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«,B-Unsaturated thioketones 1 were regenerated from their precursors, the dithiine-type dimers 3, and
readily underwent the Lewis acid-promoted hetero Diels—Alder reactions with a variety of carbonyl-
activated dienophiles such as methyl acrylate 4, methyl vinyl ketone 6, acrolein 7, N,N- dimethylacryl-
amide 8, methyl methacrylate 9, dimethyl fumarate 10, methyl crotonate 11 and N-p-tolylmaleimide
12, to give [4 + 2]cycloadducts 5 and 13-19, respectively. Among the Lewis acids investigated,
AICI; and EtAICl,, when used in diethyl ether and dichloromethane, respectively, were found to
remarkably accelerate the reaction even at lower temperatures (25-35 °C); the reaction is very slow in
the absence of the catalyst. A moderate enhancement of the stereoselectivity (endo/exo) was observed
compared with that of the thermal reactions at 80 °C in benzene. The structure determination of the
cycloadducts by 'H NMR spectroscopic studies are described and the configurations and relative

conformations are also discussed.

It is well known that Lewis acids accelerate Diels—Alder
reactions between carbodienes and an electron-poor dienophiles
by lowering the LUMO energy of the latter by complexation
with the Lewis acid.!2 On the other hand, an «,B-unsaturated
carbonyl compound (l-oxabuta-1,3-diene) usually undergoes
an inverse electron demand hetero Diels—Alder (HDA) reaction
with an electron-rich dienophile under vigorous thermal
conditions.? In this case the Lewis acid combines with the
carbonyl oxygen to lower its LUMO energy, thus accelerating
the reaction.

Previously, we reported that under thermal reaction con-
ditions «,B-unsaturated thioketones (1-thiabuta-1,3-dienes)
readily underwent HDA reaction with a variety of dienophiles.*
The reaction was found to proceed smoothly either with
electron-poor or electron-rich dienophiles and the results were
explored in terms of the CNDO/2 calculation method.* Mean-
time, several groups also reported the thermal HDA reactions of
such a 1-thiabuta-1,3-diene system.> However, very little has
been known about the Lewis acid-promoted HDA reaction.t In
this context, it appeared of interest to investigate the efficiency
of Lewis acids in the HDA reaction of these «,8-unsaturated
thioketones.

Results and Discussion
Since the monomeric «,p-unsaturated thioketones 1 formed
from the corresponding ketones by thionation, readily dimerise
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t Only one precedent has recently been reported by us (ref. 6).

Table 1 Preparation of thioketone dimers 3
Ar! Ar? t/h Yield (%)
3a Ph Ph 3 24
3b Ph p-CICiH, 3 19
3c Ph p-MeCiH, 3 13
3d p-CIC¢H, p-CICcH, 45 35

2 As a mixture of 3,4-cis- and 3,4-trans-isomers.

at ambient temperatures to dimers 2 and 3 which regenerate the
monomers at higher temperatures,” the uncatalysed thermal
reaction requires thermolysis in the presence of appropriate
dienophiles.* On the contrary, the Lewis acid-catalysed reaction
using dimer 2 was unsuccessful when 2 was added to an ethereal
solution of a dienophile activated by a Lewis acid such as AICl,,
EtAICl, or BF;. The dimer 2 instantaneously decomposed,
precluding the cycloaddition, probably due to the collapsing
action of the Lewis acid on the thiocarbonyl group in com-
pound 2. In order to implement the cycloaddition, we examined
the reaction of the alternative dimer 3 containing no thio-
carbonyl group and met with success. This article describes
results in this line, and forms the first full account of Lewis acid-
promoted hetero Diels—Alder reaction of a 1-thiabuta-1,3-diene
system.t

The prerequisite dithiine-type dimers 3a—d could be obtained
under controlled reaction conditions in moderate yields (Table
1).2 The 'H NMR spectra of 3a-d exhibited two sets of signals
for the 4-H, 5-H, 7-H and 8-H protons of almost equal intensity,
indicating 1:1 mixtures of 3,4-cis- and 3,4-trans-isomers (see
Experimental Section).

Initially, the reactions of thiochalcones 1 (generated from 3)
with methyl acrylate 4 in the presence of several Lewis acids
were examined (Scheme 2, Tables 2 and 3). When the dimers
3a-d were treated with 4 in the presence of AICl; in diethyl
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ether,* the reactions proceeded readily at 25°C to afford
cycloadducts Sa—d in good yields (Table 2, Runs 2-5 and 11-13),
whereas the uncatalysed reaction was very slow.t The use of
more than an equimolar amount of AICl; led to significant
acceleration of the reaction (Runs 4 and 5) while a half
equimolar amount of the Lewis acid gave, after 3 h, 5a in 95%
yield (Run 2). This suggests that a catalytic amount of the Lewis
acid is sufficient for completion of the reaction under these
conditions. Among the other Lewis acids investigated, EtAICl,
also showed a remarkable effect on the reaction rate while
Pr'OAICI,, BF; and ZnCl, required longer reaction times to
give reasonable yields (Runs 6-10). These reactions were
investigated further with the same Lewis acids in dichloro-
methane * with varied molar amounts of the Lewis acids and at
temperatures of 35, 25 or 0 °C (Table 3). Compared with the
corresponding runs in Table 2, the reaction rates increased in all
cases, however the yields decreased in all cases except for the
reactions with EtAICl, catalyst (Runs 6-11). This is reasonably
ascribed to the consideration that the Lewis acids (especially,
the stronger Lewis acid, AICl;) which are solvated less well in
CH,Cl, than Et,O actually accelerate the reaction but
simultaneously lead to partial decomposition of the dithiine-
type dimer 3 (or thioketone 1 itself), as observed typically in
the reaction with the thiopyran-type precursor 2. EtAlCl,
(Runs 6-11) is the best catalyst under the conditions used in this
reaction.

