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The reactions of several arydiazomethanes with sulfur dioxide in the presence of 2-methyl-1-morpholinopropene

gave cyclic sulfones, thietane 1,1-dioxides, indicating the existence of sulfene as a reaction intermediate.

The

stereoselectivity of the sulfene-enamine cycloaddition showed that the less thermodynamically stable cis orientation
was generally preferred. On the other hand, the reactions in the presence of 1-morpholinocyclohexene, which has a
labile proton f to the morpholino moiety, afforded acyclic or cyclic sulfones, depending on the substituents of diazo-

methanes.

Recently sulfenes, generated by the action of amines
on alkanesulfonyl chlorides, have received considerable
attention. Though the reactivities of sulfene towards
enamines have been extensively investigated, the re-
search on the stereochemistry of the products is meager
and the mechanism for sulfene-enamine addition is
still not determined.? Another useful method for gener-
ating sulfene is the reaction of diazoalkanes and sulfur
dioxide,® but there are only a few publications® about
this reaction, where episulfones and olefins are formed.
In the present paper,3 we deal with the stereoselecitve
formations of thietane 1,1-dioxide in the reactions of
aryldiazomethanes with sulfur dioxide in the presence
of enamines and with the preference of non-cyclo to
cycloaddition.

The mechanism of sulfene—enamine addition has al-
ready been discussed in the base-induced S-elimination
reaction of alkanesulfonyl chlorides in the presence of
enamines.?) But in this system, the triethylamine used
as the elimination reagent is liable to cause a slow post-
isomerization?®) of the cycloadduct, 3-aminothietane 1,1-
dioxide. The present system, as compared with the
amine—chloride system, could be more favorable for the
mechanistic study of sulfene—enamine addition from the
stereochemical point of view.

Results and Discussion

Reactions in the Presence of 2-Methyl-1-morpholinopropene
(MMP). The reactions of mono- and di-arylsub-
stituted diazomethanes (1) with sulfur dioxide in the
presence of MMP, which has no hydrogen atom f to
the morpholino moiety, led to the cycloadducts, thietane
1,1-dioxide derivatives (2) (Scheme 1).

In the reactions of mono-arylsubstituted diazometh-
anes (lec, 1d, and l1e) with sulfur dioxide in the pres-
ence of MMP, mixtures of c¢is and frans isomers were
obtained. The less thermodynamically stable cis orien-
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1 (a) R!, R?=fluorenylidene;
(¢) Ri=p-tolyl, R2=H;
(e) R!=p-nitrophenyl, R2=H.
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The mechanism of these reactions is discusscd.

TasLe 1. Tue readgrion or 1 wrta SO, IN THE
PRESENCE OF MMP
iazo- Yield of 2 cis
mlzi?xza(:le R? R2  Solvent mol%n oD
1a fluorenylidene CeHs, 99 —_
1b  Ph Ph C.H, 95 —
1c p-Me-Ph H CeHg 51 73
THF 57 64
1d Ph H CeH, 62 73
le  $NO,Ph H CoH, 82 29
THF 82 22

a) Isolated yield calculated on the basis of 1 used.
b) The value shows the ratio of the ¢is isomer in the
yield of 2.

tation of the morpholino and the aryl groups was prefer-
red in the cycloadducts 2¢ and 2d; on the contrary,
the trans orientation was preferred in the case of 2e
which has an electron-withdrawing group. The results
are summarized in Table 1.

The product, 2d, obtained from the reaction of 1d
was separated into its ¢is and frans isomers (cis-2d and
trans-2d) by repeated fractional recrystallizations; the
isolation of only the trans isomer had been made by
Truce and Rach.?®) The isolated isomers were iden-
tified on the basis of the NMR spectra. The signals
of the phenyl protons appeared as a separate peak in
cis-2d and as a single peak in trans-2d. The difference
between the chemical shifts of the two methyl proton
signals was 6 Hz in ¢is-2d and 1.8 Hz in frans-2d, show-
ing an interaction between the phenyl ring and one
methyl group in cis-2d. In the NMR spectra of cis-
2d and trans-2d, both coupling constants for the two
methylidyne protons in the thietane rings were the same
and equal to 10 Hz. The large conpling coustant (10
Hz) suggests a dihedral angle between the two protons

(b) R!=R2?=phenyl;
(d) R'=phenyl, R2=H;
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Scheme 1.
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of 0 or 180°.® The former angle can be attained only
in a planar thietane ring by a cis orientation of the
morpholino and aryl groups, while the 180° alignment
can be achieved only by trans substituents in a puckered
conformation, as shown in Scheme 2. The assigned
stereochemistry was further supported by a study of
epimerization: the cis isomer or the cis—trans mixutre of
2d was isomerized to the pure ¢rans isomer by stirring
its methanol solution under the influence of a catalytic
amount of sodium methoxide over a period of several
days (Scheme 2).
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cis-2d trans-2d
Scheme 2.

