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The cyclic sulfoxides, thiane 1-oxide, 4-chlorothiane l-oxides, and 4-phenylthiane l-oxides, were bromi-

nated with a mixture of bromine and N-bromosuccinimide in the presence of pyridine.

The stereoformulas of

the products, together with those of the isomers with an inverted sulfoxide configuration, were determined by
means of the IR and NMR spectral data and by a comparison of the Re-values in the tle. As a result, it has been
revealed that the bromination reaction gives products in which a bromine atom is introduced stereospecifically
at a trans-position to the sulfinyl lone pair, in a manner similar to that of the chlorination reaction reported previ-
ously. The same mechanism as in the chlorination is proposed for the main reaction course.

The o«-halogenation of sulfoxides with the haloge-
nating agents in the presence of base is known to be
a stereoselective reaction.®3 In the preceding paper®
we have reported on the chlorination of the cyclic
sulfoxides with #-butyl hypochlorite, sulfuryl chloride,
and chlorine in the presence of potassium acetate or
pyridine. In the present paper we would like to de-
scribe our stereochemical study on the bromination
of the cyclic sulfoxides,? thiane l-oxide, ¢is- or trans-
4-chlorothiane 1-oxide, and cis- or trans-4-phenylthiane
l-oxide, with a mixture of bromine and N-bromosuc-
cinimide® in the presence of pyridine.

Results and Discussion

Bromination of Thiane 1-Oxide. The bromina-
tion of six-membered thiane l-oxide (1) with a
mixture of 0.5 equiv of bromine and 1.0 equiv of
N-bromosuccinimide® in the presence of pyridine
in dichloromethane produced, stereospecifically, c¢is-
2-bromothiane 1-oxide(2) (mp 61—62°C) (Fig. 1)
in an 809, yield. The inversion of the sulfoxide con-
figuration of 2 with triethyloxonium tetrafluoroborate
(Et;OBF)® furnished trans-2-bromothiane 1-oxide(3)
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(mp 59.5—60°C) in a 689, vyield.

The stereoformulas of 2 and 3 were determined
in the same way as the corresponding chloro-derivatives
described in the preceding paper:® the aromatic
solvent-induced shifts (ASIS; A=4dccu,—dcsm:) are also
a useful method in determining the stereoformulas
of sulfoxides. Since a proton frans to the sulfinyl
oxygen is more shielded and has a larger 4-value
than a proton cis to the sulfinyl oxygen, the product
obtained by bromination, which has a larger 4-value
(1=0.64)(Table 1), should possess a cis-form (2),
while the inverted isomer, with a smaller A-value
(A4=0.43), should possess a trans-form (3). This as-
signment was supported by the following facts: the
H-C, of 3 was observed as axial in the polar solvents
(CD,OD, D,0O, CF,COOH, and CDSOCD;) and
as equatorial rather than axial in the nonpolar solvents
(CCl, CDCl,, and CgHg), whereas the H-C, of 2
was always observed as axial, regardless of whether
the solvent was polar or not(Table 1). This observa-
tion can be explained as follows. The product (2)
has a thermodynamically stable cis-form possessing a
preferable axial sulfinyl oxygen and equatorial bromine.
On the other hand, since 3 has an unstable frans-form,
its conformation changes with the solvent polarity;

TasrLe 1. NMR spectrAL pata oF H-C, or

2-BROMOTHIANE 1-0XIDES(2 AND 3). A=0¢c1,—0cems

Solvent 2 3
CCl, 5.14 q(ax) 4.78 m(eq)
J=3.5,9
CeHg 4 .50 oct(ax) 4.35 m(eq)
J=1,3,9.5
CDCl, 5.09 oct(ax) 4.76 m(eq)
J=1,3.58
CD,;0OD — 4.93 oct(ax)
J=1,3.2, 7.4
CD,CN 5.13 oct(ax) —
J=1, 3.5, 9.5
CD,SOCD, — 5.12 q(ax)
J=3.5,7.5
D,O 5.84 oct(ax) 5.43 g(ax)
J=0.5,4,8.5 J=3.5 8.3
CF;COOH 5.37 oct(ax) 5.09 q(ax)
J=1.6,3.4,7 J=3,7.
4 0.64 0.43
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TABLE 2. NMR spEcTRAL DPATA ofF H-C, anp H-C, oF 2-BROMO-4-CHLOROTHIANE l-0XIDES(6, 7, 9, anp 10)

