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at —2° for 24 hr. The crystalline material present in the
reddish brown reaction mixture was collected by filtration,
and while still moist with solvent was dissolved in absolute
ethanol and precipitated with ether. Minute traces of
pyridine caused the produect to have a slight brown color.
Analytically pure pyridinium salt was obtained by crystal-
lization from hot absolute ethanol; yield 0.25 g. (40%), m.p.
189.5-190.5.

Anal. Caled. for CsHNOsS,: C, 41.37; H, 4.01; N,
3.71; 8, 16.99. Found: C, 41.93; H, 4.26; N, 3.60;
8, 17.20.

Reaction products from other pyridine quaternization
reactions with 2-chloromethyl- and 2-bromomethyl-4H-py-
ran-4-ones are listed, with melting points and analytical
data, in Table 1. Procedure for their preparation is as
immediately above, except that in some cases products were
transferred to a vacuum desiccator immediately upon
isolation, dried over concentrated sulfuric acid, and then
recrystallized from absolute ethanol or absolute ethanol-
benzene.

2-Bromomethyl-5-mesyloxy-1,4-pyrone (2-Bromomethyl-
5-methanesulfonyloxy-4H-pyran-4-one) (XIII). A. From
Kojic Acid Dimethanesulfonate.—To 4 g. of kojic
acid dimethanesulfonate was added 160 ml. of 48% hydro-
bromic acid. The reaction mixture was allowed to stand at
room temperature undisturbed for 1 month, and then was
neutralized with solid sodium bicarbonate. The mixture
was extracted exhaustively with chloroform and solvent
removed from the dried combined extracts to give a light
brown residue, m.p. 102-103°; yield, 3.5 g. (92.5%).
Mixture melting point with starting material, m.p. 110°,
gave a depression to 86°. Recrystallization of 2-bromo-
methyl-5-mesyloxy-1,4-pyrone from 959, ethanol gave 2.9
g. of colorless, crystalline compound, m.p. 102-103°.

Anal. Caled. for C;H:BrO:S: C, 29.70; H, 2.49; Br,
28.23; 8, 11.32. Found: C, 29.68; H, 2.37; Br, 27.79;
S, 11.17.

B. From 2-Chloromethyl-5-mesyloxy-1,4-pyrone.—To
2 g. of 2-chloromethyl-5-mesyloxy-1,4-pyrone was added 80
ml. of 489, hydrobromic acid. The reaction mixture was
permitted to stand at room temperature for 10 days, and
then wag neutralized with solid sodium bicarbonate. The
mixture was extracted exhaustively with chloroform.
Solvent removal from the dried combined extracts gave 2.1
g. (86%) of product, m.p. 101-102.5°. Recrystallization
from 959 ethanol gave 1.7 g. of colorless 2-bromomethyl-
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4-mesyloxy-1,4-pyrone, m.p. and mixture m.p. 102-103°.
Mixture melting point with starting material was 78°.

When 1 g. of 2-bromomethyl-5-mesyloxy-1,4-pyrone
reacted with 50 ml. of concentrated hydrochloric acid for
5 days, and the product was isolated as immediately above,
0.8 g. (97%) of 2-chloromethyl-5-mesyloxy-1,4-pyrone, m.p.
and mixture m.p. 82-83°, was obtained.

To 1 g. of 2-bromomethyl-5-mesyloxy-1,4-pyrone was
added 10 ml. of glacial acetic acid. One gram of zinc dust,
previously treated with dilute sulfuric acid and washed with
water, was added slowly and the mixture allowed to stand
on the steam bath 7 hr. The mixture was filtered and the
filtrate neutralized with solid sodium bicarbonate. Ex-
traction with chloroform and solvent removal gave 0.37 g.
(51.4%) of colorless tablets, m.p. 99.5-100.5°. Mixture
melting point with starting material, m.p. 102-103°, was
77-78°. Recrystallization from chloroform gave colorless
tablets of allomaltol methanesulfonate, m.p. and mixture
m.p. 100-101°.

2-Chloromethyl-5-methoxy-4H-pyran-4-one (X1V).—This
substance was prepared by the method of Yabuta.’

