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Several types of a-alkoxy and a-amino substituted silyllithiums have been prepared as the first members of stable
and/or well-characterizable functionalized silyllithiums. Described herein are new aspects of (1) three methodologies
for preparation of functionalized silyllithiums, (2) high stability of (aminosilyDlithiums, (3) low stability of (monoalk-
oxysilyl)lithiums, behaving as silylenoid species, (4) high stability of (dialkoxysilyl)lithiums, (5) high stability of (2-
alkoxydisilanyl)lithium, (6) first examples of [2,3]-sila-Wittig rearrangement, and (7) synthetic utilization of (aminosilyl)-

lithiums.

Carbanion chemistry plays a central role in the whole field
of organic chemistry:" Much attention has been paid to func-
tionalized carbanions, including a-heteroatom substituted
carbanions A (Scheme 1). Extensive studies have revealed
that the heteroatom on anionic carbon largely influences the
nature of the carbanion. For example, a-phosphorus, a-
sulfur, and a-selenium-substituted organolithiums are rela-
tively stable, since the heteroatom effectively stabilizes the
negative charge.”? a-Amino substituted organolithiums have

little stabilization effect from amino groups.? In contrast, a-
oxygen and @-halogen substituted organolithiums are reac-
tive, since the heteroatom works as a leaving group;> thus,
they behave as carbenoids, which have both nucleophilicity
and electrophilicity.

Silyl anions have been much less extensively studied
than carbanions.” Synthetically useful silyl anions have
long been limited only to several simple triorganosilyl
anions such as Ph;SiLi,” Ph,MeSiLi,” PhMe,SiLi,” and
Me;SiM (M =Li, Na, K).® Concerning functionalized
silyl anions, Cl3Si"HNR3;*,” (RO),Me;_,SiNa,® HPh,-
SiLi,”» H(Mes),SiLi,'” and (MesCO)(Me;Si),SiLi'" have
been reported, where Mes stands for mesityl. The first
two are the a-heteroatom-substituted species, which are
highly reactive and generated in situ in the presence of tap-
ping agents. HPh,SiLi is obtained in about 10% yield and
tends to polymerize readily. H(Mes),SiLi and (MesCO)-

\c/x \Si/x
7 m 7 M
(A) (B)

Scheme 1.

(Me;Si),SiLi are the only species which are well charac-
terized. Under the circumstances we started to search for
stable and tractable functionalized silyl anions of type B
(Scheme 1). We anticipated that they would be practi-
cal building blocks in organosilicon chemistry and versatile
reagents in synthetic organic chemistry.

First, amino groups (X =NR;) were chosen as functional
groups on silicon because of their high stability towards
organometallic reagents. We expected that aminosilyl anions
should be stable with respect to both intramolecular a-elim-
ination and intermolecular substitution (Scheme 2). We paid
attention to some theoretical studies'? which predicted the
comparable stability between two model systems: MeH,Si™
and (HN)H,Si™, and their much higher stability than the
corresponding carbanions MeH,C™ and (H,N)H,C™.

Next, alkoxy groups (X = OR) were chosen as functional
groups on silicon. We expected that (alkoxysilyl)lithiums
could be “silylenoids”, analogous to carbenoids,” since
alkoxy group works as a leaving group (Scheme 3). Our spe-
cial attention was focused on the electrophilic nature of the
(alkoxysilyDlithiums as the most diagnostic clue to the
silylenoid character. Silylenoids have been postulated as
reaction intermediates in reduction of dihalosilanes with al-
kali metals which affords polysilanes.'® Thus, study on si-
lylenoids may shed a new light on the mechanism of chain

~, ,/NHZ —_— Na:

/SI\M -—— /SI + RoN-M

~N ,/NRZ . ~, ,/R.

/S|\M + R-M —/—-’ /SI\M +  RyN-M
Scheme 2.
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elongation of polysilanes.

Moreover, some classes of @-oxygen and a-nitrogen-sub-
stituted organolithiums have been known to undergo Wittig
rearrangement.’ To investigate the scope and limitation of
the functionalized silyl anion chemistry, we have developed
its silicon analogs, that is, sila-Wittig rearrangements.

1. Preparation of Functionalized Silyllithiums

One of the most important problems in investigating the
functionalized silyl anions is how to generate the silyl anions
efficiently without significant side-reactions. Three method-
ologies have been examined to prepare the amino- and alk-
oxy-silyllithiums.

1-1. Tin-Lithium Exchange Reaction. To pre-
pare (aminosilyl)lithiums 1 and 2, we first examined tin-
lithium exchange reactions' of the corresponding (amino-
silyl)stannanes with butyllithiums as the most promising
route, as shown in Scheme 4.!® (Aminosilyl)stannane 3 was
treated with n-BuLi in THF at 0 °C for 30 min to give a
greenish solution. The reaction was quenched with Me;SiCl
to afford the corresponding aminodisilane in 90% yield, in-
dicative of the formation of (aminosilyl)lithium 1 in solution.
Similarly, (diaminosilyl)lithium 2 was obtained from reac-
tion of 4 with -BuLi in 77% yield.