6 7 9 10
T —_— MN——
H-C, H-C, H-C, H-C, H-C, H-C, H-C, H-C,
dcons 5.10 ax 4.47eq 4.87 eq 4.17 ax 4.51 ax 3.80 ax 4.90 ax 4.16 ax
OceHs 4.57 3.63 4.17 — 3.56 — 4.20 3.28
4 0.53 — 0.70 — 0.95 — 0.70 —
the polar conformation, 3a, is favored in the polar 73.5—75°C) in an 869, yield and 2e-bromo-4e-

solvents, while the less polar conformation, 3b, do-
minates in the non-polar solvents. Moreover, the
fact that, in thin-layer chromatography, 3 was found
at a higher position than 2 indicates that 3 has a less
polar structure than 2. The possibility that 3, which
might be formed by the bromination of 1, was iso-
merized to the stable isomer (2) during the reaction
was excluded by the fact that 2 was not produced
when 3 was kept under the bromination conditions
for 3 hr.

The halogenation of 1 in the presence of base?
proved to give, stereospecifically, the cis-halogenated
product in both chlorination® and bromination.

The hydrogen peroxide oxidation of 2 in acetic
acid gave 2-bromothiane 1,1-dioxide (4) (mp 89—
90°C), in a 959, vyield.

Bromination of 4-Chlorothiane 1-Oxide. The bro-
mination of itrans-4-chlorothiane 1-oxide(5) afforded,
stereospecifically, 2e-bromo- 4a-chlorothiane la-oxide(6)
(Fig. 2) (mp 48—49°C) in an 819, yield. The bro-
mination of c¢is-4-chlorothiane 10x1de (8), however,
furnished, in an 859, yield, a 20 : 80 mixture of 6
and 2e-bromo-4e-chlorothiane la-oxide (9) (mp 102—
103°C). This fact indicates that 8 is brominated,
mainly, not via 5 but via the ring inversion, unlike
as in the chlorination with #-butyl hypochlorite in
the presence of potassium acetate.) The competitive
bromination of 5 and 8 showed that 8 is brominated
approximately five times faster than 5. This is a
somewhat unexpected result, which remains unex-

plained.
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The products, 6 and 9, were transformed with
Et;OBF, to 2a-bromo-4e-chlorothiane la-oxide (7) (mp

7) In the absence of base, non-stereoselectivity was observed.
K.-C. Tin and T. Durst, Tetrahedron Leit., 1970, 4643.

chlorothiane le-oxide (10) (mp 93—94.5°C) in an
859, vyield respectively.

The stereochemical structures of 6, 7, 9, and 10
were established by means of the NMR coupling con-
stants of H-C, and H-C,, ASIS shown in Table 2
(the isomer 9 is expected to have the largest A-value),
and the behavior on a thin-layer plate; the compound
7 was observed higher, than 6 and 9 which were
themselves higher than 10. According to the axial-
equatorial sulfinyl oxygen rule,® the compound 9,
which possesses an axial oxygen, is expected to be
higher on a thin-layer plate than 10, which possesses
an equatorial one.

The oxidation of 7 and 10 with hydrogen peroxide
in acetic acid vyielded trans-2-bromo-4-chlorothiane
1,1-dioxide (11) (mp 105—108°C) in a 939, vyield
and ¢is-2-bromo-4-chlorothiane 1,1-dioxide (12) (mp
124—125°C) in a 93.59, yield respectively.

Bromination of 4-Phenylthiane 1-Oxides. The bro-
mination of conformationally rigid #rans-4-phenyl-
thiane 1l-oxide (13) with a mixture of bromine (0.5
equiv) and NBS(1.0 equiv) for 0.5 hr furnished, in
an 869, vyield, a 63 :37 mixture of 2a-bromo-4e-
phenylthiane le-oxide (14) (mp 143—144°C) and 2e-
bromo-4e-phenylthiane la-oxide (15) (mp 132—133°C),
while ¢is-4-phenylthiane 1-oxide (18) with bromine (0.5
equiv) and NBS (2.2 equiv) for 23 hr afforded, in
only a 48.59%, yield, a 81 : 19 mixture of 14 and 15
(Fig. 3), with a 449, recovery of 18. This fact, in-
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Fig. 3.

dicating that 13 is much more easily brominated
than 18, is in agreement with the result of the
competitive bromination that 13 is brominated ap-
proximately five times faster than 18. The bromi-
nation of both 13 and 18 produced an all-cis product

8) A sulfoxide which possesses an axial oxygen is observed
higher on a thin-layer plate than a sulfoxide which possesses an
equatorial one, when the other part of their structures is the same.?
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TasLe 3. NMR specTrRAL DATA oF H-C, oF 2-BrROMO-
4-PHENYLTHIANE l-oxmpEs(14, 15, 16, anp 17)

