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The syntheses of a-halosulfonamides by two methods are described. Base-induced reactions of «-halosulfon-
amides resulted in dimerization (8a), elimination-dimerization (8g2), or cyclization (8g, 8hs).

Although no three-membered ring with two hetercatoms
had been prepared before 1950, isolable compounds incor-
porating two nitrogens (diazirines, diaziridines),® or both
nitrogen and oxygen (oxaziranes)!:2 are known to date.
Recently, the syntheses of three-membered ring systems
comprised solely of hetercatoms (oxadiaziridines and thi-
adiaziridine 1,1-dioxides)® have been reported. However,
nothing is known about such systems comprised of sulfur,
nitrogen, and carbon (1 and 2).
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Three-membered heterocycles have been prepared by a
variety of cyclization reactions.* «-Halosulfonamides
would appear to be the most convenient and promising
precursors for the synthesis of either the a-sultam or a-
sultem (azathiirane dioxide 1b and azathiirene 2b, respec-
tively).

The objective of this study was the synthesis of «-halo-
sulfonamides (8) and the investigation of possible cycliza-
tion reactions leading to 1b, 2b, or degradation products.

Results and Discussion

a-Halosulfonamides have been synthesized in two ways
as shown in Scheme I.
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Method A involves the Strecker reaction® of an alkyl
halide with sulfite anion. This method was useful for the
conversion of 3a and 3b to 4a and 4b® (X = Br). However,
the more hindered gem-dihalides 3c-f and 3h were not
converted to the a-halosulfonates even on treatment with
sodium sulfite in refluxing aqueous ethanol or aqueous eth-
ylene glycol. Use of this method with 3g gave benzalde-
hyde as the main product. Thus it seems this type of reac-
tion (3 — 4) is successful only if Ry = Hand Ry = Hor a
linear alkyl group.5® .

The selective «-halogenations of method B were
achieved through radical-type reactions. N-Bromosuccini-
mide and molecular bromine were successfully applied for
the benzylic brominations leading to the benzylsulfon-
amides 8g and 8h. In contrast to the easy «-halogenations
of carbonyl compounds, a-halogenations of sulfonyl com-
pounds are not facile using conventional ionic halogena-
tion agents.” Such halogenations have been effected by
reaction of a sulfonyl carbanion (prepared from the reac-
tion of the parent sulfone with a strong base) with a
source of X+.8 This methed, however, was reported to be
unsuccessful in some cases,” unless a very unusual source
of X+ (bromomethylmalonylacetonide) was applied. Pri-
mary or secondary sulfonamides would be expected to af-
ford N-halo rather than C-halo products by this method.

The N-halosulfonamide 8gs was prepared from 7g (Rs
= tert-butyl, Rs = H) with tert-butyl hypochlorite.

The effects of bases on «-halosulfones, o,«-dihalosul-
fones, and «,a’-dihalosulfones have been studied exten-
sively,®12 both mechanistically and synthetically. Two
studies on the effect of alkali on «-chloromethanesulfon-
amidesi?2,1¢ sygoest the Ramberg-Backlund mechanism12a
to be operative in these cases.

The intermediacy of episulfones and their vinylogs (thi-
irene dioxides) in the Ramberg-Bicklund reaction of -
halosulfones and «,a-dichlorosuifones, respectively, has
been established.19-13 Furthermore, stable thiadiazirine
1,1-dioxides®® and thiirene dioxide®® were recently isolat-
ed by the treatment of substituted N-chlorosulfonylureas
and «,«-dibromobenzyl sulfone, respectively, with bases.
Therefore, the three-membered heterorings 1b and 2b
might be accessible through the treatment of «-halosulfon-
amides 8a, 8g, and 8h with a base.

Reaction of 8a; with metallic sodium in ether solution
or with potassium tert-butoxide in ether or tetrahydrofu-
ran afforded the dimer 9. Compound 8a; was chosen as a
representative of the a-bromoalkylsulfonamide series.

