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A facile and highly stereoselective retro-[1,4] Brook rearrangement of 3-silyl allyloxysilanes has been discovered. While basic hydrolysis of
the formed (2)-3,3-bissilyl lithium enolates provides 3,3-bissilyl carbonyl compounds efficiently, trapping the species with various electrophiles
including alkyl halides leads to the exclusive O-substituted (2)-3,3-bissilyl enol derivatives that can undergo a Sakurai reaction with aldehyde

to produce the synthetically useful 1,2-diol diastereoselectively.

Retro-Brook rearrangement,” describing an intramolecul ar
silyl migration from an oxygen to a carbon atom,
comprises a powerful tactic for the rapid construction of
functionalized organosilanes from more accessible silyl
ethers. While many investigations of the retro-[1,4] Brook
rearrangement? have been reported, only two papers have
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appeared describing the process in allyloxysilane systems.
Mitchell® first reported a lithium amide-induced retro-[1,4]
Brook rearrangement of allyloxysilanes bearing two
organometal residues on the vinylic carbons. However,
as the author mentioned, the silyl migration is only feasible
when the trimethylsilyl group was involved due to the
steric effect at silicon. Recently, Tomooka* investigated
the retro-[1,4] Brook rearrangement of simple allyloxysi-
lanes. The stereochemical course was clarified for the first
time by using a silicon-centered chiral silyl group as the
migration moiety.

The starting point of this work arises from our interest in
geminal bimetallic species, which are useful building blocks
and have shown high efficiency in the selective formation



of carbon—carbon bonds.®> Our particular attention is cur-
rently focused on a special type of gemina bissilyl com-
pounds?® such as 3,3-bissilyl carbonyl and enol derivatives 5
and 6. Despite potentially being attractive synthons, they have
been barely investigated due to the lack of suitable synthetic
methods. We envisioned that adirect and practical entry into
these species might be achieved via the retro-[1,4] Brook
rearrangement of 3-silyl allyloxysilanes 1 (Scheme 1).
Herein, we report the realization of this methodology.
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In accordance with Mitchell’s observation, the initial use
of LDA as base proved to be unworkable for the rearrange-
ment of la possessing the sterically hindered triethylsilyl
groups. Tomooka's protocol using t-BuLi with 5.0 equiv of
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HMPA as cosolvent was also not effective and led to less
than 40% conversion. Delightfully, when s-BuLi was used
instead of t-BuLi, 1a was consumed completely in several
seconds at —78 °C and converted into a new compound after
quenching with 10% aq HCI (Scheme 2). To our surprise,
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—78 °C then 10% ag HCI. d. further hydrolysis during concentration and
chromatography.

this initial formed product appears to be quite stable with
the acidic hydrolysis condition even for several hours, but it
can be converted slowly into the desired aldehyde 5a during
concentration and chromatography on silica gel. Since the
compound has been ruled out to be either retro-[1,2] Brook
rearrangement or 1,3-hydrogen shift products, we presumed
it might be the hydrate 7 generated by hydrolysis of the
lithium enolate intermediate 4.

Given the observed good acid stahility of 7, we predicted
basic hydrolysis would be feasible to generate the desired
aldehydes. As expected, quenching the reaction with 10 equiv
of H,O followed by stirring at room temperature for 3 h gave
rise to the aldehyde 5a in 62% yield (Table 1, entry 1). Itis

Table 1. Screening of Reaction Conditions

OSiEty s-BuLi (1.5 equiv) Et;Si O
Bt X HMPA/THF, -78 °C Et,Si H
1a then basic hydrolysis 5a
entry HMPA workup temp® time yield®
1 5.0 equiv.  Hy0 (10 equiv) rt 3h 62%
2 1.2 equiv H,O0 (10 equiv) rt 3h 91%
3 0.3 equiv  Hy0 (10 equiv) rt 3h N.D.
4 1.2 equiv  Hy0 (10 equiv) 50°C 1h 30%
LiOH (3 equiv)/Hy0
5 1.2 equiv (20 equiv) rt 2h  75%

a Temperature of the basic hydrolysis step. P Isolated yields after
purification by silica gel column chromatography.

noteworthy that despite that Tomooka has emphasized the
importance of a large excess of HMPA for the high
selectivity of retro-[1,4] Brook rearrangement in simple
dlyloxysilane systems® here 1.2 equiv appeared to be
effective enough to facilitate the silyl migration, providing
an even much higher 91% yield (entry 2). However, using a
catalytic amount of HMPA only resulted in the partial retro-
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[1,2] Brook rearrangement, and no retro-[1,4] one occurred
(entry 3). More vigorous workup conditions including stirring
at 50 °C (entry 4) or adding an extra 3.0 equiv of LiOH
(entry 5) led to the faster hydrolysis, but the yields dramati-
cally decreased.

