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Sulphur—-Nitrogen Compounds: the Preparation, Oxidation, and Decom-
position of NN-Bis(arylsulphonyl)hydroxylamines

By John D. Birchall and Christopher Glidewell,* Chemistry Department, University of St. Andrews, Fife
KY16 9ST

NN-Bis(arylsulphonyl}hydroxylamines, (p-XCgH,S0,),NOH, have been prepared (X = H, Me, MeO, Cl, and F) by
reaction of the corresponding benzenesulphinic acids with nitrous acid. Oxidation of the bis species with PbO,,
silver(1.11) oxide. AgO, MnQ,, Pb(0,CMe),. or nitric acid vields NNO-tris(arylsulphonyl)hydroxylamines, (p-

XCeH4S0,),NOSO,CeH, X-p, but HNO, and m-chloroperbenzoic acid do not react. Infrared and n.m.r. spectra
show that the tris species are hydroxylamines, R,NOR, rather than amine oxides, R3NO. Early work on similar

compounds has been reinvestigated.

As part of an investigation of nitroxyls, routes have
been sought to neutral analogues of Fremy’s radical ion
of the form (RSO,;),NO and (RSO,),NO: one possible
approach to the latter class of compounds, bis(sulphonyl)-
aminyl oxides, is the oxidation of the analogous hydroxyl-
amines (RSO,),NOH, and work on the preparation,
oxidation, and decomposition of these species is reported
here.

Bis(arylsulphonyl)hydroxylamines appear to have
been first prepared, although not recognised as such, by
reaction of arenesulphinic acids with nitrous acid ! or
with oxides of nitrogen; %3 the action of fuming nitric
acid on arenesulphinic acids was reported # to give tris-
(arylsulphonyl)amine oxides. Hinsberg claimed® the
preparation of bis(phenylsulphonyljhydroxylamine by
the action of HNO, on benzenesulphonamide, while
Piloty 8 obtained from the reaction of aqueous iron(111)
chloride and N-(phenylsulphonyl)hydroxylamine a sub-

1 R. Otto and H. Ostrop, Annalen, 1867, 141, 370.

2 R. Otto and V. Gruber, Annaler, 1868, 145, 18.

: W. Konigs, Ber., 1878, 11, 616.

W. Konigs, Ber., 1878, 11, 1588.
O. Hinsberg, Ber., 1894, 27, 598.

stance which he described as NN-bis(phenylsulphonyl)-
hydroxylamine. More recently, bis(arylsulphonyl)-
hydroxylamines have been obtained from the decom-
position of aryl sulphones with HNO;,” by the reaction 8
of HNO, with N-(arylsulphonylamino)-piperidine and
-pyrrolidine, and by the reaction * of arenesulphinic acids
with nitroalkanes. We have refnvestigated the earlier
work,”® and have developed simple preparations of
NN-bis(arylsulphonyl)hydroxylamines.

EXPERIMENTAL

Microanalyses were by the Microanalytical Laboratory of
this Department. Nuclear magnetic resonance spectra
were recorded on Varian EM-360, HA-100, and XL-100
spectrometers, e.s.r. spectra on a Decca X-3 instrument, i.r.
spectra on a Perkin-Elmer 237 instrument, and mass
spectra on an A.E.I. MS902 instrument.

Materials.—Ethanol, propan-1-ol, and methylene chloride
were dried over flamed-out molecular sieves. Diethyl ether

8 O. Piloty, Ber., 1896, 29, 1560.

7 H. R. Henze and N. E. Artman, J. Org. Chem., 1957, 22,
1410.

¢ P. A. S. Smith and H. G. Pars, J. Org. Chem., 1959, 24, 1325.

® G. Kresze and W, Kort, Ber., 1961, 94, 2624.
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TaBLE 1
Microanalyses, melting points, and yields of NN-bis(aryl-
sulphonyl)hydroxylamines, (p-XCH,SO,),NOH
Analysis (%)
SR, U —

ol T
Found Calc.
— oy e M.p. Yield
X C H N C H N (6/°C) (%)
H 45.9 3.4 42 459 35 45 125 86
Me 49.0 4.3 3.8 492 44 4.1 126 50
Cl 363 24 33 37.7 24 3.7 128 91
MeO 41.8 4.2 34 450 4.1 3.7 74—75 61
F Unstable 41.0 2.6 4.0 decomp. 47

was repeatedly refluxed over calcium hydride and stored
over the same reagent: other solvents were dried over
sodium wire. Arenesulphonyl chlorides were commercial
products and were used as received.

