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showed the presence of uncomplexed starting material, 1a. No
change was observed after several hours at —78°. When warmed
(—15 to 25°), the solution turned yellow and an orange precipitate
was formed; no uncomplexed starting material was evident in the
solution by tlc analysis. The collected, dried precipitate, which
appeared during 30 min at 25°, weighed 100 mg and accounted for
approximately 25% of the combined weight of the thioketal la
and the silver perchlorate. The precipitate (fraction A), resus-
pended in tetrahydrofuran, and the filtrate (fraction B) were
treated separately with hydrogen sulfide in ether and the result-
ing silver sulfide was removed. Water was added to each of the
filtrates, followed by extraction with ether. The solvents were re-
moved from the ether-soluble portions and the residues were sep-
arated by tlc (chloroform-acetone 95:5). From the original filtrate
(fraction B) unreacted starting material 1a was obtained; no la
was present in the precipitate (fraction A).

The components isolated from the precipitate (fraction A) were
3-thioindole,* 3-thioindolyl disulfide,* and 1-(2’-tetrahydropyr-
anyl)-3-thioindolyl disulfide (6a): mp 136-140°; nmr é 1.5-2.1 (m,
3’-5’-H), 3.68 (m, 6’-H), 4.0 (m, 6’-H), 5.39 (m, 2’-H), 6.9-7.6 (m,
2,4-7-H); mass spectrum m/e (rel intensity) 464 (3), 432 (4), 348
(4), 264 (19), 149 (100), 148 (20), 117 (20), 85 (60).

Reaction of Silver Complex 2a with Methyl lodide. To a so-
lution of silver complex 2a (methyl iodide was unreactive toward
la in the absence of silver ion) prepared in tetrahydrofuran as
described above was added an excess of methyl iodide. After sev-
eral hours at room temperature (at lower temperatures, no reac-
tion occurred) a yellow precipitate of silver iodide had formed.
The mixture was filtered, water was added to the filtrate, and the
solution was extracted with ether. By preparative chromatogra-
phy the starting thioketal (1a). 3-methylthioindole® (7), 1-(2’-tet-
rahydropyranyl)-3-(2’-tetrahydropyranylthio)indole (8a), and 1-
(2'-tetrahydropyranyl)-3-methylthioindole {9a) were isolated. 3-
Methylthioindole® (7) had nmr 6 2.32 (s, SMe), 7.05-7.24 (m,
2,5-7-H), 7.68 (m, 4-H), 7.9 (br, NH). 1-(2’-Tetrahydropyranyl)-
3-(2’-tetrahydropyranylthio)indole (8a) had nmr § 1.5-2.1 (m,
3-5’, 3''-5"".H), 3.4-3.8 (m, 6’,6"-H), 3.9-4.2 (m, 6’,6"’-H), 4.80
(m, 2’-H), 5.38 (m, 2”’-H), 6.9-7.7 (m, 2,4-7-H); mass spectrum
m/e (rel intensity) 317 (11), 233 (43), 149 (100), 117 (6), 85 (63).
1-(2’-Tetrahydropyranyl)-3-methylthicindole (9a) had nmr é 1.5-
2.1 (m, 3-5’-H), 2.29 (s, SMe), 3.60 (m, 6’-H), 4.0 (m, 6-H),
5.32 (dd, J1 = 8, J2 = 4 Hz, 2’-H), 7.0-7.4 (m, 2,5-7-H), 7.62 (m,
4-H); mass spectrum m/e (rel intensity) 247 (51), 163 (100), 148
(32), 117 (6), 85 (50). ‘

Reactions of Raney Nickel with 3-(2’-Tetrahydropyranyl-
thio)indole (1a), 3-Methylthioindole? (7), and 1-(2’-Tetrahydro-
pyranyl)-3-methylthioindole (9a). A few milligrams of la, 7, or
9a in methanol was treated with a large excess (ca. tenfold by
weight) of Raney nickel. After standing at room temperature for
0.5 hr, the suspension was filtered and the filtrate was evapo-
rated. In the case of 1a or 7, the resulting product was identified
as indole by tlc and comparison of spectra. In the case of 9a the
product was indistinguishable from 1-(2’-tetrahydropyranyl)in-
dole (4a), prepared as described.
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Stereoselective Formation of Some Thietane 1,1-Dioxides
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The reaction of substituted methanesulfonyl chlorides and ethanesulfonyl chlorides with triethylamine in the
presence of 2-methyl-1-propenylamines is discussed. The observed stereoselectivity in the formation of products
can be explained on the basis of a zwitterionic intermediate or a concerted [+2; + »25] process.

The chemistry of sulfenes has received considerable at-
tention in the past decade and several reviews have ap-
peared.! The reaction of sulfenes with enamines is proba-
bly the most extensively investigated reaction of these
chemical intermediates, but data concerning the stereo-
chemistry of the products derived from the reaction of

substituted sulfenes with enamines is meager and incon-
clusive.2 The present study deals with the stereochemistry
of the products obtained in the reaction of a number of
substituted methanesulfonyl and ethanesulfonyl chlorides
with triethylamine in the presence of N,N-disubstituted
2-methyl-1-propenylamines.



1110 J. Org. Chem., Vol. 39, No. 8, 1974

Table I
|
RC==S0, —No _CH
I + /C=C\ —_—
R H CH;
Sulfene Y
R, R,
R'e~—g80, Re~{(—30,
o o—ciom, H-~0—C(cHy,
~ ~a
/N /l\
cis trans
. %
Compd R’ R Y % cis yield®
1 p-CH.CH; H I 82 500
2 C:H; H I 74 94
3 CeH; H 1I 77 100
4 CeH H II1 73 100
5 p-CHCl H I 62 75%
6 p-CHNO; H I 0 69
7 Cl H I 65 34%
8 Cl CH; 1 72 77
9 Cl CH; I 77 100
10 Cl CH; 111 85 98
11 Cl CH; IAY 72 100
12 Br H I 59 430
13 Br H II 67 100
14 Br H 11T 73 100
15 I H I 63 82
16 CN H I 0 42
17 CN CH; I 84 49%
18 CN CH; 11 83 83
19 CN CH; IIT 74 81
20 CN CH,; v 72 63
21 CH; H I 42 24¢
22 n-C;H- H I 39 32¢
23 CH,C:H; H I 45 98
24 O=CC¢H; H I 0 d
25 O=CCsH; H II 0 64
26 O0=CCH; H III 0 88
27 0=COEt CH; II 0 93
28 O0=COEt CH; 111 27 89

@ Crude yield. ® Yield after recrystallization. ¢ Yield after
distillation; extensive decomposition occurred with the
formation of polymeric tars. ¢ Decomposed on standing.

Results

The reaction of mono- and disubstituted sulfenes with
the following enamines, N, N-dimethyl-2-methyl-1-propen-
ylamine (I), 2-methyl-1-propenylpyrrolidine (II), 4-(2-
methyl-1-propenyl)morpholine (III), and N, N-diisopropyl-
2-methyl-1-propenylamine (IV), led almost exclusively to
a mixture of cis- and trans-substituted thietane 1,1-diox-
ides.® Surprisingly, in a large number of examples (see
Table I, 1-5, 7-15, 17-20), the preferred orientation in
these cyclic sulfones was one in which the amino moiety
and the sulfene substituent (other than alkyl) were in the
less thermodynamically stable cis arrangement. A sum-
mary of the results of these experiments is presented in
TableI.