An (alkoxysilyl)lithium was also prepared by a similar
method. (+-Butoxysilyl)stannane was treated with 2 mol amt.
of n-BuLi in THF at —78 °C for 3 h to give (¢-butoxysilyl)-
lithium 5, which was trapped with Me;SiCl and acetic acid-
dy to give the corresponding disilane in 70% yield and the
deuterated silane in 56% yield, respectively (Scheme 5).!”
(Alkoxysilyl)lithium 5 was stable at —78 °C for at least 6 h,
but it decomposed at O °C within 2 h (see Section 3). [(Allyl-
oxy)silyl]lithiums and [(allylamino)silyl]lithiums were also
- prepared by a similar tin-lithium exchange reaction. The

RLi RSnMejy

(EtsN),,Phs_SiSnMe EtoN)Phs_Silli
2ons S TR orTHR-Ego 2 IPNaS
3(n=1): R=nBu, 0°C, 05h 1(n=1) 90%
4(n=2): R= tBu, -30°C, 4h 2(n=2) 77%
Scheme 4.
n-Buli n-BuSnMey
e

(-BuO)Ph,Si-SnMeg

THF, -78°C,3 h

Me3SiCl .
78 °C (+-BuO)Ph,Si-SiMes
- ili | — 70%
(+-BuO)Ph,SiLi CD,COO0D A .
5 —78 °C (t'BUO)thSID

56%
Scheme 5.

ACCOUNTS

details are described in Section 4.

This method was not applicable to silylstannanes which
have small substituents such as methyl group and meth-
oxy group on silicon, because such silylstannanes underwent
butylation on the silicon to give a stannyllithium instead of
silyllithium. The successful results in some cases mentioned
above, however, prompted us to examine simpler standard
methods. We have found the following two procedures.

1-2. Reductive Lithiation of Chlorosilanes. As shown
in Scheme 6, aminochlorosilanes 6 and 7 were treated with
lithium metal in THF at 0 °C for 4 h to give (aminosilyl)-
lithium 1 and (diaminosilyl)lithium 2 as deep blue-green
solutions in quantitative yields.'® Methylphenyl derivative
8 could also be prepared from 9, though it could not be
obtained by the tin-lithium exchange reaction. Moreover,
[(allylamino)silyl]lithiums were also prepared by a similar
method (see Section 4).

These reactions, however, proceed at or above 0 °C, at
which temperatures (alkoxysilyl)lithiums such as 5 might
decompose. Actually, the reaction of (¢-BuO)Ph,SiCl with
lithium in THF at 0 °C gave no detectable amounts of 5 (see
Section 3). We thus sought a low-temperature method for
preparation of such reactive functionalized silyllithiums and
found the following method.

1-3. Low Temperature Reduction of Chlorophenyl-
silanes with Lithium 1-(Dimethylamino)naphthalenide.
We investigated reduction of functionalized chlorophenyl-
silanes with lithium salts of arene radical anions since the
reduction was expected to occur at low temperatures.'® Three
reductants, lithium naphthalenide (LiNp), lithium 4,4'-di-
t-butylbiphenylide (LDBB), and lithium 1-(dimethylami-
no)naphthalenide (LDMAN), have been examined.'>'*? In
model reactions, (--BuO)Ph,SiCl was reduced with LiNp in
THF at —78 °C to give silyllithium 5 and homo coupling
disilane [(z~-BuO)Ph,Si—], in the ratio of 80:20. Stronger
reductants LDBB and LDMAN suppressed the homo cou-
pling reaction almost completely (> 98:2). LDMAN was
chosen as reagent for our purpose in light of the high reactiv-
ity, the ready separability of the resulting aminonaphthalene,
and economical reasons. )

Scheme 7 summarizes representative results. .In general
procedures, a functionalized chlorosilane X, Ph;_,SiCl was
added to a solution of excess LDMAN (4.5 mol amt.) in
THF at —78 °C——50 °C. This method has afforded the first
successful access to less-bulky (alkoxysilyD)lithiums such as
methoxy derivative (MeO)Ph,SiLi (10) and to (dialkoxy-
silyD)lithium (+-BuO),PhSiLi (11), as well as (aminosilyl)-
lithium 1 and (diphenylsilyl)lithium HPh,SiLi, the yield of

Li (dispersion)

(EtoN) Phs..SiCl (EtoN),Phy_,SiLi
THF,0°C,4h
6(n=1) 1(n=1) 98%
7(n=2) 2(n=2) 97%
Li (dispersion) .
(EtoN)PhMeSicCl - (Et,N)PhMeSiLi
9 THF,0°C,24 h 8 80%
Scheme 6.
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NMe; | =

X,Phs,SICl  + 2 Li*

THF
-78 °C or ~-50 °C

NMGZ

[X,,Phg.,,SiLi] + 2 + Ll

(+tBUO)Ph,SILI  (5) 93%
(i-PrO)Ph,SiLi 81%
(MeO)Ph,SILi (10) 46%
(+-BuO)PhSILI (11) 77%
(EtbN)PhoSILI (1) 82%

HPh,SIL i 40%

Yields are estimated after
trapping with Me;SiCl.

