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A convenient procedure for the synthesis of highly enantioenriched allenylsilanes by Johnson orthoester Claisen rearrangement of 1-silyl
propargylic alcohols is described. Allenylsilanes are then used as carbon nucleophiles in three-component, Lewis acid mediated additions to
in situ generated oxonium ions, resulting in enantioenriched homopropargylic ethers.

In recent years, allenes have emerged as an important Asacomplement to allenylstannane chemistry, an efficient
functional group and have been used in a variety of organic synthesis of highly enantioenriched allenylsilanes is a desir-
transformations, including ionic additioAgycloadditions, able synthetic objective and a potentially useful contribution
cyclizations? and sp—sp? and sp—sp cross-coupling pro-  to the field. Like allenylstannanes, the related silanes can
cessed.Despite these important contributions, the chemistry be used to synthesize homopropargylic alcoRolhese

of allenes remains underdeveloped. One important class ofreagents share the ability to convert axial chirality into central
allenes that has proven to be useful is enantioenrichedchirality in the resulting product, by addition to carben
allenylstannanes, which have been used as carbon nucleoheteroaton-bonds. Chiral allenylsilanes have been prepared
philes for the diastereo- and enantioselective synthesis ofusing Fleming’s §2' displacement strategythe majority
homopropargylic alcohofs. of the reports have used racemic reagents. The lack of general
synthetic pathways to highly enantioenriched allenylsilanes
may have hindered their development, and a convenient
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stereoselective route to the synthesis of chiral allenylsilane
remains a desirable objective.

In that regard, a convenient, straightforward pathway has
been developed for the preparation of highly enantioenriched
allenylsilanes. We began the synthesis with commercially
available 3-butyn-2-ol1), which was deprotonated using
n-butyllithium (2 equiv) to generate a dianion. C-Silylation
with phenyldimethylchlorosilane resulted in alkyn#
in high vyield (86.3% after purification>35 g scale).
Selective C-silylation was observed, and the addition
of lithium chloride resulted in nearly exclusive
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C-silylation. Trace amounts of bis-silylated product
(<10%) were observedi NMR analysis) in the absence
of LiCl.8
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Racemic propargylic alcoh@was subjected to a kinetic
resolution using Amano lipase AKThe advantages of
employing a biocatalytic resolution are several fold: the
procedure is operationally simple; both enantiomers are
obtained in high ee; the reagents are readily available and
inexpensive; and the enzyme can be recycled for multiple
uses without losing catalytic efficiency. The resolution
afforded the enantioenriched propargylic alcot84Z (49%
yield, >95% ee) and acetate (R)-@8% yield) after
purification over silica gel. AcetateR)-2 was hydrolyzed
when re-exposed to the lipase in pH 7 aqueous buffer to

The ee’s of the allenes have been determined by HPLC
and, as anticipated, are nearly identical to the ee’s of the
starting propargylic alcohof$. The optimal conditions for
the Claisen rearrangement were found using refluxing
xylenes, while the use of toluene or other lower boiling
hydrocarbon solvents resulted in low conversion. The
absolute configuration of the allenylsilane is based on the
concerted nature of the sigmatropic rearrangement using a
pseudo-chair transition state, and accordindg®s4 afforded
(S)-4 and (S)-2afforded (R)-4.1

Scheme 3. Johnson Orthoester Claisen Rearrangement

MeC(OMe); .
{H cat. propionic acid H>= __\\S[MezPh
X xylenes, A Mé _\—COZMe
SiMe,Ph
(R)-2 (S84, [a]p2%= +9.2
OH MeC(OMe); —CO.Me
: cat. propionic acid L 7
A Se.ph xylenes, A Mé SiMe,Ph
(s)2 SMe:

(R.)-4, [0]p?%= 9.6

afford propargylic alcoholR)-3 (77% yield,>99% ee) after
purification over silica get?

The individual propargylic alcohols (S)&hd (R)-2were
then subjected to an orthoester Claisen rearrangébriéta
afford the enantioenriched allenylsilan&s)¢4 and G,)-4.12
The (9)-allene is obtained in 81% yield and 98% ee, and
the complementaryR;)-allene is obtained in 79% yield and
98% eel?
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Having established a reliable protocol for the production
of enantioenriched allenylsilanes, we used the silanes in
three-component, Lewis acid catalyze@Seactions to form
homopropargylic etherS.By examining a series of Lewis
acids that were likely to effect this reaction, we found that
BF3;OEt was the most efficient catalyst. A solution of
aldehyde and TMSOMe was exposed ta&PED, followed
by addition of a solution of the allenylsilane. After perform-
ing a solvent screen, it was found that the optimal solvent
for the reaction was acetonitrile (Table '$).
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(14) See Supporting Information for a detailed description.

(15) Panek, J. S.; Yang, M.; Xu, B. Org. Chem.1992,57, 5790—

(12) For other examples of orthoester Claisen rearrangements to acces$792.

allenes, see: (a) Allenylstannanes: Marshall, J. A.; Wang, 3.-Prg.
Chem1991 56, 3211-3213. (b) Racemic allenylsilanes: Yun, S.-J.; Chung,
K. H.; Yu, B.-C. J. Korean Chem. So@004,48, 439—442.