Having established the optimal reaction conditions, we
further examined the scope of substrates. Not limited to (E)-
3-silyl alyloxysilane, 1la with Z-configuration is also suitable,
giving the comparably high yield (Table 2, entry 1).

Table 2. Scope of 3-Silyl Allyloxysilanes

Ry OsiM siM o
3 ' s-BuLi, HMPA/THF, -78 °C R3
iR then H,0, rt si? R’
R: (SiM = migrated silyl group) ':2
entry sub? siM si® R" R? R® prod yield®
1 1a(2) EtSi H H H EGSi 5a 90%
2 b Me,Si MesSi H H H 5b 74%

3 1c  t-BuMe,Si  t-BuMe,Si H H H 5¢  73%

4 1d PhMe,Si PhMe,Si H H H 5d 93%
5 1e Ph,MeSi Pho,MeSi H H H 5¢  50%
6 1f Ph;Si Ph;Si H H H 5f  75%

H 0,
7 1g B Ngiye, N H H 59 60%

8  1h EtsSi EtsSi Me H H 5h 67%
T MesSi MesSi H Me H 5 72%
100 1 MesSi MeSi H Ayl H 5 53%
11 1k MegSi MeSi H H Ph — —

2 Reaction conditions: allyloxysilane (0.15 M), s-BuLi (1.5 equiv),
HMPA (1.2 equiv) in THF at —78 °C, then H,O (10 equiv), warmed to rt,
3 h. P Isolated yields after purification by silicagel column chromatography.
¢ TMEDA (1.5 equiv) was added.

Moreover, awide range of silyl groups were found capable
to undergo the smooth migration, even though the formed
bissilyl moieties are much hindered (entries 2—6). Formation
of the aldehyde 5g (entry 7), in which the migrated silyl
group contains an allyl substitution, presents a more attractive
result given the potentia of further intramolecular transfor-
mations. Reactions of 3-silyl alyloxysilanes bearing substitu-
tion at the 1- or 2-position can also proceed successfully
when the more reactive s-BuLi/TMEDA complex was used
to facilitate the deprotonation step (entries 8—10). However,
with substitution and even the anion-stabilizing phenyl group,
located at the 3-position, the silyl migration was totally
suppressed probably due to the difficulty of forming the
sterically constrained 3-quaternary carbon.

Reactions quenched with various el ectrophiles were further
examined by using allyloxysilane 1a as the model substrate.
As summarized in Table 3, reactions with triakylsilyl
chlorides (Table 3, entry 1) and acyl chlorides (entries 2—5)
provided the corresponding functionalized 3,3-bissilyl enol
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Table 3. Reactions with Electrophiles

OSiR;3 ) Et3Si  OR®
s-BuLi, HMPA/THE, 78 °C
N .
R3Si then R3X Et;Si
R? R,
1 6
entry substrate® R3X product® yield®
Et.;Si  OSiEts
1 1a(R=Et R?=H) Et;SiCl ) P 6a  95%
Et;Si
By
Et:Si O Et
2 1a EtCOCI P 6b  93%
Et,Si
1
Et;Si O~ “Ph
3 1a PhCOCI gy g~ 6c 9%
I
Et:Si O “OEt
0,
4 1a EOCOCI P 6d  90%
b
Et:Si 07 “N(-Pr),
5 1a i-Pr),NCOCI 6e  92%
(FPr) Etasi)\/ °
6 1a Mel BtSI  OMe o g4y
Et;Si7
=
7 1a AllylBr ) _ 6g  63%
Et,Si
8 1a BnBr Etz:Si  OBn  gh  o0%
Etysi” 7
>
9 1a et T
Et,si”
_ NEt,
NEt,  EtSi O
10 1a B Y 6  75%
0
o) EQSiM
Et;Si  OMe
119 1I(R=Et R2=Me)  Mel 6k 60%
( ) Ety5i” > °
Me
MesSi  OMe
129 1m (R=Me; R2=Ph) Mel P 6l 58%
Me;Si
Ph

2 Reaction conditions: allyloxysilane (0.15 M), s-BuLi (1.5 equiv),
HMPA (1.2 equiv) in THF at —78 °C, then R®X (3.0 equiv), warmed to rt,
4 h. ® The stereoselectivity was determined by 'H NMR spectroscopy, and
the configuration was determined by NOE experiments of 6f. © |solated yields
after purification by silica gel column chromatography.  TMEDA (1.5
equiv) was added.

