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Introduction

Allenylsilanes 2 are versatile reagents widely used in or-
ganic synthesis.! Generally, allenylsilanes react as propar-
gyl anion equivalents in Lewis acid mediated? or thermal?
nucleophilic addition to electrophiles such as carbonyls,
imines, Selectfluor, and N-bromosuccinimide, etc.)** The
regiospecific addition of allenylsilanes provides a B-vinyl
cation, which is stabilized by a C—Si bond, which is called
B effect. The C—Si bond in allenylsilanes is oriented cis-
coplanar to the p-orbital of the carbocation and provides
direct stabilization.> Allenylsilanes undergo [3-+2] annula-
tions with o,B-unsaturated carbonyls, carbonyl com-
pounds, imines, and nitrosyl cations to form cyclo-

Abstracts

pentenones, dihydrofurans, dihydropyrroles, and isoxaz-
oles, respectively.!*?

The efficient methods for the synthesis of allenylsilanes 2
are copper-mediated 1,3-substitution reactions of carbon
nucleophiles to propargylic substrates 1 having a leaving

group at the propargylic position.®’
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X =0Ms, OAc, etc. R = alkyl, aryl

Scheme 1 Synthesis of allenylsilanes

(A) Reactions with Aldehydes: Allenylsilanes react with aldehydes
and ketones in the presence of titanium tetrachloride to provide ho-
mopropargylic alcohols in a regioselective manner. The reaction of
chiral allenylsilanes with chiral aldehydes leads to the formation of
mainly syn homopropargylic alcohols.> The reaction of chiral 3,3-
disubstituted allenylsilane 3 with paraformaldehyde in the presence
of TiCl,-2THF generates chiral homopropargylic alcohol 4, which is
the key intermediate in the total synthesis of (-)-histrionicotoxin 5.8
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(B) Reactions with Aldehydes: The reaction of chiral 2-silyl-substi-
tuted a-allenic alcohol 7 with aldehyde 6 in the presence of InBr;
give rise to chiral homopropargylic alcohol 11. The reaction pro-
ceeds via formation of oxocarbenium ion 8, which undergoes a
[3,3]-sigmatropic rearrangement to form the alcohol 11. The alcohol
11 is the key intermediate in the total synthesis of the natural product
(+)-neopeltolide 12.°
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(C) Reactions with Aldehydes: The addition of y-trimethylsilyl al-
lene esters 13 to aldehydes 14 in the presence of i-PrOLi leads to the
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formation of regiospecific y-carbinols 18. The addition of anionic o —'#CO Lt R — o
catalyst i-PrOLi leads to the intermediate 15, which possess enolate- oo om0
like reactivity. The nucleophilic addition of intermediate 15 to alde- ay T
hyde 14 generates intermediate 16. Then, the silyl group undergoes 0 o e o w
a 1,3-shift and the nucleophile eliminates to form the intermediate _}=g=<o; )\M N IOAS= &
17. This reaction is the key step in the total synthesis of the [3.2.1] R LSIM%W e Mt N
bicyclic natural product vitisinol D.'° 15 1 7
(D) Reactions with Imines: The enantioenriched allenylsilane 20 re- o
acts with the in situ generated iminium ion generated from #-butyl H Ry RG0S O,Bu comte
carbamate 22 and aldehydes 21 in the presence of BF;-OEt, to form BFS oy 2 ‘}I\
substituted 4,5-dihydropyrroles 24. Similarly, the reaction of alle- " Siesph -733;‘18-;9 °C SiMlezPh
nylsilane 20 with an iminium ion, generated in situ from methyl car- )==\_ or>201
bamate 23 and aldehydes 21 in the presence of TMSOTT, forms o
substituted 4,5-dihyrooxazines 25.!! [ForH Mg ove. H HaN"g OMe JEQ
TMSOT! CH,Cl,
—60°C PhMe,Si CO,Me

