br 47-79 145, 169, 170
Br Br
108
YAy s - .
Br
H3CBr 64-78 156, 157, 158 COOH
@Br 57 168
o0
3 Br 43 157 o F
F ct - me
ClBr 72-80 156, 157
%
cl e, F
Bv 65 156 F—Q-C[ 87 17t
e’ F
B'B' “2 %7 Cl Clop,Gt O
[
t-C Hg—CH, cz@»sli—g—cz 172 167
@Br 70 159 ol b CHad
c
t-CoHg—CH~( N8y 80 159 o flom onb
ct Si-0-si 13° 187
t-CoH -
o o’ o CHr o Chady gy
J - 108 .
ct ¢l a
t-C4Hgy \ /) 80 172
HaCO o
Br 27 108 * Bisftrimethylsilyl] product obtained.
H3CO ® Use of excess a-butyllithium and chlorotrimethylsilane results in

tormation of polytrimethylsilylated products.
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The more strongly acidic C - H bonds of heteroaro-
matic compounds such as, for example 21, can be
metallated directly by treatment with organolithium
compounds and subsequently silylated to vyield si-
lanes 23 without the need for the intermediate halo-
genated compounds (Table 8).

Z Rzl.i Z
RV@»\H - RVL/_Y»\U

21 22
{H3C}3 SiCl Z
Iy
R’/C()\Si(Cth
23

Table 8. Heteroaryltrimethylsilanes 23 via Hydrogen/Metal Ex-
change in 21 with #-Butyllithium and Subsequent Silyla-

tion
Substrate 21 Yield[%] Reference
R' Y 4 of 23
H O CH 94
H 0 C--Br - 173
H S CH 94, 117
H,C S CH 72 175
(H:C);N--80, S CH 41 176
(C;H:s):N SO, § CH 79 176
Br S CH et 173
H S C-COOH 173
(C,H:0),CH S CH 93 177
.0, CHs ‘
[o>< S CH 96 177, 178
(C,H;0%,P(0) S CH 31 179
H NH CH 23-40 180, 181
H N CH; N 33-56

182, 183

* Lithium diisopropylamide is used as metallating agent.

In this manner, 2,5-bis|trimethylsilyl]thiophene
(65%) is obtained from thiophene'’® by reaction with
two mol of butyllithium/chlorotrimethylsilane and
N-methyl-1,4-bis[trimethylsilyllimidazole (32%) may
be prepared from N-methylimidazole'™*. This meth-
od of silylation is also applicable to benzo-annelated
systems, e.g. benzothiophene® ', -thiazole'**'*,
and -imidazole'" ",
Trimethyl-(1-methyl-2-imidazolyl)-silane '**:

{-Methylimidazole (9.58 g, 120 mmol) is slowly added (dropwise) to
a hexane solution of n-butyllithium (120 mmol) in ether (150 ml).
After heating under reflux for th, chlorotrimethylsilane (13.03 g,
120 mmol) is added. After 2 h of stirring, the reaction mixture is
filtered, the solvent evaporated, and the silane isolated by vacuum
distillation; yield: 10.3 g (56%); b.p. 92°/10 torr.

Besides the heterocyclic compounds 21, benzene der-
ivatives 24, in which ortho-metallation'® is favoured
by appropriate substituents, can also be metallated
directly and subsequently silylated to aftord arylini-
methvlsilanes 26 (Table 9).

SYNTHESIS

X
n-CyHsLi Li
R? R2
R' R!
24 25
X
{H3C)3SiCL (H3C)3Si
—_—
R2
R
26

Table 9. Aryitrimethylsilanes 26 via ortho-Metallation of Benzene
Derivatives 4

Substrate 24

Reference

Yield %]
R’ R? X of 26
H H 0CHs 62-71 93,94, 114
H H SCH; 23 94, 114
F H OCH, 13 187
Cl H OCH, 60 187
Br H OCH, 44 187
] H OCH, 58 187
H H CH; N(CHy), 60 188
H H CO NH CHs 60 189
H H ClOSI(CHy)sF-CH, 90 190
HC  H ClOSHCHY), CH, 71 190
H H. G ClOSICHY) CH. 90 190

* n-Butyllithium/tetramethylethylencdiamine used as metallating
agent.

" Two products arisir g from dimetallation also formed (yield: 10%
each).

The intramolecular complexation of the lithium
compound 25 is decisive. Since the complexation is
also possible with the other ortho-position, bis-sily-
lated compounds, such as 2,2'-bis[trimethylsilyl]di-
phenyl ether (60%5)'%* or 2,6-bis[trimethylsilyl]-N,N-
dimethylbenzylaraine (85%)'*, can be produced se-
lectively. In the cases of phloroglucine trimethyl eth-
er'”!, methoxy-nephthalenes'*, and dibenzofuran™
reaction can be brought about specifically. Aromatic
compounds without such C- - H bonds react to form
mixtures of isomars'*>'"°, Thus polymetallation/si-
lylation reactions of aromatic compounds such as bi-
phenyl, anthracene, fluorene etc. with butyllithium/
tetramethylethylenediamine/chlorotrimethylsilane
are of no preparative importance'”.

There is the possibility of a competition between me-
tal/halogen exchiinge (formation of 28) and metal/
hydrogen exchange (formation of 29) in the case of
the polyhaloaromatic compounds 27 (Table 10).

Once again polysilylated products are formed when
an excess of organolithium compound (R”Li)/chlo-
rotrimethylsilane is employed'”* "7 9% 17,
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Table 10. Competition of Metal/Halogen and Metal/Hydrogen Exchange in Polyhaloaromatic Compounds 27

Yield (%] of Reference
R! R? R* R? X R” 28 29
Cl H Cl Cl Cl +-C4Hy 100 165, 194, 195
Cl H Cl Cl Cl n-CyHy 0 29 165, 194, 195
Cl H Cl a 1 CoHs 10 90 165, 194, 195
Ci H Cl Cl Cl CH, 7 93 165, 194, 195
Cl H H Cl Cl +-C4H, 100 - 194, 195
Cl H H Cl (@] n-CH, 65 35 194, 195
Cl Cl Cl Cl Cl -C4Hy 38 45" 194
Cl Cl Cl Cl Cl n-C4Hy 95 194
F F Br F F n-C,H, 87 196
H F F H F n-CaH, . 197

* 3,6-Bis[trimethylsilyl]-1,2,4,5-tetrachlorobenzene [29; X =Si(CHl,);, R? = R?== R¥ = R*:= C1] also formed in 17% yield.
> Mono-, bis-, and tris[trimethylsilyl] compounds are tormed.

tives. The silylation is therefore normally carried out

1 o bR ) . )
R R® (H5C)SiCl in a manner analogous to the Wurtz-Fittig reaction
. > and not by the use of isolated sodium compounds.

2 3
R Ether, benzene, toluene, or xylene can be used as sol-
27 vents. The rigorous reaction conditions allow only
Si(CH3)3 X for the presence of inert substituents (e.g. alkyl-,
R! Ré R! R aryl-, alkoxy-, aryloxy-, R;Si-groups etc.). Phenols
) s and/or ) , and anilines have to be protected by O- or N-silyla-
R R R & CHR tion, respectively before the Wurtz coupling reaction
28 CHls  can be performed (Table 11).
29 X Si(CH3)3
1 1
R 2 Na/H3ChySiCl/solvent R
2.3.3. Preparations via Organosodium Compounds Y R4 R2 R
. . 3 3
Organosodium compounds are even more reactive R R
and sensitive than the comparable lithium deriva- 30 31

Table 11. Aryltrimethylsilanes 31 via Wurtz Coupling of Aryl Halides 30 with Chlorotrimethylsilane/Sodium/Solvent

R' R? R? R* X Solvent Yield [%] Reference
of 31

H H H H Cl toluene® or 65--90 102, 200, 201

cther
dJ

H C§ H Br toluene 27 94

CH, H H H Cl toluene 68 168, 102

H CH, H H Cl toluene, 55- 85 61, 201°, 202
ether®, or
xylene

H H CH; H Cl toluene 87 102

CH, CH, H H Cl benzene or 74 203, 204
toluene

CH, H CH; I Cl toluene 203

CH, H H CH,4 Cl1 toluene - 203

CH, H H CH, Br benzene 74 204

H CH, CH, H Cl benzene or 75 203, 204
toluene

H CH, H CH, Br benzene or 81 203, 204
toluene

H CH; H H Cl ether? S0 201

H C.H, H 1 Br ether 77 {us

H i3 H, H I Br ether 75 201

H i-CiH; H i-C 1y Br 108
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Table 11. Continued

RI R2 RS ) R,g

H -CyHo H H
H H +-C;H, H
(C“*)_‘ “ H
(CHy)s H H
(CHy)a H H
CoH, u H H
H CoHls H H
(H4(),Si H H H
H (HLC),8i H H
H H (H:C)Si H
H H 4-(H3C)3S1—C Hy 1l
H H 4-Br - CH, H
H HLCO H H
H H.CO H,CO H
H O (CHy), -0 H
H.CO H H
H H CoHan  OF H
H H C H,0 H
H H (H3C)3Si-0—(|:H—CH; -0 - H
CH3
(H,():8i0 H H H
H (H,0),8i0 H H
H H (H:C)3810 H
(H4C):8i0 H (1,C)S80 H
H CoHs: (H,C):810 H
(H;():810 CoHs H H

H (RSN H H

(H;C)381

* Sodium suspension.
" Bis|trimethylsilyl} product formed.
C n=4, 8 12, 14. 16, 1%,

t- and 2-Chloronaphthalene®'? as well as various
chloro- and bromophenanthrenes'' react in a simi-
lar way. The partial reaction of polyhaloaromatic
compounds is not possible: either all halide atoms
react’'* or the molecule does not undergo a Wurtz
coupling®'. Numerous 2,4,6-substituted silylated
phenols have been prepared according to this meth-
0d214.2]5‘

o-Tolyltrimethylsilane

o-Chlorotoluene (502.5 g, 3.95 mol) s mixed with chlorotrimethylsi-
lane (see below) and added slowly to molten sodium (195 g. 8.5
mol) in boiling toluene {400 ml, containing sufficient chlorotrime-
thylsilane to lower the reflux temperature to 1027, A total of 475 g
(4.4 mol) of chlorotrimethylsilane i1s employed]. The reacticn is
vigorous; when the reaction is complete, the reaction mixture is di-
luted with ethanol (1o destroy excess sodium), washed with water
and distilled; yield: 600 g (87%), b.p. 94.4°/23 torr; njy: 1.5016;
d>: 0.8840.

Up to now examples of the formation of carbon-sili-
con bonds via organozine and -aluminum com-
pounds have only been reported with aliphatic com-
pounds. For the preparation of aryltrimethylsilanes
the system of zinc dust/chlorotrimethylsilane/hexa-
methylphosphoric triamide offers no advantages
compared to the procedures described in Sections
231,232 and 2.3.3."".

SYNTHESIS

X Solver.t Yield [% Reference
of 31

Ci ether* or 5567 85,201
toluene:

Cl ether 26 8t

Cl toluene® 58 152

Cl toluene® 73 152

Cl toluene® 50 152

Cl toluene: 77 61, 205

Cl toluens 77 205

Cl toluene 58-77 61, 142, 206

Cl toluene: 5285 61, 85, 206

1 toluene 2668 61, 81, 206, 124

Cl toluene 80 157

Br toluene h 206

Cl ether* or 50 -65 108, 202
toluene

Br toluene - 121

Br toluenc: - 121

Cl toluenc 84 207

Cl toluene 74- 82 208

Cl toluene: 59 94, 114

Cl toluene - 209

Cl toluene 94 210

Cl toluene 70--85 85, 144

Cl toluene 84 210

Cl toluene 98 210

Cl toluene 76 210, 211

Cl toluene 210, 211

Cl toluene 73 147

2.3.4. Preparations via Rearrangements

The silylation of organometallic compounds can also
be achieved via rearrangements, i.e. without external
silylating agents s1ch as chlorotrimethylsilane. Thus,
the halophenoxytrimethylsilanes 32, after metalla-
tion with butyllithium or magnesium to give 33,
rearrange to the silylated phenolates 34, the hydroly-
sis of which affords the phenols 35%'° 2% (Table
12).

0Si(CH3)3 0Si(CH3)3
1 3
R! R3 metallation R R
X —_ M
Rr? R?
32 33
o0& m® OH ,
R3 R' R
2 H,0 .
\-—Bf—Si(CH3)3 22 \@/—s.(cm)a
] ¢
34 35
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Table 12. Trimethylsilyl-Substituted Phenols 35 via Rearrangement of Metallated Phenoxytrimethylsilanes 33

Substrate 32

Metallating Yield [%]

Reterence
R' R? R} X agent of 35
H H 2-Br n-CsHoLi 20-86 97, 161. 216
H H 2-Br t-C4HyLi 100" 217
H H H 3-Br Mg 80 218
H H 4-Br n-Cytlola 80 97. 216
L H 4-Br -C4Ho L 87° 217
H - H 4-Br Mg 17" 218
: HsC H 2-Br 1-CalloLi 93 217
H,C H 4-Br t-C HoLi 80 217
-C4H,y H 2-Br n-C;HqLi 96 219
+-C,H, H 2-Br Mg 80 218
+-CH, 1-C4H, 2-Br n-C HyLi 95 219, 220
-C,H, +-C4Hq 2-Br Mg &5 218
Br -C4Hy 2-Br n-CiHyLi 85 219
Br Br 2-Br n-C,HoLi 92 219
Br Br 2-Br Mg 25* 218
+-C.H, (H,C)sSi 2-Br Mg 70 28
H (H,C)58i 2-Br Mg 84 218
H Br 2-Br Mg 6 218
+-CqHy Br 2-Br Mg 83 218
H,C 1-C.Hy 2-Br n-C4Hy Lt 90 220
l Cl 2-Br n-CsH,Li 77 220
-C4H, Br 2-)

n-CsHoLi 88 220

* Yield determined by G.L.C./M.S.
* Obtained as mixture with other products.

Repeated application of this process to polyhalo-
genated compounds 32 as well as the working up of 34
with agents other than water provides further prepara-
tive possibilities*'®,

Thio derivatives can undergo rearrangement to give
trimethylsilyl-substituted thiophenols in the same
way'®"7 however, the rearrangement of N-silylated
haloanilines fails'*"2'®. The rearrangement method
can also be used with some pyridines 36 to yield tri-
methylsilyl-2-pyridones 37 without difficulties®"’
(Table 13).

2 2
R . 1. ¢-C4Hgli R .
z R 2. H,0 ~ R .
“ X _— o Si{CHa)s
R37NT0SI(CH ) R37SN"0
36 37

Table 13. Trimethylsilyl-Substituted 2-Pyridones* 37 via Rear-
rangement of Pyridines 36 using ¢-Butyllithium?'’

Yield [%]

Substrate 36

R' R? R} X of 37
H H 3-Br 62

H H H 5-Br St

H,C H H 5-Br 98

H H H,C 5-Br 47

H C,Hs - 6-Br 69

* In the same way, O- and N-trimethylsilylated pyrimidines can
be rearranged to the C-silylated compounds ' 22!,

Another O— C migration of the trimethylsilyl group
was observed for 4-trimethylsilylcoumarin®??. The
apparent N— C migration upon silylation of the pyr-
role anion'™ is presently explained as a double sily-
lation with subsequent solvolysis of the sensitive nitro-
gen-silicon bond''. The acid-catalyzed (trifluoro-
acetic acid) isomerization of 1,2-bis[trimethylsi-
lyllbenzene to the 1,3-isomer, which occurs on heat-
ing at 150° for 48 h in a sealed tube’****', is ex-
plained by a normal o-complex mechanism. Surpris-
ingly the catalyst does not seem to be consumed by
protodesilylation, as expected according to a recent
paper®’. Indeed the isomerization also proceeds us-
ing 5 mol-% trimethylsilyl trifluoroacetate under the
same conditions®’. Isomerizations of this type, also
catalyzed by other agents, have been observed. but

225,226

not thoroughly investigated '*% 2222

3. Synthesis of Aryl- and Heteroaryltrimethylsilanes
via Cycloaddition Reactions

Silylated aromatic and heteroaromatic compounds
can be synthesized from appropriately substituted
unsaturatedcompounds. Littleadvantage hasbeentak-
en of the possibility of preparing aryl- and hetero-
aryltrimethylsilanes in this way. Interesting develop-
ments should be expected, especially in the prepa-
ration of silylated heterocycles.
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3.1, Aryltrimethylsilanes via |2+ 2 + 2]Cycloaddition Reac-
tions

Cooligomerization of diynes 38 with acetylenes 39 in
the presence of cobalt catalysts is a general synthesis
for trimethylsilyl-substituted benzocyclobutenes. in-
danes, tetralins 40, or naphthalenes 41 (Table 14).

