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This section of the annual survey of organosilicon chemistry covers material

It is the intent of the author

Liberal use of

abbreviations is used. These should, however, be familiar to the practiced chemist.

honest attempt has been made to arrange the subject matter into categories, but due to

the muitiple nature of much of the chemistry this is not always possible, thus the

reader is advised to peruse all sections.



1. REVIEWS

Two volumes of "The chemistry of organic silicon compounds” were published.
These include chapters on 1. historical overview and comparison with carbon, 2.
theoretical aspects, 3. structural chemistry, 4. dynamic stereochemistry at silicon, 5.
thermochemistry, 6. analysis of organosilicon compounds, 7. positive and negative ion
chemistry of silicon compounds, 8. NMR spectroscopy, 9. photoelectron spectroscopy,
10. general synthetic pathways to organosilanes, 11. recent synthetic applications of
organosilanes, 12. acidity, basicity and complex formation of organosilanes, 13.
reaction mechanisms of nucleophilic attack at silicon, 14. activating and directive
effects of silicon, 15. photochemistry of organosilanes, 16. trivalent silyl ions, 17.
multiple’ bonds to silicon, 18. bioorganosilicon chemistry, 19. polysilanes, 20.

hypervalent silicon compounds, 21. siloxane polymers and copolymers, 22.

organosilicon derivatives of phosphorus, arsenic, antimony and bismuth, 23." chemistry
of compounds with silicon-sulphur, silicon-selenium and siIicon-teIquium bonds, 24.
transition-metal silyl derivatives, and 25. the hydrosilation reaction.

Thirty two reviews were reported. These, along with their particular topics, are
given. The number of references to be found in each is given in parentheses. The
organosilicon survey for 1985 appeared (532) [2] as did studies of metallocarborane
derivatives of aluminum and silicon (41) [3], the synthesis and reactions of phosphorus
rich silyl phosphines (3) [4] and (54) [5], structural chemistry of organosilanes (126)
[6]. carbonylation of organolithium reagents inciuding acylation of silanes (23) [7],
chemistry of the silicon-silicon double bond (74) [8], addition of silyl radicals to
unsaturated compounds (166) [9], carbon-silicon cleavage by electron transfer
processes (45) [10], silylcelluloses (23) [11], silylcobalt carbonyl and new catalytic
reactions (33) [12], reactions of organosilicon and organogermanium derivatives of

furan (37) [13], organosilthianes (215) [14], phase-transfer catalysis in organosilicon
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chemistry (85) [15], synthesis of vinylsilanes (24) [16], catalytic asymmetric
synthesis including hydrosilation (43) [17], silyl ether and ester protecting groups (89)
[18], protection of primary amines as stabase adducts (4) [19], trimethylsilyl azide
(30) [20], a-silylated suifones (40) [21], generation of 1,3-dipoles from organosilanes
(46) [22], pyridylsilanes in synthesis (58) [23], stereocontrol using silicon compounds
(25) [24], radical cyclization in control of regio- and stereochemistry (17) [25],
additions of allyl- and propargylsilanes to acceptors (30) {26], intramolecular
additions of allyl- and propargylsilanes (73) [27], organosilanes as selective
intermediates in synthesis (57) [28], selective syntheses with organosilanes and
organoalanes (12) [29], use of organosilanes in synthesis (28) [30], preparation and use
of organosilanes in synthesis (455) [31], synthetic reactions of organosilanes (21) [32],

synthetic aspects of organosilanes under nucleophilic conditions (411) [33].

11, DISSERTATIONS

Eighteen dissertations with organosilicon chemistry as the principle theme or a
part were reported. These include the desilylation of a-silyl onium salts as a route to

ylides and 1,3-dipoles [34], y-silylated-a,B-unsaturated amides [35], B- and y-hydroxy-
silanes in organic synthesis [36], reactions of trimethylsily! tetrasubstituted sulfonyl-
cyclopropanes [37], oxonium ion initiated cyclizations of vinylsilanes and alkenes [38],
the use of N-trimethylsilylmethylallyliminium salt photocyclization methodologies in
synthesis [39)], synthesis of nucleoside and silyl nucleotide analogs [40], chemistry of
1,3,5-tris(trimethylsiloxy)-1-methoxy-1,3,5-triene [41], silafunctional tricyclic
heterocycles [42], cyclization of trimethylsilyl substituted o-allenic alcohols [43],
aryne cycloadducts of 1,3-bis(trimethylsilyl)- and 1-ethoxy-3-{trimethylsilyl)iso-

benzofurans [44], thermally induced rearrangements of silylallenes in the gas phase



[45], y-silicon stabilization of carbonium ion intermediates in solvolysis reactions
[46], use of the trimethy!silyl group as a removable stersocontrol element [47], the
stereo-chemistry of silenes and a-lithiosilanes [48], reactions of alkoxy- and

alkyliridium complexes with alkynes and silanes [49], fluorine containing ketene silyl

acetals [50], and reactions of nickel-silyl complexes in their high oxidation states [51].

1V. ALKYLSILANES

A. Preparation

The higher boilers (bottoms) from the direct process between methyl chloride and
silicon metal were analyzed by chromatography-mass spectrometry. [t was found to
contain various disiloxanes, bis(silyl)methanes, bis(silyl)ethanes and trisiloxanes. [52]

A process for preparing alkyldimethylchlorosilanes directly from alkyl chiorides

and dimethyldichlorosilane in a Wurtz reaction was presented. (Eqn. 1)

Na/65°C/5h
n-C{HoCl + Me,SICl, ;[53—]—> n-C,HMe,SICI  [1]

67%
It was also found that the reaction of trialkylaluminums and sodium tetraalkyl-

aluminates with halosilanes gives good yields of the alkylsilanes. (Eqns. 2 and 3)

SiX, + R';Al + MAIR’, B rE— R',SIR?,., [2]

SiCl, + Et;Al + NaAI(CaH,7)4E]-> EtSI(CgH,7); + SI(CgH,7)4

+ Et;SI(CgH,,) 3]
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The coreaction of tri- or dialkyichlorosilanes and methylene chloride with
magnesium and zinc in tetrahydrofuran gives bis tri- dialkylsilylmethanes. (Eqn. 4)
Mg/THF/Zn

RaSICl + CI20H2 T—’ (R3$|)2CH2 [4]

The reactivity of the dianionic hexacoordinated silicon complex 1, prepared
directly from silicon dioxide and catechol, (Eqn. 5) with organomagnesium reagents
was investigated. This was used to prepare trisubstituted silanols (Eqn. 6), tetra-

substituted silanes (Eqn. 7) and silaspiro systems (Eqn. 8).

2 -
OH o]
2 MeONa +
—_—- Si 2 Na 5
SI0; + 3 (:EOH MeOH D 51
[56] 3
1
2 -
(0] 1) RMgBr
Si 2 Ng°© ———— R;SIOH [6]
2) H;0"
3 [56] R = Et, Bu, Hex, 'Pr,
1
-2

(o] 1) RMgBr
s 2 N8t ————— R,SI [71

2) H;0*
3 (561 R = allyl, 1-propynyi, 1-butynyl,
1-trimethylsilylethynyl, phenyl.



-2 MgB
SO Y Tty
Si 2 Na'+ (CH,), —»(CH,), SiI (CH,) [8]
[56] 2/n
s \.,Mgar N
1

4 (33%)
5 (45%)

The asymmetric synthesis of organosilanes was accomplished by the reaction of

1-naphthylmagnesium bromide or 1-naphthyllithium with dioxasilole 2. (Egns. 9 and

10)

H
Ph, O~ -CH:NMe: — \ Npmgar
/SI\ m » (-} 1-NpPhMeSiH [9]
Me” 0T CH,NMe, 2 LAH
H [57]
2
H
Ph, O35 CHNMe; )y npi
Si _ —>» (+) 1-NpPhMeSIH [10]
Me” S I 2) LIAIH,
o T~cH Nwe, (57]
2

Tris(trimethylsilyl)methyllithium was shown to nicely react with

dialkyldifluorosilanes and alkyltrifluorosilanes to give the corresponding

trisylfluorosilanes. (Eqn. 11)

(TMS),C__ R’
(TMS),CLi + R'R’SIF, ———— >SI\ [11]
[58] 7 R

The synthesis of some bridgehead substituted organosilanes was reported
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starting from the bridgehead lithium reagent. (Eqn. 12) The 29Si NMR spectra were

recorded and the 29Si-13C coupling constants for these systems were given.

R-Li + Me;SiCl ——['5]——» R-SiMe, [12]
R =
AN
wa o

B. Reactions

The reaction of 1,1-dichloro- or cis or trans 1,2-dichloro- (or dibromas-)cyclo-
hexane with tetramethyisilane in the presence of aluminum bromide gives 1,1-

dimethyicyclohexane. (Eqn. 13)

Cl
Me,Si/AIBr,

Cl or [60] — - CH3 [1 3]

or

o,
Cl

The reaction of tris(diethylamino)sulfur trimethyldifiuorosilicate with aryl



iodides or aryl bromides in the presence of a palladium catalyst gives methylation of

the aryl ring. (Eqn. 14)

+ - Pd catalyst
(Et,N);S  SiMe,sF, + ArI(Br)——lsT]——> Ar-CH, [14]

The reaction of 4-buten-i-yltrimethylsilane with cyclopropanoyl chloride gives

cyclopropylmethy! cyclopropyl ketone. (Eqn. 15)

(o]
T A/“\/Q
TMS/\/\ A/COCI [62]

[15]

Double deprotonation of tert-butyl (meta-trifluoromethylphenyl)carbamate

followed by trimethylsilylation provides 3 (Eqn. 16), deprotonation of which occurs at

a methyl group of the trimethylsilyl group (Eqn. 17).

t
NHCO, Bu NHCO,'Bu
. T™S
1) 2 *BulLli
2) TMSCI [16]
CF, 1631 CF,
3
1
NH002 Bu NHC02 Bu
Me
TMS SI
1) 2 °Buli
/( [17]
2) PhCHO
CF, [63] HO
3
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C. Other Studies

The MM2 force field has been extended to polysilanes, silanes, alkylsilanes and
alkenylsilanes. [64] A force field (MM2) study of 1,2-di-tert-butyl and 1,2-disilyi-
cyclohexanes has been reported. [65] The geometries of silacyclobutanes and
silacyclobutenes was the subject of a theoretical study. Strain energies are predicted.
[66] The structure and bonding of cycloalkanes and monosilacycloalkanes was analyzed
by using the 3-21G* basis set and SCF wave functions. [67] Strain and structures for
the silicon analogs of tetrahedrane, prismane and cubane was investigated. [68] The
mechanism of the reaction of hydroxide and methoxide ion with tetramethyisilane in
the gas phase was studied by ab initio calculations. [69] Tetramethylsilane was

employed as a chemical ionization gas in chemical ionization mass spectometry. [70]

V. ARYLSILANES
A. Preparation
The reaction of o-bis(dimethylchlorosilyl)benzene with sodium in toluene gives

the cyclic disilane. (Eqn. 18)

SiMe,ClI
Na/toluene SiMe,
[71] éIM (18]
SiMe,Cl €2

Tris(trimethylsilyl)methylsilanes were reacted with aryllithium reagents to give

the aryl substituted trisil systems. (Eqn. 19)

(Me;Si);CSIH,X + ArLl - (Me;Si),CSIH,Ar  [19]

X=H, I, F; X = |1 or F react in 60 - 98% vyield; X = H in 0 - 85% yield.



11
The reaction of 9,10-dibromoanthracene first with butyllithium and then with

trimethylchlorosilane gives the bis(trimethylsilyl) derivative. (Eqn. 20)

Br T™MS
1) BuLi/TMEDA
2)TMSCI > [20]
[73]
Br ™S

1,3,5-tris(trifluoromethyl)benzene was deprotonated and trimethylsilylated to

give the bis(trimethylsilyl) derivative in moderate yield. (Eqn. 21)
T™MS
CFs CF, _ CF; CF;
1) BuLi/Et,0
——
2) TMSCI [21]
[74]
CF, CF,3

Deprotonation of 3-siloxymethylfurans and thiophenes results in deprotonation of

the 2-position with subsequent migration of the silyl group from oxygen to carbon.

(Eqgns. 22 and 23)

OSIR,

/ \ BuLi/THF/HMPA - / \ OH
0 -20°C/1h SiR [22]
[75] (o) 3

R3Si = 'BuMe,Si, 'Pr;Si, 'BuPh,Si, 'PrMe,Si, PhMe,Si (24-87%)
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F\ OSIR; L Li/THF/HMPA OH
> / \ [23]
s -20°C/1h SR
[75] S 3

R,Si = 'BuMe,Si, 'PrySi, 'BuPh,Si, 'PrMe,Si, Ph,MeSi, PhMe,Si (29-89%)

The (trimethylsilyl)thiazoles 4-8 were prepared and studied. For example, 8 is
selectively protodesilylated with hydrochloric acid at the 2-position. (Eqn. 24) Other

reactions of these systems are given later.

N N ™S \
[s)\ms TMS/[S)\TMS Ts )\TMS
4 5 6
™S
N
TMS/[S)\TMS TMSI )\TMS
7
™S ™S

IN _HCUTHF I 24]
™S S)\TMS I ™S )

Lithium reagent 9 was nicely bis trimethylsilylated to give 10. (Eqn. 25)

Brﬂgr 17))‘?‘:;‘73,_’ ms/@\ [25]

N ™S
BOC (771 soc
9 10
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The lithiation of various bromopyridines followed by reaction with dimethyl-

dichlorosilane was reported. (Eqn. 26) The resulting pyridyldimethylchlorosilanes were

converted to the corresponding disiloxanes. (Egn. 27) Oxidation to the pyridine oxides

was also accomplished. (Eqn. 28)

i N gy 1 Budl (\y SiMe.C
B ——— ~—SiMe,Cl [26]
N/ 2) Me,SiCl, \N/ 2
(78]
IS IS
H,O/NH
|  T—siMec 3 |  S—sime, -0 [27]
A (78] A
N N
2
X MCPBA X
| -sime,+0 ——— || siMe, 0  [28]
A (78] 7
N N
| * 2

Double lithium-halogen exchange of 11 and then reaction with dimethyldichloro-

silane gives 12, which was investigated for its biological activity. (Ean. 29)

(CH,);NR'R? (CH,);NR'R®
R N R N
1) 2 Buli
2) Me,SiCl, [29]
X X [79] Sl
x=c,Br 11 Me,
12
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Hindered aryllithium reagents were reacted with bromotrichlorosilane to give

trichlorosilyllithium and the bromoarene. (Eqn. 30)

Li Br
R R R R
BrSiCl,
_—’[801 + LISICIl, [30]
R R
(R = 'Bu, Me)

The tris trimethylsilylation of phenols was reported by treatment of the phenol
with lithium metal and trimethylchlorosilane in tetrahydrofuran and then oxidation of

the resulting dihydroarene. (Eqn. 31) A similar reaction occurs with anisoles. (Eqn 32)

OH OTMS
TMS
1) LI/TMSCI
_____—__>
2) 0,/a [31]
[81] TMS
R R
(R = H, Me) R = H 72%
R = Me 58%
OMe OMe
TMS
1) LiITMSCI
—_——
2) 0,/A [32]
[81] T™S
R R
(R = H, Me) R = H 63%
R = Me 64%
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The reaction of arylmagnesium bromides with ethynylmethyldifluorosilane to
give aryl(ethynyl)methylfluorosilanes was reported. (Eqn. 33) The same products were
also produced via reaction of ethynylmagnesium bromide with arylmethyldifluoro-

silanes. (Eqn. 34)

H—=———SiMeF
——SIF ArMgBr
2 - : [33]
Me [82]
R
SiMeF, H—=———-SIMeF
+ H-—=—"=—NMgBr —_— [34]
[82]
R R

The reaction of pentachlorophenylmagnesium chloride with trichlorosilane gives

tris(pentachlorophenyl)silane (Eqn. 35) This silane was converted to the chloride,

bromide, and silanol with carbon tetrachloride/hv, bromine, and chlorine, respectively.

3 Cl,CeMgCl + CILSIH —— =  (ClsCq),SIH [35]
[83]

The 2-(a-chloroalkyl)furans are notably unstable. The presence of a 5-trimethyl-
silyl group, however, gives these materials added stability. This fact was employed in

the utilization of the silylated versions in unfolding some of the chemistry of

2-(a-chloroalkyl)furans. (Eqns. 36-39)
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1) MsCl

2) LiClcollidine tus o [36]
[84] b

1H M

2) CsH13I/LIZCuCI4 ™S 0 6" "13
[84] R [37]

AcCl ™S R
— Z [38]
[84]
OAc
T™MS R
TMSCI \K\/\ [39]
(84l OTMS

/[}\ro“
TMS o)
AN~
TMS (o)
R
/[}\rc'
TMS (8)
R
/D\rm
T™MS (0)
R

The diazonium sait 13 was reacted with ethynyltrimethylsilane to give the

trimethylisilylated phenanthrene 14. (Eqn. 40) A similar reaction was used to prepare

the trimethylsilylated chrysene 15. (Eqn. 41)



BF, *N, ™S
TMSC=CH 6
X —————
[85]
13 14
X = H (60%); Cl (70%); OMe (45%)
TMSC=CH
——»
py/0°C [41]
Ph [85]
N,'BF,”
2 4 TMS 15
47%

Aryl iodides were reacted with trimethylchlorosilane under electrolytic

conditions to give the aryltrimethylsilane. (Eqn. 42)

I TMS
TMSCI/DMF
—_—
) - . ) [42]
[86]

other examples

The reaction of 1-naphthylmethylchlorosilane with acetylene at high temperature
gives the silaheterocycle 16, whose X-ray crystal structure was determined. (Eqn. 43)

In an intramolecular reaction with an ethynylsilane 17 was thermally converted to 18.

(Eqn. 44)
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1-N 1-Np
AN HC=CH 7 TsiciMe
S [43]
Me' H 600°C OO
(871
16
(o]
7 ) TMS
_—
x° [88] [44)
N N .
H H )
(CH,),C=CTMS ]
17 n 18 n-2

The reaction of toluene with triethylsilane in the presence of a rhodium(f)
catalyst and light gives silylation of the aromatic ring as the major reaction pathway.
(Egn. 45) Benzene reacts with hexamethyldisilane under the same conditions to give

phenyltrimethylsilane. (Eqn. 46)

CH,SIEt,
hv N
v ELSIH o CicoNPPhay | ‘¢ + [45]
o
[89] SIEt,
o, m, p isomers minor
formed product
TMS
hv
[46]

+ Me,SiSIMe, -
RhCI(CO)(PPh;),

[83]
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The photolysis of 19 in the presence of benzophenone gives the arylsilane 20

along with 21. (Eqn. 47)

Me, Me Me Me
hv
Me Me Ph,CO Me O O Me
B ——
benzene
Si—Si [90] Si
Me,Me, Me, [47]
19 20
+
Me Me

Me \ / \ / Me

Me,SI,  SiMe,
0

Ph
Ph
21

it was found that trimethylsilyl cation, generated in the gas phase reacts with
benzene (Eqn. 48) and toluene (Eqn. 49). The para selectivity in the reaction with

toluene is lower than that for tert-butyl cation with toluene.

TMS
+ MeSI" — ‘ [48]

[91]
from gas phase
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Me Me
+ MeSi® ©\ . [49]
[91)
from gas phase T™S
MS

14% T
86%

B. Reactions
A reexamination of the benzoylation of m-trimethylsilylanisole reveals that the
methoxy group directs the site of benzoylation and not the trimethylsilyl group as

previously reported. (Eqn. 50) The same is true for acylation.