It is known that Lewis acids enhance regioselectivity (orient-
ational) and stereoselectivity (endo vs. exo) for Diels—Alder
reactions.’ Since the thermal reaction of compound 1 showed
perfect regioselectivity but moderate stereoselectivity (Run 1 in
Tables 2 and 3, and ref. 4), the effects of Lewis acids on the
selectivities were also determined in this reaction. '"H NMR
spectroscopy (270 and/or 500 MHz) and HPLC of the crude
product mixture revealed that it consisted of 3,4-cis-5a (major)
and 3,4-trans-5a (minor) without any other cycloadducts. The
ratios of cis-Sa/trans-Sa formed under the varied catalytic or
thermal conditions are also summarized in Tables 2 and 3. In
comparison with the ratio (72/28) under the typical thermal
conditions (in boiling benzene, Table 2, Run 1), all the catalytic
reactions showed improvements in stereoselectivity, to give
ratios which are comparable with that of the uncatalysed
reaction at 35 °C (Table 3, Run 1).

* Diethyl ether and dichloromethane were found to be the best
solvents on these reactions and other solvents such as tetrahydrofuran,
diglyme, 1,4-dioxane, diisopropyl ether, toluene and anisole gave
unsatisfactory results.

+ Either the dimer 2 or 3 is able to react readily with 4 under thermal
conditions at higher temperatures, e.g. in boiling benzene (Run 1),*
whereas in the absence of a Lewis acid, they hardly react below ca. 25 °C
even after one day.
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Finally, the reactions of 3a with a variety of carbonyl-
activated dienophiles } 6-12 in the presence of AICl; or EtAICl,
were examined and the results are shown in Table 4. Methyl
vinyl ketone 6, acrolein 7, N,N-dimethylacrylamide 8, methyl
methacrylate 9 and dimethyl fumarate 10 reacted readily at
25°C to give the corresponding cycloadducts 13-17 in
reasonable yields (Runs 1-3, 5-8 and 11-15). Methyl crotonate
11 was less reactive at 25 °C so those reactions were carried out
at 35 °C and the use of excess of catalyst moderately increased
the yield of 18 (Runs 18 and 19). Employing AICl; in Et,O or
EtAICl, in CH,Cl, (Runs 5, 8, 11, 14 and 15) had a much greater
effect on both the reaction rates and yields than did the other
catalysts (Runs 6, 7, 12 and 13) to give cycloadducts 16 and 17,
as analogously observed above (Tables 2 and 3). N-p-Tolyl
maleimide 12 was so reactive that the reaction proceeded
successfully at 25 °C both in the absence or presence of the
catalyst (Runs 21 and 22). The observed ratios of the cis- and
trans-cycloadducts are also summarized in Table 4.

Thus, the present study demonstrates that by utilizing the
common Lewis acids, the «,B-unsaturated thioketones can
undergo the facile Diels—Alder reaction under very mild
reaction conditions with a variety of carbonyl-activated dien-
ophiles.

Structure Determination.—The structural and stereochemical
(relative configurations and conformations) assignments of all
the cycloadducts were performed mainly by 'H NMR spectro-
scopic studies. The 'H NMR spectral data of 3,4-cis- and 3,4-
trans-diastereoisomers of compounds 5a and 13-20 are listed in
Table 5. For each compound significant signals of the thiopyran
ring protons (2-H, 3-H, 4-H and 5-H) can be assigned based on
their chemical shifts and coupling patterns of network starting
from the readily identified 5-H. In compound cis-5a, for
example, the olefinic proton (5-H) resonated at 6 6.16 as
doublet with J 6.2 Hz. This coupling constant value was
observed besides in 4-H (6 4.21, dd) which coupled further
with 3-H by J 5.8 Hz. Consequently, a signal of 3-H (J 3.24)
splits as ddd with J 5.8, 12.5 and 1.1 Hz by coupling further with
two geminal 2-Hs. The 2«-H and 2B-H showed typical geminal
coupling constant J 11.7 Hz, and resonated at § 3.20 and 2.93,
respectively. Inspection of the magnitudes of the observed
coupling constants gives evidence for the relative configur-
ations (cis and trans) and preferred conformations of the
dihydrothiopyran ring system by assuming that for each
compound of a 3,4-cis and 3,4-trans series, the thiopyran ring
takes either one of two possible half-chair conformations A and
B (Fig. 1) or both in the equilibrium in analogy to cyclohexene
derivatives.