Sli(CH3)3
=r_p!
C=C-R d
Y -
\-c=C-H ¢
RJZ

38 39

(C:,Hs)z CO(CO)z
—

R R' R'

N2 fSi(CH3)3 (H3C)3Si Si(CH3)3
TR o ™0
R? R? R?

40 41

Table 14. Trimethylsilyl-Substituted  Benzocyeloalkanes 40 or
Naphthalenes 41 via 2+ 2+ 2| Cycloaddition Reaciions

Diyne 38

Acetylene Product Yicld Refer-

R’ Y 39 type |% ence
Rz

H (CH,), (H:C)S1 40 60 226

(H:C);St1 {CH»), H 40 22 227

H (CH,);» (H.CpSt 40 50 225

H (CHy)s (HLOiSt 40 49 225

H (CH,)y H:C a0 4 225

H CH CH, (H;CynSi 4 30 228
OSi(CHs),

H CH CH; (H.CpS1 4 30 228
OCH.

H CH CH, (H:CySt o 4t 30 228

2-Thp*

* Thp = 2-tetrahydropyranyl.

The cyclotrimerization of trimethylsilylacetylenes in
the presence of cobalt catalysts™’ or the system ti-
tanium(IV) chloride/trimethylaluminum®* is diffi-
cult to direct and normally affords isomer mixtures
of polysilylated benzenes.

3.2. Aryl- and Heteroaryltrimethylsilanes via [4-+2}Cy-
cloaddition Reactions

Cycloaddition reactions of «-pyrone (42) or tetra-

phenylcyclopentadienone (43) with trimethylsilyl-

acetylenes 39 lead to aryltrimethylsilanes 44

(63%)**" or 45 (90%)**?, respectively.

Very strained systems such as trimethylsilyl-substi-
tuted benzocyclobutenes and -butadienes undergo

SYNTHESIS

Si(CHs)

44 Rr' = SilCH,),

{H3C)3Si-C=C~R! —

39 Rzrﬁz ) .
~ »0(43 R
R%” k\g: R2 SilCH3)3
~w
R R!

RZ

45 R' = H, R = CgHe

ring-expansion on treatment with alkenes and al-
kynes to afford tetralins®® and naphthalenes'™ of
types otherwise not readily obtainable. The addition
of 39 [R' = H, Si({"H,)5] to 3,6-bisimethoxycarbonyl]
1,2,4,5-tetrazine gives C-silylated pyridazines (70--
85%) with elimination of nitrogen®*,

3.3. Heteroarylirimethylsilanes via
Reactions

[2 4 3]Cycloaddition

The pyrazolyltrimethylsilanes 47-49 are readily ob-
tained in good yizlds by the cycloaddition of trime-
thylsilylalkynes 39 to diazomethane derivatives 46
(Table 15).

Re
,L-NEN + (HyC3Si—C=C-R?  ——>
R
46 39
{H3C)3Si R R®  SilCH3ly R®  Si(CH3);
| N, and/or / o\ or RKZ_{
R AN RZWAN R2 N
I‘I |1
R R
47 48 49

Table 15. Trimethylsilyl-Substituted Pyrazoles 47-49 via [2+ 3]Cy-
cloaddition Reactions

Diazomethane 46 Alkyne 3¢ Product  Yield Refer-

R’ R? R* type %) ence

H H H 48 100 234, 235
H H CeHs 48 20--25 234, 236
H H CH; 48 1 234

H H (H:0)S1 48 60-95 234, 236
H H HOCH, 48 40 234

H  GHOOC  HQO)Si 48 9 236

H CH00C  H 48 99 235

H H O CH 47 + 48 28472 234

H H H,COOC 47448 20+ 80 234

H H H.C CO 47+48 30+70 238
H:.C HC 234

H,COOC 49 100

In the case of taitomerizable compounds (R'=H)
the orientation of the addition proceeds with high re-
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gioselectivity to afford predominantly the pyrazoles
48. This is probably due more to steric than to elec-

tronic factors®*.

Using this method, trimethylsilyl groups can also be
introduced via a [2+3]cycloaddition reaction as
shown by the reaction of bis[trimethylsilyl]diazome-
thane with acetylenedicarboxylic ester. One trime-
thylsilyl group migrates to the nitrogen atom, yield-
ing the corresponding pyrazole (73%)>7.

3-Pyrazolyltrimethylsilane (48; R'-R*=H)>*:
Trimethylsilylacetylene (4.91 g, 50 mmol) and diazomethane (70
mmol) in dry ether (100 ml) are kept in the dark for 3 days at room
temperature. After the destruction of excess diazomethane by short
boiling, filtration and removal of the solvent in vacuum affords the
product; yield: 7 g (100%); m.p. 79-80" (pentane); b.p. 113 1147/14
tory.

Nitrile oxides 50 react regiospecifically with trime-
thylsilylalkynes 39 to afford the isoxazoles 51**.

rRZ. R
R'-CEN>0 + RZ-C=C—SilCH3); —> , 2/ \(N
(H3ChSi Ny~
50 39 51
] R2 Eoie:id
alHC {H3C)1Si 46
b [ CsHs {H3C)3Si L4
C|1,3,5-tri-H3C~CgH; (H4C)3Si 98
d | H1C H 69
e {CgHs H 62
f 1)3,5'"i'H3C—CsH2 H 98

The triazolyltrimethylsilanes 53-55 are obtained in
good yields via the addition of azides 52 to trime-
thylsilylatkynes 392,

1 KR 2
RI-N=-N=N + RZ=CZC—SilCHs); —>

52 39
RZ_ SilCH3)3  (H3ChsSi, R? RZ. SilCH3)
— = 7/ (
N\\N/N\R‘l * N§N/N\R1 * N\N/N
¥
53 54 55
R! R? Yield (53)  vield (54) VvYield (55)
(%) (%) (%)
a | (HiC)3Si {H3C)3Si - - 66
b | (H1C)3Si CgHs - - 87
[of CeHs (H3C)3Si 76 -_ et
d C(»;Hs C5H5 3 97 -
e | CeHs COOCH3 - 80 -
f | CeHs COOC,Hs - 65 -
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Triazoles of type 54 are also formed in low yields by
the addition of trimethylsilyldiazomethane to car-
bodiimides**".

4. Introduction of Substituents into the Nucleus of
Aryl- and Heteroaryltrimethylsilanes

The often rigorous reaction conditions needed for
the direct introduction of trimethylsilyl groups into
aromatic and heteroaromatic compounds (c.f. Sec-
tion 2) require that various functional groups be in-
troduced into the nucleus after silylation or subse-
quently constructed by transformation of substi-
tuents already present. Ideally, the trimethylsilyl
group plays thereby the role of an inert substituent.
With the introduction of electrophiles, the desilyla-
tion reactions® can dominate over the desired depro-
tonation reactions, thus affording completely desily-
lated products. Desilylation is avoided by the use of
organometallic derivatives which are always more
reactive towards electrophiles than the correspond-
ing hydrogen compounds. In the case of the transfor-
mation of substituents attached to the nucleus, reac-
tion conditions have to be chosen to avoid cleavage
of the trimethylsilyl groups.

4.1. Halogenation

Halodesilylation reactions proceed extremely well:
thus the ipso-rate factor is 10* for the bromination
and 10° for the chlorination of phenyltrimethylsi-
lane®. Consequently, nuclear halogenation reactions
without considerable halodesilylation are only possi-
ble at strongly activated positions, for example in the
p- and o-positions of m-trimethylsilyl-substituted
anilines and phenols 56.

X
@\ Br2
R - HBr
Si(CH3)3

Si{CH3)3
Br
56a-c 57 a-c
X
Br, Br
-H
B Si(CH3)s
Br
X Yield (B7)  Reference 58a, c
(%)
a|oH 83 241, 262
b|NHCOCH; 100 243, 244
¢ | NICH3); 86 245, 246
The partial halodesilylation of bis[trimethylsi-

lyllbenzenes 59 to the corresponding halophenyltri-
methylsilanes 60 is of broader applicability (Table
16).
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Si(CH3)4 X
1 1
R {H3ClaSiX /X, R
AN
RZ R4 R2 R4
R3 R3
59 60

Table 16. Halophenyltrimethylsilanes 60 via Halodesitylation of
Bis[trimethylsilyl]benzene Derivatives 59

Refer-

Substrate 59 Yield

R' R? R} R* X [%] ence
(H:C):S1 H H H J 40-95 42, 247
H (H;():Si  H H J 8596  247°

H H (H;C)»Si H J 82-97  247°
(H;C):S1 H H H Br 142
(H;C),Si (CH,), H Br 227
(HiC):,Si H (CH,), Br 226
(H:C)hSi H (CH CH);, Br 89 228

* Also used were I, JCI, and JBr.

3-lodophenyltrimethylsilane**":

At 0° a solution of jodine bromide (11.4 g, 0.055 mol) in carbon te-
trachloride (30 ml) is added dropwise to a solution of 1,3-bis[trime-
thylsilyljbenzene (11.1 g, 0.05 mol) in carbon tetrachloride (80 ml),
the mixture is kept for 1 to 2 h without cooling. Bromotrimethylsi-
lane and carbon tetrachloride are distilled off, the residue is dis-
solved in ether, washed with 0.3 molar sodium thiosulfate solution
(50 ml). then with water, and dried with sodium sulfate. Distilla-
tion affords the product; yield: t1.5 g (85%); b.p. 146 1507/30
torr.

Halogenated heteroaryltrimethylsilanes are also ob-
tainable in this way. 4,5-Bis[trimethylsilyl]-3-methyl-
isoxazole undergoes selective bromodesilylation on
treatment with bromine only at the 4-position
(69%)***. Examples for the halogenation of trime-
thylsilyl-substituted  organometallic  compounds,
which, as expected, do not undergo halodesilylation,
have also been described:; i.e. the chlorination of 2-li-
thio-5-trimethylsilylthiophene (45%)*%*, as well as
the bromination (33%) and iodination (67%) of 2-li-
thiophenyltrimethylsilane '*°. In contrast to the reac-
tions at the nucleus, the direct halogenation of side
chains proceeds in a free radical manner, thus pre-
venting undesirable halodesilylation. Depending on
the reaction conditions, the bromination of the tolyl-
trimethylsilanes 61  with  N-bromosuccinimide
(NBS)/dibenzoyl peroxide (DBPO) leads to the
monobromomethylbenzenes 62 (59-66%) or dibro-
momethylbenzenes 63 (46-70%)*2%°,

Si(CH3)3 Si(CH3)3
CHs ESI[)BF’O CHZBI’
61 62
Si(CH3)3
NBS/DBPO,, CHBry

63

SYNTHISIS

4.2. Introduction of Sulfur Functions

Aryltrimethylsilanes react with sulfur trioxide or tri-
methylsilyl chlorosulfonate with insertion of sulfur
trioxide into the carbon-silicon bond to yield trime-
thylsilyl esters of arenesulfonic acids®*', which can
easily be hydrolyzed to the free sulfonic acids. For
example, by partial sulfodesilylation of the bis[trime-
thylsilyl]benzenes 64, sulfonic acids 66 can be pre-

pared via the isclable trimethylsilyl esters 65 (80-
881}())123,142252,253'

Si{CH3)3 SilCH3)5
. $03 .
SilCH3)3 ———> $07—0Si(CH3)3
64 a ortho 65a-c
b meta
C para
Si{CH3)3
H,0
— SO3H * H,0
66a-c

The deactivating trimethylsilyloxysulfonyl group in
65 impedes a further electrophilic attack of sulfur tri-
oxide at the second trimethylsilyl group.

4-|Trimethylsilvljbenzenesulfonic Acid Monohydrate (66¢)***:

A solution of sulfur trioxide (4.0 g, 0.05 mol) in carbon tetrachlo-
ride (40 ml) is added dropwise, with exclusion of moisture, to a stir-
red solution of 64¢ (17 g, 0.077 mol) in carbon tetrachloride (70 mby
cooled with ice/water. The mixture iy heated under reflux for 8
min and then fractionally distilled to give 6d¢; yield: 5.1 g (30%):
b.p. 79°/2 torr and trimethylsilyl 4-(trimethylsilyl)benzenesulfon-
ate (65¢); yield: 12.1 g (80% based on 64e consumed), b.p. 150-
151°/2 torr; m.p. 83-£6°. Compound 6Sc is dissolved in water (15
ml) and after 15 min, water and hexamethyldisiloxane are evapo-
rated and the residue recrystallized from benzene to give 66¢; vield:
2.1 g (85%): m.p. 89-90°.

Trimethylsilyl-substituted diarylsulfones are pre-

pared by either partial sulfonyldesilylation of bis[tri-
methylsitylJaromatic compounds 67a-¢ using suifo-

AlCL
R'QRZ + Cl—802—©—R3 —s

67a-e 68
69a-e
R' R? R? Yield
(%]
a | [H3C)3Si {H3C)3Si H 48
b [ {H3C),Si {H3C)3Si CH; 54
€ 1 4=[H3C)aSi—CeH,—  (H3C)aSi H 63
d[CH, H (H;C)38i 76
elH H (H3C)3Si 87
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nyl chlorides 68 or by sulfonylation of unsilylated
aromatic compounds 67d, e with trimethylsilyl-sub-
stituted sulfonyl chlorides 68 [R* = Si(CH;);]***.

Trimethylsilyl-substituted thiophenols (~50%) are
formed when the corresponding Grignard or li-
thium compounds are allowed to react with elemen-
tal sulfur®*2% or with diallyl sulfide®.

4.3. Introduction of Nitrogen Functions

A number of arenediazonium salts 70 react with de-
rivatives of aniline and phenol 71 (R*=NR,, OH)
carrying trimethylsilyl groups in the meta-position,
to afford the azo compounds 72 (Table 17).

Rl
RZQNZ‘B x® @—R‘
R3 {H3C)3Si
70 71
R1
—> R N=N Ré |
R? Si(CH3)3
72

Table 17. Trimethylsilyl-Substituted Azo Compounds 72 via Cou-
pling of Diazonium Salts 70 with Aryltrimethylsilanes

!

R' R? R* R* Yield Refer-
[%] ence

H NO, H  N(CH,CH,OH), 50 160
Cl NO, H N(CH.CH,OH), 60 160
Cl NO, Cl N(CH,CH,OH), 60 160
CF, NO, H  N(CH,CH,OH), 50 160
SO.CH; NO, H N(CH,CH,OH), 52 160
SO,CH; SO,CH; H  N(CH,CH,OH), 34 160
H H H  N(CH;). 60 143, 245
H NO, H  N(CHs), 95 143, 245
NO, NO, H  N(CH,), 36 143
Cl NO, H  N(CH,), 77 143
Cl NO, Cl  N(CHy), 66 143
NO, NO, Cl N(CHs), 35 143
CF; NO, H  N(CHs), 83 143
SO;CH:  NO, H  N(CHj). 69 143
SO,CH; SO, CH: H  N(CH,), 51 143
OH NO, H  N(CH,). 14 143
H SO;H H  N(CHs): 87 143
H SO:NH; H N(CH.), 75 143
COOH H H  N(CH,), 53 143
H COOH H  N(CHj;), 65 143+
H SO;H H OH - 257

* Includes azo derivatives of 2-naphthol.

As expected, p-trimethylsilyl-substituted anilines or
phenols undergo diazodesilylation'#*. In contrast, 2-
dimethylaminophenyltrimethylsilane does not react
with diazonium salts due to steric hindrance'®,
However, 2-trimethylsilylphenol couples in the 4-po-
sition®*®. 2- or 4-trimethylsilyl-substituted azo com-
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pounds can be obtained without desilylation occur-
ring if the trimethylsilyl group is located on the di-
azonium component 70>°°. A nitrosation of aryltri-
methylsilanes while maintaining the carbon-silicon
bond intact is also possible, but only with strongly
activated anilines®** or phenols®’ of type 56.