Preparation of Sodium Avemesulphinates.—Reduction of
benzenesulphonyl chloride with sodium amalgam !* or
sodium sulphite ¥ gave vields of 30—509%,: no product
was obtained using sodium sulphide as reductant.!? Re-
duction with zinc in propan-1-ol 13 gave 879 yield. Re-
duction of toluene-p-sulphonyl chloride with Na,[SOg4] gave
329, of the sodium sulphinate, zinc reduction gave 919,

11

mixture was then centrifuged: evaporation of the solvent
yielded the crude tris(arylsulphonyl)hydroxylamine. The
products were recrystallised twice from toluene. The solid
residue was washed with water: the aqueous washings gave
a positive test for nitrate, but a test for nitrite was negative.
A blank oxidation of hydroxylammonium chloride in
methylene chloride gave nitrate and no nitrite. Table 2
records the stoicheiometries employed, together with the
yields, melting points, and microanalytical data. The
results of other oxidation procedures are summarised in
Table 3: the tris products were identical (microanalysis, m.p.,
and mixed m.p.) with the products from oxidation by PbO,,.
Reaction of Benzewnesulphinic Acid with Fuwming Nitric
Acid.—A solution of sodium benzenesulphinate (4.0 g,
0.024 mol) in water (100 cm?®) was treated with concentrated
HCl (0.02 cm?®): the resulting precipitate of benzene-
sulphinic acid was filtered off and dried, then stirred during
18 h with fuming HNO, (s.g. 1.51; 10 cm3). Filtration of
the resulting solid, followed by recrystallisation from
toluene, yielded tris(phenylsulphonyl)hydroxylamine (2.10
g, 4.6 mmol, 589,), identical (microanalysis, m.p., and
mixed m.p.) with that obtained by oxidation of NN-bis-
(phenylsulphonyl)hydroxylamine.

TABLE 2
Preparation, microanalysis, melting points, and yields of NNO-tris(arylsulphonyl)hydroxylamines, (p-XCiH,S0,),NOSO,-
CGHAX‘P
Analysis (%)
Amount "Found Calc.
Amount (mmol) of (mmol) of ———— - A N M.p. Yield
X (p-XCgH,S0,),NOH PbO, Cc H N C H N (8¢/°C) %)
H 5.0 7.2 47.6 3.3 3.0 47.4 4.0 3.1 89—91 72
Me 3.0 8.4 50.8 4.6 2.9 50.9 4.3 2.8 183—184 71
Cl 2.6 20 38.6 2.9 2.2 38.8 2.2 2.5 132—135 52
MeO 1.6 8.4 46.4 4.1 2.4 46.4 3.9 2.6 107—108 50
F 5.2 20 43.0 2.7 2.4 42.6 2.4 2.8 123—125 65
and lithium tetrahydridoaluminate * gave 93%,. Sodium TABLE 3

p-chlorobenzenesulphinate and sodium p-methoxybenzene-
sulphinate were prepared by zinc reduction of the arene-
sulphonyl chlorides in yields of 91 and 989, respectively:
small quantities of the aryl sulphones, identified mass
spectrometrically, were also formed in these reductions.
Sodium p-fluorobenzenesulphinate was prepared ! from
fluorobenzene. No conditions were found under which
p-nitrobenzenesulphony! chloride could be selectively
reduced to the sulphinate, without concomitant reduction
of the nitro-group.

Preparation of NN-Bis(arylsulphonyl)hydroxylamines.—
Typically, the sodium arenesulphinate (0.02 mol) and
sodium nitrite (0.69 g, 0.01 mol) were dissolved in distilled
water (50 cin?®) and concentrated hydrochloric acid (3 cm?)
was added dropwise. The product was filtered off, washed
with water, and dried. Yields, microanalytical data, and
melting points (uncorrected) are recorded in Table I.
The p-fluoro-derivative was too unstable either for accurate
microanalysis or for melting-point determination. The
compounds were stored at —30 °C.

