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Abstract—Diastereoselective allylation of camphorpyrazolidinone derived a-ketoamides was examined using allyltributyltin in the
presence of various Lewis acids. The corresponding optically enriched quarternary a-hydroxy carbonyls were obtained in reasonable
to excellent material yields (51–95%) and with practical levels of stereoselectivity (up to >95% de) when a stoichiometric amount of
Sn(OTf)2 was used. The stereochemical induction is discussed.
� 2004 Elsevier Ltd. All rights reserved.
Asymmetric carbonyl allylation represents one of the
most useful tools for the construction of regio- and
stereodefined carbon frameworks.1 The alkene func-
tionality is readily available for further functional group
transformation.2 The Lewis acid mediated allylation of
aldehydes and imines derivatives to form chiral sec-
ondary homoallyl alcohols and amines is a highly useful
synthetic operation and has been studied extensively.3;4

The construction of chiral quarternary centers remains
one of the most challenging frontiers in asymmetric
synthesis.5 Diastereoselective allylation of chiral a-keto
carbonyls bearing a chiral auxiliary using allylic silanes
and stannanes have been reported.6 We wish to report
here on the diastereoselective addition of allyltributyltin
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reagent to various camphorpyrazolidinone derived a-
ketoamides 2. Good to excellent diastereoselectivies (up
to >95% de), with high material yields were realized
when 2 was used.

The starting camphorpyrazolidinone 1 was designed and
synthesized in this laboratory and has proven to be an
efficient chiral auxiliary in asymmetric synthesis.7 The
starting chiral a-ketoamides (2) were readily prepared by
the condensation of camphorpyrazolidinone 1 with the
corresponding a-keto acid chlorides under standard
conditions. Camphorpyrazolidinone phenylglyoxylate
(2a) was chosen for use as a model compound and
various conditions were examined. No desired product
was observed when 2a was treated with allyltributyltin
in the absence of a Lewis acid. The use of Eu(OTf)3
(1.0 equiv) provided the desired product in 50% material
yield when the reaction was carried out in CH3CN as the
solvent (Table 1, entry 1). The chemical yield was sig-
nificantly improved to 93% yield when Zn(OTf)2 was
used in 40min (entry 2). To our surprise, a high stereo-
selectivity was achieved (92% de) as indicated by 1H
NMR analysis of the relevant peak from the crude
products. The absolute stereochemistry of the newly
generated stereogenic center was assigned as an R con-
figuration by single crystal X-ray analyses of 3a. A
careful inspection of 1H NMR spectra indicates that the
characteristic C2 methine proton (camphor numbering)
appears at 3.4 ppm (usually at 4.0 ppm for similar
derivatives). The diamagnetic anisotropy effect of the
benzene ring may account for the shielding effect.
Comparable stereoselectivity was obtained when 2a was
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Figure 1. Proposed mechanism for the reaction of a-ketoamides 2 with

allyltributyltin in the presence of Lewis acid.

Table 1. Diastereoselective allylation of camphorpyrazolidinone derived a-ketoamides (2) with allyltributyltina
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Entry Solvent Lewis acid (equiv) t/h Yield (%)b Dr (3:4)c

1 2a CH3CN Eu(OTf)3 (1.0) 72 50 72:28

2 2a CH3CN Zn(OTf)2 (1.0) 2/3 93 96d:4

3 2a CH3CN Sn(OTf)2 (1.0) 1/12 95 99:1

4 2a THF Sn(OTf)2 (1.0) 1/12 91 99:1

5 2a CH2Cl2 Sn(OTf)2 (1.0) 48 <10 nde

6 2a Toluene Sn(OTf)2 (1.0) 48 <10 nd

7 2a CH3CN Sn(OTf)2 (0.5) 1/6 85 99:1

8 2a CH3CN Sn(OTf)2 (0.1) 10 26 99:1

9 2b CH3CN Sn(OTf)2 (1.0) 1/12 89 77:23

10 2bf CH3CN Sn(OTf)2 (1.0) 1 91 79:21

11 2b CH3CN Zn(OTf)2 (1.0) 3 90 88:12

12 2bf CH3CN Zn(OTf)2 (1.0) 20 87 90:10

13 2bg CH3CN Zn(OTf)2 (1.0) 48 85 89:11

14 2b CH3CN Eu(OTf)3 (1.0) 72 51 26:74d

15 2c CH3CN Sn(OTf)2 (1.0) 1/12 91 83:17

16 2d CH3CN Sn(OTf)2 (1.0) 1/12 92 99:1

aUnless specifically noted, all reactions were carried out using 2 (0.15mmol), allyltributyltin (2.0 equiv), Lewis acid and solvent as indicated at

ambient temperature.
b Total isolated yield (3+4).
cDetermined by 1H NMR analysis of the relevant peaks and/or HPLC analysis [(Daicel chiracel chiral OD column: 2-propanol/hexane¼ 5:95