For a cis series of compounds Sa, 13 and 15, a large coupling
constant (J 12.5, 12.2 and 11.7 Hz) between 2«-H and 3-H
indicates a rrans-diaxial relationship between these protons:
namely the substituent, X, occupies an equatorial position (IA
or, if the compounds are trans, IIB). A small coupling constant
(J 1.1, <1 and 2.5 Hz) between 2B-H (equatorial) and 3-H also
supports this constitution. The axial 3-H shows a medium
magnitude of coupling constant (J 5.8, 4.3 and 5.1 Hz) with 4-H,
suggesting a synclinal arrangement between them. All these
observations are consistent with a IA-conformation only.

For compound 20 (cis), which was obtained by mCPBA (m-
chloroperbenzoic acid) oxidation of c¢is-13, a considerably large
coupling constant (J 13.5 Hz) between 2«-H and 3-H suggests

1 With non-carbonyl-activated dienophiles such as styrene and
acrylonitrile and with electron-rich dienophiles, vinyl ethers, no
cycloaddition products were detected in the presence of AICl; in diethyl
ether at temperatures 25-35 °C. These results contrast with those from
the thermal reactions to give cycloadducts with both electrophilic and
nucleophilic dienophiles.
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Table2 Effect of Lewis acid in Et,O at 25 °C on the reactivity of thioketones 1 toward methyl acrylate 4 and on ratio of cis- and trans-cycloadducts §

Thioketone Lewis acid Yield* Ratio
Run dimer (equiv.) t/h® Cycloadduct %) cis/trans
1 3a none*® 0.5 5a 96 72/28
2 3a AICI; (0.5) 3 Sa 95 77/23
3 3a AICI; (1.0) 1 Sa 94 80/20
4 3a AICI, (2.0) 0.5 5a 95 79/21
5 3a AlCl; (3.0) 0.5 5a 97 80/20
6 3a EtAICI, (0.5) 5 5a 90 79/21
7 3a EtAICl, (1.0) 5 Sa 82 76/24
8 3a PriOAICI, (1.0) 12 Sa 71 76/24
9 3a BF, (1.0) 11 Sa ) 83/17
10 3a ZnCl, (1.0) 30 5a 79 82/18
11 3b AICl, (1.0) 2 5b 94 —d
12 3¢ AlCl, (1.0) 1 Sc 88 —d
13 3d AICl, (1.0) 6 5d 75 —d

@ Reactions were carried out in a molar ratio of 1(3):4: Lewis acid = 1.0(0.5):3.0:0-3.0. ®* Monitored by TLC to determine the end points.  cis- and

trans-S mixture. ¢ Not determined. ¢ At 80 °C in benzene.

Table 3 Effect of Lewis acid in CH,Cl, on reactivity of thioketones 1a
toward methyl acrylate 4 and on ratio of cis-and trans-cycloadducts 5a

Lewis acid Yield© Ratio

Run (equiv.) T/°C  t/h® (VA cis/trans
1 none 35 44 68 78/22
2 AICI, (0.5) 25 0.2 77 78/22
3 AICI, (1.0) 25 02 73 78/22
4 AICI, (1.0) 35 02 57 78/22
5 AICl; (2.0) 25 0.2 56 77/23
6 EtAICI, (0.1) 25 02 93 77/23
7 EtAICl, (0.5) 25 0.2 90 79/21
8 EtAICI, (1.0) 25 0.2 91 79/21
9 EtAICl, (2.0) 25 0.2 92 77/23
10 EtAICI, (3.0) 25 0.2 89 78/22
1 EtAICI, (2.0) 35 0.2 89 78/22
12 EtAICI, (1.0) 0 6 60 78/22
13 Pr'OAICI, (1.0) 25 0.3 75 76/24
14 ZnCl, (1.0)* 25 3 55 85/15
15 ZnCl, (1.0)¢ 35 3 57 82/18
16 ZnCl, (2.0)° 35 2 55 82/18

“<See the corresponding footnote in Table 2.  The reaction was
incomplete. ¢ Under suspension.

more axially oriented positions in IIIA, compared to those in
IA. This is in accordance with consideration that ITIB is unlikely
because it involves a repulsive 1,3-diaxial interaction between
the one oxygen of the sulfone and the substituent X.

For compound trans-15, the large coupling constants (J
11.0 and 10.6 Hz) between 2«-H and 3-H, and 3-H and 4-H,
undoubtedly show trans-diaxial relationships between them,
respectively, being fully consistent with IIB occupation.

On the other hand, the relatively small coupling constants (J
9.1-9.5 Hz and 8.1-8.4 Hz) of 24,3 and 3,4 for trans-diaxial
relationships in compounds trans-Sa and trans-13 suggest the
predominant conformation IIB with a small contribution of ITIA
in equilibration. The IIA-contribution may be ascribed to the
gauche interaction between the substituents X and Ph present in
IIB.

For compounds cis- and trans-16 and 17, and cis-18 and 19,
the configurations and preferred conformations are consistent
with those IV-IX illustrated in Fig. 2, based on the similar
studies above.

