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A novel, chiral Lewis acid-induced enantioselective hetero Diels–Alder
reaction of a thiabutadiene

Takao Saito,* Kayoko Takekawa, Jun-ichi Nishimura and Mikako Kawamura
Department of Chemistry, Faculty of Science, Science University of Tokyo, Kagurazaka,
Shinjuku-ku, Tokyo 162, Japan

The chiral Lewis acid-induced, enantioselective thia Diels–
Alder reaction is described for the first time.

Asymmetric hetero Diels–Alder reactions have occupied an
important position in organic chemistry because of their syn-
thetic versatility and usefulness for highly efficient and straight-
forward construction of a wide range of optically active six-
membered heterocycles.1 This utility is unambiguously
enhanced by its high regio- and stereo-selectivities, and wide-
spread application. In spite of the great synthetic potential of
this asymmetric hetero Diels–Alder methodology, efforts have
been restricted to those involving only oxa-, aza- and several
other particular 2 heterodienes or heterodienophiles;1 much less
attention has been paid to the use of thiabutadienes taking part
as heterodienes in asymmetric hetero Diels–Alder reactions.3–8

There are only a few reports on the thiabutadiene-asymmetric
hetero Diels–Alder reaction that have been devoted toward the
diastereo-π-face-differentiating processes utilizing chiral thia-
dienes 8 or dienophiles.3–7 † In this communication we report the
first, homochiral Lewis acid-induced, enantioselective thia
Diels–Alder cycloaddition, which provides a highly efficient
access to optically active dihydrothiopyrans with very high
enantioselectivity (up to 95% ee).

The reports by Evans et al.10 and Li et al.11 on the chiral
bis(benzylideneamino)cyclohexane–copper complex-catalyzed
enantioselective cyclopentadiene (carbo) Diels–Alder reaction
and aziridination, respectively, prompted us to choose this
promising, readily available bis(imine)–Lewis acid complex sys-
tem in the hope that this type of chiral catalyst could be suc-
cessfully applicable to the thiabutadiene-asymmetric hetero
Diels–Alder reaction (Scheme 1).‡ Initial efforts were directed to

Scheme 1 Reagent and conditions: i, Lewis acid–bis(imine) 4, CH2Cl2
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† We have found that the sense and degree of the diastereo π-facial select-
ivity in the thiabutadiene-asymmetric hetero Diels–Alder reaction varies
as a function of stoichiometry of the added Lewis acid,6 the features of
which are apparently distinct from those of the carbo Diels–Alder reac-
tion with the same combination of dienophile and Lewis acid.9

finding a suitable Lewis acid to use in combination with ligand
4 as a chiral catalyst in the reaction. The results are summarized

in Table 1. The best results in yield, endo :exo ratio, and endo ee
were obtained by employing Cu(OTf)2 (copper trifluorometh-
anesulfonate) at 0 8C (run 2).§ Somewhat surprisingly, the reac-
tion at low temperature (278 8C, run 3) furnished lower enantio-
selectivity. In order to enhance the enantioselectivity and to
assess the feasibility of the catalytic process of this reaction, we
investigated the reaction using Cu(OTf)2 by varying the sub-
stituent R in ligand 4 in the presence of catalytic or stoichio-
metric amounts of the complex. The results are listed in Table 2.
The data in Table 2 reveal that a stoichiometric amount (100
mol%) of the chiral Cu(OTf)2-4 complex catalyst (promoter) is
needed to obtain the highest endo ees together with the best
endo :exo ratios and yields of 3¶ in the reaction with ligands 4a
(run 6) and 4b (run 12) at 0 8C, and with ligand 4c (run 15) at
room temp.
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R R

H H

4a  R = phenyl
4b  R = 2,6-Cl2phenyl
4c  R = 4-Priphenyl

Table 1 Asymmetric hetero Diels–Alder reaction of thiabutadiene 1
with 2 in the presence of a Lewis acid–bis(imine) 4a complex a

Run

1
2
3
4
5
6

Lewis acid

Cu(OTf)2

Cu(OTf)2

Cu(OTf)2 2
Mg(OTf)2

Mg(OTf)2

Yb(OTf)3;