The cis percentages were determined: by nmr analysis of
crude reaction products obtained as explained in the Ex-
perimental Section. To avoid erroneous results due to pos-
sible differing solubilities of isomeric cycloadducts in the
nmr solvent, samples for analysis were obtained by dis-
solving the entire crude residue in the solvent and analyz-
ing an aliquot of this. In the experiments employing sub-
stituted methanesulfonyl chlorides, pure trans cycload-
ducts could be obtained quantitatively by equilibrating
the isomeric mixtures with potassium tert-butoxide in
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tert-butyl alcohol for a period of from 1 day to 2 weeks.
Further evidence for the stereochemical assignments to
the products will be presented later.

Discussion

An investigation of the current literature on the addi-
tion of sulfenes to enamines suggests that this reaction
may proceed via a two-step process.t® Scheme I illus-
trates this stepwise process for the reaction of a-toluen-
esulfonyl chloride with triethylamine in the presence of
N, N-dimethyl-2-methyl-1-propenylamine. ‘

A rationale for the formation of the less stable cis iso-
mer can be postulated based on the above reaction
scheme in that electrostatic attractions between the posi-
tive and negative charges of the 1,4-dipolar intermediate,
which can be delocalized by the amino and phenyl
moieties, respectively, should favor cis geometry.® Even in
those cases where the electronegative group stabilizing the
carbanion moiety of the postulated intermediate is limit-
ed in its ability to delocalize the charge via resonance
(i.e., halides)” cis preference was still observed. The data
in Table I, demonstrating that cis preference was not ob-
served for substrates incapable of appreciable negative
character 8 to the sulfonyl group in the zwitterionic inter-
mediate, offers support for this theory (e.g., Table I, 21-
23).

A concerted process [r23 + 24] could conceivably ac-
count for cis preference in the geometry of these products
if steric considerations are taken into account along with a
secondary orbital interaction between the amine lone pair
and the 7 framework of the sulfene. Current theory re-
quires that for this concerted process one unsaturated sys-
tem must approach the other with an orthogonal orienta-
tion.® A cursory analysis of these interactions gives the
following orientations as the most probable in the transi-
tion state for the reaction of phenylsulfene and III.

H N/—\O H N 0
@ NP, @ NS
. c
C=|=50, or §C‘=:=:'——-;SO2
H/ c” H/ cr
VAN VRN
H;C CH, H,C CH;
A B

Either frontal or rear attack by sulfene on this enamine
should yield the cis cycloadduct. If the reaction, however,
were indeed proceeding via this mechanistic scheme, cis
preference should not be limited to those cases involving
electronegative substituents. As already indicated, ali-
phatic sulfonyl chlorides react under these conditions to
give predominantly trans cycloadducts (Table I, 21-23). If
only conventional steric factors are considered, the alter-
nate geometry would be expected from a concerted [,2s +
#25] process,

A third alternative explanation which should not be over-
looked is the concerted [;25 + 23] process. Although this
process is thermally disallowed by Woodward-Hoffmann
rules; recent theoretical considerations indicate that this
would be the favored mode of addition in the case of cyclo-
addends of substantially different electron-accepting and
-donating abilities and has been invoked to explain the re-.
sults of the cycloaddition reactions of ketenes.%2 In the re-
action of sulfenes, a concerted process of this type coupled
with the secondary electronic effects possible between the
electron-donating amine moiety and the electron-attracting
substituents of the sulfene moiety would sufficiently explain
the results obtained in the course of this investigation. In
the absence of the electron-attracting substituents trans
products would predominate.
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Scheme I
PhCH,SO,Cl
+ —> [PhCH=S0,]
Et3N H,C
+ \N\ /CHS
H;,C/ /C=C\
H CH,
/'H
&
g0,
HBC\ + /H
%N=C /CHS
H,C \C\
CH;
! l }
H Ph\
H.C Q,:C—-SOQ t-BuO"K*  H.C .-C—80,
3 Ph I |/CH3 -— 3 \H I |/CH3
Ne~C —C +-BuOH /NQ’C— -
ch H,r \CHB (quantitative) HSC H’ CHa
26% (trans) 74% (cis)

Preliminary results of semiempirical SCF-MO calcula-
tions do not support the idea of a stereochemistry-main-
taining cisoid dipolar intermediate and thus lends fur-
ther support to the pericyclic [25 + »25] process.®® It is
of interest to note that the difference between the [,2; +
+2s] process and the cisoid dipolar intermediate may be
merely one of semantics and that the [2; + 2] complex
and the so-called dipolar intermediate are in fact one and
the same species.

In the reaction of para-substituted phenylsulfenes a no-
ticeable decrease in cis preference is observed in going
from electron-donating to electron-withdrawing substitu-
ents. Whether this is due largely to substituent effects in
the postulated intermediates or to differing rates of post-
isomerization in the products is still unclear. The effect
of electron-withdrawing substituents on the aromatic ring
on the intermediate zwitterion would be twofold: first, the
intermediate carbanion moiety would be stabilized to a
greater extent and perhaps permit an increased produc-
tion of the more thermodynamically stable trans product;
and second, the substituent would disperse the negative
charge to a greater degree and reduce the “effective” elec-
trostatic attractions. However, once the product has been
formed, it is itself capable of postisomerization via carb-
anion formation at the 4 position. During the early stages
of the reaction, triethylamine is in excess and the cycload-
ducts themselves contain a tertiary amine, either of which
should be capable of catalyzing the isomerization. This
isomerization was demonstrated to occur in the presence
of EtgN for the product mixture from the reaction of
phenylsulfene and I but only slowly (see Experimental
Section). This indicated that the substituents do play a
role in the stereochemical course of the reaction but in
order to assess the relative contribution of postisomeriza-
tion in products 1-6 the substituted a-phenylethanesul-
fonyl chlorides!® would need to be employed. Attempts to
prepare these compounds, however, were not successful.

Postisomerization in the case of the less acidic halocy-
cloadducts does not appear to be a problem, since pure
cis-2,2-dimethyl-3-(N, N-dimethylamino)-4-chlorothietane
1,1-dioxide remained unchanged when treated with an
equimolar amount of triethylamine in anhydrous diethyl
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ether for 3 days or acetonitrile for 1 day. The apparent
“anomalies” associated with the products derived from
benzoyl and cyanosulfenes are easily understood on the
basis of this postisomerization phenomena due to the en-
hanced acidity of the 4 hydrogen in these cycloadducts.!

The results obtained with the substituted ethanesulfon-
yl chlorides are more significant on the basis that carban-
ion formation at the 4 position and subsequent isomeriza-
tion is no longer possible. For the reactions of both a-cya-
noethanesulfonyl chloride and «-chloroethanesulfonyl
chloride, cis cycloaddition products predominated (Table
I, 8-11 and 17-20). With the former reaction, the results
indicated that postisomerization was probably operative
(Table I, 16). The products derived from «-chloroethan-
esulfonyl chloride had a higher cis/trans ratio than was
true for the chlorosulfene cycloadducts (see Table I, 7-11),
but this may simply reflect the decreased thermodynamic
differences between the two isomers. Equilibration at-
tempts, under reaction conditions, of pure cis-7 afforded
only cis isomer on work-up, demonstrating that postisom-
erization for this system was not occuring.