8a; —> BrCH,SO,N-tert-butyl

CH,SO,NH:-tert-butyl
9

Treatment of the N-chloro compound 8g; with triethyl-
amine in methylene chloride or with potassium tert-bu-
toxide in ether gave 7g (R4 = tert-butyl; Rs = H). Use of
Baumgarten’s procedure!® for in situ generation of 8gs
gave trans-stilbene.
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Reaction of 8gs with n-butyllithium followed by molecu-
lar bromine also gave trans-stilbene.

The «-halobenzylic sulfonamides 8¢: and 8hsz in the
presénce of thiethylamine in benzene or potassium tert-
butoxide in ether gave products suggesting the intermedi-
acy of an w-sultam.
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Both episulfones and thiirene dioxides readily lose sul-
fur dioxide under Ramberg-Backlund reaction condi-
tions.9-13 Therefore 1b and 2b (the sulfo analogs of the a-
lactam system®:16 and the aza analogs of the thiirene
dioxides, respectively) could behave similarly under com-
parable conditions.

The structures of the minor products from the reaction
of 8hy have not yet been established. In contrast to the
isolated products from the rearrangement of the analogous
a-halosulfones,11-13 they were shown not to be derivatives
of sulfonic acids.

The fact that 8g2 required hours whereas 8a; required
days for reaction with potassium tert-butoxide probably
reflects the relative ease of displacement of benzyl bro-
mine compared to alkyl bromine in a-bromosulfonamides.

Experimental Section

Melting points were obtained on a Reichert micro heating
stage. Infrared spectra were recorded on a Perkin-Elmer 237 spec-
trophotometer, Nmr spectra were obtained on a Varian T-60 and
are reported in parts per million downfield from TMS or sodium
2,2-dimethyl-2-silapentane-5-sulfonate (in D20) as internal stan-
dards. Mass spectra were obtained on a Hitachi Perkin-Elmer
RMU-6. Microanalyses were performed by S. M. Nagy, Belmont,
Mass., and Galbraith Laboratories Inc., Knoxville, Tenn.

a~Bromosulfonyl Chlorides. «-Bromosulfonates were prepared
according to a known procedure®® and treated with excess phos-
phorus pentachloride to obtain the sulfony! chlorides.

Sulfonamides. General Procedure. A solution of the sulfonyl
chloride (5, 6, 0.05 mol) in 50 ml of methylene chloride was
dropped into a solution of the amine (0.2 mol) in 200 ml of meth-
ylene chloride with stirring at 0°. The mixture was stirred at 0°
for 2 hr and at 25° for 1 hr. The solution was washed with water,
5% hydrochloric acid, water, 10% sodium bicarbonate, and water.
The organic layer was dried and evaporated. In most cases the
sulfonamide obtained was pure enough for further synthetic use.
Otherwise it was recrystallized from 90% ethanol. The following
sulfonamides were obtained: N-tert-butyl-a-bromomethanesulfon-
amide (8a;), 72%, mp 65-67°; N-propyl-a-bromomethanesulfon-
amide (8az), 48%, mp 31.5-33.5°; N-cyclohexyl-a-bromomethane-
sulfonamide (8a3), 70%, mp 68-70°; N,N-dimethyl-a-bromo-
methanesulfonamide (8a4) (the amines used were dimethylamine
hydrochloride and triethylamine), 46%, mp 94-96°; N,N-cyclo-
pentyl-a-bromomethanesulfonamide (8as), 63%, mp 100-102°;
N-tert-butyl-a-bromoethanesulfonamide (8b), 77%, mp 103.5-
105.5°; N-tert-butyl-a-toluenesulfonamide (7g), 94%, mp 107.5-
109.5°.