X 1. NaNO, X
@ 2. H0/H®
_—
Si{CH3)3 Si(CH3)3
NO
56a x-oH 73a, c
€ X = N(CH3)

The nitroso group has to be introduced by nitroso-
destannylation reactions into less activated aryltri-
methylsilanes, for example, to produce 3- or 4-ni-
trosophenyltrimethylsilane (509%)*°. Selective ni-
trosodesilylation reactions were carried out with 3,4-
bis[trimethylsilyl]pyrazole (74) leading to 75 (39-
77%) or 76 (36%)%°*.

1. NaNO, ON Si{CH3)3
2. H,0/H® \
=S N
(H3C)3Si.  Si(CH3)3 i
{ ] 75
Z/N/:N
N .
(Hy0)3Si NO
74 i-CsHgONO J )N
N
H
76

Sulfuric acid/nitric acid mixtures cannot be used for
the nitration of aryltrimethylsilanes because of the
ease of protodesilylation. In weakly acidic medium,
phenyltrimethylsilane reacts with nitrating agents
such as nitric acid/acetic anhydride, copper nitrate/
acetic anhydride, or others'?*2%* 2> predominantly
maintaining the carbon-silicon bond intact to form a
mixture of 0-, m-, and p-nitrophenyltrimethylsilanes.
The somewhat favoured formation of the m-product
is a basis for conclusions about the directive effect of
the trimethylsilyl group?*®. For the specific prepara-
tion of certain isomers it is more convenient to apply
partial nitrodesilylation of the corresponding bis|tri-
methylsilyl]benzenes 64 using nitric acid in acetic
anhydride [0 (90%)"2, m (69%)*>2%, p (82%)]. In
contrast to earlier presumptions®** these reactions
do not seem to be explosive®*®,

142,

2-Nitrophenyltrimethylsilane'*:

A solution of nitric acid (70%; 6.3 g, 0.07 mol) in acetic anhydride
(30 g) 1s added slowly to a solution of 1,2-bisftrimethylsilyl]benzene
(4.5 g, 0.02 mol) in acetic acid. The mixture is kept at 100" for 6 h,
then cooled, and added to 0.4 molar aqueous sodium hydroxide so-
lution (400 ml). Ether extraction, followed by washing, drying with
sodium sulfate, and fractionation gives the product; yield: 3.5 g
(90%); b.p. 98°/2.3 torr; ny: 1.5271.
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Depending on substituents X, p-substituted aryltri-
methylsilanes 77 undergo nitrodesilylation to form
78 or normal nitration to form 79a.

X X X
nitraticl} © . ©N02
Si(CH3)4 NO; Si(CH3)3
77 78 79a
X Yield (78} Vield (79) Refer -
[%] [°/o] ence
NHCOCH; 29 51 269
OCOCH, 80 - 270
OCH; 82 - 6
CH; - 55 263
E 67 - 72
F - 16 78
ct - - 27
x! x!
@ _nitvation
Si{CH3)s Si(CH3)3
NO;
79b
X2
SilCH3)3 X? = OCHs
X2
Si(CH3)3 Si{CH3)3
—>
XZ
Si(CH3)3 X2 = F NO2
) 79c¢

80

v

81

8
(H3C)3Si‘©’€’N3

(H3C)3Si©’N=C=O —

SYNTHESIS

Reactions of the m-isomers lead to the products of
normal nitration 79b |X' = N(CH,), (40%)**, OCH;
(81%)°, F (65%)"%, C1(80%)?""]. 3-Trimethylsilylacet-
anilide is predominantly nitrated eorrho to the acetyl-
amino group (7093)*%.

The preparation of the silanes 79¢ [X=OCH;
(74%)™7, F (19%)™] results from nitrodesilylation or
nitration, respectively. The nitration of 3-trimethyl-
silylpyrazole affords 4-nitro-3-trimethylsilylpyrazole
(94%)?*, The introduction of amino groups into the
aromatic nucleus is usually done in a nucleophilic
manner or via rezrrangement reactions. Thus, in the
reaction of 4-bromophenyltrimethylsilane with li-
thium dimethylarnide in ether - via the aryne inter-
mediate ~ 3-dimethylaminophenyltrimethylsilane is
the main product (56%)'*.

The application of rearrangement reactions to intro-
duce amino and functionalized amino groups into
the nucleus of aryl- and heteroaryltrimethylsilanes
can be examplified by the Hofmann-rearrangement of
3-trimethylsilylbenzamide'** and  3-trimethylsilyl-
isonicotinic acid amide'™ to give the amines, the
Curtius rearrangement of 4-trimethylsilylbenzoyl
azide 80 to give the isocyanate 81°7% as well as the
Beckmann reaction of the 4-trimethylsilylacetophe-
none oxime with phosphorus pentachloride or thio-
nyl chloride to give the corresponding acetanilide
(87%)773.

The reaction of &1 with water, after elimination of
carbon dioxide, atTords the amine 82. Reaction of 81
with anilines aftfords the diarylureas 83 [X=H, 2-
CH;, 2-OCH;, 4-0OC,H;, 2-Cl, 4-Cl, 2,4-di-Cl, 4-
(CH,),8i] and with alcohols, urethanes 84 (R =CHj;,
Czl‘ls, n-C)[‘Ij/., 71":4H9, CsH“, C(,Hs, C(,HQC‘H:) are
formed?".

Compound 81 climinates carbon dioxide when
heated (5 h, 130-150") in the presence of 5-methyl-
SH-dibenzophosphole and gives the carbodiimide
(84%)**. The sulfonamide 85 can be rearranged us-

"0 o sensi=¢ Nnn
o, 3C)3 . 2

82

X
v 0
= (H3C)1;Si-®NH—c—NH®\

83

X

0
ROH Il
———>  (H3()3Si NH=C=0R

84
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ing butyllithium via the anion 86 to yield 87 (93%)
with cleavage of sulfur dioxide'™.

i\
(Hacnss’Q‘soz—N(cmlz

85

n=C,HgLi/TMEDA
= n-C¢Hyg

[LitveDA]®

~N(CH3)
() 3)2

H,0

{H30)3Si - 80,

86

N(CH3),
A
{H3C)3Si™ s

87

4.4. Introduction of Phosphorus Functions

In order to introduce phosphorus substituents into
aryltrimethylsilanes, it isnecessary to useorganometal-
lic compounds, because otherwise phosphodesilyl-
ation® occurs under the conditions of electrophilic
phosphorylation (Table 18).
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4.5. Alkylation and Hydroxyalkylation

Since aryltrimethylsilanes undergo alkyldesilyla-
tion*?” under Friedel-Crafts conditions only, the
partial alkyldesilylation of poly[trimethylsilyl]ben-
zenes can lead to the desired compounds. In this
manner the reaction of 1,2-bis[trimethylsilyl|benzene
(64a) with z-butyl chloride/aluminum trichloride
gives 2-t-butylphenyltrimethylsilane'*>. Again, al-
kyldesilylation can be avoided by the use of the cor-
responding organometallic compounds 88. By reac-
tion with alkylating agents R X, an access to var-
ious alkylated compounds 89 is provided (Table
19).

R—X
- MX

(chhSi@R

89

(ch)gsimM

88

The biologically active thiophene derivative 99 is ob-
tained by alkylation of the 2-lithio-5-trimethylsilyl-
thiophene with oxirane and subsequent phosphoryla-
tion (51%)'7°.

Table 18. Phosphorus-Substituted Aryl- and Heteroaryltrimethylsilanes via Trimethylsilyl-Substituted Or-
ganometallic Compounds
Substrate Phosphorylating Agent Product Yncld[ ] Reference
;01,51 NmgBr Pt el 1 276
ey L e 4
(HgC)35i~©~MgBr PClg (H;C),Si{\} P (s 276
L Jg
(H,;C)gsi@-MgBr POC, (H;c)f,si-(} P20 30 276
L J3
{H3C}3Si, 8 0CH {H3C)4Si 4]
5 f1,0CHs
@-Mg(‘,l —p{ T @p’ & 50 277
— 0C,Hs o NOCHH:
l(l) OCH ll G0 H;
. Ny /
{HyC), s-—@-MgCI ~p{ {H,€),8 80 277
3 \OC2H5 l”( \OL‘/HV,
(H4CH;Si 8 - HyOaSi o)
/‘\ 5 " C H;
@-MQCI ci—pl 2 @p( o 58 278
“CoHg CH.,
8 CaoH Ok
. s u 15
136,81 <7 D-MmgCl Cl—P(rqu (H;C);Sl—(N & f‘ ’ 58 278
w2rls
) R 0cH 'g' 0 h,
{H4C},Si Li _pAIehs H:0):8i O .P7 4" . .
X7 P\OCsz, o ocm; 56 179
3 ;:l) QCH
a: . | ,OCyHy t
(H3CHSig Sy L cr—pr OCMs (H,0)8i
W “0CHs \(. WAl T 179
3 lsl QChi
(HyC) 58 SnLi iy OCHs HyCh S S P
r T T Mo, 5 7
9  oc
W01 51 S Li —pOCMs Hhsi Sy P
~r SUC,H, 7 \Oi A i 79
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Table 19. Alkylation of Aryl- and Heteroaryltrimethylsilanes via
Organometallic Derivatives 88

Yield Refer-

Substrate 88 R X
Y M [% enee
0OCyHs
~CH=CH— MgBr  Br—CH—CH,~—Br  — 280
cl
—N
~CH=CH— MgEr N>:\>—c1 15 281
N
—~CH=CH-— L F2C=CF—F 32 282
N
5 Li @ 4 283
X NlH
s Li A 50 175
Cl Cl
5 Li e/ D-al 29 248
ct’ o
ﬂ n=CyHsLi ﬂ
{H3C)Si s (H3C)3Si~ 87 L
LA
0C:Hs
2. ¢c-pC "
g 0C2H5 s
ﬂ\ CH Il ,OCaHs
. /
(H3ChSi s ey~ 2N0—P(
QC,Hg
90

Alkyne-substituted aryltrimethylsilanes 93 can be
prepared by coupling reactions of 91 with acetylenes
922 as well as by addition of trimethylsilylaikynes
39 to benzyne'**.

(H30)3Si~©—J + H-CEC-R'

91 92

Cu/pyridine i - 1

————>  {H3C)3Si C=C-R
(I2H3 CHy

93 a r' = ~C-0-CH-0C,H: (85%)
CH,—Cl
F
M
s 2o @)
SilCH3)4

(H3C)3Si~C=C—R? (39)/ @CEC—RZ

93 b RrR? = NIC;Hs), {21%)
93 ¢ R? = NICHy){CeHs) (16%)

Pentafluorophenyltrimethylsilane can be alkylated
with r-butyllithium in the 4-position as the result of
direct nucleophilic attack '™,

SYNTHESIS

Alkylation of he:eroaryltrimethylsilanes containing
nitrogen-hydrogea bonds leads to the N-alkylated
derivatives™ ancl from compounds 94, salts 95 are
obtained 't 1%,

Y
@:»—snwah + HyC=X
N

94
' Y
— [\\:IN/>—5|'(CH3)3
2 xe
CHs

95a v =5, X = 0S0,F (87%)
95 by = NCH;, X = ) (91%)

2-PyridyltrimethyIsilane was also converted into the
corresponding quaternary iodide (91%)°".

The free radical arylation of phenyltrimethylsilane
induced by dibenzoyl peroxide gives a mixture of the
isomeric  trimethylsilyldiphenyls (overall yield
20%)**°. Hydroxvalkylation of aryltrimethylsilanes
with aldehydes in the presence of aluminum trichlo-
ride always leads to mixtures of isomers®°. Orga-
nometallic derivatives 96, however, react with alde-
hydes and ketones specifically to give the corre-
sponding alcohols 97 (Table 20).

. Mg /2
{H3C)Si Br ——> (HiC)3Si —MgBr
96

1 R"—B—Rz R!
2. H,0 ) |
> (H30)3Si C—OH
k2
97

Table 20. Benzyl Alcohols 97 via Reactions of Grignard Com-
pounds 96 with Aldehydes or Ketones

Rl N rRz

Yicld Reterence

[%]
CH, H 33-50 65, 169, 281, 287, 288
CH, CH, 42- 49 281, 288, 289, 290
CyH- H 20-52 65,212

Analogous reactions of 2-lithio-5-trimethylsilylthio-
phene with benzaldehyde (vield: 30%)*" as well as
of the 5.,8-dilithio adduct of 1-naphthyltrimethylsi-
lane with aliphatic aldehydes CH;(CH,),CHO
(n=0, 1, 2, 3; yields: 37-46%)" have been de-
scribed.

4.6. Acylation

Normal acylation competes with acyldesilylation in
the Friedel-Crafis acylation of aryltrimethylsilanes.
Thus, acyldesilylation of phenyltrimethylsilane (98)
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with acetyl chloride/aluminum trichloride is greatly
favoured over the normal C- H acylation by an
ipso-rate factor’?” of 10°-10%.

With acyl fluorides/boron trifluoride, however, both
reaction pathways seem to take place at a compara-

LR

ble rate yielding a mixture of 99 and 100°" ™.

H 8
©S|(CH3)3 R—C—F/BF3
....._.—_>

98
0
C—-R SIHCH3)3
SERNWE
I}
0
99 100 a R = CH;
b R = CeHs

Normal acylation is favoured when strong substi-
tuent effects counteract the ipso-directive etfect of
the trimethylsilyl group. Thus, 2- and 3-methoxy-
phenyltrimethylsilane are always acylated para to
the methoxy group’"#*#2%* and do not undergo acyl-
desilylation as was earlier reported®”®. The relations
with 3-thienyltrimethylstlane (101) are similar. Com-
pound 101 exclusively reacts at the position that fa-
vours an electrophilic attack to yield 102 (R =CH,,
C¢Hs; using tin(IV) chloride titanium(IV) chloride,
aluminum chloride as catalysts; yield: 14-52%)°".
The mineral acid emerging from normal acylation,
in the presence of the catalyst causes protodesilyl-
ation of still unreacted 101 forming thiophene,
which is subsequently acylated to yield 103 (24-
59%). This side reaction has not been seriously taken
into account in most of the earlier investigations.

o

Si{CH3)3 ﬂ
R—C—Ct/catalyst
—_—— S

101 Si(CH)3
R—,c,’(/z\S * R—ﬁ’@
0 0
102 103

The acylations of 2-thienyltrimethylsilane {acetyl
chloride/titanium(IV) chloride (42%)°', acetic anhy-
dride/iodine (13%)*°%, benzoyl chloride (17%)%], 2-
furyltrimethylsilane  [acetic  anhydride/iodine
(25%)*%, and N-methyl-2-pyrrolyltrimethylsilane
[phthalic anhydride (55%)*°%] lead to the 5-acyl-2-tri-
methylsilyl compounds. The only moderate yields
indicate that side reactions, involving acid formed by
acylation, also take place in these cases. The partial
desilylation of poly[trimethylsilyllaromatic com-
pounds provides a convenient way to prepare acyl-
phenyltrimethylsilanes. Since the reactivity of the
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mono-acylated compounds is significantly reduced

no further reaction takes place'**.

2-Acetylphenyltrimethylsilane'**;

Acetyl chloride (2.3 g, 0.03 mol) in carbon disulfide (15 ml) is ad-
ded to a stirred, ice-cooled suspension of aluminum chloride (4.0 g)
in carbon disulfide (50 ml) containing 1.2-bis[trimethylsilyl{ben-
zene (6.6 g, 0.03 mol). The mixture is heated under reflux for { h,
most of the solvent is distilled off, and the residue is added to ice/
water (100 ml). Benzene extraction followed by washing, dryving
with sodium sulfate, and fractionation gives the product; yield: 2.8
2 (50%); b.p. 887/3 torr; nj; 1.5181.

The unwanted side-reaction, acyldesilylation, in the
preparation of acylaryl- and -heteroaryltrimethyl-
silanes can be completely avoided by using the reac-
tive organometallic derivatives 104. In this case, in ad-
dition to the usual acylating agents (i.e. acyl halides or
anhydrides), which directly affords ketones 106 (route
a), nitriles also can be used. Primarily, the imino deri-
vatives 105 are formed (route b), which afterhydroly-
sis give the ketones 106 (Table 21).

0 0
1l i
R—C—X .
RS (H3ChSi—Ar=C—R
a 106
(H3C)3Si~Ar—M THzOIH@
104 .
NH
LR HyC)Si—Ar=C-R
105

To obtain acylphenyltrimethylsilanes 109, the trime-
thylsilyl group can also be introduced by the acylat-
ing agent 107, generally involving Friedel-Crafts ca-
talysts (Table 22).