Oxidation of NN-Bis(arylsulphonyl)hydroxylamines with
Lead(1v) Oxide and Othey Oxidants.—In a typical oxidation,
the hydroxylamine was stirred during 24 h with excess of
lead(1v) oxide in methylene chloride (ca. 100 cm?®). The

10 S Gabriel and A. Deutsh, Ber., 1880, 13, 388.

1 F, C. Whitmore and F. H. Hamilton, Org. Synth., 1932,
Coll. Vol. 1, 7.

12 V, Migrdichian, ‘ Organic Syntheses,” Reinhold, New York,
1957, vol. 2, p. 1701,

Formation of tris(arylsulphonyl)hydroxylamines by oxid-
ation of NN-bis(arylsulphonyljhydroxylamines (-+,
formed; —, not formed)
Oxidant X=H

Pb0,-CH,CI, +

AgO-CH,Cl,

PbO,-CeH,

AgO-CyH,

Pb(0,CMe)~CH,CL,

MnO, —-CH,Cl,®

Pb0,-K,[CO,] (aq)

AgO-K,[CO;1 (aq)

Na[NO,}]-HC] (aq)

Se0,~CH,Cl,

HNO;~MeCO,H

m-CICaH,CO,H-Et,O) .
¢ J. Attenbarrow, A. F. B. Cameron, J. M. Chapman, R. M.

Evans, B. A, Hens, A. B. A. Jansen, and T. Walker, J. Chem.
Soc., 1952, 1094. ? No homogeneous product isolable. ¢ Eva-
poration of the filtrate, after removal of product, yielded
toluene-p-sulphonic acid.

g
o

MeO F
+ +

A+ttt
+4++ 0

!

e

i A A

Preparation and Reactions of N-(Phenylsulphonyl)hydroxyl-
amine.—Benzenesulphonyl chloride (35.4 g, 0.20 mol) was
added dropwise to a solution of hydroxylammonium
chloride (13.9 g, 0.20 mol) in ethanol (150 cm?®) through
which ammonia was bubbled: when the addition was
complete, passage of ammonia was continued for another

13 H. Gilman, E. W. Smith, and H. J. Oatfield, J. Amer. Chem,
Soc., 1934, 56, 1412,

14 1., Field and F. A. Gunwald, J. Org. Chem., 1951, 16, 946.
15 R. M. Hann, J. Amer. Chem. Soc., 1935, §7, 2167,
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10 min, before removal of ammonium chloride by filtration.
Removal of the solvent yielded the product which was
recrystallised from acetonitrile (12.1 g, 0.07 mol, 35%,; m.p.
124—126 °C) (Found: C, 41.5; H, 4.6; N, 8.9. C;H,NO,S
requires C, 41.8; H, 4.1; N, 8.1%). The hydroxylamine
(3.46 g, 0.020 mol) and FeCl, (3.25 g, 0.020 mol) were
stirred in aqueous solution during 15 h: after centrifuging,
and removal of the solvent, the hydroxylamine was re-
covered unchanged. Similarly, the hydroxylamine was
recovered unchanged after stirring during 5 h with a two-
fold molar excess of sodium hydroxide; no sodium benzene-
sulphinate was found.!®

Reactions of Benzenesulphonamide with Aqueous Nitrous
Acid.—(i) Benzenesulphonamide (3.14 g, 0.02 mol) and
sodium nitrite (2.07 g, 0.03 mol) were dissolved in water
(100 cm?®) and concentrated HCl (9 cm?) was slowly added.
Nitrogen oxides were evolved: after 1 h, the solid removed
by filtration was the unchanged sulphonamide. (ii) A re-
action (2 : 3 ratio) in ethanol gave only unchanged sulphon-
amide. (ili) A 1:1 molar ratio of the reactants, after
stirring during 24 h at room temperature in ethanol, gave
unchanged sulphonamide and diphenyl disulphone, (PhSO,),,
identified mass spectrometrically.

Attempted Reactions of Bemzenesulphonamide with Nitric
Acid.—Aliquot portions (3.1 g, 0.02 mol) of benzene-
sulphonamide were treated during 24 h with HNO; as
follows: (i) concentrated HNO, (10 cm?) 4 water (10 cm3);
(ii) concentrated HNO, (10 cm?®); (iii) fuming HNO,
(10 cm?). A quantitative recovery of unchanged benzene-
sulphonamide was achieved in each case.

