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The peroxy-asymmetric allylic alkylation of hydroperox-
yalkanes with Morita–Baylis–Hillman carbonates was catal-
ysed by modified cinchona alkaloids (up to 93% ee), from
which chiral a-methylene-b-hydroxy esters could be efficiently
derived.

The a-methylene-b-hydroxy esters, which contain both an a,b-
unsaturated ester system and an allylic alcohol fragment, are
useful compounds and are often employed for the synthesis of
biologically important materials and natural products.1 They are
usually prepared via a Lewis base-catalysed aldol-type reaction
of acrylates and aldehydes, the so-called Morita–Baylis–Hillman
(MBH) reaction.2 Much efforts have been devoted to the asym-
metric MBH reaction over the past decades.3 Nevertheless, the
advancements for MBH reaction of acrylates are still far from
satisfying.4 A notable example was reported by Hatakeyama
et al. who developed a highly enantioselective asymmetric MBH
reaction of the activated 1,1,1,3,3,3-hexafluoroisopropyl acrylate
and aldehydes catalysed by b-isocupreidine (b-ICD).5 Chiral Lewis
acid catalysts have also been employed for the asymmetric MBH
reaction of acrylates, however, there were limitations for the enan-
tioselectivity, chemical yields and generality of the substrates.6 On
the other hand, some indirect ways for the preparation of chiral a-
methylene-b-hydroxy esters have been disclosed. Shimazaki et al.
presented a tandem asymmetric aldol reaction and oxidative
deselenisation to afford chiral a-methylene-b-hydroxy esters.7

Connon et al. described the first nonenzymatic acylative kinetic
resolution of MBH adducts.8 Trost and co-workers have developed
elegant deracemisation of MBH adducts catalysed by chiral Pd-
complexes.9 Therefore, the development of effective protocols to
access enantiomerically pure a-methylene-b-hydroxy esters is still
in demand.

Compounds that contain peroxide fragments are widely used
in medical and chemical fields. Reliable approaches to peroxides,
however, are extremely limited, especially for chiral peroxides.10

Deng et al. have developed a highly enantioselective peroxidation
of a,b-unsaturated ketones via iminium activation.11 Very recently,
we reported that commercially available cinchona alkaloids can
act as excellent organocatalysts for asymmetric allylic alkylation
(AAA) reactions with MBH carbonates.12,13 It could be envisioned
that an enantioselective peroxy-asymmetric allylic alkylation of
hydroperoxyalkanes with MBH carbonates might be developed
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Table 1 Screening studies of organocatalytic peroxy-AAA reaction of
hydroperoxyalkanes 1 and MBH carbonate 2aa

Entry Catalyst Solvent Yieldb (%) eec (%)

1d (DHQD)2AQN toluene 52 30
2 (DHQD)2AQN toluene 64 32
3 (DHQD)2PHAL toluene 60 82
4 (DHQD)2PYR toluene 63 79
5 (DHQ)2PHAL toluene 66 -80
6 (DHQD)2PHAL m-xylene 67 80
7 (DHQD)2PHAL mesitylene 67 82
8 (DHQD)2PHAL PhCF3 74 82
9 (DHQD)2PHAL DCM 72 77

10 (DHQD)2PHAL DCE 65 77
11 (DHQD)2PHAL CCl4 76 91
12e (DHQD)2PHAL CCl4 79 93
13e (DHQ)2PHAL CCl4 71 -90

a Unless noted otherwise, reactions were performed with 0.12 mmol of 1a,
0.1 mmol of 2a, 10 mol% of catalyst in 0.4 mL solvent for 48 h. b Isolated
yield. c Determined by chiral HPLC analysis. d At 50 ◦C. e 1b was used.

through the same strategy. Moreover, as outlined in Scheme 1,
chiral a-methylene-b-hydroxy esters would be smoothly prepared
from the corresponding chiral peroxides.

Scheme 1 A tandem peroxy-AAA–reduction reaction to access chiral
a-methylene-b-hydroxy esters.

The initial study was conducted with commercially available
cumene hydroperoxide 1a and MBH carbonate 2a in toluene under
the catalysis of (DHQD)2AQN at 50 ◦C. To our gratification,
the desired peroxide 3a was isolated in a moderate yield after
48 h, albeit in a poor ee value (Table 1, entry 1). A similar
enantioselectivity was obtained at 35 ◦C but with a slightly
better yield (entry 2). Subsequently, other modified cinchona
alkaloids were screened at 35 ◦C. Good enantioselectivity (82%
ee) was observed when (DHQD)2PHAL was used (entry 3),
and (DHQD)2PYR showed similar enantiocontrol (entry 4). It
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was pleasing that a good ee value was also obtained in the
presence of (DHQ)2PHAL, while the peroxide 3a possesses the
opposite configuration (entry 5). Encouraged by these results,
we further investigated the effects of solvent by the catalysis
of (DHQD)2PHAL. Almost the same results were afforded in
various arene solvents (entries 6–8). Although slightly decreased
enantioselectivity was observed in DCM and DCE (entries 9
and 10), fortunately, a significantly improved enantioselectivity
was gained when CCl4 was utilised as the solvent (entry 11).
Moreover, an excellent ee value (93% ee) was attained when a
slightly more bulky hydroperoxyalkane 1b was applied without
affecting the reaction efficacy (entry 12). In addition, a satisfactory
enantioselectivity could be obtained with (DHQ)2PHAL under
the optimised conditions. Thus both enantiomers of the target
peroxide could be available in a highly enantioenriched form.