Scheme 7.

the last being higher than that obtained by reduction with
lithium metal (11%).5

1-4. Attempted Preparation of (Alkyl)aminosilyl
Anions: Formation of Functionalized Alkyldisilanes.
All of the silyllithiums prepared above possess at least one
phenyl group on silicon. We attempted to prepare [alkyl-
(amino)silyl]lithiums from alkyl(amino)chlorosilanes by re-
ductive lithiation with lithium metal and with LDMAN, but
we found both methods unsuccessful. Instead, the action
of lithium on alkyl(amino)chlorosilanes resulted in the for-
mation of the coupling products, symmetrical polyfunction-
alized disilanes,?” as shown in Scheme 8. The coupling
reaction of dialkyl(amino)chlorosilanes 12 with lithium in
THF proceeded at room temperature in 24—36 h to afford

R U RR
2 ELN-§i-Ol ——————= EtN-S—Si-NEt,
R? room temp. R? R?
12a-¢ 24-36h 13a;77%
i

b:R'=R%=iPr
¢:R'=Me, R% = n-CgHy3

Me Me Me

| Li
2 EtN-Si-Cl ————————  Et,N~Si~Si—NEt,
Et,N THF EtN NEt
2 room temp. 2 2
14 96 h 15 76%
Et,
NEt, l\llle ) Mefil I\|Ae
CI-Si-Cl + 2 EtN-8i-Cl — > Et,N—Si—~Si—Si—NEt,
i T THF i1 1
Me Me  om temp. Me Me Me
21h 16 58%
Et, Et,
Me NEt, _ Me N° N” Me
2 Et,N—8i—-§i~Cl ———— = Et,N—Si-Si—Si~Si~NEt,
P THF A
Me Me room temp. Me Me Me Me
14 h 17 72%

Scheme 8.
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tetraalkyl(diamino)disilanes 13: Alkyl groups on silicon are
not only methyl (a) but also sterically crowded isopropyl
(b) and long alkyl chain, hexyl group (¢). (Diamino)chloro-
silane 14 was considerably less reactive than 12 and required
a longer period to give (tetraamino)dimethydisilane 15 in
moderate yield. In a similar manner, trisilane 16 and tetrasi-
lane 17 can be prepared.”® In contrast to this, reaction of the
chloro(methyl)silane derivatives XMe,SiCl (X =Me, #-BuO,
and Et;N) with LDMAN afforded neither the corresponding
silyllithiums nor the homo coupling disilanes.'®

1-5. 2Si Chemical Shifts of the (Aminosilyl)lithiums
and (AlkoxysilyDlithiums. The generation of these
functionalized silyllithiums in solutions was confirmed by
29Si NMR spectra. The chemical shifts are listed in Table 1.
It is noteworthy that the spectra of the (aminosilyl)lithiums>
and (alkoxysilyD)lithiums'"?* exhibit downfield shifts com-
pared to the corresponding chlorosilanes. For example, the
chemical shift of (Et,N)Ph,SiLi (1) was observed at 6 =19.3,
which is a large downfield shift compared to that of (Et;N)-
Ph,SiCl (6 = —6.8)(Ad =+26.1). This is in sharp contrast
to the upfield shift of (triorganosilyl)lithiums compared to
the corresponding chlorosilanes; for example, the chemical
shift 6 =—20.5 for Ph,MeSiLi and 6 =+10.0 for Ph,MeSiCl
(A8 =—-30.5). The data suggest that the amino and alkoxy
groups exert significant effect on the electronic structures
of the functionalized silyllithiums; the origin of the effect,
however, remains to be clarified by further studies.

2. Reactions of (AminosilyDlithiums

(Aminosilyl)lithium 1 in THF is stable at 0 °C for 6 d, and
2 and 9 are stable for 3 d without a drop in activity.'® Thus,
these (aminosilyl)lithiums can be used as silylating agents in
a variety of reactions. .

2-1. As Reagents for Si-Si, Si-Ge, and Si—Sn Bond
Formation. The versatility of the (aminosilyl)lithiums in
organosilicon chemistry is apparent from some representa-

Table 1.  %°Si Chemical Shifts of the (Aminosilyl)lithiums
and (Alkoxysilyl)lithiums® and the Corresponding
Chlorosilanes

Compound S(ppm)  AS(SiLi-SiCD)”

(Et;N)Ph, SiLi 1) 19.3 +26.1

(EtzN),PhSiLi ) 279 +46.7

(Et;N)PhMeSiLi 9) 14.4 +12.1

(+-BuO)Ph, SiLi 5) 1139 +34.6

(+-Bu0),PhSiLi 1n 41.8 +98.3

(EN)Ph,SiCl —6.8

(Et;N),PhSiCl —18.8

(Et;N)PhMeSiCl 2.3

(+-BuO)Ph,SiCl —233

(+-Bu0O),PhSiCl —~56.5

Ph,MeSiLi¥ -205 -30.5

Ph,MeSiCI?¥ 10.0

a) A 1.0 M THF solution with external Me4Si as reference (0.0
ppm) at 273 K (1 M=1 mol dm—3). b) Positive signs denote
downfield shifts. ¢) At 193 K. d) Ref. 25.
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tive transformations shown in Scheme 9. The (aminosilyl)-
lithiums undergo smooth reactions with a variety of chlorosi-
lanes to form the corresponding disilanes;'® the Si—N bonds
in the primary products can be converted into Si—Cl bonds
by mixture with an acyl chloride. These methods are ap-
plicable to the synthesis of functionalized Si-Ge and Si—Sn
compounds, as shown in Scheme 10.29

A one-step introduction of two functionalized silyl groups
into a dichlorosilane and a stepwise Si—Si chain elongation
by sequential treatment of a chlorosilane with the (amino-
silyl)lithiums are exemplified by the formation of trisilanes
shown in Scheme 11.'® Most of the functionalized disilanes
and trisilanes prepared herein are structurally simple, but not
easily accessible by conventional methods.

