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Highly Enantioselective Catalytic Ketone Allylation with Sn(CH2CH=CH2)4/
RSn(CH2CH=CH2)3 Mixtures (R = Et, Bu)
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Abstract: In the presence of the monothiobinaphthol (MTB) ligand
aryl ketones are allylated by mixtures of Sn(CH2CH=CH2)4/
RSn(CH2CH=CH2)3 (R = Et, Bu) in high e.e. The presence of water
suppresses racemic background allylation.
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While numerous methods exist for catalytic enantioselec-
tive aldehyde allylation the equivalent chemistry for
prochiral ketones is quiet underrepresented.1,2 Including
stoichiometric reagents, few systems have been reported
that yield enantioselectivities of >80% for the ketones
RC(=O)Me.3–8 We report here a mechanistically interest-
ing system for the allylation of aryl ketones 1 (Scheme)
using mixtures of allylstannanes as the terminal allyl
source. Tin-promoted carbonyl allylation is normally ef-
fected by either Sn(CH2CH=CH2)4 or
Bu3SnCH2CH=CH2. Alternative tin allylating sources are
rarely employed and, to the best of our knowledge, the use
of mixtures of organometallics has never been reported. 

When the literature preparation9 of Sn(CH2CH=CH2)4, is
carried out using aged air-oxidised magnesium (to prepare
the intermediate allyl Grignard in the presence of EtBr)
the final product is appreciably contaminated by
EtSn(CH2CH=CH2)3 (0.15–0.30 mol fraction).10 As a
matter of course we tested this mixture in the allylation of
acetophenone (1a R1 = Ph) in the presence of monothiobi-
naphthol 211 (20 mol%) as a chiral promoter (Scheme). To
our delight this mixture showed potent efficacy: 3a was
formed in 67% e.e., in good yield, after 16 h at ambient
temperature. Very surprisingly, reactions of the pure com-
ponents alone were rather ineffective [e.e. values at 16 h:
Sn(CH2CH=CH2)4: 31% e.e.; RSn(CH2CH=CH2)3 26%
e.e. (R = Et), 11% e.e. (R = Bu)]. The most efficient ke-
tone allylation source is obtained from mixtures prepared
by combining pure Sn(CH2CH=CH2)4 (0.7 mol fraction)9

and pure RSn(CH2CH=CH2)3 (0.3 mol fraction; R = Et,12

Bu13).14 For technical simplicity the butyl compound is
preferred, as it is easily prepared from commercially
available BuSnCl3.

Reaction of the ethyl mixture, under anhydrous condi-
tions, with a range of aryl ketones 1 afforded the allylated
products 3 in very high e.e. after 1 hour (Table). However,

as the reaction conversion increased the enantioselecti-
vity fell. This  type of behaviour is common in asymmet-
ric carbonyl allylation using organotin reagents.1

Young has proposed that tin alkoxide products
Sn(OMe)n(CH2CH=CH2)4-n (mainly n = 4), formed in re-
actions carried out in methanol, using Sn(CH2CH=CH2)4

lead to autocatalysis.15 Similar behaviour, but involving
product alkoxides, appears to be a common achiral back-
ground reaction in our ‘dry’ system and the catalysts de-
scribed by Tagliavini1 and Maruoka.2 If this behaviour is
not “switched off” then the e.e. of the alcohols 3 is com-
promised as the reaction proceeds to completion. Fortu-
nately we noticed that, for our mixed allyl systems, the
presence of small amounts of water inhibits these back-
ground reactions.16 We are unaware of such an effect be-
ing noted before. The stereoselectivity of the ‘wet’ system
can be marginally impaired compared to the ‘dry’ catalyst
but the e.e. value is independent of the reaction conver-
sion, even at reduced catalyst loadings (Table). If the ke-
tone, solvent, or stannane mixture has not been rigorously
dried an inadvertent water effect often results impairing
the procedure’s apparent reproducibility. Additionally, if
too much water is present in the reaction mixture both the
chemical yield and e.e. also suffer. For these reasons we
recommend rigorous drying of all the reaction compo-
nents so that the amounts of water present can be accurate-
ly quantified. Under these conditions the process is
completely robust.

Compared to the predictable behaviour shown by aryl ke-
tones, aliphatic ketones gave complex results depending
on the substrate. For example, reaction of cyclohexyl me-
thyl ketone 4 (Figure) with the ‘dry’ EtSn(CH2CH=CH2)3/
Sn(CH2CH=CH2)4 system led to a time dependent e.e. At
low conversions only negligible e.e. values were realised
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for product 5 (Figure) but this maximised at 59% e.e. at 19
h. With the ‘wet’ BuSn(CH2CH=CH2)3/
Sn(CH2CH=CH2)4 system both the chemical yield and
stereoselectivity were low [28% yield of 5 after 16 h, 41%
e.e.]. Methyl t-butyl ketone 6 (Figure) did not participate
in reaction with the ‘wet’ system.

Figure

In conclusion we have developed new catalytic systems
for the allylation of aryl ketones in high e.e. The presence
of RSn(CH2CH=CH2)3 (R = Et, Bu) components in the
terminal tetraallytin and a strong promotion effect by wa-
ter are both highly beneficial. The variation of these com-
ponents might also account for the non-reproducibility
occasionally seen in other catalytic systems using tetraal-
lytin as an allyl source. Further works on developing the
utility of this new approach and in understanding its un-
derlying mechanism are in hand.
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Table Enantioselective Allylation of Ketones 1 by 2 (20 mol%) and 
Allyltin Mixtures [1.1 Equivalents of a 70:30 mol Fraction Mix of 
Sn(CH2CH=CH2)4/RSn(CH2CH=CH2)3; R = Et, Bu].

‘Dry’ Methoda ‘Wet’ Methoda

1 Ar Yield [%] e.e. [%] Yield [%] e.e. [%]

a Ph 40–43 90–92 >98 86–89

a Ph – – 71b 84b

b 4-BrPh 51 92 97 86

c 3-BrPh 53 85 >99 88

d 4-NO2Ph – – >98 86

e 4-MePh 32 90 78c 82

f 4-ClPh – - 94 87

g 2-C10H7 53 87 >98 84

a Yields and e.e. values at 1 h for ‘dry’ method using R = Et mix or 16 
h for ‘wet’ method using R = Bu mix; see ref. 14 for details.
b At 9 mol% 2,1.5 �L water and 16 h.
c 96% yield at 43 h, e.e. unaffected.
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