14 15 16 17
dco1, 5.23 eq 4.71 ax 4.86 ex 4.61 ax
Sty 4.80 4.16 4.42 4.30

A4 0.43 0.55 0.44 0.31

(15) as a minor component, while the corresponding
chloro-derivative was never detected in the chlorina-
tion.%)

The products, 14 and 15, were isomerized with
Et,OBF, to 2a-bromo-4e-phenylthiane la-oxide (16)
(mp 93°C) in an 839, yield and 2e-bromo-4e-phenyl-
thiane le-oxide (17) (mp 133—143°C) in a 599, yield
respectively. The assignment of the stereoformulas
of 14, 15, 16, and 17, is based on the NMR spectral
data shown in Table 3 (the isomer 15 is expected to
have the largest 4-value) and the comparison of the
R.-values in the tlc: the isomer 16 was observed
higher than 15, which was itself higher than 14 and
17 on a thin-layer plate; according to the rule (see
above), the isomer 16 which possesses an axial sul-
finyl oxygen is expected to be higher than 14 which
possesses an equatorial -oxygen, and 15 is expected
to be higher than 17 as well.

The inverted isomer 16 was not isomerized to 14
when it was placed in the bromination condition.
Moreover, since the both compounds 14 and 16
were recovered unchanged after treatment with con-
centrated hydrochloric acid(1 vol) in dioxane(2 vol),?
they are configurationally-stable compounds.

The oxidation of 14 gave trans-2-bromo-4-phenyl-
thiane 1,1-dioxide(19) (mp 149—151°C) in an 82.59,
yield.

Mechanism of the Bromination with Bromine/N-Bro-
mosuccinimide in the Presence of Pyridine. The bro-
mination of the thiane l-oxides(l, 5, 8, 13, and 18)
with bromine/NBS in the presence of pyridine proved
to give products in which bromine was introduced
at a trans-position to the sulfinyl lone pair, mainly
in the same manner as in the chlorination.¥) Con-
sequently, the mechanism postulated for the chlori-
nation? is also applicable to the bromination reac-
tion as shown in Fig. 4; the bromo-oxosulfonium ion
(21), which is formed by the attack of a positive bro-
mine of a bromine molecule on the sulfinyl lone pair,
gives the ylid (22) by the action of the bromide ion,

Br Br
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Fig. 4.

9) K. Mislow, T. Simmons, J. T. Melillo, and A. L. Ternay,
Jr.y J. Amer, Chem, Soc., 86, 1452 (1964).
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and then 22 gives rise to the hypothetical interme-
diate (23) by the elimination of the bromide ion. The
final step is the addition of the bromide ion to 23,
producing the a-bromosulfoxides (24), in which the
bromine atom and sulfinyl lone pair are in a trans
relationship.

Experimental

Unless otherwise stated, the NMR spectra were measured
with a Varian HA-100 spectrometer (100 MHz) and/or a
Hitachi R/20B spectrometer (60 MHz) in a concentration of
40—>50 mg in 0.4 ml of CDCI;, while the IR spectra were
recorded with Nujol mull using a Hitachi EPI-G3 spectro-
meter. In the NMR spectral data, J(coupling constant)
is expressed in Hz, and HHW means a half-height width or
the sum of the coupling constants. In the crystallization sol-
vents, B, C, and H stand for benzene, cyclohexane, and
hexane respectively, and the expressions B/C/H, etc. mean
that the crystallization was carried out by dissolution in
benzene, followed by the successive addition of cyclohexane
and hexane.

Bromination of Thiane 71-Oxide (1) to cis-2-Bromothiane 7-
Oxide (2). A solution of Br,(0.6 g, 3.75 mmol) in 5 ml
of CH,Cl, and N-Bromosuccinimide (NBS) (1.34 g, 7.5 mmol)
was added to a stirred solution of 1 (0.89 g, 7.55 mmol) and
pyridine (0.61 ml, 7.6 mmol) in 30 ml of CH,Cl,. After
stirring at room temperature for 1 hr, 30 ml of water, 10 ml
of a 1M aqueous Na,COj solution, and 10 ml of a 1M Na,-
SO, solution were added; the mixture was then extracted
with CH,Cl,. The organic phase was dried over anhydrous
Na,SO, and then concentrated to an oily residue which was
subsequently chromatographed on silica gel with benzene.
Elution with benzene containing 2—59, ethyl acetate afforded
1.20 g (0.608 mmol; 80.5%) of the white crystals (2). Re-

crystallization from B/C/H gave mp 61—62°C. IR: 697,
946, 953, 1002, 1040 (S=0), 1058, 1068 cm~t, IR (5% in
CS,): 700, 1078 (S=0)cm-*. NMR: 1.2—3.4(8H),
5.09 (1H, octet, J=1, 3.5, 8). NMR (CCl,): 1.3—3.1
(8H), 5.14(1H, q, J=3.5, 9). NMR(CgH,): 0.6—2.8
(8H), 4.50(1H, octet, J=1, 3, 9.5). NMR(CD,;CN):
5.13 (1H, octet, J=1, 3.5, 9.5). NMR(HCOOH): 1.5—
3.5(8H), 5.40(1H, octet, J=1, 3.8, 8). NMR(D,0): 2.0—
3.7(8H), 5.84(1H, octet, J=0.5, 4, 8.5). NMR(CF,-