2-2. Reactivity Control of Silyl Anions. For prepara-
tion of oligosilanes,?” reaction of silyllithiums with (chloro)-
oligosilanes is a standard method. The (aminosilyl)lithiums
in THF, however, often cleave the Si—Si bonds of the oligo-
silanes. To overcome this trouble, we tried to control the
reactivity of aminosilyl anions by covering the counter cation
(Li*) into other metals. There has been a practical hint that
alkyl Grignard reagents efficiently alkylate the silicon in
oligosilanes without the Si—Si bond cleavage, while al-
kyllithiums often cleave the Si—Si bonds.”® Among some
metals so far examined, we have found that alkyl(amino-

(Et;N)Ph,SILi + CISiMe,R

0°C,05-2h
EtoN)Ph,SiSiMesR Accl CIPh,SiSiMe,X
t, iSiMe, R ——— iSiMe.
(Et2N)Pha 2 0°C.2h 2 2
R = H 85°/o X = H 84°/o
R = NEt, 91% X=Cl 86%
R = O-iPr 77%
R=CH=CH, 60%
Scheme 9.
Et,N)Ph,SiLi CIMR.
(EtaN)PhSILi + 3 T0°C.1h
(EtzN)Ph,SIMR Accl CIPh,SiMR
i i
o 2 3 0°C.2h 2 3
MR, = GeEt; 94% MR, = GeEt; 94%
SnMe; 87% SnMe; 90%
Scheme 10.

1) 12-crown-4
0°C, 18h

2) -PrOH, NH,4CI
room temp., 24 h

2 (EtLN)PhySiLi + Cl,SiMe,

Mez
(FPrO)Ph,Si- Si—SiPhy(O-i-Pr)

overall 56%
1) (EtoN)Ph,SiLi (1)
Me3SiC| 2 AcCl MessiSiPhZCI
) 78%
(EtoN)PhMeSiLi (5) Phy
TVEDA = Me;Si-Si-SiPhMe(NEt,)
0°C,7h 47%

Scheme 11.
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silyl)magnesiums are most suitable for this purpose.”® As
shown in Scheme 12, alkyl(aminosilyl)magnesiums can be
prepared in situ by just mixing the (aminosilyl)lithiums
with isopropyl Grignard reagent at 0 °C, based on the re-
port by Nozaki, Oshima, and their co-workers.*® These
silylmagnesium reagents exhibit a sufficient reactivity to-
ward chlorosilanes without formation of isopropylsilanes
(Scheme 13), and, as expected, caused no undesired Si—Si
bond cleavage. This method has thus been successfully ap-
plied to the preparation of functionalized oligosilanes, as
shown in Scheme 14.

3. Reactions of (AlkoxysilyDlithiums:
The Chemistry of Silylenoids

a-Heteroatom substituted organolithiums which exhibit
both nucleophilicity and electrophilicity have been known
as carbenoids.? Over the past few decades, a considerable
number of studies have been made on carbenoids. In con-
trast to this, the silicon analogues, silylenoids, have rarely
been studied. To date only one theoretical study has been

(Et,N)Ph,SILi (EtaN)Ph,SiMg-i-Pr
1 18
FPrMgBr o
(EtaN),PhSiLi (EtoN),PhSiMg-i-Pr
THF-E1,0 19
2 0°C, 30 min
(EtoN)PhMeSiLi (Et,N)PhMeSiMg-~Pr
8 20
Scheme 12.

Et.N) Ph, SiMgi-Pr + PhMe,SiCl ~—————————»
(EtN) anjg 2 0°C,05-15h

(EtzN),Ph;,Si-SiMe,Ph +  PhMe,Si--Pr + (i-PrMgCl)

n=1,2:72-80% 0%
Scheme 13.
Me Me Me Me
i 20 (x 2) AN
Cl—Si—Cl NEtz—Sll-S:—Sli—NEtz
!l; i THF-Et,0 oh és Bh
Me; Me;
dry HCI
Et20
Me Me Me Ph Me Me Me Ph
(A 18 (x 2)
Cl—Si-Si—Si—Cl NEt,— SI Sl Sl—SI SI NEt,
[ THF-Et,0 i
Ph g Ph Ph Ph Si Ph Ph
Me3 Me3
dry HCI
Et,0

l;’h l\llle Me Me Ph
Cl—Si-Si— Sl —-Cl Me— Sl S| Si— SI
Et20

I
Ph Ph g; Ph Ph reflux, 6 h Ph Ph g; Ph Ph
Me; Mej;

overall 43%

Ph Me Me Me Ph
MeMgBr (x 2) © |e ©
_ -

Scheme 14.
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performed on a (lithium)(fluoro)silylenoid FH,SiLi.>? The
result indicates that the Si—F bond is weakened when the
electropositive lithium atom is bonded to the silicon, result-
ing in the enhanced electrophilicity of the silicon. Described
herein are the first experimental aspects of silylenoid in the
chemistry of (alkoxysilyl)lithiums.

3-1. Silylenoid Character of (z-Butoxysilyl)lithium.
Self-Condensation: As described previously in Section 1-
1 and Scheme 5, (t-butoxysilyl)lithium 5§ was stable at —78
°C for at least 6 h, but it decomposed completely at 0 °C
within 2 h. This finding is a striking contrast to the high
stability of (aminosilyD)lithiums 1, 2, and 9, which are sta-
ble at 0 °C for several days. Analysis of the decomposition
products disclosed the ambiphilic nature of 5, as summarized
in Scheme 15.'” At 0 °C, 5 was found to undergo bimolec-
ular self-condensation, via nucleophilic substitution of the #-
butoxy group by another molecule of 5, giving (2-¢-butoxydi-
silanyllithium 21, which was trapped as (z-butoxy)trisilane
22 in 56% yield. Note that one molecule of 5 behaves as a
nucleophile and the other as an electrophile.