Si{CH3)3 R
0
1§
107 a ortho 108
b meta
C para
(H3C)sSi 0 R
catalyst -

109

Trimethylsilyl-substituted alkyl aryl ketones are ob-
tained by addition of aliphatic Grignard compounds
RMgX (R =CH,, CHs, CH,;, C.HsCH,) to 4-cy-
anophenyltrimethylsilane®*,

The formylation of aromatic compounds is a special
acylation reaction. Reactive aryltrimethylsilanes un-
dergo direct formylation according to Reimer-Tie-

mann>7:270-238 a5 well as Vilsmeier?®. In general, tri-
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Table 21. Acylaryl- and Acytheteroarylirimethylsilanes 106 via Acylation of Organometallic Compounds
104
Substrate 104 Route  Acylating agent Product type Yield |%) References
{H10)3Si - o
@Mga' b H;,C‘(} CN 106 82 168
- -y
(HgC)3Si—©\—MgBr b H;,c—(:\}—cm 106 64 166
{H;C)4Si /,\ -MgBr b H3CO—~</}CN 106 33 168
M b el Hecn 105 7% 268
cl
‘Hac’ss'*(f]'“ b </‘§~CN 105 51 248
it
H3C} S Sy . Li ;
OSSOy b HyC~/_ DN 105 54 248
‘“3@35“@’“ b ¢ N 105 30 28
‘”i’c’35‘“(ls_prL‘ b N H-on 105 58 208
~5 5, A\
(H,C)35i~-</:—\>—Mng a (’_}-c—-onc( ) 106 (R : \// \}) 33 295
bonasd i Bt oy
(H;C)gSi—Q\ MgBr & H,C—C—0~(—CHy 106 (R = H,0) 39 29¢
(l:lx
it
#0581 H-mgRe a2 CoHsC=0~C=CoHs 106 ik = CHs) 44 295
e P
lH;,C)gSt—(-:}MgBr a n-CyHy~C- 0-~C-Cytly=n 106 (R = n-CaHs) 3 295
H30), S0
i
mco-@cac; a H3C~ C~ 2L 106 (R = H:C) 4 207

SYNTHESIS

‘Table 22. Benzoylaryltrimethylsilanes 109 via Benzoylation with
Trimethylsilyl-Substituted Benzoyl Chlorides 107+

Yicld

Reactants Cata- Riin Refer-
107 08 lyst 109 %] ence
a u,co—@-caay - 4-Hy €O — 168
a H30—©—Cd3! - 4-H,C - 168
c ch@ AlCl;  4-HyC 66 168
c H300—© SnCl;  4-H;CO 80 168
b Hac—@ AICl;  4-HsC 43 168
i %
c cu—c-@—sucm)g AlCl;  4-Cl—-C—~ 33 279
HaC

c @—sncn,)s AlCly  3-H,C 40 279
b (HgC),Si—-@vSﬂCH,); ACly  &~(HLHSI 75 279

* 2-Thienyltrimethylsilane was also acylated with 107¢ in this way
(32%)37°.

methylsilyl-substituted aromatic Grignard com-
pounds can be converted to silylated aromatic alde-
hydes by use of formic acid orthoesters®>>", dime-
thylformamide'”, or formic esters?*.

The direct introduction of cyano groups into aryltri-
methylsilanes is rather difficult to achieve. The use
of cyanogen chlor:.de/aluminum trichloride predom-
inantly results in desilylation®” and use of copper(I)
cyanide and aryl tromides provides low yields (12%)
even when vigorous conditions are applied®.
Therefore the elimination of water from acyl amides
using phosphoryl chloride is the preferred method
(86%)* to obtain cyanophenyltrimethylsilanes.

4.7. Carboxylation

The carboxylatior. of aryl- and heteroaryltrimethyl-
silanes is almost exclusively achieved by reaction of
organometallic compounds 104 with carbon dioxide
(Table 23).

1. CO,
2. H0H®
(HaChSi~Ar=M ~———>  (H3C)3Si~Ar—COOH
104 10
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Table 23, Trimethylsilyl-Substituted Aromatic and Heteroaromatic Carboxylic Acids 110 via Carboxylation of Organometallic Compounds

104
Substrate Yield Reference
104 1%]
3ilCH3)5
( § 60 %2, 168
{H,01,Si
¢ Bt 8 85, 99, 144

M S Dt 38-66 99, 168, 300

H301,5i,

HsCO{}‘U
m3<.t>3sa-©-</:_>- Li &0 157

(H3( }35!
F§»Lt - 1

207

Yleld

Substrate
104 (%)
‘"3 C), Si,
FQ“ )
Ct F
.
H3C)y Siﬁu 62°
{(H3C)3Si sg\i/z,Li 49
Cl Cl
(H,C),Siﬁsoz —NICH3), 10
Li

* 'I reatment with cthyl chloroformate affords the oorrcspondmg furan carboxylu ester (59‘\;)"”

Table 24. Silylation of Organomculllc Derivatives of Aryl- and HeteroaryItnmcthylsnlane~

Organometallic Derivative Silylating Agc,nt
| 3
(H,C),Si-@-mcl CI-@—S'i—Cl
CH;
(H;C),Si—@—»agay H3C~SilOC;Hs)3
(H;C);Si—@—l.i {CeHs),SiCl,
(HgC)gSi—©-l.i SiCl,
(HgC)ssi@—Li (H3C),SiCl,
(il Cll
(H,C),S:-@-u {H3C),Si~0~-Si(CH3),
?Hs
(H3C)aSiwyg S -Li CgHg~Si~Cl
\ ) |
A2 b,
g
{H3C)3 Sy S, Si—CH, Li {H3C)ySiCl
\ |
AW
CHs ?u,
{H3Cl3Si Si —CHaLi CeHs—Si—Cl
1
‘Q’ L

{H3C)4Si,

J— D-Cl

Na/F—Si(CsHs)a

Product
CH3
(H,C),S-—@—S;—@Cl
CH3
g
(H,C),Si—@-s'i—oc,as
OCoHg
CsHs
m,c),Su—@-s.-@—s.(cn,),
CQH5
[(HgC)gSi—Q-] Si
&
CH3
(usc),si@—&-@-s-(cn,),
cu3
CHy  CHy
(H,C»,S.—@—S.—O-S.«@-S«CH,),
CHy CH,
i
{H30)3Si Si—CgHs
e
ol
g
(H3C)3 SiwgSy-Si—CH,=SHCHy)y
W
UCH:
?Ha GHs
{HCl3Si (S, Si—CH,~Si=CeHs
WA i
Ucu, CH,
{H3C)3Si

@"S“Cs“g)a

* Further trimethylsilyl-substituted oligomers are listed here.

Yleld [oc/t]

52

57

86

77

A

20

30

Referem.e

m

293

293

30

176

o R

303*
252
140
140
167
167
29
291
291
252
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4.8. Silylation

The stability of carbon-silicon bonds towards orga-
nometallic compounds makes it possible to introduce
further silyl groups into aryl- and heteroaryltrime-
thylsilanes. The hereby applied methods are not dif-
ferent from those used to introduce the first trime-
thylsilyl group (cf. Section 2.3.) (Table 24).

4.9, Protonation

Protonation of aryl- and heteroaryltrimethylsilanes
leads to the formation of salts, protodesilylation, or
replacement of other substituents by hydrogen, ac-
cording to the substrate and the reaction condi-
tions.

Basic heteroaryltrimethylsilanes 111 or 94 react with
acids to form salis 112 or 113.

R N7 TSi(CH3)3 R™ “Ng Si{CH3)
I!i XEB
m 112

R=H; X=Cl, Br, I, BF,"
R =H, Br, Si(CH:);: X =GeCl,'™”

Y Y
@:N,)—Si(cm)a ¢ HeX  —— @N}Si(cmb
&

\
H x©

3,4-Bis[trimethylsilyl]pyrazole (114; R=H) can be
converted quantitatively into its nitrate or hydro-
chloride by treatment with concentrated acids*”.
However, in sulfuric acid/ice, protodesilylation oc-
curs. Thus, the trimethylsilyl group of 114 (R = H,
COOC,H;) can selectively be removed from position
3- or 4-, according to the reaction conditions>.

Si(CH3)3 -
H,0/H® /A
E RN
H
(H3C)3Si Si{CH3)3
\ M5 (100 %)
BN _
R N~
|
H {H3C)3Si
114 CH50H/C2H50© 1 \N
e RN
I
H

116 ©97%)

4,5-Bis[trimethylsilyl]-3-methylisoxazole ~ behaves
analogously®*®. 3,5-Bis[trimethylsilyl]-1-methylimid-

SYNTHESIS

azole is smoothly hydrolyzed in a water/dichloro-
methane mixture to give 1-methyl-5-(trimethylsilyl)-
imidazole (90%)'%. Halide substituents in aryltrime-
thylsilanes 117 can be replaced by hydrogen via the
organometallic intermediate without reaction occur-
ring at the trimethylsilyl group'”".

Si(CH3)3 1. n-CiHoli SHCH3)3
F F 2. H,0 F 7 F
2H .
X cl X7 XA
F F
17 1M8ax=r (715%

b x=ct (75%)

5. Transformation of Substituents in Aryl- and
Heteroaryltrimethylsilanes

Aside from the substitution reactions at the nucleus
of aryl- and hetercaryltrimethylsilanes, the transfor-
mation and functionalization of substituents, at-
tached to the silylated ring, is an important method
for the preparation of some aryltrimethylsilanes.
Hereby, it is impottant to choose reaction conditions
that do not permit desilylation reactions.

5.1. Nucleophilic Exchange of Halides

Benzyl bromides 62, readily available by radical ha-
logenation of tolyltrimethylsilanes (cf. Section 4.1.),
easily react with rucleophiles (X) with substitution
of bromide.

Si{CH3)3 Si{CH3)3
CHp=Br + X9 — CH,—X + Br®
62 a ortho 119a-c
b meta
C para

Thus, alcohols 119¢ (X =OH)*** are formed with hy-
droxide ions as well as ethers 119¢ (X =OCH,,
OC,Hs, OC¢H;)** with alcoholates, and esters
119a-¢ (X =0COCH,)*" with carboxylates. The in-
tramolecular substitution of chlorohydrins leads to
oxiranes>*. With sodium hydrogen sulfide, thiophe-
nols 119¢ (X =SH)*" and with sodium methyl mer-
captide, thioethers 119¢ (X = SCH;)*" are obtained.
Amino groups [X=: NHCH;, N(CH,),] can be intro-
duced by using amines or lithium amides***?", Di-
ethyl (trimethylsilyl)-phenylmethanephosphonates
119b, ¢ [X =P(O)(DC,Hs),] arise from the reaction
of 62b, ¢ with sodim diethyl phosphite®?’.

Cyanomethylphenvitrimethylsilanes 119 (X=CN),
important for further conversions, can be pre-
pared in good yields by reacting 62 with cyanide
ions®**3%  Trimethylsilyl-substituted phenylacetic
acids, obtained by saponification of nitriles 119a-¢
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(X=CN) in yields of 80-90%%*3"7 afford the me-
thyl esters when treated with diazomethane*™. The
corresponding amide is obtained in 83% yield'*
from the reaction of N,N-diethyl[2-trimethylsilyl-
phenylethynyllamine with hydrogen chloride/ether.

The acidic «-C H bond of 4-cyanomethylphenyl-
trimethylsilane 119¢ (X=CN) can be methylated
with sodium amide/methyl iodide (80%) or acylated
with sodium ethoxide/ethyl acetate’’. Salts of
C--H acidic compounds 120 have been used as C-
nucleophiles to afford compounds 1213,

H

|
(H3C)3Si-©-CH2—Br + Na® Sc-g!
f2
62c 120
|
_ (H3C)3Si—©»CH2-—(IZ—R’

R2
121a R! = R? = COOCHs (22°%)
b R = COCHs, RZ = COOC,Hs (17%)

The conversion of the benzyl bromide 62¢ to the
Grignard derivative 119¢ (X=MgBr) and subse-
quent treatment with sulfuryl chloride leads to the
sulfonyl chloride 119¢ (X = SO,Cl1)*”.

Substitution reactions on 4-[B-chloroethyl]-""’ as
well as  4-[3,5-dichlorotriazinyl]phenyltrimethylsi-
lane® with amines have also been described.

307

As expected the dibromomethylbenzenes 63 can be
hydrolyzed to give the benzaldehydes 122 (49-

69{%;) 101, 169,249,250.310

126

(H3C)3Si
128
Si(CH3)3 Si(CHa)ao
CaC03/H,0 |
CHBr, ———22 : N Ct
63 122 a ortho
b meta

C para

lCzHSOH/HCl
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5.2. Functionalization of Carboxylic Acid Derivatives

Trimethylsilyl-substituted benzoic acids 123, easily
obtainable by carboxylation reactions (cf. Section
4.7.), afford the acyl chlorides 124 when treated with
thionyl chloride'®27%308.311 The conversion of acyl
chlorides 124 to the corresponding acyl amides 125
can be effected easily with ammonia or ani-

line®? 144 168,308
socy, =z I
COOH } Cc—Cl
NS
123 a ortho 124 a-c
b meta Si(CH3)3
C para 0
R—NH; ~ I
1 C—=NHR
X

125a-c R = H, CeHs

Acyl chlorides, obtained in a similar manner from 3-
and 4-trimethylsilylphthalic acid, form esters on
reaction with methanol’'? and with ammonia give
acyl amides™**",

The methyl esters of 4-trimethylsilylbenzoic acid®.
4-trimethylsilylphenylacetic acid*™, and 4,4'-trime-
thylsilyldiphenylcarboxylic acid'”’ can be prepared
directly from the acids by using diazomethane. An-
other pathway to acquire derivatives of 4-trimethyl-
silylbenzoic acids starts from 4-cyanophenyltrime-
thylsilane (126), which according to the reaction
conditions, can be converted to the amide 127 or the
iminoester hydrochloride 128. This permits the pre-
paration of the ester 129 or the amidine 130"

0
) Na;C03/H; 0,/(H;C),CO ) Il
(H3C)3Si CN —> {H3C)3Si C—NH;

127
0
K, CO5/H,0 ) fl
{H3C)3Si C—0C;Hs
II\IIH * HCL 129
C-0CyHg —
NH
CyHsOH/NH3 . I
L——————>  {H3C)3Si C—NH;
130

Amino-imino-isoindolenines 132 (90-92%) are ob-
tained from phthalic dinitriles 131°%,

CN NaNHs / NH
(H3C)3Si—©[ HCONH (HaC)ass—@QN
CN
NH,
131 132
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5.3. Functionalization of Hydroxy and Amino Groups

Hydroxy compounds most important in this connec-
tion are the phenols, although alcohols like 4-trime-
thylsilylbenzyl- or -phenylethyl alcohol can also be
converted into the corresponding chloro™”*" or
acetyl compounds'®*2%°, respectively. Trimethylsilyl-
phenols and -thiophenols 133 react with various
electrophiles to afford the O- or S-substituted deri-
vatives 134, which, in many cases, are used only to
protect the functional group?'*°,

Y-H Y-£
(H3C)3Si@ s (H3C)3Si—@/

133a-g 134a-g
A £ X Yield Reference
(%]
al0  S0,~CeHi—CHz-p  Cl 73 126
blo cn, 0S0,CH,4 - 257
/O\
€|0  CH~CH-CH, cl 87 64
d CH3 0S03CHy  — 85
NO;
ol
N oo
HiC
)
\=N
els Ny cl 75-90 255
s
Ob
N\
Qo
N
\j
/N
f HyC—-CO— 0-CO—CH; 90 257,270

Acetylene reacts with 4-trimethylsilylthiophenol (133g: Y - S) to
afford 4-trimethylsitylphenyl vinyl sulfide (134g; £ =CH-- CH;).

Al 3 chlorine atoms of phosphoryl chloride are rep-
laced in its reaction with trimethylsilyl-phenolates
135 to give 136 (64%)°".

S
0% Na® oo,
3 (H3C)3Si m—

135
[(H3C)3Si=CeH4—0],P=0 + 3 NaCl
136

(H3C)3SiQCOOH + Cl=CH,-COOH W
NH»
(H3C)3SiQCOOH

137
NH—CH;~COOH
138

SYNTHESIS

Amines undergo reactions with electrophiles analo-
gous to the hydroxide compounds. N-Alkylation
(44%) is found to occur in the reaction of 137 with
chloroacetic acid*'*.

N-Acylation (90%) takes place exclusively in the re-

action of 139 with methyl dichloroacetate*'”.