Reaction of Toluenesulphinic Acid with Excess of Nitrous
Acid—A solution of sodium toluene-p-sulphinate (2.5 g,
0.01 mol) in water (50 cm?® was treated with concentrated
HCI (3 cm?): the toluene-p-sulphinic acid was filtered off,
washed, and added to a solution of Na[NO,] (1.38 g, 0.02
mol) in water (200 cm?), to which concentrated HCI (6 cm?)
was then added: the mixture was stirred during 24 h.
NN-Bis(p-tolylsulphonyl)hydroxylamine (1.0 g, 2.9 mmol,
589%,) was filtered off and recrystallised from toluene: it
was identical (microanalysis, m.p., and mixed m.p.) with
samples obtained earlier. No tris(p-tolylsulphonyl)-
hydroxylamine was obtained.

Reactions of NN-Bis(p-tolylsulphonyl)hydroxylamine with
Toluene-p-sulphinic Acid.—(a) Toluene-p-sulphinic acid
(1.20 g, 8 mmol) in glacial acetic acid (75 cm?®) was added
dropwise to a solution of the hydroxylamine (2.0 g, 6 mmol)
in acetic acid (150 cm?). The mixture was warmed to
60 °C for 5 h: oxides of nitrogen were evolved. After
another 24 h at room temperature, the solvent was removed;
the solid product was recrystallised from toluene, and
identified as toluene-p-sulphonic acid by its m.p. (103 °C;
lit.,’” 104—106 °C), and mass spectrum. No tris(p-tolyl-
sulphonyl)hydroxylamine or amine !¢ was found. (b) An
identical reaction was carried out under dry nitrogen. No
oxides of nitrogen were evolved. The bis(p-tolylsulphonyl)-
hydroxylamine was recovered unchanged.

Reaction of NN-Bis(p-tolylsulphonyl)hydroxylamine
with Toluene-p-sulphonyl Chlovide.—Toluene-p-sulphonyl
chloride (1.37 g, 7.2 mmol) in glacial acetic acid (75 cm?3)
was stirred into a solution of the hydroxylamine (2.45 g,
7.2 mmol) and pyridine (0.57 g, 7.2 mmol) in glacial acetic
acid (75 cm?®). After 24 h at room temperature, the
mixture was reduced to small volume and extracted with

16 E. von Meyer, ]. prakt. Chem., 1901, 63, 175.
17 A. F. Holleman and P. Caland, Ber., 1911, 44, 2505.
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benzene (2 x 100 cm?). The benzene layer was washed
well with water, dried over anhydrous sodium sulphate for
24 h, and evaporated to yield an oil which crystallised
slowly: extraction with diethyl ether gave unchanged
toluene-p-sulphonyl chloride. Recrystallisation of the
residue from toluene gave tris(p-tolylsulphonyljhydroxyl-
amine (0.52 g, 1.1 mmol, 15%,) identical (microanalysis,
m.p., and mixed m.p.) with samples obtained earlier.

Decomposition of NN-Bis(arylsulphonyl)hydroxylamines,
(p-XCH,SO,),NOH.—Aliquot portions (0.1 g) of each
compound were placed in ampoules, which were subse-
quently evacuated and allowed to stand at room tem-
perature during 24 h. Dry air was admitted, followed
after another 24 h by moist (ambient) air. Any change
was monitored at each step. (i) X = H. The compound
is stable in dry air; in moist air nitrogen oxides were
evolved. Extraction with water removed benzenesulphonic
acid, leaving tris(phenylsulphonyl)hydroxylamine, identical
with previous samples. (ii) X = p-Me and $-Cl. No
decomposition was observed. (iii) X == p-MeO. The com-
pound is stable in dry air; in moist air decomposition
occurred without the evolution of nitrogen oxides to give
an intractable black tar. (iv) X = p-F. The compound
is stable in dry air, but in the presence of moisture it
decomposed very rapidly with evolution of nitrogen oxides.
Extraction of the residue with water removed p-fluoro-
benzenesulphonic acid, identified by mass spectrometry
and as its sodium salt (Found: C, 35.0; H, 2.5.
C,H,FNaO,S requires C, 36.4; H, 2.19), leaving tris(p-
fluorophenylsulphonyl)hydroxylamine, identical  with
earlier samples.