a-Bromination of Sulfonamides. N-tert-Butyl-ce-bromo-a-
toluenesulfonamide (8g:) and N-tert-Butyl-a,«-dibromo-o-tol-
uenesulfonamide (8hi). A suspension of 7g (2.273 g, 10 mmol)
and N-bromosuccinimide (3.56 g, 20 mmol) was refluxed with
stirring in 150 ml of carbon tetrachloride under a nitrogen atmo-
sphere for 18 hr with irradiation by a sun lamp (Westinghouse,
275 W). The reaction mixture was cooled and filtered and the sol-
vent was evaporated to give a brown, viscous oil. The oil was dis-
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solved in ether and the solution was washed with water, dried,
and evaporated. The residue was chromatographed on SilicAR
cc-7 (100-200 mesh) with benzene to give 8hy (0.76 g, 20%) and
8g1 (1.27 g, 41%). Recrystallization from chloroform-pentane gave
8g1, mp 101-102°, and 8hy, mp 138.5-141°,

a,a-Dibromo-a-toluenesulfonamide (8hz). Bromine (17.6 g,
0.10 mol) was added to a suspension of a-toluenesulfonamidel?
(6.85 g, 40 mmol) in 300 ml of carbon tetrachloride. The solution
was refluxed for 28 hr under a sun lamp (Westinghouse, 275 W),
Filtration of the cooled reaction mixture gave a solid, which was
recrystallized from chloroform to give 9.2 g (70%) of 8hz, mp
168-170°.

N-Chloro-N-tert-butyl-a-toluenesulfonamide  (8gz). tert-
Butyl hypochlorite (3.0 g, 27 mmol) was added dropwise to a so-
lution of 7g in 50 ml methylene chloride (5.68 g, 25 mmol) over 30
min. The solution was stirred for 16 hr and evaporated to give 8gs,
95%, mp 52-55.5°. .

Base-Induced Reactions. Dimerization. A solution of 8ay
(1.28 g, 5.67 mmol) in 25 m] of ether was added to a suspension of
sodium (0.138 g, 5.67 mmol) in 15 ml of ether. The mixture was
stirred at 25° for 3 days under nitrogen. The solution was evapo-
rated and the residue was taken up in water and chloroform. The
solution was acidified with 1 N hydrochloric acid and the organic
layer was dried and evaporated to give 0.87 g of an oil. Spectral
analysis showed the oil to be a mixture of 8ay and the dimer 9.
The dimer was isolated and recrystallized from hexane-ethyl ace-
tate to give 0.11 g (10%), mp 124-125.5°,

Treatment of 8a; with potassium tert-butoxide in ether for 1
week gave 14% of the dimer 9.

trans-Stilbene. The method of Baumgarten!® was used to gen-
erate 8gs from 7g (2.27 g, 10 mmol). Unreacted «-toluenesulfon-
amide (60%) and trans-stilbene (40%) were isolated. trans-Stilbene
was identified by comparison with an authentic sample.

Base-Induced ‘‘Cyclizations.”” A. With Triethylamine. A so-
lution of 8g1 (308 mg, 1.007 mmol} and triethylamine (102 mg,
1.008 mmol) in 6.5 ml of benzene was refluxed with stirring for 42
hr. The reaction mixture was cooled and filtered. The precipitate
of triethylammonium hydrobromide (70.8% recovery) was washed
with benzene, and the washings were combined with the filtrate.
Removal of benzene in vacuo gave a yellow-brown oil which was
shown by ir and nmr to consist of unreacted 8g: and the Schiff
base 10. Nmr integration showed the yield of 14 to be 78.7%. The
mixture was separated by chromatography on SilicAR cc-7,
using either benzene or methylene chloride as eluent.

The Schiff base 10 was found to be identical with an authentic
sample. No other products were observed.

B. With Potassium tert-Butoxide. To a stirred solution of 8g4
(300 mg, 0.98 mmol) in 20 ml of ethyl ether under nitrogen was
added in one portion 110 mg (0.98 mmol) of potassium tert-bu-
toxide (MSA sublimed). The temperature of the reaction mixture
was kept at —12 £ 3° for 2 hr. Centrifugation of the reaction mix-
ture gave a white precipitate of KBr, which was washed with
ether, and the washings were combined with the main portion of
the decanted etheral solution. Removal of ether in vacuo gave a
solid shown to be a mixture of 8g; and 10. Nmr integration
showed the yield of 10 to be 65.1%. The remainder was starting
material. No other products were observed and 10 could be sepa-
rated from 8g; by chromatography as described previously.

