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Generation of butadienylthionium ions in the Pummerer reactions of 2-vinylcyclopropyl sulfoxides has
been investigated. Although the Pummerer reactions of 2-vinylcyclopropyl sulfoxides 1 are complicated,
benzothiazinone derivatives 10 smoothly react with trifluoroacetic anhydride to give 1,3-dienes in good
yields. The reactions proceed via butadienylthionium ions by proton abstraction from the 29-methyl group
or the cyclopropane ring. Reactions of disubstituted benzothiazinones 10e–h provided cyclic dienes while
treatment of mono- or un-substituted derivatives gave acyclic conjugated dienes 11a–d. 2-Vinylcyclopropyl
sulfoxides 1 and 10 were prepared by MCPBA oxidation of the corresponding 2-vinylcyclopropyl sulfides
19 and 23, respectively, which were obtained by cyclopropanation of á-chloro sulfides with 1,3-dienes
via the 5,6-dihydro-2H-thiopyranium intermediate 22.

Introduction
Butadienylthionium ions 1 are versatile intermediates for the
synthesis of functionalised conjugated dienes. The Pummerer
reaction of sulfoxides has been much studied 2 and the general
mechanism of the reaction is believed to consist of four sequen-
tial steps, involving a thionium ion intermediate.3 Generation
of vinylthionium ions has been widely investigated in the
Pummerer reactions of allyl sulfoxides,4 in the vinylogous
Pummerer reactions of vinyl sulfoxides 4c, f,5 and in various reac-
tions of other types of compounds.6 In contrast, little attention
has been paid to the generation of butadienylthionium
ions in the Pummerer reactions of sulfoxides.7 The abnormal
Pummerer reaction, involving sulfenic acid derivatives, pro-
ceeds when sulfoxides lacking an α-hydrogen, but possessing
β-hydrogens, are treated with proton acids, acid anhydrides etc.8

We previously reported that treatment of 2-vinylcyclopropyl
sulfoxides without an α-hydrogen with acid anhydrides gener-
ated a butadienylthionium ion via the destruction of the cyclo-
propyl ring.9 In this paper we describe extensive studies on this
Pummerer reaction of various 2-vinylcyclopropyl sulfoxides
and its limitations.

Pummerer reactions of 2-vinylcyclopropyl sulfoxides 1
The sulfoxides 1 were treated under Pummerer conditions
(Scheme 1, Table 1). Treatment of the sulfoxide 1a with Ac2O in
the presence of a catalytic amount of p-MeC6H4SO3H in ben-
zene at 85 8C in a sealed tube for 12 h gave only the partly
isomerised starting sulfoxide (entry 1). The reaction with tri-
fluoroacetic anhydride (TFAA) (2.1 equiv.) in CH2Cl2 at room
temperature for 24 h provided triene 2 (3%), an unknown com-
pound 3 (17%) and the partly isomerised starting sulfoxide
(43%) (entry 2). The geometry of the double bond of the triene
2 was determined as being (Z) by applying the additive rule
in the 1H NMR spectrum.10c The structure of compound 3 is
proposed as shown in Scheme 1.† The 13C NMR spectrum of
compound 3 shows four quaternary olefinic carbons except for
an aromatic carbon and one alkyl methylene carbon. High reso-

† Compound 3 was very unstable and gradually decomposed during
standing at room temperature. We failed in trapping the diene 3 with
tetracyanoethylene by a Diels–Alder reaction, and only a complicated
mixture was obtained from the reaction.

lution mass spectroscopy suggests that the molecular formula is
C15H16O2S. NOE measurements show slight enhancements of
the signals as shown in Scheme 1. Use of 10 equiv. of TFAA
gave the compounds 2 and 3 in poor yields (entries 3 and 4).
Reactions of sulfoxides 1b,c resulted in recovery of the starting
sulfoxides or complex mixtures, and no products could be
identified.

A proposed mechanism for formation of the compounds 2
and 3 is described in Scheme 2. An oxysulfonium salt 4 is

Scheme 1 Reagents and conditions: i, Ac2O or TFAA or TMSOTf
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Table 1 Reactions of sulfoxides 1 under Pummerer conditions

Entry

1

2

3
4
5
6
7

8

Sulfoxide

1a a

1a a

1a a

1a a

1b
1b
1b

1c a

Conditions (equiv.)

Ac2O (1), p-TsOH (0.1), PhH,
sealed tube, 85 8C, 12 h
TFAA (2.1), CH2Cl2, rt, 24 h

TFAA (10), CH2Cl2, rt, 2 h
TFAA (10), no solvent, rt, 2 h
TFAA (5), CH2Cl2, rt, 48 h
TMSOTf (4), CH2Cl2, rt, 25 h
TFAA (10), no solvent, rt,
16 h
TFAA (10), CH2Cl2, rt, 12 h

Products (% yield)

No reaction b

1a c (43), 2 (3),
3 (17)
2 (11), 3 (23)
2 (15), 3 (11)
No reaction b

No reaction b

Complex mixture

Complex mixture

a One of the two isomers was used. b Isomerisation of the sulfoxide
moiety was observed. c Isomerisation of the sulfoxide moiety was
observed. The starting sulfoxide and its isomer were isolated in 30 and
13% yield, respectively.
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formed by the reaction of a sulfoxide 1 with TFAA. Deproton-
ation of a C(2)-methyl proton (process a) gives an acyclic
thionium intermediate 5, which is converted to the triene 2. A
butadienylthionium ion 6, which is generated by the ring-
opening of the cyclopropyl ring with the elimination of a ring
proton (process b), undergoes olefinic cyclisation to form a
cyclic cation 7.11 1,2-Sulfenyl rearrangement of the cation 7 via
an episulfonium intermediate 8 produces an allylic sulfide 9.12

Compound 3 is formed by isomerisation of the sulfide 9 under
acidic conditions.

Pummerer reactions of benzothiazinone 1-oxides 10 with a spiro
vinylcyclopropane ring
Benzothiazinone 1-oxides 10 were treated by two methods:
Method A, 2 equiv. of TFAA in CH2Cl2 at room temperature
for 2 h; Method B: 5 equiv. of Ac2O and a catalytic amount of
p-MeC6H4SO3H in benzene at 85 8C in a sealed tube for 24 h
(Scheme 3, Table 2). Acyclic dienols 11a–d were formed in good
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Scheme 3 Reagents and conditions: i, Method A: TFAA (2 equiv.),
CH2Cl2, rt, 2 h; Method B: Ac2O (5 equiv.), p-MeC6H4SO3H (cat.),
benzene, 85 8C, sealed tube, 24 h

S

N

Me

O

O
R2

R1

S

N

Me

O
i

10

S

N

Me

O

R1 OX

R2

2

2′
1′

3′

R1

R2

S

N

Me

O

Me

11:  X = H
12:  X = Ac

13

14

a:  R1 = R2 = H
b:  R1 = Me, R2 = H
c:  R1 = H, R2 = Me
d:  R1 = Ph, R2 = H
e:  R1 = R2 = Me
f:  R1 = R2 = Ph
g:  R1 = R2 = p-FC6H4

h:  R1 = R2 = p-ClC6H4

yields from un- or mono-substituted sulfoxides 10a–d, respect-
ively, by Method A (entries 1, 3–5). Treatment of the sulf-
oxide 10a by Method B provided dienol ester 12a in 39% yield.
On the other hand, dimethyl-substituted sulfoxide 10e (R1 =
R2 = Me) furnished two types of cyclic dienes 13e and 14
(entries 6 and 7). Other disubstituted sulfoxides 10f–h gave
cyclic dienes 10f–h, respectively, as a sole product in good yields
(entries 8–10). The geometry of the C(29)]C(39) double bond of
the compounds 11a and 12a was determined from the coupling
constant of 29-H and 39-H (11a: J 15, 12a: J 15) in the 1H NMR
spectrum. The geometry of the other dienols 11b–d and the
assignment of their 1H NMR signals were determined by NOE
experiments.‡ The geometry of the C(2)]C(19) double bond was
determined as being (Z) by applying the additive rule in the 1H
NMR spectrum.10c A plausible mechanism for the Pummerer
reaction is described in Scheme 4. A butadienylthionium ion 15

is formed by a similar process to that described in Scheme 2. In
the cases of R1 and/or R2 = H, nucleophilic attack of XO2 at
the ε-carbon of the cation 15 (process a) provides a trifluoro-