The assignment of each of the isomers of 2¢ and 2e
was established with their respective NMR spectra, with
reference to those of 2d. And the findings in 2d, des-
cribed above, were also applicable to 2¢ and 2e. The
cis percentages in the yields of 2 were determined by
the intensity measurement of the methylidyne proton
signals in the NMR spectra of the crude reaction pro-
ducts.

In order to examine the effect of solvent on the stereo-
selectivity, reactions of 1d were carried out in various
solvents. These results are presented in Table 2. An
increasing tendency of the trans isomer, though not so
drastic, was observed in the polar solvents. Such an
effect was also observed in the case of the para-substitu-
ted phenylsulfene, as seen in Table 1: the reaction of
1c or le gave the increasing trans adduct in THF in-
stead of benzene.

Reactions in the Presence of 1-Morpholinocyclohexene(MCH ).
A series of reactions of aryldiazomethanes (1) and MCH,
which has a hydrogen atom g to the morpholino moiety,

TaBLE 2. THE REACTION OF PHENYLDIAZOMETHANE (1d)
witH SO, IN THE PRESENCE OF MMP
IN VARIOUS SOLVENTS

Solvent Yield of 2d is
mol%®) o0

9e-CgHy, 80 77
cal, 57 77
CeH, 62 73
CH,CN 43 68
THF 50 63
DMF 77 64

a) Isolated yield calculated on the basis of 1 used.
b) The value shows the ratio of the ¢is isomer in the
yield of 2d.
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TasrLe 3. Tue reacgrion or 1 .witH SO, IN THE
PRESENCE oF MCH

. Yield (mol%,)®
 Diazo- Ri R*  Solvent ,——LJ—)—\
cyclic (5) acyclic (3)
la fluorenylidene CeHsg — 84
1b Ph Ph CgH, — 87
1c p-Me-Ph H CeHg 49 -
THF 54 —
1d Ph H CeHjg 87 —
THF 87 —
le p-NO,-Ph H CeHj, — 89
THF — 93

a) Isolated yield calculated on the basis of 1 used.

was carried out in the same way. The reactions of
9-diazofluorene (1a), diphenyldiazomethane (1b), and p-
nitrophenyldiazomethane (le) were carried out and the
spectra of IR and NMR for these reaction products
could be explained satisfactorily by the structures of the
acyclic sulfones (3) instead of the other acyclic sulfones
(4)” or the expected cyclic sulfones (5). On the con-
trary, the reactions of p-tolyldiazomethane (1¢) and
phenyldiazomethane (1d) gave a cis—irans mixture of
cyclic sulfone (5) (Scheme 3). Table 3 shows the

results.
/\
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‘=N, + SO, + O/_\N-O 2 3ab,e
rZ —/
labc,d,e MCH
'S
o RS0,
0 Rr2
— cis- and trans-5¢,d
SO,CHRIRZ
4
Scheme 3.

Three cyclic products (cis-5¢, cis-5d, and trans-5d)
were isolated respectively by ‘careful recrystallizations
from suitable solvents and their configurations were
determined by NMR analysis using a shift reagent, -Eu-
(dpm)4.#) The results of the complexation studies for
cis-5d and trans-5d are shown in Fig. 1. The primary
site of complexation with Eu(dpm)gy is the oxygen of
the morpholine ring, since the largest shifts were induced
in the protons vicinal to oxygen. In Fig. la, the dif-
ference in chemical shifts of the two methylidyne pro-
tons Hy and Hy decreased whereas, in Fig. 1b, the dif-
ference remained essentially constant. Thus in ¢is-5d,
Hjg is deshielded less than Hg, whereas in #rans-5d both
protons are deshielded to approximately the same ex-
tent. The observed difference in induced shifts must
lie in the distance from the chelation site to the pro-
tons, establishing the fact that Hg and Hy are #rans to
each other in c¢is-5d’ and cis to each other in irans-5d.
The induced shift spectra for ¢is-5¢ were similar to those
of cis-5d. ‘

The ratio of the two geometric isomers was deter-



May, 1977]