The results with «-carbethoxyethanesulfonyl chloride
(Table I, 27 and 28) were, however, puzzling at first in
view of the postulated reaction scheme. This substrate
was reported to react with triethylamine in the presence
of 2-methyl-1-propenylpiperidine to give exclusively the
trans cycloadduct in an 83% yield.2> The fact that ethyl
chlorosulfonylacetate (EtO2CCH2S02Cl) gave only trans
products was understandable owing to the ease of isomer-
ization expected for this product, but, as in the case of
the cyanosulfenes (Table I, 17-20), a predominance of cis
product was expected in the former reaction. Our own ex-
periments confirmed the earlier report in that trans prod-
ucts predominated. A closer inspection of molecular
framework models then revealed that for a zwitterionic in-
termediate of this type, with extensive delocalization of
charges, electrostatic forces could effectively stabilize
both cis and trans zwitterionic precursor forms. If this is
the case, then the more thermodynamically stable product
would be expected to predominate and steric factors
would dictate product distribution. Several attempts were
made to prepare and isolate the interesting a-benzoyl-
ethanesulfony! chloride to further test this hypothesis,
but they were unsuccessful.12

There has been some speculation in the literature2a.p.13
that the Karplus correlation# is reliable for the thietane
1,1-dioxide ring system and hence applicable for assigning
the cis-trans geometry of this ring system. The coupling
constants observed in the cis and trans cycloadducts ob-
tained during this investigation did not bear this out (see
Experimental Section). A recent application of shift re-
agent, Eu(fod)s, to this problem has allowed for an unam-
biguous designation of the stereochemistry of the products
derived from bromosulfene and 1-(morpholino)cyclohex-
ene.2d The results of this investigation confirmed earlier
structural assignments based on equilibration data. An
extension of these nmr data to the data obtained from the
cycloadducts prepared in this investigation, coupled with
the equilibration studies, allows their stereochemical as-
signments to be unambiguously made.

Another method, which has proved most helpful with
products derived from disubstituted sulfenes, was re-
ported recently for «-halothietane 1,1-dioxides.2¢ When a
mixture of cis and trans isomers, e.g., 9, was subjected to
treatment by aqueous alkali followed by acidic work-up,
the keto sulfone 2,4,4-trimethylthietan-3-one 1,1-dioxide
(D) and the pure trans cycloadduct (10) were obtained.

The absolute stereochemistry of these trans cycload-
ducts has been confirmed by X-ray diffraction data on
pure trans-10,15 A comparison of nmr chemical shift data
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of these known systems with that of the similarly substi-
tuted cycloadducts (Table I, 17-20) shows definite trends
and similarities and allows for unambiguous stereochemi-
cal assignments.28

Conclusion

The question of whether or not sulfene reactions with
enamines are concerted or stepwise processes is still not
definitively resolved. Certainly these are limiting cases
and perhaps the course of the reaction of sulfenes with
enamines depends on the nature of the reactants. In those
cases where electron-withdrawing groups are present to
stabilize a zwitterionic intermediate, perhaps the reac-
tions are more stepwise in character, whereas, when these
groups are ahsent, such as with sulfene itself, there is a
“substantial degree of concertedness” 3 to the cycloaddi-
tion. The nature of the reactive sulfenes and the instabili-
ty of the cis enamines makes this problem even more dif-
ficult to resolve. The reaction could indeed be a concerted
process and the stereochemical consequences dependent
on the properties of the cycloaddends as suggested by Ep-
iotis,? and not a consequence of a dipolar intermediate.
The mechanism of this reaction thus remains obscure but
the steroechemical outcome of these reactions is indeed in-
teresting to note.

Experimental Section

All reactions were performed in a nitrogen atmosphere. The
nmr spectra were recorded on a Varian A-60A instrument in
CDCl; with trimethylsilane as the internal standard and the data
for cis isomers were obtained from mixtures except where noted.
The infrared (ir) spectra were recorded on a Beckman IR-33 or a
Perkin-Elmer Infracord. All melting points and boiling points are
uncorrected. Ethanesulfonyl, butanesulfonyl, and «-toluenesul-
fonyl chlorides were obtained from Eastman Organic Chemicals

(White Label). The following sulfonyl chlorides were prepared ac- -

cording to the literature: haloalkanesulfonyl chlorides,16-19 cy-
anoalkanesulfony! chlorides,?® «-carbethoxyethanesulfonyl chlori-
de,2> B3-phenylethanesulfonyl chloride,*® benzoylmethanesulfonyl
chloride,?? and para-substituted «-toluenesulfonyl chlorides.22
Triethylamine, obtained from Matheson Coleman and Bell, was
distilled from «-naphthyl isocyanate (2%), bp 88-89°, and stored
over sodium hydroxide prior to use.?2® The enamines were also
prepared according to the literature, enamines I, II, and III by the
reaction of isobutyraldehyde (flash distilled, Aldrich) with the
appropriate freshly distilled amine in the presence of TiCl42¢ and
IV {bp 55-56° (17 mm), n®% 1.4310] by the reaction of the alde-
hyde with diisopropylamine (Matheson Coleman and Bell) in the
presence of molecular sieves.25 No attempt was made to maxi-
mize the isolated purified yields of the cycloadducts. Microana-
lyses were performed by Dr. C. S, Yeh and staff.
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General Procedure for Preparing Thietane 1,1-Dioxide De-
rivatives from Monosubstituted Sulfonyl Chlorides. To an eth-
ereal solution of 1.0 equiv of the enamine and 1.0 equiv of trieth-
ylamine at room temperature, an ethereal solution of 1.0 equiv of
the sulfony! chloride was added dropwise over a period of 10-30
min. After the addition was complete, the reaction was stirred for
an additional 30 min. Triethylammonium chloride was then fil-
tered and washed with several small portions of diethyl ether.
The combined filtrate and washings were then evaporated in
vacuo, affording a crude residue which after drying over P2Oj
under reduced pressure for several hours was dissolved in CDCl3.
After an aliquot of this was analyzed via nmr the solvent was
again removed in vacuo and the residue was recrystallized from a
suitable solvent. Pure trans isomers were obtained by stirring iso-
meric mixtures (~2.0 g) with a catalytic amount of potassium
tert-butoxide (~0.1 g) in tert-butyl alcohol for a period of from 1
day to 2 weeks, Recrystallization or sublimation gave analytically
pure products.