?H l;le
(H3C)3Si—©-CH°CH—CH2—OH + Cl,CH—COJO0CH;
139
Il
(I)H I\IIH-C—CHCIZ
-—CHgo—H> (H3C)3Si CH—CH—CHy—0H

140

Anilines 141 readily react with acetic anhydride to
give acetanilides 142 (90-100%)243-243.23%.314,

(CH3C0),0

NH
2 TCH,Cco0H

{H3C)3Si
141

0
@.NH-C-—CH3

142

(H3C)3Si

Tertiary amines 143 can be converted to the quater-
nary iodides 144 without desilylation reactions®”* oc-

curring simultaneously.

CH3J
@-(CHz)n-N(CHs)z —>
(HaC)3Si

143 r = 0,1
9

23]
7 N~ (CHy)n=NI(CH3)3
{H3C)3Si7 =
144

5.4. Condensation Reactions

Aromatic carbonyl compounds carrying trimethylsi-
lyl substituents urdergo all types of conventional
carbonyl reactions without desilylation when carried
out in slightly acidic or basic medium. Since the for-
mation of oximes, hydrazones, and semicarbazones
ete., which are also used to characterize the com-
pounds, proceeds as usual, these reactions will not be
discussed here.

Benzoin condensation®, aldol reactions®**"", and

glycidic ester syntheses®'® employing 4-trimethylsi-
lylbenzaldehyde (122¢) also proceed as expected.

Various pyrimidories such as 148°'7, quinoxalines
149°"*, thiazolidines 150*'°, as well as numerous tri-
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o
o

] ] R’—CHz—c—RZ/OHe
onsi<{_H-b-r

122c¢

o

I
Cl—CHz—C—R3/OC;Hs9

methylsilyl-substituted phthalocyanin, indigoide,
and triphenylmethane dyes have been prepared by
condensation reactions using the appropriate trime-
thylsilyl carbonyl compounds?*42°7-314,

I\
O (ch)gsi’[;)\[/NKj
NZ SN

0
R? i
SilCH3)3 149a v =5 192%)
148 b y=002%

!

/I N\ N
(HyChsi s K]
RS

1B50ar:=1 (70%
b r = CH; (51%)

Alcohols of the type 151 in the presence of various
catalysts (aluminum oxide 300-340°, 39-5292%7-2%"
potassium hydrogen sulfate, 240°, 43%°; phospho-
rus pentoxide*?”) can be converted into styrenes 152
by thermal gas phase condensations.

OH
/R | catalyst, V
{H3C)3Si C—CHj —HO——Q
- H

=/ 1
R
(H3C)3Si—©—(|:=CH2
R

151
152ar:-H
b R =CH,

Elimination of water occurs when trimethylsilyl-
phthalic acid or trimethylsilylphenylthienylcarbinols
are heated to yield the corresponding anhydride
(100%)2** or ethers (30%)%”!, respectively.

i
uﬁcha—<:j}£H=c-c-R2

146 aRr' = H, R? = CeHs

0
/N ] 3
(H3C)3Si—QCH—CH—C—R

147 @ R? = OC,Hg (50 %)

Preparation of Aryl- and Heteroaryltrimethylsilanes 867

0 OH
KCN T
(H3C)3Si—©—C—CH—©—Si(CH3)3
145

R' 0

b R' = R? = H, CH3, t-C/Hg
[+ Il?‘ ,?2 = —{CHy)y—

0

b R3 = CeHs (67 %)

5.5. Oxidation Reactions

Methylbenzenes 153 (R'=H), benzyl alcohols 154
(R'=H), and benzaldehydes 155 (R'=H) can be
oxidized with increasing ease by various agents to af-
ford the benzoic acids 156. However, it is more diffi-
cult to stop the reaction at the carbonyl compound
155; mixtures of acetophenones 155 (R'=CH;) and
acids 156 are obtained from ethylbenzenes 153
(R'=CH,). Oppenauer oxidation of 154 (R' = C.Hy)
leads to the benzophenones 155 (R'=C.Hs). Mild
oxidation of the methylbenzenes 153 (R'=H) in ace-
tic anhydride gives the benzaldehydes 155 (R’ =H).
available via the diacetate intermediate (Table 25).

Rl R'I
| |
CHR' H—-C—OH c=0
Rr? R2 Rr2
e —
R3 R3 R3
R% R4 R%
153 154 155
COOH
R2
o
R3
RL
156

Furthermore, 4-trimethylsilylbenzaldehyde (122¢) is
obtained from the p-substituted benzyl bromide 62¢
by employing the Sommelet**® or Hass-Bender reac-
tion (87%)*°. The corresponding terephthalic, iso-
phthalic, and phthalic acids are formed (77-
92%)****'2 in the oxidation of xylyltrimethylsilanes
using potassium permanganate in pyridine. Acetyl-
furans and -thiophenes 157 are oxidized to give «-
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Table 25. Oxidation Reactions on Side Chains of Aryltrimethylsilanes
Substrate R R? R’ R* Oxidising Poduct Yield Reference
agent [%]
153 H (H.C)51 H H KMnO, 1:36 21 168
153 H H H (H.C)-Si KMnO, 1136 74 85, 308
154 H H H (H.C):81 KMnO, 1:56 - 310
155 H H (H-C), 51 H 0, 1:36 100 310
155 H H H (H.C).S8i 0, 1456 100 2140
153 H H.C CO NH H (HO):80 KMnQ, 1:56 85 310
153 HLC H (H,C).8i H CaC0:/0, 1554156 15+ 11 133, 249
153 H.C (H;C)551 H t CaC0./0, 155+ 156 11412 133, 249
153 H.C H H (H,C),81 CaC0O;/0; 135+ 156 2004+ 8 249
153 H O-N H (H.C)S1 CrO;/Ac 0 1:35 19 314
154 C,H. H N (H.OnSi AOCHy-1): 1555 23 295
keto aldehydes 158 by using selenium oxide*'® or to  the pyridones 162-164 from 3-pyridyltrimethylsilane

carboxylic acids 159 by using sodium hypoio-

dide”?.
R\
(HgC)3Si/[\_/)\ﬁ—CHO
0

SEOZ

1B8a v =5 i13%
1\ b vy =0 wo%
{H3C13Si™ Y ﬁ—-CH3

157av:s
bv-o0 J;/NaOH R\
(H3C)3Si’(y)‘ﬁ—0H
0
159 v =0

The epoxidation of 4-trimethylsilylstyrene using per-
benzoic acid (50%)*°, the oxidation of 2-, 3-, and 4-
trimethylsilyldibenzothiophene'*'** using hydro-
gen peroxide to give the corresponding sulfones (42-
98%). and the oxidation of 2- or 3-trimethylsilyl-4-
amino-phenol’?' with potassium dichromate/sulfu-
ric acid to vield the corresponding p-benzoquinones
are further oxidation reactions involving (unctional
groups of aryl- and heteroaryltrimethylsilanes. The
oxidation of 3-nitroso-4-trimethylsilylpyrazole leads
to the nitro compound®'.

The oxidative introduction of oxygen functions into
the nucleus has been applied in the preparation of

. [CH;CM),0
(/TSI(CH3)3 Ha mSi(CHah or POCL,
‘:N \N/

v
0
160 161
0

(i[SI(CHg):; z SI(CH3)3 SI(CH3)3

| - LY

N N~ N

H O " H H

162 163 164

(160)"™* and of 2-trimethylsilyl-p-benzoquinone
from 4-aminophernols using potassium dichromate/
sulfuric acid?.

Razuvaev et al.”™2'**** have exhaustively investiga-
ted the one-electren oxidation of sterically hindered
silicon-containing phenols 165 [R', R*=CH,, i-
C:H,, -C4Hy, Si(CHy)s, ete] with various agents
[e.g. lead oxide, potassium hexacyanoferrate(Iil),
copper/pyridine/oxygen, t-butyl ether, phenylmer-
cury(Ll) hydroxide, etc.). The reaction goes through
the intermediate free phenoxy radicals 166 which
rearrange by migration of the trimethylsilyl group
and undergo subsequent dimerization to afford the
2,2'-bis[trimethylsiloxy]biphenyls 167. Trimethylsi-
lyl-substituted quinones are found as by-products.

OH 0
1 ; 1 -
R SICHYY  ion IR fj&ma)a
NS
R2 R2
165 166

1. ~%ilCHy)y migration R! 0Si(CH3)3 R2

2. dimerization

>

R (HaC)sSiI0 R
167

5.6. Reduction Reactions

Metal hydrides, stch as lithium aluminum hydride,
sodium borohydride etc. do not affect the carbon-si-
licon bonds in arvltrimethylsilanes. They therefore
provide a convenient method for reduction of va-
rious functional g-oups. Using sodium borohydride
the conversion of trimethylsilylacetophenones into
the alcohols®” is possible under mild conditions as
well as the hydrog:nolytic cleavage of trimethylsilyl-
thienyl-thiazolidines (68-71%)*'%. Employing the
more reactive lithium aluminum hvdride, trimethyl-
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silylaryl derivatives of carboxylic acids and serine

can be reduced to yield the corresponding alcohols

(up to 90%)*". Corresponding nitriles are reduced to

primary amines***3"". N-Substituted amines of the

type 169 are obtained by reduction of acyl amides'®

or by reductive cleavage of 168 using lithium alumi-
324

num hydride’**,

H3C\ '/CH3 ‘
S,W LiAlH, SilCHs)3
N8 T @[ NR),
H
168 169 R = CH,, CgHs, CHpCeHs

Reduction of trimethylsilyl-substituted phosphine
oxides by lithium aluminum hydride gives the
phosphines®””.

Other procedures for the convenient preparation of
benzyl alcohols from benzaldehydes are, for exam-
ple, the treatment with tin(1l) chloride/hydrogen
chloride®*®, normal or crossed (formaldehyde/OH")
Cannizzaro reactions®3?* and the reduction by tri-

alkylsilanes in the presence of zinc chloride®.

Reduction processes are the most important methods
for the preparation of aromatic amines. This also ap-
plies to the trimethylsilyl derivatives. Thus, azo com-
pounds 170, nitroso- 171, or nitroaromatic com-
pounds 172 can be converted into the amines 173 if
the appropriate reducing agents are applied (Table
26).

X NH,

R! R!
—_—>

R? R4 R? R

R3 R3
170 @ x = N=N—CgHs 173

b X = N=N—CgH,~S0,H
171 x = no
172 x = no,
Table 26.
Type R' R? R?
170a H (H;C):Si OH
170b (H;C)sSi H OH
171 (H,C),8i H H
17 (H:C);Si H N(CH3),
172 (H;C)Si H H
172 H (H,C):Si H
172 H H (H:C)Si
172 (H;C):Si H Cl
172 NHCOCH, H (H,C),Si
172 (H:C),Si H (H,CLN
172 CH, H "

Trimethylsilyl-Substituted Aminobenzenes 173 via Reduction of Azo, Nitroso, or Nitro Compounds

869

Preparation of Aryl- and Heteroaryltrimethylsilanes

5.7. Metal Complexes of Aryl- and Heteroaryltrimethylsi-
lanes

By the complexation of the w-system of aryl- or of
the nitrogen atom of heteroaryltrimethylsilanes. the
reactivity of the carbon-silicon bond can be drasti-
cally altered.

Metallation of (7-benzene)-(n-pentafluorobenze-
nejchromium with r-butyllithium and bis[benze-
nejchromium with #-butyllithium/tetramethylethy-
lenediamine and subsequent silylation affords
{(CHOCICHs— SCHL,L - (78%)Y  and
[CeHs  Si(CH,)55Cr (37%)72, respectively. Further-
more, oxidation of the chromium atoms in these
complexes can also be used to cause a strong varia-
tion in the reactivity of the carbon-silicon bond***.
The chromium tricarbonyl complexes of phenyltri-
methylsilane and the bis[trimethylsilyljbenzenes
64a-c are formed when these compounds are heated
together with hexacarbonylchromium™2%*%,

Trimethylsilylbenzene Chromium Tricarbonyl*>”:

A mixture of hexacarbonylchromium (2.2 g. 10 mmol) and phenyl-
trimethylsilane (10 ml) is maintained at 170-175° for 36 h under an
argon atmosphere in a flask equipped with an air condenser topped
with a water-cooled condenser. During this time the hexacarbonyl-
chromium which sublimes into the air condenser is periodically
pushed back into the reaction flask with a long spatula. A vellow
colour develops slowly in the reaction mixture, and a small amount
of solid is formed. The mixture is then cooled and diluted with et-
her (100 ml). Filtration through a short column of deactivated alu-
mina is followed by removal of volatiles at reduced pressure. The
yellow crystalline residue is recrystallized from aqueous ethanol to
give the product; yield: 0.56 g (20%): m.p. 72-73°. An analytical
sample was sublimed at 60--65°/0.01 torr.

Ferrocenyltrimethylsilanes 175 [R' = H,

R?=Si(CH,)s; 50%]**' are prepared from cyclopen-
tadienyltrimethylsilanes 174 using n-butyllithium
and iron(ll) chloride. Metallation of ferrocenes 176
(R'=H) with sodium?®** or n-butyllithium**** and
subsequent silylation affords mixtures of 175
(R'=R*=H; 19-23%) and 175 [R'=H,
R?= Si(CH3)x; 27-50%]; in the case of (dimethylami-

R* Reducing Yield

Reference

Agent [%]

1 N&lgS)()'\ 258

H Na,S$,0, 95 287

OH Pd/C, H, 257

H Pd/C, H, 245

H Raney-Ni/H, 83 144

H Raney-Ni/H, 85 79, 144
Pd/C, H, 243, 265

H Raney-Ni/H, 75 79, (44
Pd/C, H, 243

H Raney-Ni/H, 75 271

H Pd/C, H, 243

H Pd/C, H, 86 245

(H;C),Si Raney-Ni/H, 90 314
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no)-methylferrocene 176 [R' = CH,N(CHax),] “ortho-
metallation™ favours selective reaction to give 175
[R'=CH,N(CH,),, R?=H; 79%]*.

nN-BuLi/FeCl,

2
H” "SilCHa)y R!
174
Si(CH4)4
—> Fe
g o
¢ "
1. Na or n-C,HgLi
2. {H3C)sSict 175
Fe s ——
176

The methiodide of 175 [R'=CH,N(CH;),, R?=H]
readily undergoes nucleophilic substitution of the
trimethylamino group by aqueous hydroxide (85%),
phenoxide (85%), aniline (95%), and piperidine
(66%)**°. The reaction of the m-cyclopentadienyl-
irondicarbonyl anion with pentafluorophenyltrime-
thylsilane gives 177,

FOF
@—Fe(COb {C&suwm
e Ok

177

The palladium(11)*7 and gold(1)*** complexes 178
and 180 of the silanes 94 and 179 are formed, when

Y. . agent/CH,Cly or CeHs, r.t.
@:N»—s.(cm)a RGN

94

¥
M
178
Agent Y M Yield Refer-
[} ence
PACL(C,HCN), S 14, PdCl, 9t 337
PACL(C,HsCN), NH % PACL, 63 337
Au(CO)Cl S AuCl 73 338
C-H:NS  GeCl, NCH, GeCl, 60 304
@ agent/CH,Cly or CeHs, 1.t - @
SN“NSi(CHs)s \51 Si{CH3)3
M

179 180a m - ldeCl; (84 %)

b M= awct (92%

Y i
@ D—SilCH3)3
N

SYNTHESIS

these compounds react with PACL({C,H;CN),, gold
chloride or gold carbonyl chloride. Dichlorogerm-
ylene complexes 178 are obtained in a similar
way*". The carben-silicon bond of all complexes
proves to be less reactive than that of the free sila-
nes.

5.8. Miscellaneous

In closing, some types of reactions and compounds
that do not readily fit into one of above categories
should be mention2d.

The phosphonic esters 181 react with phosphorus
pentachloride to yield the dichlorides 182 which can
be converted into the phosphine oxides 183 using
Grignard agents or into the phosphonic acids, when
hydrolyzed*”"-**,

0
1] Ml
P{OCoH5), PC,

Polsy @r
{H3C)3Si {H3C)3Si
181 182
I
RMgBr PR,
_
(H3C)3Si
183

Halogenation and saponification are similarly appli-
cable to the trimethylsilylphenylmethanephosphona-
tes””’. Similar to tte tertiary amines 143 (cf. Section
5.3.), the phosphines and arsines 184 can be conver-
ted into the corresponding quaternary iodides
185277, 273,33")‘

s

MRz cny) MR2
{H43C)3Si — (H3C)3Si-@ ©

184 a-c 185a M= p R = CH; 40-50%)

bM=P R=CHs (58%)
C M= As, R = CHs

Dimethylarsino groups are introduced into aromatic
rings like most of the phosphorus substituents (cf.
Section 4.4.). The organometallic compounds 186°7
are involved as intermediates.