Scheme 4
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Table 2 Reactions of 2-vinylcyclopropyl sulfoxides 10 with acid
anhydrides

Entry

1
2
3
4

5
6
7
8
9

10

Sulfoxide

10a
10a
10b
10b,c c

10d
10e
10e
10f
10g
10h

Method a

A
B
A
A

A
A
B
A
A
A

Products (% yield) b

11a (29-E, 81) d

12a (29-E, 39) d

11b (29-E : 29-Z = 1 :1, 73) e

11b (29-E : 29-Z = 1 :1, 79) e, f

11c (29-E, 78) f,g

11d (29-E : 29-Z = 1 :1, 79) e

13e (25), 14 (46)
13e (21), 14 (19)
13f (79)
13g (72)
13h (75)

a A: TFAA (2 equiv.), CH2Cl2, rt, 2 h; B: Ac2O (5 equiv.), p-MeC6H4-
SO3H (cat.), benzene, 85 8C, sealed tube, 24 h. b Isolated yield.
c b :c = 2 :1. d The geometry of the 29,39-double bond was determined
from the coupling constant in the 1H NMR spectra. e An inseparable
mixture of geometrical isomers. Assignment of the 1H NMR signals
and the geometry of the 29,39-double bond were determined by NOE
experiments and the ratio was estimated from the 1H NMR spectrum.
f Yield based on the corresponding sulfoxide. g The geometry of the
29,39-double bond was determined by NOE experiments.

‡ For example, 5% and 3% NOEs were observed between the 19- and
39-hydrogens and between the 29-methyl and 49-methylene groups,
respectively, in the case of dienol (29-E)-11b. In the case of (29-E)-11c
14% and 7% NOEs were observed between the 19-hydrogen and the 39-
methyl group and between the 29-hydrogen and the 49-methylene group,
respectively.
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acetate 119 or an acetate 12. The ester 119 is hydrolyzed to the
corresponding dienol 11 during work-up. When neither of the
substituents R1 and R2 are hydrogens, the thionium ion 15
causes olefinic cyclisation 11 to form a cation 16 (process b)
owing to the stabilisation from R2. Deprotonation of an α-ring
proton then gives a cyclic diene 13. In the case of R1 = R2 = Me,
another butadienylthionium ion 17 is generated by abstraction
of the C(2)-methyl proton in a similar way as for 5 and it then
undergoes olefinic cyclisation to give a diene 14 via an inter-
mediate 18. This pathway to the diene 14 is more plausible than
that involving deprotonation of an α-methyl hydrogen since
formation of the less-substituted exocyclic double bond is
disfavored.

The difference in reactivity between phenyl sulfoxides 1 and
benzothiazinone 1-oxides 10 may be explained as follows: the
cyclopropane ring of benzothiazinone 1-oxides 10 easily opens
owing to increased distortion of the ring by the fixed spiro
structure. The flexibility of the sulfoxides 1 lowers the reactivity
of the cyclopropane ring. In conclusion, this Pummerer reac-
tion of 2-vinylcyclopropyl sulfoxides lacking an α-hydrogen
should be useful for the preparation of sulfur-heterocycles, with
a butadienyl group or a spiro-bound cyclopentadiene moiety,
which can then lead to biologically active compounds.

Synthesis of 2-vinylcyclopropyl sulfoxides 1 and 10
We prepared 2-vinylcyclopropyl sulfoxides 1 by m-chloroper-
benzoic acid (MCPBA) oxidation of the corresponding sulfides
19 10a,b (Scheme 5). Ester derivatives 1a,c were obtained as a

mixture of diastereomers, whereas cyano derivative 1b was
obtained as a single isomer probably due to the difference in
steric hindrance between a sulfenyl group and an ester group or
a cyano group. Benzothiazinone 1-oxides 10 were synthesised
from 4-methyl-1,4-benzothiazin-3-one 20 13 by vinylcyclo-
propanation 14 followed by MCPBA oxidation (Table 3). Treat-

Scheme 5 Reagents and conditions: i, MCPBA, CH2Cl2, 0 8C; ii, NCS,
CCl4, rt; iii, diene, SnCl4, CH2Cl2, 220 8C followed by Et3N, 220 8C–rt;
iv, isoprene, AgClO4, acetone, rt followed by NaH, DMF, 0 8C–rt
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ment of an α-chloro sulfide 21 with dienes in the presence of
SnCl4 followed by Et3N gave vinylcyclopropanes 23 (Method A
in Table 3).14 Use of isoprene as a diene gave the vinylcyclo-
propane 23b as almost a single regiosiomer.§ On the other hand,
a mixture of regioisomers (23b :23c = 2 :1, estimated by 1H
NMR spectroscopy) was obtained by use of AgClO4 followed
by NaH.15 The difference is attributable to the nature of the
α-thio carbocation (thionium ion). The thionium ion, generated
from the chloride 21 and AgClO4, would be a considerably
harder cation and the reaction with isoprene proceeds with
poor regioselectivity. In contrast, the soft thionium ion, formed
from the chloride 21 and SnCl4, regioselectively reacts with iso-
prene to give a sulfonium salt 22b via the more stable carbo-
cation 25 than the other cationic intermediate 24. MCPBA

oxidation of compounds 22 gave benzothiazinone 1-oxides 10
as single stereoisomers except for 10a. The stereochemistry of
sulfoxide 10e, as a representative example, was determined by
X-ray crystallographic analysis (Fig. 1), and the ORTEP draw-

Fig. 1 ORTEP drawing of sulfoxide 10e
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Table 3 Synthesis of vinylcyclopropyl sulfides 23 and sulfoxides 10

Entry

1
2
3
4
5
6
7
8

Sulfide

23a
23b e

23b,c f

23d
23e
23f
23g
23h

Method a

A
A
B
A
A
A
A
A

% Yield b

76
61
66
72
66
64
56
65

Sulfoxide c

10a d

10b
10b,c f

10d
10e
10f
10g
10h

% Yield b

95
91
89
86
93
90
88
92

a A: α-Chloro sulfide was treated with a diene and SnCl4 followed by
Et3N; B: α-chloro sulfide was treated with a diene and AgClO4 followed
by NaH. b Isolated yield. c Single isomer unless otherwise mentioned.
d A mixture of diastereomers at the sulfoxide moiety (2 :1, estimated
from the 1H NMR spectrum). e A small amount of sulfide 23c was
detected in the 1H NMR spectrum. f b :c = 2 :1. The ratio was deter-
mined from the 1H NMR spectra.

§ A small amount of regioisomer 23c was detected in the 1H NMR
spectrum of compound 23b.
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ing shows that the sulfoxide oxygen exists in an anti-form
against C(29) of the cyclopropane ring.¶

Experimental
Melting points were obtained with a Yanagimoto micro melting
point apparatus and are uncorrected. IR spectra of solids
(KBr) and liquids (NaCl) were recorded on a JASCO IRA-100
spectrophotometer. 1H NMR spectra were recorded on a JEOL
GX-270 (270 MHz) or a JEOL EX-400 (400 MHz) spec-
trometer with tetramethylsilane as an internal standard. 13C
NMR spectra and NOE experiments were obtained on a JEOL
EX-400 spectrometer. The J values are given in Hz. Mass
spectra were recorded on a JEOL JMS-D 300 spectrometer
with a direct-insertion probe at 70 eV. Elemental analyses of
new compounds were performed by a Yanaco CHN Corder
MT-5. All chromatographic isolations were accomplished with
either Kieselgel 60 (Merck) or BW-127ZH (Fuji Silysia) for
column chromatography or Kieselgel 60 PF254 containing
gypsum (Merck) for PLC.

The Pummerer reactions of 2-vinylcyclopropyl sulfoxides 1 and
10

Method A: general procedure. To a solution of the 2-vinyl-
cyclopropyl sulfoxide 10 (0.5 mmol) in dry CH2Cl2 (5 cm3) was
added TFAA (210 mg, 1.0 mmol) at room temperature. After
2 h, saturated aqueous NaHCO3 was added to the reaction
mixture. The organic layer was separated and the aqueous layer
was extracted with CH2Cl2 (2 × 5 cm3). The organic layer and
the extracts were combined, dried (MgSO4) and then concen-
trated. The residue was purified by PLC on silica gel eluting
with hexane–ethyl acetate (4 :1, v/v) to give the conjugated
dienes as shown in Table 1 and Table 2.