38-81%
dr>20:1
R' = n-Bu, i-Pr, Ph

(E) Gold-Catalyzed Cycloisomerization: In the presence of AuCls
the y-silyl-substituted allenyl ketones 29 undergoes cycloisomeriza-
tion to 3-silyl furans 32. The cyclization of the allenyl ketone 29 give
rise to the intermediate gold-carbene 31, and upon the 1,2-Si shift,
the 3-silyl furan 32 is produced.?
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(F) The Pauson—Khand Reaction of 1,1-Disubstituted Allenylsila-
nes: The Pauson—Khand reaction of 1,1-disubstituted allenylsilanes
with terminal alkynes leads to 4-alkylidene-2-cyclopenten-1-ones in
good yields. The reaction proceeds through a [2+2+1] pathway. A
three-membered iron metacycle is generated by reaction of allenyl-
silane 33 with diiron nonacarbonyl. The iron metacycle undergoes
complexation with alkyne 34, and finally, a reductive elimination
takes place to provide the 4-alkylidene-2-cyclopenten-1-one 35.'3
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(G) [2+2+2] Cycloaddition with Benzynes: Benzynes possess a
strained triple bond and are highly electrophilic. Allenylsilanes 37
react with two equivalents of benzynes 36 to generate (o-phenan-
threnyl)vinylsilanes 38 in excellent yields. The reaction proceeds
through a [2+2+2] pathway.'*
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(R = substituents or R® R?
fused ring) (R2, R3. R*=H oralkyl) 38

References

(1) (a) Marshall, J. A.J. Org. Chem. 2007, 72, 8153. (b) Bower,
J.F.; Kim, I. S.; Patman, R. L.; Krische, M. J. Angew. Chem.
Int. Ed. 2009, 48, 34. (¢) Yu, S.; Ma, S. Angew. Chem. Int.
Ed 2012, 51, 3074.

(2) (a) Felzmann, W.; Castagnolo, D.; Rosenbeiger, D.; Mulzer,
J.J. Org. Chem. 2007, 72, 2182. (b) Brawn, R. A.; Panek, J.
S. Org. Lett. 2009, 11, 4362.

(3) Sabbasani, V. R.; Lee, D. Org. Lett. 2013, 15, 3954.

(4) Fuchs, P. L. Handbook of Reagents for Organic Synthesis:
Reagents for Silicon-Mediated Organic Synthesis; John
Wiley & Sons: Chichester, 2011.

(5) Curtis-Long, M. J.; Aye, Y. Chem. Eur. J. 2009, 15, 5402.

(6) Li, H.; Miiller, D.; Guénée, L.; Alexakis, A. Org. Lett. 2012,
14, 5880.

Synlett 2014, 25, 2085-2086

(7) (a) Brummond, K. M.; DeForrest, J. E. Synthesis 2007, 795.
(b) Ding, C.-H.; Hou, X.-L. Chem. Rev. 2011, 111, 1914.
(¢) Yu, S.; Ma, S. Chem. Commun. 2011, 47, 5384.

(8) Adachi, Y.; Kamei, N.; Yokoshima, S.; Fukuyama, T. Org.
Lett. 2011, 13, 4446.

(9) Guinchard, X.; Roulland, E. Org. Lett. 2009, 11, 4700.
(10) Maity, P.; Lepore, S. D. J. Am. Chem. Soc. 2009, 131, 4196.
(11) Brawn, R. A.; Panek, J. S. Org. Lett. 2009, 11, 473.

(12) Dudnik, A. S.; Xia, Y.; Li, Y.; Gevorgyan, V. J. Am. Chem.
Soc. 2010, 132, 7645.

(13) Williams, D. R.; Shah, A. A.; Mazumder, S.; Baik, M.-H.
Chem. Sci. 2013, 4, 238.

(14) Hwu, J. R.; Swain, S. P. Chem. Eur. J. 2013, 19, 6556.

© Georg Thieme Verlag Stuttgart - New York

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