COOH): 1.5—3.55(8H), 5.37(1H, octet, J=1.6, 3.4, 7).
Mass: mfe 196(M+), 117(base peak). Found: C, 30.59;
H, 4.58; Br, 40.49%,. Calcd for C;HyBrOS: C, 30.47;
H, 4.60; Br, 40.549%.
Transformation of 2 to trans-2-Bromothiane 1-Oxide(3).

To a stirred solution of 2 (0.885g; 4.5 mmol) in CH,CI,
(5ml) ca. 1.5g (7.9 mmol) of triethyloxonium tetrafluoro-
borate (Et;OBF,) was added. After the mixture had been
stirred at room temperature for 1 hr, 40 ml of anhydrous
ether was added at 0°C to give the oily ethoxysulfonium salt
as a precipitation. After standing for 2 hr, the solvents were
removed by decantation, and to the residue was added 20
ml of a 0.5M NaOH solution. The mixture was then ex-
tracted with CH,CI,. The solvent was dried over Na,SO,
and evaporated to the residue, which was then chromato-
graphed on silica gel with benzene. Elution with benzene
containing 29, ethyl acetate yielded 0.60 g (3.06 mmol; 67.8
%,) of a colorless oil (3) which was crystallized on standing.
Recrystallizations from B/G/H at 0°C gave mp 59.5—60°C.
3 was detected with iodine higher than 2 on a thin-layer
plate, using ethyl acetate: 959 ethanol (95:5). IR:
1016, 1023, 1050(S=0) cm~t, IR(2% in CS,): 1059 cm™L
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IR(CCl): 1058cm-!. NMR: 1.4—3.6(8H), 4.76(1H, NMR (CF,COOH): 2.1—-3.77 (6H), 4.33 (l1H, septet,
m, HHW=10.5). NMR(CClL): 1.4—3.45(8H), 4.78(1H, J=ca. 4, 4, 8, 8), 5.29 (1H, q, J=3.4, 7.4). NMR (CD;-
m, HHW=9). NMR(CS,): 1.35—3.45(8H), 4.70(1H, m, OD): 2.0—3.72 (6H), 4.39 (1H, septet, J=ca. 4.3, 4.3,
HHW=9). NMR(C¢H,): 0.7—2.95(8H), 4.35(1H, m, 8.6, 8.6), 5.19 (1H, m, HHW=10). NMR (CD,CN):
HHW=10). NMR(Et;N): 4.98 (I1H, m, HHW=10). 1.85—3.60 (6H), 4.37 (lH, septet, J=4.3, 4.3, 8.6, 8.6),
NMR(Et,0): 4.88(1H, m, HHW=8.5). NMR(pyridine):  5.02 (1H, m, HHW=10.5). Mass: m/e 230 (MH).
1.1—3.5(8H), 5.08(1H, octet, J=1, 3.2, 6.3). NMR(CF,- Found: C, 25.93; H, 3.56; S, 13.95%. Calcd for
COOH): 1.5—4.0(8H), 5.09(1H, q, J=3, 7.2). NMR GCHBrClOS: C, 25.94; H, 3.48; S, 13.85%.

(CD,SOCDy):  1.3—3.5, 5.12(1H, g, J=3.5, 7.5). NMR- Bromination of cis-4-Chlorothiane 1-Oxide (8). To a
(CD,OD): 1.4—35, 4.93(1H, octet, J=1, 3.2, 7.4). stirred solution of 8 (0.42 g, 2.75 mmol) and pyridine (0.33
NMR(CD,COCD;): 1.45—3.4, 4.91(1H, octet, J=1.2, ml, 4.1 mmol) in CH,Cl, (10 ml) were added bromine (0.22
3, 7). NMR(D,O): 1.9-4.12, 543 (1H, q, J=3.5, 8.3). g, 1.38 mmol) and N-bromosuccinimide (0.49 g, 2.75 mmol).
Mass: mfe 196(M*), 117(base peak). Found: C, 30.48; The mixture was stirred at room temperature for 6 hr. The

H, 4.59; Br, 40.279,.
H, 4.60; Br, 40.54°%,.