As a consequence, a series of 3,4-cis (endo) and trans (exo)
compounds can readily be discriminated by comparing J; 4
and J, s values of 4.3-5.8 Hz and 6.2-6.6 Hz, respectively,
for the former and of 8.1-10.6 Hz and 2.54.6 Hz for the
latter.

cis (endo)

|

trans (exo)

cis (endo)

Fig. 1

Configurations and conformations for 5, 13-15 and 20

Experimental

M.p.s were determined on a Yanaco melting point apparatus
and are uncorrected. IR spectra were measured on a Hitachi
Model 270-30 spectrometer. 'H NMR and '3C NMR spectra
were recorded on JEOL JNM-EX 270 (270 MHz, 67.5 MHz)
and/or JEOL INM-GSX 500 (500 MHz, 125 MHz) spectro-
meters in deuteriochloroform using tetramethylsilane as an
internal standard. J Values are given in Hz. Mass spectra were
obtained with a Hitachi Model RMU-7M double focusing mass
spectrometer at an ionizing potential of 70 eV and/or a Hitachi
Model M-80 spectrometer with a data processing system
M-003. Elemental analyses were performed using a Yanaco
MT-3 CHN recorder. Column chromatography and analytical
TLC were carried out with Wakogel C-200 or Kanto Florisil
and Merck Kieselgel 60 F, s, plates, respectively. Solvents were
purified by usual methods before use. Reactions were carried
out under an argon atmosphere.

Preparation of Thioketone Dimers 3a-d. General Pro-
cedure.”-8—A solution of ketone (28-30 mmol) and Lawesson’s
reagent (10 g) in THF (50 cm?®) was heated under reflux
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Table 4° Effect of Lewis acid in Et,O or CH,Cl, on reactivity of thioketone 1a toward a variety of carbonyl-activated dienophiles 6-12
Lewis acid Yield¢ Ratio
Run Dienophile (equiv.) T/°C t/h* Cycloadduct (%) cis/trans
1 6 AICI, (1.0) 25 0.5 13 81 89/11
2 7 AICI, (1.0) 25 0.5 14 55 52/48
3 8 AICI; (1.0) 25 2 15 76 56/44
4 9 none* 25 2494 16 24 51/49
5 9 AICI, (1.0) 25 3 16 87 47/53
6 9 AICl; (1.0)¢ 25 2 16 70 54/46
7 9 EtAICI, (2.0) 25 4 16 76 47/53
8 9 EtAICl, (2.0)¢ 25 0.5 16 81 52/48
9 10 none’ 80 0.3 17 98 77/23
10 10 none* 25 249 17 83 81/19
11 10 AICI; (2.0) 25 8 17 32 76/24
12 10 AICI; (1.0)¢ 25 0.3 17 56 74/26
13 10 EtAICl, (2.0) 25 7 17 84 80/20
14 10 EtAICl, (1.0)¢ 25 0.3 17 94 72/28
15 10 EtAICl, (20)¢ 25 0.2 17 96 70/30
16 11 none® 35 249 18 10 95/5
17 11 AICl, (1.0) 35 7 18 30 —4
18 11 AlCl, (2.0) 35 6 18 49 —
19 11 AICl, (3.0) 35 5 18 55 —
20 11 EtAICl, (2.0)¢ 35 1 18 74 96/4
21 12 none 25 3 19 90 >99/1
22 12 AICl,; (1.0) 25 3 19 82 —d
7~ See the corresponding footnote in Table 2. ¢ In CH,Cl,. / In boiling benzene. ¢ The reaction was incomplete.
Table 5° 'H NMR spectral data of compounds 5a, 13-19 and 20
JunfHz Oy
Others®
Compd. 2028 24,3 283 34 45 28 3 4 5 Me and ArH
cis-5a 11.7 12.5 1.1 5.8 6.2 3.20 293 3.24 421 6.16 3.60(s)
7.17-7.56(m)°
trans-5a 12.8 9.1 2.9 8.1 3.7 3.29 3.10 3.02 4.06 6.06 3.61(s)
7.17-7.56(m) ¢
cis-13 10.6 12.2 <1 43 6.6 3.25 2.84 3.19 4.19 6.18 2.12(s)
7.12-7.56(m)
trans-13 12.8 9.5 2.6 84 33 3.21 3.01 3.09 3.98 6.06 1.96(s)
7.22-7.55(m)
cis-14 c c c 4.6 5.8 c c 433 6.22 7.21-7.56(m)
9.80 (d, J0.9)
cis-15 13.5 11.7 2.5 5.1 6.2 3.29 2.78 341 4.01 6.16 2.92,3.27(s)
7.04-7.58(m)
trans-15 12.8 11.0 22 10.6 2.5 3.50 2.88 3.18 4.02 6.12 2.44,2.79(s)
7.23-7.57(m)
cis-16 13.5 — 1.64 6.6 3.50 2.69 — 3.7 6.10 1.56, 3.46(s)
7.17-7.56(m)*°
trans-16 129 — — — 4.6 3.32 292 — 420 6.12 1.10, 3.71(s)
7.17-7.56(m)
cis-17 — 11.6 — 4.6 6.6 424 — 3.46 423 6.22 3.59, 3.74(s)
7.14-7.54(m)°
trans-17 — 10.6 — 10.6 3.0 4.54 — 3.18 3.87 6.05 3.43,3.75(s)
7.14-7.54(m)*®
cis-18 — 11.2 — 49 6.3 3.54 — 2.95 4.09 6.16 1.35, 3.54(s)
7.12-7.86(m)
cis-19 — — 89 46 53 4.40 3.96 4.02 6.89 2.31(s)
6.89, 7.15(d)
7.25-7.72(m)
cis-20 142 13.5 2.5 5.1 5.8 3.59 337 397 4.41 6.40 2.23(s)
7.18-7.64(m)