2-Bromomethyl-5-methoxy-4H-pyran4-one (XV).—2-
Chloromethyl-3-methoxy-4H-pyran-4.one (17.5 g.) was
dissolved in 275 ml. of 489, hydrobromic acid. The solu-
tion stood for 10 days at room temperature, and then was
carefully neutralized with solid sodium bicarbonate. After
the resulting mixture stood in a refrigerator overnight, the
white solid present was collected by filtration, washed with
cold water, and air-dried; yield, 19 g. (85%). Re-
crystallization was effected with hot water to give cream-
colored crystals of 2-bromomethyl-5-methoxy-4H-pyran-4-
one, m.p. 135~-136°.

Anal. Caled. for C;H.BrO,: C, 38.53; H, 3.21; Br,
36.24. Found: C,38.46; H, 3.37; Br, 36.67.
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Sulfenyl nitrates, RSONO,, represent a novel class of sulfenyl compounds.

The preparation of the first examples is de-

scribed and some of their properties are recorded. The near-quantitative conversion of sulfenyl nitrates to thiolsulfonate
esters (2RSONO, — RSO,8R + 2NO;) is demonstrated and interpreted as a dimerization reaction of sulfiny] radicals.

In seeking routes to substances capable of gen-
erating sulfinyl radicals, RSO-, a series of sulfenyl
nitrates, RSONQ., a new class of sulfenyl deriva-
tives of both theoretical and practical interest has

(1) This study was carried out under contract AF-49-(638)-718,
with the Office of Scientific Research, Air Research and Development
Command, and with partial support of a grant from the Stauffer
Chemical Company. For a preliminary communication concerning
this study, see R. M, Topping and N. Kharasch, Chem. Ind. (London),
178 (1961).

been prepared. It was reasoned that the loss of
NO; radicals from the sulfenyl nitrates could pro-
vide an advantageous source of the little known
sulfinyl radicals, and that the chemistry of these
radicals and of the sulfenyl nitrates would offer a
new field of study.

For small-scale synthesis, the preparation of
sulfenyl nitrates by reactions of equivalent quan-
tities of the sulfenyl chlorides and silver nitrate in
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dry acetonitrile solutions (equation 1) proved
effective.

low temperatures
>

ArSCl + AgNO; ArSONO: + AgCl (1)
I II

Silver chloride precipitated quantitatively and the
sulfenyl nitrate remained dissolved.

The stability of the sulfenyl nitrates depended
greatly on the nature of the aryl group. 24-
Dinitrobenzenesulfenyl nitrate (II, Ar = 24-
dinitrophenyl) was the most stable, while p-
chlorobenzenesulfenyl nitrate was least stable.
The former was readily isolatable from the aceto-
nitrile solution as an excellently crystalline solid,
while p-chlorobenzenesulfenyl nitrate decomposed
spontaneously during preparation. Decomposition
was indicated by continuous evolution of nitrogen
dioxide when isolation of the nitrate was attempted
by removal of acetonitrile in partial vacuum, at
room temperature. The only product isolated
from such attempts was the thiolsulfonate ester
(III. Ar = p-chlorophenyl).

1
Ar——?——s Ar

O
III

4-Chloro-2-nitrobenzenesulfenyl nitrate and 2-ni-
trobenzenesulfenyl nitrate showed intermediate
stabilities; the nitrate isolated from the reaction
mixtures in these cases were contaminated with the
corresponding thiosulfonate esters.

The decomposition of the nitrates in the solid
state was accelerated by crushing the product
finely and keeping it for extended periods under
pressures of about 0.5 mm. TUnder these conditions,
the infrared absorption bands at 8.05 x and 8.25 4,
which we have tentatively assigned to the covalent
nitrate structure, diminished in intensity, while an
absorption at 8.7 u, characteristic of the thiolsul-
fonate structure appeared. Two medium intensity
bands, which appear to be typical only of 2,4-di-
nitrobenzenesulfenyl nitrate, at 10.25 u and 10.65
g, also disappeared during decomposition of the
latter compound. At room temperature, however,
the decomposition of 2 4-dinitrobenzenesulfenyl
nitrate was still incomplete after one week.