The ambiphilic nature of 5 could be accounted for by con-
tribution of two extreme electronic structures, that is, a nu-
cleophilic silyl anion structure Sa and an electrophilic silyl-
enoid structure Sb, as shown in Scheme 15, by analogy with
the carbenoid chemistry.? In the latter Sb, the electropositive
lithium atom bound to the silicon ionizes and activates the
silicon—oxygen bond,*? so that the silicon becomes more sus-
ceptible to nucleophiles than that in the neutral alkoxysilanes
counterparts.

Nucleophilic Alkylation: The enhanced electrophilicity
of silicon in 5 has been demonstrated by ready nucleophilic
alkylation. Thus, 5 underwent concomitant nucleophilic
butylation with external n-Bul.i in the presence of TMEDA
at 0 °C to afford (butyldiphenylsilyDlithium 23, which was
trapped as disilane 24 (Scheme 15),'” together with the self-
condensation product 22 in the ratio of 89 : 11. The activation

. Lit :
Li - f+ .
PhySi< PhySiZ =~ PRSIl
[ 27~0-tBu 2 \6-I-Bu ll_
5 O-tBu
5a 5b
1204 TMEDA
-C- o n-Buli
0:C 2h THF | 0°C.2h i

Li*(12-c-4) Ph,Si—SiPh, i
[ Ph,Si ] { Lol PRSI, a0

t+BuO Li
21 23
lCISiMes l ClISiMe, l ClISiMe5
S|M93 F‘h28|—S|Ph2 S|Me3
Pthl\ 0 ths l
O-t-Bu +-BuO SiMej 'n-Bu
26 63% 22 56% 24 55%
(12-¢c-4 = 12-crown-4) (+22 7%)

Scheme 15.
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of the silicon—oxygen bond toward nucleophilic substitution
was confirmed by the following control experiments.'”” A
counter model compound (#-BuO)Ph,SiMe, where the neu-
tral methyl group is attached to the silicon, was very slightly
butylated with n-BuLi (5 mol amt.) at 0 °C for 10 min in
the presence of TMEDA, giving n-BuPh,;SiMe in only 4%
yield. Under the same condition, 5 was butylated to give 24
in 24% yield, together with 22 in 9%, after the quenching
with Me;SiCl. The silicon—oxygen bond in 5 is thus §—9
times more reactive towards the nucleophiles than that in the
neutral counter model compound.

Disappearance of the Electrophilicity: The elec-
trophilicity of 5 completely disappeared by addition of a
crown ether which was expected to convert 5 into a “solvent-
separated ion pair” 25, as shown in Scheme 15.'” In the pres-
ence of 12-crown-4, 25 was stable even at 0 °C for 2 h and
underwent neither self-condensation nor any butylation, but
behaved as silyl anion only. Upon trapping with MesSiCl,
only 26 was thus obtained in 63% yield. The nature of the sil-
icon-lithium bond plays a decisive role in the ambiphilicity:
The lithium cation which is surrounded by the crown ether
has no significant interaction with the oxygen atom on sili-
con, resulting in little or no activation of the silicon—oxygen
bond.

3-2. Effect of the Size and the Number of Alkoxy
Group(s). The methoxy analog (MeO)Ph,SiLi (10; see
Scheme 7) underwent self-condensation in the same manner
but more rapidly at 0 °C within 10 min to give the correspond-
ing (methoxy)trisilane after the quenching with Me;SiCl in
29% yield and also underwent butylation with n-BuLi even

—78 °C within 30 min (Scheme 16).'®

In contrast to the ambiphilic behavior of the (monoalk-
oxysilyDlithiums, a (dialkoxysilyl)lithium was found to be-
have predominantly as a silyl anion.'® Thus, a solution of (z-
BuO),PhSiLi (11), prepared at —50 °C according to the pro-
cedure in Scheme 7, was warmed to 0 °C for 2 h, followed by
addition of Me3SiCl, to form the silyllithium-trapped disilane
27 solely in 76% yield (Scheme 17). No self-condensation
product was detected at all, even after a longer period was
employed. The (dialkoxysilyl)lithium 11 thus turned out to
be stable even at 0 °C.

The (dialkoxysilyl)lithium 11 underwent butylation with
a large excess of n-BuLi at 0 °C to give the dibutylated
product 28 (29 after trapping) in 12% yield together with
unchanged 11 (27 after trapping): No monobutylated prod-
uct 30 (31 after trapping) was obtained at all (Scheme 18).2%
These results indicate that, while the first butylation of dialk-

x2 Ph,Si—SiPh, | MesSiCl  Ph,Si—SiPh,
———— 1 —_— Pl
-LiOMe MeO Li MeO SiMe;
0°C 5
PhQS'i—Li 29%
MeO
10 nBuli [ ph,si—Li |MeSICl  ph,gi—siMe,
-LiOMe n-Bu n-Bu
_ o
78°C 62%
Scheme 16.
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0°C,2h  ClSiMe,

[ (+BuO),PhSi-Li ] (+-BuO),PhSi-SiMe,

0,
1 No self-condensation 27 76%

t+-BuO O-t+-Bu

t-BuO—SIi—SIi'—Li
Ph Ph
Scheme 17.