“ For the geminal protons 2-H’s « refers to position trans to 3-H, B cis to 3-H (3-Me for 16). * s: singlet, d: doublet, m: multiplet. © Not clearly resolved
due to ambiguity of couplings by overlaps. 4 *J, , of a W-lattice long range coupling. © Unseparable data of a couple of cis- and trans-adducts.

for 2-3 h. Removal of the solvent and column chromatography
of the blue—green coloured residue on Florisil gel using
benzene-hexane (1:1) as the eluent gave slightly coloured 3
contaminated with 2. Recrystallization (x2) of crude 3 from
diethyl ether and benzene—hexane (0-50%) afforded pure 3 (1:1
mixture of diastereoisomers) as colourless crystals in 13-35%
yield (Table 1).

3,4,6-Triphenyl-3-[(E)-2-phenylvinyl]-3,4-dihydro-1,2-dithiine
3a. Colourless needles, m.p. 121-122 °C (decomp.) (Found: C,
80.1; H, 5.3. C30H,,S, requires C, 80.3; H, 5.4%,); 64, 3.98 (d, J 5.6,
0.5 H, 4-H),4.45 (d, J 4.8, 0.5 H, 4-H), 593 (d, J 16.0, 0.5 H), 6.22
(d, J16.0,0.5 H), 6.33 (d, J5.6,0.5 H, 5-H), 6.36 (d, /4.8,0.5H, 5-
H), 6.45 (d, J 16.0,0.5 H), 6.62 (d, d, J 16.0, 0.5 H) and 6.89-7.57
(m, 20 H, ArH); m/z (FD) 448 (M *), 416, 325 and 224 (M *)2).
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VIA (cis -17) VIIB (trans-17)
H
S,
— Ph
H H
(¢] N ¢]
Ar

VIIA (cis-18) IX (cis -19)

Fig.2 Configurations and preferred conformations for 16,17, 18 and 19

4-(4-Chlorophenyl)-3-[(E)-2-(4-chlorophenyl)vinyl]-3,6-
diphenyl-3,4-dihydro-1,2-dithiine 3b. Colourless crystals, m.p.
133-134 °C (decomp.) (Found: C, 69.7; H, 4.3. C;,H,,Cl,S,
requires C, 69.6; H, 4.3%); 6, 4.01 (d, J 6.0, 0.5 H, 4-H), 4.49 (d,
J5.4,0.5H, 4-H), 5.89 (d, J 16.2,0.5 H), 6.26 (J 16.2,0.5 H), 6.36
(d,J6.0,0.5H, 5-H), 6.38(d, /5.4,0.5H, 5-H), 6.44 (d, J 16.2,0.5
H), 6.70(d, J 16.2,0.5 H) and 6.80-7.64 (m, 18 H, ArH); m/z (EI)
257 (35C1) (M*/2 — H, 91%), 223 (M*/2 — Cl, 100), 189 (21)
and 121 (21).

3,6-Diphenyl-4-(4-tolyl)-3-[(E)-2-(4-tolyl)vinyl]-3,4-dihydro-
1,2-dithiine 3¢. Colourless crystals, m.p. 115-116 °C (decomp.);
oy 2.19 (s, 1.5 H, Me), 2.28 (s, 1.5 H, Me), 2.29 (s, 1.5 H, Me),
2.32(s,1.5H, Me),4.01(d, /5.8,0.5H, 4-H),4.47(d, J5.2,0.5H,
4-H), 594 (d, J 16.1,0.5 H), 6.29 (d, J 16.1, 0.5 H), 6.41 (d, J 5.8,
0.5 H, 5-H), 6.43 (d, / 5.2,0.5 H, 5-H), 6.60 (d, J 16.1, 0.5 H), 6.71
(d, J 16.1, 0.5 H) and 6.67-7.94 (m, 18 H, ArH); m/z (EI) 237
(M*/2 — H, 56%) and 223 (M*/2 — Me, 100).

3,4,6- Tris(4-chlorophenyl)-3-[(E)-2-(4-chlorophenyl)vinyl]-
3,4-dihydro-1,2-dithiine 3d. Colourless crystals, m.p. 106-107 °C
(decomp.) (Found: C, 614; H, 3.6. C3,H,,C,,S, requires C,
61.4; H, 3.4%); 64397 (d,/59,0.5H,4-H),4.38 (d,5.7,0.5H,
4-H), 597 (d, J 16.2,0.5 H), 6.15 (d, J 16.2,0.5 H), 6.32 (d, J 5.9,
0.5H, 5-H), 6.32 (d, /5.7,0.5 H, 5-H), 6.39 (d, J 16.2, 0.5 H), 6.65
(d, 7 16.2,0.5 H) and 6.68-7.86 (m, 16 H, ArH); m/z (EI) 291 (M *
/2 — H, 72%) and 257 (M */2 — CI, 100).