Ultraviolet irradiation of solutions of 24-di-
nitrobenzenesulfenyl nitrate in acetonitrile caused
considerable decomposition, but no distinet prod-
ucts were identified. X-Ray irradiation of 2-
nitro-4-chlorobenzenesuifenyl nitrate also caused
its decomposition, giving a product with an identi-
cal X-ray pattern to that of a similarly irradiated
sample of the corresponding thiolsulfonate ester
(I11. Ar = 2-nitro-4-chlorophenyl). It is prob-
able, therefore, in these experiments also, that de-
composition of the nitrate proceeds via the thiol-
sulfonate ester.

TorpriNGg AND KHaRASCH
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Treatment of the sulfenyl nitrates with certain
solvents, such as ethanol, ethylene chloride,
methylene chloride and water causes a remarkably
facile conversion to the pure thiolsulfonate esters.
Thus, upon adding such a solvent to 2,4-dinitro-,
2-nitro- or 2-nitro-4-chlorobenzenesulfenyl nitrate,
ArSONOQ;, conversion to the corresponding pure
thiolsulfonate ester, ArSO.;SAr, is practically in-
stantaneous. The infrared spectra of the product
revealed no absorptions at 8.05 u or 8.25 w, indi-
cating the complete loss of the covalent nitrate
function. Furthermore, using known amounts of
2,4-dinitrobenzenesulfenyl nitrate, a 959, yield of
thiolsulfonate ester was recovered using distilled
water as wash solvent and 919, recovery was found
with 1009 ethanol as solvent. Acetonitrile and
nitromethane were much less effective in promoting
the conversion, while carbon tetrachloride and ben-
zene were completely ineffective. The structural
diversity of the effective solvents suggests that
they may function by trapping the low equilibrium
concentration of nitrogen dioxide radical either by
furnishing a hydrogen atom to the radical or, in
the case of water, by hydrolysis of the nitrogen
dioxide. In support of this conclusion it was
found that the agueous washings of the nitrates
responded strongly to tests for nitrous acid—e.yg.,
diazotization of sulfanilic acid and formation of a
red dyestuff—by coupling with a-naphthylamine.
This test was also given by a solution of nitrogen
dioxide in water but not by a dilute solution of
nitric acid. The presence of nitrous acid was also
indicated by diazotization of benzidine, Simi-
larly, the addition of a erystal of a sulfenyl ni-
trate to a few drops of a solution of diphenylamine
in concentrated sulfuric acid produced an intense
blue color, indicating the presence of a strong oxi-
dizing agent (nitric or nitrous acid).

On the basis of (¢) the nature of the products of
decomposition (nitrogen dioxide and thiolsulfonate
ester only), (b) the observation that decomposition
may occur spontaneously, and (e¢) the effect of
storage under vacuum, we propose a mechanism
for the decomposition of sulfenyl nitrate in which
the primary homolytic cleavage of the sulfenyl
nitrate (equation 2) leads to quantitative produc-
tion of thiolsulfonate ester by coupling of the
arenesulfinyl radicals, vza intermediate IV and its
subsequent rearrangement (equation 3).

ArSONQ; — ArSO’ 4+ NO; (2)
i osn)
2AT80° — | AtS—0—SAR | — ArSO,—S—Ar  (3)
v

The possibility that ArSO" interacts with Ar-
SONOQ., giving ArSO,SAr 4 NO,", has of course
not been ruled out. Hence the above dimerization
of ArSO" is schematic only.

An analogous first step has also been proposed
for the thermal decomposition of ethyl nitrute
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C,H;ONO; — CeH;0- + NO, (4)

(equation 4)? but this occurs at 200° in contrast to
the ease of scission of ArSONOs,.

The implied instability of intermediate IV,
leading to its rearrangement to the thiolsulfonate
ester is supported by the work of Stirling® who has
shown that thiolsulfonate esters are produced by
the reaction of sulfenyl chlorides with sulfinic acids.

