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ELECTROPHILIC SUBSTITUTION WITH ALLYLIC REARRANGEMENT (SE’). SYN OR ANTI STEREOSELECTIVITY IN
TRIFLUOROACETOLYSIS OF 4-ALKYLCYCLOHEX-2-ENYLSILANES, -GERMANES AND -STANNANES
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ABSTRACT: (is~4~alkylcyclohex-2-enyl derivatives of silicon, germanium and tin, with quasi-~
axial metallo groups, experience stereospecific y-anti trifluoroacetolysis (to yield 4-alkyl-
cyclohexene), whereas the corresponding trans-isomers show less specificity.

The preferred stereochemistry of the regiospecific y-electrophilic substitution (SE’) of
allylic derivatives of silicon, germanium and tin is a subject of consideroble interest. With
respect to (protonic) acid cleavage, results for an optically active acyclic silcne,l and the
diastereomeric 5-methylcyclohex-2-enylsilanes, germanes and stcnncnes,2 indicated a clear

preference for anti alignment of electrophile and leaving metallo group (I).3
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However, trifluoroacetolysis data for ¢is and trans-4-trimethylsilyl- and 4-t-butyleyclo-
hex-2-enyltrimethylsilones required an analysis based on stereospecific y-anti substitution of
the ¢is isomers (Ila) but non-specific y-cleavage of the trans isomers, in which steric
hindrance to electrophile approach was suggested to operate (Ilb).4 We have conducted more
extensive studies of the stereochemistry of acid cleavage (CFQCOOD/CDC13) of various 4- and
5-alkylcyclohex-2-enyl metal derivatives which confirm that the steric demands of 6-substituents
are significant determinants of stereochemistry.

Confirmation of the preferred anti—SE’ course when steric factors and conformational
mobility are both minimised, was achieved by studies of the CF3COOD cleavage of various 5-t-
butylcyclohex—?-enylstonnanes.5 Some of these 5-stannanes were contaminated with low levels of
the 4-t-butyl isomers which did not interfere, but which in fact, provided a strong indication
of the variable stereo outcomes in the latter systems. Determination of 2H—locction in the
product cyclohexenes was possible by direct 2H nmr cnolysis,6 or by examination of the 2H nme

spectra of the derived dibromides, the lH spectra of which hove been fully ossigned.2

5789



5790

The results are shown below.

CF3COOD D oD
-~ Pz
R3 ,"Sn R’ b)) W D ~

2H nme: 62.00  62.08 61.78  62.06
R=CH 53 35 8 4 53 36 1 10
21 67 4 8 349 66 >1 a
25 66 A3 6 359 66
R=pPhP 44 56 - - 47 53 - -
85 15 - - 70 30 - -

%Possible overlapping of 2H signals of 4-t-butylcyclohexene. bSignificunt phenyl cleavage
(yielding C6H5D) occurs, and could influence the observed ratio of 2H signcls.7

These results demonstrate a highly preferred anti-mode of cleavage in both the cis and
trans-5-t-butylecyclohex-2-enylstannanes, for which, in the latter, anti-approoch is opposite to
"normal” axial electrophilic attack in cyclohexenes,8 but in which "o-n activation” is greater

than in the ¢is~isomer, on the basis of o cosine dependence.
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With respect to cleavage of the (minor) ¢is and trans-4-t-butylcyclohexenyl stannanes
(above}, the results very strongly indicote predominantly y-syn cleavage of the trans but
y-anti cleavage of the c¢is isomer. This conclusion can be discussed in more detail on the

basis of the data below for trifluorocacetolysis of mixtures of the 4-t-butylcyclohex-2-enyl

CF,C00D D D
l 2,

MR k syn

. . 5
derivatives alone.

=2 an
P

Faaii {in trans)

~MR,=Sn(CH,) 5 67 33 83 17 3

28 72 93 7 3
SnPh, 89 11 86 14 5

19 81 92 8 229
Ge(CHy) 4 93 7 56 44 1.1

17 83 90 10 1.0°
Si (CH 46 54 78 22 1.1

33

cApproximcte as based on low starting concentration of trans.
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These results require analysis on the basis of stereospecific y-anti cleavage of the cis
isomer (irrespective of leaving group) but with varying proportions of syn/anti cleavage of the
trans isomers as a function of leaving group. The former aspect, on the basis of (II), is
understandable in terms of an essentially unimpeded y-approach of electrophile to a n-bond face
strongly octivoted by the quasi-axial metallo groups. In view of the results of the 5-t-butyl-
cyclohex-2-enyl systems, the predominoting s8yn-mode of cleavage of the trans-4-t-butyl systems
must be primarily a reflection of steric impedance to y-approach by the electrophile.

If this reasoning is correct, the trans-4-methylcyclohex-2-enyl derivatives should exhibit

much smaller ksyn/kantL ratios, and the results below conform to this view.
CHs CH3 Chs W3
MRy ¢‘MRJ Wwb D
CF;(OOD =
MRs 52,04 J1.60 D D
51.93
k
San
k .
ant 1
MR3=Sn(CH3)3 22 40 24 14 _— 42 20 .1 38
42 17 31 9.6 —_ 32 28 .5 40
Snl"h3 89 4 5 2 -— 44 48 .8 8
22 39 18 21 -_— 42 22 ol 36
Ge(CH3)3 87 13 - - — 23 77 ~. 13 -

The 4-methylstannanes were formed as mixtures with the 6-methyl isomers5 and CFSCOOD
cleovage of these mixtures is y-regio specific. However significant “stereo-leckage” occurs
in trifluoroacetolysis of the trang-4-methylcyclohex-2-derivatives, but in all cases, @
predominant anti-cleavage is nevertheless observed, in contrast to the results above for the
corresponding trans-4-t-butyl compounds. These results indicate that any o-1 effect operating
in the quasi-equatorial conformation synergic with a (presumed) preference for axial approach
in cyclohexenes,8 largely overcomes the steric inhibition to approach exercised by the 4-methyl
group. Although the o-n effect in the trans-4-methyl series will be more pronounced in o
conformation with both the methyl and metal groups quasi-axial, and presumably promote anti
cleavage on stereoelectronic grounds, electrophile approach is more severely hindered in this

conformation.
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It follows from this work that cycloalk-2-enylation of carbonyl compound-Lewis acid
complexes (e.g. RCHO.BFa) would also be particularly sensitive to steric factors. Of
considerable interest then, is the observotion that sulfur dioxide insertion into 4~ and é-
alkylcyclohex-2-enyl stannanes (in CHC13) is y-syn-specific. This is discussed in the

following paper.
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