2,2-Dimethyl-3-(N, N-dimethylamino)-4-p-tolylthietane 1,1-
Dioxide (1). The cis-trans mixture was prepared on a 0.1-molar
scale according to the general procedure. The isomeric mixture
would not crystallize: nmr (CDCl3) cis 6 1.58 and 1.72 (s, 3 H
each, gem-dimethyl groups), 2.03 [s, 6 H, N(CHj),] 2.29 (s, 3 H,
PhCH3), 3.13 (d, /' = 10 Hz, 1 H, NCH), 5.25 (d, J = 10 Hz, 1 H,
CHSOy), 7.13 and 7.53 (m, 2 H each, ortho and meta aromatic
H). An analytical sample of the trans isomer was obtained after
isomerization of the crude material for 1 day as described above,
recrystallization from methanol, and sublimation at 100° (0.4
mm): mp 134°%; ir (KBr) (SOgz) 1305, 1285, 1160, 1110, and 1045
cm~Y; nmr (CDClg) 6 1.61 and 1.67 (s, 3 H each, gem-dimethy!
groups), 2.06 [s, 6 H, N(CHa)2], 2.33 (s, 3 H, PhCH3), 2.92 (d, J
= 10 Hz, 1 H, CHN), 5.06 (d, J = 10 Hz, 1 H, CHSO3), and 7.27
(m, 4 H, aromatic H).

Anal. Caled for C14H21NO2S: C, 62.88; H, 7.92; N, 5.24; S,
11.99. Found: C, 62.87; H, 8.07; N, 5.02; S, 12.20.

2,2-Dimethyl-3-(N, N-dimethylamino)-4-phenylthietane 1,1-
Dioxide (2). A cis-trans mixture was obtained on a 0.l-molar
scale in an 82% yield after recrystallization from 95% ethanol:
nmr (CDCls) cis 6 1.63 and 1.75 (s, 3 H each, gem-dimethyl
groups), 2.08 [s, 6 H, N(CHj)2], 3.18 (d, J = 10 Hz, 1 H, CHN),
5.29 (d, J = 10 Hz, 1 H, CHSO3), and 7.25-7.80 (m, 5 H, aromat-
ic H). Equilibration of a 2.0-g sample of the isomeric mixture
with 0.1 g of potassium tert-butoxide in 50 ml of tert-butyl alco-
hol for 3 days followed by solvent removal afforded 2.0 g of the
isomerically pure trans cycloadduct. Recrystallization from 95%
ethanol afforded an analytically pure sample: mp 164° (lit.2¢ mp
165-166); ir (KBr) (803) 1290, 1115, and 1050 em—1; nmr (CDClg)
4 1.63 and 1.67 (s, 3 H each, gem-dimethyl groups), 2.05 [s, 6 H,
N(CHs)z], 2.95 (d, J = 10 Hz, 1 H, CHN), 5.09 (d, J = 10 Hz, 1
H, CHSO;), and 7.39 (s, 5 H, aromatic H).

Anal. Caled for C13H19NQ2S: C, 61.63; H,
12.65. Found: C, 61.80; H, 7.29; N, 5.50; S, 12.77.

2,2-Dimethyl-3-(N-pyrrolidino)-4-phenylthietane 1,1 Dioxide
(3). This material was isolated on a 0.01-molar scale as the trans
cycloadduct after stirring the initial crude reaction products with
0.2 g of potassium tert-butoxide in 50 ml of tert-butyl alcohol for
40 hr and recrystallization from 95% ethanol: nmr (CDCls) cis §
1.60 and 1.70.(s, 3 H each, gem-dimethyl groups), 1.42 and 2.20
(m, 8 H, pyrrolidino H), 3.28 (d, J = 10 Hz, 1 H, CHN), 5.28 (d,
J = 10 Hz, 1 H, CHSO3), 7.23-7.82 (m, 5 H, aromatic H). Pure
trans cycloadduct had mp 136-137.5° [lit.27 mp 161° (ligroin)]; ir
(KBr) (SO2) 1310, 1300, and 1105 cm—1; nmr (CDCl3) 6 1.65 (s, 6
H, gem-dimethy! groups), 1.42 and 2.10 (m, 8 H, pyrrolidino H),
3.05 (4, J = 10 Hz, 1 H, CHN), 5.08 (d, J = 10 Hz, 1 H, CHSO,),
and 7.40 (s, 5 H, aromatic H).

2,2-Dimethyl-3-(N-morpholino)-4-phenylthietane 1,1-Diox-
ide (4). This reaction was carried out on a 0.01-molar scale to give
a quantitative yield of an isomeric mixture of products: nmr
(CDCl3) cis 6 1.62 and 1.73 (s, 3 H each, gem-dimethyl groups),
2.26 {m, 4 H, (CH2)2N], 3.30 (d, J = 10 Hz, 1 H, CHN), 3.55 [m,
4 H, (CH2)20], 5.33 (d, J = 10 Hz, 1 H, CHSOy), and 7.25-7.78
(m, 5 H, aromatic H). The crude material was dissolved in 75 ml
of tert-butyl alcohol and 0.2 g of potassium tert-butoxide was
added. After stirring at room temperature for 2 days, work-up
and recrystallization from 95% ethanol afforded a 73% overall
yield of pure trans cycloadduct: mp 181-182.5° ir (KBr) (SO3)
1310 and 1110 em~1; nmr (CDCls) § 1.60 and 1.63 (s, 3 H each,
gem-dimethyl groups), 2.23 [m, 4 H, (CHz)2N], 3.08 (d, J = 10
Hz, 1 H, CHN), 3.55 [m, 4 H, (CH;)20], 5.10 (d, J = 10 Hz, 1 H,
CHSOs,), and 7.37 (s, 5 H, aromatic H).

4-p-Chlorophenyl-2,2-dimethyl-3-(N, N-dimethylamino)thie-

7.56; N, 5.53; S,
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tane 1,1-Dioxide (5). A mixture of cis and trans cycloadducts
was obtained in a 75% yield on a 0.05-molar scale according to
the general procedure: nmr (CDCls) ci§ 6 1.63 and 1.73 (s, 3 H
each, gem-dimethyl groups), 2.10 [s, 6 H, N(CHjs)2), 3.15 (d, J =
10 Hz, 1 H, CHN), 5.25 (d, J = 10 Hz, 1 H, CHSO:), and 7.22-
772 (m, 5 H, aromatic H). Recrystallization of the mixture from
methanol afforded a 45% yield of trans cycloadduct which was
purified further by sublimation at 121° (0.4 mm): mp 138° ir
(KBr) (SO2) 1310, 1118, and 1050 cm—1; nmr (CDCl3) 6 1.64 and
.1.68 (s, 3 H each, gem- dlmethyl groups), 2.08 [s, 6 H, N(CHs)2],
2.88 (d, J = 10 Hz, 1 H, CHN), 5.08 (d, J— 10 Hz, 1 H, CHSO3),
and 7.42 (s, 5 H, aromatic H).

Anal. Caled for C13H1sCINO2S: C, 54.25; H, 6.30; Ci, 12.32; N,
4.87; S, 11.14. Found: C, 54.50; H, 6.46; Cl, 12.54; N, 4.76; S,
11.18.