A possible decomposition process occurring by a
chain mechanism could involve & propagation step
in which the nitrogen dioxide radical attacked the
sulfenyl nitrate to produce a free sulfinyl radical.
This was shown to be unlikely, since 2,4-dinitro-
benzenesulfenyl nitrate was recovered unchanged
from a solution in acetonitrile through which a
stream of nitrogen dioxide had been passed.

The coupling of sulfinyl radicals to form thiol-
sulfonate ester has also recently been suggested*
to be the common mechanism responsible for the
identical distribution of activity in thiosulfonate and
disulfide formed from a specifically labelled thiol-
sulfinate (@) in the initial stages of oxidation, (b)
by spontaneous disproportionation in vacuum,
and (¢) by sulfinyl radical-induced decomposition.

The question as to whether RSO radicals might
couple at low temperatures to yield intermediates
as disulfoxides (V) or sulfenyl peroxides (VI) is of
interest.

(OINe

R— |—£—R R—8—0—0—S—R

\Z VI

As the generation of sulfinyl radicals at low tem-
peratures has not been previously feasible, the
methods outlined in this paper for the production
of sulfinyl radicals at low temperatures from se-
lected sulfenyl nitrates may prove of value in such
work. In connection with these possible structures
and their relations to thiolsulfonate esters, the
earlier papers of Cymerman and Willis®® and of
D. Barnard®® are pertinent.

Reaction of 2,4-dinitrobenzenesulfenyl chloride
with silver nitrite yielded a solid, VII, analysis of
which showed values between those calculated for
the nitrite and for the corresponding thiolsulfonate
ester. Treatment of VII with water or ethanol
caused it to be fully converted to the thiolsulfonate
ester (ITT. Ar = 2 4-dinitrophenyl). The infrared
spectrum of the solid VII, however, closely re-
sembled that of a mixture of the corresponding
nitrate and thiolsulfonate ester, suggesting that the
initially formed sulfenyl nitrite may be readily oxi-
dizable.

The synthetic technique for the preparation of
sulfenyl nitrates is being extended (a) to the pos-

(2) J. B. Levy, J. Am. Chem. Soc., 16, 3254, 3790 (1954).

(3) C.J. M. Stirling, J. Chem. Soc., 3597 (1957).

(4) D. Barnard and E. J. Percy, Chem. Ind. (London), 1332 (1960).

(5¥(a) J. Cymerman and J. B. Willis, J. Chem. Soc., 1332 (1951).

{b) D. Barnard, thid., 4673 (1957). C/. also B. J. Sweetman, Nature,
183, 744 (1959).
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sible synthesis of nitrates from other active chlo-
rides [such as Ar(SCl),, ArS(O)Cl, Ar,P(0O)Cl
and ArS0,Cl] and (b) to the preparations of new
classes of sulfenyl compounds by the interactions
of sulfenyl halides with various silver salts (such as
AgNO;, AgOCN, Ag,CrOy, and AgClOs). The re-
action with silver perchlorate and 2,4-dinitroben-
zenesulfenyl chloride, in ethylene chloride, has
been recorded previously.® Preliminary studies
with ArSeCl and ArSOCI are suggestive of distinct
differences in chloride reactivity and product sta-
bilities, in contrast to the sulfenyl nitrates.

Experimental

Reagents.—2,4-Dinitro’™- 2-nitro-, and 2-nitro-4-chloro-
benzenesulfenyl chlorides were obtained from the cor-
responding disulfides by cleavage with sulfuryl chloride,
using pyridine as catalyst in carbon tetrachloride solvent.
4-Chlorobenzenesulfenyl chloride was obtained as a freshly
distilled sample. Silver nitrate, finely powdered, was dried
in a stream of dry air at 150-180°. Acetonitrile was dried
by refluxing over calcium hydride, followed by distillation.
All melting points are uncorrected.