Br vig MgBr
(H3C)3Si~@ — (H3C)3Si

186

JAS{CH3); o AsCH3)
-———>  (H3C)3Si \D/

187 (60 %)
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4-Trimethylsilyl-1-arsabenzene (189) can be prepa-
red in 83% yield by treating 188 with arsenic(Ill)
chloride**.

Si(CH3)3

SN AsCly

| |sicHy); ——

Sn H

N\

CiHg CyHg

188
Si(CHa)3
’d
- ] + {CiHg)pSnCi; + (H3C)3SiCl
As
189

Sulfonyl chlorides 191 are prepared from salts of sul-
fonic acids 190 employing phosphorus pentachlori-
de*?, thus enabling the preparation of sulfonamides
192252,30\).

Z S0 Na® pete Z .S0,Cl
(H3C)3$i

191

(H3C)3Si
190

1p2

{H3C)3Si
192
Reactions involving halide exchange on trifluoro-

methylbenzenes 193°'**' to give 194 and on ethoxy-
silanes 195 to yield 196 have been carried out.

CF3 BCly or AlCl CCl
—_—
{H3C)3Si {H3C)3Si
193 194 a ortho
b para
Si(CH3)3 Si(CH3)3
HF
Si{CH3){0CH5), Si(CH3)F,
195 196

6. Conclusions

Although the number of publications concerning
aryl- or heteroaryltrimethylsilanes is increasing mar-
kedly, it does not seem very likely that dramatically
different preparative methods from those described
here can be expected for this class of compounds.
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In contrast, the better understanding of their reac-
tions and, therefore, of the scope of their prepara-
tive utility is still in its infancy and, thus, the system
holds promise for interesting future developments si-
milar to that of the chemistry of vinylsilanes and si-
lyl enol ethers. It is hoped that this article has provi-
ded some stimulation for achieving that develop-
ment.

Received: February 12, 1979

* Author to whom correspondence should be addressed.

' E. W. Colvin, Chem. Soc. Rev. 7, 15 (1978): a review with 230
refs.

T. H. Chan. {. Fleming, Synthesis 1979, 761, a review with 176
refs.

K. Utimoto, T. Mukaiyama, K. Saigo. Kagaku No Ryoiki, Zo-
kan 117, 114-40 (1977). C. 4. 90. 6434 (1979).

2 J. K. Rasmussen, Synthesis 1977, 91; a review with 125 refs,

' (. Eaborn, J. Organomet. Chem. 100, 43 (1975).

4 Y. Sakata, T. Hashimoto (Shizuoka. Coll. Pharm. Jap.} Shizu-
oka Yakka Daigaku Kaigaku, 10-Shunen Kinen Rombunsku
1963, 77; a review with 50 references: C. 4. 60. 1787 (1964).

“ (. Eaborn, Organosilicon Compounds, Butterworths, London.
1960,

¢ (. Eaborn, R. W. Bott in Organometallic Compounds of the
Group 1V Elements, A. G. McDiarmid, Ed., Vol. 1, Part 1, M.
Dekker Inc., New York, 1968, p. 421, 423,

7 V. Bazant, V. Chvalousky. I. Rathousky. Organosilicon Com-
pounds, Vol. 1, Academic Press, New York, 1965,

* C. L. Perrin, G. G. Skinner, J. Am. Chem. Soc. 93, 3389
(1971).

S. R. Hartshorn, Chem. Soc. Rev. 3, 167 (1974).

Y E.g A.J Barry, J. W. Gilkey, D. E. Hook, Ind. Eng. Chem. 5L,
130 (1959); €. A. 53, 12224 (1959).

" E.g. H. Sakurai, A. Hosomi, M. Kumada, Tewrahedron Lett.
1969, 1755.

" Eg. G. A. Dalin, U.S. Patent 2405019 (1946), Plax-Corp.: C.
A. 40, 7235 (1946).

' E.g. D. N. Andreev, Dokl Akad. Nauk SSSR 100, 263 (1955),
C. A. 49, 8095 (1955).

' E.g. E. A. Chernyshev, V. F. Mironov, A. D. Petrov. [z
Akad. Nauk. SSSR Otdel. Khim. Nauk. 1960, 2147; (. 4. 55,
14345 (1961).

'"*Cf. E. A. Chernyshev, N. G. Tolstikova, S. L. loffe. A. D. Pet-
tov, Zh. Obshch. Khim. 32, 369 (1962); C. 4. 57, 15140
(1962).

" E.g. A.V.Zimin, A. D. Verina, L. P. Sidorovo, A. V. Gubano-
va, Dokl. Acad. Nauk SSSR 144, 576 (1962); €. A. 57, 13788
(1962).

'* E.g. B. L Vainshtein, E. A. Vaks, Zh. Obshch. Khim. 47, 1362
(1977); C. A. 87, 117925 (1977).

"7 E.g. D. Cooper, J. Organomet. Chem. 7, P26 (1967).

' ). M. Birchall, W. M. Daniewski, R. N. Haszeldine, L. S. Hol-
den, J. Chem. Soc. 1965, 6702.

' C. Eaborn, R. A. Jackson, R. Pearce, J Chem. Soc. Chem.
Commun. 1967, 920.

S, W. Bennett, C. Eaborn, R. A. Jackson, R. Pearce. J. Orga-
nomet. Chem. 28, 59 (1971).

*' R, Fields, R. N. Haszeldine, A. F. Hubbard, J. Chemn. Soc. |C)
1970, 2193.

2 M. Ishikawa, T. Fuchikami, T. Sugaya, M. Kumada, J. Am.
Chem. Soc. 97, 5923 (1975).

M. Ishikawa, T. Fuchikami, M. Kumada, J. Organomer.
Chem. 118, 139 (1976).



0

43

44

4%

40

4

40

A

Dieter Hibich, Franz Effenberger

M. Ishikawa ct al.. J. Organomet. Chem. 152, 155 (1978).

M. Ishikawa. T. Fuchikami, M. Kumada, J. Organomet.
Chem. 133, 19 (1977).

M. Ishikawa, K. I. Nakagawa, M. Kumada, J. Organonet.
Chem. 135, C45 (1977).

M. Ishikawa, T. Fuchikami, M. Kumada, J. Organoniet.
Chem. 127, 261 (1977), and others.

H. Okinoshima, W. P. Weber, J. Organomer. Chem. 149, 279
(1978).

H. Okinoshima, W. P. Weber, J. Organomet. Chem. 155, 165
(1978).

For silylanion reviews see:

H. Gilman. H. J. S. Winkler, in Organometallic Chemisiry, H.
Zeiss. Ed., Reinhold Publishing Corporation, New York, 1960,
p. 270.

D. D. Davis, C. E. Gray, Organomet. Chem. Rer. A 6, 283
(1970).

W. C. Still, J. Org. Chem. 41, 3063 (1976).

H. Sakurai, A. Okada, M. Kira, K. Yonezawa, Tetrahedion
Letr. 1971, 1511,

P. B. Dervan, M. A. Shippey, J. Am. Chem. Soc. 98. 1265
(1976).

M. A. Shippey, P. B. Dervan, J. Org. Chem. 42, 2654 (1977).
H. Matsumoto, S. Nagashima, K. Yoshihiro, Y. Nugai, J. Or-
ganomet. Chem. 85, C1 (1975).

H. Matsumoto et al.. J. Organomet. Chem. 128, 409 (1977).
D. Azarian, 8. S. Dua, C. Eaborn, D. R. M. Walton, J. Orga-
nomet. Chem. 117, C55 (1970).

M. Matsumoto, Japan. Kokai K 77,111,549, C. 4. 88, 74454
(1978).

Y. Nagai, M. Matsumoto, Jupan. Kokai K 77,116.442; ¢ 4. 89,
75400 (1978).

D. R. Weyenberg, L. H. Toporcer, J. Am. Chem. Soc. 84, 2643
(1962); British Paient 917770 (1963), Dow Corning Corp.

L. Birkofer, N. Ramadan, Chem. Ber. 104, 138 (1971).

M. Laguerre, J. Dunogués, R. Calas, N, Duftaut, J. Organo-
met. Chem. 112, 49 (1976).

M. Laguerre, J. Dunogues, R. Calas, J. Chem. Res. 8. 295
(1978).

J. Dunogues, R. Calas, N. Ardoin, J. Organomet. Chem. 43,
127 (1972).

H. Normant, T. Cuvigny, Organometal. Chem. Svath. 1, 223
(1971); C. 4. 76, 72576 (1972).

1. Dunogues, R. Calas, N. Ardoin, C. Biran, J. Organometr.
Chem. 32, C31 (1971).

D. R. Weyenberg, L. H. Toporcer, J. Org. Chem. 30. 943
(1965).

E. A. Chernyshev, L. G. Kozhevnikova, Dokl Akad Nauh.
SSSR 98, 419 (1954). C. 4. 49, 12404 (1955).

R. M. G. Roberts, J. Organomet. Chem. 110, 281 (1976).

H. Cho, R. G. Harvey, J. Org. Chem. 40, 3097 (1975).

M. T. Reetz. F. Eibach, Angew. Chem. 90, 285 (1978). Angew.
Chem. Int. Ed. Ingl 17, 278 (1978).

M. H. Yang, M. L. Liu. S. L. Liu, Hua Hsueh 1, 17 (1974); (.
A. 84, 164907 (1976).

L. Rosch, W. LErb, H. Miiller, Z. Naturforsch. |b] 31, 2%l
(1976).

R. Calas, J. Dunogues, J. Organomet. Chem. Libr. 2,277 (1976).
C. Biran, R. Calas, ). Dunogues, N. Duftaut. J. Organomet.
Chem. 22, 557 (1970).

L. Birkofer, N. Ramadan, J. Organomer. Chem. 44, C41

(1972).
L. Birkofer, N. Ramudan. J. Organomet. Chem. 92, C41
(1975).
A. I Meyers, R. Gabel. E. D. Mihelich, J. Org. Chem. 43. 1372
(1978%).

A. E. Bey, D. R. Weyenberg, J. Org. Chem. 30, 2436 (1965).
F. Effenberger, K. E. Mack, K. Nagel, R. Niel3, Chem. Ber.
110. 165 (1977).

D. Hibich, Dissertation, Universitit Stuttgart, {977,

M. SchmeiBer, P. Sartori, B. Lippsmeier, Chem. Ber. 103, 868
(1970).

64

[543

it

o7

[

84

SYNTHESIS

H. W. Roesky, H H.
(1970).

G. A. Russel, J. Am. Chem. Soc. 81, 4831 (1959).

For reviews see:

R. J. P. Corriu, M. Henner, J. Organomet. Chem. 74,
(1974).

B. Boe, J. Organomet. Chem. 107, 139 (1976).

1. Y. Corey, J. Am. Chem. Soc. 97, 3237 (1975).

1. Y. Corey, D. Gus:, K. Mislow, J. Orgariomet. Chem. 101, C7
(1975).

T. J. Barton, A. K. Hovland, C. R. Tully, J. 4m. Chem. Soc.
98, 5695 (1976);

1. B. Lambert, H. Sunn, J. Am. Chem. Soc. 98, 5611 (1976).
D. Hibich, F. Effen serger, Synthesis 1978, 755; and unpublish-
ed results.

A. Wright, J. Orgaromet. Chem. 145, 307 (1978).

C. Eaborn, J. Chem. Soc. 1949, 2755.

P. 8. Sanin, A. D. Fetrov, Zh. Obshch. Khim, 27, 1286 (1957);
C. A. 52, 3751 (1958),

H. A. Clark, A. F. Cordon, C. W. Young, M. J. Hunter, J. 4m.
Chem. Soc. 73, 379¢ (1951).

K. C. Frisch, P. D. Shroff, J. Am. Chem.
(1953).

K. C. Frisch, P. D. Shroff, U. S. Patent 2641605 (1953). Gene-
ral Electric Co.; C. 4. 48, 5215 (1934).

K. C. Frisch, U. 8. Patent 2711417 (1955), General Electric
Co.; C. 4. 50, 3742 '1956).

R. G. Neville, J. Org. Chem. 25, 1063 (1560).

A. E. Sencar, J. Wirth, R. . Neville, J. Org. Chem. 25, 807
(1960).

R. G. Neville, J. Oig. Chem. 24, 111 (1959).

V. E. Nikitenkov, Zh. Obshch. Khim. 33, 641 (1963); C. 4. 59,
653 (1963).

L. W. Breed, W. 1. Haggerty, Jr., F. Baiocchi, J. Org. Chem.
25, 1633 (1960).

K. Bowden. E. A. Braude, J. Chem. Soc. 1952, 1068.

A. D. Petrov, T. L. Chernysheva, Izv. Akad Nauk SSSR, Oud.
Khim. Nauk 1951, 820; C. A. 46, 7556 (1952).

D). W. Lews, J. Org. Chem. 23, 1893 (1938).

V. Chvalovsky, V. Bazant, Collect. Czech. Chem. Commun. 16,
580 (1951).

C. Eaborn, J. Chem Soc. 1956, 3077.

A. V. Topchiev, N. &. Nametkin, Chan-Li Gu, N. A. Leonova,
Dokl. Akad. Nauk SSSR 118, 731 (1958); €. A. 52, 11769
(1958).

N. S. Nametkin, A. V. Topchiev, Issled. Obl. Kremiiorgan. So-
edin, Sintez. i. Fiz.-Khim. Svoistva, Akad. Nauk SSSR, Insi.
Neftekhim. Sinteza Sh. Statei 1962, 190 €. 4. 58, 6832
(1963).

V. Chvalovsky, V. Bazant, Chem. Listy 46, 158 (1952); C. A.
47, 8030 (1953).

M. Bullpitt, W. Kitching, W. Adcock. D. Doddrell, J. Organo-
met. Chem. 116, 161 (1976).

Y. Limouzin, J. €. Maire, J. Organomet. Chem. 63, 51
(1973).

J. M. Angelleli, J. C. Maire, Y. Vignollet. .J. Organomer. Chem.
22, 313 (1970).

C. Eaborn, J. Chem Soc. 1956, 4858.

Y. P. Egorov, C. A Leites, N. G. Tolstikova, E. A. Cherny-
shev, Izv. Akad. Nauk SSSR, Otdel. Khim. Nauk 1961, 445; (.
A. 55, 23402 (1961).

H. Zimmer, A. M. Barcelon, J. Organomer. Chem. 63, 133
(1973).

C. W. Lewis, D. W. Lewis, J. Polym. Sci. 36, 325 (1959). . 4.
53, 17566 (1959).

R. M. Pike, J. Pol:m. Sei 40, 577 (1959); €. 4. 54, (1557
(1960).

J. G. Noltes, H. A. Budding, G. J. M. van der Kerk, Recl
Trav. Chim. Pays-Bas 79, 1076 (1960); C. 4. 55. 7331 (1961).
C. Eaborn, P. M. Jackson. J. Chem. Soc. [B] 1969. 21.

L. W. Frost, J. Am. Chem. Soc. 78, 3855 (1956).

P. I. Campagna. H. W. Post, J. Org. Chem. 19, 1749 (1954).

Giere, Z. Natirforsch. |b] 25, 773

Soc. 75, 1249



November 1979

&

®Y

90

91

96

97

9%

a9

e

101

102

a3

104

108

106

107

tOR

109

10

114

e1s
Lo

17

119

126

124

125

A. D. Petrov, E. A. Chernyshev, Guan-Lian Li, Dokl Akad.
Nauk SSSR 132, 1099 (1960); C. A. 54, 20995 (1960).

K. A. Andrianov, V. E. Nikitenkov, N. N. Sokolov, Izv. Akad.
Nauk SSSR, Otd. Khim. Nauk 1960, 1224; C. A. 55, 429
(1961).