Method B: general procedure. A mixture of the sulfoxide 10
(0.5 mmol), Ac2O (255 mg, 2.5 mmol) and p-TsOH?H2O (10
mg, 0.05 mmol) in benzene (10 cm3) was heated at 85 8C in a
sealed tube for 24 h. The reaction mixture was cooled and con-
centrated. The residue was purified by PLC on silica gel eluting
with hexane–ethyl acetate (4 :1, v/v) to give 13 and 14 or 12 as
shown in Table 2.

Methyl 5-methyl-4-methylene-2-phenylsulfanylhexa-2,5-
dienoate 2. Yellow oil (Found: 260.0860. C15H16O2S requires
260.0871); νmax(NaCl)/cm21: 1730 (C]]O) and 1235 (C]O);
δH(400 MHz; CDCl3) 1.97 (3 H, s, 5-Me), 3.62 (3 H, s, OMe),
5.07, 5.09, 5.26 and 5.52 (each 1 H, s, 6-H and 4-CH2), 7.18–
7.25 (5 H, m, ArH) and 7.77 (1 H, s, 3-H); δC(400 MHz; CDCl3)
20.4 (q), 52.7 (q), 115.6 (t), 118.0 (t), 126.5 (d), 128.7 (d), 128.9
(d), 129.2 (s), 135.5 (s), 141.5 (s), 142.8 (s), 145.3 (d) and 166.0
(s); m/z 260 (5%, M1) and 97 (100).

Methyl 3,4-dimethyl-2-phenylsulfanylcyclopenta-1,3-diene-1-
carboxylate 3. Yellow oil (Found: 260.0865. C15H16O2S requires
260.0871); νmax(NaCl)/cm21: 1705 (C]]O) and 1245 (C]O);
δH(400 MHz; CDCl3) 1.49 and 1.97 (each 3 H, s, 3- and 4-Me),
3.34 (2 H, s, 5-H), 3.74 (3 H, s, OMe) and 7.16–7.29 (5 H, m,
ArH); δC(400 MHz; CDCl3) 11.7 (q), 14.3 (q), 45.9 (t), 51.1 (q),
126.4 (d), 128.9 (d), 129.7 (d), 132.3 (s), 135.4 (s), 137.8 (s),
143.8 (s), 150.0 (s) and 164.2 (s); m/z 260 (100%, M1).

(2,19Z)-2-[(2E)-4-Hydroxybut-2-enylidene]-4-methyl-3,4-
dihydro-2H-1,4-benzothiazin-3-one 11a. Orange prisms (from
CH2Cl2–diethyl ether), mp 102–103 8C (Found: C, 63.0; H, 5.4;
N, 5.6. C13H13NO2S requires C, 63.14; H, 5.30; N, 5.66%);
νmax(KBr)/cm21 3200 (OH) and 1655 (C]]O); δH(270 MHz;

¶ Full crystallographic details, excluding structure factor tables,
have been deposited at the Cambridge Crystallographic Data Centre
(CCDC). For details of the deposition scheme, see ‘Instructions for
Authors’, J. Chem. Soc., Perkin Trans. 1, available via the RSC Web
page (http://www.rsc.org/authors). Any request to the CCDC for this
material should quote the full literature citation and the reference
number 207/201.

CDCl3) 2.63 (1 H, br s, OH), 3.51 (3 H, s, NMe), 4.34 (2 H, d,
J 4, 49-H), 6.27 (1 H, dt, Jtrans 15 and J 4, 39-H), 6.76 (1 H, dd,
Jtrans 15 and J 11, 29-H), 7.01–7.07 (2 H, m, ArH), 7.21–7.27
(2 H, m, ArH) and 7.36 (1 H, d, J 11, 19-H); δC(270 MHz;
CDCl3) 32.4 (q), 62.9 (t), 116.6 (d), 119.6 (s), 120.5 (s), 123.3
(d), 124.5 (d), 126.3 (d), 126.8 (d), 134.0 (d), 137.8 (s), 140.7 (d)
and 162.5 (s); m/z 247 (100%, M1).

(2,19Z)-2-[(2E)-4-Acetoxybut-2-enylidene]-4-methyl-3,4-
dihydro-2H-1,4-benzothiazin-3-one 12a. Pale yellow oil (Found:
289.0788. C15H15NO3S requires 289.0773); νmax(NaCl)/cm21:
1740 (C]]O), 1650 (C]]O) and 1255 (C]O); δH(270 MHz; CDCl3)
2.11 (3 H, s, CH3CO), 3.50 (3 H, s, NMe), 4.72 (2 H, d, J 6,
49-H), 6.15 (1 H, dt, Jtrans 15 and J 6, 39-H), 6.73 (1 H, dd, Jtrans

15 and J 11, 29-H), 7.01–7.06 (2 H, m, ArH), 7.21–7.28 (2 H, m,
ArH) and 7.34 (1 H, d, J 11, 19-H); δC(270 MHz; CDCl3) 21.1
(q), 32.6 (q), 64.8 (t), 116.9 (d), 119.5 (s), 122.3 (s), 123.6 (d),
126.5 (d), 127.2 (d), 127.8 (d), 133.3 (d), 134.4 (d), 138.1 (s),
162.3 (s) and 170.8 (s); m/z 289 (100%, M1).

(2,19Z)-2-[(2Z)- and (2E)-4-Hydroxy-2-methylbut-2-enyl-
idene]-4-methyl-3,4-dihydro-2H-1,4-benzothiazin-3-one 11b.
Pale yellow oil as a 1 :1 mixture of geometrical isomers (Found:
261.0815. C14H15NO2S requires 261.0823); νmax(NaCl)/cm21:
3400 (OH) and 1645 (C]]O); δH(270 MHz; CDCl3) 1.95 [3 H, s,
(Z)-29-Me], 1.99 [3 H, s, (E)-29-Me], 2.68 (total 2 H, br s, OH),
3.51 [3 H, s, (Z)-NMe], 3.51 [3 H, s, (E)-NMe], 4.12 [2 H, d, J 7,
(Z)-49-H], 4.37 [2 H, d, J 6, (E)-49-H], 5.75 [1 H, t, J 7, (Z)-39-
H], 5.85 [1 H, t, J 6, (E)-39-H], 7.00–7.06 (total 4 H, m, ArH),
7.21–7.25 (total 4 H, m, ArH), 7.32 [1 H, s, (E)-19-H] and 7.41
[1 H, s, (Z)-19-H]; δC(270 MHz; CDCl3): 16.8 (q), 22.4 (q), 32.6
(q), 32.7 (q), 59.6 (t), 60.1 (t), 116.5 (d), 116.6 (d), 119.5 (s),
119.7 (s), 112.0 (s), 122.3 (s), 123.3 (d), 123.7 (d), 123.4 (d),
126.2 (d), 126.3 (d), 126.9 (d), 132.0 (d), 133.2 (s), 133.4 (s),
133.8 (d), 135.8 (d), 137.0 (s), 137.4 (s), 137.9 (d), 161.8 (s) and
162.2 (s); m/z 261 (60%, M1), 230 (100).

(2,19Z)-2-[(2E)-4-Hydroxy-3-methylbut-2-enylidene]-4-
methyl-3,4-dihydro-2H-1,4-benzothiazin-3-one 11c. Pale yellow
oil (Found: 261.0816. C12H15NO2S requires 261.0823); νmax-
(NaCl)/cm21: 3400 (OH) and 1640 (C]]O); δH(270 MHz; CDCl3)
1.90 (3 H, s, 39-Me), 2.19 (1 H, br s, OH), 3.50 (3 H, s, NMe),
4.19 (2 H, s, 49-H), 6.57 (1 H, d, J 12, 29-H), 6.99–7.04 (2 H,
m, ArH), 7.19–7.27 (2 H, m, ArH) and 7.61 (1 H, d, J 12,
19-H); δC(270 MHz; CDCl3) 14.9 (q), 32.4 (q), 67.7 (t), 116.5
(d), 118.7 (d), 119.8 (s), 119.9 (s), 123.3 (d), 126.3 (d), 126.8
(d), 130.3 (d), 137.9 (s), 146.8 (s) and 162.8 (s); m/z 261 (100%,
M1).