Decomposition of Tris(arylsulphonyl)hydvoxylamines.—
The procedure used for the bis derivatives was employed:
all the compounds were stable to dry air. When X = H,
p-Me, or MeO no change was found after exposure to moist
air for 21 d; when X = p-Cl or p-F, exposure to moist air
over a period of weeks caused slow loss of nitrogen oxides
and accumulation of the sulphonic acid p-XCH,SO,H.

Infrared Spectra.—The i.r. spectra of both bis and tris
species are consistent with the constitutions postulated:
all the spectra contained a strong band at ca. 1 080 cm™
identified as v(N-O) by analogy with 2-(1-hydroxyamino-
ethyl)quinoline-4-carboxylic acid which contains a strong
band at 1040 cm™, whereas 2-(l-aminoethyl)quinoline-4-
carboxylic acid does not.)® The principal difference
between the spectra of the two series is the presence of
v(O—H) only in the bis series and of v(S—O) only in the tris
series (see Table 4).

N.M.R. Spectra—The proton spectra (C4Dg) of the bis
derivatives are entirely as expected. In the spectra of the
tris derivatives, two methyl resonances in the intensity
ratio 2: 1 were observed at ca. § 3.01 p.p.m. when X =
MeO, separated by 2.3 Hz and each having v; = 0.6 Hz.
When X = Me, only a single methyl resonance could be
resolved at § 1.77 p.p.m. having v; = 2.0 Hz; however, it
seems unlikely that this absorption conceals two un-

‘resolved methyl resonances since in the analogous bis

compound v; for the methyl resonance is also 2.0 Hz at
3 1.73 p.pm. When X = F, two resonances with an
intensity ratio 2:1 were observed in the °F spectrum
(proton decoupled) at —100.90, (1 F) and —101.02 (2 F)
p.p.m. (CCLF), a separation of 11.00 Hz.

18 Thermodynamics Research Centre Data Project, Infrared
Spectral Data, Texas A and M. University, College Station,
Texas, 1974, vol. 1.
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E.S.R. Spectra.—N N-Bis(p-tolylsulphonyl)hydroxyl-
amine was held at room temperature during 6 h with an
TABLE 4
Diagnostic i.r. frequencies in (p-XCgH,S0,),NOH and
(p-XCeH,SO,),NOSO,CH,X-p

X=H Me Cl

(p-XCeH,S0,),NOH 5(OH) 3300 3280 3200

(cm?)
($-XCeH,S0,),NOSO,CHX-p  5(SO) 850 815 825

(em™)

MeO F

(p-XCeH,S0,),NOH #OH) 3440 3400

(cm™)
(p-XCeH,S0,),NOSO,C,H,X-p  o(SO) 850 815

(em™)
excess of PbO, in benzene or methylene chloride. The

solution was then filtered into an e.s.r. tube, carefully
degassed, and the tube sealed. The solution showed a
strong e.s.r. spectrum, comprising a single rather broad
absorption with partially resolved fine structure; no
coupling due to ¥N was apparent.

RESULTS AND DISCUSSION

Arenesulphinic acids react with aqueous HNO, to give
NN-bis(arylsulphonyl}hydroxylamines [equation (1)].

2XC,H,SO,H + HNO, —»
(XC4H,S0,),NOH + H,0 (1)
(X = H, p-Me, $-Cl, p-MeO, or $-F)

These hydroxylamines are white crystalline solids, stable
in dry air; microanalyses, yields, and m.p.s are recorded
in Table 1. The yield is essentially independent of the
quantity of Na[NO,] used, provided that at least the
stoicheiometric quantity is present. Support for the
NN-substitution is provided by the i.r. spectra which all
contain v(OH).

A number of methods for the reduction of arene-
sulphonyl chlorides have been recorded.’®4 The most
satisfactory in our hands is the use of zinc dust in
propan-1-ol: 1 this gave yields ranging from 879, when
X = H to 989, when X = $-MeO. When X = $-Cl or
$-MeO, small quantities of diaryl sulphone were also
produced during the reduction, possibly according to
equation (2) (R = aryl).