S. D. Rosenberg, E. G. Rochow, J. Am. Chem. Soc. 77, 2907
(1955).

R. A. Benkeser, H. R. Krysiak, J. Am. Chem. Soc. 75, 4528
(1953).

C. Eaborn, J. Chem. Soc. 1953, 3148.

W. Fink, Helv. Chim. Acta 56, 355 (1973), C. A. 78, 159742
(1973).

C. Eaborn, J. A. Sperry, J. Chem. Soc. 1961, 4921,

H. A. Clark, U. S. Patent 3770790 (1973), Dow Corning
Corp.; C. A. 80, 15059 (1974).

S. Kohama, S. Fukugawa, Kagaku To Kogyé (Osakaj 33, 351
(1959); C. A. 55, 7333 (1961).

F. B. Bailey, R. Taylor, J. Chem. Soc. [B] 1971, 1446.

G. A. Razuvaev et al., Zh. Organ. Khim. 10, 2257 (1974); C. A.
82, 73113 (1975).

J. D. Roberts, E. A. McElhill, R. Armstrong, J. Am. Chem.
Soc. T, 2923 (1949).

M. Fild, O. Glemser, G. Christoph, Angew. Chem. 76, 953
(1964); Angew. Chem. Int. Ed. Engl. 3, 801 (1964).

V. A. Ponomarenko, A. D. Snegova, Y. P. Egorov, Izv. Akad.
Nauk SSSR, Otd. Khim. Nauk 1960, 244; C. 4. 54, 20932
(1960).

H. Freiser, M. V. Eagle, J. Speier, J. Am. Chem. Soc. 15, 2821
(1953).

A. Y. Yakubovich, G. V. Motsarev, Zh. Obshch. Khim. 29,
2395 (1959). . 4. 54, 9805 (1960).

L. H. Sommer, N. S. Marans, J. Am. Chem. Soc. 73, 5135
(1951).

C. A. Burkhard, J. Am. Chem. Soc. 68, 2103 (1946).

P. J. Morris, H. Gilman, J. Organomet. Chem. 11, 463 (1968).
S. S. Dua, H. Gilman, J. Organomet. Chem. 12, 234 (1968).
R. A. Benkeser, R. A. Hickner, D. 1. Hoke, O. H. Thomas, J.
Am. Chem. Soc. 80, 5289 (1958).

D. I. Hoke, Dissertation Abstr. 18, 1980 (1958); C. 4. 52, 17149
(1958).

R. A. Benkeser, A. Torkelson, J. Am. Chem. Soc. 76, 1252
(1954).

B. Gluck, C. Shaw, W. E. Smith, British Patent 601938 (1948),
C.A. 42, 7317 (1948).

D. E. Pearson, D. Cowan, J. D. Beckler, J. Org. Chem. 24, 504
(1959).

C. Eaborn, Z. Lasocki, J. A. Sperry, J. Organomet. Chem. 35,
245 (1972).

J. A. Sperry, U. 8. Dept. Commer. Off. Tech. Serv. PB Rep.
145953, 11 (1959); C. A. 58, 4592 (1963).

R. Baker, C. Eaborn, J. A. Sperry, J. Chem. Soc. 1962, 2382.
R. Taylor, J. Chem. Soc. |B] 1971, 536.

F. B. Deans, C. Eaborn, J. Chem. Soc. 1959, 2303.

British Patent 685186 (1952), British Thomson louston Co.
Ltd; C. A. 48, 2783 (1954).

V. D. Sheludyakov, N. A. Viktorov, A. S. Tkachev, V. F. Mi-
ronov, Zh. Obshch. Khim. 47, 90 (1977); C. A. 86, 171534
(1977).

C. F. Smith, G. J. Moore, C. Tamborski, J. Organomet. Chem.
42, 257 (1972).

L. J. Brocklehurst, K. E. Richards, G. J. Wright, Aust. J.
Chem. 27, 895 (1974).

For a recent review see: C. Blomberg, F. A. Hartog, Synthesis
1977, 8.

P. Bourgeois, R. Calas, E. Jausseaume, J. Gerval. J. Organo-
met. Chem. 84, 165 (1975).

S. Kohama, S. Fukukawa, Nippon Kagaku Zasshi 79, 1307
(1958); C. A. 54, 5525 (1960).

C. Eaborn, K. L. Jaura, D. R. M. Walton, J. Chem. Soc. 1964,
1198.

R. F. Cunico, E. M. Dexheimer, J. Organomet. Chem. 59, 153
(1973).

Preparation of Aryl- and Heteroaryltrimethylsilanes

27

128

130

134

138

146

147

14%

149

150

154

164

18]

1606

167

168

873

British Patent 886 140 (1962), Dow Corning Corp.; C. 4. §7,
2253 (1962).

G. L. Larson, V. Nemeth, H. Valente, Synth. React. Inorg.
Met.-Org. Chem. 6, 21 (1976); C. A. 85, 94434 (1976).

D. G. Anderson, M. A. M. Bradney, D. E. Webster, J. Chem.
Soc. [B] 1968, 450.

A. Fisher, M. W. Morgan, C. Eaborn, J. Organomet. Chem.
136, 323 (1977).

F. Effenberger, D. Hibich, Justus Liebigs Ann. Chem., in pre-
paration.

H. Gilman, R. K. Ingham, A. G. Smith, J. Org. Chem. 18,
1743 (1953).

R. G. Severson, R. J. Rosscup. J. Am. Chem. Soc. 76, 4552
(1954).

R. A. Benkeser, D. 1. Hoke, R. A. Hickner, J. 4m. Chem. Soc.
80, 5294 (1958).

B. I. Gay, H. Gilman, Chem. Ind. (London) 1960, 493

H. Gilman, R. A. Benkeser, G. E. Dunn, J. Am. Chem. Soc.
72, 1689 (1950).

H. Gilman, F. ). Marshall, J. Am. Chem. Soc. T1, 2066
(1949).
R. A. Benkeser, H. R. Krysiak, J. Am. Chem. Soc. 76, 6353
(1954).

H. Gilman, G. Lichtenwalter, J. Org. Chem. 21, 1307 (1956).
R. H. Meen, H. Gilman, J. Org. Chem. 22, 564 (1957).

H. Gilman, J. F. Nobis, J. Am. Chem. Soc. 72, 2629 (1950).
C. Eaborn, D. R. M. Walton, D. J. Young, J. Chem. Soc. [B]
1969, 15.

S. V. Sunthankar, H. Gilman, J. Org. Chem. 15, 1200 (1950).
R. A. Benkeser, H. R. Krysiak, J. Am. Chem. Soc. 75, 2421
(1953).

H. Gilman, H. W. Melvin, J. J. Goodman, J. Am. Chem. Soc.
76, 3219 (1954).

T. Hoshimoto, M. Seki, Yakugaku Zasshi 81, 204 (1961). C. 4.
55, 14340 (1961).

D. R. M. Walton, J. Chem. Soc. [C] 1966, 1706.

C. Eaborn, R. Eidenschink, D. R. M. Walton. J. Organomet.
Chem. 96, 183 (1975).

D. Seyferth, S. C. Vick, J. Organomet. Chem. 141, 173
(1977).

S. V. Sunthankar, H. Gilman, J. Am. Chem. Soc. 72, 4884
(1950).

R. Taylor, Terrahedron Lett. 1975, 435.

A. R. Bassindale, C. Eaborn, D. R. M. Walton, J. Chem. Soc.
[B] 1969, 12.

G. llluminati, J. F. Nobis, H. Gilman, J. Am. Chem. Soc. 73.
5887 (1951).

Y. Sakata, K. Adachi, Y. Akahori, E. Havashi, Yakugaku
Zasshi 87, 1374 (1967);, C. 4. 68, 59649 (1968).

P. Jutzi, O. Lorey, J. Organomet. Chem. 104, 153 (1976).

R. A. Benkeser, W. Schroeder, O. H. Thomas, J. 4m. Chem.
Soc. 80, 2283 (1958).

R. Baker, R. W. Bott, C. Eaborn, P. M. Greasley, J. Chem.
Soc. 1964, 627.

A. G. Brook, J. Am. Chem. Soc. 80, 1886 (1958).

D. R. M. Walton, J. Organomet. Chem. 3, 438 (1965).

S. V. Sunthankar, H. Gilman, J. Org. Chem. 18, 47 (1953).
A. R. Bassindale, D. R. M. Walton, J. Organomet. Chem. 25,
389 (1970).

H. Gilman, ). Miles, J. Org. Chem. 23, 1363 (1958).

Y. Sato, Y. Kobayashi, M. Sugiura, H. Shirai, J. Org. Chem.
43, 199 (1978).

M. D. Rausch, F. E. Tibbets, H. B. Gordon. J. Organomet.
Chem. 5, 493 {1966).

1. Haidue, H. Gilman, Rev. Roum. Chim. 16, 907 (1971); . A.
75, 76908 (1971).

K. Shiina, T. Brennan, H. Gilman, J. Organomet. Chem. (1,
471 (1968).

L. Haiduc, H. Gilman, J. Organomet. Chem. 14, 79 (1968).

R. A. Benkeser, H. R. Krysiak, J. Am. Chem. Soc. 76, 399
(1954).



874

64

i74

184

186

192

2439

Dieter Hibich, Franz Effenberger

E. Glyde, R. Taylor, J. Chem. Soc. Perkin Trans. 2 1973,
1632.

E. Reimann, 1. Langwieler, Arch. Pharm. (Weinheim, ('or.)
308, 888 (1975), C. 4. 84, 74334 (1976).

K. Kuroda, N. Ishikawa, Nippon Kagaku Zasshi 91, 489
(1970): C. A. T3, 66669 (1970).

M. R. Smith, H. Gilman, J. Organomer. Chem. 42. 1 (1972).
G. M. Davies, P. S. Dawvies, Teirahedron Letr. 33, 3507
(1972).

K. P. C. Vollhardt, L. S. Yee, J. Am. Chem. Soc. 99, 2010
(1977).

P. A. Konstantinov, R. I. Shupik, Zh. Obshch. Khim. 33, 1251
(1963); C. 4. 59, 10102 (1963).

D. W. Slocam, P. L. Gierer, J. Org. Chem. 38, 4189 (1973).
S. F. Thames, J. E. McCloskey, J. Heterocyel. Chem. 4, (46
(1967).

S.F.Thames, J. E.McCloskey, J. Heterocycl. Chem. 3,104(1966).
S. F. Thames et al., J. Heterocyel Chem. 9. 1259 (1972).

K. C. Frisch, R. M. Kary, J. Org. Chem. 21, 931 (1956).

J. C. Pommier, . Lucas, J. Organomer. Chem. 57, 139
(1973).

P. Jutzi, W. Saknifl. Chem. Ber. 106, 2815 (1973). (. A. 80, 3572
(1974).

F. H. Pinkerton, S. F. Thames, J. Heterocyel. Chem. 9, 67
{(1972).

P. Jutzi, H. J. Hoffmann, Chem. Ber. 106, 594 (1973); (. 4. 78,
148029 (1973).

F. H. Pinkerton, S. F. Thames, J. Hererocvel Chem. 8, 257
(1971).

For a recent paper see: N. Meyer, D. Seebach, Angew. Chem.
90, 553 (1978); Asgew. Chem. Int. Ed. Engl 17, 521 (1978)

C. Eaborn, . R. M. Walton, J. Organomer. Chem. 3, 169
(1965).

C. T. Viswanathan, C. A. Wilkie, J. Organomer. Chem. 54. 1
(1973).

R. M. Sandifer, C. F. Beam, M. Perkins, C. R. Hauser, Chem.
Ind. (London) 1977, 231.

J. Klein, A. Mediik-Balan, J. Org. Chem. 41, 3307 (1976).

C. Eaborn, Z. 8. Salin, D. R. N, Walton, J. Organomet. Chem.
36. 47 (1972).

C. Eaborn, A. A. Nyjam, D). R. M. Walton, J. Chent. Soc. Per-
kin Trans. 1 1972, 2481,

A. F. Halasa. J. Organomet. Chem. 31, 369 (1971). and referen-
ces cited therein.

1. Haiduc, H. Gilman, Chem. Ind. (London) 1968, (278.

[. Haidue, H. Gilman, J. Organomet. Chem. 13, P4 (1968).

C. Tamborski, E. I. Soloski. J. Organomer. Chem. 10, 385
(1967).

S. S. Dua, H. Gilman, J. Organomet. Chem. 64, C1 (1974).

F. W. G. Fearon, H. Gilman, J. Organomet. Chem. 10, 335

(1967).

1. Haidue, H. Gilman, J. Organomet. Chem. 12, 394 (1968}
M. Kanazashi, M. Takakusa. Bull. Chem. Soc. Jpn. 27, 441
(1954); C. A. 49, 8096 (1955).

R. A. Benkeser, R. AL Hickner, D. 1. Hoke, J. Am. Chem. Sov.
80, 2279 (1938).

C. Eaborn, D. E. Webster, J. Chem. Soc. 1960, 179.

C. Eaborn, R. C. Moore, J. Chem. Soc. 1959, 304).

H. Hopft, P. Gallegra, Hele. Chim. Acta 51, 253 (1968). €. A.
68. 106060 (1968).

F. B. Deans, C. Eaborn, J. Chem. Soc. 1959, 2299,

H. A. Cook, British Patent 671553 (1952), Dow Corning Lad.:
A 47, 4909 (1953).

C. Eaborn, Z. S. Salih, D. R. M. Walton. J. Organomet. Chem.
36, 41 (1972).

R. M. lsmail, Z. Naturforsch. [b] 19, 964 (1964); (. 1. 62, 2790
(1965).

3. L. Speier, Jr., U S. Patent 2584751 (1952). Dow Corning
Corp.: C. 4. 46, 1925 (1952).

1. L. Speicer, J. Am. Chem. Soc. T4, 1003 (1952).

1. L. Speier. Jr., Brinsh Patenr 688817, 688818 (1933). Dow

Cormog Ltd; ¢ 4. 47,4909 (1953).

22

213

214

218

2

2260

228

229

k)

SYNTHLESIS

C. Eaborn, Z. Lasocki, ). E. Webster, J. Chem. Soc. 1959,
3034.

G. D. Cooper, J. Org. Chem. 26, 925 (1961).

G. A. Razuvaev. N. 8. Vasileiskaya, D. V. Muslin, Dokl
Akad. Nauk SSSR 175, 620 (1967). . 4. 68, 29773 (1968).

L. L. Khrzhanovskaya, N. 8. Vasileiskaya, G. A. Razuvaev,
Izv. Akad. Nauk S5SR, Ser. Khim. 1972, 2276: C. A. 78. 58307
(1973).

G. AL Razuvaev et al., Zh Organ. Khim. 6, 980 {1970); C. A.
73, 35435 (1970).

G. A. Razuvaev, 1. L. Khrzhanovskaya. N. S. Valeiskaya, D.
V. Muslin, Dokl Akad. Nauk SSSR 177, 600 (1967). C. A. 68.
95886 (1968).

G. A. Razuvacv, N, S. Vasileiskaya. N. N. Vavilina, J. Orga-
nomet. Chem. 80, 19 (1974).

G. A. Razuvaev, N. 8. Vasileiskaya, ). V. Muslin, J. Organo-
met. Chem. T, 531 (1967).

(. A. Razuvaev, N. S. Vasileiskaya, N. N. Vavilina, Zh.
Obshch. Khim. 44, 135 (1974). (. 4. 80, 108607 (1974).

1. Arai, K. H. Park. G. D. Daves, Jr.. J. Organomer. Chem. 121,
25 (1976).

G. Simchen, J. Pletschinger. Angew. Chem. 88, 444 (1976):
Angew. Chem. Int. Ed. Engl 18, 428 (1976).

G. A. Razuvaev, N. S, Vasileiskava. I, L. Khrzhanovskaya,
Zh. Obshch. Khim. 45, 2434 (1975); C. 4. 84, 39638 (1976).
D. V. Muslin, G. A. Razuvaev, N. N, Vavilina. N. S. Vasileis-
kava, [zv. Akad. Nauk SSSR, Ser. Khim. 1975, 182; C. A. 82.
140253 (1975).

D. V. Muslin, N. S Lyapina, A. P. Kut'in, N, 8. Vasileiskava,
Iz1. Akad. Nauk SSSR, Ser. Khim. 1978, 890: . 4. 89, 43585
(1978).