8
He
Ph-H8 e
&»Oz 62 Hz
N e Hg
HG HG
v Al r o -

Fig. 1. Succesive scans displaying the effect of the addi-
tion of incremental amounts of Eu(dpm); on the 60
MHz NMR spectra in CDCl,; (a): for ¢is-5d, (b):
for trans-5d.

mined by means of the intensity measurement of the
H; proton signal in the NMR spectrum of the crude
product. In the isomeric mixture of 5d, the cis per-
centage was as high as 81, in benzene and was lowered
to 70% in THF. In the case of 5¢, the predominant
yield of the cis isomer was evident in the spectrum,
though the cis percentage could not be determined be-
cause the peaks assigned to the ¢rans isomer were weak
and ambiguous. Interesting to say, the results suggest
that the alternative of acyclic (3) or cyclic (5) is caused
by the electronic character of the a-carbon atom in the
sulfene.

Reaction Mechanism. On the basis of the frontier
orbitals’ interaction in the [24-2] cycloaddition,?"®)
different mechanistic processes are possible (Scheme 4).
A concerted [+2a + 2] process could conceivably account
for the cis preference in the cyclic sulfones (2 and 5).
In this concerted process, one unsaturated system must
approach the other with an orthogonal orientation.12
The most probable transition state is shown for the for-
mation of ¢is-2, such as 6. If the reaction indeed pro-
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more concerted

Scheme 4.
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ceeds via this concerted process, it should be required
that the acyclic sulfones (3a, 3b, and 3e) were formed
through the cyclic sulfones. And so, from the con-
sideration of a steric interaction between the morpho-
lino and the aryl groups, the cyclic isomers of 3a,
3b, and 3e like 5¢ and 5d should also be isolated
even in the MCH system, as well as in the MMP
system. Actually, however, in the current observation,
only acyclic sulfones 3a, 3b, and 3e were afforded
without the cyclic isomers in the MCH system. And in
the case of the formation of cyclic sulfone, the cis pre-
ference was lowered when polar solvents were employed.

As an alternative, a concerted [.2s+22s] process can
be significantly preferred, as pointed out by Epiotis et
al.,’3 if one addend is very electron rich and the other
is very electron defficient. However, from the evidence
of the preference of noncycloaddition when a zwitterionic
intermediate (7) is stabilized, a stepwise process, which
is a third alternative, is rather likely.

The formation of the less stable cis isomer of cyclic
sulfone (2 and 5) can be well explained on the basis of
an electrostatic interaction of cisoid 1,4-dipolar inter-
mediate (7). In the addition of sulfene to MMP, which
has no proton 8 to the morpholino moiety, the cis iso-
mer of 2 was predominantly afforded. If the carbanion
is stabilized and given a long lifetime by its substituting
group(like p-NO,—Ph) or by a solvation in the polar
solvents, the amount of the more thermodynamically
stable frans isomer of 2 may increase. The addition of
sulfene to MCH, which has a labile proton g to the
morpholino moiety, resulted in the formation of 5¢ and
5d, where the cis isomer was predominant. However,
if the carbanion was stabilized or if the negative charge
is dispersed and the effective electrostatic attraction is
reduced to a great extent by its substituting group, e. g.
fluorenylidene, diphenyl, or para-nitrophenyl group, the
proton migration to the carbanion to afford 3 would
be more favored than the cyclization of the zwitterion
to give 5.

Experimental

The NMR spectra were recorded on a Varian EM-360
(60 MHz) instrument in CDCI; with tetramethylsilane as the
internal standard. The IR spectra were measured in KBr
disks with Hitachi EP-S and 215 spectrophotometers.

A '9—9 oD
HY ﬂ—,s 02
i+
6
stepwise

. -
oy L "' mllmtlo:gl\ migration

more stepwise

Indicates acceptor(sulfene) LUMO-donor(enamine) HOMO interaction.
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Materials. All the diazomethanes were prepared ac-
cording to the procedures given in the literature: 9-diazo-
fluorene (la),¥ diphenyldiazomethane (1b),'» p-tolyldi-
azomethane (1c¢),'®) phenyldiazomethane (1d),'” and p-nitro-
phenyldiazomethane (le).!®) The enamines were also pre-
pared by the methods in the literature: 2-methyl-1-
morpholinopropene(MMP)!® and 1-morpholinocyclohexene
(MCH).2» Sulfur dioxide, obtained from a commercial
source, was dried by passing it through CaCl, and P,O4
tubes. The solvents were purified according to the published
directions,?V) stored over sodium wire or calcium hydride,
and redistilled just tefore use.