Reactions of 8hy with triethylamine or potassium tert-butoxide
were carried out as described above. Benzonitrile (62%) was iso-
lated and found to be identical with an authentic sample.
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2-Amino-2-thiazoline. VIL.! Unequivocal Structure Assignment of the
Products of the Reaction of 2-Amino-2-thiazoline and Its Analogs with
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The reaction of 2-amino-2-thiazoline (1) with carbethoxy isothiocyanate (3) was found to give 2,3,6,7-tetrahy-
dro-4H-thiazolo[3,2-a]-s-triazin-2-one-4-thione (5), the structure of which was confirmed by an X-ray crystallo-
graphic study. The reaction of 3 with 2-amino-5,6-dihydro-4H-1,3-thiazine (15), with 2-amino-4,4-dimethyl-2-
thiazoline (17), and with 2-amino-2-selenazoline (20) also gave the analogous heterobicycles, 2,3,7,8-tetrahydro-
4H,6H-thiazino[3,2-a]-s-triazin-2-one-4-thione (16), 2,3,6,7-tetrahydro-6,6-dimethyl-4H-thiazolo[3,2-a]-s-triazin-
2-one-4-thione (19), and 2,3,6,7-tetrahydro-4H-selenazolo[3,2-a]-s-triazin-2-one-4-thione (21), respectively. The
product 19 showed magnetic nonequivalence of the two methyl groups. Treatment of 5 with diazomethane gave

two products, the result of both S- and N-methylation.

The differing nucleophilic character of the exocyclic and
endocyclic nitrogen atoms of 2-amino-2-thiazoline (1) has
been the subject of many studies. Reactions at the exocy-
clic nitrogen atom have been noted with nitrous acid,?
acyl chlorides, and cyanate ion,* whereas reactions with
the endocyclic nitrogen have been reported in alkyla-
tions?-5 and sulfonylations.® The condensation of 1 and
isothiocyanates has been surrounded by some controversy.
Fromm and Kapeller-Adler” reported that the reaction of
1 with phenyl isothiocyanate gave the product resulting
from attack on the ring nitrogen when conducted at low
temperature, but the exocyclic thiourea product at higher
temperature. Klayman and coworkers,8 who were able to
isolate only a single monoadduct regardless of conditions,
demonstrated by chemical and physicochemical means
that the exocyclic nitrogen atom of 1 reacted with phenyl
isothiocyanate, giving 1-(2-thiazolinyl)-3-phenyl-2-thio-

y S
(3]

S NHCNHCH;

2
urea (2). Their work was confirmed by an X-ray crystallo-
graphic study.?

Carbethoxy isothiocyanate (3) is a useful reagent for the
preparation of heterocyclic compounds through its reac-
tion with amidines,19 thiopseudoureas,® pseudoureas,1®
guanidines,® 2-aminopyridines,!! 3-aminopyridazines,12
3-aminopyrazole,’®  2-aminooxazoline,’® 3-amino-1,2,4-

triazoles,13-15 2.aminothiazoles,16-18 enamines,!® 2-amino-
2-cyanoacetamide,2° and 2-aminoacetonitrile.21

The reaction of 1 with carbethoxy isothiocyanate (3),
studied by Capuano and Schrepfer,13 could lead to either

0

N I
[' 3+ GHO—C—Nes —
S NH, 3
1

0 s
(\JN:[LNH and/or (\j\\i\m 0
S \N/gs S} \N/&O '

4 5

or both of two possible products, 4 and 5 (eq 1). In fact, a
single isomer is produced in the reaction, one to which
Capuano and Schrepfer!® assigned structure 4; however,
these workers presented no evidence for their structure
assignment. The later work of Nagano, et al.,18-18 indicat-
ed that 2-aminothiazole reacts with 3 to give, among other
products, a heterobicycle resulting from attack of 3 on the
endocyclic aromatic nitrogen atom. Extending the analogy
to the case of 1, the endocyclic attack could be favored,
and structure 4, proposed by the previous workers,13
would thus be incorrect.

The present investigation was consequently undertaken
to differeéntiate unequivocally between structures 4 and 5,