Oxidation of 2 to 2-Bromothiane 1,7-Dioxide (4). A
solution of 2 (0.89 g; 4.51 mmol) and 30% H,0,(1 ml; 10
mmol) in acetic acid (10 ml) was kept at 45°C for 15 hr.
The subsequent addition of water (40 ml) gave crystals which
were then filtered off and recrystallized from B/C/H to yield
0.92g (4.3 mmol; 95%) of 4. Recrystallization from the
same solvents gave mp 89—90°C. IR: 1122, 1155, 1279,
1309 cm~t. NMR: 1.3—3.8 (8H), 4.82(1H, octet, J=2,
4, 8). Mass: mfe 212 (M), 41(base peak). Found: C,
28.19; H, 4.28; Br, 37.469%. Caled for C;H,BrO,S: C,
28.18; H, 4.26; Br, 37.509.

Bromination of trans-4-Chlorothiane 7-Oxide(5) to 2e-Bromo-
{e-chlorothiane 7a-Oxide (6). To a stirred solution of
5 (347 mg; 2.28 mmol) and pyridine (0.2 ml; 2.5 mmol) in
CH,Cl, (20 ml) were added NBS (405 mg; 2.28 mmol) and
a solution of Br,(0.18 g; 1.14 mmol) in CH,Cl, (5 ml). The
mixture was then stirred at room temperature for 22 hr.
The usual work-up gave a residue, which was subsequently
chromatographed on silica gel with benzene. Elution with
benzene containing 49, ethyl acetate afforded 0.43 g (1.86
mmol; 81.5%) of the white crystals (6), which were then re-
crystallized from B/C at 0°C to give mp 48—49°C. IR:
965, 1031(S=0) cm~1. IR (2% in CS,): 982, 1073 (S=0)
cm~l. NMR: 1.7—3.35 (6H), 4.48 (I1H, m, HHW=9),
5.13 (1H, q, J=3.6, 11). NMR (CCl,): 1.82--3.40 (6H),
447 (1H, m, HHW=9), 5.10 (IH, q, J=3.3, 11.5).
NMR (GgHg): 1.03—1.45 (1H), 1.78—2.4 (4H), 2.54—
2.85 (1H), 3.63 (1H, m, HHW=9), 4.57 (1H, q, /=32,
11.2). NMR (CF;COOH): 1.92—3.67 (6H), 4.53 (1H,
m, HHW=9.5), 5.38 (1H, m, HHW=19). Mass: m/e
230 (M+), 151 (base peak). Found: C, 26.43; H, 3.59;
S, 13.769%,. Calcd for CG;HBrClOS: C, 25.94; H, 3.48;
S, 13.85%.

45 mg (13.09,) of 5 was recovered by elution with ben-
zene: ethyl acetate (9 :1).

Transformation of 6 to 2a-Bromo-4e-chlorothiane 1a-Oxide (7).
To a stirred solution of 6 (365 mg; 1.58 mmol) in CH,CI,
(5 ml) was added 0.45 g (2.37 mmol) of Et;OBF,, and the
mixture was then stirred at room temperature for 1 hr, The
addition of anhydrous ether (40 ml) gave rise to a white solid
as a precipitation. The solvent was removed by decantation,
and to the residue a 0.2M NaOH solution (25 ml) was added.
The mixture was extracted with CH,Cl,. The evaporation
of the solvent afforded an oil which was subsequently crystal-
lized from B/C/H at —20°C to give 315 mg (86.6%) of 7.
Recrystallizations gave mp 73.5—75°C. IR: 762, 832,
870, 921, 1012, 1023, 1054 (S=O) cm~t. IR (5% in CS,):
970, 1022, 1064 (S=0O)cm-'. NMR:
4.24 (1H, nonet, J=4, 4, 10, 10), 4.88 (1H, m, HHW=10).
NMR (CCl,): 1.95—3.38 (6H), 4.17 (1H, nonet, J=4,
4, 11, 11), 4.87 (1H, m, HHW=9.5). NMR (CH):
3.66 (1H, m, HHW=29.5), 4.17 (IH, m, HHW=9.5).