OMe OMe OMe

PhCOCI/AICI,

_____—_—-»
CS,
T™S (g2 ™S
COPh COPh
) [50]
Numbers in parentheses 50% (54%) 33% (43%)
are for the acetylation
under the same conditions.
OMe OMe
PhOC COPh
T™MS ™S
13% (3%) 4%

Aryltrimethylsilanes were reacted with dichloromethylmethyl ether in the
presence of aluminum chloride to repkace the trimethylsilyl group with an aldehyde

group. (Egn. 51)
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AICly

ArSiMe CI,CHOCH A
3 + 2 3 —W-—» ArCHO [51]

[93]

The acylation of 4 gives the 2-acyl derivative in a regiocontrolled reaction. (Eqn. 52)

With 6 the 2-trimethylsilyl group can be selectively removed by acylation. (Eqn. 53)

Compound 6a was cleanly acylated. (Eqn. 54) It also reacted nicely with dimethyl
succinate. (Eqn. 55) Both 4 and 6a were reacted with aldehydes under fluoride

mediation. (Egns. 56 and 57) Finally, 4 and 6b were reacted with ketenes to give

intially enol silyl ethers, which upon hydrolysis gives the ketone. (Eqns. 58 and 58)

N N
[S )\TMS»f RCOCI — [s >\con [52]

4 16 examples; 11-92%

T™S, T™MS
%&\ + RCOCl — z"}\ [53]
S ™ [76] S COR

S
6

N N
e e O

S S
6a R = Me 30%
R = Ph 48%
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N
_[MeO,CCHyl, 7\
MeQ,C [55]
R s
(o)

73%
N N
[)\ + RCHO ———» [ \ R [56]
s” DTMs (76 S
4 OH

11 examples; 38-95%

N N
TMS/[S> + 'PrcHo ﬁi_:-l;i-» .Pr\‘/[) [57]
S
6a OH
N - N
[)\ + RRC=C=0 ——» OTMS
S ™S [76] S | [58]

4

NaOMe/MeOH

f) A'R’C=C=0 — > Z_)Ioms -

[76]
6b

The bis(trimethylsilylated) anisole 22 is brominated at the ortho trimethyisilyl
position with N-bromosuccinimide. (Eqn. 60)' Bromine, on the other hand gives the 2,4-

dibromo derivative (Eqn. 61) and acylation gives the 4-acyl product (Eqn. 62).
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OMe
TMS Br
NBS/-30°C [60]
[81]
T™MS T™MS
22
OMe
TMS Br
Br,
_ [61]
[81]
TMS TMS
22
OMe

TMS
AcCI/AICIa
[62]
[31]
™S
22

Reaction of 23 with boron tribromide and then hydrolysis gives the boronic acid

24 in what is an electrophilic cleavage of the aryl-silicon bond. (Eqn. 63) These aryl

boronic acids were used to introduce other aryl groups onto the ring in a regiocontrolled

process.
CON'Pr, CON'Pr, CON'Pr,
TMS
1) BBr, B(Aor';)rz Ar
—————
2) H,0* “_—*Pd(o) [63]
[94]
23 24 7 examples
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The direct oxidation of a carbon-silicon bond requires the presence of a leaving
group on the silicon

This fact can somewhat limit the range of reaction conditions
solvents and the like that the organosilane can tolerate

This can be overcome with the
use of a phenyldimethyisilyl group wherein the phenyl group plays the role of a stable

latent leaving group. Whereas in the past the phenyl group had to be cleaved in a

separate step prior to the oxidation, two single-step procedures for this useful

oxidation have now been reported. (Eqns. 64 and 65)

§IMe2Ph OH
Br,/AcOOH
o CO,Me - 2 CO,Me [64]
h HOAc/rt/5h Ph
[95]
84%
or Hg(OAc),/AcOOH/HOAc/rt/3h in 88%
SiMe,Ph
o OH
o) 1) BrzlACOOH
¥ (651
o HoAcIrush Y
2) Ac,O/DMAP
[95] 67%

The silicon-modified metal-ammonia reduction of aromatic systems has been
reported. Thus 1-trimethylsilylnaphthalene is reduced on the trimethyisilyl
substituted ring. (Eqn. 66)

The resulting allylsilane can be protodesilylated with or
without double bond conjugation

The trimethylsilyl group competes well with a methyl
group in the orientation of the reduction as well. (Eqn. 67)
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TMS TMS

Li/NH,

66
[96] [66]

)AAF/CH:;CN wH/QIYMe

™S ™S

Me Me
Li/N
i/ H3 [67]
[96]

The tert-butyldimethylsilyl group on the 2-position of 3-hydroxymethyl furans
allows the selective electrophilic substitution, via the lithium reagent, of the 4-
position. The silyl group is conveniently removed with fluoride ion. (Eqn. 68) The

lithiation occurs more selectively at C-4 at lower temperatures.

OH E OH
/ \ 1) BulLi
o TBS 2) EX /N TBS (8]
[97] %)

EX = MeOD, I, Mel, TMSCI, CK{CH,);l, CICO,Me, CICONE,
Yields 57-95%

An intramolecular silyl-mediated cyclization was reported for compound 25. (Eqn.

69) The trimethylsilyl group can be bromodesilylated. (Eqn. 70)
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R1

R? CsF/DMF R’
—_— [69]
CHO [98] R?
TMS
OMe OMe OH
25
R1 R1
R? 1) pyHBr, R?
—_—
CO,H 2) Ho CO,H [70]
T™MS [9 8] Br
OMe OMe

For both equations R',R? = H,H; H,Me, Me,Me

Treatment of 26 with silica gel at 200°C gives arylsilane 27, which can be

desilylated with tetra-n-butylammonium fluoride. (Eqn. 71)

(o]
o \
\ / silica gel , T™MS
200°C/C¢Hg [71]
= TMS [99]
26 27

¢ TBAF
I

H
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Pentafluorophenyltrimethylsilane is partially protodesilylated with piperidine in
acetonitrile. (Eqn. 72) It, however, reacts with cleaner substitution at the para

position with other nucleophiles. (Eqn. 73)

™S T™S ™S
piperidine N S
——— F— + Bt [72]
[100] . /
g/ N
° N
51% 23%
H
A
|
/ Y
F
5 15%
T™MS
TMS
PrONa or RSNa - / [73]
[100]
Fs/ OPr

(RS where R = Pr, 'Bu)

Thermolysis of 28 leads to 29 presumably via electrophilic substitution of the

trimethylsilyl group and then electrophilic aromatic substitution. (Egqn. 74)
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+ 2 TMSX
[101]

[74]

»—00

28 X=FCl

N
©

Oxidation of 30 leads to migration of the trimethylsilyl group and formation of

31. (Eqn. 75)
TMS  CONEt, CONEt,
___D?Q__,.TMS o~ [75]
[102] X
30 31
(R = Me, Ph)

C. Other Studies
The compounds 2-methylfuran, 2-tert-butylfuran and 2-trimethylsilylfuran were

the subject of ultraviolet and photoslectron spectroscopy as well as CNDQ calculations.

[103] The sigma-pi interactions in the [2.2]paracyclophanes 32, 33 and 34 were

studied by photoelectron spectroscopy. [104]

Mezs-—<;>-—sm@2 MezsI@SiMez
) ~

\ / SiMe,

32 33
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Mezs-ﬂ'SIMez

S

MeZS—QSIMez

34

The molecular polarizability of various 2-furanyl- and 2-thiofuranylsilanes was

investigated. [105]
A multinuclear NMR study of several trimethylsilylated indoles (35 - 41) was

reported. [106] A dynamic NMR study of the hindered boat-boat interconversion of 42

was carried out. [107]

™S T™S
™S
N N
\rms \rMs "
™ms TMS
35 36 37
™S T™S
™S
N\ N\ N
N N N\
\ \ ™S
™S H 40
38 39
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™S
A\
N
\
H
41
Me,
Sl
_N
Z R

42 (R =H, Z=CHPh and CHCOPh; R = Ph, Z = NPh)

The partial rate factors for the protodetritiation and protodesilylation of 1,6:8,13:
propane-1,3-diylidene[14]annulene with tritium and trimethylsilyl substituents on the

2-position were measured. [108] In a similar study of the protodesilylation of 1,6-
methano[10]annulenes 43 showed evidence for C-1 to C-6 transannular orbital

interactions. [109] A kinetic study of the protodesilylation of silylated tricyclic

benzocycienes was reported. [110]

T™S

R
43

The optically active Lewis acids 44 and 45 were utilized in the catalysis of
hetero-Disls-Alder reactions. Products with up to 87% enantiomeric excess were

reported. {111]
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I l SiAr, l SiAr,
(o] i/
\

0\
/AI—-Me /AI—Me
CL., X
SlAr, SiArg
44 45

The silicon containing systems 46 [112], 47 [113], 48 [114], and 49 [115] were

reported to show biological activity.

Me

| /=N
F SICH—N, |
N/
cl SiMe,(CH —@—opn
46 O_ ACHs
47

Me

SO,
OMe

"
SO,NHCONH—{
N—

OMe

TMS
48

R1
| Me
/ \ él-w X
CA;} e Q
OPh
49

W= (cHz)g, CHZOCHZ; X = H, F
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Vi. HYDROSILATION

A. New Developments

Several new catalysts were presented for the hydrosilation of multiple bonds. A
platinum catalyst modified with amides was used for a more selective hydrosilation
of styrene. Thus the common chloroplatinic acid catalyst modified with N,N-dimethyl-
acetamide gave a P:a ratio of 90:10 versus a ratio of 60:40 without the amide
modification. [116] Chloroplatinic acid modified with aminophosphazenes was used to
hydrosilate vinyltriethoxysilane with triethoxysilane. [117] Cis-dichlorobis(styrene)-
platinum(ll) in the presence of aniline or pyridine was employed in the hydrosilation of
olefins, acetylenes and carbonyls. [118] The hydrosilation of transition metal
complexes with aminophosphine ligands fixed to polystyrene or free were used in the
hydrosilation of olefins and carbonyls. [119] Thiourea complexes of Platinum(ll) and
palladium (I} were used in the hydrosilation of 1-hexene and phenylacetylene. [120}
Various quaternary onium chlorometalates of transition metals were investigated as

hydrosilation catalysts for the reaction of triethylsilane with phenylacetylene. [121]

Some of the materials were anchored onto polymers. The gas phase hydrosilation of
acetylene with trichlorosilane on functionalized silica supported rhodium and
ruthenium phasphine catalysts was reported. [122) The hydrosilation of 1-octene,
1-pentyne and 1-hexyne was carried out with triethylsilane, triethoxysilane and
trimethoxysilane using silica-supported allylplatinum-, nickel, and rhodium catlysts.
[123] Diaminofunctional dialkoxy (or dichloro) silanes were grafted onto chrysotile
asbestos and then transition metal complexes reacted with the resulting amino
functionalized material to give a hydrosilation catalyst. [124]

B. Hydrosilation of Alkenes CL ylislyr,

Trichlorosilane was reacted with- 1,3-cyclohexadiene and chlordplatinfo acid and
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then ethanol to give bis-1,3(triethoxysilyl)cyclohexane. This was treated with four

equivalents of methylmagnesium bromide and finally water to give the cyclic siloxane

50. (Eqns. 76 and 77)

SI(OEt),
1) H,PtClq
HSICl, ——
* 3 ) EtoH [76]
[125] SI(OEt),
SI(OEt), Me,SI—O0—SIMe,

1) 4 MeMgBr [77]
2) H,o
SI(OEt), [125]

Me,SI—O—SIMe,
50

The hydrosilation of 1,1,1-trichloro-4-pentene with triethylsilane gave 1,1,1-

trichloro-5-triethylsilylpentane. (Eqn. 78) On the other hand the same reaction with
1,1,1-trichloropropene gave 1,1-dichloropropene, 1,1,1-trichloropropane, cis and trans-

1-triethylsilyl-1-chloropropene and bis(triethylsilyl)propane. (Eqn. 79)

Ci,C o ELSH ccl
NN H,PtClg Etasl/\/\/ 3 [78]
[126]
oLe Et,SiH cl
D ———
= H:PICI, mh +  Ewccl
[126] [79]
Et,Si

+ C|>__—‘1"~ + B N s,
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The hydrosilation of tricyclo[5.2.1.02.4]deca-3,8-diene was reported to be highly

regioselective when catalyzed by cobalt and rhodium carbonyl complexes. (Eqn. 80)

% R3SiH
COz(CO)a \s":‘s [801
or Rh4(CO)1 2
[127]

(R3Si = combinations of Me, OEt, Cl and BuOQ)

The hydrosilation of 2-methyl-1-buten-3-yne with methyldichlorosilane was

shown to improve in the presence of added chlorosilanes. (Eqns. 81 and 82)

HSlMeClz
— and HS|C|3 [81]
T HyPtCl siCl, SIMeCl,
[128]
SiMeCl, (SiMe,ClI)
HSiMeCl, [82]
i ond HSMeC =="""SIMe,Cl (SiMeCl,)
i H,PtClg
[128] mixture of possible products

The hydrosilation of the allyl crown ether 51 was carried out with the resulting

product 52 having the ability to be attached to silica surfaces. (Eqn. 83)
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RN NR O Me(Et0),SiH

NP

o)
[129] \ ( [83]
o\

51 0
52
R,SI

An intramolecular hydrosilation followed by oxidation of the silicon-carbon bond

(\0/10/\| (Et0);SiH (\o/—\o
» RN

was used to prepare 1,2,3-triol derivatives of fixed stereochemistry. (Eqns. 84 and 85)

OR? R OR?
R! il R'
catalyst 30% H;0,
—_— ——— [84]
130 —_
OSiMe,H (120l 0—SiMe, OH OH

catalysts were Pt(0) and Rh(l) complexes

; Q OMOM 1) (HMe,Si)NH
O

0 OMOM
—.__._>
M 2) catalyst 0 [85]
3) H,0,
OH [130] OH OH

An intramolecular hydrosilation of 53 was reported. (Eqn. 86)

Me,5i”  ~"N0  (Phy);RCI

| —_— Mezsl/\/\o [86]
Ho J [131] \—/

84%
53
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C. Hydrosilation of Alkynes

1-Triethylsilyl-1-hexyne was prepared via the hydrosilation of 1-hexyne with an

iridium catalyst. (Eqn. 87)
IrH,(SIEt3)(COD)AsPh
2( 3)( ) 3,

Et,SiH
[132]

Bu ——— " Bu —— SIEtg [87]

The hydrosilation of terminal alkynes was carried out with dialkyl(anilino)-

silanes and chloroplatinic acid. (Eqn. 88)
R, SIR'R?NHPh

e RLSIN H,PtClg
HP =—H =
172 h + R 50-82% [88]
H [133]
+
R = E4,Si, Bu, Ph; R
R' = Me, Et; R? = Me, Et, By, Ph \-—ﬂ
SIR'R2NHPh

The mono hydrosilation of 54 was carried out with triethylsilane. (Eqn. 89) The

reactions of the products were studied.

(o) o}
I~ 0~ == Et,SiH I~_©° 0”7 ==
O = : Lo}
""" H,PtClg —
54 [134] 47%

[89]
SIEt

The hydrosilation of the enyne 55 gave chemoselective, but nonregioselective

hydrosilation of the triple bond. (Eqn. 90)
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1
T HSiR'RY, ARSI
— ] 2 = ——
N | OR H,PtClq OR?
R 135
55 [135] R' R [90]
+
SIR%RY,
- — OR?
R' R

D. Hydrosilation-Reductions
The mechanism of the addition of the Si-H bond to carbonyls to form silyl enol

ethers and silyl ethers was studied. (Egn. 91)

H Coxcon > > (91l

[136]

0

The hydrosilation of the cyclic imine §6 with diphenylsilane in the presence of a
rhodium catalyst and optically acifve phosphine ligands gave the N-silylated product in

up to 66% enantiomeric excess. (Eqn. 92)

Ph,SiH
N & —— 2 N [92]
Z {Rh(COD)CI], SIPh,H
R [137] &
56 <66.1% ee

The hydrosilation of prochiral ketones with a catalyst prepared from soluble
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(bicyclo[2.2.1]hepta-2,5-diene)rhodium(l) complexes containing enantiomers of 1,2-
phenylenebis(methylphenylarsine) and the phosphorus isosteres was studied. (Eqn. 93)

Optical yields were in the range of 18-41%.

O OH
/U\ RsSiH j\
—_—
Me CMe, catalyst Me CMe, [93]
[138]

VIl. VINYLSILANES

A. Preparation

Trans-2-trimethylsilylvinyllithium was reacted with cyclobutanone 57 to give
the corresponding allyl alcohol 58, which is at the same time a vinylsilane. (Eqn. 94)
The E isomer of the vinylsilane 58 can be thermally rearranged to the cyclooctanone

59. (Eqn. 95)
TMS

_/
Nt — N\ [139] oH [94]

Li N\
57 ke
58 E:Z = 22
TMS
/J 0, TMS
OH 40°C/CgDg
_— 95
\ [139] [95]
“R?
59

The reaction of the sulfone acetal 60 with 2 equivalents of butyllithium gives

the vinyllithium reagent, which was reacted with trimethylchlorosilane to give 61 in
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good yield. (Eqn. 96) In a similar reaction 62 was converted to 63. (Eqn. 97)

OMe
2 Bl Phsoz> TMSCI Phs°2> [96]
PhSO, __
OMe {140] U OMe
60 61
TsO A 1) MeLi-LiBr/-20°C - TsO pZ o
2) TMSCI "
MeO" ‘ome [141] TMS MeO OMe
62 63 85%

Metal-halogen exchange of 64 and then trimethylsilylation gave a cis/trans

mixture of the corresponding vinyisilanes. (Eqn. 98)

Hex Br 1) *BuLi Hex L TMS
LL—-— -78° to 25°C iTMS o8l
=—TMS 3 tmscl
64 [142] 89%

Metal-metal exchange of systems of the general structure 65 followed by
trimethylsilylation gives the a-stannylvinyisilane. (Eqn. 99) The same is true for the

diplumbyl system 66. (Eqn. 100)

1
R L SnMe3 1) MeLi Rt snMe3
o Tmser >—<_ [99]
RZ snMe3 2) TMSCI R2 ™S
65 [143]

(Fl',Fl2 = Me,Me; EtOCH,,Me; MeOMe,Me; Ph,Ph; 1-methoxycyclohexyl,H):
Yields 46-73%
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R! PbMe,

> - < 1) MeLi R’ PbMe,
——— e —
2 2) TMSCI > { [100]
66

(R',R®= H,H; MeOCH,,MeOCH,; Ph,Ph): Yields 56-82%

The reaction of trimethylsilylmethylmagnesium chloride with dithioacetals in

the presence of nickel(ll) provides vinylsilanes in good yields. (Eqns. 101 and 02)

Ar, S
. Ar. H
><:l + TMSCHMge) MiCla(PPhale >.=< [101]
R Et,0/CgHg or
S Et,0/THF R T™S

[144] 10 examples 50-82%
only E isomer observed

[
@i\s as above C@iTMS
[102]
s [1 44)
S\>

The reaction of a,a-dibromomethyltrimethyisilane with aldehydes in the
presence of chromium(ll) chloride results in vinylsilanes. (Eqn. 103) The active

reagent is prepared from the reduction of the a,a-dibromomethyltrimethylsilane and

chromium(ll) chloride.

TMSCHBr,/CrCl, R H
RCH T —=
o THF/25°C > < [103]
H ™S
[145]

8 examples: 72-86%: E isomers only
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Epoxysilanes were reacted with isopropylmagnesium or tert-butylmagnesium

reagems 0 YNe DIESENTE DY CLDIDLS Gyambe 0 pive Vinyishanes via Yeuxpypehahvoh.

(Egn. 104)
R 'Prmgx R
~Tsipy,  —2 \-—ﬁ [104]
(o) CuCN
SIR,
[146]

(R3S must comain one &GxXy Qroup; ISopropoxydimelnylshy? worked wen)

Lithium bis(phenyldimethylsilyl)cuprate was shown to add to propargyl acetates
or, better, propargyl carbamates to give allenylsilanes in good yields. (Eqns. 105 and
106) Alternatively, a silylated propargyl sulfonate or bromide can be treated with a
cuprate to give allenyisilanes. (Eqns. 107 and 108) Finally, treatment of an allenyl

bromide with silyl copper reagent gives the allenylsilane as well. (Eqn. 109)

PhMe,Si
OAC  (PhMe,Si),CulLi >'=='=\
< [147] 20%
. [105]
:TMS
O,CNHPh PhMe,Si

R2 [1 a7] ; N\

(73% for R' = R? = Me)
4 examples: 42-73%

OSOMe pe,cuLi

™S
™™Ms———< —_— S [(107]
[147] N
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Br Ph,MeSi
Ph2MeSI——___—<—— (PhMe,S1);,CuL L >___.=\[1 08]
[147] Ph,MeSi

iMe,Ph

B (PhMeSi)CuLi S
F:=< ( e281),Cu l> /ﬁ=< [109]
[147]

54%

The reaction of vinyl halides with [tris(silyl)manganese]methylmagnesium

produces vinylsilanes. (Eqn. 110)

R R2 R! R?
>"‘——< + (R,;Si);MnMgMe ——— —_— [110]
R3 X [148) R3 SiR,
(R3Si = PhMe,Si 16 examples: 40-100%)
(R3Si = Me;Si 3 examples: 89-100%)

X = Br, |, SMe, OP(O)Ph,, 0OSO,CF;, SPh

The reaction of vinyl halides with "trimethylsilyl anion”, generated from the
reaction of hexamethyldisilane and tris(dimethylamino)sulfur trimethylsilyl difluoride
(TAS-F), in the presence of palladium(0) gives vinylsilanes. (Eqn. 111) This reaction

also works for the preparation of arylsilanes.

R1 RZ R1 Rz
>_=< + Me;SiSiMe, —ES—F——> _— [111]
R3 X Pd(PPhj), 3
[149] R T™S

Deprotonation of chloromethyltrimethylsilane followed by condensation with a
ketone or aldehyde gives vinylsilanes when the resulting initial B-oxido chloride is

treated with lithium naphthalenide. (Eqn. 112)
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1) *BuLi/THF/TMEDA
-78° to -60°C R' H
TMSCH,CI - >=< [112]
2) R,R,CO/-60° to -45°C

3) LiNp/THF/-78° to 20°C
8 examples: 46-61% mostly E isomer

The hydroboration of alkoxyethynylsilanes followed by protodeboronation gives

cis B-trimethylsilyl enol ethers. (Egqn. 113)

1) 9-BBN ™S, OR
MS—=—0R - — - >=< [113]

[151] H H

The reaction of various organometallic reagents with ethynylsilanes was useful

for the preparation of vinylsilanes. The allylzinc reagent 67 was reacted with

ethynylsilanes to give the expected addition to the triple bond. Cyclization of the

resulting vinylzinc reagent with the allyl ether gave 68. (Eqn. 114)

T™S, R?
OR! A —
=< + TMS—==—-~R? »  Brzn [114]
ZnBr [152]
67 R'O
(Ph;P)Pd/A
R',R? = Ph,Bu; Ph,MeOCH,; Ph,TBSOCH,;
u oULH: 2 ™S R?