2,2-Dimethyl-3-(N, N-dimethylamino)-4-p-nitrophenylthie-
tane 1,1-Dioxide (6). The starting sulfonyl chloride (p-nitro-a-
toluenesulfonyl chloride) is only slightly soluble in Etz0; so 0.05
mol was suspended in 250 m! of Et20 and a solution containing

the enamine I (0.05 mol) and triethyamine (0.05 mol) was slowly .

added to it. In this fashion only trans cycloadduct was obtained.
According to the general procedure, employing a large volume of
Et,0 (800 ml) to dissolve the acid chloride, only trans isomer was
again obtained. Products 1, 2, and 5 were also prepared by this
inverse addition route but no differences were observed in the cis/
trans ratios. The product 6 was also only moderately soluble in
Et;0 but an nmr analysis. of the solid filtered off indicated only
trans isomer along with triethylammonium chloride. An analyti-
cal sample was obtained by sublimation at 110° (0.1 mm): mp
154-155°; ir (KBr) (SO») 1300, 1118, 1050 and (NO2) 1520 and 1345
cm~1; nmr (CDClz) 6 1.67 and 1.70 (s, 3 H each, gem-dimethyl
groups), 2.08.[s, 6 H, N(CHjs)2], 2.98 (d, J = 10 Hz, 1 H, CHN),
5.21 (d, J = 10 Hz, 1 H, CHSO3), and 7.63 and 8.27 (m, 2 H each,
ortho and meta aromatic H)

Anal. Caled for C13H1sN20,S: C; 52.33; H, 6.08; N, 9.39; S,
10.75. Found: C, 52.49; H, 6.24; N, 9.16; S, 1088

4-Chloro-2,2-dimethyl-3-(N,N-dimethylamino)thietane 1,1-
Dioxide (7). Fractional recrystallization of the crude reaction
product obtained from 0.1 mol of reactants according to the gen-
eral procedure afforded 13.5% pure cis cycloadduct: mp 102-103°;
ir (KBr) (SOg) 1330, 1310, 1180, and 1060 cm~?1; nmr (CDCl3) é
1.56 and 1.75 (s, 3 H each, gem-dimethyl groups), 2.30 [s, 6 H,
N(CHs)z), 2.94 (d, J = 7 Hz, 1 H, CHN), 5.33 (d, J = 7 Hz, 1 H,
CHSO3).

Anal. Caled for CsH;4CINO2S: C, 39.71; H, 6.64; Cl, 16.76; N,
6.61; S, 15.15. Found: C, 40.00; H, 6.76; Cl, 16.85; N, 6.59; S,
15.42.

Further crystallizations afforded only cis-trans mixtures
(20. 5%) which were then equilibrated (as described previously)
for 4 days to vield pure trans product: mp 82-83°; ir (KBr) (SO3)
1320, 1170, 1120, and 1060 cm~—1; nmr (CDCl3) 6 1.56 and 1.58 (s,
3 H each, gem-dimethyl groups), 2.27 [s, 6 H, N(CHs)z], 2.63 (d,
J=8Hz, 1H, CHN), 5.27 (d,J = 8 Hz, 1 H, CHSO3).

4-Bromo-2,2-dimethyl-3-(N, N-dimethylamino)thietane 1,1-
Dioxide (12). A cis-trans mixture was obtained in a 43% yield on
a 0.1-molar scale after recrystallization from 95% ethanol: nmr
(CDCl3) cis 6 1.54 and 1.78 (s, 3 H each, gem-dimethyl groups),
2.30 [s, 6 H, N(CHs)2], 2.83 (d, J = 7 Hz, 1 H, CHN), 5.48 (d, J
= 7 Hz, 1 H, CHSOj3). Equilibration as before for 3 days afforded
pure trans cycloadduct, which was purified by sublimation at 58°
(0.3 mm): mp 83-84°; ir (KBr) (SO3) 1315, 1160, 1110, and 1050
cm~1; nmr (CDCls) 6 1.56 and 1.58 (s, 3 H each, gem-dimethyl
groups), 2.28 [s, 6 H, N(CHa)2}, 2.77 (d, J = 8 Hz, 1 H, CHN),
5.35(d,J = 8 Hz, 1 H, CHSO3).

Anal. Caled for CtH14BrNO2S: C, 32.81; H, 5.47; Br, 31.22; N,
5.47; S, 12.53. Found: C, 33.10; H, 5.64; Br, 31.00; N, 5.20; S,
12.70.

4-Bromo-2,2-dimethyl-3-(N-pyrrolidino)thietane 1,1-Dioxide
(13), The cis-trans mixture was obtained in a crude quantitative
yield on a 0.01-molar scale; nmr (CDClg) cis § 1.56 and 1.77 (s, 3
H each, gem-dimethyl groups), 1.57 and 2.40 (broad m, 8 H, pyr-
rolidino H), 2.88 (d, J = 6.5 Hz, 1 H, CHN), 5.47 (d, J = 6.5 Hz,
1 H, CHSO;). Equilibration of the crude material for 6 days and
recrystallization from 95% ethanol gave a 64% yield of the trans
isomer: mp 81-82°% ir (KBr) (SO2) 1320, 1310, 1175, and 1110
cm~1; nmr (CDCls) 6 1.57 and 1.62 (s, 3 H each, gem-dimethy!
groups), 1.56 and 2.43 (broad m, 8 H, pyrrolidino H), 2.90 (d, J =
8 Hz, 1 H, CHN), 5.33 (d, J = 8 Hz, 1 H, CHSO3).

4-Bromo-2,2-dimethyl-3-(N-morpholino)thietane 1,1-Dioxide
(14), The crude cis-trans mixture was obtained in a quantitative
yield on a 0.01-molar scale according to the general procedure:

113° (0.05 mm); nmr (CDClg) cis 6 097 (t, J =
CHoCHs), 1.2-2.45 (m 4 H, CHy’s), 1.51 and 1.62 (s, 3 H each,
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nmr (CDCla) cis 6 1.57 and 1.78 (s, 3 H each, gem-dimethyl
groups), 2.52 [m, 4 H, (CHj3)2N], 296 (d, J = 7 Hz 1 H, CHN),
3.71 [m, 4 H, (CHz) 20], 552 (d,J =7Hz 1H, CHSOz) After
equilibration, as before, for 4 days the pure trans isomer was ob-
tained in a 50% yield recrystallized from 95% ethanol: mp 141-
143°; ir (KBr) (SOz) 1310, 1110, and 880 cm~1; nmr (CDCl3) 6
1.57 and 1,78 (s, 3 H each, gem-dimethyl groups), 2.50 [m, 4 H,

(CH2)2N}, 2.90 (d, J = 8.5 Hz, 1 H, CHN), 372 [m, 4 H,

(CH2)20],5.39 (d,J = 85Hz, 1H, CHSOz)‘
2,2-Dimethyl-3-(N, N-dimethylamino)-4-iodothietane 1,1-

Dioxide (15). The crude mixture of cis and trans cycloadducts

was obtained in an 83% yield on a 0.01-molar scale: nmr (CDCls)
cis & 1.51 and 1.83 (s, 3 H each, gem-dimethyl groups), 2.31 [s, 6
H, N(CHzs)2), 2.24 (d, J = 75Hz, 1 H, CHN), 5.73 (d J =175
Hz, 1 H, CHSO;). Pure trans isomer was obtained only after
equilibration, as before, for 2 weeks. The cycloadduct was very
hygroscopic: ir (CHCls) (802) 1330, 1170, and 1055 cm~1. It was,
therefore, converted to the picrate for analysis: mp 152-156°; ir
(KBr) (NOg2) 1645, 1630, and 1340, (SO3) 1328 cm-1.

Anal. Caled for C13H17IN,OeS: C, 29.55; H, 3.21; I, 23.80.
Found: C, 29.65; H 3.49; 1, 23.98.