Typical Procedure for the Reaction of Thioketone 1 (from
Dimer 3) with a Dienophile in the Presence of a Lewis Acid—To
a solution of aluminium chloride (0.5 mmol) in anhydrous
diethyl ether (25 cm?) was added methyl acrylate 4 (1.5 mmol) at
25°C (Table 2, Run 3). In the reactions in dichloromethane
(Tables 3 and 4), a Lewis acid was added to a dienophile
solution to prepare a clean solution of the complex. After the
solution had been stirred for some time, a thioketone dimer 3a
(0.5 mmol as a monomer) was added in one portion to the
solution. The reaction mixture was stirred at the same temper-
ature for 1 h until compound 3a had been consumed (monitored
by TLC). Having been quenched with saturated aqueous
ammonium chloride, the organic layer was separated, washed
with water, dried (MgSO,) and evaporated. The remaining
crude 5a ("H NMR spectroscopy) was subjected to column
chromatography on silica gel [benzene—hexane (1:1)] to give a
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mixture of cis- and trans-5a (94%) (ratio determined by 'H
NMR spectroscopy). Recrystallization (several times) from
dichloromethane-hexane gave pure cis-5a as colourless
rhombs. The 'H NMR spectral data of cis- and trans-5 are
summarized in Table 5. Conspicuous differences in the '3C
NMR spectra between cis- and trans-S were not observed. The
reactions of 1a with the other dienophiles 6-12 to afford the
adducts 13-19, respectively, were carried out similarly. In cases
of the adducts 13 and 15, cis- and trans-isomers could be
separated by column chromatography [silica gel, ethyl acetate—
hexane (1:40-4)].

Methyl 4,6-diphenyl-3,4-dihydrothiopyran-3(2H)-carboxylate
Sa. cis-5a: Colourless rhombs, m.p. 106-107 °C (Found: C,
73.45; H, 5.8. C,H,30,S requires C, 73.5; H, 5.8%); vmax(KBr
disk)/em™ 1733 (CO); ¢ 22.75 (t), 42.23 (d), 44.35 (d), 51.52
(q), 121.10 (d), 140.09 (s) and 172.63 (s, CO); m/z 310 (M *, 34%,),
250 (M* — CO,Me — H, 59),223 (1a* — H, 100), 121 (16),91
(23) and 77 (8).

Methyl  4-(4-chlorophenyl)-6-phenyl-3,4-dihydrothiopyran-
3(2H)-carboxylate Sb. cis-S5b: Colourless rhombs, m.p. 147—
148 °C (ethyl acetate—hexane) (Found: C, 66.15; H, 49.
C,9H, ;ClO,S requires C, 66.2; H, 5.0%); vn.x(KBr)/cm™! 1732
(CO); 6y 2.94 (dd, J 2.0 and 12.2, 2«-H), 3.12 (dd, J 12.0 and
12.2,2B-H), 3.22 (ddd, J 2.0, 5.6 and 12.2, 3-H), 3.60 (s, Me), 4.18
(dd, J5.6 and 6.3,4-H), 6.09 (d, J 6.3, 5-H) and 7.10-7.55 (m, 9 H,
ArH); 6 22.68 (t), 41.58 (d), 44.17 (d), 51.72 (q), 119.53 (d) and
172.47 (s); m/z 344 (M ™, 40%), 284 (M* — CO,Me — H, 76),
257 (1b* — H, 74) and 223 (1b* — Cl, 100).

Methyl 6-phenyl-4-(4-tolyl)-3,4-dihydrothiopyran-3(2H)-car-
boxylate 5c. cis-Sc: Colourless needles, m.p. 102-103 °C
(hexane) (Found: C, 74.0; H, 6.0. C,,H,,0,S requires C, 74.0;
H, 6.2%); Vmax(KBr)/em™ 1732 (CO); 6y 2.31 (s, Me), 292
(dd, J 2.0 and 9.2, 2«-H), 3.18 (dd, J 9.2 and 12.2, 2B-H), 3.23
(ddd, J2.0,4.0 and 12.2, 3-H), 3.62 (s, OMe), 4.18 (dd, J 4.0 and
6.3, 4-H), 6.14 (d, J 6.3, 5-H) and 7.04-7.56 (m, 9 H, ArH); 6
21.06 (q), 22.75 (t), 41.89 (d), 44.38 (d), 51.61 (q), 120.38 (d) and
172.88 (s); m/z 324 (M™, 36%), 264 M+ — CO,Me — H, 47),
237 (1c* — H, 34) and 223 (1¢* — Me, 100).