oxy species 11 proceeds slowly, the second butylation of the
resulting monoalkoxy species 30 is much faster, which is in
accordance with the higher electrophilicity of the (monoalk-
oxysilyDlithiums. The reason for the decrease in the elec-
trophilicity of the silicon atom in 11 is not clear, but steric
factors as well as electronic factors should be considered.
3-3. Different Modes of Reactions of Monoalkoxy- and
Dialkoxychlorophenylsilanes with Lithium Metal. The
contrasting behavior of the monoalkoxy- and dialkoxy-si-
lyllithiums as described above are clearly reflected in
reaction modes of monoalkoxy- and dialkoxy-chlorosilanes
with lithium metal,?® as summarized in Scheme 19. Thus,
while reaction of (dialkoxy)chlorosilane (z-BuQO),PhSiCl
with lithium in THF at O °C afforded (dialkoxysilyl)lithium
11, which was tapped as disilane 27 in 45% yield, a sim-
ilar reaction of (monoalkoxy)chlorosilane (-BuQ)Ph,SiCl
afforded disilanyllithium 21, which was trapped as trisilane
22 in 63% yield, with no trace of 26 arising from the (alkoxy-

n-BuLi
MEDA

slow n-Buli
fast \ TMEDA
CiSiMe;

(+BuO)(n-Bu)PhSi-SiMe [ (n-Bu),PhSi-Li ]
31 0% 28
l CISiMe

[ (+BuO),PhSi-Li ]
1

[ (t BuO)(n-Bu)PhSn L ]

(n-Bu),PhSi-SiMe;
29 12%
(+27 26%)

Scheme 18.

Li (4 mol amt.
} (4 mo ) [ (+BuO);PhSi-Li |

(t-BuO),PhSi-Cl

Tl °C,4h
HF. 0°C 11 (27 76%)
vS.
Li (4 mol amt.)
Ph,Si—Cl PhySi—Li
| THF . |
t-BuO 0°C,4h t-BuO
. 5 x 2, self-condensation
C'SIMi:/ fm - +BuOLi
thsli—SiMeg : e ﬁ’h
+BuO f-BUO—S'I“Sll—LI
26 0% Ph Ph

(5 was not trapped) 21 (22 63%)

Scheme 19.
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silyDlithium. In the latter case, it is likely that the lithium
(alkoxy)silylenoid 5 is generated first and then it rapidly
undergoes bimolecular self-condensation. These reactions,
as a result, provide the selective formation of (dialkoxysi-
lyDlithium 11 and [2-(alkoxy)disilanyl]lithium 21 from the
corresponding, readily available (alkoxy)chlorosilanes.”” It
should be noted here that the [2-(alkoxy)disilanyl]lithium 21
is stable and shows little tendency for -elimination at 0 °C
within a few hours, while the carbon analogs undergo £-
elimination readily to form olefins.

3-4. Further Comments on the Silylenoid Chemistry.
Two further points on the silylenoids deserve comment. First,
the ambiphilicity of the silylenoids allows the successive
introduction of a nucleophile (Nu™) and of an electrophile
(EY) to a silylene moiety, as shown in Scheme 20.3® The im-
portant point is that a nucleophile is introduced first with ease
because of the high electrophilicity of the silylenoid, which
makes a sharp contrast to the conventional transformations
involving ordinary silyl anions to which only an electrophile
is introduced. This new reaction pattern may suggest a
potential synthetic utility of silylenoids.

Second, the behavior of the silylenoids may offer a new
clue to explain the mechanism!® of chain elongation of poly-
silanes via reductive coupling of dihalosilanes I with alkali
metal M, as shown in Scheme 21."” The first step is the for-
mation of metal halosilylenoid II. It has been so far proposed
that the coupling reaction of II with I affords 1,2-dihalodi-
silane I, which is then metalated to give the second reactive
species, 1-halo-2-metallodisilane IV (path a). The present
results, however, strongly suggest a new possibility for the
direct conversion of the initially formed silylenoid species
II into IV via self-condensation (path b), which would pro-
ceed much faster than the reaction of I with I. This step has
not previously been proposed for the mechanism of chain

Ph i,o-t-Bu Nu~ Ph\Si,Nu

Ph” L Ph” L
I )
07 ™ .

Ph Ph u
S &&= _ si{
Ph 0 Ph E

N,
Scheme 20.

st|x2 M stu\

e

2M
Rgsl_?le —> RZSI—Sle
X X a X M
m "
Piasl ¥
Scheme 21.
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elongation of polysilanes.

4. Reactions of [(Allyloxy)silyl]lithiums and
[(Allylamino)silyl]lithiums:
The Sila-Wittig Rearrangement

The Wittig rearrangement is one of the most important
reactions of @-oxygen and a-nitrogen substituted carban-
ions. Much attention has been paid especially to the [2,3]-
Wittig rearrangements since they serve as regio- and stereo-
selective C—C bond forming reactions (Scheme 22).143439
In contrast, silicon analogues to the [2,3]-Wittig rearrange-
ments have never been reported so far.*® In the course of
our study of amino- and alkoxy-silyllithiums, we have found
the first examples of [2,3]-sila-Wittig and aza-sila-Wittig
rearrangements.*” They involve intramolecular migration of
an allyl group from an oxygen or nitrogen to silicon in [(al-
lyloxy)silyl]lithium or [(allylamino)silyl]lithium, as shown
in Scheme 22.