2690

(16) No product was observed in THF, diethyl ether, or DMf20 °C
was found to be the best temperature for the reaction, as lower temperatures
resulted in an incomplete reaction, with recovered staring materials.
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Table 1. Solvent Screen Table 2. Three-Component Reactions with TMSOMe

Me H
r
O,Me \[r o] OMe

Me._H 0 M
\ﬂ/ ! PhM s‘)l "'/)J\oM _RJ\H TMSOMe =
j\ TMSOMe 25l ® BFa*OEt, MeCN, 20 °C | :
PhMe,Si” " “OMe BF;e0Et, MeCN, -20 °C (Ra)4 5
(Ra)-4 entry  aldehyde yield? dr®
solvent temp yield® dr?
MeCN —90 °C 78% >90:1 1 2,5-Dimethoxybenzaldehyde 69% >20:1
MeNO; —20°C 49% >20:1
DCM —20°C 11% >20:1
Toluene —20 °C <5% >20:1 .
MeCN —45°C 44% >90:1 2 2,3-Dimethoxybenzaldehyde 61% 10:1
2lsolated yield after chromatographic purification over silica gel. 3  Bgenzaldehyde 54% 5:1

b Diastereomeric ratios (dr) were determinedbyNMR analysis.

4 p-Tolualdehyde 49% >20:1

The observedsyn stereochemistry can be explained by
either an antiperiplanar or a synclinal transition state s 2-Bromobenzaldehyde 78%  >20:1
(Scheme 4), where theR{)-allenylsilane adds to th&e

Scheme 4. Transition State Models 7 2 Thiophenecarboxaldehyde 54%  2.7:1
@R

6 2-Nitrobenzaldehyde 54% >20:1
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OMe 2 "coMe
11 Hydrocinnamaldehyde 43% 2.1:1 H 5k

face of the oxonium ion. While either transition state

will result in the observed SterEOChemiStry* the antiperi- a|solated yields reported as a diastereomeric mixture after purification
planar transition state, where the interaction between over silica gel” Diastereomeric ratios (dr) were determined sy NMR

the R group on the oxonium ion and the methyl on the 2"aWsis

allene is minimized, may be the best illustration of this

reaction.

select secondary ethers (entries 7—10). The latter cases are
Aromatic aldehydes afforded the highest yields and jjystrative of examples of double stereodifferentiation, where
selectivities in the three-component reactions using the magnitude of diastereoselectivity is either enhanced
TMSOMe as the oxonium ion precursor (Table 2, entries (matched cases) or attenuated (mismatched cases). In general,
1-6), with yields as high as 78%, and a single diastereomerthe yields for these reactions were similar to those using

observed for many of the systems. Branched aliphatic TMSOMe, but the diastereoselectivities tended to be slightly
aldehydes (entries 8 and 9) also gave the homopropargyliciower.

ethers in high selectivity, albeit in moderate yield. Straight
chain aliphatic systems typically gave low yields and
selectivities (entries 10 and 11). Thiophenecarboxaldehyde
(entry 7), a heteroaromatic system, showed reactivity and

. 0 : L )
good yield (54%), but the diastereoselectivity was low (2.7: Lewis acid catalyzed additions to in situ generated oxonium

D. ions for the asymmetric synthesis of a range of structurally

More complex trimethylsilyl ethers were also effective in diverse homopropargylic ethers. The use of these reagents
generating oxonium ions for these reactions (Table 3). Thesein complex molecule synthesis will be reported at a later
include primary allylic and benzylic ethers (entries@) and time.

In conclusion, an efficient procedure for the prepara-
tion of highly enantioenriched allenylsilanes47% ee) with
high yields on a multigram scale is reported. The allenylsi-
lanes were used as carbon nucleophiles in three-component,
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Table 3. Three-Component Reactions with Other TMS Ethers

Meo _H /ﬁ\ O,Me
T R™H  TMSOR Q
. O A
LA - R
PhMe,Si ‘o OMe BF3*OEt,, MeCN, -20 °C
(Ra)-4
entry  aldehyde TMS ether yield? dr? product
} A o .
1 2, 3-Dimethoxybenzaldehyde TMSO T77% 10:1
/\/ o, .
2 Benzaldehyde TMSO 46% 8:1
ANF .
3 2-Bromobenzaldehyde TMSO 78%  >20:1
4 Cyclohexanecarboxaldehyde TMSO/\/ 34%  >20:1
5 2-Bromobenzaldehyde TMSO/\ 56% 12:1
6 2-Bromobenzaldehyde TMSOBn 60%  >20:1
OTMS
A\
7 2-Bromobenzaldehyde (S) SiMePh  69%  >20:1
OTMS
N\
8 2-Bromobenzaldehyde (R) SiMe,Ph  56% 5:1
QTMS
N
9 2-Bromobenzaldehyde S siMePh 64% 151
10a
s)
QTMS "'(\/SiMezPh
. Br O
10 2-Bromobenzaldehyde SiMe,Ph  49% 10:1 R CO,Me
(R) 10b

a|solated yields reported as a diastereomeric mixture after purification over silicajelstereomeric ratios (dr) were determined'byNMR analysis.
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