4-Cyano-2,2-dimethyl-3-(N, N-dimethylamino)thietane 1,1-
Dioxide (16). The crude reaction material was obtained in a 42%
yield according to the general procedure on a 0.02-molar scale.
The crude material, mp 95-108°, was sublimed at 65° (2 mm) to
yield a product, mp 98-108°. Equilibration for 3 days had no ef-
fect on the nmr and an attempt to prepare the picrate was unsuc-
cessful: ir (KBr) (CN) 2270, (SOg) 1335, 1170, 1125, and 1065
cm-1; nmr (CDCl3) 6 1.60 and 1.63 (s, 3 H each, gem-dimethyl
groups), 2.30 [s, 6 H, N(CH3)z], 2.91 (d,J = 9 Hz, 1 H, CHSO3).

3-(N, N-Dimethylamino)-2,2,4-trimethylthietane 1,1-Dioxide
(21). A cis-trans mixture of this material was obtained according
to the general procedure after distillation of the crude material:
bp 118-120° (2.5 mm); nmr (CDCl;) cis 6 1.44 (d,J = 7 Hz, 3 H,
CHCHj3;), 1.48 and 1.58 (s, 3 H each, gem-dimethyl groups), 2.20
[s, 6 H, N(CHj)e], 2.72 (d, J = 8.5 Hz, 1L H, CHN), 4.03 (m, 1 H,
CHSO3). Equilibration for 1 day under the usual conditions af-
forded pure trans cycloadduct: bp 89° (0.3 mm); ir (salt plates)
(S0O32) 1300, 1285, 1110, and 1040 em~1; nmr (CDClg) 6 1.43 (d, J
= 7 Hz, 3 H, CHCH3), 1.49 and 1.52 (s, 3 H each, gem-dimethyl
groups), 2.18 (d, J = 9 Hz, 1 H, CHN), 2.20 [s, 6 H, N(CHj)z],
4.03 (octet,J = 9and 7 Hz, 1 H, CHSOs,).

Anal. Caled for CgH17N028 C, 50.23; H, 8.96; N, 7.32; S,
16.76. Found: C, 50.00; H, 8.94; N, 7.29; S, 16.56.

2,2-Dimethyl-3-(N,N-dimethylamino)-4-n-propylthietane
1,1-Doxide (22). A cis-trans mixture was obtained from the
crude reaction material on a 0.1-molar scale after distillation: bp
6.5 Hz, 3 H,

gem-dimethyl groups), 2.20 [s, 6 H, N(CH3z)z], 2.74 (d, J = 9 Hz,
1 H, CHN), 391 (m, 1. H, CHSOz) Equilibration for 1 day af-
forded pure trans cycloadduct: bp 95-100° (0.4 mm); ir (salt
plates) (SOg) 1300, 1115, and 1050 cm-1; nmr (CDCl3) § 0.97 (t, J
= 6.5 Hz, 3 H, CH.CH3), 1.2-2.3 (m 4 H, CHy’s), 1.50 and 1.53
(s, 3 H each, gem-dimethyl groups), 2.20 [s, 6 H, N(CHs)2}, 2.19
(d,J =9Hz, 1H, CHN), 3.88 (m,J = 9Hz, 1 H, CHSOz)

Anal. Calcd for C10H21NO2S: C, 54.78; H, 9.61; N, 6.39; S,
14.63. Found: C, 54.54; H, 9.52; N, 6.21; S, 14.43.

4-Benzyl-2,2-dimethyl-3-(N, N-dimethylamino)thietane 1,1-
Dioxide (23). The crude cis-trans mixture of the cycloadduct,
prepared on a 0.1-molar scale, defied crystallization: nmr
(CDCls) cis 6 1.47 and 1.62 (s, 3 H each, gem-dimethyl groups),
2.15 (8, 6 H, N(CHjs)2], 2.74 (d, J = 9 Hz, 1 H, CHN), 2.95-3.45
(m, 2 H, PhCHy), 3.9-4.35 (m, 1 H, CHSOy), 7.23 (s, 5 H, aro-
matic H). The crude material was therefore equilibrated for 1
week and the resulting residue was recrystallized from methanol
to give a 57% yield of the trans isomer: mp 97-98°; ir (KBr) (SO2)
1300, 1290, and 1115 cm~?; nmr (CDCls) & 1.53 (s, 6 H, gem-di-
methyl groups), 2.23 [s, 6 H, N(CHa)z], 2.36 (d, J = 8.5 Hz, 1 H,
CHN) 2.77-3.72 (nine-peak ABC pattern, 2 H, PhCHs), 421
(octet, 1 H, CHSO;), and 7.28 (s, 5 H, aromatic H). An analytical
sample was obtained by sublimation at 80° (0.3 mm).

Anal. Caled for C14H21NOsS: C, 62.88; H, 7.92; N, 5.24; S,
11.99. Found: C, 62.67; H, 7.98; N, 5.20; S, 12.20.

4-Benzoyl-2,2-dimethyl-3-(N, N-dimethylamino)thietane 1,1-
Dioxide (24). This material was prepared on a 0.1-molar scale by
the inverse addition method owing to the low solubility of benzo-
ylmethanesulfony! chloride in EtpO. The product was identified
by the nmr of the crude reaction material but was too unstable to
give a satisfactory melting point or analysis. Equilibration had no
effect on the nmr: ir (KBr) (SOg) 1310 (C=0), 1680 cm~1; nmr §
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1.60 and 1.69 (s, 3 H each, gem-dimethyl groups), 2.18 [s, 6 H,
N(CHj)s), 3.44 (d, J = 9.2 Hz, 1 H, CHSOg), 7.47-7.68 (m, 3 H,
meta and para aromatic H), and 8.0-8.2 (m, 2 H, ortho aromatic
H).

4-Benzoyl-2,2- dlmethyl 3- (N-pyrrolldmo)thletane 1,1-Diox-
ide (25). Only the trans isomer of this material was obtamed ina
64% yield on a 4.6-millimolar scale. Recrystallization from 95%
ethanol gave the pure trans isomer: mp 112-115°; ir (KBr) (SO2)
1315 (C==0), 1690 ¢cm~1; nmr (CDCl3) 6 1.60 and 1.67 (s, 3 H
each, gem-dimethyl groups), 1.47 and 2.27 (broad m, 8H, pyrroli-
dino H), 3.48 (d, J = 9.5 Hz, 1 H, CHN), 5.58 (d, J = 9.5 Hz, 1
H, CHSO.), 7.50 (m, 3 H, meta and para aromatic H), and 8.08
(m, 2 H, ortho aromatic H).

4-Benzoyl-2,2-dimethyl-3-(N-pyrrolidino)thietane
ide (26). The crude reaction material obtdined in this reaction
according to the general procedure on a 4.6-millimolar scale con-
tained only trans isomer. Recrystallization from 95% ethanol af-
forded an analytically pure material: mp 168-171° ir (KBr)
(SO2) 1315 and 1120, (C=0) 1688 cm~1; nmr (CDCl;s) § 1.58 and
1.67 (s, 3 H each, gem-dimethy! groups), 2.35 [m, 4 H, (CH3)2N],
3.54 (d, J = 9 Hz, 1 H, CHN), 3.63 [m, 4 H, (CH»)20], 5.58 (d, J
= 9 Hz, 1 H, CHSO3), 7.53 (m, 3 H, meta and para aromatic H),
and 8.08 (m, 2 H, ortho aromatic H).