Preparation of 2,4-Dinitrobenzenesulfenyl Nitrate (VIII)
and Other Nitrates.—To a solution of 2,4-dinitrobenzene-
sulfenyl chloride (15 g.; 0.064 mole) in dry acetonitrile (300
ml.) was slowly added, with continuous stirring, a solution of
silver nitrate (10.87 g.; 0.064 mole) in dry acetonitrile (300
ml.), the mixture being cooled in an acetone bath containing
solid carbon dioxide. An immediate precipitate of silver
chloride and a change in the color of the reaction mixture
from yellow to green was noted. After the addition was
completed the precipitate was allowed to coagulate before
removal by filtration through sintered glass. Removal of
solvent from the filtrate under a stream of dry air yielded
VIII as a pale yellow crystalline solid (m.p. 117°).

Anal. Caled. for CH;O:NsS: C, 27.59; H, 1.16; S,
12.28. Found: C, 27.00; H, 1.41; S, 11.70.

Similar procedures were used for the preparations of 2-
nitrobenzenesulfenyl nitrate (IX) (m.p. 110-114°) and 2-
nitro-4-chlorobenzenesulfenyl nitrate (X) (m.p. 125-132°).
In these cases, however, elemental analyses suggested them
to be mixtures of the nitrate and of the corresponding thiol-
sulfonate ester. In all cases the precipitation of silver ehlo-
ride was quantitative.

In the attempted preparation of 4-chlorobenzenesulfenyl
nitrate a continuous evolution of nitrogen dioxide was ob-
served during removal of solvent. The thiolsulfonate ester
was the single produet formed.

Treatment of the Sulfenyl Nitrates with Various Solvents.
—VIII (257 mg.), after thorough mixing with 1009 ethanol
(5 ml.), followed by filtration through sintered glass, was
converted to a pale yellow crystalline solid (191 mg.; 919¢ of
theoretical yield of thiolsulfonate ester); m.p. 126.5-
127° [lit.,® m.p. of III (Ar = 2,4-dinitrophenyl) = 126-
126.5°].

Anal. Caled. for Ci2HsON,S:: C, 33.49;
8, 14.8. Found: C, 33.14; H, 1.40; 8, 14.69.

Similar treatment using distilled water in place of 1009;
ethanol gave 949, recovery of thiolsulfonate ester. Qualita-
tive experiments using ethylene dichloride, methylene di-
chloride, and acetone as wash liquids all effected the con-
version of sulfenyl] nitrate to thiolsulfonate ester, the identity

H, 1.41;

(8) N. Kharasch, !, M, Bness, and W. King, /. dm. Chem. Soc.,
75, 6035 (1953).

(7) A much simpler preparation of 2,4-dinitrobenzenesulfenyl
chloride involves chlorinolysis of benzyl 2,4-dinitrophenyl sulfide with
sulfuryl chloride, in ethylene chloride. N. Kharasch and R. B. Lung-
ford, Org. Syn., in press.
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of the products being checked by melting point and mixture
melting points.

IX (contaminated with the corresponding thiolsulfonate
ester) (m.p. 110-114°) wassuspended in dry carbon tetra-
chloride and hoiled for 30 min. The material was recovered
unchanged. Treatment of IX with 1009 ethanol gave an
immediate precipitate of a very pale yellow, highly erystalline
golid (m.p. 145-146°) [lit. m.p. of ITI (Ar = 2-nitropheny!)
= 143°]. Treatment of IX with distilled water yielded a
residue of m.p. 143-144° which showed no mixture melting
point depression with the corresponding produet from
ethanol.

X (contaminated with the corresponding thiolsulfonate
ester) (m.p. 125-132°) yielded a pale yellow crystalline
solid (m.p. 144-145°) upon treatment with 1009, ethanol
(lit. m.p. of IIT (Ar = 2-nitro-4-chlorobenzene) = 145°].
The same product resulted from treatment of this nitrate
with distilled water.

The ultraviolet spectrum of 2,4-dinitrobenzenesulfenyl
nitrate was determined in acetonitrile solvent using a Cary
recording spectrophotometer (model 14): Amax = 245 mpu
(€mex 11,540).