(2,19Z)-2-[(2E)- and (2Z)-4-Hydroxy-2-phenylbut-2-enyl-
idene]-4-methyl-3,4-dihydro-2H-1,4-benzothiazin-3-one 11d.
Yellow oil as a 1 :1 mixture of geometrical isomers (Found: C,
70.65; H, 5.4; N, 4.3. C19H17NO2S requires C, 70.56; H, 5.30; N,
4.33%); νmax(NaCl)/cm21: 3450 (OH) and 1660 (C]]O); δH(400
MHz, CDCl3) 2.51 (total 2 H, br s, OH), 3.47 [3 H, s, (E)-NMe],
3.51 [3 H, s, (Z)-NMe], 4.25 [2 H, d, J 6.8, (E)-49-H], 4.29 [2 H,
dd, J 6.8, (Z)-49-H], 6.15 [1 H, t, J 6.8, (E)-39-H], 6.24 [1 H, dt,
J 1 and 6.8, (Z)-39-H], 6.92–7.32 (total 18 H, m, ArH), 7.51
[1 H, s, (E)-19-H] and 7.63 [1 H, d, J 1, (Z)-19-H]; δC(400 MHz;
CDCl3) 32.5 (q), 32.6 (q), 60.1 (t), 60.5 (t), 116.3 (d), 116.6 (d),
119.3 (s), 119.8 (s), 121.6 (s), 123.2 (d), 123.4 (d), 125.3 (s), 126.1
(d), 126.2 (d), 126.7 (d), 126.7 (d), 126.8 (d), 127.3 (s), 127.8 (d),
127.9 (d), 128.2 (s), 128.3 (d), 128.5 (d), 128.9 (d), 131.9 (d),
132.1 (d), 135.7 (d), 136.4 (s), 137.0 (s), 137.2 (d), 138.3 (s),
138.6 (s), 161.0 (s) and 162.2 (s); m/z 323 (33%, M1) and 179
(100).

39,4,49-Trimethyl-3-oxo-3,4-dihydro-2H-1,4-benzothiazine-29-
spiro-19-cyclopenta-29,49-diene 13e. Pale yellow prisms (from
CH2Cl2–diethyl ether), mp 103–104 8C (Found: 257.0889.
C15H15NOS requires 257.0874); νmax(KBr)/cm21: 1660 (C]]O);
δH(270 MHz; CDCl3) 1.90 (6 H, d, J 1, 39- and 49-Me), 3.46
(3 H, s, NMe), 5.92 (2 H, q, J 1, 29- and 59-H), 7.00–7.11 (2 H,
m, ArH) and 7.25–7.35 (2 H, m, ArH); δC(400 MHz; CDCl3)
13.8 (q), 32.8 (q), 51.7 (s), 117.3 (d), 123.2 (d), 123.9 (s), 127.1
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(d), 128.1 (d), 129.5 (d), 140.3 (s), 145.9 (s) and 166.2 (s); m/z
257 (100%, M1).

39,4-Dimethyl-49-methylene-3-oxo-3,4-dihydro-2H-1,4-benzo-
thiazine-29-spiro-19-cyclopent-29-ene 14. Pale yellow prisms
(from CH2Cl2–diethyl ether), mp 88–89 8C (Found: C, 69.7; H,
6.1; N, 5.2. C15H15NOS requires C, 70.01; H, 5.88; N, 5.44%);
νmax(KBr)/cm21: 1660 (C]]O); δH(270 MHz; CDCl3) 1.79 (3 H, d,
J 1, 39-Me), 2.60 and 3.45 (each 1 H, d, J 17, 59-H), 3.48 (3 H, s,
NMe), 4.92 and 4.96 (each 1 H, br s, CH2]]C), 5.68 (1 H, br s,
29-H), 7.00–7.10 (2 H, m, ArH) and 7.24–7.35 (2 H, m, ArH);
δC(400 MHz; CDCl3) 12.6 (q), 33.1 (q), 40.1 (t), 54.6 (s), 104.7
(t), 117.2 (d), 122.8 (s), 123.3 (d), 127.1 (d), 128.8 (d), 131.2 (d),
139.9 (s), 144.4 (s), 150.6 (s), 168.0 (s); m/z 257 (100%, M1).

4-Methyl-39,49-diphenyl-3-oxo-3,4-dihydro-2H-1,4-benzo-
thiazine-29-spiro-19-cyclopenta-29,49-diene 13f. Orange prisms
(from CH2Cl2–diethyl ether), mp 139–140 8C (Found: C, 78.5;
H, 5.2; N, 3.61. C25H19NOS requires C, 78.71; H, 5.02; N,
3.67%); νmax(KBr)/cm21: 1660 (C]]O); δH(270 MHz; CDCl3) 3.50
(3 H, s, NMe), 6.37 (2 H, s, 29- and 59-H) and 6.90–7.37 (14 H,
m, ArH); δC(270 MHz; CDCl3) 32.8 (q), 57.5 (s), 117.5 (d),
123.1 (s), 123.4 (d), 127.3 (d), 127.7 (d), 127.8 (d), 128.1 (d),
128.2 (d), 132.6 (d), 134.4 (s), 140.1 (s), 148.1 (s) and 165.0 (s);
m/z 381 (100%, M1).

39,49-Bis(p-fluorophenyl)-4-methyl-3-oxo-3,4-dihydro-2H-1,4-
benzothiazine-29-spiro-19-cyclopenta-29,49-diene 13g. Yellow oil
(Found: 417.0982. C25H17F2NOS requires 417.0999); νmax-
(NaCl)/cm21: 1660 (C]]O); δH(270 MHz; CDCl3) 3.51 (3 H, s,
NMe), 6.35 (2 H, s, 29- and 59-H), 6.91 (4 H, t, JH(o) = JF(o) 9,
ArH), 7.08 (4 H, dd, JF(m) 5 and JH(o) 8, ArH), 7.03–7.11 (2 H,
m, ArH) and 7.26–7.38 (2 H, m, ArH); δC(270 MHz; CDCl3)
32.7 (q), 57.4 (s), 114.9 (d, 2JCF 20), 117.5 (d), 122.8 (s), 123.4
(d), 127.4 (d), 128.1 (d), 129.9 (d, 3JCF 9), 130.3 (s), 132.6 (d),
140.0 (s), 146.8 (s), 162.4 (s, 1JCF 248) and 164.7 (s); m/z 417
(100%, M1).

39,49-Bis(p-chlorophenyl)-4-methyl-3-oxo-3,4-dihydro-2H-
1,4-benzothiazine-29-spiro-19-cyclopenta-29,49-diene 13h. Yellow
oil (Found: 449.0391. C25H17Cl2NOS requires 449.0408); νmax-
(NaCl)/cm21: 1660 (C]]O); δH(400 MHz; CDCl3) 3.51 (3 H, s,
NMe), 6.37 (2 H, s, 29- and 59-H), 7.04 (4 H, d, J 8, ArH), 7.06
(1 H, t, J 8, ArH), 7.15 (1 H, d, J 8, ArH), 7.20 (4 H, d, J 8,
ArH), 7.32 (1 H, t, J 8, ArH) and 7.36 (1 H, d, J 8, ArH); δC(400
MHz; CDCl3) 32.9 (q), 57.7 (s), 117.6 (d), 122.8 (s), 123.6 (d),
127.6 (d), 128.3 (d), 129.6 (d), 132.7 (s), 133.3 (d), 134.1 (s),
140.1 (s), 146.7 (s) and 164.7 (s); m/z 449 (37%, M1) and 179
(100).

Synthesis of 2-vinylcyclopropyl sulfides 23
Method A: general procedure. To a stirred solution of benzo-

thiazinone 20 (1.9 g, 10 mmol) in dry CCl4 (20 cm3) was added
NCS (1.34 g, 10 mmol) in portions at room temperature. After
2 h, the precipitate of succinimide was filtered off and the
filtrate was evaporated under reduced pressure. SnCl4 (1.35
cm3, 11.5 mmol) was added to a solution of the resultant
α-chloro sulfide 2 in CH2Cl2 (30 cm3) in the presence of a diene
(12 mmol) at 220 8C under nitrogen. After 45 min, Et3N (7.0
cm3, 50 mmol) was added to the reaction mixture at 220 8C
which was stirred for 30 min at room temperature. Et2O (30
cm3) was added and the precipitate was filtered off through
Celite. The filtrate was evaporated under reduced pressure
(if needed, filtration was carried out two or three times) and
the residue was purified by silica gel column chromatography
eluting with ethyl acetate–hexane (1 :5, v/v) to give a vinylcyclo-
propyl sulfide 23.