4-1. [2,3]-Sila-Wittig Rearrangement. The tin-lithium
exchange reaction is applicable to the preparation of [(al-
lyloxy)silyl]lithiums. A typical example is shown in
Scheme 23. [(Allyloxy)silyl]stannane in THF was treated
with #-BuLi (2.0 mol amt.) at —78 °C for 3 h. Then the
reaction mixture was stirred at room temperature for 2 h and
the reaction was quenched with MesSiCl to give the rear-

Wittig Rearrangement
Li %i
R,C—X

R,C—X
ey

~/ \~

Sila-Wittig Rearrangement

L L
R,Si—X R,Si—X
—_——
A '\/
X=0, NR
Scheme 22.
Me3 Sn. HO Et3N Me3 ?n
———eee—
Ph,Si—Cl © \/k— DMAP Ph,Si—O
Et,0O A

room temp., 4 h

87%

Li Li
n-BulLi (x 2) | 1
————— | Ph,Si—Q | ———— [ Ph,Si—O
THF A room temp.
-78°C,3h 2h Z
33 ' 35
l Me;SiCl j Me,SiCl
?iMea &I‘,iMe3
Ph,Si—O Ph,Si—0
\)\— =
34 51% 32 68%

Scheme 23.
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rangement product, allylsilane-containing disiloxane 32, in
68% yield. No [1,2]-rearrangement product was detected at
all. The intermediate formation of the (allyloxysilyDlithium
33 has been confirmed by quenching the reaction at —78
°C to give the corresponding allyloxydisilane 34. The rear-
rangement was greatly enhanced by addition of 12-crown-4
to the solution of 33 to give only the rearrangement product
32 via 35 in 55% yield even at —78 °C within 1 h.*®

Some other representative results are summarized in
Scheme 24; three points deserve comment. (1) An olefinic
stereoselection!**® has been investigated on [(allyloxy)-
silyl]lithiums which have a chiral fertiary allylic carbon cen-
ter. The rearranged allylsilanes preferentially have (E)-olefin
moieties (36) with an increase in the bulkiness of the al-
lylic alkyl substituent, but the reversed Z-selectivity (37)
is observed in the phenyl case. Whereas the E-selectivity
is similar to the general tendencies observed for the [2,3]-
Wittig rearrangement,* the Z-selectivity implies a mechanis-
tic complexity in the present silicon version. (2) In addition to
the rearrangement from tertiary allyloxy*® to primary allyl-
silanes (38a) (abbreviated as tert-to-prim), tert-to-sec (38b),
and tert-to-tert (38c¢) rearrangements proceed smoothly. (3)
Exocyclic allyloxy-silane is converted into endocyclic allyl-
silane 39. Further noted is the regioselectivity observed in
the last example, which exclusively undergoes migration to
the exocyclic olefin (40) with the endocyclic olefin intact.

The present method, however, is applicable only to fer-
tiary allyloxy derivatives. Some attempted transmetalations
of [(prim-allyloxy)silyl]- and [(sec-allyloxy)silyl]stannanes
were unsuccessful, because butyllithiums tend to attack the
sterically less bulky silicon atom rather than the tin atom.
This limitation has been partially overcome by a reductive
lithiation method,'® as shown in Scheme 25. Thus, a (sec-
allyloxy)chlorosilane was tréated with lithium naphthalenide

SnSi- O SiOSi Me  SiOSi R
MMe K/\ + K/\
R R Me
36 37
a R=iPr 83% 62 @ 38
b: R=+Bu 81% 89 : 11
¢ R=Ph  77% 29 : T1
R!._R? R! R?
| . SIOSi
OSisn | a: R'=R%=H 80%
—— b: R, R2=Me,H 77%
c: R'=R?=Me  84%
38
0Sisn I | osien | siosi
SiOSi
39 79% 40 65%
(E:Z2=35:65)

“ For clarity. ~SiPh>SnMe; and ~SiPh,OSiMe; groups are
abbreviated to =SiSn and -S108i. respectively.

Scheme 242
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(3.0 mol amt.) in THF at —45 °C for 1 h, followed by stirring
at 0 °C for 1 h and by trapping with Me3SiCl, to afford the
rearrangement product in 38% yield as a mixture of olefinic
stereoisomers.*”

4-2, [2,3]-Aza-Sila-Wittig Rearrangement.  We next
turned our attention to the aza-sila-Wittig rearrangement, in
which the oxygen atom is replaced by a nitrogen atom.>” A
typical example is shown in Scheme 26. Transmetalation of
[(allylamino)silyl]stannane with #-BuLi (2.0 mol amt.) was
complete at —45 °C in 2 h to give [(allylamino)silyl]lithium
41, which was trapped as 42 in 86% yield. By addition
of 12-crown-4, 41 smoothly underwent the rearrangement
at —45 °C to form lithium (allylsilyl)amide 43, which was
trapped with Me;SiCl to give the allylsilane 44 in 86% yield.
The crown ether was essential for this rearrangement;*® in
the absence of the crown ether, the rearrangement proceeded
in only 10% yield even by warming to —20 °C; at higher
temperatures, a complex mixture resulted.

A direct reductive lithiation was also successful for the
aza-sila-Wittig rearrangement.*” As shown in Scheme 27,
reaction of (allylamino)fluorosilanes with lithium in THF
at 0 °C for 4 h, followed by trapping with Me3SiCl, gave
the rearranged allylsilanes 45 in moderate yields. In this
method, 12-crown-4 was not required, perhaps because the
reaction temperature was higher than that in the transmeta-
lation method.