Calcd for CG;H,BrOS: C, 30.47;

2.0—3.44 (6H),

NMR spectrum of the extract after the usual work-up showed
it to be a 80 :20 mixture of 2e-bromo-4e-chlorothiane
la-oxide (9) and 6. Crystallization from CHCI;/B/C/H at
0°C gave 0.39 g (1.684 mmol; 61.29%,) of 9. The chromato-
graphy of the mother liquor gave 46 mg of 6 and 104 mg of
a mixture of 6 and 9, by elution with benzene containing 29,
ethyl acetate. 6 was identified by mp, IR, and NMR.
The total yield of 6 and 9 became 84.79%. Recrystalli-
zation of 9 from B/C gave mp 102—103°C (decompn.).
IR: 681, 925, 1010, 1042, 1059 (S=O)cm-t IR (0.6%
in CS,): 917, 1079, 1086 (S=0)cm~t. NMR: 1.95—
3.38 (6H), 3.91 (1H, m, axial H), 4.68 (1H, q, J=4, 12).
NMR (15mg in 0.4ml CHg): 3.56 (1H, q, J=3, 12),
NMR (CF,COOH): 2.25—3.35 (5H), 3.61 (1H, sextet,
J=3.5, 3.5, 15), 4.01 (1H, m, HHW=30, axial H), 4.90 (1H,
q, J=72, 88). NMR (5mg in 04 ml CCl+0.1 ml
CDCL): 3.80 (1H, m, axial H), 4.51 (IH, q, J=4, 12).
Mass: mfe 230 (M+), 151 (base peak). Found: C, 26.04;
H, 3.64; S, 13.74%,. Calced for G;HBrClOS: G, 25.94;
H, 3.48; S, 13.85%,.

Transformation of 9 to 2e-Bromo-4e-chlorothiane Te-Oxide (10).
A solution of 9 (0.33 g, 1.43 mmol) and 0.42 g (2.2 mmol)
of Et,OBF, in CH,Cl, (5 ml) was stirred at room temper-
ature for 1 hr. The usual work-up and chromatography
gave 282 mg (85.5%) of 10, eluted with benzene containing
29, ethyl acetate. Recrystallization from B/C/H gave mp
93—94.5°C. IR: 490, 643, 674, 850, 931, 1051 (S=0)
cm~l, IR (1% in CS,): 988, 1063 (S=0), 1078 cm™
NMR: 1.87—3.19 (5H), 3.53 (1H, octet, J=3, 7, 13), 4.12
(1H, nonet, J=4, 4, 9.5, 9.5), 4.65 (1H, q, J=3.6, 10).
NMR (25 mg in CCl, 0.4 ml): 1.82—3.14 (5H), 3.40 (1H,
octet, /=3, 7, 12.5), 4.16 (1H, nonet, J=4, 4, 9.5, 9.5), 4.90
(1H, q, J=4, 10.5). NMR (C¢H,): 1.11—2.52 (5H), 2.71
(1H, octet, J=3, 6, 13), 3.28 (1H, nonet, j=4, 4, 10, 10),
4,20 (1H, q, J=4, 11). NMR (CF,COOH): 1.95—3.40
(5H), 3.80 (1H, octet, J=3, 5.7, 13), 4.11 (1H, nonet, J=4,

4, 10.5, 10.5), 5.02 (1H, q, J=3.8, 11.5). Mass: m/e 230
(M+). Found: G, 26.12; H, 3.56; S, 13.849,. Calcd for
C,H,BrCIOS: C, 25.94; H, 3.48; S, 13.85%.

Oxidation of 7 to trans-2-Bromo-4-chlorothiane 1,7-Dioxide(11 ).
A solution of 7 (0.26 g, 1.12 mmol) and 30% hydrogen per-
oxide (0.3 ml, 2.94 mmol) in 3 ml of acetic acid was kept at
45°C for 15 hr. The subsequent evaporation and crystal-
lization from B/C gave 257 mg (1.04 mmol; 92.7%,) of 11.
Recrystallization from B/CG gave mp 105—108°C. IR:
485, 718, 1004, 1119, 1143, 1155, 1288, 1313 cm~1. NMR:
2.1—3.1 (4H), 3.15—3.85 (2H), 4.47 (1H, quintet, J=ca.
4, 4, 4, 4), 5.08 (1H, q, J=6, 8.2). Mass: mfe 246 (M),
131 (base peak). Found: C, 24.32; H, 3.50; S, 13.10%.
Calcd for C;HBrClO,S: C, 24.26; H, 3.26; S, 12.95%.

Oxidation of 10 to cis-2-Bromo-4-chlorothiane 1,7-Dioxide(12).
A solution of 10 (83 mg, 0.354 mmol) and 30% H,O, (0.1 ml,
1 mmol) in 3 ml of acetic acid was kept at 45°C for 15 hr.
The subsequent evaporation of the solvent afforded white
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crystals, which were recrystallized from B/C/H to give 82
mg (0.33 mmol; 93%) of 12. The recrystallization gave mp
124—125°C.  IR: 1139, 1280, 1320cm~t. NMR:
2.05—3.70 (6H), 4.14 (1H, m, HHW=30.5), 4.83 (1H, q,

J=5.1, 11.1). Mass: mje 246 (M*). Found: C, 24.23;
H, 3.29; S, 12.899%,. Calcd for C;HBrClO,S: C, 24.26;
H, 3.26; S, 12.959%.