General Procedure. In a 100 ml three-necked flask equip-
ped with a magnetic stirrer, a dropping funnel, a thermo-
meter, and a calcium chloride drying tube were placed 70
ml of a dry solvent containing 50 mmol of sulfur dioxide and
10 mmol of an enamine, and the flask was kept at 20 °C.
To this solution, 30 ml of dry solvent containing 5 mmol of
diazomethane was added dropwise over a period of 15 minutes
with stirring. After the addition was complete, the mixed
solution was stirred for an additional 45 minutes. Then the
solvent and the excess sulfur dioxide were removed as quickly
as possible in vacuo at room temperature. After an aliquot of
the oily residue was dissolved in CDCl; and analyzed by
NMR, the NMR sclvent was removed at reduced pressure
and the combined residue was crystallized from a suitable
solvent. The NMR data for cis isomers were obtained from
the mixtures except where noted. An analytically pure sample
was obtained by recrystallization.

2-Fluorenylidene-3-morpholino-4,4-dimethylthictane  1,7-Dioxide
(2a). The white powder was obtained in 999, yield
by adding a small amount of cold petroleum ether to the
oily residue. The recrystallization from methanol gave the
colorless leaflets, mp 156—157 °C. IR(KBr): 1106 and
1315 cm—! (SO,). NMR(CDCl;): 6 1.55—2.33[4H, broad
m, (CH,),N], 1.84(3H, s, CHj), 2.01(3H, s, CHj;), 3.43[5H,
m, (CH,),O and methylidyne], and 7.3—8.1(8H, m, aroma-
tic). Found: C, 68.12; H, 6.42; N, 3.89%. Calcd for
C,,Hy;sNO,S: G, 68.28; 6.28; N, 3.79%.

2,2-Diphenyl-3-morpholino-4,4-dimethylthictane 1,7-Dioxide (2b).
The white powder was obtained in 959% yield in the same
manner as described above. The recrystallization from ben-
zene—ethanol(1 : 1) gave the colorless plates, mp 136—137 °C.
IR(KBr): 1112 and 1305 cm—! (SO,). NMR(CDCL): 6
1.64(3H, s, CH;), 1.70(3H, s, CHjy), 2.37[4H, m, (CH,),N],
3.64[4H, m, (CH,),0], 3.77(1H, s, methylidyne), 7.15—7.65
(8H, m, CgHj trans to morpholine ring and 3H of CgHj cis
to morpholine ring), and 7.8—8.2(2H, m, 2H of CgH; cis
to morpholine ring). Found: G, 68.01; H, 6.82; N, 3.859%,.
Calcd for G, Hy,;NO,S: C, 67.90; H, 6.78, N, 3.77%,.

3-Morpholino-2-p-tolyl-4,4-dimethylthictane  1,7-Dioxide (2c).
The cis—trans mixture was obtained in the yield of 51% in
benzene and 579, in THF by adding a small amount of cold
methanol to the oily residue. NMR(CDCI;) (cis isomer):
6 1.62 and 1.73(each 3H, s, gem-dimethyl), 2.28[4H, m,
(CH,).N1], 2.32(3H, s, CH,-Ph), 3.30(1H, d, /=10 Hz, CHN),
3.60[4H, m, (CH,),0], 5.27(1H, d, /=10 Hz, CHSO,), and
7.17 and 7.53(each 2H, d, J=7.8 Hz, phenyl). Repeated
recrystallization of the crude product from methanol gave
analytically pure trans isomer, colorless plates, mp 167—168 °C.
IR(KBr): 1098, 1118, 1292, and 1304 cm—* (SO,). NMR
(CDCl;): 6 1.63 and 1.67(each 3H, s, gem-dimethyl), 2.29
[4H, m, (CH,),N], 2.35(3H, s, CH,-Ph), 3.08(1H, d, J=
10 Hz, CHN), 3.65[4H, m, (CH,),0], 5.08(1H, d, /=10 Hgz,
CHSO,), and 7.25(4H, broad s, phenyl). Found: C, 61.72;
H, 7.37; N, 4.52%. QCalcd for C,;qHy;NO;S: G, 62.12; H,
749; N, 4.53%,.
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3-Morpholino-2-phenyl-4,4-dimethylthietane 1,7-Dioxide (2d).
The crude isomeric mixtures of the cis and trans cycloadducts
were obtained in the yields of 43—809, according to the
solvent used. The mixture was separated into the ¢is and
trans isomers by repeated fractional recrystallization from a

mixed solvent of petroleum ether and benzene. The cis
isomer: colorless prisms, mp 128—129°C. IR(KBr):
1089 and 1301 cm™! (SO,). NMR(CDCl): ¢ 1.67 and