29,4-Dimethyl-29-vinyl-3-oxo-3,4-dihydro-2H-1,4-benzo-
thiazine-2-spiro-19-cyclopropane 23b. Yield 61%, light yellow oil
(Found: 245.0881. C14H15NOS requires 245.0874); νmax(NaCl)/
cm21: 1655 (C]]O); δH(400 MHz; CDCl3) 1.08 (3 H, s, 29-Me),
1.21 and 1.97 (each 1 H, d, J 5.8, 39-H), 3.47 (3 H, s, NMe), 4.91
(1 H, d, Jtrans 17, CH]]CH2), 5.06 (1 H, d, Jcis 11, CH]]CH2), 5.83
(1 H, dd, J 11 and 17, CH]]CH2), 7.69–7.05 (2 H, m, ArH) and

7.21–7.28 (2 H, m, ArH); δC(400 MHz; CDCl3) 16.3 (q), 22.2
(t), 31.6 (s), 32.8 (q), 34.3 (s), 115.2 (t), 117.1 (d), 123.0 (d),
124.1 (s), 127.1 (d), 128.0 (d), 138.7 (d), 140.1 (s) and 167.1 (s);
m/z 245 (86%, M1) and 107 (100).

4-Methyl-29-phenyl-29-vinyl-3-oxo-3,4-dihydro-2H-1,4-benzo-
thiazine-2-spiro-19-cyclopropane 23d. Yield 72%, prisms (from
EtOAc–hexane), mp 116–124 8C (Found: C, 74.4; H, 5.6; N,
4.6. C19H17NOS requires C, 74.24; H, 5.57; N, 4.56%);
νmax(KBr)/cm21: 1660 (C]]O); δH(400 MHz; CDCl3) 1.51 and
2.71 (each 1 H, d, J 6, 39-H), 3.17 (3 H, s, NMe), 4.58 (1 H, d,
Jtrans 17.1, CH]]CH2), 5.06 (1 H, d, Jcis 11.7, CH]]CH2), 6.05
(1 H, dd, J 11.7 and 17.1, CH]]CH2), 6.82 (2 H, d, J 8, ArH),
7.06–7.09 (2 H, m, ArH), 7.18–7.19 (3 H, m, ArH), 7.34 (1 H, t,
J 8, ArH) and 7.39 (1 H, d, J 8, ArH); δC(400 MHz; CDCl3)
20.5 (t), 32.4 (q), 35.8 (s), 42.7 (s), 116.9 (d), 117.3 (t), 123.2
(d), 123.4 (s), 127.2 (d), 127.6 (d), 128.0 (d), 128.3 (d), 129.9, (d),
137.1 (s), 138.4 (d), 140.0 (s) and 166.1 (s); m/z 307 (47%, M1)
and 169 (100).

4-Methyl-29-phenyl-29-(1-phenylvinyl)-3-oxo-3,4-dihydro-2H-
1,4-benzothiazine-2-spiro-19-cyclopropane 23f. Yield 64%, nee-
dles (from CH2Cl2–hexane), mp 130–131 8C (Found: C, 78.35;
H, 5.5; N, 3.8. C25H17NOS requires C, 78.30; H, 5.52; N,
3.65%); νmax(KBr)/cm21: 1665 (C]]O); δH(400 MHz; CDCl3) 1.40
and 2.72 (each 1 H, d, J 6, 39-H), 3.25 (3 H, s, NMe), 4.89 and
5.37 (each 1 H, s, olefinic H), 7.04–7.24 (12 H, m, ArH) and
7.30–7.36 (2 H, m, ArH); δC(400 MHz; CDCl3) 21.4 (t), 32.8
(q), 35.3 (s), 46.7 (s), 117.2 (d), 119.1 (t), 123.3 (d), 124.0 (s),
127.0 (d), 127.1 (d), 127.3 (d), 127.8 (d), 128.1 (d), 128.4 (d),
129.2 (d), 139.6 (s), 139.9 (s), 141.4 (s), 146.4 (s) and 165.4 (s);
m/z 383 (46%, M1) and 245 (100).

29-p-Fluorophenyl-29-[1-(p-fluorophenyl)vinyl]-4-methyl-3-
oxo-3,4-dihydro-2H-1,4-benzothiazine-2-spiro-19-cyclopropane
23g. Yield 56%, needles (from CH2Cl2–hexane), mp 115–116 8C
(Found: C, 71.5; H, 4.6; N, 3.4. C25H19F2NOS requires C, 71.58;
H, 4.57; N, 3.34%); νmax(KBr)/cm21: 1645 (C]]O); δH(400 MHz;
CDCl3) 1.43 and 2.67 (each 1 H, d, J 6, 39-H), 3.28 (3 H, s,
NMe), 4.94 and 5.34 (each 1 H, s, olefinic H), 6.80 (2 H, t,
JH(o) = JF(o) 8, ArH), 6.86 (2 H, t, JH(o) = JF(o) 8, ArH), 7.01 (2 H,
dd, JF(m) 5 and JH(o) 8, ArH), 7.06 (2 H, dd, JF(m) 5 and JH(o) 8,
ArH), 7.08 (1 H, t, J 8, ArH), 7.13 (1 H, d, J 8, ArH), 7.28 (1 H,
t, J 8, ArH) and 7.35 (1 H, t, J 8, ArH); δC(400 MHz; CDCl3)
21.4 (t), 32.9 (q), 35.5 (s), 46.2 (s), 114.7 (d, 2JCF 22), 115.0 (d,
2JCF 22), 117.3 (d), 119.1 (t), 123.4 (d), 123.9 (s), 127.5 (d), 128.4
(d), 129.0 (d, 3JCF 9), 130.8 (d, 3JCF 9), 135.1 (s), 137.1 (s), 139.7
(s), 145.5 (s), 161.6 (s, 1JCF 246), 162.0 (s, 1JCF 246) and 165.1 (s);
m/z 419 (36%, M1) and 281 (100).

29-p-Chlorophenyl-29-[1-(p-chlorophenyl)vinyl]-4-methyl-3-
oxo-3,4-dihydro-2H-1,4-benzothiazine-2-spiro-19-cyclopropane
23h. Yield 65%, needles (from CH2Cl2–hexane), mp 138–139 8C
(Found: C, 66.5; H, 4.3; N, 3.1. C25H19Cl2NOS requires C,
66.37; H, 4.23; N, 3.10%); νmax(KBr)/cm21: 1655 (C]]O); δH(400
MHz; CDCl3) 1.43 and 2.67 (each 1 H, d, J 6, 39-H), 3.29 (3 H,
s, NMe), 4.98 and 5.38 (each 1 H, s, olefinic H), 6.96–7.15
(10 H, m, ArH), 7.24 (1 H, d, J 8, ArH) and 7.35 (1 H, d, J 8,
ArH); δC(400 MHz; CDCl3) 21.5 (t), 33.0 (q), 35.5 (s), 46.1 (s),
117.3 (d), 119.6 (t), 123.5 (d), 123.7 (s), 127.5 (d), 128.0 (d), 128.4
(d), 128.6 (d), 130.5 (d), 133.0 (s), 133.1 (s), 137.7 (s), 139.4 (s),
139.6 (s), 145.3 (s) and 165.0 (s); m/z 451 (49%, M1) and 313
(100).

Method B. To a stirred solution of benzothiazinone 20 (896
mg, 5 mmol) in dry CCl4 (25 cm3) was added NCS (668 mg, 5
mmol) at 0 8C. After 2 h at room temperature, the solvent was
evaporated and benzene was added to the residue. The precipi-
tated succinimide was filtered off and rinsed with benzene. The
filtrate was concentrated under reduced pressure to give a crude
α-chloro sulfide 21. A solution of the crude 21 and isoprene (1.0
cm3, 10 mmol) in dry acetone (25 cm3) was treated with AgClO4

(1.07 g, 97% purity, 5 mmol) at 0 8C, and then stirred for 30 min
at room temperature. The precipitate of AgCl was filtered off
and washed with hot CH3CN. The filtrate was evaporated and
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the residue was solved in dry DMF (20 cm3). NaH (220 mg,
60% in paraffin oil, 5.5 mmol) was added to the solution in
portions at 0 8C. After 30 min at room temperature, water was
added to the reaction mixture and the whole was extracted
with ethyl acetate. The extracts were washed with water, dried
(MgSO4) and evaporated under reduced pressure. The residue
was purified by silica gel column chromatography eluting with
ethyl acetate–hexane (1 :5, v/v) to give 862 mg (66%) of vinyl-
cyclopropyl sulfides 23b and 23c as an inseparable mixture.