Bromination of trans-4-Phenylihiane 71-Oxide (13). To

a stirred solution of 13 (0.36 g, 1.85 mmol) and pyridine
(0.23 ml, 2.8 mmol) in 10ml of CH,Cl, were added Br,
(0.15g, 0.94 mmol) and NBS (0.48g, 2.7 mmol). The
mixture was stirred at room temperature for 30 min. The
NMR spectrum of the crystalline residue, obtained by the
usual work-up, showed it to be 63 : 37 mixture of 2a-bromo-
4e-phenylthiane le-oxide (14) and 2e-bromo-4e-phenyl-
thiane la-oxide (15). Crystallization from B/CCl, followed
by recrystallization from B/C/H gave 0.12 g (0.44 mmol;
23.7%,) of 14. Recrystallizations from B/C/H gave mp

143—144°C. IR: 710, 771, 1065cm-1L NMR: 1.7—
3.4 (7H), 5.39 (1H, m, HHW=9), 7.20 (5H, m). NMR
(CeHy): 1.0—3.2 (7H), 4.80 (1H, m, HHW=9). NMR
(3mg in 0.4ml CCL): 523 (IH, m, HHW=8). Mass:

mfe 272 (M*), 193 (base peak). Found: C, 48.30; H, 4.77;
S, 11.789%. Calcd for C;;H;;BrOS: C, 48.36; H, 4.80;
S, 11.749%,.

The combined mother liquors were chromatographed
with benzene. Elution with benzene containing 19, ethyl
acetate furnished 0.157 g (0.574 mmol; 319%,) of 15, and
then 0.158 g (0.578 mmol; 31.29,) of 14. Recrystallizations
of the former (15) from B/C gave mp 132—133.5°C.

IR: 699, 751, 921, 1011, 1037, 1055 cm-1. NMR: 1.7—
3.35 (7TH), 4.77 (1H, q, J=3.5, 12.2), 7.20 (5H, m). NMR
(CeHg): 0.8—3.4 (7H), 4.16 (1H, q, J=3.2, 12). NMR
(6 mg in 0.4ml CCly): 4.71 (1H, q, J=3.5, 12). Mass:

mle 272 (Mt). Found: C, 47.84; H, 4.84; S, 11.75%.
Calcd for CH,;;BrOS: G, 48.36; H, 4.80; S, 11.749%,.

Bromination of cis-4-Phenylthiane 7-Oxide (18). (a)
With 1.0 equiv of NBS: A solution of 18 (0.25 g, 1.29 mmol),
pyridine (0.21 ml, 2.6 mmol), Br, (0.1 g, 0.64 mmol), and
NBS (0.23 g, 1.29 mmol) in 10 ml of CH,CI, was stirred for
3 hr at room temperature. Chromatography after the usual
work-up gave 128 mg (0.47 mmol; 36.09%) of a 77 : 23 mix-
ture of 14 and 15, eluted with benzene containing 1—29,
ethyl acetate, and 0.15 g (60%,) of 18 containing ca. 5%, of
13 eluted with benzene—ethyl acetate (1 :1).

(b) With 2.2 equiv of NBS: To a stirred solution of 18
(0.42 g, 2.16 mmol) and pyridine (0.26 ml, 3.24 mmol) in
10 ml of CH,Cl,, were added Br,(0.17 g, 1.06 mmol) and
NBS (0.46 g, 2.58 mmol). After the mixture had then been
stirred at room temperature for 18 hr, more NBS (385 mg,
2.16 mmol) and pyridine (0.26 ml, 3.24 mmol) were added
and the reaction was continued for 5 hr. The NMR spec-
trum of the extract from the usual work-up showed that a
81 : 19 mixture of 14 and 15 was obtained. Chromato-
graphy gave 45 mg (0.165 mmol; 7.69%) of 15, with benzene
containing 19, ethyl acetate, and then 0.245 g (0.90 mmol;
41.5%,) of 14, with 1—49, ethyl acetate. 14 and 15 were
identified by mp, IR, NMR, and tlc. 185 mg (44.09%) of
18 was recovered by the elution of benzene containing 59,
methanol.