1.77(each 3H, s, gem-dimethyl), 2.33[4H, m, (CH,),N], 3.35
(1H, d, J=10 Hz, CHN), 3.63[4H, m, (CH,),0], 5.30(1H,
d, /=10 Hz, CHSO,), and 7.2—7.8(5H, m, phenyl). Found:
C, 61.10; H, 7.23; N, 4.75%. Calcd for C;;H,;NO;S: C,
61.00; H, 7.17; N, 4.749%,. The trans isomer was also obtained
by treating the cis isomer or the isomeric mixture in methanol
containing a 0.02 part of sodium methoxide for about a week.
The trans isomer: colorless plates, mp 179—180 °C(lit, 181—
182 °C).2» IR(KBr): 1105 and 1298 cm~! (SO,;). NMR
(CDCl,): & 1.65 and 1.68(each 3H, s, gem-dimethyl), 2.26
[4H, m, (CH,),N], 3.10(1H, d, /=10 Hz, CHN), 3.64[4H,
m, (CH,),0], 5.13(1H, d, J=10 Hz, CHSO,), and 7.40(5H,
s, phenyl). Found: C, 60.89; H, 7.25; N, 4.75%. GCalcd
for G;;H,;;NO,;S: C, 61.00; H, 7.17; N, 4.74%,.
3-Morpholino-2-p-nitrophenyl-4,4-dimethylthietane  1,7-Dioxide

(2e). The NMR spectrum of the crude product showed
the peaks derived from both cis and trans isomers. The yield
of the product was 829, both in benzene and in THF. The
¢is isomer: NMR(CDClL;): 6 1.67 and 1.77(each 3H, s,
gem-dimethyl), 2.25[4H, m, (CH,),N], 3.41(1H, d, /=10 Hz,
CHN), 3.63[4H, m, (CH,),0], 5.40(1H, d, /=10 Hz, CH-
S0,), and 7.79 and 8.32(each 2H, d, /=9 Hz, phenyl). The
pure frans isomer was obtained by recrystallization of the
crude product from methanol: colorless plates, mp 193—
194°C. IR(KBr): 1115and 1305 cm=!(SO,). NMR(CD-
Cly): 6 1.67 and 1.69(each 3H, s, gem-dimethyl), 2.23{4H,
m, (CH,),N], 3.10(1H, d, J=10Hz, CHN), 3.61[4H, m,
(CH,),0], 5.17(1H, d, J=10 Hz, CHSO,), and 7.58 and
8.25(each 2H, d, J=9 Hz, phenyl). Found: C, 52.87; H,
5.97; N, 8.46%. Calcd for C;;H,N,O;S: C, 52.93; H,
5.92; N, 8.46%.

3-(9-Fluorenylsulfonyl ) -2-morpholinocyclohexene  (3a). A
white powder was afforded in 849, yield by adding a small
amount of cold petroleum ether to the oily residue. An
analytiacally pure sample was obtained by recrystallization
from methanol: colorless plates, mp 142—143 °C. IR(KBr):
1120 and 1315 cm=2(S0O,), 1653 cm~1(C=C). NMR(CDCl,):
d 1.25—2.75(6H, broad m, cyclohexane ring), 2.58[4H, m,
(CH,),N], 3.48[5H, m, (CH,),O and CHSO,], 5.28(1H, t,
J=3 Hz, vinyl), 5.58(1H, s, SO,CH-Ar), and 7.2—8.1(8H,
m, aromatic). Found: G, 70.48; H, 6.40; N, 3.319%.
Calcd for C,3H,;NO,S: G, 69.85; H, 6.37; N, 3.54%.

3-Diphenylmethylsufonyl-2-morpholinocyclohexene  (3b). A
white powder was obtained in 879, yield by adding a small
amount of cold petroleum ether to the oily residue and was
recrystallized from ethanol, giving the colorless plates, mp
150.5—151.5°C. IR(KBr): 1112 and 1305 cm™ (SO,),
1645 cm—* (C=C). NMR(CDCl): ¢ 1.3—3.2(6H, broad
m, cyclohexane ring), 2.76[4H, m, (CH,),N], 3.83[5H, m,
(CH,),O and CHSO,], 5.43(1H, t, /=4 Hz, vinyl), 6.02(1H,
s, SO,CH-Ar), and 7.3—8.0(10H, m, aromatic). Found:
C, 69.41; H, 6.96; N, 3.65%. Calcd for Cy;H,,NO;S: G,
69.50; H, 6.85; N, 3.529%,.