Consequently, an array of MBH carbonates 2 were explored in
the reactions with hydroperoxyalkane 1b to establish the generality
of this asymmetric transformation. The reactions were generally
conducted in CCl4 with 10 mol% of (DHQD)2PHAL at 35 ◦C. As
summarised in Table 2, the electronic characteristics of MBH
carbonates seemed to have limited effects on the enantioselectivity.
Good to excellent ee values were obtained for a diversity of
MBH carbonates bearing electron-withdrawing or -donating aryl
groups, and moderate to good isolated yields were delivered
(entries 1–9). In addition, heteroaryl-substituted MBH carbonates
could be successfully applied, and excellent enantioselectivities
were attained (entries 10 and 11).14 On the other hand, we
have tested more asymmetric reactions with (DHQ)2PHAL, the
peroxides 3d and 3i with the opposite configuration were also
provided in high enantioselectivity (entries 12 and 13).

Table 2 Organocatalytic peroxy-AAA reaction of hydroperoxyalkane 1b
and MBH carbonates 2a

Entry R 3 t (h) Yieldb (%) eec(%)

1 Ph 3b 48 79 93d

2 p-F-C6H4 3c 58 69 90e

3 p-Cl-C6H4 3d 58 71 89e

4 m-Cl-C6H4 3e 48 71 83e

5 3,4-Cl2-C6H3 3f 46 73 88e

6 p-Me-C6H4 3g 50 65 86e

7 m-Me-C6H4 3h 47 67 92
8 p-MeO-C6H4 3i 47 73 93
9 3,4-methylene-dioxo-C6H3 3j 52 50 89

10 2-thienyl 3k 48 53 92e

11 2-furyl 3l 56 62 91
12f p-Cl-C6H4 3d 58 72 -89
13f p-MeO-C6H4 3i 56 65 -91e

a Unless noted otherwise, reactions were performed with 0.12 mmol of
1b, 0.1 mmol of 2, 10 mol % of (DHQD)2PHAL in 0.4 mL CCl4 at
35 ◦C. b Isolated yield. c Determined by chiral HPLC analysis. d The
absolute configuration of 3b was determined by comparison with literature
optical rotation data after reduction with zinc powder (see Scheme 2).
e Determined after conversion to the corresponding a-methylene-b-
hydroxy ester. f (DHQ)2PHAL was used.

As illustrated in Scheme 2, the peroxo-allylic alkylation prod-
uct 3b could be efficiently converted to the corresponding
a-methylene-b-hydroxy ester (S)-(+)-4a in high yield (93%)
without any racemisation,15 employing zinc powder as the reducing
reagent in a mixture of acetic acid and water (1:1).

Scheme 2 Synthesis of a-methylene-b-hydroxy ester.

In conclusion, we have developed the first peroxo-asymmetric
allylic alkylation of bulky hydroperoxyalkanes with Morita–
Baylis–Hillman (MBH) carbonates by the catalysis of commer-
cially available modified cinchona alkaloids. The peroxides were
generally obtained in high enantioselectivities (84–93% ee) in
fair to good yields, from which the corresponding a-methylene-
b-hydroxy esters could be smoothly derived without affecting
the optical purity. Currently, the further application of modified
cinchona alkaloids in other asymmetric allylic alkylations is under
investigation in this laboratory.
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(b) I. E. Markó, P. R. Giles and N. J. Hindley, Tetrahedron, 1997, 53,
1015; (c) L. J. Brzezinski, S. Rafel and J. W. Leahy, J. Am. Chem. Soc.,
1997, 119, 4317; (d) B. Pégot, G. Vo-Thanh, D. Gori and A. Loupy,
Tetrahedron Lett., 2004, 45, 6425; (e) T. Oishi, H. Oguri and M. Hirama,
Tetrahedron: Asymmetry, 1995, 6, 1241; (f) T. Hayase, T. Shibata, K.
Soai and Y. Wakatsuki, Chem. Commun., 1998, 1271; (g) B. K. Senapati,
G.-S. Hwang, S. Lee and D. H. Ryu, Angew. Chem., Int. Ed, 2009, 48,
4398; (h) H. Tang, G. Zhao, Z. Zhou, P. Gao, L. He and C. Tang,
Eur. J. Org. Chem., 2008, 126; (i) S. I. Pereira, J. Adrio, A. M. S. Silva
and J. C. Carretero, J. Org. Chem., 2005, 70, 10175; (j) S. Garre, E.
Parker, B. Ni and A. D. Headley, Org. Biomol. Chem., 2008, 6, 3041.

This journal is © The Royal Society of Chemistry 2009 Org. Biomol. Chem., 2009, 7, 3660–3662 | 3661

Pu
bl

is
he

d 
on

 3
1 

Ju
ly

 2
00

9.
 D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ite
it 

U
tr

ec
ht

 o
n 

23
/1

0/
20

14
 0

9:
30

:0
9.

 
View Article Online

http://dx.doi.org/10.1039/b912110b


5 (a) Y. Iwabuchi, M. Nakatani, N. Yokoyama and S. Hatakeyama,
J. Am. Chem. Soc., 1999, 121, 10219; (b) A. Nakano, M. Ushiyama, Y.
Iwabuchi and S. Hatakeyama, Adv. Synth. Catal., 2005, 347, 1790; (c) A.
Nakano, S. Kawahara, S. Akamatsu, K. Morokuma, M. Nakatani, Y.
Iwabuchi, K. Takahashi, J. Ishihara and S. Hatakeyama, Tetrahedron,
2006, 62, 381; (d) A. Nakano, K. Takahashi, J. Ishihara and S.
Hatakeyama, Org. Lett., 2006, 8, 5357.

6 K.-S. Yang, W.-D. Lee, J.-F. Pan and K. Chen, J. Org. Chem., 2003, 68,
915.

7 I. Shiina, Y.-S. Yamai and T. Shimazaki, J. Org. Chem., 2005, 70, 8103.
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