Ph, TMSOCH,CH,; PhCH,, CH,CH,OH;
PhCHj, (CH,)4Cl; PhCH,, (CHz)3CH(O,C,H,),

(6 examples: 51-91%) ¢ 8
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In another cyclization to a vinylsilane the enyne 69 was treated with dicobalt

octacarbonyl to give 70 in an approach to carbacyclin precursors. (Eqn. 115) In an

intermolecular cyclization the cobalt complex of trimethylsilylacetylene was reacted

with (Z) 5-thiomethoxy-2-pentene to give 71 and 72. (Eqn. 116)

(o]
TMS
™S
Co,(CO
I I = 02(CO)g H [115]
[153]
R2 R2
OR' OR'
69 70
(o]
SMe MeS
™S toluene TMS
+ ] 154 [1186]
qrcocoys 1%
0 71
TMS
+
MeS 72

The cyclization of w-haloethynyisilanes with trimethylaluminum and
zirconium(ll) or with diisobutylaluminum hydride (DIBAH) gives cyclic vinylsilanes.

(Eqn. 117) The reaction is ring-size dependent. (Eqn. 118) The cyclization will also

occur with certain vinylsitanes. (Egn. 119)
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TMS
Me3Al/Cl,ZrCp, =
~ =—TMS
X or DIBAH [117]
[155]
Me4Al/Cl,ZrC
X~ =T —— Pz Br N\~ TMS
[155]
Me,Al [118]
TMS
DIBAH —
BrWTMS - [119]
[155]

T™S

In a related reaction 2-trimethylsilyimethylenecyclopropane was reacted with

1,3-dipolarophiles in the presence of palladium(0) to give exo(trimethylsilyl)-

methylidenecyclopentanes. (Egns. 120 and 121) Some allylsilane was also formed in

these reactions. Both the vinyl- and allylsilanes could be readily protodesilylated

with trifluoroacetic acid. (Eqns. 122 and 123)
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i
+ g\ -CO:Me 'PrsP/Pd(0)

[156] [120]
TMS

(R = H, Me, CO,Me)

'PrsP/Pd(0)
R ———— ]
( [156]

™S

CF,CO,H

[156]

CF3CO,H

— [123]
[156]
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The radical-induced cyclization of two ethynylsilanes was reported. Thus

ethynylsilane 73 was treated with tri-n-butyltin hydride to give 74, which could be

protodesilylated. (Eqn. 124)

76 and 77. (Eqn. 125)

TMS O
4 Bu;SnH
[1571]
73
MeO.C TMS
2 |
// Buy;SnSnBu,
[158]
75

Ethynylsilane 75 was treated with hexabutylditin to give

™S o
% [124]
74
MeO,C ™S
/

I [125]

76

+

MeO,C
I
77

The addition of hydrogen cyanide to ethynyl(tert)butyldimethylsilanes gave the

vinylsilane. (Eqn. 126) The nitrile group is readily converted to the aldehyde. (Eqn.

127)
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TBS, R
HCN
TBS———R ————— \=< [126]
[159] CN
TBS R
TBS\ . /R DIBAH N/ (127
;\CN [159] ‘CHO

The bis trimethylsilylpropargy! system 78 reacts with electrophiles to give

vinylsilanes after migration of a trimethylsilyl group. (Eqn. 128)

R1
2 TMS
R1><_/\ £ ~ i
—_— 128
TMS — TMS [160] E [ ]
78

(E* = 'BUCH(OEt),; 'BuCH(OMe),; CH,=CHCH,CH(OEt),; CF;CO,H; 'PrCHO)

N-Trimethylsilylated imines will add to the electron deficient triple bond of
dimethylacetylene dicarboxylate to give a vinylimine, which is at the same time a

vinylsilane. (Eqn. 129) The trimethylisilyl group can be removed with cesium

fluoride/methanol. (Eqn. 130)

R
R =N T™MS
\TMS MeO,C CO,Me



49

R R
N\=N T™MS CsF/MeOH =N H
> —_— >={ 130
MeO,C co,Me [161] MeO,C co,Me

Vinyltrimethylsilane was reacted with 1,3-cyclohexadiene to give 79 in addition

to products of addition to vinyltrimethylsilane itself. (Eqn. 131)

T™MS
T™MS, Ni(COD),

e S
Et,AICI/R3P [131]
[162]

™S 79
+ T™S
/l\/\ms MR T

The vinylsilane 80 reacts with cyclopentadiene at the unsubstituted double bond

to give 81. (Eqn. 132)

+ —
7 7
@ PhSO, [1831 pnso,
80 81

[132]

Sym-tetramethyldivinyldisilane reacts with a platinum catalyst to give 82 and

83. (Eqn. 133)
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Me,SI~ Pt cat. Me,S|—SiMe,
Me,Si toluene/A
Ne— [164] V|M025| 82 [133]
SiMe,Vi
+
SiMe,
ViMe,Si

83 SiMe,Vi

The vinylsilane 84 was reacted with bromine to give the very hindered olefin

85, which upon treatment with methyllithium gave 86. (Eqns. 134 and 135)

I\Ille I\Ille
tRy ) Rl et BrMe'BuSi SIBrMe'Bu
Bu—SI—Si—'Bu Br, :__: [134]
)—L_ [165] ™S T™S
™S T™S
84 85
BrMe'BusSi SiBrMe'Bu Me, Bu iMe,'Bu
> — < MelLi — [135]
™S T™™s [165] T™MS T™S

B. Reactions
Addition reactions to vinylsilanes were reported. The addition of HBr to trans-
1,2-difluorovinylsilanes gives protodesilylation with retention of configuration of the

double bond. (Eqn. 136) Treatment of these same vinylsilanes with sulfuric acid gives

fluoromethyl ketones {Eqn. 137) or in the case of the 1,5-diene system 87 the
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a-fluorocyclohexanone 88 (Eqn. 138). This ketone synthesis can also be carried out in

a manner which allows incorporation of the tert-butyl group as shown in Eqn. 139.

C7H;s F HBr(anh) C7H‘5> (F [136]
>—<._.. —_——— ——
F ™S CHaCN F Br
[166]
C7H15 F HzSO4 o [1 37]
>— —_— F
F TMS [166] CH,s
H,SO0, F [138]
— e -
F [166]
— o
F TMS 88
87
H isobutene o)
G ‘5> iF or 'BuOH F [139]
F ™S B CrHis
[166] ‘B

(Z) 1-Bromo-1-alkenylbenzenes were formed by the bromination-elimination of

(E) 1-trimethylsilyl styrenes. (Eqn. 140)

Ph> _ :R 1) Br,/DCM/-78°C Ph H
; - —
T™MS H 2) NaOMe/MeOH BL> <R [140]
[167] =

(R = H, Me, Et, Pr)
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The addition of 1,1,1-trichloroalkanes to vinyltrimethylsilane in the presence of
iron pentacarbonyl was reported. (Egn. 141) The addition of the S-H bond of mercapto-

ethylamine hydrochloride to vinylsilanes was reported. (Eqn. 142)

\.— + RCClI, DMF or HMPA RCCI,CH,CHCITMS [141]
or 'ProH
[168]
T™MS HSCH,CH,NH,*CI’
2 2 s
= - > Rasl/\/ \/\NHscI [142]
[169]

The addition of activated halides to the vinyl group of vinylisilatranes in a radical

manner was accomplished. (Eqn. 143)

X
h Bz,0
si + RX —— TR sio [143]
J [170]
R
SIO = silatrane ring
(R = ClLC, CF;, CsF7; X = H, Br, 1)

The reaction of (trimethyisilyl)ketene diethyl acetal with N-(chloromethyl)-
lactams leads to esters of the type 89 when the reaction is carried out with a 1:1

ratio of reagents (Eqn. 144), and type 90 when itwo equivalents of the vinylsilane are

used (Eqn. 145).

TMS OEt ™S (o]
>—-<_"‘ + RCH,CI ?—> [144]
1
H OEt 7 RCHg OEt

(one equivalent) 89
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TMS, OEt

>=< # RCH,Cl ———=  (RCH,),CHCO,Et [145]

H OEt ]
(two equivalents) |
N (n = 13)

The hydrogenation of tetrakis(trimethylsilyl)-1,2,3-butatriene gives reaction at
one of the terminal double bonds. (Eqn. 146) The same is true for the hydrosilation
with trimethylsilane (Egn. 147), oxidation with MCPBA (Eqn. 148), but not with

oxidation with perbenzoic acid, which results in the loss of a trimethylsilyl group (Eqn.

149).
™S H
™S TMS  H,/Rh-C TMSA< .,TMS
———x( _ [146]
™S ™s [172 H ™S
™S H
T™S TMS TMS-H TMS TMS
™S TmMs (PhakRRCL yg ™S
[172]
™S TMS ceBa ™s. O TMS
) Q o >A:=a=<
‘ [148]
(o} ™S
TMS. -
Z N 1ms

™S O,CAr
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T™S T™MS  pga T™S 0,CPh

>=-==< [—1;? >=L [149]
T™S T™MS TMS =T MS

The palladium catalyzed hydrogenation of 2-(dimethylsilyl)dihydropyran gives

initially the expected tetrahydropyran, which then rearranges to 91. (Eqn. 150)

O SiHMe, O SiHMe, (o)
Pd/A Pa/A ~SiMe,

[173] [179] [150]

91

The addition of thiols to the trimethyisilylated aldimine 92 was reported.

(Egn. 151)
TMS R’SH T™S xR
N _— N [151]
R [174]
92 SR?

It was shown that the addition of tert-butyllithium to vinylsilanes at dilute
conditions results in the addition of the tert-butyllithium followed by elimination of
lithium hydride as the principle reaction pathway. (Eqn. 152) At higher concentrations

the reaction pathway is that of addition-condensation. (Eqn. 153)
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'Bu
MeZSI/\ 2 'BuLi MeZSI/\/
Mezs! F pentane Me. S! F [152]
A [175] PN Ny
20%
™S 2 'BuLi ™S ™S
N— ut! o TMS
pentane \/\'Bu + [153]
[175] .
Bu

Deprotonation of either allyltriphenylsilane or trans-1-triphenylsilylpropene
gives the expected anion (lithium reagent) which undergoes electrophilic attack. (Eqn.

154)

Ph,Si
3 \___\ E/\/\SIPhs
1) Buli +

or —_ - 154}
\\H 2) * E [
\)\sum?,

SIPh, (176}

The optically active vinylsilane 93 was subjected to metal-halogen exchange
with tert-butyliithium and the resulting vinyllithium reagent reacted with aldehydes

in the presence of boron trifluoride etherate to give an equimolar mixture of

diastereomeric alcohols 94, some of which could be separated. (Eqn. 155) Proto-

desilylation of the separated diastereomers then provided optically active allyl
alcohols. (Eqn. 156) Conversion of one of these systems 95 to the trifluoroacetate and

then elimination lead to the optically active allene 96. (Eqn. 157)
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R;Si* 1) 2 'BuLi R,SI*
—_— — R
B,.>_\ 2) RCHO R T

BF,0Et,
93 OH
[177] 94 [155]
‘chromatography
R4S R,SI*
——— + —
R R—
OH OH
95 5 examples
R,SI* R,Si* H H
=" or — TBAF — or ﬁ
R R —>R R
OH DMSO OH
o OH [177] OH
[156]
RySI*
Ph, H
ph‘?j TASF o /=-=< [157]
DMSO H Me
O,CCF, [177] 96

The 2,3-Wittig rearrangement of 97, formed in a straightforward manner was

used to produce B-hydroxysilanes 98. (Eqn. 158) These were used to prepare (E,Z) and

(Z2,Z) 1,3-butadienes. (Eqns. 159 and 160)

OH
i
TMS A~ O~ _CO.Pr |
SN w2 6. 1158)
R szerIz R ™S
97 [178]

98
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OH
OH NaH OH
= __a___>. M [159]
[178]
R ™S R
98
co,'Pr
OH
i
p O, Pr BF;OEt, AN [160]
[178] 1l
Cy TMs Cy

(Cy = cyclohexyl)

Vinyltrimethylsilane was reacted with vinyl iodides and vinyl triflates under the
influence of palladium(ll) acetate to give 1-trimethylsilyl-1,3-butadienes. (Eqns. 161
and 162) This same coupling will occur with vinyl bromides (Eqn. 1g§3) and vinyl

boronic acids (Eqn. 164) as well.

S
161
Pd(OAc)z (1611
[179]

7 examples: 51-77%

= O‘ [162]
Pd(OAc),

[179] MeO
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MeO,C e — M°°z°
\Br Pd(OAc)z [163]
[179] 1.5 pts
MGOZC\—F
1 pt TMS
MeO,C.
M
MeO,C ™S — \_H
_\B(OH) PaOAS,
2 [179] MeO,C [164]
(R = Ph, Bu)

The coupling of vinyltrimethylsilane with aryl and vinyl iodides in the presence
of tris(diethylamino)sulfonium difluorotrimethylsilicate (TAS-F) and palladium(ll) was

reported. (Eqns. 165 and 166)

™S TAS-F/HMPA Ar.
\N__. + Al ———mMmM N
Mm3CsHsPdCI],

[180]

[165]

N A TAST NN
Z ™St N e T T 2 CeHis
[(n°C3HsPdCI],

[180]

Trimethylsilyl ketene was reacted with furan diones to give pyrones. (Eqn. 167)
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OH
0 T™MS
/ - A
s
R o A [167]
o [181] R o o

Vinylsilanes were involved in several reported cyclization reactions. The

bis(trimethylsilyl) butadiene 99, prepared by bromination of trimethylsilyl acetylene
and then treatment of the dibromide with tert-butyllithium in the presence of cuprous

iodide, was cycloadded to maleic anhydride (Eqn. 168) and other dienophiles as well. In

a related system 100 was reacted with maleic anhydride. (Eqn. 169)

Br.
T™MS
I TMS maleic anhydride
T™S — [168]
I [182]
T™MS
Br
99
Br Br
| Br, Br O
™S 3
TMS maleic anhydride [169]
:
T™MS l [182] o]
TMS b
Br Br Br (o)
100 Br

1-Trimethylsilylacetylene carboxylic acid was reacted with dienes (Eqn. 170) as
were (Z) 2-trimethylsily! acrylic acid (Eqn. 171) and (E) 2-trimethylsilyl acryloyl

chloride (Eqn. 172).
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™S
CO,H
————— 2
| * @ [183] Z [170]
CO,H ™S
TMS (H)Me TMS
\i + [ —_— [171]
N CO,H [183] (Me)H CO,H
+
cloc "TMS
COH [172]

3-Trimethylsilyl-3-sulfolene was the source of 2-trimethylsilyl-1,3-butadienes
for cycloadditions. (Eqn. 173) This system has the advantage that various groups can be

introduced into the diene via alkylation procedures.

TMS ™S
— 3 1 3
[184] 2 .
R2 S R4 R R
0, MeO,C co,Me

Cycloadditions were also reported with 1-trimethylsilyl-3-oxy-1,3-butadienes.
Thus 1-trimethylsilyl-3-trimethylisiloxy-1,3-butadiene was added to acryloyl chloride
(Eqn. 174) and to ethynyl nitrile (Eqn. 175). Similarly, 1-trimethylsilyl-3-acetoxy-1,3-

butadiene was reacted with 101. (Eqn. 176)
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TMS
TMSO,
CO,H
S acryioyl chioride [174]
[183]
0
T™S
0O
TMSO
+ HO OH_ o [175]
X [185]
CN NC
TMS ™S
(o] (0] o
©, GHc
ol LT )—
A [186]
[176]
T™S (o] (o] o) ™S
101

The vinylsilane group was used to direct the Nazarov cyclization as has been
shown in earlier work. The mechanistic details of this useful reaction have now been
reported (Eqn. 177) and the scope and limitations in terms of the presence of various

groups has been determined (Eqn. 178).

x O
[:::[::\L\ FemyDCM
[177]
[187]
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o) o)
 FeCl,/DCM
l Z
[188]
[178]

TMS
manhy examples

The vinylsilane 102 was reacted with aldehydes in the presence of a catalytic

amount of fluoride ion to give the expected condensation product. (Eqn. 179)

SPh RCHO SPh
CF3CH=< —_— CF4CH [179]
™S TB;'Z:]MF R
102 HO

The 1-silacyclopentadiene 103 reacts with sodium/potassium alloy to give red-
brown, air sensitive solid, which when reacted with methy! iodide gives 104 or with

trimethylchlorosilane to give 105. (Egns. 180 and 181)

Ph, Ph,
/ l \ Na or K Mel / l \
—1—90—-» red-brown solid ——— 3 [180]
Si t ] Si
Cl, Me,
103 104
Ph,
TMSCI / I \
red-brown solid —_— [181]
/SI\
TMS TMS

105



63

Pyrolysis of 106 gives 107 in a rearrangement process. (Eqn 182)

I I 600°C =
. ""'[1'_’91] [182]
Si Si
Cl, Cl,

106 107

C. Other Studies

The ring puckering potential energy of 108 was studied. The data confirm that
the system is planar. [192] The 29Si NMR spectra for several vinyl and acetylenic
silanes were reported. [193] The = donor ability of various vinyl systems including

vinylsilanes was studied. [194] The silacycle 109 is the first reported sila-

substituted vitamin. [195]

Me,
{ \> NP e 7 Yo Y e
si |
H,

VHI. ETHYNYLSILANES

A. Preparation

The interesting ethynylsilane 111 was prepared in a straightforward manner
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from 110. (Eqn. 183) This product was oxidized to the amine oxide 112 (Eqn. 184) or

the allenyl hydroxyl amine 113 (Eqn. 185).

R,NCH,C=CH 1) MeMgl R,NCH,C=CTMS
2 L= 2) TMSCI 2 o= [183]
110 111
(several examples of R groups on the amine used)
1) MCPBA R ?:ICH C=CTMS 184
= —_— =
R,NCH,C=CTMS 2) K,Co0, 2NCH; [184]
111 [196] o 112
1) MCPBA R,NOCH=C=CH
= —_— =C=
R,NCH,C=CTMS 2) ALO, 2 2 [185]
111 [196] 113

Cyclopropylethynyltrimsthylsilane was prepared. (Eqn. 186) Deprotonation-

trimethylsilylation of this material gave the propargylsilane. (Eqn. 187)

TMSCI
K —_— K [186]
=CLi [197] =—=CTMS

o ™S
1) 3 'BULi/HMPA
K i AQ_ [187]
—cTMs 2 TMSCI ==CTMS
[197]

Tri(tert)butyitin substituted acetylenes were silylated (Eqn. 188) and then later

converted to the iodo derivatives (Eqn. 189).
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'Bu),Sn(CH,) C=CH D EtMgBr t = S
('Bu)3Sn(CH,),C= 2) TMSCI (‘Bu)3Sn(CH,),C=CTMS [188]
[198]
(n = 0,7)
P
(*Bu)3SnCH,C=CTMS W ICH,C=CTMS [189]

Trimethylsilylacetylene and similar materials were shown to react with aryl
halides in the presence of palladium(ll) to give aryl trimethylsilylacetylenes.