(1.0mL/min))] from the crude products.
d The absolute stereochemistry of the newly generated stereogenic center was determined to have an R configuration by single crystal X-ray analyses

of 3a and 4b.
e Not determined.
f Reaction carried out at 0 �C.
gReaction carried out at )30 �C.
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treated with allyltributyltin in the presence of Sn(OTf)2
in 5min (entry 3). The effect of solvent was then studied
under the same reaction conditions and the results
indicated that CH3CN and THF were the two most
suitable solvents for the allylation addition (entries 4–6).
The effect of the molar ratio of the Lewis acid to the
substrate was next studied. Although the stereoselec-
tivity remained unchanged, the reactivity decreased
when less than an equivalent amount of Lewis acid was
used (entries 7 and 8). For example, the use of 0.1 equiv
of Sn(OTf)2 gave the desired product in only 26% yield
after 10 h under the same reaction conditions. The levels
of facial selectivity obtained are comparable with the
highest levels of diastereoselectivity reported in the
allylation of chiral a-dicarbonyls.

To test the feasibility of the allylation addition various
a-ketoamides 2b–d were examined in the reaction. The
use of camphorpyrazolidinone pyruvate 2b gave the
desired product in moderate stereoselectivity and
the reactivity decreased when the reaction was carried
out at 0 �C (entries 9 and 10). Slight improvement in
stereoselectivity and a decrease in reactivity were ob-
served when Zn(OTf)2 was used. The allylation of 2b is
insensitive to reaction temperature (entries 11–13).
Interestingly, the stereoselectivity was reversed when
Eu(OTf)3 was used (entry 14). This may be due to the
different mode of coordination of the metal atom to the
carbonyl oxygen atoms. Comparable results were ob-
tained when N-ketobutyrate 2c was used in the presence
of Sn(OTf)2 (entry 15). Excellent selectivity was obtained
when 2-thiophene substituent 2d was used (entry 16).

The stereochemical bias of the present study can be
rationalized by the conformational preference of a-ke-
toamides 2 in the transition state.5b The pseudo planar
s-trans conformation (A) of the a-dicarbonyl group in 2
is electronically favored over its s-cis conformer (A0) in
the solid state and this is supported by the single crystal
X-ray analyses of 2a and 2b (Fig. 1). This is due to the
avoidance of dipole repulsion of the two carbonyl
functionalities. However, in the presence of a Lewis
acid, the coordination of the metal ion to the dicarbonyl
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oxygen atoms resulted in the formation of the preferred
s-cis conformation. The equilibrium of different con-
formational states are highly dependent upon the type
and amount of Lewis acid used in the reaction. For
Lewis acids such as Eu(OTf)3, monocoordination of the
metal to carbonyl oxygen atom in 2b is favored and the
s-trans-like conformation dominates. The allylic reagent
then approaches from the less hindered bottom re
face to give the desired major isomer (entry 14). On the
other hand, both Lewis acids [Sn(OTf)2 and Zn(OTf)2]
coordinate to dicarbonyl oxygen atoms, resulting in
a conformational equilibrium shift toward the s-cis
arrangement (A0). The major diastereoisomer is ob-
tained when the allyl reagent attacks the a-carbonyl
group from the less hindered bottom si face, to afford
the desired product.

In summary, the diastereoselective allylation of various
camphorpyrazolidinone derived a-ketoamides (2) with
allyltributyltin was examined. The corresponding opti-
cally enriched quarternary a-hydroxy carbonyls were
obtained in reasonable to excellent material yields (51–
95%) and in good to excellent stereoselectivity when
Sn(OTf)2 was used (up to >95% de). The s-cis confor-
mation of the a-dicarbonyl functionality is highly
favored in the transition state when strong Lewis acids
such as Zn(OTf)2 and Sn(OTf)2 are used. The allyl re-
agent attacks from the less hindered bottom si face to
give the desired product. Further studies of the allyl-
ation of camphorpyrazolidinone derived N-glyoxylate
and its derivatives are currently underway.
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