29,4-Dimethyl-29-vinyl-3-oxo-3,4-dihydro-2H-1,4-benzo-
thiazine-2-spiro-19-cyclopropane 23b and 29-isopropenyl-4-
methyl-3-oxo-3,4-dihydro-2H-1,4-benzothiazine-2-spiro-19-
cyclopropane 23c. Yield 66%, light yellow oil as a mixture of 23b
and 23c (2 :1, estimated by the 1H NMR spectrum) (Found:
245.0867. C14H15NOS requires 245.0874); νmax(NaCl)/cm21:
1655 (C]]O); δH(400 MHz; CDCl3) 1.08 (3 H, s, 23b-29-Me), 1.16
(1 H, dd, J 5.4 and 7.8, 23c-39-H), 1.21 and 1.97 (each 1 H, d,
J 5.8, 23b-39-H), 1.46 (3 H, s, 23c-Me), 1.94 (1 H, dd, J 5.4 and
8.8, 23c-39-H), 2.14 (1 H, dd, J 8.8 and 7.8, 23c-29-H), 3.44 (3 H,
s, 23c-NMe), 3.47 (3 H, s, 23b-NMe), 4.72 and 5.02 (each 1 H,
s, 23c-C]]CH2), 4.91 (1 H, d, Jtrans 17, 23b-CH]]CH2), 5.06 (1 H,
d, Jcis 11, 23b-CH]]CH2), 5.83 (1 H, dd, J 11 and 17, 23b-
CH]]CH2), 6.96–7.05 (total 4 H, m, ArH) and 7.21–7.28 (total
4 H, m, ArH); δC(400 MHz; CDCl3) 16.3 (q, 23b), 16.8 (t, 23c),
22.2 (t, 23b), 23.3 (q, 23c), 28.8 (s, 23c), 31.6 (s, 23b), 32.8 (q,
23b and 23c), 33.9 (d, 23c), 34.3 (s, 23b), 114.1 (t, 23c), 115.2 (t,
23b), 116.8 (d, 23c), 117.1 (d, 23b), 123.0 (d, 23b), 123.2 (d, 23c),
124.1 (s, 23b), 127.1 (d, 23b and 23c), 128.0 (d, 23b), 128.1 (d,
23c), 138.7 (d, 23b), 139.4 (s, 23c), 139.7 (s, 23c), 140.1 (s, 23b),
167.1 (s, 23c) and 167.1 (s, 23b); m/z 245 (86%, M1) and 107
(100).

Synthesis of 2-vinylcyclopropyl sulfoxides 1 and 10
General procedure. To a stirred solution of sulfide 19 or 23 10a

(1 mmol) in dry CH2Cl2 (5 cm3) was added MCPBA (85%
purity, 203 mg, 1 mmol) in several portions at 0 8C. After 1 h,
saturated aqueous NaHCO3 was added to the reaction mixture.
The organic layer was separated and the aqueous layer was
extracted with CH2Cl2 (2 × 5 cm3). The organic layer and the
extracts were combined, washed with saturated aqueous NaCl,
dried (MgSO4) and then concentrated under reduced pressure.
The residue was purified by silica gel column chromatography
eluting with hexane–ethyl acetate (4 :1–1 :1, v/v) to give 2-vinyl-
cyclopropyl sulfoxide 1 or 10.

Methyl 2-isopropenyl-2-methyl-1-phenylsulfinylcyclopropane-
1-carboxylate 1a. Fraction 1, 53%, prisms (from EtOAc–
hexane), mp 97–98 8C (decomp.) (Found: C, 64.45; H, 6.5.
C15H18O3S requires C, 64.72; H, 6.52%); νmax(KBr)/cm21: 1725
(C]]O), 1240 (C]O) and 1060 (S]O); δH(400 MHz; CDCl3) 1.27
(3 H, s, 2-Me), 1.39 and 2.24 (each 1 H, d, J 5.9, 3-H), 1.89 (3 H,
s, Me), 3.40 (3 H, s, OMe), 5.14 (2 H, br s, C]]CH2), 7.43–7.49
(3 H, m, ArH) and 7.66 (2 H, d, J 6.8, ArH); δC(400 MHz;
CDCl3) 14.0 (t), 21.0 (q), 22.2 (q), 35.3 (s), 52.0 (q), 55.7 (s),
115.4 (t), 126.3 (d), 128.8 (d), 131.9 (d), 142.9 (s), 143.6 (s) and
167.1 (s); m/z 278 (2%, M1) and 93 (100). Fraction 2, 30%,
prisms (from EtOAc–hexane), mp 110–111 8C (decomp.)
(Found: C, 64.95; H, 6.6. C15H18O3S requires C, 64.72; H,
6.52%); νmax(KBr)/cm21: 1715 (C]]O), 1250 (C]O) and 1055
(S]O); δH(400 MHz; CDCl3) 1.32 (3 H, s, 2-Me), 1.67 and 1.88
(each 1 H, d, J 5.9, 3-H), 2.10 (3 H, s, Me), 3.51 (3 H, s, OMe),
5.12 and 5.17 (each 1 H, s, C]]CH2), 7.45–7.50 (3 H, m, ArH)
and 7.59 (2 H, dd, J 7.3 and 1.5, ArH); δC(400 MHz; CDCl3)
20.0 (q), 21.3 (q), 21.8 (t), 37.8 (s), 52.3 (q), 55.1 (s), 115.6 (t),
124.1 (d), 128.8 (d), 130.7 (d), 142.6 (s), 143.0 (s) and 166.9 (s);
m/z 278 (3%, M1) and 93 (100).

2-Isopropenyl-2-methyl-1-phenylsulfinylcyclopropane-1-carbo-
nitrile 1b. 62%, prisms (from EtOAc–hexane), mp 130–132 8C
(decomp.) (Found: C, 68.5; H, 6.2; N, 5.7. C14H15NOS requires
C, 68.54; H, 6.16; N, 5.76%); νmax(KBr)/cm21: 2235 (CN) and
1055 (S]O); δH(400 MHz; CDCl3) 1.47 and 1.80 (each 1 H, d,

J 6.4, 3-H), 1.58 (3 H, s, 2-Me), 2.08 (3 H, s, Me), 5.11 and 5.21
(each 1 H, s, C]]CH2), 7.57–7.58 (3 H, m, ArH) and 7.72–7.74
(2 H, m, ArH); δC(400 MHz; CDCl3) 20.9 (q), 22.2 (q), 24.0 (t),
39.5 (s), 44.8 (s), 114.4 (s), 116.8 (t), 124.5 (d), 129.4 (d), 132.1
(d), 141.4 (s) and 141.9 (s); m/z 229 (10%, M1) and 120 (100).

Methyl 2-p-chlorophenyl-2-[1-(p-chlorophenyl)vinyl]-1-phenyl-
sulfinylcyclopropane-1-carboxylate 1c. Fraction 1, 52%, prisms
(from EtOAc–hexane), mp 155–159 8C (Found: C, 63.9; H, 4.3.
C25H20Cl2O3S requires C, 63.70; H, 4.28%); νmax(KBr)/cm21:
1755 (C]]O), 1260 (C]O) and 1055 (S]O); δH(400 MHz; CDCl3)
2.21 and 2.37 (each 1 H, d, J 6.3, 3-H), 3.12 (3 H, s, OMe), 5.77
and 5.92 (each 1 H, s, C]]CH2), 7.23–7.26 (4 H, m, ArH), 7.33 (2
H, d, J 8, ArH), 7.40–7.47 (5 H, m, ArH) and 7.65 (2 H, dd, J 8
and 1, ArH); δC(400 MHz; CDCl3) 12.3 (t), 41.7 (s), 52.0 (q),
58.8 (s), 119.3 (t), 126.3 (d), 128.3 (d), 128.5 (d), 128.9 (d),
130.0 (d), 132.1 (d), 133.6 (d), 137.0 (s), 138.3 (s), 142.7 (s),
144.0 (s) and 165.4 (s); m/z 470 (3%, M1) and 344 (100). Frac-
tion 2, 30%, prisms (from EtOAc–hexane), mp 158–161 8C
(Found: C, 63.6; H, 4.3. C25H20Cl2O3S requires C, 63.70; H,
4.28%); νmax(KBr)/cm21: 1725 (C]]O), 1260 (C]O) and 1050
(S]O); δH(400 MHz; CDCl3) 1.86 and 2.38 (each 1 H, d, J 6.3,
3-H), 3.32 (3 H, s, OMe), 5.90 and 6.20 (each 1 H, s, C]]CH2),
7.20 (2 H, d, J 8, ArH), 7.27 (2 H, d, J 8, ArH), 7.34 (2 H, d, J
8, ArH), 7.39 (2 H, d, J 8, ArH), 7.46–7.48 (3 H, m, ArH) and
7.62–7.65 (2 H, m, ArH); δC(400 MHz; CDCl3) 20.0 (t), 45.4
(s), 52.8 (q), 57.5 (s), 121.5 (t), 124.7 (d), 128.7 (d), 128.8 (d),
128.9 (d), 129.4 (d), 130.4 (d), 131.5 (d), 134.2 (s), 136.5 (s),
138.4 (s), 141.8 (s), 143.8 (s) and 165.2 (s); m/z 470 (3%, M1)
and 215 (100).