Representative examples from three reports are given. (Eqns. 190-192)

Br =CTMS
N TMSC=CH x
F Cul/(Ph,;P),PdCI l [190]
u
BI’ N 3 2 2 N/
[199] ||

CTMS
l 1 ! |
TMSC=CH
7\ , - /N [191]
PerH/Ph3P/Cu| S
= e | I
(PhCN),PdCI, CTMS CTMS
[200]
Br =CTMS
TMSSIMe,C=CH
- [192]
Et,NH/Ph;P/Cul
(Ph;P),PdClI,

The di-magnesium salt of diethynyldimethylsilane was reacted with 1,2-

bis(dimethylfluorosilyl)ethane to give 114. (Eqn. 193)
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—
=CMgBr % s -
Me,Si /\ ]
“Necmgar  MeFsi”  SiFMe, (202, g \ (A2
A
114 1193

3-Bromo-1-trimethylsilylpropyne was reacted with triphenylarsine to form the

arsonium salt 115 (Egn. 195), which was then used in a Wittig type reaction (Eqn. 1986)

PhyAs
BrCH,C=CTMS ——» Ph3AS+CHzcECTMS
CH,CN i
[204] Br
115

[195]

.u>

1) BuLi/THF/-70°C
PhyAs*CH,C=CTMS

[196]
Br’
115 J)k

CTMS

8 examples: 85-100% at -70°C
96-100% at 20°C

[204]

B. Reactions

Electrophilic substitution of ethynylsilanes continued to be reported

Ethynylsitane 116 was acylated in excellent yields with acid chlorides or anhydrides

in the presence of aluminum chloride. (Eqn. 197)

Intramolecular -activation of acid
anhydrides allows reaction with ethynylsilanes. (Eqn. 198)
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MeO MeO
—=CTMS ==CCOR
N7 RCOCI or (RCO),0 N X
)I\ = AICI;/DCM ‘o/l [197]
3 o
MeZ™ & [205] W€ W
116

with RCOC| 7 examples: 73-99%
with (RCO),0 4 examples: 54-90%

Br 1) AgBF, or AgCle>
— R'C=CCOR + o]
2) R'C=CTMS
CO,COR [206]
(o
[198]

The reaction of acetals with ethynylsilanes to give substituted propargy!

alcohols was reported. (Eqn. 199) The reaction also occurs with aldehydes. (Eqn. 200)

2
' z SnCL-ZnCl, R
R’C=CTMS Ric= R!
[207]
7 examples: 44-85%
2
; 1) TMSOR? OR
R'CHO - _)\ [200]
SnC|4-ZnC|z R3c: R1
2) R’C=CTMS
4 examples: 67-78%
[207]

The reaction of ethynylsilanes with phenyliodonium oxide and then sodium

aryisuifonates gives ethynyipheny! jodonium sulfonates. (Eqn. 201)
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1) BF;OEt,/CHClI,

RC=CTMS + PhIO —»  RC=CIPhOSO,Ar
2) N803SAI'/H20

[208]

[201]

The addition of secondary amines to (trimethylsilyl)propynal was reported to
give B-amino acroliens. (Eqn. 202)

R,N

TMSC=CCHO + R,NH ————» =
2 [209] ¥_\CHO [202]

(R = °CgHyq, 'Pr, Et, Bu)

The photocycloaddition of tetramethylethylene to the triyne 117 was reported to

give the cyclopropyl diynes 118 and 119. (Eqn. 203)

117 [210]

8BS 118

+

[203]

TBSC=

The hydroformylation of trimethyisilylacetylene was shown to proceed in good

yield. (Eqn. 204)

C,H,/COM, T™S

= —_—
TMSC==CH ST [204]

[211]
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The reaction of bis(trimethyisilyl)-1,3-butadiyne with a mixture of methylchloro-

disilanes and a palladium(ll) catalyst followed by methylation gives a mixture of the

1,2,3-triene 120 and the enyne 121. (Eqn. 205)

1) si;c'nMeg.n T™S ™S

IMS———=— Tme ot — %
2) MeMgBr

3) H,0
[212] + [205]
™S ™S
121

EEthynvisilanes were involved in a number of cyvclizations. Trimethvisilvl-
acetylene was reacted with N-(o-haloaryl)methanesulfonamides to give N-methyl-
sulfonyfindofes. (Eqn. 206} {n a fike manner o-trimethyfethynyl aryicarbamates,
preparet by e padadiumil)) couphnp procedure, were cychzed win spdum ehpXioe

with concomitant desilylation. (Eqn. 207)

X [206]
(Ph,P),PdCI
+ TMSC=CH — =y N _rms
[213]
NHSO,Me N
SO,Me
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NHCO,Et
NaOEt

[214]
=—TMS \

[207]

The cycloaddition of bis(trimethylisilyl)acetylene with 122 gives 3-cyano-

indolizines. (Eqn. 208)

R R ™S
X')\' TMSC=CTMS xZ N
| —> / ™S 1208]
//N*‘\ - [215] ™ /N
X CH(CN), X
122 CN

The intramolecular radical cyclizations of various vinyl bromides containing the

ethynylsilyl group were investigated. The cyclization was ring size dependent. (Eqns.

209-211)
Br =—CTMS H ==CTMS
Bu;SnH
[209]
[216]
O O
Br TMS
==CTMS
X BuySnH
—e
CO,Et [216] CO,Et [210]

21% yield + 41% reduction
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TMS Bu,Sn TMS
Br 4;9TMS /
Bu,;SnH +
2161 [211]
Et0,C TCO.Er BO,LC o5 BO,L po&
12% 61%

The mercury(ll) mediated cyclization of ethynyisitane units with trimethyisiiyt

enol ethers was reported. (Eqn. 212)

OTMS
CTMS HgCl
N 4 HgC|z
[2171 s [212]

Bigvclic keto silanes were prepared bv the intramolecular cvclization of
ethynylsilanes with ketones under thermal conditions. (Eqn. 213) The reaction occurs
through the enol form of the ketone and involves a migration of the trimethylsilyl

group.

o] TMSO

R 4CTMS

[218) [213]

other examples and ring sizes
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The intramolecular cyclization of an ethynylsilyl group with a chromium carbene

complex was used to obtain fused furans. (Eqn. 214)

SPh
TMSC_——: 7 SPh
0 1) THF/A 0

2) FeCl,/DMF
(e o [214]
= 3) TFA/HOAc/cCl,
[219] o
(o)

1-Trimethylsilylpropargyl alcohols were converted to the lithium carbonates,

which were cyclized and allylated. (Eqn. 215)

n3
1) co, R o
TMSC=CCH,OLI ———» —_ [215]
2) an allyl /K
chloride R2SIR; O o
[220]

(R3Si = Me;Si, PhMe,Si, Ph,MeSi;
R4, Rz, Ry = various Me, H combinations
from the allyl chloride)

C. Other Studies

The combination of trimethylsilylethynylcopper and trimethylchlorosilane was
shown to greatly enhance the conjugate addition of organocopper reagents to
unsaturated esters. [221] The polarizability studies on bis(trimethylsilyl)acetylene do
not indicate any long-lived bent conformers of this acetylene. [222] The basicity and

conjugation effects of several methoxysilyl(trimethylsilyl)acetylenes was studied.

[2283]
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IX. ALLYLSILANES
A. Preparation
The reaction of dihydrofurans with trimethylsilylmethylmagnesium chiloride in

the presence of nickel(ll) leads to ring opening and allylsilanes. (Eqn. 216)

HO

L,NiCl
@ + TMSCH,MgCl —— [216]
R [224]

o)
(Lz = PhaP or thPCHzCHzPth; R = Me, CSH11) TMS

Tris(trimethylsilylmethyl)borane was reacted with ethynyllithium reagents to
form the borate complex, which was then reacted with electrophiles to provide
allylsilanes 123. (Eqn. 217) These materials could be protodeboronated to
electrophilically substituted allylsilanes (Eqn. 218) or treated with alkaline iodine
solution to give the bis(trimethylsilyl)allylsilanes 124 (Eqn. 218). A similar approach,
but with the trimethylsilylmethyl group being added as the electrophile in the form of
trimethylsilylmethyl trifluoromethanesulfonate, gives either allylsilanes or B-

trimethylsilyl ketones. (Egns. 220-222)

EX (TMSCH,),B R
LI"(TMSCH,);BC=CR ————-> _}:{ [217]
123 ™S E
124
(TMSCH,),B R HOAC H R
™S g [225] ™S E

124
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1) NaOH
(TMSCH),B R 5,
e Sierrag
™S E [225]
124
™ SCF
LI*R';B'C=CR? IMSCH,0,5CFs
[226]
R',B R? HOAc
[—— ———e
226
R! TMS 2261
R',B R? H,0,/NaOH
_ 120o/NaOH
R TMs  [226]

TMS R
:>={ [219]
TMS E
R1,B R?
>.__{; [220]
R TMS
H R?

>—‘=<k_ [221]
R! TMS

7 examples: 45-80%

o R?
[222]
R TMS

2 examples: 59-74%

The reaction of propargylsilanes with tributyltin hydride provides allylsilanes,

which are also vinylstannanes. (Egn. 223) In one such system it was shown that

elimination of tributylstannol to give trimethylsilylmethylallenes is possible. (Eqn.

224) On the other hand, conversion of the alcohol in these systems to the acetate

followed by treatment with trifluoroacetic acid leads to 2-(tributyistannyl)-1,3-

butadienes. (Eqn. 225)
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R1 nBU3
! R? Bu,SnH ‘\_<‘I<
- AIBN
T™S OH

[227] major

15 examples: 61-86%
BugSn

minor

[223]

TMS . SnBu, CF:’SO:’H
R [2 28] \ [224]

OH 5 examples: 40-92%
™S SnBu, TBAF
= R [225]
[229]
RZ
OAc
Z>E

n-Allyl palladium complexes were shown to react with disilanes to give

allylsilanes. (Eqns. 226 and 227)

on C1;SiSiMe,
\/\/ or Me3SiSiPhC|2
X 4 P A [226]
[230]
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1) CIzphSiSiMe3> [227]
AN Ph,P

l 2) MeMgBr
PdCl/, [230] SiPhMe,

Disilanes were also reacted with «,B-unsaturated ketones in the presence of

palladium(0) to give allylsilanes, which are also enol silyl ethers. (Eqn. 228)
be electrophilically alkylated through the enol silyl ether to ketones (Eqn. 229) and the

silicon-carbon bond oxidized by virtue of the Leaving groups on silicon to B-hydroxy

ketones (Eqn. 230). In the presence of a palladium(ll) chloride complexed with an

optically active bidentate ligand optically active B-hydroxy ketones are possible.

R\ A R? (Ph3),Pd R! ~F
CI,PhSiSiMes \/\r [228]
2 iSiMe,

0 40-80°C OSIPhCl,
R3
R? R2 1 g 2
X R3,X/Lewis acid R R
[229]
OSiPhCI, [2311 PhCL,S )
R3 R3
R' A _R? 1) HBF, R! AP [230]
—_—>
Y o Y
PhCl,Si o [231] HO o

It has been shown that allyl alcohols can be reacted with disilanes via their

lithium salts. The trimethylsilyl anion resulting from the attack of the lithium

alkoxide on the disilane then can react with the silyl ether to give allylsilanes. (Eqn.

231) Due to this type of dual behavior of disilanes they have been termed "counter-

attack reagents".

These can
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R OH ) MeLi/Et,0 R! TMS
— o >_—_—_/_ [231]
2) Me,SiSiMe,

R? R2
or [232]
R 4 examples: 65-75%
R2 OH

Various kinds of silylmetal reagents were employed in the synthesis of allyl-
silanes. [Tris(silyl)manganese]methylmagnesium was reacted with allylsulfides to

give allylsilanes. (Egn. 232)

R! R2

1 R2 i
R >=_& (n:,s.):,MnMgMe> >=& [232]
3 SR [148] R3 TMS

(Phenyldimethylsilyl)diethylaluminum was reacted with activated vinylcyclo-
propanes to give allylsilanes. (Eqn. 233) Other silylmetal systems were also

investigated in this reaction.

CO,Me
/\A<002Me PhMe,SiAIEt, M
———_»
co,Me [233] PhMe,Si = CO,Me
[233]

Lithium bis(phenyldimethylsilyl)cuprate was reacted with lactone 125 to give
the allyisilane 126. (Egn. 234) This allylsilane was used in the preparation of 127,

which was cyclized to 128 (Eqn. 235), which in turn was converted to racemic epi-

widdrol.
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SiPhMe,

(o)
1) (PhMez)ZCuLi> [234]
o 2) CH,N,

CO,Me
[234]
125 126

TMS

EtAICl, (78%)
or TiCl, (77%)
0] = [234] (o)

127

128

Trimethyisilylcopper(l) dimethylsulfide was reacted with allyl chioride 129,

which was used to allylate 130. (Eqns. 236 and 237) The product of this allylation

was converted to racemic tricyclohexaprenol.

\/I\/\)\/\ o g
Cl
x x oTes [235] ™S oTBS
129 [236]
/
TiCl,/DCM
oTBS + — >
TMS -78°C/5 min

[235]
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"In situ” generation of the "trichlorosilyl anion” in the presence of 2-chloro-
methyl-3-chloropropene was used to prepare 2-(acetoxymethyl)-3-(trimethyl-

silyl)propene. (Eqns. 238 and 239)

ci 1) ClySiH/EtsN TMS
:
Cucl [238]
ci 2) 3 MeMgBr cl
[236]
™S KOAc/DMF TMS
B [239]
[236]
Ci OAc

3-(Trimethylsilyl)propionaldehyde was converted to allylsilane 131. (Eqn. 240)
Selenylation followed by reaction with a Grignard reagent and elmination gives

allylsilanes in a stereocontrolled manner. (Eqn. 241)

o)
T™MS OTMS

~ I _Tust TN [240]

TMS H [237]
131
TMS OTMS 1) PhSeBr
——_—»
\:/ 2) RMgX TMs/\/\R [241]
131 3) MsCI/EtzN

[237]

2-Bromo-3-(trimethylsilyl)propene was reacted with cuprous cyanide to give

substitution of the bromide. (Eqn. 242)
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Br

=<_ CuCN
—
T™MS [238]

B. Reactions

CN

=<_ [242]
TMS

The reaction of trimethylsilyl azide with allylsilanes in the presence of

iodosylbenzene gives the addition of two azide groups to the double bond. (Eqn. 243)

Fluoride-induced elimination gives allyl azides as does the above reaction with boron

fluoride etherate added. (Eqn. 244)

=<‘*— (PhI0),,
——_—>

Mg TMSN,

[239]

(PhIO)n/TMSN,
BF,Et,0

R TBAF
=<— —
N3 [239]

TMS [243]

N,. R

Ns\X/TMS [244]

The allyisitane 132 when treated with meta-chloroperbenzoic acid gives a

mixture of diastereomeric lactones 133. (Eqn. 245) Elimination of the trans

trimethylsilyl diastereomers gives the hydroxy acid 134. (Eqn. 246) In a similar

reaction amide 135 was converted to lactone 136 and then to 137. (Eqns. 247 and

248)
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™S TMs
\ MCPBA \
PEE—— -
o S DCM OH [245]
0 [240] (o] (o)
132
133
R = NMB:, OEt, H
$TMS
\ TBAF OH (246]
o o [240]
134
JTms
/4—\—\ MCPBA [247]
Me,NT o [240]
135
™S
\ 1) BF,0Et,
-
o OH 2) H,/Pd/C [248]
[241] (o N
136 137

The stereochemistry of the osmium tetroxide bis hydroxylation of allylsilanes

was investigated. (Eqn. 249)
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PhMe,S| OH PhMe,SI OH
0s0,/Py
—______> +
PhMe2$I [242] R i R 249
OH OH [249]
R
= Me 34 66
= Ph 92 8

Several allylations via the use of allylsilanes were reported. Treatment of the
allylsilane complex 138 with fluoride or methoxide ion in the presence of ketones or
aldehydes or ethyl acrylate resuits in allylations. {(Eqn. 250) This reaction was also

locked at in terms of its stereochemistry. [244] On the other hand, the complex 139

requires a Lewis acid for the allylation to proceed. (Eqn. 251)

0—S8i—0 . R'R’cco  R'w SO0 [250]
/ NMe, — =2 F M
F'or MeO" R2
© © [243]
138

m OH

<\Z 0 R'R’C=0 R! [251]
R ————
o/li~o TiCl, or AIC R? N
CH,CH=CH, or BF;
139 2431

The allylation of carbonyl compounds with allyltrifluorosilanes was shown to be

regiospecific and chemo- and stereoselective. (Egn. 252)
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OH
_ PhCHO
TosF Z Ph [252]
SiF; [245] Mo
= 90:10 threo:erythro = 88:12

The acetoxy substituted allyisilane 140, prepared according to Eqn. 253, also

undergoes the allylation reaction with «,B-unsaturated carbonyl systems. (Eqn. 254)

1) 'BulLi
2) NH,Claq
TMS
253
3) AcClipy [ ]
OTMS [246] OAc
140

0
T™MS + TBAF
H/ >_Y BT R [254]
140 OAc
7 examples:25-59%

Treatment of bis(trimethylsilyl)ketene acetal 141 with trimethyisilyl fluoride

gives rearrangement to allylsilane 142. (Eqn. 255) The reverse reaction occurs in the

presence of fluoride ion. These observations were used to argue for the selective
y-attack in the reactions of 141 with aldehydes with Lewis acid catalysts and the

selective a-attack with fluoride ion catalysis. (Eqn. 256)
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™ N OTMS TMSF
——-———~ TMS\/\/COJMS [255]
OTMS r
1 [247] 142
o Y\/\cozn .
[247]
141 OTMS OH Ph OH

with ZnBr, or TiCl, major minor [256]
with CsF or TBAF minor major

The intramolecular allylation of dienones was investigated. The position of

attack depends on the conditions of the reaction with Lewis acid catalysis favoring

8-attack and fluoride ion B-attack. (Eqns. 257 and 258)

Et,AICI
———»
[248] [257]
o]
55%

————-> [258]
[248] o
N

45%

The intramolecular allylation of 143 was accomplished as part of a synthetic

route to epoxyclerodatriene. (Eqn. 259) The intramolecular allylation of 144 followed
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by trapping of the intermediate enolate ion with chloromethylmethy!l sulfide gives

145. (Eqn. 260)

1) TiCI,,/DCM P
[259]
2) NaOMe/MeOH
[149]
1) TICI4/DCM
2) CICstCH3 [260]
{149]

144

The allylation of the steroidal dienone 146 at the 5-position was shown. (Eqn
261)

Q

o

K o)
XN
NNrws
Ticl,
) [251] o

146

X

The allylation of a,B-unsaturated ketones with allyltrimethylsilane and trity!

perchlorate was reported. (Eqn. 262)
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)?\/\ /\/TMS i
—____>
By F 1 )J\/L/\ [262]
) TrCIO, By A
2) H,0*
[252]

Allylations with a chiral dienylmethylsilane gave gaod stereoselectivity with

isobutyraldehyde. (Eqn. 263)

OH
i . B
PhMe,Si, ,——= T A~~~
== -78°C/2.5 min Pr
[253] * 1263]

Lactones are the products of the allylation of the aldehyde of the oxo ester 147

after hydrolysis. (Eqn. 264)

OHC com NS N 0.0
e -
Y\ 2 1) Lewis acid [264)
R 2) H;0* R
147 [254]

The optically active allylsilane 148 was reacted with butyraldehyde to give

product of 46% ee. (Eqn. 265)

MeO

Me,
Si

L PrCHO PFW
—_—
Lewis Acid [265]
S OH

[255] H
148 other examples
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Alkoxydimethylallylsilanes were empioyed in the allylation reaction where

substituted tetrahydropyrans were the products. (Eqn. 266)

1 2
/ RZCHO : ° R
B
Me,SI, Lewis Acid [266]
OR! [256]
Cl

Numerous examples of the allylation of acetals, ketals and related species were

reported. The allylation of 149 gave 150, which was treated with acid to give 151 in

a trimethylsilyl-directed Wagner-Meerwein rearrangement. (Eqn. 267)

MeO Y
TMS
CO,Me _ -
Ticl, CO,Me
R [257)

149 150 R

pTSOH/SIO,

S

151 R

The allylation of 152 was shown to give more anti than syn product. (Eqn. 268)
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O

O
N

=

]
e
=
[

5 - TiCl M/-78°

MeO “OMe iCl,/OCM/-78°C
152 2) DCM/MeOH/rt anti  60%
[258] + [268]
OMe
| CO,Me
syn 40%

The interesting reaction of allylsilane 153, which itself contains a dimethy!

acetal, with the dimethy! acetal of dimethyl formamide gives the fulvene 154. (Egn.

269)

CH(OMe),

CH(OMe),
Me ,NCH(OMe),/A
TMS L [269]

[259]
Me,N H
154

153

BOC protected amino sugars can be allylation with allyltrimethylsilane. (Eqn.