3-p- Nitrobenzylsulfonyl-2-morpholinocyclohexene (3e). The
NMR spectrum of the residue showed that the reaction pro-
ducts consisted exclusively of acyclic isomer. The crude pro-
duct was collected as white powder by adding cold methanol
to the residue in the yield of 88.5% in benzene and 939, in
THF. Recrystallization from methanol afforded analytically
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pure 3e: colorless needles, mp 181—182 °C. IR(KBr):
1128 and 1304 cm~! (SO,), 1639 cth—! (€=C). NMR(CD-
Cly): 6 1.5—2.7(6H, broad m, cyclohexane ring), 2.48—
3.35[4H, broad m, (CH,),N], 3.83[4H, m, (CH,),0O], 3.87
(1H, m, methylidyne), 4.40 and 4.73 (each 1H, ABq, J=
12.5 Hz, SO,CH,-Ph), 5.40(1H, t, J=3.5 Hz, vinyl), and
7.53 and 8.22 (each 2H, d, J=8.5 Hz, phenyl). Found:
C, 55.55; H, 6.02; N, 7.69%. Galcd for C,;;H,;,N,O;S:
C, 55.72; H, 6.05; N, 7.65%,.

7-Morpholino-8-p-tolyl-7-thiabicyclo[ 4.2.0)octane 7,7-Dioxide
(5¢c). The crude product consisted exclusively of cyclic
adduct; the peaks in the NMR spectrum which are derived
from trans-5¢ were weak and ambiguous. After careful re-
crystallization from cold methanol, analytically pure cis iso-
mer was isolated in the yield of 499, in benzene and 549, in
THF; its structure was established by means of NMR, using
Eu(dpm);. The cis isomer: colorless plates, mp 123—124
°C. IR(KBr): 1120 and 1320 cm—! (SO,). NMR(CD-
Cly): 6 1.3—2.8(8H, broad m, cyclohexane ring), 2.32(3H,
s, CH,), 2.47[4H, m, (CH,),;N], 3.30[4H, m, (CH,),0], 4.42
(1H, m, H,), 4.86(1H, s, H;), and 7.24 and 7.36(each 2H,
d, J=8.5 Hz, phenyl). Found: G, 65.06; H, 7.49; N, 4.16
%- GQaled for C;gH,;NO;S: C, 64.46; H, 7.51; N, 4.18%,.

7-Morpholino-8-phenyl-7-thiabicyclo[ 4.2.07octane 7,7-Dioxide
(5d).*® The mixture of c¢is and #rans cyclic adducts was
obtained when 1d was used. The NMR spectrum of the
residue showed that the reaction product consisted exclusively
of cyclic adduct. The yields were 879, both in benzene and
THF. The cis and trans isomers were isolated by careful
fractional recrystallization from methanol. The ratios of the
cis isomer were 819, in benzene and 70% in THF. Each
of the structures was confirmed by means of NMR using
Eu(dpm),, as described before. The cis isomer: white crys-
talline, mp 103—104.5 °C. IR(KBr): 1150 and 1314 cm—!
(SO;). NMR(CDCl;): ¢ 1.2—2.8(8H, broad m, cyclo-
hexane ring), 2.50[4H, m, (CH,),N], 3.30[4H, m, (CH,),O],
4.44(1H, m, H,), 4.92(1H, s, Hg), 7.37(5H, m, phenyl).
Found: GC, 64.04; H, 7.09; N, 4.87%. QCalcd for C,,Hy,-
NO,S: G, 63.53; H, 7.21; N, 4.36%. The trans isomer;
colorless prisms, mp 115—116 °C. IR(KBr):1140 and 1298
cm~! (SO,). NMR(CDCl;): 6 1.2—2.6(8H, broad m, cyclo-
hexane ring), 2.63[4H, m, (CH,),N], 3.80[4H, m, (CH,),0],
4.37(1H, m, Hy), 5.40(1H, s, H), and 7.2—7.7(5H, m, phe-
nyl). Found: G, 63.48; H, 7.22; N, 4.239%. Calcd for
C,,Hy$;NO,S: G, 63.53; H, 7.21; N, 4.36%.
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