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Summary

1-Buten-3-yldi-n-butylchlorotin, formed by redistribution of (E/2)-2-
butenyltri-n-butyltin and Bu,SnCl.,, reacts readily with neat RCHO (R = C,H,,
C,Hs(CH;3)CH, (CH;3),CH, (CH;);C and C4sH;) to give high yields (80—100%) of
alcohols of the type RCH(OH)CH,CH=CHCH; only in the Z-configuration.
This appears to be the first example of total *““cis-preference” in the addition of
Grignard-like reagents to carbonyl compounds. The results are discussed in
terms of steric requirements around the tin centre which is probably five-
coordinate in the transition state.

Introduction

Additions of crotylmetal compounds to aldehydes are known to lead to
¢‘branched’’ carbinols, RCH(OH)CH(CH;)CH=CH; (in the erythro and/or threo
form), “linear” carbinols RCH(OH)CH,CH=CHCH; (in the FE and/or Z form)
depending on the metal present in the reagent and on the experimental condi-
tions [1].

Recently a higu “cis-preference” [2] was demonstrated in the addition of
1-butenyl-3-boronic acid to aldehydes, which gave 2-butenyl-1-carbinols with a
Z/E ratio varying between 3/1 and 2/1, the ratio varying with the steric require-
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ments of the organoboron specxes. Similar behaviour was observed When mag-
nesium [3] or zinc [4] substratés were used.

The account given by Hoffmann and Weidmann [2] of the reactlon mecha-
nism when boron, magnesium and zinc substrates are involved, prompted us to
examine related reactions involving allylstannation. We considered that a poten-
tially five-coordinate tin centre would lead to a locally overcrowded transition
state and thus to an increase of the Z/E ratio in the final products. We there-
fore studied the addition of R;CISnCH(CH;)CH=CH, (R’ = Me, n-Bu, Ph),
formed by redistribution reaction of (Z/E)-n-Bu;SnCH,CH=CHCH,; and
R5SnCl,, to the aldehydes RCHO with R = Et, s-Bu, i-Pr, t-Bu and Ph.

Experimental

Details of the IR and NMR equipment and of the preparations of starting
materials have been described previously [5—10].

Addition reactions

The general procedure was as follows: Equimolecular amounts (16—29 mmol)
of (Z/E)-Bu;SnCH,CH=CHCHj; (with various Z/FE ratios) and RCHO were
mixed. The mixture was added as quickly as possible to solid Bu,SnCl, with a
molar ratio Bu;SnCH,CH=CHCH,;/Bu,SnCl, of 1/1.5. The solvent-free mixture
was stirred at a constant temperature of 25°C. The progress of the reaction was
then monitored by infrared spectroscopy using liquid cells (0.1 or 0.2 mm
thickness, KBr optics). The complete disappearance of the carbonyl stretching
band in the range 1750—1700 cm™! marked the end of the reaction. Aqueous
NH,Cl was then added and the carbinol and the organotin compounds were
extracted with ethyl ether. Subsequently the carbinol was separated by distilla-
tion in yields varying from 70 to 100%. In all cases only “‘linear” Z-crotylcar-
binols were obtained together with small amounts of “branched” methylallyl-
carbinols.

Assignments of the Z-configuration were made by IR spectroscopy (compare
data of Table 1 with literature data [3,4,11]) and were confirmed by '*C NMR
spectroscopy. The NMR resonance lines of carbons 1, 2, 3 and 4 (cf. Table 1)
of the eis form are found at higher field than those of the trans form, as is usual
with olefinic systems [6,10,12]. Assignments and composition of the
“branched” alcohols were made using the previously reported data [5].

In two runs (cf. runs 9 and 10 of Table 2) Me,SnCl, and Ph,SnCl, were used
as scrambling reagents instead of Bu,SnCl,.

Variations in the procedures are indicated in Table 2.