270) In a similar situation 155 was allylated to give optically active 156. (Egn. 271)

R, R

R fo—"T N s BOCNHW
p: O i - o H
BOCNH/Q e TiCly/-78°C 6 OH

[260] \l/\/
[270]
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R%, R

“fro—T7 in a simi
Apo e also reacted in a similar manner
BOCNH

/
-
=
w
2-_
o}

I

—_—
OYO Ticl, /\)\/n [271]

CHRNHCO,CH,Ph NHCO,CH,Ph
155 156

—
N
N
-t
—
"

The intramolecular allylation of acetal 157 was accomplished to give two

diastereomers. (Eqn. 272) The intramolecular allylation of 158 in the presence of a

silyl enol ether allowed for the formation of bicyclic skeletons. (Eqn. 273) The

homolog 159 reacts in a similar manner. (Eqn. 274)

T™MS =
OMe
TMSOT{/-20°C
—_—.»
DCM [272]
R - "CH(OMe), [262] R ril
CO,Et CO,Et

157

H
TMS/\”/\CH(OMe)z oTHS 0
+ Q/ TMSOTt
—_— -
Q5

TiCl/-78°C  (
[263]

158
n=1,2

ollllll
=
o

[273]
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CH(OMe), OH
™S OTMS
+ TMSOT¢
—_—

159 (- TiCl78°C
[263] n

OMe
[274]

The reaction of allyltrimethylsilane with hemiacetals is also possible. (Eqn. 275)

Similar reactions occurred with bis(trimethylsilyl)acetylene and 3-trimethylsilyl-

acetylene.
Ho_© SN
; T™S
R BF,;0Et,/DCM/-78°C
R2 CO,Me [264]

Ribofuranosy! fluorides were shown to react with allyltrimethylsilane. (Eqn. 276)

R'OCH, R'OCH,
F
N1y . Z
4A mol. sieve [276]
RO OR BF;0Et,/DCM RO OR

[265]

The asymmetric allylation of aldehydes was accomplished by first reacting the
aldehyde with an alkoxytrimethylsilane in which the alkoxy group is optically active

and then reacting the resulting silylated hemiacetal with allyltrimethylsilane in the

presence of a Lewis acid. (Eqns. 277 and 278)
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Tr(or Boron)
TrCiO4 or H

Ph,BOTf OSiMe;
RCHO + R'OSiMe;, —————» R—< [277]
[266] OR*
Tr (or Boron)
OSiMe, N"1is )oi/\ [278]
rR— — 2 :
[266] R A

6 examples: 66-81% yield
and 56-79% de

Three interesting allylsilanes were successfully subjected to the acylation
reaction. The a-thiophenoxyallylsilane 160 was acylated with the resulting acyl vinyl
sulfide being used to prepare bicyclic furans. (Eqn. 279) The a-selenylated allylsilane
161 was also a good allylation reagent. (Eqn. 280) Finally, the optically active, but

not optically pure, dienylsilane 162 was used to allylate acetyl chloride. (Eqn. 281)

As can be seen the optical purity of the product was very low, however.

T™MS
PhS PhS \ COR
« Rcog CW/DCM [279]
-78°C
) [267] I
160
PhSe
AN . RCOCI TiCly or SnCl; PhSe \/\/COR
iMs [268] [280]
161
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NANAN~ _ Accl N
 ACHBTR M [281]
j6p TMs [269] .

ca. 4 % ee
\I/\/\/ Z x
+ + \/\l/\/
Ac o 7% ee Ac

The asymmetric allylation of a-keto amides derived from (S)-proline esters was

reported. (Eqn. 282)

ROCON + \/K
ROCON
T™MS - [282]

CO,R [270] |
CO,R'

The reaction of allylsilanes with diketene gives allylated 1,3-diketones in

moderate yields. (Eqn. 283)

N—o

T™S TiCI4 [2331

DCMIO°C
[271]

Allylsilanes were employed in the allylation of several other systems. Amines
were intramolecularly allylated through an 'in situ' generated imine intermediate as

shown in Egns. 284 and 285.
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BnHN
CF,COzH BnHN )n [284]

oo

H,O/THF

[272] n =13

NH
©jﬁ TFA/CHzo [285]
ZO/THF Ar302
TMS

The allylsilyl group in 162 was used in a biomimetic polyene cyclization. (Eqn.

286)

CO,lip,

CO,lp,

SIEt,
TFA/DCM

—_——>
-20°C [286]
OH 162 [273]

Vinylsulfides were allylated in excellent yields. (Eqn. 287)

/

R [287]

PhS R3 /\/TMS PhS
> — < Lz~
1 R2 2 TiCly/DCM R!
[274]

RZ
6 examples: 81-90%
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The sulfone substituted epoxy allyisilane 163 was subjected to an intra-

molecular allylation process. (Eqn. 288) Only one diastereomer cyclized, however.

TMS

TMS
SO,Ph SO,Ph +SO,Ph
Lewis acid . .
———.—-»
[275]
: 2
0 [288]
S0,Ph . _»S0,Ph
+ +
o o

Tertiary chlorides were allylated with allyltrimethylsilane. (Eqn. 289)

/\/TMS
w ELAICI or /\><)< [289]

TiCl,
[276]

Oun
I

Nitrones can be allylated with allyltrimethylsilane in the presence of trimethyl-

silyl triflate. (Eqn. 290) This reaction was also reported in an intramolecular sense.

(Egn. 291)
R R Y
W AL Y\/
— -
/L; TMSOTf N [290]
o Me [277] Me OH(TMS)
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/
. [291]
" T ‘."’I R \\“‘ T R
OH OH

The allylation of a-nitro sulfides with allyltrimethylsilane to give homoallylic

thio ethers was reported. (Eqn. 292)

RCHNO, /\/TMS R =
-
SPh sSnCl, Y\/ [292]

4 examples: 78-90%

The oxidative allylation of B-(methoxymethyl)styrene was reported to occur in

good yield. (Egn. 293)

TMS
Ph o AN Ph
% Me = ' » \/\l/\/ [293]
DDQ/LiCIO,
[279] OMe

The reaction of allyltrimethylsilane with iodosobenzene in the presence of aryl
hydrocarbons gives allylation of the aromatic hydrocarbon via an allylated hypervalent

iodine intermediate. (Eqn. 294)
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OBF,;
TMS BF,0Et |
[280]
Ar-H

7 examples: 75-95% Ar/\/

The allylation of para-dicyanobenzene (or ortho-dicyanobenzene) with

allyltrimethylsilane was shown to proceed without problem. (Egn. 295)

CN NS

- [295]

CN CN

Allylsilanes were involved in cycloadditions as well. The Trost reagent 164 was

used in [3+2] cycloadditions with cyclohexenones. (Eqn. 296) A full account of the
reaction of 165 with activated olefins in [3+2] cycloaddtions was reported. (Eqn. 297)

Certain criteria applied to the concertedness of this class of [3+2] cycloaddition

reaction were published. [284]
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0 (o}
co,Me CO,Me
Pd(0)
. - [296]
T™MS OAc [282]
164 other examples
T™MS T™MS,
H
Pd(0)
+ = H
TMS OR (ProjsP
165 ° [283] ©
(R = Ac, CO,Me) [297]

2-[(Dimethylamino)methyl}-3-[(trimethylsilyl)methyl-1,3-butadiene was shown
to react with enolate ions setting up an intramolecular allylation of a ketone. (Eqns.
298 and 299) A reversal of the sequence of events has the allylation of the ketone

first followed by intramolecular displacement of the leaving group. {(Eqns. 300 and 301)

oMt
T™S \ / (Ph3)sPd o}
+ — 298
ME3N+ / \ THF [ ]
-

TMS
OH
(o)
I)\iek TBAF/THF ;té [299]
[285]
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R1
T™S 1) TBAF
Me.N + R1nzco W 2[300]
e,
[286] Me2N OH
R! »
RZ 1) BrCN/DCM )
Me,N OH m’*——> i R [301]

[285]

Reaction of 1,3-cyclohexane diones with allylsilanes gives the bicyclic

substituted dihydrofurans. (Eqn. 302)

(o}
o]
YTMS ™S
R2 R1
» 2[302]
HO R2 [286] Rt o R
R2

Nitrones react with allylsilanes to give [3+2] cycloaddition products with

retention of the trimethyisilyl group. (Eqn. 303)

- "‘ Ph
\=N+ >
N 287 + [303]
[287) Me TMSCH

(o) 2 (o)
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A B-chloroallylsilane was subjected to radical cyclization. The major product

was that of straight reduction of the chloride with very little cyclization. (Egn. 304)

R R
R
/ ~Cl BuszSnH
—_—
Me,Si // AIBN Me,Si + MeySi
80°C/2h
7%

[288] R=H 0%
R=Me 0% a0, [304]
"
+ MGZSi
R=H 83% \—\
R=Me 61% N

Singlet oxygen and phenyltriazolinedione were both reacted with (Z) allylsilane

166. (Eqns. 305 and 306) The (E) isomer of 166 reacted in the same way.

™S ™S - IMS
HOO
102 .
[289) ~ [305]
HOO
™S ™S ™S
166 65% a5%
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™S
T™MS
o o Z ~TMS
PTAD N + N [306]
NH TMS H TMS
T™S ¢} o}
166 82 % 18 %

Allyltrimethylsilane itself was reacted with singlet oxygen and the results

compared to those for the reaction of singlet oxygen with tert-buty! ethylene. (Eqn.

307)
R "0, R A~_-O0H R [307]
— [290] * =" ooH
R = Me;SiCH, 22% 78%
R = 'BuCH, >99% <1%

Deprotonation-alkylation of various allylsilanes showed a greater tendency for

y-alkylation than for a-alkylation. (Eqn. 308)

SIR
SR 1) LDA/KO'BU__ /\r . Re_\_SIRs

2) RX R
[291] [308]

R,Si = SiMe,0'Pr, SiMe,NEt,, SiMe,N('Pr),

Lithium-silicon exchange of 167 followed by alkylation gave the 2,2-dialkyl

sulfolenes. (Eqn. 309)
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&TMS 1) BuLi/THF/HMPA —\ _R

s -105°C - [309]
0, 2) RI g

167 [292] 2

C. Other Studies

The mass spectra of 168 was reported.

SiMe,
168

X. PROPARGYLSILANES

Only reactions and no preparations of propargylsilanes were reported. The
reaction of propargylsilanes with boron fluoride etherate acetic acid complex gives
allenes via a protodesilylation. (Egn. 310) Cyclization is also possible if an hydroxy!
group is present. (Egn. 311) The presence of a trimethylsiloxy group leads to a

vinylsilane. (Eqn. 312)

- BF;0Et, 2HOAc R
RC=CCH,TMS —— ——»
2 DCM \$ [310]
[294] 10 examples: 53-97%

™S == BFJOFt, 2HOAc_ \=.=\/\ [311]
DCM
7/___\—0H 54%

[294]
T™S
o
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TMS
BF;0Et, 2HOAc

. T —

82%

Propargylsilanes were shown to react with hemiacetals to give allenylation. (Eqn.

313)
HO O
X s - 0 '3
R BF,0E1,/DCM/-78°C R! [313]
R? CO Me [264) R? CO,Me

2 examples: 62 and 86%

An intramolecular version of this same general reaction was accomplished with
169 to give bicyclic systems. (Eqn. 314) A similar cyclization was accomplished with

acyclic propargyisilanes of the general structure 170. (Egn. 315)

™S 0
TFA or HCOOH >/
— 314
[295] Bn,/N [314]
o) rla OEt
Bn

169 12 examples: 53-100%



L y COMe
TMS/_Y YOAC
170 COZBU
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Et,AICI or.
BF,0Et, )n
[315]
(2981 Buo,c” Ny
|
CO,Me

Intramolecular allenylations with the reaction of propargylsilanes on enones was

reported. (Eqn. 316)

the B-position of the enone or not at all. (Egns.

T™S

Et,AICI or
TiCl,/DCM

[297]

T|C|4/DCM
TMS [297]
o) R T™S
— various

Lewis acids

[297]

References p. 179

Dienone versions of these same systems reacted preferentially at

317 and 318)

[316]

R
N
o
[317]

major product

No Reaction [318]
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The intramolecular reaction of the propargylsilyl group and an amine with

formaldehyde leads to cyclizations. (Eqn. 319)

-
TMS_ == _NHR JFACHO_ ;:C\ "1 rare)
NN H,0/THF N
n \R

[298]
16-92%

Xl. BENZYLSILANES

A. Preparation

The reaction of 1,3,5-tris(dichloromethyl)benzene with a mixture of magnesium
and trimethylchlorosilane in tetrahydrofuran results in a good yield of 1,3,5-
tris[bis(trimethylsilyl)methyl)benzene. (Eqn. 320) It was used to prepare a stable

thiosulfinyl system.

CI,CH CHCI,

wgrrmsc: (TMS)CH CH(TMS),
— [320]
[299]
CHCI, CH(TMS),

The deprotonation-trimethylsilylation of various benzothiazoles was reported.
(Egn. 321) These materials were used to study the stereoselectivity of the reaction

with aldehydes. (Eqn. 322)

S R TMSCI S R 321
S e ) (3211
N Li [300] N T™S
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S, R

PhCHO
322
/> < TiCl, or Oi [ 1
N TMS  gf,0Et,

[300]

poor selectivity: other examples

The lithium reagent from benzyl phenyl sulfide was reacted with dimethyl-

dichlorosilane to give 171 (Eqgn. 323), which in turn was reacted with lithium

dispersion and then trimethylmetal chlorides (or dimethylmetal dichlorides) to give

172 or 173 (Egns. 324 and 325).

>—SsPh
Ph SPh Me,SiCl, SF
. e N
Li SPh
Ph
171
Ph Ph
SPh o y—MMe,
Me,Si DG e [324]
SPh 2) Me;MCl > MMe
PH [301] PH ?
171 172
Ph Ph
SPh
_ Me,MC!,
Me25| —_— M825| MMez [3 2 5]
SPh 3011 Y
PH Ph
171 M = Si, Ge, Sn) {73
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Benzyl alcohol was reacted with methyllithium and then hexamethyldisilane to

give benzyltrimethylsilane. (Eqn. 326) Phenethyl alcohol gives the same reaction.

CH,OH CH,TMS

1) MeLi/Et,0

—_—

2) Me,SiSiMe,
[232]

[326]

30%

The functionalized benzylsilane 174 was reacted with toluene to give

electrophilic aromatic substitution and benzylsilane 175. (Eqn. 327) The benzylisilane

174 also reacts with olefins. (Eqn. 328)

/&MS ™S
ST e S
SnCl, Me
toluene [327]
[302]
Ci c 175
174
TMS
ST e
SnCl R
AL S \=\{TMS [328]
olefin
Cl

174 moderate vyields
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B. Reactions
Benzyltrimethylsilane was reacted with iodine bromide in carbon tetrachloride
to give para-bromination, but in acetonitrile to give benzyl bromide. (Eqns. 329 and

330)
CH,TMS CH,TMS

2 IBr
+ HBr + 1, [329]
cCl,/0°C

[303}
Br

CH,TMS CH,Br

CH4CN/0°C
[303]

Benzyltrimethylsilane was shown to oxidatively couple with aryl hydrocarbons in

the presence of a transition metal catalyst. (Eqn. 331)

CH,TMS

catalyst
+ ArH — [331]
[304) ar”” Ph

(catalyst = MoCls, AICl;, WClg)

Aryl nitriles reacted photolytically with benzylsilanes to give displacement of a

nitrile group and introduction of the benzyl group in the ortho position. (Eqn. 332)
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108

)C: CN CN
XYy ArcH,TMS XN )\\\ X )\\\
| —2 = + | [332]
= = hv/CH;CN P P P =z
NaOMe
CN [305]
Ar Ar

Benzylsilane 176 was reacted with tetra-n-butylammonium fluoride (TBAF) to

give o-quinodimethane 177. (Eqn. 333)

TMS
+ a
NMe, TBAF
__>[306] [333]

176 177

The intramolecular cyclization of benzylsilanes with iminium salts continued to
be an excellent entry into alkaloid systems. Some of the examples are given in Eqgns.
334 and 335. The scope, limitation and mechanistic aspects of this highly useful

reaction have been discussed. [309]

MeO.
clI MeO
C
2 TBAF M
T_» MeO N OMe
OMe[ 71
OMe

[334]

TMS
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CH,R
()
[308) [335]
+
N
(R = H, TMS) CH,R

C. Other Studies

A quantum chemical study of the influence of benzyl systems on the stability of
their para cations was carried out. [310] An x-ray crystal structure of 1,1-bis-
(triisopropylsilyl)cyclopropabenzene was reported. [311] The two triisopropylsilyt
groups are related by C2 symmetry. The C=C of the cyclopropene portion is stretched
due to the steric influence of the triisopropylsilyl groups. The rates of hydrogen

abstraction from benzylsilanes was investigated. It was concluded that the

trimethylsilyl group has only a small directing effect towards its a-position. [312]

XIl. «~-FUNCTIONAL ORGANOSILANES

A. Preparation

Chloromethyltrimethylsilane was reacted with the potassium salt of 178 to

give the a-amidosilane 179. (Eqn. 336)

S S
1) KO'Bu/DMF
2) TMSCHGT [336]
:: o [313) 'i‘ 0
178 CH,TMS
179

References p. 179
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Deprotonation-trimethylsilylation of 180 leads to a-sulfonylsilane 181. (Eqn.
337) Treatment of 182 with 3 equivalents of butyllithium followed by trimethyl-
silylation of the anion gives cyclopropane 183. (Eqn. 338) Double deprotonation-

trimethylsilylation of benzylimine 184 gives 185. (Eqn. 339)

CsHyq SO,Ar CsHy4 SO,Ar
_>=< 1) LDA/THF _\>__< (337]
——_—>
2) TMSCI

PhSe H [314] PhSe ™S
180 181
PhS
. PhS
Conwpn M 3Bull A [338]
2) TMSCI Sy
PhS ) 1o ™S CONHPh
182 183 71%
TMS
Me N/_Ph 1) Buli ™S >“—Ph
— D Buti _
D= 2) LDA }N [339]
Ph Ph
184 3) TMsCI
[316] 185

It was found that it is possible to 'in situ' trimethyisilylate carbenocids as they
are formed. Thus treatment of benzyl chloride with lithium diisopropyl amide in the
presence of trimethylchlorosilane gives the o-chlorobenzyltrimethylsilane in good
yield. (Eqn. 340) Benzyl bromide and allyl bromide were similarly reacted. (Egns. 341

and 342)



CH,CI

CH,Br

P a e

Cl TMS
LDA/THF/Hexane
-100 to -20°C
TMSCI f
(317} 84%
Br TMS
LDA/THF/Hexane
-100 to -20°C
TMSCI
[317] 72%
LDA/THF/Hexane Br
-100 to -20°C /\r
TMSCI TMS
[317} 75%

111

[340]

[341]

[342]

o-Hydroxylalkylsilanes were prepared by a reverse Brook rearrangement.

Treatment of an aldehyde with tributyltinlithium and then trimethylsilyl nitrile gives

the a-trimethylsiloxy tin compound, which when subjected to reaction with

butyllithium leads to a-hydroxyalkylsilanes. (Eqn. 343)

, OTMS OH
RCHO 1) BusSnlLi )\ 3 BuLi/-78°C )\
2) TMSCN
[318] R SnBu, R

(ketones, Et,Si and tBuMeZSi also employed)

References p. 179
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It was reported that diazomethane reacts with trimethylsilyl iodide (or ftriflate)
to give the product of insertion. (Eqn. 344) Trimethylsilyl bromide will react as well,

but only in the presence of zinc bromide. (Egn. 345)
Et,0

—_——————
-78 to -10°C
[319] (X =1, 03SCF,)

ZnBr,/Et,0
TMSBr + CH,N, —Tou-é———> TMSCH,Br [345]

[319]

The reaction of the a-functional silane 186 with sulfuryl chloride (Eqn. 346) or
bromine (Eqn. 347) gives the corresponding a-halosilanes. These were reacted with
B-ketosilanes to give B-silyl-B-methoxyketones. (Eqn. 348) These could be converted

to the B-silyl-a,B-unsaturated ketones. (Eqn. 349)

Me0>(TMS S0,Cl, MeO TMS

— [346]
h

H [320] Cl

186

MeO

MeO._ _TMS
>< Br,/CCl,
——

PhS H [320]
186

MeO T™MS 0 mBr:
348
Y " R)J\/TMS [320] /U\)\ f248]

Br

[347]
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o) OMe 0

RMTMS oo FI/U\/\TMS

[349]
[320]

Heating of chloromethyltriethoxysilane in the presence of di-tert-butyl peroxide

gives bis(triethoxysilyl)chloromethane. (Eqn. 350)

'8u00'Bu/A
———».
[321]

CICH,SI(OEt),

CICH[SI(OEt),], [350]

B. Reactions

Chloromethyl and other chloroalkylsilanes containing an unsaturation were amino-

mercurated to give addition of the amine to the double bond and in some cases

cyclization. (Eqns. 351-354)

Me,SI

Me,Si |

Ec

References p. 179

1) PhNH,
Hg(OAc),

2) NaBH4/NaOH>
[322]

1) PhNH,
Hg(OAc),

2) NaBH,/NaOH

[322]

1) PhNH,
Hg(OAc),

2) NaBH,;/NaOH
[322]

MeZSI/:;Ph

/—NPh
Me,SI
Me

Me,Si Cl

NHPh

[351]

[352]

[353]
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1) PhNH,
Hg(OAc),

Me,Si i 2) NaBH/NaOH  MejSI NPh
[322)

\ Me

{354]

Reaction of alkyl halides or tosylates with N-trimethylsilylmethyl imine 187

gives the simple, less stable imine 188. (Eqn. 355) This was cycloadded to electron

deficient olefins.

. RX or ROTs CH
TMS/\N/\Ph ———»{323] 2§T/\Ph [355]
187 R
188

Thioaryloxymethylsilanes were shown to react with alcohols under Ni(Hl)
mediated electrolysis to give alkoxylation of the Si-C bond. Representative examples

are given in Eqns. 356 and 357. Direct conversion to the acstal is also possible. (Eqn.

