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Abstract—Stereochemical control of the addition of silyl- and stannyl metals to chiral y-alkoxy-alkylidene malonates proved to be
dependant on the nature of the counter ion and of the solvent but in an unpredictable way.

© 2005 Elsevier Ltd. All rights reserved.

1,4-Addition of nucleophiles' including silyl-** and stannyl
metals®® 1 to chiral enoates, such as y-alkoxy-o,B-unsat-
urated esters 2 derived from Dp-glyceraldehyde acetonide,
often takes place with extremely good but unpredictable.
This reaction proved to be dependant, upon the case, on
almost all the parameters. This includes the nature of
the nucleophilic species and of its counter ion, the con-
ditions used and the stereochemistry of the chiral centre
as well as that of the C,C double bond of enoate 2
(Scheme 1). Therefore, the stereochemistry of the C,C
double bond in 2 has to be perfectly controlled for effec-
tive control of the stereochemistry of 3.

We now report our preliminary results concerning the
reaction between silyl metals* or stannyl metals® 1 and
the related chiral alkylidenemalonate 4°> which avoids
the latter constraints.
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The reaction has been carried out at —78 °C in THF or
THF-HMPA® and usually provides the adduct 5 with
equally high (Scheme 2, entries f and k) or better stereo-
control from stannyl than from related silyl reagents
(Scheme 2, compare entries g—j to entries a—e).

In both silyl and stannyl series, the counter ion (Li, Cu
and Zn) plays a key role in the stereocontrol (Scheme 2).
In that respect, the zincates in THF proved to be the
most Re-face directives reagents (Scheme 2, entries f
and k) whereas their lithio analogues usually react by
the Si-face when the reaction is carried out in the pres-
ence of HMPA (Scheme 2, entries d and 1).

With respect to a solvent, it is worthwhile to mention
that in THF, phenyldimethylsilyllithium 1c and its tri-
butyltin analogue 1g react in a divergent manner with
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Entry 1 R'3XM Additive 5 5 (%) 5s/5z.
a la Me;SiLi HMPA 5a 35 68/32
b 1b (MesSi),CuCNLi, HMPA 5a 54 31/69
c 1c¢ PhMe,SiLi - 5b 66 30/70
d 1c¢ PhMe,SiLi HMPA 5b 73 82/18
[ 1d (PhMe,Si),CuCNLi, - 5b 69 55/45
f le PhMe,Si(Et;)ZnLi - 5b 57 05/95
g 1f Me;SnLi - S5¢c 55 79721
h 1g BusSnLi - 5d 51 91/09
i 1g BusSnLi HMPA 5d 94 92/08
j 1h (Bu3Sn),CuCNLi, - 5d 50 77723
k  1i BusSn(Et)ZnLi - 5d 83 04/96
Scheme 2.
4, since the former mainly attacks 4 by its Re-face and BusSn, oM BusSn,
the latter by its Si-face (Scheme 2, compare entries ¢ Me. O COzMe L DA, THF-hexane, -78°C, o ggzmz
and h). Furthermore, whereas the presence of HMPA Me><o 5 0.1h,20°C, 6 h ':\"Ae 1Tou
in the THF solution inverts the stereoisomeric ratio of Re © 0 6dge
5b from phenyldimethylsilyllithium 1c¢ (Scheme 2, com-
pare entries d and c¢), it only substantially improves 0,20 C BusSn, COMe BusSn come
. . . 2V, 7
the yield of 5d from its tin analogue 1g (Scheme 2, com- — Ve O:(_<cozvvue e, O S ZMe
. . e o 2
pare entries i and h). Me><o X
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This preliminary study shows how difficult it is to make 100 0
accurate comparisons. The substantial enhancement of Scheme 3

Si-face attack can be related to the increase in the size
of the carbon backbone of 1 (Scheme 2, compare entries
d to a; h to g) or in the former case to higher softness of
the benzylic type reagent (Scheme 2, compare 1¢ to 1a).>
Also the different behaviours of the silyl 1¢ and stannyl
1g derivatives in THF might be due either to the differ-
ences between (i) the nucleophilic atoms (Si/Sn), (ii) the
carbon backbone of 1 or to a different control (kinetic vs
thermodynamic) of the reaction.

We have proved, in a control experiment, that the reac-
tion between tributylstannyllithium 1g and alkylidene-
malonate 4 proceeds under kinetic control (Scheme 2,
entry h or i).

For that purpose, we synthesized the lithio derivative 6
from the y-stannyl malonate 5dg,, prepared as described
in Scheme 2, entry f (1 equiv LDA, THF or THF-
HMPA, —78 °C to 20 °C, 6 h; Scheme 3), and recovered
after protonation the same diastereoisomer 5dg.. Thus,
the y-stannyl malonate 5dg; whose synthesis is disclosed
in Scheme 2 (entry h or i) does not result from initial for-
mation of 6dg, which isomerizes then to 6dg;.

We have also confirmed the stereochemistry of 2-
[(2,2-dimethyl-[1,3]dioxolan-4-yl)-tributylstannyl-methyl]-
malonic acid dimethyl ester 5dg; by successful compari-

son of the IR and NMR spectra of 3dg; resulting from
its decarboxy-demethylation with those of the same
compound prepared, according to the literature,?® from
tributylstannyllithium 1g and methyl Z-3-(2,2-dimethyl-
[1,3]dioxolan-4-yl)-acrylate 2, (Scheme 4).

Surprisingly, decarboxy-demethylation of 5dg; was not
as easy as we expected since neither potassium hydrox-
ide in methanol nor sodium chloride in DMSO which
are known to efficiently perform the decarboxy-demeth-
ylation of dimethyl malonates, allow the transformation
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Scheme 4. Reagents and conditions: (a) KOH, MeOH, 20 °C, 24 h,
0%; (b) NaCl, DMSO, 160 °C, 24 h, 0%; (c) 8equiv AcONMe,,
HMPA, 100°C, 1.5h, 53%; (d) 2equiv, p-NH,PhSH, 0.3 equiv,
CsCOs;, DMF, 90 °C, 5.5 h, 55%.
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of 5dg; to 3dg; (Scheme 4, entries a and b).” The reaction,
however, proceeds quite efficiently using tetramethyl-
ammonium acetate in HMPA at 100 °C (Scheme 4,
entry ¢)® or p-aminophenylthiol (2 equiv) in the presence
of catalytic amounts of caesium carbonate (0.3 equiv) in
DMTF (90 °C, Scheme 4, entry d).°

In conclusion, although we are able to synthesize in
quite good yield and good stereocontrol, each of the
diastereoisomers of y-silyl- (Scheme 2, entries d and f)
and vy-stannyl- (Scheme 2, entries h and k) malonates
5, we are unable yet to explain and therefore to predict
the behaviour of silyl- and stannyl-metals towards
2-(2,2-dimethyl-[1,3]dioxolan-4-ylmethylene)-malonic
acid dimethyl ester 4. We are working towards this
end.

We have previously shown that a series of related nucleo-
philic reagents such as isopropylidenediphenylsulfurane,
isopropylidenetriphenylphosphorane and 2-metallo-2-
nitropropanes react in THF almost exclusively by the
same Re-face of the chiral methyl alkylidenemalonate 4
whereas 2-metallo-2-sulfonyl-propanes in THF react by
the Si-face of the same electrophilic olefin.? In those
cases, neither the nature of the counter ion nor the
solvent influences the stereochemical outcome of the
addition reaction.
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