I. Arai, G. D. Daves, Ir., J. Chem. Soc. Chem. Commun. 1976,
69.

E. Hengge. H. D. Fletka, Monatsh. Chem. 104, 1071 (1973) C.
A. 80, 48093 (1974).

D. Seyferth, D. L. White, J. Am. Chem. Soc. 94, 3132 (1972).
D. Seyferth, D. L. White, J. Organomer. Chem. 26, C15
(1971),

R. L. Hillard 1), K. P. C. Vollhardt, Angew. Chem. 87, 744
(1975); Angew. Chem. Int. Ed. Engl 14, 712 (1975).

W. (. L. Aalbersberg et al., J. Am. Chem. Soc. 97, 5000
(1975).

R. L. Hiltard 11, K. P. C. Vollhardt, dngew. Chem. 89, 413
(1977); Angew. Chem. Int. Ed. Engl 16, 399 (1977).

R. L. Funk, K. P. C. Vollhardt, J. Chem. Soc. Chem. Commun.
1976, 833.

W. Hiibel, C. Hoggzand, Chem. Ber. 93, 103 (1960): C. 4. 54,
9839 (1960).

U. Kriierke, C. Hoogzand, W. Hiibel, GG. Vanhee, Chem. Ber.
94, 2817 (1961); C. A. 56, 8622 (1962).

K. W. Hubel, Germ:an Patent 1142867 (1963), European Rese-
arch Associates S.A.; C. 4. 5§89, 6317 (1963).

J. Dale, Chem. Ber. 94, 2821 (1961); (. A. 56, 7180 (1962).

D. Seyferth, D. L. White, J. Organomer. Chem. 34. 119
(1972).

D. Seyferth, C. Sarafidis, A. B. Evnin, J. Organomet. Chem. 2,
417 (1964).

I.. Birkofer, R. Stilke, J. Organomet. Chem. 74, C1 (1974); C.
A. 81, 91632 (1974).

G. Guillerm et al., Bull. Soc. Chim. Fr. 1973, 2739; (. A. 80,
48122 (1974).

L. Birkofer, M. Franz, Chem. Ber. 105, 1759 (1972); C. 4. 77,
34622 (1972).

1. Birkofer, M. Franz, Chem. Ber. 100, 2681 (1967); (. A. 67.
90 RO6T (1967).

1. Seyferth, T. C.
(1971}.

.. Birtkofer, R. Stitke, Chem. Ber. 107,
37789 (1975).

.. Birkofer, A, Ritter, H. Uhlenbrauck, Chem. Ber. 96, 3280
(1963): €. 4. 60, 3537 (1964).

M. I Lappert. 1. & Poland. /. Chem. Soc JC] 1971, 3910,

Flood, J. Organomet. Chem. 29, €25

3717 (1974); . A. 82.



November 1979

24

244

246

245

249

250

200

2061

262

263

262

206

267

264

27

27+

T. Hashimoto, Yakugaku Zasshi 80, 1399 (1360). (. A. 55,
5393 (1961).

A. D. Petrov, V. P. Lavrishchev, Izv. 4kad. Nauk SSSR, Otd.
Khim. Nauk 1952, 1125; C. A. 48, 1248 (1954).

Y. Sakata, T. Hashimoto, Yakugaku Zasshi 80, 728 (1960); C.
A. 54, 24480 (1960).

A. D. Petrov, E. A. Chernyshev, Izv. Akad. Nauk SSSR. O1d.
Khim. Nauk 1952, 1082; C. A. 48, 565 (1954).

T. Hashimoto, M. Seki, Yakugaku Zasshi 81, 204 (1961), (. A.
55, 14340 (1961).

A. D. Petrov, G. 1. Nikishin, Izv. Akad. Nauk SSSR Oid.
Khim. Nauk 1952, 1128; C. A. 48, 1247 (1954).

G. Félix, J. Dunogués, F. Pisciotti, R. Calas, Angew. Chem. 89,
502 (1977); Angew. Chem. Int. Ed. Engl 16, 488 (1977).

F. . Pinkerion, S. F. Tahmes, J. Heterocyel. Chem. 9, 723
(1972).

R. G. Severson, Chem. Eng. News 32, 1324 (1954).

R. G. Severson, R. J. Rosscup, D. R. Lindberg, R. D. Engberg,
J. Am. Chem. Soc. 79, 6540 (1957).

R. J. P. Corriu, B. J. L. Henner, N. Duffaut, M. Grignon-Du-
bois, Bull. Soc. Chim. Fr. 1977, 1249; C. 4. 89, 24434 (1978).

R. W. Bott, C. Eaborn, T. Hashimoto, J. Organomet. Chem. 3,
442 (1965).

C. Eaborn, T. Hashimoto, Chem. Ind. (London) 1961, 1081,
S. N. Bhattacharya, C. Eaborn, D. R. M. Walton, J. Chem.
Soc. |C] 1969, 1367.

Y. Sakata, T. Hashimoto, Yakugaku Zasshi 19, 8§72 (1959); C.
A. 54, 357 (1960). .

N. N. Vlasova et al., Zh. Obshch. Khim. 39, 2705 (1969); C. A.
72, 90562 (1970).

T. Hashimoto, Yakugaku Zasshi 80, 1399 (1960); . A. 55,
5393 (1961).

T. Hashimoto, Yakugaku Zasshi 87, 530 (1967);, . 4. 67,
54207 (1967).

E. H. Bartlett, C. Eaborn, D. R. M. Walton, J. Chem. Soc. |(]
1970, 1717.

L. Birkofer, M. Franz, Chem. Ber. 104, 3062 (1971); . A. 76,
14633 (1972).

J. L. Speier, J. Am. Chem. Soc. 75, 2930 (1953).

C. Eaborn, Z. S. Salih, D. R. M. Walton, J. Chem. Soc. Perkin
Trans. 21972, 172.

R. A. Benkeser, P. E. Brumfield, J. Am. Chem. Soc. 73, 4770
(1951,

T. Hashimoto, Yakugaku Zasshi 87, 524 (1967); . 4. 67,
54205 (1967).

For a recent paper see: Y. Limouzin, I. C. Maire, J. Organo-
met. Chem. 105, 179 (1976).

F. B. Deans, C. Eaborn. J. Chem. Soc. 1957, 498,

. Eaborn, J. Organomet. Chem. 144, 271 (1978).

. Sakata, T. Hashimoto, Yakugaku Zasshi 79, 881 (1959). C.
. 54, 358 (1960).

. Sakata, T. Hashimoto, Yakugaku Zasshi 79, 878 (1959): C.
. 54, 358 (1960).

T. Hashimoto, Yakugaku Zasshi 87, 291 (1967); (. A. 67,
11533 (1967).

T. Hashimoto, Y. Sakata, Yakugaku Zasshi 719. 875 (1959). C.
A. 54, 358 (1960).

R. G. Neville, J. Org. Chem. 24, 870 (1959).

V. P. Kozyukov, E. F. Bugerenko, V. F. Mironov, Zh. Obshch.
Khim. 45, 1397 (1975); C. A. 83, 114547 (1975).

J. D). Austin, C. Eaborn, J. D. Smith, J. Chem. Soc. 1963,
4744.

K. C. Frisch, H. Lyons, J. Am. Chem. Soc. 75, 4078 (1933).
R. W. Bott, B. F. Dowden, C. Eaborn, J. Organomet. Chem. 4,
291 (1965).

C. Eaborn, J. F. R. Jaggard, J. Chem. Soc. [B] 1969, 892.

K. Dey, C. Eaborn, D. R. M. Walton, Organometal. Chem.
Synth. 1, 151 (1970/71).

C. 3. Murphy, H. W. Post, J. Org. Chem. 27, 1456 (1962).
S. Kohama, Nippon Kagaku Zasshi 80, 284 (1939). ¢, .
4399 (1961).

A=< O

55.

Preparation of Aryl- and Heteroaryltrimethylsilanes

282

254

85

286

289

290

2oty

291

202

197

298

299

300

301

302

W3

304

305

306

37

308

309

30

Ut

M2

413

14

875

G. V. Timofeyuk et al, Dokl Akad. Nauk SSSR 168. 613
(1966); C. A. 65, 8947 (1966).

R. A. Benkeser, H. Landesman, J. Am. Chem. Soc. T1. 2493
(1949).

N. A. Ampilogova, R. A. Bogatkin, F. Y. Perveev. Zh. Obshch.
Khim. 42, 716 (1972); C. A. 77, 88582 (1972). -

C. S. Rondestvedt, Jr., H. S. Blanchard. /. Org. Chent. 21,229
(1956).

Gi. Deleris, J. Dunogués, R. Calas, J. Organomet. Chem. 93,43
(1975).

F. H. Winslow, U. S. Patent 2642415 (1953), Bell Telephone
Laboratories, Inc.; C. A. 47, 9058 (1953).

A. D. Petrov, E. A. Chernyshev, N. G. Tolstikova. Dokl Akad.
Nauk SSSR 118, 957 (1958); C. A. 52. 12787 (1958).

H. C. Brown, Y. Okamoto, T. Inukai, J. Am. Chem. Soc. 80,
4964 (1958).

K. C. Frisch, U. 8. Patent 2759959 (1956), General Electric
Co.: C. A. 51,7412 (1957).

K. C. Frisch, U. S. Patent 2759959 (1956); C. 4. 51, 7412
(1957).

F. H. Pinkerton, S. F. Thames, J. Organomet. Chem. 29, C4
(1971).

H. H. Szmant, S. Skendrovich, J. Am. Chem. Soc. 76, 2282
(1954).

R. A. Benkeser, R. B. Currie, J. Am. Chem. Soc. 70, 1780 (1948).
J. R. Pratt, . H. Pinkerton, S. F. Thames, J. Organomet.
Chem. 38. 29 (1972).

P. J. Campagna, H. W. Post, J. Org. Chem. 19, 1753 (1954).
Y. Sakata, Yakugaku Zasshi 82, 929 (1962). . 4. 59, 653
(1963).

B. N. Dolgov, N. E. Glushkova, N. P. Kharitonov, [zr. dkad.
Nauk SSSR, Oid. Khim. Nauk 1960, 351; (. A 54, 20956
(1960).

P. ). Campagna, H. W. Post, Recl. Trav. Chim. Pavs-Bas 74,77
(1955); C. 4. 50, 856 (1956).

E. H. Barlett, C. Eaborn, D. R. M. Walton, U. §. . F. 8. T. I,
AD Rep. 701 102, 1969: U. S. Gout. Res. Develop. Rep. 70, 63
(1970); C. 4. 73, 35473 (1970).

J. Chatt, A. A. Williams, J. Chenm. Soc. 1954, 4403.

D. Sethi, R. D. Howells, H. Gilman, J. Organomet. Chem. 69,

377 (1974).

M. R. Smith, Jr., H. Gilman, J. Organomer. Chem. 37, 35
(1972).

F. H. Pinkerton, 8. F. Thames, J. Heterocvel. Chem. 7, 747
(1970).

1. Gi. Noltes, (i. J. M. van der Kerk, Recl. Trav. Chim. Pays-
Bas 81, 565 (1962); C. 4. §7, 8971 (1962).

P. Jutzi. H.-J. Hoffmann, K. H. Wyes, J. Organomer. Chem.
81. 341 (1974).

L.. Birkofer, M. Franz, Chem. Ber. 105, 4706 (1972); . 4. 76,
99747 (1972).

A. J. Cornish, C. Eaborn, J. Chem. Soc. Perkin Trans. 2 1975,
874 (1965).

British Pateni 1108 848 (1968), Yissum Research Development
Co. of the Hebrew University of Jerusalem: €. 4. 69. 52283
(1968).

Tzu-Shen Lin, Shih-Hui Wu, Lin-Yien Hsii, T'ung-Yin Yii.
Hua Hsueh Hsueh Pao 26, 7 (1960); C. A. 55, 18654 (1961).
S. N. Bhattacharya, C. Eaborn, D. R. M. Walton. J. Chem.
Soc. |C] 1968, 1265.

T. J. Maass, H. W. Post, Recl. Trav. Chim. Pays-Bas 81, 88
(1962); C. A. 57, 853 (1962).

K. C. Frisch, P. D. Schroft, U. S. Patent 2647137 (1933), Ge-
neral Electric Co.; . A. 48, 7635 (1954).

H. Hopftt. P. Gallegra, Helv. Chim. Acta 51, 553 (1968); ¢ 1.
68, 105285 (1968).

A. E. Canavan. C. Eaborn, J. Chem. Soc. 1959, 3751.

H. Hopff, U. Guyer, Jusius Liebigs Ann. Chem. 739, 144
(1970); C. A. 74, 4621 (1971).

B. N. Dolgov, N. E. Glushkova, N, P, Kharitonov, [z, 4kad.
Nauk SSSR, Owdel. Khim. Nauk 1961, 1069: (. 4. 55, 27182
(1961).



8§76

RV

317

28

39

32

32t

223

Dieter Hibich, Franz Effenberger

V. F. Martynov, Jen-Shih Cho, Hua Hsueh Hsueh Pao 26, 18
(1960); C. 4. 55, 17611 (1961).

O. A. Zagulyaeva, E. A. Travintseva, V. P. Mamaev, [zv. Sib.
Otd. Akad. Nauk SSSR, Ser. Khim. Nauk 1975, 119; (. 4. 83,
58936 (1975).

S. F. Thames, J. E. McClesky, J. Heterocycl. Chem. 4, 371
(1967).

V. Bazant, V. Matousek, Collect. Czech. Chem. Commun. 24,
3758 (1959).

A. C. Boicelli, R. Danieli, A. Mangini, A. Ricei, G. Pirazzini,
J. Chem. Soc. Perkin Trans. 2 1974, 1343,

T. Hashimoto, Yakugaku Zasshi 87. 535 (1967, €. A. 67,
54208 (1967).

N. S. Vasileiskaya, L. V. Gorbunova, O. N. Mamysheva, G.
N. Bortnikov, 1zv. Akad. Nauk SSSR, Ser. Khim. 1972, 2735;
C. A, 78, 111421 (1973).

1. L. Khrzhanovskaya, N. §. Vasileiskaya, /zv. Akad. Nauk
SSSR, Ser. Khim 1973, 71, C. A. 78, 135798 (1973).

G. A. Razvaev et al., Izv. Akad. Nauk SSSR, Ser. Khim.
1971, 2392; C. A. 76, 140947 (1972).

G. A. Razuvaev et al., Zh. Obshch. Khim. 46, 2720 (1976). (.
A. 86, 140178 (1977},

N. S. Vasileiskaya et al., Jzv. Akad. Nauk SSSR, Ser. Khim.
1976, 2770; . A. 86, 155735 (1977).

Y. Sato, Y. Fukami, H. Shirai, J. Organomer. Chem. 78, 75
(1974).

B. N. Dolgov. O. K. Panina, Zh. Obshch. Khim. 18, 1129
(1948); C. 4. 43, 1737 (1949).

325

327
328

REES

30

33

337

338

139

3400

SYNTHESIS

N. E. Glushkova, N. P. Kharitonov, Izv. 4kad. Nauk SSSR,
Ser. Khim. 1967, 8%, C. A. 66, 115762 (1967).

T. S. Tan, M. J. McGlinchey, J. Chem. Soc. Chem. Commun.
1976, 155.

C. Elschenbroich, /. Organomet. Chem. 22, 677 (1970).

D. Seyferth, D. L. Alleston, fnorg. Chem. 2, 417 (1963).

F. van Meurs, J. M. van der Toorn, H. van Bekkum, J. Orga-
nomet. Chem. 113, 341 (1976).

S. 1. Goldberg et al., J. Org. Chem. 24, 824 (1959).

H. Rosenberg, M. D. Rausch, U. S. Patent 3060215 (1962); C.
A. 58, 6865 (1963).

D. Seyterth, H. P. Hofman, R. Burton, J. F. Helling, /norg.
Chem. 1, 227 (1962).

M. Rausch, M. Vogel, H. Rosenberg. J. Org. Chem. 22, 900
(1957).

G. Marr, . E. Webster, J. Chem. Soc. [B] 1968, 202.

G. Marr, J. Organomet. Chem. 9, 147 (1967).

I. Haiduce, R. B. Kiang, H. Gilman, Rev. Roum. Chim. 19,1709
(1974); C. 4. 83, 58988 (1975).

P. lutzi, H. Heussler, J. Organomet. Chem. 102, 145 (1973).
P. Jutzi, H. Heussler, J. Organomet. Chem. 114, 265 (1976).
R. W. Bott, B. F. Dowden, C. Eaborn, Intern. Symp. Organosi-
licon Chem. Sci. Commun., Prague 1965, 290; C. A. 65, 10606
(1966).

P. Jutzi, }. Baumgirtner, J. Organomet. Chem. 148, 247
(1978).

T. Chivers, Can. J. Chem. 48, 3856 (1970).

E. Heilbronner, V. Hornung, F. H. Pinkerton, 8. F. Thames,
Hetv. Chim. Acta 58, 289 (1972).





