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THE PETERSON REACTION, PART I, THE EFFECT
OF REACTION CONDITIONS AND STERIC CROWDING
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Summary : The diastereoisomeric ratio of stilbenes formed in the Peterson reaction of PhCHSIR,
with PRCHO is shown to be insensitive to medium effects and temperature, but varies significantly

as the bulk of SiR, increases.

The Peterson reaction! is a versatile carbonyl olefination reaction that can be used as an

alternative to the Wittig reaction?

R'CHO + R"CHSiR, =~ R'CH=CHR" + R,SiO (1)
(I)

Two major drawbacks to the extensive use of the Peterson reaction have been difficulty of
obtaining the a-silyl carbanion (I), particularly in high yield3, and the relative lack of
stereoselectivity, when unsymmetrical a-silyl carbanions and carbonyl compounds are employed.2
The work reported here is part of a systematic investigation of the mechanism of the Peterson
reaction. The model system chosen for this initial study was the reaction of PhEHSiMe,ﬁ (M = Li,
Na, K, Mg)with PhCHO, to give a mixture of ¢<s and trans-stilbenes. The stilbenes were formed by
the addition of excess alkoxide (4 mmeol) to a mixture of bis(trisubstitutedsilyl)phenylmethane

(2 mmol) and benzaldehyde (17 mmol) in anhydrous hexamethylphophoramide (25 ecm®) under an

atmosphere of nitrogen, equations 2 and 34

. - HMPA S .
PhCH(SiMe,), + RO ——— PhCHSiMe, + ROSiMe, (2)
PhCHSiMe, + PhCHO ~————> PhCH=CH-Ph + Me,SiO (3)

After quenching with water, analysis of the products by glc indicated a stilbene yield of

100 * 3% relative to the silane. Separate experiments showed that there was no interconvexsion
of c¢i¢ and trans-stilbene under the reaction or work-up conditions. The ratio of ¢is and trans
stilbene formed in this reaction was insensitive to the type of alkoxide used to generate the

initial c-silyl carbanion confirming that in this system a free carbanion is generated.5
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In contrast to the Wittig reaction,6 the effect of varying the counterions and adding inert
salts on the diastereoisomeric ratio of stilbenes obtained from the reaction of Ph(—ZHSiMe3 with

PhCHO was very small indeed (Tables I and II).

Table I

The effect of varying the counterion on the diastereoisomeric ratio of stilbenes produced by the

Peterson Reaction

, a
alkoxide used in anion formation ctg/trans-stilbene % Yield
LiOBut 1:1.43 100
NaOMe 1:1.32 99
KOBut 1:1.30 100
NaOSiMe, /MgI, 1:1.81 50

3yield by g.l.c.

Table II

The effect of adding inert salts on the diasterecisomeric ratio of stilbenes produced by the

Peterson Reaction

[LiC104] /mol 1712 cis/trans-stilbenes
0.000 1:1.43
0.074 1:1.43
0.150 1:1.450
0.300 1:1.47¢
a[PhCHSiMe,Li*] = 0.084 mol 171 Cyield of stilbenes 53%

byield of stilbenes 71%

In a related study of the Peterson reaction? it was shown that the reaction between
Me,SiCH=C=(_JSiMe3 and PhCHO gave a 1:1 mixture of ¢7Zs and trans products with lithium as the
counterion, but with magnesium ion present, the ratio changed to 3:1. However, no such dramatic
effect was observed in this study; the ratio moving slightly in the opposite direction. Again
unlike the Wittig reaction the diastereoisomeric ratio of the Peterson reaction was found to be
relatively insensitive to changes in the temperature from 5°C to 79°C and varying the solvent
(HMPA; 1:4 mixture of HMPA and THF; DMSO and DMF). The variability of the e¢is:trans ratio in
the Wittig reaction are frequently a result of the reversible formation of the intermediate

oxaphosphetan/betaine. The consistency of the c¢ig:trans ratio in the Peterson reaction of
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PhéHSiMe3 with PhCHO presumably reflects the irreversible formation of the competing threo and
erythro B-silylalkoxides {scheme) which undergo stereospecific syn-eliminations to give the

trans and c¢is-stilbenes respectivley.s’9

Scheme : The formation of eig and trans stilbene in the Peterson reaction
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The only other variable in this system, that allows the isolation of c¢is and trans-stilbene,
is the nature of the groups on silicon. We have synthesised a number of a-trisubstituted-o-
trimethylsilyltoluenes which form the corresponding a-trisubstituted silylbenzyl carbanion on
treatment with alkoxides. We have confirmed that the less sterically hindered trimethylsilyl

group was always preferentially cleaved.
PLCH(SiMe, ) SiR, + R'O~ - PhCHSiR, + Me,SiOR’ (4)