358)
Ni(lI)/NE(H)
ArSCH,TMS + ROH —————=  ArSCH,OR [356]
solution
-2 e at anode
[324]
™™ sPh +>_=\‘ LU /\)\
oH [325] Phs/\o P
[357]
(7 examples: 25-66%)
C.H SPh .2e [\
gtz 2e d b [358]
+ {326]
HO OH

TMS
CgHy7
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a-Thiomethylsilanes were reacted with N-chlorosuccinimide to give either a-
chlorosilanes, or chloromethylsulfides. (Eqns. 359 and 360) A similar reaction occurs
with N-bromosuccinimide. (Eqn. 361) Treatment of the sulfoxide versions of the
thiomethylsilanes with trifluoroacetic anhydride results in loss of the trimethylsilyl

group. (Eqn. 362)

RS TMS
NCS/CCI
RS _Tms _ NOSIOCL h [359]
[327] cl

6 examples: 77-98%

NCS/CCI,/TFA [360]
RS___TMS e RS.__Cl

NBS/CCI,/TFA
RS __TMS RS _-Br [361]
[327]
5 examples: 43-74%

0 )
CIC.H g g _CHCOK0 I
[362]

a-Chlorobenzylsilanes were shown to react with olefins under the influence of
tin(lV) chioride. A rearrangement of the initially formed carbocation to one that is

beta to silicon is argued and is consistent with the ultimate product. (Eqn. 363)

R R? SnCI,/DCM R} R?
>=< + ArSCHCITMS —-——4—> [363]
[328] \
R

SAr
(Ar = p-CICgH,)

References p. 179
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Diethylaminomethyltrimethyisilane was photochemically added to enones io give
B-diethylaminomethyl (or y-diethylamino) ketones. (Eqn. 364) It is also possible that

the reaction occurs via cleavage of a C-H bond rather than the C-Si bond.

hv

+ Et,NCH,TMS
[329]

[364]
NEt,

(R=H TmMs) R

The reaction of several o-functional silanes with fluoride ion in the presence of a
suitable electrophile continued its wide acceptance as convenient methodology for a
number of transformations. a-Trimethylsilylphosphonic acid esters were treated with
fluoride ion in the presence of aldehydes and ketones to give Wittig-type products. (Eqn.
365) A variety of N-trimethylsilylmethylazinones were reacted with aldehydes and

ketones in the presence of fluoride ion. (Eqn. 366)

™S Ph F Ph_ _~
_— \/\
PhCHO Ph [365]
P(O)(OMe), (330}

5 examples: 35-67%

=N
F

TMSCH—N ) — >|/— [366]
[330]

o
4 other azinone systems looked at 14 examples: 11-92%
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N-Trimethyisilylmethyl-2-pyridone was reacted with aldehydes with fluoride ion

mediation. (Eqn. 367) The reaction with acid chlorides does not require a catalyst. (Eqn.

368)

N x
| TBAF
RCHO N Xg [(367]
T\ 0 [332] L\T/R
TMS OH

3 examples: 54-78%

A A
| RCOCI (368]
N o) [332] N (o]
k R
™S
o

3 examples: 58-75%

a-Halosilanes were reacted with fluoride ion in the presence of aldehydes to give
epoxides as the final product. (Eqn. 369) Cyclopropanes are formed with enones. (Eqn.
370) In the absence of an electrophile the products of carbene intermediates are

observed. (Eqn. 371)

TMSCH,X + RCHO [::’3;;» R/<j [369]

References p. 179



TMS._ _R' 0 CsF )
\r . \)J\ —_— R [370)
X AN pe  [333] R
o]
T™MS Ph CsF Ph
Y ™ \/\Ph [371]
Br

Reaction of 189 with fluoride ion and aldehydes or ketones gives addition

followed by cyclization. (Eqrs. 372 and 373)

™S _S._-C + R'R%cO ﬁ"" 2‘ ) [372]
3

189 [334]

8 examples: 35-86%

o TN
. 73
TMS CI ‘ CHacN [373]
189 [334]

76%

a,a-Dichlorobenzyltrimethylsilane was shown to be a source of phenyichioro-

carbene when treated with fluoride ion. (Eqns. 374 -376)

KE Ph Cl
PhCCI,TMS Toos >__4:— (374]

[335] Ci Ph
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. Ph
PhCCI,TMS  Sriolefin [375]
18-C-6
[335] ¢l
3 examples: 45-97%
KF
PhCCI,TMS + Et,;SIH —ocg Et,SICHCIPh [376]
[335] 44%

Examples of the use of silicon precursors to 'in situ’ generated azomethine ylides
were reported. Evidence was provided for the ambivalent behavior of such generated

azomethine ylides via deuteration experiments. [336] Trisubstituted pyrroles were
prepared from 190, fluoride ion and an electron deficient olefin. (Eqn. 377) Triftuoro-

acetic acid can be used instead of fluoride ion. This provides the opposite regio-

chemistry in the reaction. (Eqn. 378)

mscnz\N
"“JYO
N 3771
190 O
TMSCH
2\l|‘l
o CO.Me
Ph o
O
TFA [378]

References p. 179
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Transient indolium ylides were prepared from 191 and fluoride ion. (Eqn. 379)

Reaction of 192 with cesium fluoride gives 193, which is considered the unstable

intermediate in the Sommelet-Hauser rearrangement of ammonium ylides. (Eqgn. 380)

MeOzc COzMe
CO,Me
N+ 379
oT [338] [379]
191 TMS CO,Me
CsF Me
s
N
[339] [380]
N + l- \
/N
Me CH,TMS 193
192

Thiocarbony! ylides were generated from trimethylsilylmethyl triflate and thio

ketones. (Eqns. 381 and 382) They were also thermally produced from 194. (Eqns. 383

and 384)
S Ar
+
/u\ + TMSCH,OTf — >==S [381]
Ar Ar [340] \ L

Ar
Ar S
S Ar
V=8 . /[]\ —— Ai > [382]
\ . r
A S
Ar
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TMS S TMS b
~ a S TMS
—_— = O
Y 3] Hzc/ X [383]
Br
194
R R
+ R
e S ™S N=— . [384]
2

S T™S S ™S

Halomethylsilanes containing an Si-H bond undergo rearrangement when treated

with palladium on alumina. (Eqn. 385)

o 4la Pd/Al1,0, 1.2
XCH,SiHR R - MeSiXR R [385]
DCM or pentane

[342]

3-Tert-butyldimethylsilylpropargy! alcohols undergo a Brook rearrangement to

form a siloxyalleny! lithium reagent. This lithium reagent was reacted with several

electrophiles. (Eqn. 386)

OH » Bui TBSO U
| — 4 ukl [386]
[343]

Trimethylsilylmethyl sulfonyl chloride 195 gives 196 upon treatment with
triethylamine. (Eqn. 387) This interesting material gives trans-1,2-bis(trimethylsilyl)-
thiirane upon photolysis. (Eqn. 388) The reduction of 197 also gives the disilyl

thiirane. (Eqn. 389)
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(H) EtsN ?02 (387]
S N l 7
TMSCHy”  Cl [344] s S
195 196
™S, s
SO
| QLU A . \—_—\ [388]
™S [3441  1ms “TMS ™S
196
™S ™S S
NaBH
)f-*( —_—— A, [389]
[344] T™S “TMS
NCS SCN
197

C. o-METALATED ORGANOSILANES
Trimetnyisifyimetnyl anion was generated in the gas phase and its proton affinity
was determined to be -390.9 (+/- 1.5) kcal/mol. This and other data indicate an
a-silyl stabilization of a carbanion of about 20 kcal/mo!. [349]
Trimethylsilyimethylmagnesium chloride was coupled with enol phosphonate

198 under the influence of Ni(acac)2 to provide allylsilane 199, which was used in

the synthesis of racemic heptelidic acid. (Eqns. 390 and 391)

(E10),P(0)0 TMS
codtte TMSCH,MgC| CO,Me
e oTBS Mg OTBS
) oTBs Ni(acac), THF =
[350] H oTBS

198 199 [390]
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TMS
CO,Me
X~ C0:Me 3} Fell A O )/lK/ 2 OAc
————-—-—»
— oT8s 2) TFA =
H OTBS [350) H OAc
[391]

Deprrananian: ainasdyiiilyaniun, o 208 qirs e Zruimardysily) arpreatio,
which when subjected to double deprotonation gives the silyimethyllithium reagent,

undoubtedly due io activation by the neighboring carbamate group. (Eqns. 392 and 393)

HCO,'Bu ™S HCO,'Bu
1) 2 *BulLi
—— - [392]
2) TMsCI
[351]
CF,

CF;
200 P

h
t / OH t
T™S HCO, Bu Me,Si HCO, Bu
1) 2 'BulLi 39
e
2) PhCHO [393]
[351]
CF, CF,

Trimethylsilylmethylbuty! tellurium was subjected to metal-metal exchange to

give trimethylsilylmethyllithium. (Eqn. 394)
OH

1) BuLi
TMSCH,TeB —_—
2785 %) PheHo Ph/K/TMS [394]
[352)
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Alkylidene and allylidene cyclopropanes were prepared from a-thiophenoxytri-

methylsilylcylopropanes. (Eqns. 395 and 396)

R! 1) LDMAN R!
TMS -45°C/THF
2) R’cHO
3) KO'Bu/a R?
[353] 22 examples: 62-99%

— [395]

R2 SPh

1) LDMAN
T™MS -45°C/THF

————» —
SPh  2) =<

.. CHO
3) KO'Bu/a 86%
[353]
LDMAN = lithium dimethylaminonaphthalenide

[396]

The reaction of 201 with tris(trimethylsilyl)methyl chloride results in the
formation of tris(trimethylsilyl) methylmagnesium chloride. (Eqn. 397) The reaction of
201 with a-chlorobenzyltrimethylsilane gives a-trimethylsilylbenzylmagnesium

chloride. (Egn. 398)

L,Mg

(TMS);CClI

THF/20°C
[354]

(TMS),CMgCl [397]

201
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L,Mg TMS_ _MgCI

PhCHCITMS, [398]

THF/20°C
[354]
201

The reaction of trimethylsilyimethylmagnesium chloride with nitrobenzenes
gives the ortho-trimethylsilylmethyl derivative. (Eqn. 399) This methodology was the

key part of a synthesis of N-methyl indoles. (Eqns. 400 and 401)

TMSCHzMgCI
THF [399]
[355]
NO, NMeCOR

1) LAH/Pd-C
2) NH,Clgq ™S
™ —
3) RCOC!I [400]
4) NaH then Mel
[355] X

NO,

X
NMeCOR
TMS | pA/THF/-20°C
20 min
[355] [401]
X

References p. 179
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The reaction of (phenyldimethylsilyl)chloromethyllithium with trialkylalanes (or
diisobutylchloroalane) results in a migration of an alkyl group from aluminum to

silicon with loss of the chlorine atom from silicon. (Eqn. 402)

TMEDA/THF

'BuAl + PhMe,SICHCI
[356]

PhMe,SICH,'Bu  [402]
Li
Allylsilanes were deprotonated and then reacted with selenocyanogen to give the
v-cyanoselenide. (Egn. 403) In a like manner tert-butyldimethylisilyimethyi phenyi

sulfone and tert-butyldimethylsilylmethyldimethylphosphonate were deprotonated and

cyanoselenated. (Eqns. 404 and 405)

1) Buli

ANMS o NOS LA™ 1403
3) (SeCN),
[357]
Li SeCN

1) CuCN [404]

PhSO; TBS 2 (SeCN), PhSO; TBS
[357]
LI 1) CucN JecN
)\ 2) (SeCN) [403]

(MeO),P(O) TBS 2 (MeO),P(0) TBS

[357]

The lithium reagent of bis(thiophenoxy)methyltrimethylsilane was reacted with
enones to give a-thiophenoxytrimethylsilylcyclopropanes upon treatment of the

intermediate lithium enolate with copper(l) triflate. (Eqns. 406 and 407)
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Li

TMS

(PhS),C—LI ———» [406]
[358] T™MS

SPh
SPh

(o]
__cuwott TMS
BT [407]
SPh
76%

other examples:44-76%
In a similar procedure lithium reagent 202 was reacted with enones and the
intermediate enolate ion alkylated. (Eqn. 408) The a-functionalized organosilyl group

could be converted to an acyisilane (Eqn. 409) or desilylated (Eqn. 410). This

methodology formed part of a synthesis of sarkomycin.

0
Ph?
1) HMPA/THF
MeO—C—Li
( * | 2) RX [408]
n TMS [359]
202

PhS
5 examples: 48-98%

NalO,
[409]
[359]

5 examples: 67-91%
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TBAF
[359]

[410]

PhS
5 examples: 77-95%

Trimethylsilylmethanol was deprotonated and reacted with carbon dioxide,
deprotonation of this product gives the a-lithiosilane. (Eqn. 411) This was reacted
with acid chlorides (Eqn. 412), amides (Eqn. 413), nitriles (Eqn. 414), and esters (Eqn.

415) to give hydroxymethylation in all cases.

. ™S o
B
TMSCH,OH HButl ot 411]
2 2) €O, [
3) *BulLi/-25°C L0
0
T™S o
OLi
O mweee o ow a2
| < [360] Ph
23%

Ph
60%

TMS\(O OLI  PheN /ﬁ\/
—_—— 414
T360] OH [ ]

Li=O Ph

TMS\(OYOU PhCONMe, /ﬁ\/
—_— OH 413
Li=O [360] sl

65%
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T™MS._O\__OL  Rco,Et ?
\( 7/ aeal )]\/OH [415]
Li=0 [360] R

3 examples: 42-68%

The lithium reagent of trimethylsilyldiazomethane was reacted with thio
benzophenone to give vinylsilanes. (Eqn. 416) On the other hand it reacted with di-tert-

butylthio ketone to give the cycloadduct. (Eqn. 417)

Ph
S ™S N, Et,0
)I\ + Y — — [416]
Ph Ph Li [361] Ph ™S
Ph———Ph is obtained in THF solvent
tBu
/lk . —_— /N e
'Bu 'Bu Li [361] ™S N?
82%

The lithium reagents of a-silyl esters continued to be useful, especially in
synthetic endeavors. It was found that phosphonate esters could be treated with two
equivalents of lithium diisopropylamide (LDA) and then a single equivalent of a
trialkyichlorosilane to give the w-silyl lithium reagent directly in a single step. (Eqn.
418) The lithium reagents, thusly generated, were protonated and alkylated and
reacted with acetaldehyde. (Eqns. 419 and 420) It was further found that treatment of
the phosphonate ester with 3 equivalents of LDA and then 2 equivalents of

trimethylchlorosilane results in the a,a-bis(trimethylsilyl)lithium reagent. (Eqn. 421)

RZ
(R'0),P(O)CH,R? ZR;’:' (R'O)zp(O)—c::—SIR3 [418]
[362] L

R3Si = 'PrySi, 'BuMe,Si, PhMe,Si, Et;Si, 'BuPh,Si, PhySi

References p. 179
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RZ R2
| Mel or H,0 ) | [419]
(R'0),P(0)—C—SIR, (R'0),P(0)—C—SIR,
I [362] |
Li Me (or H)
R2
I CH,CHO (Meo)zp(o) [4 20 ]
(R'0),P(0)—C—SIR; ——> \=—\
I [362]
Li ' CH,
TMS
3 LDA
(RO)P(OCH;  ——— o, (RO)zP(O)—(lt—TMS [421]
[362] Li

The reaction of ethyl bromo(trimethylsilyl)acetate with zinc/silver couple in the

presence of an aldehyde or ketone gives Reformatsky products. (Eqn. 422)

Br CO,Et

T™MS

Zn/Ag-graphite

R CO,Et
» —
R'R2CO/THF/-78°C > {

[422]
R? H
4 examples: 79-89%

[363]

Ethyl [(trimethylgermyl)trimethylsilylJacetate was lithiated and reacted with

aldehydes to give the B-trimethylgermyl-a,B-unsaturated esters as a result of loss of

the trimethyisilyl group rather than the trimethylgermyl group. (Eqn. 423)

Treatment

of the parent ester with fluoride ion results in protodesilylation. (424)

o
Me;Ge

T™MS
Li

OEt

R GeMe,
— [423]

CO,Et

RCHO
[364]
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| l
MegGeS/L\ ¥ The tie
OEt —_— > OEt [424]
™S | 1354]
H

The reaction of ethy! lithio(trimethyisilyl)propionate with ketone 203 was used

in @r RRvET W yeiiane (e 25

\“/D Me OLi /
>——§"‘ — 425
(o) 2 * [365] EO,C 3 | = [ ]

Ethyl lithio(trimethylsilyl)acetate was used as a key step in the preparation of

vallesiachotamine. (Eqns. 426 and 427)

N N N N
H 1) TMSCH(LI)CO.Et H [426]
2) HBr
nicotinate [366]
MeOQ,C MeO,C
T™MS CO,Et
H
48%
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N N N
H 1) 2 LDA H [427]
2) CH;CHO
[366]
Me0,C MeO,C
T™MS ) CO,Et # TCO,Et
Me

D. Other Studies

The x-ray crystal structure of 204 showed it to be a strongly perturbed trigonal

bipyramidal structure. [345] The crystal structure of 205 was reported. It shows

strong interaction of the lithium atoms with the oxygens of the sulfone group. [346]
The trimethylsilylbis(thiomethoxy)methyl group of 206 directed the mode of

alkylation to provide the cis product contrary to all other groups looked at in this

reaction. [347] The effect of fluorination on the Si-C bond length was investigated.

{348]
'““.uunl“g
LL:““"‘L 5:
N/\ /I s, ’,::.:"
I\—Me S"A’O
0 Me “CH(TMS),
204 205
MeS
SMe
™
S R
LiO

206



133

Xiil. B-~FUNCTIONAL ORGANOSILANES

A. Preparation

a-Silylisoxazoles were prepared by reaction of the lithio isoxazole with a

chlorosilane. (Eqn. 428)

O0—N —N
\ 1) Buli \

— 428

CHy N R 2) 'BuR,SiCI N r [428]
z [367] 'BuR,SI 2

Deprotonation-trimethylsilylation of cyclopropanone hydrazones gives the

a-trimethyisilyl cyclopropanone hydrazones. (Eqn. 429) Double deprotonation-

trimethylsilylation of cyclopropanone hydrazones gives the a,a-bis(trimethylsilyl)

cyclopropanone hydrazones. (Eqn. 430)

1) LDA _N 4291
_—
n-N 2) TMSCI N [

A [368]

™S
1) 2 LDA _N
430
N’N 2) 2 TMSCI N [ ]
!l [368] ™S
TMS 89%

The reaction of thiophenoxytrimethylsilane with ketene gives the a-trimethyl-

silyl thioacetate. (Eqn. 431)
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0
toluene
TMSSPh —— TMS\)I\ 431
SPh + CH==0 -20°C spn [431]
[369] 73%

The reaction of trimethylsilyldiazomethane with aldehydes in the presence of
magnesium bromide leads to trimethylsilyimethyl ketones in an interesting reaction
since it is known that Lewis acids bring about the rearrangement of a-silyl ketones to

their enol silyl ethers. (Eqn. 432) Protodesilylation gives the corresponding methyl

ketone. (Eqn. 433)

RCHO + TMSCHN 1) MgBra i
_—.—__>
¥ c 2 Et,0/0°C R/”\/TMS [432]
2) H,0
[370] 2 examples: 57 + 63%
1) MgBr, 0
RCHO + TMSCHN, ——— = /U\ [433]
t, /o+c R CH,
2) H;0
[370] 8 examples: 43-89%

Peracid oxidation of silyl ketone 207 gives the silyl-directed Bayer-Villiger
reaction and B-carboxysilane 208. (Eqn. 434) Treatment of 208 with base and then

boron fluoride etherate gives the unsaturated acid 209. (Eqn. 435)
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MCPBA/DCM [434]
_————————
[371]
1) KOMMeOH /\X/\ (435]
[371] 200

B.B-Dibromotrimethylsilylcyclopropanes were reduced to the monobromo

derivatives with diethyl phosphite. (Eqn. 436)

_HP(O)(OEY, Br (436]
TEN < h

[372] T™S

B. Reactions

B-Mercaptoethyltrimethylsilane was reacted with carboxylic acids to give B-tri-
methylsilyl thio esters. These were treated with fluoride ion in the presence of an
alkylating agent to give the the alkylated thio ester. (Eqns. 437 and 438) pB-Trimethyl-

silylethyl sulfides when treated with dimethyldisulfide and boron fluoride etherate

give alky!l methyl disulfides. (Eqn. 439)
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o]
T™MS. __~ RCO,H/DCM ™S /‘]\
——
SH  “peciomar N~ R [437]
[373] 85-92%

(o)
TBAF/mol 3|eves/THF
438])
s~ . )k (
\/\S R ‘PrBr

[373]
Me,S," BF,
TMS_ _~ °232 774 . RSSR + RSSMe [439]
SR Mezsz
[373] 4% 92%

B-Mercaptoethyltrimethylsilane was reacted with bromochloromethane and then
triphenylphosphine to give the phosphonium salt, which was employed in Wittig
reactions with aldehydes and ketones. (Eqns. 440 and 441) Oxidation of the product of
the Wittig reaction provides a mixture of the sulfoxide and the sulfone. (Eqn. 442)
Treatment of the sulfone with fluoride ion in the presence of methyl iodide gives the

methyl sulfone. (Egn. 443)