T/8C

RT e

0
78
RT e

0
RT e

Yield b

(%)

99
99
95
91
62
27

endo :exoc

93 :7
98 :2
72 :18
76 :24
69 :31
65 :35

endo ee d

(%)

54
73
27

28
25
13

a Reaction was performed in CH2Cl2 for 3 h in a ratio of 1 :2 : catalyst
(Lewis acid :4a = 1.0 :1.1) = 1.2 :1.0 :1.0. b Isolated yield. c Determined
by 1H NMR spectroscopy and HPLC analysis. d Determined by HPLC
analysis. e 22 ± 2 8C, RT = room temperature.

‡ We applied some other chiral Lewis acid catalysts such as tartrate-
derived TADDOLate–TiCl2 (dichlorotitanium α,α,α9,α9-tetraaryl-1,3-
dioxolane-4,5-dimethanolate) 12 permitting the highly enantioselective
carbo Diels–Alder reaction in this thiabutadiene-asymmetric Diels–
Alder reaction, only to find disappointing results with the enantio-
selectivity.
§ Some other Lewis acids such as ZnCl2, MgCl2, TiCl4 and TiCl2(OPri)2

for the complex with 4 were screened in this Diels–Alder reaction and
found to be inferior to Cu(OTf)2.
¶ The absolute configuration of the major endo isomer of 3 was deter-
mined to be (3R, 4R) by transformation of scalemic 3 (endo) to alcohol
5 (Scheme 2) and by comparison of its specific rotation with that of the
authentic sample 5 ([α]D

25 1 176, c = 1.87, CHCl3).
4
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We finally performed the reaction in the presence of 4 Å
molecular sieves under the optimized conditions to obtain satis-
factorily higher enantioselectivity. As shown in Table 3, the best
enantioselectivity of 90–95% ees was achieved. A further study
to extend the scope of this asymmetric hetero Diels–Alder reac-
tion to a catalytic process is underway.

Experimental
Typical procedure
A mixture of bis(benzylideneamino)cyclohexane 4 (12–120
mol%) and Cu(OTf)2 (10–100 mol%) in dry dichloromethane
(10 cm3) was stirred for 1 h at room temp. under an argon
atmosphere. The dienophile 2 (20.0 mg, 0.142 mmol, 1.00
equiv.) was then added to the catalyst mixture with stirring for 1
h at room temp. After maintaining the temperature (0 8C,
278 8C or room temp.) of the mixture, thiabutadiene 1 (38.0
mg, 0.170 mmol, 1.20 equiv.) was added in one portion and the

Scheme 2 Reagent and conditions: i, LiAIH4, THF, 0 8C
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Table 2 Asymmetric hetero Diels–Alder reaction of thiabutadiene 1
with 2 in the presence of a Cu(OTf)2–bis(imine) 4a–c complex a

Run

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

R in 4

Phenyl 4a

2,6-Cl2Ph 4b

4-Pr1Ph 4c

Cu(OTf)2

mol%

10
50

100
10
50

100
10
50

100
10
50

100
10
50

100
10
50

100

T/8C

RT e

RT e

RT e

0
0
0
RT e

RT e

RT e

0
0
0
RT e

RT e

RT e

0
0
0

Yield b

(%)

99
99
99
74
60
99
62
82
94
83
99
99
69
99
99
73
74
94

endo :exo c

82 :18
81 :19
93 :7
85 :15
83 :17
98 :2
82 :18
82 :18
84 :16
69 :31
79 :21
82 :18
78 :22
84 :16
88 :12
91 :9
85 :15
90 :10

endo ee d

(%)

64
63
54
54
56
73
45
45
62
40
64
76
59
60
74
48
42
68

a–e See footnotes in Table 1.