4-Methyl-29-vinyl-1-oxido-3-oxo-3,4-dihydro-2H-1,4-benzo-
thiazine-2-spiro-19-cyclopropane 10a. Yield 95%, prisms as a
2 :1 mixture of diastereomers at the sulfoxide moiety (from
CH2Cl2–diethyl ether) (Found: C, 62.9; H, 5.3; N, 5.65.
C13H13NO2S requires C, 63.14; H, 5.30; N, 5.66%); νmax(KBr)/
cm21: 1660 (CO) and 1030 (SO); δH(270 MHz; CDCl3) iso-
mermajor: 1.99 (1 H, dd, Jtrans 7 and JAB 5, 39-H), 2.37 (1 H, dt, J 7
and 8, 29-H), 2.59 (1 H, dd, Jcis 8 and JAB 5, 39-H), 3.51 (3 H, s,
NMe), 5.10 (1 H, d, Jcis 10, CH]]CH2), 5.15 (1 H, d, Jtrans 17,
CH]]CH2), 5.88 (1 H, ddd, J 17, 10 and 8, CH]]CH2), 7.21–7.29
(2 H, m, ArH) and 7.59–7.66 (2 H, m, ArH); isomerminor: 1.47
(1 H, dd, Jtrans 8 and JAB 5, 39-H), 1.50 (1 H, dd, Jcis 10 and JAB 5,
39-H), 3.37–3.46 (1 H, m, 29-H), 3.52 (3 H, s, NMe), 5.45 (1 H, d,
Jcis 10, CH]]CH2), 5.49 (1 H, d, Jtrans 15, CH]]CH2), 6.14 (1 H,
ddd, J 15, 10 and 6, CH]]CH2), 7.23–7.28 (2 H, m, ArH) and
7.59–7.72 (2 H, m, ArH); δC(270 MHz; CDCl3) isomermajor: 19.1
(t), 31.8 (q), 33.8 (d), 44.2 (s), 117.1 (d), 119.8 (t), 123.6 (d),
124.9 (t), 129.7 (d), 131.5 (d), 133.7 (s), 138.5 (s), 163.8 (s);
isomerminor: 19.1 (t), 28.0 (d), 31.9 (q), 44.5 (s), 117.2 (d), 120.4
(t), 123.6 (d), 125.0 (t), 129.9 (d), 131.6 (d), 133.7 (s), 138.9 (s)
and 163.7 (s); m/z 247 (9%, M1) and 184 (100).

29,4-Dimethyl-29-vinyl-1-oxido-3-oxo-3,4-dihydro-2H-1,4-
benzothiazine-2-spiro-19-cyclopropane 10b. Yield 91%, prisms
(from CH2Cl2–diethyl ether), mp 135–136 8C (decomp.)
(Found: C, 64.3; H, 5.8; N, 5.5. C14H15NO2S requires C, 64.34;
H, 5.79; N, 5.36%); νmax(KBr)/cm21: 1660 (C]]O) and 1040 (SO);
δH(270 MHz; CDCl3) 1.12 (3 H, s, 29-Me), 2.05 and 2.43 (each
1 H, d, J 6, 39-H), 3.57 (3 H, s, NMe), 4.98 (1 H, d, Jtrans 17,
CH]]CH2), 5.08 (1 H, d, Jcis 10, CH]]CH2), 5.61 (1 H, dd, J 10
and 17, CH]]CH2), 7.18–7.27 (2 H, m, ArH) and 7.57–7.62 (2 H,
m, ArH); δC(270 MHz; CDCl3) 16.4 (q), 24.5 (t), 32.2 (q), 35.1
(s), 49.9 (s), 117.5 (t), 117.6 (d), 123.6 (d), 126.5 (s), 129.6 (d),
133.6 (d), 136.8 (d), 139.1 (s) and 162.5 (s); m/z 261 (9%, M1)
and 198 (100).

29,4-Dimethyl-29-vinyl-1-oxido-3-oxo-3,4-dihydro-2H-1,4-
benzothiazine-2-spiro-19-cyclopropane 10b and 29-isopropenyl-
4-methyl-1-oxido-3-oxo-3,4-dihydro-2H-1,4-benzothiazine-2-
spiro-19-cyclopropane 10c. Yield 89%, prisms as a mixture of
10b and 10c (2 :1, estimated by the 1H NMR spectrum) (Found:
C, 63.95; H, 5.8; N, 5.2. C14H15NO2S requires C, 64.34; H, 5.79;
N, 5.36%); νmax(KBr)/cm21: 1655 (C]]O) and 1035 (SO); δH(400
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MHz; CDCl3) 1.11 (3 H, s, 10b-29-Me), 1.75 (3 H, s, 10c-Me),
2.06 and 2.43 (each 1 H, d, J 6, 10b-39-H), 2.17 (1 H, dd, J 5.9
and 7.8, 10c-39-H), 2.31 (1 H, dd, J 7.8 and 8.3, 10c-29H), 2.52
(1 H, dd, J 5.9 and 8.3, 10c-39-H), 3.53 (3 H, s, 10c-NMe), 3.57
(3 H, s, 10b-NMe), 4.91 and 4.96 (each 1 H, s, 10c-C]]CH2), 4.98
(1 H, d, Jtrans 17, 10b-CH]]CH2), 5.19 (1 H, d, Jcis 11, 10b-
CH]]CH2), 5.61 (1 H, dd, J 11 and 17, 10b-CH]]CH2), 7.18–7.26
(total 4 H, m, ArH) and 7.57–7.66 (total 4 H, m, ArH); δC(400
MHz; CDCl3) 16.4 (q, 10b), 17.8 (t, 10c), 23.2 (q, 10c), 24.5 (t,
10b), 32.2 (q, 10b), 32.2 (q, 10c), 35.1 (s, 10b), 37.8 (d, 10c), 43.9
(s, 10c), 49.9 (s, 10b), 115.4 (t, 10c), 117.3 (d, 10c), 117.5 (t, 10b),
117.6 (d, 10b), 123.6 (d, 10b), 123.8 (d, 10c), 126.1 (s, 10c), 126.5
(s, 10b), 129.6 (d, 10b), 130.3 (d, 10c), 133.6 (d, 10b), 133.9 (d,
10c), 136.8 (d, 10b), 137.5 (s, 10c), 138.7 (s, 10c), 139.1 (s, 10b),
162.5 (s, 10b) and 164.8 (s, 10c); m/z 261 (8%, M1) and 198
(100).

4-Methyl-29-phenyl-29-vinyl-1-oxido-3-oxo-3,4-dihydro-2H-
1,4-benzothiazine-2-spiro-19-cyclopropane 10d. Yield 86%,
prisms (from EtOAc–hexane), mp 182–186 8C (decomp.)
(Found: C, 70.5; H, 5.3; N, 4.3. C19H17NO2S requires C, 70.56;
H, 5.30; N, 4.33%); νmax(KBr)/cm21: 1665 (C]]O) and 1045 (SO);
δH(400 MHz; CDCl3) 2.37 and 3.07 (each 1 H, d, J 6.4, 39-H),
3.26 (3 H, s, NMe), 4.74 (1 H, d, Jtrans 17, CH]]CH2), 5.09 (1 H,
d, Jcis 10, CH]]CH2), 5.82 (1 H, dd, J 10 and 17, CH]]CH2),
6.74–6.76 (2 H, m, ArH), 7.18–7.31 (5 H, m, ArH) and 7.67–
7.73 (2 H, m, ArH); δC(400 MHz; CDCl3) 22.5 (t), 31.9 (q),
45.1 (s), 50.7 (s), 117.3 (d), 119.1 (t), 123.7 (d), 126.2 (s),
127.9 (d), 128.4 (d), 128.8 (d), 129.9 (d), 134.2 (d), 135.7 (s),
136.1 (d), 139.3 (s) and 161.2 (s); m/z 323 (7%, M1) and 169
(100).