1) BrCH,CI/KOH
TMS\/\SH PhCH,Et;N*Br’ TMS\/\S
2) PhsP
[374]

L O
PPhs [440]

Cl'  Base/THF TMS\/\
TMS +
\/\s/\':,':,h3 /\‘{'J [441]

R'R%cO

74
(3741 6 examples: 59-100%
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N [442]

13741 B2

+
TMS\/\ R
P

& \o 3

™S R'  TBAF/Mel  CH3 R’
\/\//s\\/\{" —_— //s\\/\{" [443]

o (o] R2 [374] o (0] R2

6 examples: 54-83%

Trimethylsilylethyl phenyl sulfone can be alkylated once (Eqn. 444) or twice (Eqn.
448 Taese maEcdls dE gecasde [ maad- ac disqastiued qigtias whaa tgawd
with fluoride ion. (Eqns. 446 and 447) Deprotonation and then reaction with an
aldehyde or ketone gives B-sulfonyl alcohols. (Eqn. 448) These when mesylated and
reduced give allylsilanes in excellent yields. (Eqn. 449) Cyclopropanes are possible
when the anion is treated with epoxides and the resulting y-hydroxy sulfone suitably
reafissh. Sih. AR et 6 S wins Wil Bsbiies Sliuwed B sdinding o S
rechuchon pives y-xeoshanes. Jtpn. 3B Tmoimnahon Oy 2 Yhmeinhsind-einy) suhone
and then treatment with fluoride ion gives «-alkyl vinylsulfones. (Eqn. 452) The «-
chlorosulfone itself can be deprotonated and reacted with aldehydes or ketones

followed by fluoride ion to give a-sulfonyl allyl alcohols. (Eqn. 453)

R1
™S BulLi TMS\)\ 444
\/\s 0,Ph —_— S0,Ph {444}
[375]

6 examples: 89-97%
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R1

TMS\\//L\

SO,Ph

R

TMS\)\

SO,Ph

R1

R2
TMS\><

SO,Ph

™S
~"g0,Ph

SO,Ph
TMS/I
R1

HO R2

,R1 )
BuLi R [445]
TMS
RX SO,Ph
[375]
3 examples: 90-91%
TBAF R
—_— Ne— [446]
[375]
3 examples: 84-92%
1
TBAF R
—_— >= [447]
[375] R2
3 examples: 76-83%
SO,Ph
1) Buli
——
2) RIR’CO /I [448]
[375]
4 examples: 92-95%
2) Na/Hg
Na,HPO, .
[375] 4 examples: 85-95%
) epoxn e [450]
3) H,0
4) MsCl
5) BuLi 7 examples: 45-75%
[375]
1) Buli
2) RCHO

3) CrO5/H,S0,
4) Na/Hg/Na;HPO,
[375]

™S R
\/\"/ [451]
o)

4 examples: 70-92%



139
R

R 1) BulLi
TMS\/k 2) 'Buoci SO.Ph [452]
SOPh 3 tBAF 2
[375] 6 examples: 89'96%
cl _ SO,Ph
TMS\)\ ————*1) Bull [453]
SO,Ph 2) R'R’cO OH
3) TBAF R! R?
[453])

6 examples: 90-95%

Various catalysts were found to bring about the rearrangement of a-trimethyl-
silyl-a'-chioro ketones to the enol silyl ethers. (Eqn. 454)
o OTMS

catalyst 454
———e
TMS\/U\/CI [376] =&m [454]

Catalysts = [IrH(CO)(PPhg)s], trans-[IrCI(CO)(PPh;),], [Pd(PPhs),],
[(trans-stilbene)(PPh;),] and [Pt(ng-CHZCOCHz)(PPha)zl

Ethyl or methyl trimethylsilylacetate were shown to thermally eliminate

trimethylsilyl methoxide (or ethoxide) and give ketene in a first order process. (Eqn.

455)
o]
A
—_— =(C==
TMS\)I\OR 377 CH,=C==0 + TMSOR [455]
(R = Me, Et)

1-Trimethylsilylcyclopropyl carboxy esters were reacted with fluoride ion in the

presence of aldehydes and ketones. (Eqn. 456) A similar reaction was carried out with
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1-trimethylsilylcyclopropyl nitriles. (Eqn. 457) 1-Trimethylsilylcyclopropyl methyi
ketones give products derived from the enclate towards the methyl side of the ketone.

(Eqn. 458) On the other hand the vinylogous enones give the desired reaction. (Eqn. 459)

R\ R?
TMS _TBAF _ OH [456]
rR'R%cO
CO,Me [378] COMe
5 examples: 45-90%
R\ R?
™S TBAF 457
R'R’cO OH [457]
CN (378] CN

5 examples: 43-83%

T™S -

378 \

[378] [458]
O 0' l o-

Products

™S _TBAF OH
“RCHO/THF * [459]
[378]
0

= Ph (73%); R = 'Pr (27%)

Trimethylsilylcyclopropanones were shown to react with N-trimethyisilyl
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lactams to give the substituted cyclopropanols as their trimethylsilyl ethers. (Eqn.

460)

)n )n
™S |, - . [460]
o 379 N” o

2,3-Bis(silyl)cyclopropanones thermally or photochemically lose carbon monoxide

to form 1,2-bis(silyl)ethylenes. A similar reaction was observed for the sulfone 210.

(Ean. 462)
0
SiR, 150-160°C RS\
or hy [461]
SIR,
R,SI [380]
o2
[380]
R;SI' 210

1,3,54rinitrobenzene was shown to react with various active organosilanes
under the influence of fluoride ion. (Eqn. 463) Oxidation of the initial product gives the
overall addition to the aromatic. (Egqn. 464) The R group in Egn. 463 can be allyl, benzyi,
an ethynyl, a pB-keto system or a B-ester group. Eno! silyl ethers also react in this

system.
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H R
OZN Noz OZN N02
R-TMS
KF/18-C-6/TAF [463]
[381]
NO, NO,
R
H R
O,N NO, O.N NO,
o [464]
[381]
NO,

NO,

B-Hydroxysilanes were oxidized with concomitant loss of the silyl group to an

ester (Eqn. 465) and an aldehyde (Eqn. 466).

TMS;_» “, p-Tol 1) Jones oxid. . p-Tol
Ho. B CO,Me 2) CH,N, MeO,C \/\%/cone
[as2l [465]
HO OHC
PCC
[383] [466]
™S ™S “pTol

The silyl-containing Wittig reagent 211 was shown to react with epoxy

aldehydes to give erythro/threo mixtures of functionalized epoxides 212. (Eqn. 467)



ArsP=CHCH,SiPh,Me
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R\, O R’ R\ O R®
>¢L§< 211 - jyi)(\v//\\ [467]
THF X

R? CHO [384] R?
212

OSIPh,Me

Treatment of 213 with magnesium metal gives rearrangement to 214. All

attempts to bring about a Peterson-type elimination failed. Treatment with base, for

example, gave the dimer 215. (Eqns. 468 and 469)

1) Mg/THF/A
OSIMe,R ——————» OH
2) MeOH

Br [(385] RMe,Si
213 214

R = Me (72%); R= H (85%)

KH Me,Si o
OH > =
[385] o} SiMe,
HMe,Si
215

[468]

[469]

It was shown that the product of addition of trichlorosilane to enamines can be

protodesilylated resulting in overall reduction of the enamine. (Eqns. 470 and 471)
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P ClsSiH ~N

u [386] k/L [470)
sicl,

N
1) MesNHCI N [471]
—>
2) HO/H,0
S'CIS [386]

9 examples: 52-74%

Treatment of diepoxide 216 with fluoride ion in the gas phase forms the silicon

analog of fluoroformate anion. (Eqn. 472) The monocepoxide 217 gives the adduct of

fluoride ion to dimethylsilanone. (Eqn. 473)

/ F A
0 Si O g phase F—Si [472]

[387] 0

216
F P
(o) SiMe, W MEZSi\F [473]
[387)
217

C. Cther Studies

The structure of 218 was determined and showed a half-chair conformation with

equatorial substituents preferred. [388] The stabilization of a positive charge by a
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B-silyl group was investigated via kinetic solvolysis studies with systems of the type

219. [389]
PhCO, 0,CPh ™S
Si 'Bu
Me, X
218 219

XIV. MISCELLANEOUS FUNCTIONAL ORGANOSILANES

A. vFUNCTIONAL ORGANOSILANES

The v,y,y- and g,e.e-trichloroalkylsilanes 220 were reacted with transition metal
carbonyls to give the dichloro derivatives. (Eqn. 474) Some chlorination of the alkyl
C-H bonds was also observed. The reaction in the presence of triethylsilane as a

reducing agent gives 1,1-dichloroalkenes. (Eqn. 475)

M(CO
Et,Si-(CH,),CCl, [(390)]" Et;Si-(CH,),CHCIl, [474]
220
M = Fe, Mo, Re, Mn; n = 5, 6
. Mo(C
Et,Si-(CH,),CCl;, 2% gt,Si-(CH,),.,CH=CCl, [475]
220 Et;SiH
[390]

The bis hydroboration-oxidation of diallyldiphenylsilane provides the bis(hydroxy-
propyl)diphenylsilane. (Eqn. 476) This was converted to the bis(acryloxypropyt)-

diphenylsilane upon reaction with acryloyl chloride. (Eqn. 477)

References p. 179



146

/\/ 1) BH,y/THF /~"NoH

Ph,SI

[ .
2) H,0,/NaOH OH [476]
\/\ [391] \/\/

Ph,SI

0
coci )J\/
PhZSi\//\<\/g:_%__> PhZSIQ o [477]
3 (8)
[391] ﬁ]/\
(o]

Stepwise deprotonation-trimethylsilylation of 221 gives the y-amidosilane

222. (Eqn. 478)

CONH('Pr), CONH('Pr
LiTMP ™S (Pr)e

—_—
TMSCH [478)
several
(‘Pr),NHCO days ('Pr),NHCO T™S

221 (392] 222

The addition of lithium bis(phenyldimethylsilyl)cyanocuprate to a,B-unsaturated

lactones and lactams leads to the y-silyl lactone or lactam. (Eqns. 479 and 480) The
phenyldimethylsilyl group can be stereospecifically oxidized to the alcohol to give the

y-hydroxy derivatives. (Eqns. 481 and 482)

o o)

O .
(PhMez)ZCuCNLl> (o) [479]

[393]
"’SiMe,Ph

R R

3 examples: 33-94%
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o 0
BnN (PhMe,);CuCNLI BnN (480]
[393]
“SlMe,Ph
? (o
0 o
"———"[ : ° [481]
..'I,,S'Mezph [3 9 3] _."‘lOH
: R
o o
BnN (PhMe;),CuCNLi BnN [482]
[393] ’
“OH

The addition of lithium bis(phenyldimethylsilyl)cuprate to (R)-myrtenal 223
gives the cis y-silyl aldehyde 224. (Eqn. 483) This aldehyde was subjected to

reduction-methylation to ether 225 (Eqn. 484), which was subjected to several

reactions.

CHO CHO
SiMe,Ph

i NLi
(PhMe;Si),CuCNLi [483]
[394]

223 224
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CHO MeO
SiMe,Ph SiMe,Ph
1) LAH
2) NaH/Mel/THF [484]
[394]

The addition of Grignard reagents to enone 226 gives the trans-y-trimethylsily|

ketones 227 (Eqn. 485), which were oxidatively desilylated to new encnes (Eqn. 486).

0} o]
RMgX [485]
CuBr,
™S [395] ™S ‘R
226 227
8 examples: 86-96%
(o} (o]
CucCl!
2 » [486]
[395]
T™MS “R R
227

7 examples: 82-92%

The 1,4-elimination of y-trimethylsilyl alcohols was accomplished with cerium

ammonium nitrate. (Eqn. 487)
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(NH4)2CE(N02)6 o
OH 50% aq. CH;CN
R [396) R

[487]

T™MS

A study of the elimination of the p-bromobenzenesulfonate ester of 4-trimethy!-
silyl-1-butanol is ca. 100 times faster than that of the analogous carbon compound.

(Eqn. 488)

0S0,-p-C¢H, OR

/\)\ solvolysis /\/‘\
—_— 488]
™S [(397] T™S [

Two systems, which are not y-functional silanes are also reported here. The

8-mesyl silane 228 and related materials were used to study the effect of the
trimethylsilyl group on the rearrangement qf carbocations. (Eqn. 489) The results are
consistent with a B-stabilization of the carbocation by silicon. Reaction of the
Grignard reagent from 2-(2-iodoethyl)-1,3-dioxane with trimethyisilylmethyl chloride

gives the 8-functionalized silane. (Eqn. 490)

OMs
Pr

3 Me;AIOTH 489

hexane [ ]
-78°C/14h

~TMS [398]
+
Pr *
Pr
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o>\/\ e ) [490]
—_—
[399] >\/\/TMS
o Mgl o

B. Epoxysilanes
Phenylsulfonyl oxirane was shown to be deprotonated with butyllithium. The

lithium reagent was trimethylsilylated in quantitative yield. (Eqn. 491)

0, ,S0.Ph 1) BuLi O SO.Ph [491]
—
< 2) TMSCI
H [400] ™S

Trimethylsilyl oxirane was reacted with trimethylsilylethynyltriisopropoxy-

titanium to give ring opening selectively at the silicon bearing carbon. (Eqn. 492)

O TMS R—=——-TI(O'Pr); OH

LA< »  TMS [492]
[401] — n

H

Lithium divinylcuprates were shown to react with epoxysilanes at the silicon

bearing carbon resulting in a B-hydroxysilane, which could be syn or anti eliminated to

stereoselectively produce 1,3-dienes. (Eqns. 493-495)

R2

( ﬁ)_— ™S OH
R\ O ,TMS 2Cull RZ\_>—< [493]
L\ BF,0Et,/-60°C — R’

[402]
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™S, OH
an_< BF;OFt, R’ﬁ [494)
R R‘ [402] S

Pr.
1) “—j R
O TMS ( 2(:ul_l> Pr\_/_T_/ [495]

BF30Et,/-60°C
R

2) NaH
[402]

The epoxide 228 was ring opened, again at the silicon-bearing carbon, with

tributylstannyllithium followed by loss of lithium trimethylsiloxide. (Eqn. 496) The
epoxysilane 229 was reacted with magnesium bromide and then methanesulfony!

chloride/triethylamine to give vinyl bromide 230. (Eqn. 497)

™S, O i
\L\/Fl TSl BUSIEANF [496]

[403]
oTBS
228 o0OTBS
™S O 1) MgBr, .
\%R 2) MsCI/Et;N Br/_\g/a [497]
[403] OAc
229 OAc 230

C. Acylsilanes
The Swern oxidation of trimethylsilyimethanol gives formyltrimethylsilane,
which can be reacted without isolation with organolithium or organomagnesium

reagents to give a-hydroxysilanes. (Eqns. 498 and 499) Oxidation of these

a-hydroxysilanes leads to acylsilanes. (Eqn. 500)
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. o)
TMSCH,OH 1) oxalyl chlorlde> )J\ [498]
DMSO
2) EtN ™S H
[404]
o) OH
RM
I | e I
T™S H [404] T™MS R
(M = Li, MgX)
OH o)
1) oxalyl chloride
- )l\ [500]
™S R DMSO ™S R
2) Et;N

[404] 8 examples: 55-73%

Lithium bis(trimethylsilyl)cuprate reacts with acyl chlorides to give acylsilanes.
(Eqn. 501) Similarly, lithium (triphenylsilyl)phenylcuprate was reacted with benzoyl

chloride to give the acylsilane. (Eqn. 502)

o) (o}
(TMS),CulLi
/lk R [501]
R Cl [405] TMS R
11 examples: 39-87%
0 0
Ph3Si)PhCulLi
P e, DY [502]
Ph cl [406] Ph SiPh,
25%

Lithium tetrakis(trimethylsilyl)aluminate reacts with acid chlorides in the

presence of cuprous cyanide to give acylsilanes. (Eqn. 503)
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o o]
/u\ LiAI(TMS), )j\ [503]
R Cl [407] R ™S

10 examples: 52-95%

Metal-metal exchange on silyl imine gives the lithium reagent, alkylation-

methanolysis of which provides acylsilanes. (Eqns. 504 and 505)

Me,Sn E
N SiR; N)\sm3
1) Buli [504]
———
2) E-X
[408]

R;Si = Me;Si, 'BuMe,Si; E-X = MeOH, TMSCI, EtBr, BuBr

Bu

)\sma

N
o

MeOH/H,S0,
_— [505]
[408] Bu T™MS

The reaction of dialkylzinc reagents with isonitriles followed by silylation of the

organozinc intermediate and then hydrolysis leads to acylsilanes. (Eqns. 506 and 507)

R2
7/
R' Zn Rch 1) toluene PT
2 + ———————
2) R%,SiCl 1 s [506]
[409] R SIR's

References p. 179



154

n2
i hydrolysis )ol\ [507]
[409] 1 3
R sIRY, R SIR"

5 examples: 50-74%
(R? = 2,6-dimethyiphenyl)

The reaction of tris(trimethylsilyl)silyllithium with dicyclopentadienyldichloro
zirconium to give a silyl zirconium complex was reported. (Eqn. 508) This reacts with
carbon monoxide to give an acylsilane. (Eqn. 509) Treatment of this acyl complex with
anhydrous hydrochloric acid gives tris(tri-methyisilyl)formylsilane, which was

subjected to three reactions. (Eqns. 510-513)

Cp C
N P _SI(TMS)
/ZTC|2 + LISTMS); —m8mF—— \Zr/ ’ [508]
cp [410] cg’ C
o
Cp_ _SI(TMS) )L
>z( ’ 2 . Cp\zr SITMS)s 15005
ey’ cl [410] cg’ cl
o} o
HCI
CP\Zr)J\SI(TMS):, _dv o )k [510]
[a10] (TMS);81”~ H
/7 el
Cp 55%
o
air
)k - - Decomposition [511]
(TMS),Si H [410]
o OH
)l\ MeMgBr )\
B ——
(T™MS);81~~ H (410 ams)si” me  [9121

89%
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0
NaBH,
(TMS) SI/U\H a10] . (TMS),SICH,OH [513]
3

90%

Benzyl(phenyldimethylsilyl)ketone was photolyzed in a micelle and it was

found that the surviving acylsilane was enriched in 29Si. (Eqn. 514)

o o)
hv
PhC U ————— /IL‘ oz A
2 2 SDS micelle PhCH; SiMe,Ph :
411
[ ] enriched in 25

Photolysis of a 1,2-diketoacylsilane gave the siloxyketene, which could be

trappeeb Wiin vahous HiEhns. JEpns. YD and BB

B h
0 i
SiMe,R hv /ﬁ\ (515]
4 (4121 Me” “OSiMe,R
R = Me, '‘Bu - -
© o
SiMe, cyclohexene/ﬂ» [516]
[412] Me
0 OTMS

a,p-Unsaturated acylsilanes were reacted with functional organosilanes to give

addition to the double bond and the enol silyl ether of the acylsilane. (Eqn. 517)
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[517]

Z T™S
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Y

o]
__/”\ + TMS-Y
™S [413]
(Y = Et;N, TMSNH, PhS, MeS, TMSS, Br, N;, Cl/Ph;P, 1-pyrrazale)

Acylsilanes were reacted with enones in the presence of tetrabutylammonium
o)

cyanide to give acylation of the B-position of the enone. (Eqn. 518)
[518]

BU4NCN

o
o
B
™S [414]
o

+
R
It was found that treatment of acylsilanes with tetrabutylammonium fluoride

OH
[519]

R‘)\R

6 examples: 52-68%

gives migration of an alkyl group from silicon to carbon along with protodssilylation

resulting in secondary alcohols. (Egn. 519)

TBAF/THF
[415]

0
R‘)I\SiRsz
Me,Si, Ph,MeSi, Ph,Si, CsH,,Me,Si, CsH,;Me,Si)
The

Acylsilanes with an o-methyl substituent were reacted with organolithium and

(R%R,Si
organomagnesium reagents to give a highly diastereoselective reaction.

MS
R2 [520]

"'lu_'

protodesilylation occurs with high stereospecificity. (Eqns. 520 and 521)

R’M
[416]

TMS
R1
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TBAF/DMF
[416]

Thioacylsilanes were reacted with butadiene to give cycloaddition products. (Eqn.
522) The reaction with cyclopentadiene gave exclusively the endo silyl derivative.

(Eqn. 523)

s R' R’
S
/”\ + — SiR; [522]
Ph” SiR, . 1417
R
Ph
(R = Me, Ph; R' = Me, H)

s
.o A
Ph” SiR, @ 1417] [523]

SIR,

Thioacylsilanes were also cycloadded to unsaturated nitroso systems. (Egn. 524)
Treatment of the cycloadduct with fluoride ion eliminated the elements of the

trialkylsilanol. (Eqn. 525)

K W\ o g
[418] \
Ph SiR, Ph (o]
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Ph
7\ "N
N/ S F/DMSO/H,0 —
__—-—_—_>

\ [418] NS [525]
o

o Y
R,SI Ph

Treatment of a thioacylsilane optically active at silicon with methyllithium gave

the product of methylation at sulfur with only moderate diastereoseiectivity. (Eqn.