derivatives smoothly and in good to excellent yields.
Generation of the exclusive (Z)-configuration supports
formation of the five-membered pentacoordinated silicate 3°
to be reasonable during the course. The particularly notable
results were obtained when akyl halides were used as

Org. Lett, Vol. 12, No. 22, 2010



electrophiles (entries 6—12). All reactions present the reliable
and exclusive O-alkylated selectivity, and no C-akylated
products were detected at all. Thisresult isin sharp contrast
to the previous observations by Still® and Tomooka® since
they have all found that quenching reactions of simple
allyloxysilanes with iodomethane only provided the y-C-
alkylated product,s and none of the retro-Brook rearranged
products were formed.

Rationalization of this excellent O-alkylated selectivity is
proposed as follows. Given the coupling constant (J = 12.4
Hz) of H2 and H® in 6f as well as no NOE being observed
between them, we speculated the most favorable conforma-
tion of lithium enolate could be expected as 4a that involves
the minimum alylic strain and nonbonded interaction
(Scheme 3). Thus, regeneration of the pentacoordinated

Scheme 3
i Li
@Li I . z
1 0, 7 ” : Et3Si A Li
i 2;*'-’§H SiEts H—Z 'J-I? irreversible o ,-3 S’
Et;Si Et3Si “SiEt i
* 2a s T i
potential C-alkylated products were not defected Mel l 84%
; e Et;Si,___~-Me
EtsSin A~ Me  EtSis 3y B Ao HeoX r?’
OSiEty Me OSIEty gy EL,Si
8 9 10 6f (J 2.3= 12.4 Hz)

silicate 3a and allylic anion 2a via a reverse process would
be quite difficult, thereby prohibiting C-alkylation at the 1-
and 3-position to give 8 and 9, respectively. In fact, we have
found that the whole silyl migration proceeded very fast;
moreover, 4a can be stored at either —78 or 10 °C for severa
hours while dtill maintaining the good reactivity with
electrophiles. That isto say, formation of 4a isboth akinetic
and a thermodynamic process. On the other hand, due to
the bulky bissilyl moiety shields, both sides of 2-position in
4a, C-alkylation to give aldehyde 10 would be unfeasible,
aswell. Asaresult, akyl halides are forced to approach the

(7) For representative studies, see: (a) Wright, A.; West, R. J. Am. Chem.
Soc. 1974, 96, 3227. (b) Couzijn, E. P. A.; Schakel, M.; de Kanter, F. J. J,;
Ehlers, A. W.; Lutz, M.; Spek, A. L.; Lammertsma, K. Angew. Chem., Int.
Ed. 2004, 43, 3440, and references therein.

(8) (d) still, W. C.; Macdonald, T. L. J. Am. Chem. Soc. 1974, 96, 5561.
(b) Still, W. C. J. Org. Chem. 1976, 41, 3063. (c) Still, W. C.; Macdonald,
T.L.J. Org. Chem. 1976, 41, 3621. (d) Hosomi, A.; Hashimoto, H.; Sakurai,
H. J. Org. Chem. 1978, 43, 2551. (¢) Lau, PW. K.; Chan, T. H. J.
Organomet. Chem. 1979, 179, C24.
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oxygen anion completely with generating the exclusive
O-akylated products.

The wide existence of polyketide natural products then
led us to explore the allylation reactivity of 3,3-bissilyl enol
derivatives with aldehydes. The preliminary result is shown
in Scheme 4. By treatment of silyl enol ether 6m with TiCl,

Scheme 4
Me M OH
) TiClg, 7-C4H;CHO i :
EtySi A e T L EGSins CoH
_ . CHCly, -78°C o
Et3Si OSiEty o OH
m 48% 11 [single (E)-anti-isomer]

and n-butanal, an expected Sakurai reaction,**° rather than
Mukaiyama aldol addition, occurred to give 1,2-diol 11 in
48% yield and as a single (E)-anti-isomer.'©

We have described afacile and highly stereoselective retro-
[1,4] Brook rearrangement of 3-silyl allyloxysilanes. This
route provides a practical entry to a diverse array of 3,3-
bissilyl carbonyl and enol derivatives. The synthetic values
of these building blocks have also been demonstrated by the
Sakurai reaction with aldehyde to generate the 1,2-diol
diastereoselectively. Detailed studies on the rearrangement
and other applications of this methodology are currently
underway.
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