Anal. Caled for C16H21NO4S: C, 59.42; H, 6.55; N, 4.33; S,
9.92. Found: C, 59.24; H, 6.4%; N, 4.36; S, 9.92.

Postequilibration Experiment on 2. A sample of 2 (2.6 g, 0.01
mol) containing 74% cis isomer was dissolved in acetonitrile and
stirred with an equimolar amount of triethylamine for 16 hr. Re-
moval of the solvent and triethylamine in vacuo afforded a quan-
titative recovery of cycloadducts which now contained only 64%
cis cycloadduct, demonstrating a slow postisomerization under
these conditions.

General Procedure for Preparing Thietane 1,1-Dioxide De-
rivatives from o,a-Disubstituted Sulfonyl Chlorides. These
thietane 1,1-dioxide derivatives were prepared as described for
the monosubstituted sulfene reactions with the exception that the
reactions were carried out in an ice-salt bath maintained between
0and 5°.

2-Chloro-3-(N, N-dimethylamino)-2,4,4-trimethylthietane
1,1-Dioxide (8). A cis-trans mixture of this material was pre-
pared on a 0.05-molar scale according to the general procedure:
mp 88-94°; nmr (CDCls) cis 6 1.57 and 1.75 (s, 3 H each, gem-
dimethyl groups), 1.97 [s, 3 H, C(C1)CHs], 2.32 [s, 6 H, N(CHas)z],
and 2.58 (s, 1 H, CHN). Refluxing a 2.0-g (8.8 mmol) sample of
this mixture with a threefold excess of sodium hydroxide in 50%
aqueous ethanol for 6 hr followed by removal of the organic phase
in vacuo afforded 1.5 g of a mixture of cycloadducts and the ena-
mine C as indicated by ir absorption for this double bond at 1620
cm~1. Subsequent treatment of this mixture with 8 ml of 30%
H2S04 in 8 ml of absolute ethanol and removal of the organic sol-
vent afforded 0.7 g (49%) of 2,4,4-trimethylthietan-3-one 1,1-diox-
ide: mp 105-106 (lit.26 mp 104-105°; nmr {CDCl3) 6 1.56 (d,J = 7
Hz, 3 H, CHCHs), 1.57 and 1.70 (s, 3 H each, gem-dimethyl
groups), and 5.12 (q, J = 7 Hz, 1 H, CHCHs). Neutralization of
the aqueous phase with 10% sodium hydroxide then afforded pre-
dominantly trans cycloadduct (~18% cis): mp 69-70°; ir (KBr)
(S02) 1320, 1120, and 1060 cm~1; nmr (CDCls) 6 1.60 and 1.64 (s,
3 H each, gem-dimethy! groups), 2.07 [s, 3 H, C(C1)CHz], 2.29
[s,6 H, N(CHs)2], and 2.84 (s, 1 H, CHN).

2-Chloro-3-(N-pyrrolidino)-2,4,4-irimethylthietane 1,1-Diox-
ide (9). This material was prepared as a cis-trans mixture on a
0.05-molar scale and after recrystallization from 95% ethanol a
71% yield of isomeric cycloadducts was realized: mp 78-83°; nmr
(CDCl3) cis 6 1.55 and 1.72 (s, 3 H each, gem-dimethyl groups),
1.95 [s, 3 H, C(C1)CHgs), 1.57 and 2.42 (broad m, 8 H, pyrrolidino
H), and 2.67 (s, 1 H, CHN). Treatment of a 5.1-g (0.02 mol) sam-
ple of this mixture as described for 8 yielded a product that was
predominantly trans (18% cis): mp 86-92°; ir (KBr) (SO2) 1320
and 1110 cm~1; nmr (CDClg) 6 1.58 and 1.62 (s, 3 H each, gem-
dimethyl groups), 2.02 {s, 3 H, C(Cl)CHa], 1.59 and 2.40 (broad
m, 8 H, pyrrolidino H), and 2.92 (s, 1 H, CHN).

2-Chloro-3-(N-morpholino)-2,4,4-trimethylthietane 1,1-Diox-
ide (10). The cis-trans mixture was obtained in a 60% yield after
recrystallization from 95% ethanol on a 0.05-molar scale: mp
138-145°; nmr. (CDCl3) cis 6 1.53 and 1.70 (s, 3 H each, gem-di-
methyl groups), 1.93 [s, 3 H, C(C1)CHj3], 2.48 [m, 4 H, CHj)2N],
2.70 (s, 1 H, CHN), and 3.73 [m, 4 H, (CHz)20]. Treatment of a
6.1-g sample (0.023 mol) of this mixture as described above for 8
yielded the keto sulfone D as well as pure trans-10: mp 184-185°
(lit.28 mp 186°); ir (KBr) (SO2) 1320 and 1120 cm~1; nmr é 1.60
and 1.63 (s, 3 H each, gem-dimethyl groups), 2.03 [s, 8 H,

1,1-Diox-
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C(CHCHs], 2.50 [m, 4 H, (CHz)sN], 3.00 (s, 1 H, CHN), and 3.77
[m, 4 H, (CH2)20].

2-Chloro-3-(N, N-diisopropylamine)-2,4,4-trimethylthietane
1,1-Dioxide (11). This material was obtained as a cis-trans mix-
ture in an 83% yield after recrystallization from 95% ethanol on a
0.02-molar scale, mp 96-122°. Attempts to isolate pure trans ad-
duct as for 8-10 were unsuccessful and repeated recrystallizations
only afforded a product containing 86% cis and a product con-
taining 46% cis isomer: ir (KBr) (S02) 1310, 1160, and 1105 cm~1;
nmr (CDCl3) (cis-11) 6 1.06 and 1.12 (d, J = 6.5 Hz, 6 H each,
isopropyl gem- d1methyl groups), 1.50 and 1.80 (s, 3 H each, ring
gem-dimethyl group), 1.92 [s, 3 H, C(C1)CHsl, 3.58 [septet, J =
6.5 Hz, 2 H, CH(CH3 2], and 3.60 (s, 1 H, CHN); (trans-11) ¢
1.06 and 1.15 (d, J = 6.5 Hz, 6 H each, isopropyl gem-dimethyl
groups), 1.62 and 1.65 (s, 3 H each, ring gem-dimethyl groups),
2.05 [, 3 H, C(C1)CHa}, 3.46 [d, J = 6.5 Hz, 2 H, CH(CH3)3], and
3.80 (s, 1 H, CHN).

2-Cyano-3-(N,N-dimethylamino)-2,4,4-trimethylthietane
1,1-Dioxide (17). The cis-trans mixture was prepared on a 0.01-
molar scale according to the general procedure in a 63% yield. Re-
crystallization from 95% ethanol gave a cis-trans mixture in a
49% yield: mp 106-109°; ir (KBr) (CN) 2260 (SO3) 1327 and 1115
cm~1; nmr (CDCl3) (cis-17) 6 1.59 and 1.82 (s, 3 H each, gem-
dimethyl groups), 1.85 [s, 3 H, C(CN)CHas], 2.33 s, 6 H,
N(CHa)z), and 2.46 (s, 1 H, CHN); (trans-17) 6 1.63 and 1.69 (s, 3
H, each, gem-dimethyl groups), 1.93 [s, 3 H, C(CN)CHjs], 2.30 [s,
6 H, N(CH3)z], and 2.70 [s, 1 H, CHN}. An analytical sample was
obtained by sublimation at 87° (0.3 mm).