526)
s ' SMe
/u\ 1) Meli /# . [526]
P “sir, 2 MeOH P | SsiR
[419]
R3Si* = 1-NpPhMeSi 60% yield; 70:30 ratio of diastereomers

Disilanes were reacted with isonitriles to give the imines of acyl silanes. (Eqn.

527) This reaction also worked with polysilanes. (Eqn. 528)

R1
rd
R SISIR, + R-NC  —oiPPhals | [527]
[420]
RSI” SiR,
I\Ine I\Ine I\Ine
RI-si1Si—Me + Ar-Nc F9(OAC): _  pig) ™S [528]
|11 [421] |
Me [Me Me N\
n Ar

Ar = 2,6-dimethyiphenyl
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Laser photolysis of bis(triphenylsilyl) ketone showed a strong fluorescence for
the S1 (nx*) with a lifetime of 460 ns. A weak nn* fluorescence was also observed.

[422] Due to the steric effect of the mesityl groups (dimesitylmethyl)(trimethylsilyl)

ketone exists in the enol form. [423]

XV. REACTIVE SPECIES

A. Radicals

Ab initio calculations on the substituent effects on the stability of silyl radicals
were conducted. [424] It was found that electropositive groups such as boron,
beryllium, and silicon stabilize radicals at both silicon and carbon, but that electron
donating groups tend to destabilize these radicals. The configuration of the bis(tri-
methylsilyl)silyl radical was determined by esr studies to be nearly planar. [425] The
kinetics and mechanism of gas-phase photochemical reactions between trimethyisilane
and 1,1-difluoroethylene were studied. It was determined that the reaction proceeds
via silyl radicals. [426] The disproportionation of the trimethylsilyl radica!l to

dimethylsilene was studied by trapping of the silene with alcohols. [427]

B. Silylenes

Silylene (SiH2) was detected by intracavity laser spectroscopy in the pyrolytic
decomposition of silanes and organosilanes. [428] The pyrolysis of 1,1-dichloro-1-
silacyclopent-3-ene showed evidence for the retro-Diels-Alder reaction in a matrix.
(Eqn. 529) The dichlorosilylene was detected by infrared spectroscopy. y-Induced

radiation of dodecamethylcyclohexasilane generates dimethylsilylene. (Eqn. 530)

Z & [429] - CLSI: + // \\ [529]

si
cl,
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[Me,SI] y-radiation
e —_— Me,Si: Me, Si
29llg [230] 2 + [Me,Si]s [530]

2-Furylphenylsilylene was generated by the known photochemical extrusion of

hexamethyldisilane from 231. (Eqn. 531) Trapping of this silylene with 2,3-dimethyl-

1,3-butadiene gave the expected products. (Eqn. 532)

—
—
0 X W
= Y [531]
[431] Si:
TMS—?i—TMS Pr
Ph

231

~ — é, + [532]
[431] J _si
/SI: H Ph =
Ph

o/

Matrix isolated di-tert-butyldiazidosilane produced the matrix isolated di-tert-
butylsilylene, which showed a highly reactive singlet species with Amax 480 nm. (Eqn.
533) This undergoes a photochemical insertion into one of the C-H bonds to give a
silacyclopropane. (Eqn. 534) Also obtained from this reaction are di-tert-butyldiazo-

silane (postulated) and N,N'-di-tert-butylsilanediimine.
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tBu
254
(‘Bu),SI(N;), 254 om, Nsi: [533]
[432] o’
Bu
. Me, Me
Bu
T L N Bu X [534]
tgy” [432] H/S'

Cyclopropenylsilylenes were generated photochemically from bis(trimethylsilyl)-

aryl(tri-tert-butylcyclopropenyl)silane 232, prepared according to Eqn. 535. These
silylenes undergo the typical reactions such as insertion into alcohols. (Eqn. 536) The
matrix isolation of the mesityl version of these silylenes showed a Amax at 450 nm.

(Eqn. 537) When 'this species is itself photolyzed another species showing Amax at 278,

328 and 400 nm is obtained. (Eqn.538) This species reacts with trimethylmethoxy-

silane to give 233 (Eqn. 539) and with ethanol to give 234 (Eqn. 540) and is

postulated, therefore to be 2,3,4-tris(tert-butyl)mesitylsilacyclobutadiene.

tBu SIAr(TMS),
ArSI(TMS);  ¢,('Bu);*BF" [535]
_——— >
| [433] t
Li Bu Bu

232
Ar = Ph (65%); Ar = Mes (68%)

Mes
Bu_ _SIMes(TMS), Bu.  -H
254 nm \OEt
¢ hexane/EtOH [536]
Bu Bu [433] Bu By

References p. 179



162

'‘Bu_ _SiMes(TMS),

254 nm
[434]
'Bu tBu
Intermediate _NY/3:-MP/77K
[434]
Amax 450 nm
TMSOMe
Intermediate
[434]

Amax 278, 328, 400 n'n

EtOH

[434]
Amax 278, 328, 400 nm

Intermediate

Intermediate
Amax 450 nm

Intermedlate

Amax 278, 328, 400 nm

'‘Bu H

Si~OMe
—~=TMS
tBu ?
233 BY
‘Bu Mes
| Si~OEt
tBU tBu
234

[537]

[538]

[539]

[540]

The stereochemistry of the addition of diarylsilylenes to cis and trans-2-butenes

was reported. (Eqn. 541) The reaction is non-stereospecific with the cis/trans ratio

depending on the steric bulk of the aryl groups.

TMS cis or trans
Ar—Si—Ar 2-butene
'I'MS [435]

[541]

The reaction of dimethylsilylene with pB-pinene was reported to give both an



163

allylsilasfe b B IRbosrdinen dine vwdmmh wih tebasah. ST, W Tin vertineh

with a-pinrene gives anly & single product. (Egnr. 5§43}

Me TMSCH, Me_ _SiMe,0Me
[Me,Si]g/hv .
—ee
(2361 [542]
Me, . SIMe,0OMe
[Me,SiJg/hv sa2
[436] £

The reaction of silylenes with carbon monoxide was reported by two groups. The
first reporied tne reachon of pimeinyisiylene with carbon monoxine 10 pive an adboch
which showed a carbonyl stretch at 1962 cm-1 and a UV absorption at 342 nm. (Eqn.
544) Calculations indicate an Si-C bond length of 2.891 nm and a pyramidal silicon.
The second reacted masityl substituted silylenes with carbon monoxide to give an

adduct which showed an absorption at 338 nm and which gave disilenes upon warming.

(Eqns. 545 and 546)

Me,Si: + CO ————— Me,SI—C=0 [544]
[437]

vV ceo 1962 cm™'; A., 342 nm

MesRSI: + CO ——M MesRSI—C=0 [545]
[438]

(R = Mes, 'Bu, 2,6-diisopropylphenoxy) For R = 'Bu Amax 338 Nm
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warm .
MesRSI—C=0 ——» MesRSI—SiRMes [546]
[438]

The reaction of dimesitylsilylene with oxygen in a matrix gave a product which
was determined by labelling experiments to be linear in structure and not a

siladioxirane. (Eqn. 547)

+
Mes,Si: + O, —_— Mes,SI—0—0O" [547]
[439]

Dimesityisilyrene was shown to dimerize to disilenes in solvents of varying

viscosities without annealing. (Eqn. 548)

solvent
2 Mes,Si: —_— Mes,Si—SiMes, [548]
[440]

Dimethylsilylene, generated from dodecamethylcyclohexasilane, was reported to

give a species with Amax 465 nm. This was very reactive (diffusion control) towards
OH, double bonds, triple bonds and Si-H as well as towards donors such as ethyl ether,
triethylamine and acetonitrile. [441] Similar results were obtained from another
group. [442] The tunneling instability for the cis-trans isomerization of hydroxy-
silylene was studied. [442] The heat of formation of silylene was revised to 44
kcal/mol and that of dimethylsilylene to 26 kcal/mol. [444] The mechanism of the
thermal decomposition of dimethylsilane was reinterpreted to involve dimethyl-

silylene. [445]
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C. Silenes
Reaction of tert-butyllithium with diphenylvinylchlorosilane at low temperature

gives neopentyl diphenylsilene isolated as its dimer. (Eqn. 549)

1 .

PhZSI/\ Buli -
| low temperature
cl [446]

[ Ph,SI=CHCH,'Bu ] [549]

Ph,SI 'Bu
By SiPh,

52%

The reaction of tert-butyllithium with 1-vinyl-1-chloro-1-silacyclobutane gives
neopentyl cyclobutasilene, which dimerizes in the absence of a trapping agent. (Eqn.
550) This silene can be trapped with 1,3-cyclohexadiene (both [2+4] and [2+2]

cycloadducts) and with cyclopentadiene ([2+4] cycloadduct only).

i o~

t .
—Si—Cl Buli - —Si [550]

low temperature
[447]

'‘Bu /

<>s>/s<>

Bu

Reaction of o,0'-dilithiobiphenyl with 1,1-dichloro-1-silacyclobutane gives 235
(Eqn. 551) pyrolysis of which gives the silene (Eqn. 5§52). This dimerizes in the

expected head to tail fashion in the absence of a trapping agent (Eqn. 553) and reacts
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with benzophenone to give an oligomer derived from the silanone (Egn. 554).

Si

235 75%
650°C(10 Torr [552]
<S> [448] Iefi
] CH, |

Si [553]

<

[4431 Si

-

Si

&

()
0| o 57

Q

- ~
isolated as oligomer

Flash vacuum pyrolysis of trimethyisilylmethyidimethyimethoxysilane gives
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trimethylmethoxysilane and dimethylisilene. (Eqn. 555) On the other hand pyrolysis of
methoxymethyl(trimethylsilyl)dimethylsilane leads to methoxypentamethyldisilane and
methylene (carbene). (Eqn. 556) The methoxypentamethyidisilane reacts further to give
dimethylsilylene and methoxytrimethylsilane. The pyrolysis of 1-trimethylsilylvinyl
methyl ether gives vinylidene carbene and methoxytrimethylsilane. (Eqn. 557) Kinetic
data was obtained for these reactions as well as for the thermolysis of 2-methoxy-

trimethylsilylethane to give ethylene and methoxytrimethylsilane. (Eqn. 558)

TMS\_ OMe  780°C TMSOM CH,=SIM 555]
e = e
SiMe, [449] v 2 [
Me,Si
SiMe,
T™MS OMe 750°C
\ _/
— CH,: + TMSMe,SIOMe
Me,Si [249] 2 2 [556]
TMSOMe + Me,Si:
TMS 7500c
=< T30 o TMSOMe + CH,=CH: [557]
OMe [449]
™ A
S, PMe _ % .  TMSOMe + CH,=CH,  [558]
[449]
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1,1-bis(trimethylsilyl)(trimethylsiloxy)phenylsilene was produced by

thermolysis of 236. (Eqn. 559)

TMSO TMS
Ph—Si—Si—TMS Ph /MS
T ] s o >_—s|\ [559]
— Qe Qe 450
Ph—Si—Si—TMS [450] TMSG S
TMSO TMS
236

Reactions of 1,1-dimethylsilabutadiene, generated by thermolysis of 1,1-
dimethyl-1-silacyclobut-2-ene were reported. In a large excess of ethylene the
product of [2+4] cycloaddition and of [2+2] cycloaddition-rearrangement are observed.
(Eqn. 560) The reaction with a large excess of cis or trans-2-butene gives similar

products. (Eqn. 561)

Me, Me,
o Si Si
e.
> 20 fold xs ethyleng» O " O [560]
[451] E

45% 51%
Me,
20 fold xs Si
Me,S cis or trans 2-butene
P
| —rrs [561]
[451]

44% (39% cis isomer) 4% (39%)
percent yields are for cis

2-butene and (trans 2-butene) Me,

- CC

44% (12%) 4% (4%)
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1,1-Dimethylbis(trimethylsily!)silene was shown to react with dinitrogen oxide

to give bis(trimethylsilyl)diazomethane and oligomers of dimethylsilanone. (Eqn. 562)

TMS N;O
Me2$i=< 755> (TMS)CHN, + [Me,Si=0], [562]
s [4°%

Photolysis of acyltris(trimethylsifylisilanes gives stable silenes. (Egn. 563%

Their reactivity with dienes in [2+4], [2+2] and ene reactions was studied. (Eqns. 564-

567)
o by OTMS
P Tms),si=< [563]
(TMS),Si R [453] R
2
M), si= e | o2 564]
R
R
OTMS @ Lbzms
R
MS),Si - = 195]
(TMS) R [453] SI(TMS),
oTMS
OTMS (TMS),SI—CHR

1-octene
TMS),Si== L-octene [566]
(TMS), R [453] \

c5H11
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OTMS
. m_/oms styrene _  (TMS)S R [567]
MO\ T
R Ph

569) or dimerize (Eqn. 570). Thermolysis of the cyclic material gives the acetylens
and oligomers of dimsthylsilanone (Eqn. 571) whereas thermolysis of the dimer spiits

out one molecule of the acetylene (Eqn. 572).

Sim
N, ©2
hV/cGHe R
R —_— ™ 568
j‘/“\SIMezTMS [454] S [568]
5 o)
237 238
SiMe, R TMS
R —— I_I [569]
\H/LTMS [454] 0—SiMe,
(o) t
R = Ad, Bu
Me,
SiMe, ™s_ SO0 R
R - I I [570]
TMS [454]
Me,
R= IPr, Me
Ad ™S
- = Ad—==—TMS + [Me,Si=0], [571]

0—SiMe, [454]
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™S sI—O Ipr Pr—=—=—TMS
I I 100°C + [572]
[454] _o Ipr
o Ngsgl TMS VeS| j(
Me, o
Ssi” TMS
Me,

The reaction of 1,1-dimethylbis(trimethylsilyl)silene with N-trimethylsilyl-
diphenylimine was reported. (Eqn. 573) The adduct of this same silene with the above
imine was shown to be a source of the free silene since mild thermolysis of the adduct

provides the free silene. (Eqn. 574)

Ph,C s
=N
2
™S \MsS Me,Sl ™S
Me,SI >  TMS—N
™S [455] —
PH
. [573]
™S
Me,Si—T—TMS
N—t—Ph
/7
™s” L
T™S
Me,SI——TMS  1ggoc TMS
| 100 - Me,Si= [574]
N—1—Ph [456] .
— ™S
Ph
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Silaaziridines were obtained from the reaction of silenes with isonitriles. The
initial adduct is not stable, but undergoes rearrangement to the stable silaaziridines.

(Egns. 575 and 576)

RNC Si
(TMS)2SI=< TasT ™s~ R [575]
NR'
OTMS
OTMS ™S
A 7R [576]
™S N
Rl

A theoretical study of silasilene showed the bent configuration for the triplet to
be higher in energy than the planar configuration by ca. 2 kcal/mol. [458] Experimental
evidence to support the formation of methylsilylene from silene was presented.
Methylsilylene is ca. 10 kcal/mol less stable than silene. [459] In another publication,

however, it is argued that the difference in energy is only ca. 4 kcal/mol. [460]

D. Disilenes
An air-stable disilene was prepared by the reaction of bis[tris(2,4,6-diisopropyl-

phenyl)]dichlorosilanes with lithium naphthalenide. (Eqn. 577)

DME Ar\ ,Ar
Ar,SiCl, + LIC gHg _— SI=Si [577]
[461] \
Ar Ar

Ar = 2,4,6-triisopropyiphenyl
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Tetrakis(2,6-dimethylphenyl)disilene was reacted with 2,6-dimethylphenyl

isocyanate to give a stable disilacyclopropanimine. (Eqn. 578)

NAr
Ar Ar
\Si=Si, ArOCN AI'\ ./AI' [578]
/ \ [462] SI—Si
Ar Ar Ar Mar

Ar = 2,6-dimethylphenyl

E. Silanones

Dichlorosilanone was thermally generated from benzyloxytrichlorosilane in the
presence of chlorosilanes to give insertion of the dichlorosilanone into the Si-Cl bond.

(Eqn. 579) In the absence of a trapping agent oligomers of dichlorosilanone are formed.

(Eqn. 580) In a similar manner dimethylsilanone can be generated starting from

benzyloxydimethyisilane. (Eq. 581)

560-620°C
PhCH,0SICl,

[463]

560-620°C

PhCH,0SICI,
[464]

PhCH,0SIMe,H
[464]
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—»
R,SiCl,.,

600-700°C
———

R,Cl,.,SIOSICI,

[C1,S10],

MEZS|=0 + MeHSI=0

[579]

[580]

[581]



174
The reaction of 6-oxa-3-silabicyclo[3.1.0]hexanes with phosphinimines gives an

intermediate silaoxetane, which decomposes to dimethyisilanone. (Eqns. 582-584)

+ -
Ph;P-NCH,Ph ‘
Mezsl/\:Do e _/‘ [582]

[466] Me,SI—O0

/

T [Me,Si=0] o
— > I [583]

of eS| SiMe,  [584]

Me,SI—O [466] O\SI’O
Me,

Photolysis of 239 gives dimethylthiosilanone as evidenced from trapping

experiments. (Eqn. 585)

[\ —
O Mezsl\o /SIMe: Mezsl\ /SIMez

[466] S\SI’O [585]
MEZSI\S/SIMez

Me,
239

36%
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F. Miscellaneous Reactive Silanes

The stabilization energy for silabenzene has been caiculated as dET for the
homodesmotic reactions in which ethylene is the other reactant with trans 1,3-buta-
diene and trans 2-sila-1,3-butadiene as the products and where trans 1,3-butadiene is
the other reactant and trans 1,3,5-hexatriene is the product. The values are 17.2 and
17.6 kcal/mol compared to 24.8 and 23.5 kcal/mol for the corresponding reactions for
benzene. [468] Ab initio calculations were applied to a series of metal-subsituted
benzene and cyclopentadiene structures. [469] Substituted silabenzenes were

subjected to ab initio calculations. [470]

Hexamethyl-1,4-disilabenzene was generated from 240 and its chemistry

investigated. (Eqns. 586-590)

600°C/tlow I [586]

raz1y,

s
 —
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Me
Me
/szsm .
/
Me a‘e\{: [587]

RC=CR
B Ire 7] o
Me Si M
I \j: ¢ 0, Me/ I>SIMe 5
—————e— /
Me Sll/ Me Me ,,s,’,'e\ZR‘ [588]
i Me A MeOH
Me, OMe
>si
A ( ] [589]
si
me” “H
Me [-\-sm o Me
Z;:\/Z’ + Sitte, [590]
Me Me R Me

In a similar fashion dimer 241 was thermolyzed in the presence of acetylenes to

give 242. (Eqn. 591) Although the mechanism is not yet determined for this reaction

it is possible that it proceeds via 2,3-disila-2-butyne.

( Me\sﬂz/ R

Ph Ph Ph Ph
RC=CR
7 - 4
Ph Ph -  1,2,3,4-tetraphenyl;
naphthalene Ph Ph

241 [472] 242
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1,4-di-tert-butyl-1,4-disilabenzene, the first stable silabenzene at -100°C, was

prepared. (Eqn. 592)

1Bu '‘Bu
h X
M | [592]
[473] P
™S N, ™s” S
gy’ TMS o
Bu

A lecture was presented and published on the theory and experiments concerning
the solvolytic generation of the silicenium ion. [474] A silicenium ion was proposed
for the solvolysis of 1-chloro (or 1-benzoato)-1-trimethylsilyl adamantane in which a
1,2-methyl migration from silicon to carbon occurs. [475] The first silacenium ions in

solution were generated from the reaction of silanes with trityl perchlorate. [476] The

35C| and 37ClI NMR spectra of triphenyisilyl perchlorate and trimethylsilyl perchlorate
in sulfolane were reported. The results are consistent with a rapid exchange between
associated and fully ionized forms. [477] The gas phase reactions of silcenium ions
with ammonia and amines was investigated. [478] An ab initio study of the 2-silaallyl
cation was reported. [479]

The silaacetate anion has been proposed as an intermediate in the reaction of

(p-chlorophenyl)methylsilane diol with sodium hydroxide. (Eqn. 593)

(o

NaOH i
(p-CIC;H,,)MeSIi(OH), ———» Si 593
6 2 480) CH3/ ~ [ |
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Calculations indicate that the silylacylonium ion, H3SiCO+, is 18.8 kcal/mol
more stable than :C=O+ -SiHa, but that the energy minimum is H3CO+=Si:, which is 25.8
kcal/mol more stable than the silaacylonium ion. [481] The gas-phase chemistry of the
anion CHSi- is consistent with the negative charge on the silicon atom. [482]

Photolysis of silaoxirane 243 produces the sitacarbonyl ylide 244. (Eqn. 594)

The corresponding silathiirane gives the silathiocarbonyl ylide. (Eqn. 595)

hv/77K -
SIMes z O—SiMes,
|sopentane/
3-MP matrix [594]

[483] 244

blue Ape, 610 NM

hv/iT7TK -

SiMes, — Qf}s—ams,
|sopentane/
3-MP matrix [595]

[483]
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