The effects of varying the steric size of the groups attached to the silicon on the ¢is:

trans stilbene ratio obtained from the Peterson reaction are given in Table III.
Table III

The effect of varying the SiR, group on the ratio ¢is:trans stilbenes, obtained by the reaction

of PhCHSiR, with PhCHO

R, Si ctg:trans-stilbene ratio
Me, Si 1:1.30
Et,Si 1:1.24
Mecy, i@ 1:1.14
Me,Bubtsi 1:1.04
Ph,Bubsi 1:0.65
Ph,Si 1:0.52

amethyldicyclohexylsilyl, yield 94%
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The increase in the proportion of cis-stilbene is steady, but not monotonic, as the
steric bulk of R3Si increases. The triphenylsilyl group gives rise to the largest cis:trans
ratio that we bave obtained; a diastereoisomeric excess of about 50%. A similar increase in
the proportion of c¢is-isomer with increased steric bulk has been reported for the reaction of
the ambident carbanion R3$iCH=C=ESiMe3 with hexanal which always reacted at the end bearing
the R3Si substituent.7 For that system the proportion of ¢is-isomer increased by a factor of
seven on changing from SiMej to SiMezBut. An analogous study of the Wittig reactionlo of
Rgs—EHPh with PhCHO showed that increasing the steric bulk at phosphorus favours cig-stilbene

formation.

As the first step of the Peterson reaction, using semi-stabilised a-silyl carbanions, is

9 .
irreversible” then the ¢is:irans ratio is controlled by the relative rates of the steps, k3 :kj

(Scheme). It follows that any alteration of the ¢7s:trans-stilbene ratio will be achieved by
changing the relative energies of the related transition states leading to the erythro and threo
B-silyl alkoxide intermediates. This is in contrast to the Wittig reaction where the cis:trans

ratio can be accounted for by either, the mode of 27 + 21 cyclo—additionlo’ll
12,13

, cleavage of
the P-C bond of the oxaphosphetan, followed by rotation and elimination , or the effect
of phenyl groups on phosphoruson the direction of attack 14. We believe that the results
reported herein can be accommodated by postulating a delicate balance between steric and
electronic factors in the two transition states leading to B-silyl alkoxides. This will be

developed fully in subsequent papers.
Contribution Number 4 of the Physical Organic Chemistry Research Group of the Open University.
References

1 D.J. Peterson, J.Org.Chem. 33, 780, (1968).
2 E. Colvin, Silicon in Organic Synthesis, Chapter 12, Butterworths, London 1981, and of a

reference therein.

see for example D.J. Ager, Tetrahedron Letters, 22, 2923, (1981).

H. Sakurai, K. Nishiwaki and M.Kira, Tetrahedron Letters, 4193, (1973).

C. Eaborn, D.R.M. Walton and G.Seconi, J. Chem. Soc., Perkin II, 1857, (1976).

M. Schlosser, Topics in Stereochem., 5, 1 and references therein, (1970).

Y. Yamakado, M. Ishiguro, N. Ikeda and H. Yamamoto, J. Amer. Chem. Soc., 103, 5568, (1981).

P.F. Hudrlik, D. Peterson and R.J. Rona, J. Org. Chem., 40, 2263, (1975).

W O N U W

M.T. Reetz and M. Plachky, Synthesis, 199, (1976).

10 D.W. Allen and K. Ward, Tetrahedron Letters, 2707; (1979); D.W. Allen, J. Chem. Res., 384
(1980} .

11 D.w. Allen and K. Ward, 2. Naturforsch, Teil B, 754, (1980).

12 H.J. Bestman, Pure and Applied Chem. 52, 771, (1980).

13 J.p. Thacker, M.H. Whangbo and J. Bordner, J. Chem. Soc., Chem, Commun., 6 1072, (1979).

14 M. Schlosser and B. Schaub, J. Amer. Chem. Soc., 104, 5821, (1982).

(Received in UK 13 April 1984)