Anal. Caled for CgH1sN202S: C, 49.98; H, 7.46; N, 12.95; S,
14.83. Found: C, 50.23; H, 7.56; N, 12.74; S, 14.74.

2-Cyano-3-(N-pyrrolidino)-2,4,4-trimethylthietane 1,1-Diox-
ide (18). This material was prepared on a 0.01-molar scale and
isolated as a cis-trans mixture in a 56% yield after recrystallizing
the crude reaction products from 95% ethanol: mp 140-143° (83%
cis); ir (KBr) (CN) 2260, (SO2) 1330, 1175, and 1030 ¢m~1; nmr
(CDCl3) (cis-18) 6 1.58 and 1.78 (s, 3 H each, gem-dimethyl
groups), 1.83 [s, 3 H, C(CN)CHj3], 1.60 and 2.38 (broad m, 8 H,
pyrrolidino H), and 2.57 (s, 1 H, CHN); (trans-18) 6 1.62 and 1.65
(s, 3 H each, gem-dimethyl groups), 1.88 [s, 3 H, C(CN)CH3s],
1.60 and 2.38 (broad m, 8 H, pyrrolidino H), and 3.07 (s, 1 H,
CHN).

2-Cyano-3-(N-morpholino)-2,4,4-trimethylthietane 1,1-Diox-
ide (19). The material was prepared on a 0.01-molar scale accord-
ing to the general procedure as a cis-trans mixture. Recrystalliza-
tion from 95% ethanol afforded the pure cis isomer in a 50% yield:
mp 134-135°; ir (KBr) (CN) 2260 (SO2) 1327 and 1115 cm~%; nmr
(CDCl3) 6 1.60 and 1.78 (s, 3 H each, gem-dimethyl groups), 1.83
[s, 3 H, C(CN)CH3], 2.52 [m, 4 H, CH3).N], 2.65 (s, 1 H, CHN),
and 3.80 [m, 4 H, CH»)20]; nmr (CDCl3) (trans-19) 6 1.63 and
1.67 (s, 3 H each, gem-dimethyl groups), 1.88 [s, 3 H,
C(CN)CHj3), 2.40 [m, 4 H, CHj);N], 3.12 (s, 1 H, CHN), and 3.73
[m, 4 H, (CHz2)30].

2-Cyano-3-(N,N-diisopropylamino)-2,4,4- trlmethylthletane
1,1-Dioxide (20). This material was obtamed as a cis-trans mix-
ture on a 0.01-molar scale. Recrystallization from pentane affdrd-
ed almost pure cis isomer: mp 92-99°; ir (KBr) (CN) 2255 (SOz)
1325, 1170, 1120, and 1100 em~1; nmr (CDCl3) é 1.08 and 1.10 (d,
J = 6.5 Hz, 6 H each, isopropyl gem-dimethyl groups), 1.49 (s, 3
H, ring gem-dimethyl group trans to CN), 1.81 and 1.83 [two s, 3
H each, C(CN)CHj; and ring gem-dimethyl group cis to CN], 3.47
(s, 1H, CHN), and 3.58 [q, 2 H, J = 6.5 Hz, CH(CHas)a2].

2-Carbethoxy-3-(N-pyrrolidino)-2,4,4-trimethylthietane 1,1-
Dioxide (27). This material was obtained as the trans isomer ac-
cording to the general procedure on a 3-millimolar scale. Recrys-
tallization from hexane afforded the pure material in a 23% yield:
mp 77-79°% ir (KBr) (C=0) 1748 (SO3) 1315, 1260, and 1110
cm~3; nmr (CDClg) 6 1.32 (t, J = 7 Hz, 3 H, CH3;CH3), 1.57 and
1.63 (s, 3 H each, gem-dimethyl groups), 1.82 {s, 3 H,
C(S0O3)CH3], 1.55 and 2.30 (broad m, 8 H, pyrrolidino H), 3.38 (s,
1H, CHN), and 4.28 (q,J = 7 Hz, 2 H, CH,CHa).

2-Carbethoxy-3-(N-morpholino)-2,4,4-trimethylthietane 1,1-
Dioxide (28). This material was obtained as a cis-trans mixture
according to the general procedure on a 7.5-millimolar scale. Re-
crystallization from 95% ethanol afforded the pure trans isomer in
a 35% yield: mp 109-111°%; ir (KBr) (C=0) 1750 (SO2) 1310 and
1260 em—1; nmr (CDCl3) 6 1.32 (t, J = 7 Hz, 3 H, CH2CH3), 1.57
and 1.65 (s, 3 H each, gem- d1methy1 groups), 1.82 [s, 3 H,
C(SO32)CHs], 3.40 (s, 1 H, CHN), 3.70 [m, 4 H, (CH;)2N], 4.07
[m, 4 H, (CH2)20], and 4.28 (q,J = 7Hz, 2H, CH,CHs).
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The reaction of 3,4-bis(bromomethyl)-2,5-dihydrothiophene 1,1-dioxide with primary alkylamines gives 5-
alkyl-1,3,4,6-tetrahydrothieno[3,4-c]pyrrole 2,2-dioxides as well as 1,4-HBr elimination products. These bicyclic
thienopyrroles were thermally decomposed, eliminating sulfur dioxide, to give 3,4-dimethylenepyrrolidine and
the corresponding N-alkyl-3,4-dimethylenepyrrolidines, which have been characterized spectrally and analyti-

cally.

The preparation of 1-substituted 3,4-dimethylenepyrrol-
idines and their sulfone precursors has recently been of
considerable interest.l-3 These compounds have specific
utility as reactants in the Diels~Alder reaction,® as mono-
mers in polymerization reactions, and for their medicinal
applications. The synthetic utilization of sulfur dioxide as
a protecting agent for the synthesis of 1-aryl-3,4-dimethy-
lenepyrrolidines has been demonstrated.2:¢ This report
describes the extension of this method to the preparation
of the novel secondary amine, 3,4-dimethylenepyrrolidine
as well as 1-alkyl-3,4-dimethylenepyrrolidines.

In the nucleophilic reaction of primary amines with
3,4-bis(bromomethyl)-2,5-dihydrothiophene 1,1-dioxide, it
has been proposed?# that a competing reaction was a
1,4-HBr elimination due to the acidic character of the sul-

folene protons. We found no evidence for this type of
elimination in our earlier study? of this reaction with
monosubstituted anilines. However, this elimination ap-
pears to be more facile with primary alkylamines, and
subsequently we were able to isolate for the first time the
1,4-HBr elimination product for a series of such amines
from this reaction.

Results and Discussion

The reaction of alkylamines with 1 was carried out as
previously described? and the bicyclic compounds (2) were
isolated in moderate yields (21-40%) (Scheme I). The
1,4-HBr elimination products (3) were observed in the
reaction mixtures for all cases by nmr. We were not able
to isolate these compounds (8)7 directly from the reaction