Transformation of 14 to Z2a-Bromo-4e-phenylthiane 1a-Oxide
(16). A solution of 14 (0.38 g, 1.39 mmol) and 0.53 g
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(2.8 mmol) of Et,OBF, in 5ml of CH,Cl, was stirred at
room temperature for 30 min. The addition of ether at 0°C
gave a crystalline ethoxysulfonium salt, which was decom-
posed with 20 ml of a 0.2M NaOH solution and extracted
with CH,Cl,. The chromatography of the extract afforded
315 mg (1.15 mmol; 82.8%,) of 16 with 19, ethyl acetate in
benzene. Recrystallizations from B/H gave mp 93°C. IR:
703, 750, 1016, 1049 cm~! (S=O) cm~t. NMR: 1.65—3.50
(7H), 4.91 (1H,m, HHW=7), 7.23 (5H, m). NMR (C.H,):
0.95—3.15 (7H), 4.42 (1H, m, HHW=7.5). NMR (CCl,):
1.55—3.41 (7H), 4.86 (1H, m, HHW=7), 7.18 (5H, s),
NMR (CF;COOH): 1.7—4.0 (7H), 5.29 (IH, m, HHW
=7). Found: G, 48.51; H, 4.92; S, 11.679%,. Calcd for
CH;3BrOS: G, 48.36; H, 4.80; S, 11.749%.

Transformation of 15 to 2¢-Bromo-4e-phenylthiane 1e-Oxide
(17). A solution of 15 (205 mg, 0.75 mmol) and Et,O-
BF, (285 mg, 1.5mmol) in 3 ml of CH,Cl, was stirred at
room temperature for 1hr. The usual work-up furnished
a crystalline extract, which was subsequently recrystallized
from B/H to give 0.12 g (599%,) of 17. Several recrystal-
lizations from B/H gave mp 133—143°C (decompn.). IR:
703, 750, 1016, 1049 (S=O) cm-1. NMR: 1.8—3.2 (6H),
3.60 (1H, sextet, J=3.6, 3.6, 13), 4.74 (1H, q, J=4, 11.3),
NMR (3mg in 0.4ml CCI+0.05 ml CDCl,): 4.61 (1H,
q, /=4, 12). NMR (5mg in 0.4 ml CH,): 4.30 (1H, q,
J=4%, 12). Found: G, 47.76; H, 4.87; S, 11.669%,. Calcd
for Cj,;H;3;BrOS: G, 48.36; H, 4.80; S, 11.74%,.

Oxidation of 14 to trans-2-Bromo-4-phenylthiane 1,1-Dioxide
(19). A solution of 14 (0.24 g, 0.88 mmol) and 0.2 ml
(2.0 mmol) of 309 H,O, in 5 ml of acetic acid was kept at
50°C for 15 hr. The subsequent evaporation of the solvent
followed by passage through silica gel with benzene, gave
0.21 g (0.725 mmol; 82.5%) of 19. Recrystallization from
B/H gave mp 149—151°C (sintered at 144°C). IR: 1110,
1287, 1314 cm~'. NMR: 1.93—3.87 (7H), 4.85 (1H, q,
J=3.2,6.4),7.22 (5H, m). Mass: m/e 288 (M), 209 (base
peak). Found: G, 45.80; H, 4.60; S, 11.14%,. Calcd for
C;,H;3BrO,S: G, 45.68; H, 4.53; S, 11.09%.

Competitive Bromination of 13 and 18. A solution of
13 (197 mg), 18 (180 mg), pyridine (0.12 ml, 1.5 mmol),
Br, (80 mg, 0.5 mmol), and NBS (0.18 g, 1 mmol) in 10 ml
of CH,Cl, was stirred at room temperature for 40 min. The
NMR spectrum of the residue, which had been obtained by
the usual work-up, showed that 14 and 15 were obtained in a
65 : 35 ratio. Chromatography gave 53 mg of 15 and 125
mg of 14, together with 243 mg of a 37 : 63 mixture of 13
and 18. Accordingly, in this bromination reaction, 107 mg
of 13 was consumed, while only 27 mg of 18 was used, show-
ing that 13 is brominated approximately five times faster
than 18.

Treatment of 2-Bromo-4-phenylthiane 1-Oxides (14 and 16)
with Concentrated Hydrochloric Acid (1 vol) in Dioxane (2 vol).

(a) 14: To astirred solution of 14 (117 mg) in 4 ml of
dioxane, 2 ml of concentrated HCl were added. The mix-
ture was then stirred at room temperature for 24 hr. After
the usual work-up, 14 was recovered unchanged, as was
confirmed by the NMR and mass spectra and by tlc.

(b) 16: A solution of 16 (53 mg) in 6 ml of the reagent
was stirred at room temperature for 2 hr. After the usual
work-up, 16 was recovered quantitatively, as estimated by
means of the NMR spectrum and tlc.