Methyl 4,6-bis(4-chlorophenyl)-3,4-dihydrothiopyran-3(2H)-
carboxylate 5d. cis-5d: Colourless rhombs, m.p. 140-142 °C
(ethyl acetate—hexane) (Found: C, 60.0; H, 4.1. C,,H, ¢Cl1,0,S
requires C, 60.2; H, 4.25%); V. (KBr)/cm™! 1732 (CO); dy 2.95
(dd, J 2.0 and 12.2, 2a-H), 3.12 (dd, J 11.9 and 12.2, 2B-H),
3.22(ddd, J 2.0, 5.6 and 11.9, 3-H), 3.61 (s, OMe), 4.18 (dd, J 5.6
and 6.3, 4-H), 6.27 (d, J 6.3, 5-H) and 7.09-7.57 (m, 8 H, ArH),
Oc 22.71 (t), 41.56 (d), 44.10 (d), 51.79 (q), 120.03 (d) and 172.34
(s), m/z 378 (M™*, 38%), 318 (M* — CO,Me — H, 69), 291
(1d* —H, 60) and 257 (1d* — H — Cl, 100).

3-Acetyl-4,6-diphenyl-3,4-dihydro-2H-thiopyran 13. cis-13:
Colourless rhombs, m.p. 110-111 °C (ethyl acetate—hexane)
(Found: C, 77.6; H, 6.05. C,4H, 4OS requires C, 77.5; H, 6.2%);
Vmax(KBr)/cm™ 1698 (CO); 6 23.13 (1), 29.29 (q), 42.41 (d),
51.50 (d), 120.41 (d), 139.73 (s) and 208.48 (s); m/z 294 (M ™,
27%),251 (M* — COMe, 11),223 (1a* — H, 100) and 121 (29).

trans-13: colourless glassy oil; v, (neat/NaCl)/cm~! 1712;
mfz 294 (M, 100%), 251 (43), 223 (95) and 121 (45).

4,6-Diphenyl-3 A-dihydrothiopyran-3(2H)-carbaldehyde  14.
cis-14: Colourless crystals, m.p. 91.1-91.6 °C (ethyl acetate—
hexane) (Found: C, 77.2; H, 5.6. C,3H,cO0S requires C, 77.1; H,
5.75%); Vmaxl KBr)/em™! 1724 (COY); 6 22.95 (t), 41.02 (d), 49.81
(d), 119.64 (d) and 201.26 (d, CHO); m/z 280 (M ™, 54%), 252
M* — CO,21),223 (1a* — H, 100) and 121 (29).

N,N-Dimethyl-4,6-diphenyl-3,4-dihydrothiopyran-3(2H)-car-
boxamide 15. cis-15: Colourless rhombs, m.p. 141-142°C
(Found: C, 74.0; H, 6.4. C,,H,,NOS requires C, 74.3; H, 6.5%);
Vmax(KBr)/cm™ 1638 (CO); m/z 323 (M *, 64%),290 (M — SH,
6), 276 (20), 250 (M* — CONMe, — H, 20) 223 (1a* — H,
100) and 121 (17).



2948

trans-15:. Colourless glassy oil; v,,,.(neat/NaCl)/cm™' 1660
(CO); m/z 323 (M ™, 100%), 290 (7), 276 (14), 250 (62), 223 (35)
and 121 (18).

Methyl  3-methyl-4,6-diphenyl-3,4-dihydrothiopyran-3(2H)-
carboxylate 16. cis-16: Colourless rhombs, m.p. 142-143 °C
(dichloromethane—hexane) (Found: C, 74.0; H, 6.1. C,,H,,0,S
requires C, 74.0; H, 6.2%); vpnu(KBr)/cm™ 1728 (CO) and
1108; ¢ 22.77 (1), 29.09 (q), 43.68 (d), 48.86 (s), 51.59 (q), 118.85
(d), 141.17 (s) and 175.34 (CO); m/z 324 (M™, 13%), 223
(1a* — H, 100) and 121 (7).

Dimethyl  4,6-diphenyl-3,4-dihydrothiopyran-2,3(2H)-dicar-
boxylate 17. cis-17: Colourless needles, m.p. 136-137 °C (ethyl
acetate—hexane) (Found: C, 68.65; H, 5.2. C,,H,,0,S requires
C, 68.5; H, 5.5%); vmax(KBr)/cm™" 1744; . 39.68 (d), 42.70 (d),
46.00 (d), 51.81 (q), 52.87 (q), 120.03 (d), 139.35 (s), 170.83 (CO)
and 171.95 (CO); m/z 368 (M*, 12%), 308 (M* — CO,Me —
H,9),249 (M* — 2CO,Me — H, 100) and 223 (1a* — H, 44).

Methyl  2-methyl-4,6-diphenyl-3,4-dihydrothiopyran-3(2H)-
carboxylate 18. cis-18: Colourless rhombs, m.p. 80-81°C
(dichloromethane—hexane) (Found: C, 74.3; H, 6.1. C,,H,,0,S
requires C, 74.0; H, 6.2%); v (KBr)/em=! 1732 (CO), 1618
and 1170; ¢ 19.53 (q), 31.86 (d), 44.74 (d), 51.28 (q), 51.61 (d),
119.57 (d), 140.29 (s) and 172.14 (CO); m/z 324 (M*, 5%), 264
(M* — CO,Me — H, 7), 249 (14), 223 (1a* — H, 36) and 28
(100).