Pinkus, Pinkus, AND COHEN
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Infrared spectra were determined using a Perkin-Elmer
Infracord spectrophotometer. It was noted that even
Nujol promoted decomposition of the nitrates and thus all
infrared spectra were made using potassium bromide disks.
The detailed spectra of ArSONO:, ArSCIl, and ArSO;SAr
(Ar = 2,4-dinitrophenyl) have been deposited in the col-
lection of the Instrumentation Research Center, Los Angeles,
California,® from whom copies may be obtained at minimal
cost. The spectral patterns clearly differentiate the three
products.
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It has been shown that ammonolysis of a variety of equatorial sulfonate esters in steroidal, decalyl, and eyclohexyl systems

furnishes axial amines free of structural and stereochemical isomers.

The simplicity, the exceedingly high stereospecificity,

and the nonreductive nature of the reaction makes this the preferred method for the synthesis of axial amines.

In connection with studies on substitution reac-
tions in rigid systems, we have sought to develop a
simple method for the stereospecific synthesis of
cycloalkyl axial amines. Two popular routes to
axial amines have been platinum-catalyzed hydro-
genation in acetic acid solution?~® or lithium alu-
minum hydride reduction of the appropriate
oxime.4#—?  Although the first of these methods is
widely used, it suffers from several disadvantages.
The aleohol, which is the usual starting material in
these reactions, must be oxidized to the ketone and
the latter converted to oxime. The oxime is some-
times a mixture of syn and antf isomers!®!! and is
thus difficult to purify. Often the hydrogenation

(1) This work was supported by grants from the Health Research
and Services Foundation and from the Frederick Gardner Cottrell
Tund of the Research Corporation.

(2) W. Hiickel, R. Danneel, A. Gross, and I, Naab, Ann., 502, 99
(1933).

(3) D. Y. Curtin, R. D. Stolow, and W. Maya, J. 4m. Chem. Soc.,
81, 3330 (1959).

(4) C. W. Shoppee, D. E, Evans, H. C. Richards, and G. H. R.
Summers, J. Chem. Soc., 1649 (1956).

(5) G. Drefahl and 8, Huneck, Ber., 93, 1861, 1967 (1960),

(6) D. E. Evans and G. H. R. Summers, J. Chem. Soe., 906 (1957).

(7) R. A. B. Bannard and A. ¥. McKay, Can. J. Chem., 38, 1166
(1955).

(8) L. Labler, V. Cerny, and F. Sorm, Collection Czech. Chem.
Commun., 19, 1249 (1954).

(9) C. W. Bird and R. C. Cookson, J. Chem. Soe., 2343 (1960).

(10) N. L, McNiven and J. Read, tbid., 153 (1952).

(11) W. Hfickel and W. Doll, Ann., 526, 103 (1936).

is not reproducible and it frequently gives poor
yields,®1? an important side product being second-
ary amine.!21® Furthermore, the axial amine ob-
tained is usually contaminated with varying
amounts of the equatorial isomer and in one case,
that of coprostanone oxime, the equatorial amine
appears to be formed exclusively.* Another factor
that limits the utility of this method is its reductive
nature which precludes the preparation of axial
amines bearing reducible groups. Reduction of the
oxime with lithium aluminum hydride furnishes
mixtures, containing both equatorial and axial
amines, which are usually difficult to separate.
Although separation of the epimeric amines via
their amide derivatives is sometimes possible, the
very hindered axial amides are difficult to cleave.??

The Hofmann and Curtius reactions have also
been used in some instances, but the preparation of
the requisite axial carboxylic acid involves a multi-
step sequence entailing severe losses.!#¥® Oc-
casionally, reduective amination of the appropriate
cyclic ketone with ammonium formate has been

(12) Unpublished observations of Jack L. Pinkus.

(13) E. Breitner, F. Roginski, and P. N. Rylander, J. Chem. Soc.,
2918 (1959).

(14) W. G. Dauben, R. C. Tweit, and R. L. MacLean, J. Am.
Chem. Soc., 77, 48 (1955).

(15) H. C. Richards, C. W. Shoppee, J. C. R. Sly, and G. II. R.
Summers, J. Chem. Soc., 1054 (1956).