These sila-Wittig rearrangements are considered to be ther-
modynamically favorable since they convert the silyllithiums
into the more stable lithium oxides and lithium amides.
The enthalpy for the model reaction, (CH,=CH-CH,-0)-
Ph,Si-Li—(Li—-O)Ph,Si—CH,—CH=CH,, was estimated to
be about —40 kcal mol~! by PM3 calculation.’” The sila-
Wittig rearrangements offer a novel route from allyl alco-

(1) L*Naph* (x 3)/ THF

¢ -45°C,1h - §Mes
thsl— (0] Pthl"'O
S (2)0°C,1h
CsHir (3) MeSiCl PGty
38%
(E:Z=50:50)
Scheme 25.
Me;,?n SiM
PhySi—N"" e
\
t-Buli (x 2) ll'i SiM | 12-crown-4 Y
e | PhySi— N | e | PRSI Gy
THF ~ -45°C, 2h I\/
-45°C,2h
M 43
1 Me,SiCl 1 Me,SiCl
SiM93 .
PhySi—N-SMes PhySi—N(SiMes),
x Z
42 86% 44 86%

Scheme 26.
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R R
45a; R=H 41%
45b; R =Me 54%
Scheme 27.

hols or allylamines to sila-functionalized allylsilanes in a
regiocontrolled fashion, which are hardly accessible by con-
ventional methods.

5. Synthetic Applications of
the Functionalized Silyl Anions:
Aminosilyl Anions as Hydroxide Ion Equivalent

Silyl anions have been known to serve as a hydroxide ion
equivalent, because functionalized silyl groups in organosil-
icon compounds can be converted into the hydroxy group by
oxidation.*? In the conventional PhMe, Si anion chemistry,*?
the silicon—carbon bond can be oxidatively cleaved only after
the phenyl group is replaced with a heteroatom by acid treat-
ment. This methodology involving the acid treatment, how-
ever, cannot be applied to at least three types of silanes, that
is, allylsilane, vinylsilane, and £ -hydroxy silane, because the
acid might cleave the silicon—allyl and —vinyl carbon bonds
much faster than the silicon—phenyl carbon bond*’ or might
cause Peterson olefination of the -hydroxy silane.*?

The aminosilyl anion chemistry has afforded a solution to
this problem.*® Thus, no acid treatment is required since the
silyl group is already nitrogen-functionalized. For synthetic
applications, (aminosilyl)lithium 1 has been converted into
the copper reagent 46 and the magnesium reagent 47, as
shown in Scheme 28.3%4® These reagents can be applied
to regio- and stereoselective synthesis of allylsilanes, f-
hydroxy silanes, and vinylsilanes, which are converted into
the comresponding alcohols and aldehyde,*” as summarized
in Scheme 29.

Allylsilanes via Allylic Substitution: (Aminosilyl)-
cuprate 46 underwent the Sy2’ allylic substitution reaction*®
with 1-vinylcyclohexyl acetate to give amino-substituted [2-
(cyclohexylidene)ethyl]silane, which was converted into the
corresponding allyl alcohol in 63% yield. Similarly, 2-cyclo-
hexenyl carbamate was transformed into an isomeric allylic
alcohol in a highly regio- and stereoselective fashion.

p-Hydroxy Silane via Ring-Opening of Epoxides:
Monoepoxide of 1,3-cyclohexadiene® was converted into
1,2- and 1,4-diols in a completely regio- and stereoselective
fashion by use of 1 and 46 via an SN2 type and an Sn2’ type

(EL,N)Ph,SiLi + CuCN F (Et,N)Ph,SiCu(CN)Li
1 0°C.1h 46
(EtzNJPh;SILi + MeMgBr —————= (Et;N)Ph,SiMgMe
1 0°C.1h 47
- LiBr
Scheme 28.
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ring opening, respectively. It is noted that the primary prod-

ucts 48 and 49 have allylsilane moieties as well as -hydroxy

(or vinylogous £-hydroxy) silane moieties, but these can be
subjected directly to the oxidation reaction.

Vinylsilane by Addition to Alkyne: Ithas been reported
that silylcuprates® and silylmagnesium species®® undergo
regioselective addition to alkynes. (Aminosilyl)cuprate 46,
however, underwent addition to 1-alkyne with low regiose-
lectivity, together with deprotonation on the terminal carbon
atom. In contrast, (aminosilyl)magnesium species 47 per-
formed stereo- and regioselective addition to 1-alkyne in the
presence of Cul to give the vinylsilane, which afforded the
corresponding aldehyde by hydrogen peroxide oxidation in
36% overall yield.

Concluding Remarks
We have developed four types of functionalized silyl-
lithiums: that is, amino-, alkoxy-, allyloxy-, and allylamino-
silyllithiums. The present chemistry has opened up the pos-
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sibility of preparing a variety of functionalized organosilicon
compounds as well as preparing new synthetic reagents for
organic synthesis. We should say, however, that we are just
on the starting point to a new field of organosilicon reac-
tive species. Much remains to be investigated, including the
crystal structure analysis,’” stereochemical analysis of the
functionalized silyllithiums, and introduction of other het-
eroatoms, such as P, S, Se, and halogens, on the silicon in
silyllithiums.

We thank Prof. Y. Ito, Kyoto University, for useful dis-
cussions. We are also grateful to the Ministry of Education,
Science, Sports and Culture, for Grant-in-Aids for Scientific
Research.
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