Results and discussion

The main reactions are as follows:

cH,
) ‘ addition -
R,SnCICHCH=CH, + RCHO 222%°%, RGHCH,CH=CHCH; @)
o OSnCIR,

(R' = Me, n—Bu, Ph) (continued on p. 312)
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RCHCH,CH~ CHCH, Lystysly RCHCH,CH=CHCHj3 ‘ (2)

OSnCIR} - OH

Compounds such as I do not exist as pure species. We avoided preparing
these compounds separately since it is possible to obtain them “in situ’’ by
redistribution reactions of (Z/E)-BuaanHZCH— CHCH; and R;SnCl, (R’ = Me,
n-Bu and Ph}; the system having R” = n-Bu has been extensively described [10].
Thus we used a one-pot reaction (cf. Table 2). We assumed that the rate of the
addition reaction is equal or slightly lower than that of the redistribution pro-
cesses [10]. The aldehydes under these conditions do not add to
Bu3SnCH,CH=CHCHj3; [5,6,13] and the rate of addition of an allyl moiety is
higher than that of a crotyl species [7].

The results are shown in Table 2. In all cases, independent of the procedure
used, Z-2-butenyl-1-carbinols are the main products. Yields of 100% were
found for RCHO with R = t-Bu or Ph (cf. runs 11—13 of Table 2).

We point out that: (i) the addition occurs with complete allylic rearrange-
ment, (ii) no side-reactions occur, except that leading to “branched” alcohols
(the formation of these alcohols is explained by the addition of the isomerized
product to the RCHO, as can be seen from Scheme 1, steps b and c¢), (iii) as we
have previously noted [7,14]}, the rate of the addition reaction depends on the
acceptor ability of the R;C1SnCH(CH;)CH=CH, compounds used; we found
the following sequence of reactivity (cf. Table 2, runs 8—10): R’ =n-Bu <
Me < Ph, which is in agreement with the sequence of acidity for organotin com-
pounds [15].

The following reaction sequences account for our results:

, (Redistribution)
(Z/E)-Bu3SnCH,CH=CHCH; + R,SnCl, ————————
i
R;CISnCH—CH=CH, + Bu3SnCl
(Addition) (Isomerization)
RCHO R5SnCl,
a b
“linear alcohol”’ (Z/E)R3CISnCH,CH=CHCHj3
(Z-configuration) e Addition)
(80—100% yield) RCHO
“branched alcohol”
(threo/erythro mixture)
(20—0% yield)

SCHEME 1

So far we know this is the first example of additions of Grignard-like reagents
to carbonyl compounds which show total “‘cis-preference”. cis-Preference has
been observed in related reactions involving Zn [4], Mg [3] and B [2] sub-
strates and has been reasonably explained in terms of stereochemical factors
involving a six-membered-ring activated complex in the chair conformation
[16]. Although this hypothesis has been criticized [3], since an unfavoured



313

axial position of the CH; group must be assumed to give a Z-configuration in
the final product, it is still the best way of accounting for the results. The
stereochemical arguments aiso account for the variation of the Z/¥ ratio on
varying the organic groups bonded to the metal atom [2].

We tentatively adopt the same explanation. We assume that upon forming a
six-membered ring in the most stable chair conformation, the tin atom in the
activated complex is in the bipyramidal trigonal five-coordinate state, with the
most electronegative atoms, Cl and O, in the apical positions [17—19]. As
shown in Scheme 2, this would lead to a Z-configuration for the final alcohol.

\\_ Me
>=-0 + R.7'~3n—<:|
* R'= Me;n=Bu;Ph

R=l-pr B n H

| ;5L<g
Y4 R .
] Me Me l R>_° l +

T “'2 N / §“' T I #4 o T

I IJ Ll l,

=~

-

Z "linear™ alcohot E "linear” alcohol

SCHEME 2

It is instructive to compare the conformations T'; and T of the two enatio-
morphic activated complexes arising from the racemic mixture of the starting
organotin compound (the CHj; group is in the axial position), with the confor-
mations T, and T; having the CH; group in the radial position. The clear prefer-
ence for the former conformations T, and T'; simply in terms of stereochemical
considerations is obvious: in 7'; and T'; the CHj; group is in a gauche conforma-
tion with respect to one R’ group and to one oxygen atom, whereas in T and
T; the CH; group is in an eclipsed conformation with respect to the chlorine
atom. The difference of internal energy between the two conformers is prob-
ably high enough to prevent any detectable production of final alcohol in the
E-configuration. The conformations T, and T, are so much favoured that even
increasing the bulk of the R’ groups does not change the Z/E ratio (cf. Table 2).
It is interesting to note that in the case of similar reactions involving boron
derivatives the Z/E ratio was found to depend on the steric requirements of
the R’ groups bonded to the metal [2].
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