Table 3 Cu(OTf)2–bis(imine) 4-induced hetero Diels–Alder reaction
of thiabutadiene 1 with 2 in the presence of 4 Å molecular sieves at
0 8C a

Run

1
2
3

Ligand

4a
4b
4c

Yield b

(%)

91
90
90

endo :exo c

96 :4
95 :5
88 :12

endo ee d

(%)

94
95
90

a–d See footnotes in Table 1.

reaction mixture was stirred for 3 h at the same temperature,
and then quenched with water. The reaction mixture was
diluted with dichloromethane (15 cm3), washed with water and
brine, and dried (MgSO4). The solution was evaporated and the
resulting crude product (HPLC analysis) was purified by col-
umn chromatography on silica gel (70 cm3) using EtOAc–
hexane (1 :10)–(1 :1) as eluent to give the cycloadduct 3, of
which the endo :exo ratio and optical purity were determined by
1H NMR spectroscopy [Pr(hfc)3 as a shift reagent] and HPLC
analysis (DAICEL CHIRALCEL OD column, 1.0 ml min21

flow rate, 10% ethanol in hexane as eluent). The endo-3 and exo-
3 isomers could be separated diastereoisomerically pure but not
enantiomerically pure by repeated recrystallisation and silica
gel chromatography.

3-(c-4,6-Diphenyl-3,4-dihydro-2H-thiopyran-r-3-ylcarbonyl)-
1,3-oxazolidin-2-one endo-3
Obtained as colourless crystals, mp 240.9–242.6 8C (Found:
M1, 365.1099. C21H19NO3S requires M, 365.1087); m/z 365
(M1, 28%) and 223 (11, 100%); νmax(KBr)/cm21 1788 and 1690;
δH(500 MHz, CDCl3) 2.85 (1H, dd, J 2.56 and 13.37), 3.36 (1H,
dd, J 11.90 and 13.37), 3.80 (1H, ddd, J 6.59, 9.16 and 10.99),
4.00 (1H, ddd, J 7.51, 9.16 and 10.99), 4.32 (1H, dd, J 5.13 and
5.68), 4.34 (1H, ddd, J 2.56, 5.13 and 11.90), 4.45 (1H, ddd, J,
6.59, 9.16 and 9.16), 4.49 (1H, ddd, J 7.51, 9.16 and 9.16), 6.16
(1H, d, J 5.68), 7.10–7.13 (2H, m, Ar-H) and 7.23–7.37 (8H, m,
Ar-H); δC(125 MHz, CDCl3, DEPT) 22.57 (SCH2), 41.14
(NCH2), 42.57 (CH), 42.61 (CH), 62.59 (OCH2), 120.52 (CH),
125.90 (2CH), 127.12 (CH), 128.14 (2CH), 128.43 (CH), 128.66
(2CH), 129.27 (2CH), 133.08 (C), 138.80 (C), 140.00 (C), 153.57
(CO) and 172.06 (CO).

3-(t-4,6-Diphenyl-3,4-dihydro-2H-thiopyran-r-3-ylcarbonyl)-1,3-
oxazolidin-2-one exo-3
δH(500 MHz, CDCl3) 3.12 (1 H, dd, J 2.64 and 12.86), 3.31 (1H,
dd, J 9.57 and 12.86), 3.76 (1H, ddd, J 6.27, 9.57 and 10.89),
3.90 (1H, ddd, J 7.26, 9.57 and 10.89), 4.06 (1H, dd, J 2.97 and
9.57), 4.09 (1H, ddd, J 7.26, 9.57 and 9.57), 4.28 (1H, ddd, J
6.27, 9.57 and 9.57), 4.37 (1H, ddd, J 2.64, 9.57 and 9.57), 6.06
(1H, d, J 2.97), 7.20–7.36 (8H, m, Ar-H) and 7.46–7.52 (2H, m,
Ar-H); δC(125 MHz, CDCl3, DEPT) 28.89 (SCH2), 42.67
(NCH2), 44.26 (CH), 44.68 (CH), 61.89 (OCH2), 122.30 (CH),
126.45 (2CH), 127.32 (CH), 128.26 (2CH), 128.52 (CH), 128.59
(2CH), 129.39 (2CH), 133.55 (C), 139.28 (C), 142.71 (C), 152.81
(CO) and 173.78 (CO).
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