5,7-Diphenyl-N-p-tolyl-7,7a-dihydrothiopyrano[ 2,3-c]-
pyrrole-1,3(2H)-dione 19. cis-19: Colourless rhombs, m.p. 223—
224 °C (dichloromethane-hexane) (Found: C, 75.9; H, 5.0.
C,4H,;NO,S requires C, 75.9; H, 5.1%); Vmar(KBr)/cm™ 1713
(CO); 6¢ 19.16 (q), 43.92 (d), 44.24 (d), 49.54 (d), 124.71 (d),
137.18 (s), 172.72 (CO) and 172.87 (CO); m/z 411 (M*, 21%),
378 (M* — SH, 18), 249 (15), 223 (100) and 191 (18).

Oxidation of cis-13 with m-Chloroperbenzoic Acid (nCPBA)
to give the Sulfone 20.- -To a solution of the adduct cis-13 (412
mg, 1.4 mmol) in dichloromethane (20 cm?) was added mCPBA
(1.2 g, 5.6 mmol) at 0 °C. The reaction mixture warmed up to
room temperature with stirring for 3 h and then washed with
aqueous sodium carbonate and water, and dried (MgSO,).
Removal of the solvent and recrystallization of the residue from
dichloromethane-hexane gave the sulfone 20 (443 mg, 97%).

3-Acetyl-4,6-diphenyl-3,4-dihydro-2H-thiopyran  S,S-dioxide
20: m.p. 201202 °C; v,,.(KBr)/cm™ 1708 (CO) and 1296
(SO,); d¢ 28.60 (q), 42.94 (d), 48.32 (t), 49.90 (d), 134.32 (d) and
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205.53 (s);m/z 326 (M *,6%),283 (M* — COMe,2),262(M* —
SO,, 14) and 218 (100).

Acknowledgements
The authors thank Messrs. H. Fujii, Y. Maeda and K.
Yamaguchi and Miss A. Imanaga for the technical assistances.

References

1 D. L. Boger and S. M. Weinreb, Hetero Diels—Alder Methodology in
Organic Synthesis, Academic Press, New York, 1987; 1. Fleming,
Frontier Orbitals and Organic Chemical Reactions, Wiley, New York,
1976; W. Carruthers, Cycloaddition Reactions in Organic Synthesis,
Pergamon Press, 1990; J. Sauer, Angew. Chem., Int. Ed. Engl., 1967, 6,
16; P. Yates and P. Eaton, J. Am. Chem. Soc., 1960, 82, 4436.

2 K. N. Houk and R. W. Strozier, J. Am. Chem. Soc., 1973, 95, 4094;
N. T. Ahn and J. Seyden-Penne, Tetrahedron, 1973, 29, 3227; K. N.
Houk, Acc. Chem. Res., 1975, 8, 361; R. Sustmann, Pure Appl. Chem.,
1974, 40, 569.

3 G. Desimoni and G. Tacconi, Chem. Rev., 1975, 75, 651.

4 T. Karakasa and S. Motoki, J. Org. Chem., 1978, 43, 4147; T.
Karakasa and S. Motoki, J. Org. Chem., 1979, 44, 4151; T. Karakasa,
H. Yamaguchi and S. Motoki, J. Org. Chem., 1980, 45, 927.

5 D. L. Boger and S. M. Weinreb, Hetero Diels—Alder Methodology in
Organic Syntheses, Academic Press, New York, 1987, ch. 8, p. 214;
A. H. Ingall, Comprehensive Heterocyclic Chemistry, eds. A. I.
Boulton and A. McKillop, Pergamon Press, Oxford, 1984, vol. 3,
p. 885; and references cited therein.

6 S. Motoki, T. Saito, T. Karakasa, H. Kato, T. Matsushita and S.
Hayashibe, J. Chem. Soc., Perkin Trans. 1, 1991, 2281.

7 T. Karakasa, S. Satsumabayashi and H. Kurihara, Nippon Shika
Daigaku Kiyo, Ippan Kyoiku-kei, 1991, 20, 65; T. Karakasa and S.
Satsumabayashi, Nippon Shika Daigaku Kiyo, Ippan Kyoiku-kei,
1986, 15, 87 and 93; T. Karakasa, Nippon Shika Daigaku Kiyo, Ippan
Kyoiku-kei, 1985, 14, 105; J.-P. Guemas and H. Quiniou, Sulfur Let:.,
1984, 2, 121.

8 T. Karakasa, Nippon Shika Daigaku Kiyo, Ippan Kyoiku-kei, 1987, 16,
115.

9 E. F. Lutz and G. M. Bailey, J. Am. Chem. Soc., 1964, 86, 3899;
T. Inukai and T. Kojima, J. Org. Chem., 1970, 35, 1342; T. Inukai and
T. Kojima, J. Org. Chem., 1971, 36, 924; W. Kreiser, W. Haumesser
and A. F. Thomas, Helv. Chim. Acta, 1974, 57, 164; 1. Sauer and J.
Kredel, Tetrahedron Lett., 1966, 731; T. Inukai and T. Kojima, J.
Org. Chem., 1966, 31, 2032.

Paper 2/02303B
Received Sth May 1992
Accepted 27th July 1992