29-Isopropenyl-29,4-dimethyl-1-oxido-3-oxo-3,4-dihydro-2H-
1,4-benzothiazine-2-spiro-19-cyclopropane 10e. Yield 93%,
prisms (from CH2Cl2–diethyl ether), mp 168–169 8C (decomp.)
(Found: C, 65.3; H, 6.2; N, 5.1. C15H17NO2S requires C, 65.42;
H, 6.22; N, 5.09%); νmax(KBr)/cm21: 1665 (C]]O) and 1035 (SO);
δH(270 MHz; CDCl3) 1.19 and 1.23 (each 3 H, s, Me), 2.21 and
2.36 (each 1 H, d, J 6, 39-H), 3.58 (3 H, s, NMe), 4.81 and 4.91
(each 1 H, s, olefinic H), 7.19–7.30 (2 H, m, ArH) and 7.35–7.65
(2 H, m, ArH); δC(270 MHz; CDCl3) 18.2 (q), 21.0 (q), 23.6 (t),
32.1 (q), 40.7 (s), 48.7 (s), 114.9 (t), 117.5 (d), 123.4 (d), 126.7
(s), 129.9 (d), 136.6 (d), 138.7 (s), 142.1 (s) and 162.5 (s); m/z 275
(16%, M1) and 212 (100).

4-Methyl-29-phenyl-29-(1-phenylvinyl)-1-oxido-3-oxo-3,4-
dihydro-2H-1,4-benzothiazine-2-spiro-19-cyclopropane 10f. Yield
90%, prisms (from CH2Cl2–diethyl ether), mp 157 8C (decomp.)
(Found: C, 75.1; H, 5.3; N, 3.5. C25H21NO2S requires C, 75.16;
H, 5.30; N, 3.51%); νmax(KBr)/cm21: 1655 (C]]O) and 1055 (SO);
δH(400 MHz; CDCl3) 2.19 and 3.04 (each 1 H, d, J 6, 39-H),
3.35 (3 H, s, NMe), 4.91 and 5.31 (each 1 H, s, olefinic H), 7.11–
7.34 (12 H, m, ArH) and 7.63–7.71 (2 H, m, ArH); δC(400 MHz;
CDCl3) 23.8 (t), 32.2 (q), 47.7 (s), 50.2 (s), 117.6 (d), 119.7 (t),
123.7 (d), 125.8 (s), 127.3 (d), 127.7 (d), 127.9 (d), 128.2 (d),
128.4 (d), 128.6 (d), 130.5 (d), 134.0 (d), 138.7 (s), 139.5 (s),
140.1 (s), 146.4 (s) and 161.3 (s); m/z 399 (2%, M1) and 245
(100).

29-p-Fluorophenyl-29-[1-(p-fluorophenyl)vinyl]-4-methyl-1-
oxido-3-oxo-3,4-dihydro-2H-1,4-benzothiazine-2-spiro-19-cyclo-
propane 10g. Yield 88%, prisms (from CH2Cl2–diethyl ether),
mp 157 8C (decomp.) (Found: C, 68.8; H, 4.5; N, 3.3.
C25H19F2NO2S requires C, 68.95; H, 4.40; N, 3.22%); νmax(KBr)/
cm21: 1665 (C]]O) and 1050 (SO); δH(400 MHz; CDCl3) 2.20
and 3.01 (each 1 H, d, J 6, 39-H), 3.37 (3 H, s, NMe), 4.93 and
5.30 (each 1 H, s, olefinic H), 6.90 (2 H, t, JH(o) = JF(o) 8, ArH),
6.91 (2 H, t, JH(o) = JF(o) 8, ArH), 7.07 (2 H, dd, JF(m) 5 and JH(o)

8, ArH), 7.14 (2 H, dd, JF(m) 5 and JH(o) 8, ArH), 7.28 (1 H, t, J 8,
ArH), 7.32 (1 H, d, J 8, ArH), 7.62 (1 H, t, J 8, ArH) and 7.69
(1 H, t, J 8, ArH); δC(400 MHz; CDCl3) 23.8 (t), 32.2 (q), 47.2
(s), 50.3 (s), 115.1 (d, 2JCF 22), 115.4 (d, 2JCF 20), 117.7 (d), 119.5
(t), 123.8 (d), 125.8 (s), 128.9 (d, 3JCF 9), 130.3 (d), 130.4 (d, 3JCF

9), 134.0 (s), 134.2 (d), 135.9 (s), 139.3 (s), 145.4 (s), 161.1 (s),

162.0 (s, 1JCF 248) and 162.5 (s, 1JCF 248); m/z 435 (2%, M1) and
281 (100).

29-p-Chlorophenyl-29-[1-(p-chlorophenyl)vinyl]-4-methyl-1-
oxido-3-oxo-3,4-dihydro-2H-1,4-benzothiazine-2-spiro-19-cyclo-
propane 10h. Yield 92%, prisms (from CH2Cl2–diethyl ether),
mp 215 8C (decomp.) (Found: C, 63.8; H, 4.2; N, 3.0. C25H19-
Cl2NO2S requires C, 64.11; H, 4.09; N, 3.00%); νmax(KBr)/
cm21: 1670 (C]]O) and 1055 (SO); δH(400 MHz; CDCl3) 2.21
and 3.00 (each 1 H, d, J 6, 39-H), 3.37 (3 H, s, NMe), 4.98 and
5.35 (each 1 H, s, olefinic H), 7.01–7.32 (10 H, m, ArH), 7.58
(1 H, d, J 7, ArH) and 7.69 (1 H, t, J 7, ArH); δC(400 MHz;
CDCl3) 24.1 (t), 32.7 (q), 47.4 (s), 50.6 (s), 118.0 (d), 120.3 (t),
124.2 (d), 126.1 (s), 128.7 (d), 129.0 (d), 130.3 (d), 130.7 (d),
134.2 (s), 134.3 (s), 134.5 (d), 136.9 (s), 138.4 (s), 139.6 (s), 145.5
(s) and 161.3 (s); m/z 467 (3%, M1) and 313 (100).

X-Ray study of 29-isopropenyl-29,4-dimethyl-1-oxido-3-oxo-3,4-
dihydro-2H-1,4-benzothiazine-2-spiro-19-cyclopropane 10e
A colourless needle was mounted on a glass fibre and trans-
ferred to the diffractometer.

Crystal data. C15H17NO2S, M = 275.36, orthorhombic, a =
13.067(6), b = 13.094(2), c = 8.299(1) Å, V = 1420.0(6) Å3 (from
setting angles of 25 centred reflections with 20.64 < 2θ

< 32.158; λ = 0.710 69 Å, T = 296 K), space group P212121

(# 19), Z = 4, Dc = 1.288 g cm23, colourless needles 0.10 ×
0.20 × 0.20 mm, µ(Mo-Kα) = 2.15 cm21.

Data collection and processing. Rigaku AFC-5R four-circle
diffractometer with 12 kW rotating anode generator, ω̄/2θ

scans with ω̄ scan width (1.21 1 0.30 tan θ)8, graphite-
monochromated Mo-Kα X-radiation; 1887 reflections meas-
ured to 2θmax = 558, giving 1158 which were retained in all
calculations. No crystal decay was observed and no corrections
were applied for absorption.

Structure solution and refinement. Automatic direct method 16

(all non-H atoms). Full-matrix least-squares refinement 17 with
all non-H atoms anisotropic. The weighting scheme w = 4Fo

2/
σ2(Fo

2) gave satisfactory agreement analyses. Final R = 0.050,
Rw = 0.067, S = 2.16 for 172 refined parameters. The final ∆F
synthesis showed no peaks above ±0.21 e Å23.
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