RSO,Na -+ RSO,Cl —» NaCl + SO, + R,S0, (2)

A wide variety of oxidising agents were tested in the
hope of effecting oxidation of the NN-bis(arylsulphonyl)-
hydroxylamine to the corresponding aminyl oxides
equation (3). In methylene chloride, PbO, reacted

(p-XC4H,SO,)NOH —s (p-XC4H,S0,),NO  (3)

with each of the bis species to yield NNO-tris(aryl-
sulphonyl)hydroxylamines and nitrate. Two of the
NN-bis(arylsulphonyl)hydroxylamines, having X = $-
Me and p-Cl, were treated with a number of oxidants.
When X = p-Me, the same tris derivative was obtained
when the oxidising agent was silver(1,111) oxide, AgO, in
either methylene chloride or benzene, PbO, in benzene,
lead(1v) acetate in methylene chloride, or manganese(1v)

1% R. Nast and I. Féppl, Z. anorg. Chem., 1950, 263, 310.
20 M. McMillan and W. A, Waters, J. Chem. Soc. (B), 1966, 422.
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oxide in methylene chloride; aqueous PbO, or AgO,
excess of HNO,, and m-chloroperbenzoic acid had no
action on this bis compound. When X = $-Cl, the
tris species was also produced by the action of PbO, in
benzene, and AgO in either benzene or methylene
chloride.

Two plausible routes from (RSO,),NOH to (RSO,),-
NOSO,R (R = aryl) are outlined in the Scheme. The
failure of certain oxidants to generate NNO-tris(aryl-

(@)
(RS0,),NOH =

(RSO,),NOSO,R + NH,0H

(Hl(i)
{RS0z N0 — o
RSO,NO P
\ -
lm (RSO,),NOSOR  + [NOy]
RSO,

ScHEME R = Aryl. (¢) Oxidalion
sulphonyl)hydroxylamines allows route () to be ruled
out. Nitrous acid reacts rapidly with hydroxylamine to
yield dinitrogen oxide,!® and PbO,, Ag0O, and m-chloro-
perbenzoic acid all oxidise hydroxylamine to nitrate
under conditions in which they fail to convert NN-
bis(arylsulphonyl)hydroxylamines into the tris deriva-
tives; excess of HNO, will not convert toluene-p-
sulphinic acid or NN-bis(p-tolylsulphonyl)hydroxyl-
amine to the tris compound. The alternative route (b)
involves a reversal of the spin-trapping reaction to give
a nitrosyl arenesulphinate as an intermediate: to the
best of our knowledge, this class of compound has yet to
be described, and the preparation is now under in-
vestigation. Some support for this route is drawn from
e.s.r. observations: PbO, and NN-bis(p-tolylsulphonyl)-
hydroxylamine react to give a free-radical intermediate,
but with the apparatus available we were unable to
identify this species conclusively. It is probably not a
aminyl oxide, since no coupling to N is observed, and
the toluene-p-sulphonyl radical, $-MeC4H,SO,, which
has been observed by Waters 20 and by Davies,?! is
probably too short-lived.

The tris derivatives are believed to be NNO-tri-
substituted hydroxylamines rather than NNN-tri-
substituted amine oxides as described by earlier
workers 1.3:416 on the grounds of their i.r. spectra, which
all contain v(5-0), and their n.m.r. spectra which show
evidence of two types of benzenoid group when X = MeO
and F; no conclusive n.m.r. evidence was obtained in
the case of X = Me. The amine oxide structure may
also be discounted on theoretical grounds. The nitrilo-
trisulphonate ion [N(SO,),]3~ is planar at nitrogen 22

2L A, G. Davies, B. P. Roberts, and B. R. S. Sanderson, J.C.S.
Perkin 11, 1973, 626.

22 J. V. Tillak and C. H. L. Kennard, J. Chem. Soc. (4), 1970,
1637.
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with an S - - - S distance of 2.96 A, approximately equal
to the 2.90 A expected 28in the hard-atom approximation,
and it may be supposed that N(SO,R); would be similar
although with a shorter N-S and hence shorter S+--S
distance. If the NS, fragment is planar largely because
of S-S repulsions, then an increase in the co-ordin-
ation number of the nitrogen, as in the formation of the
amine oxide (RSO,);NO, which would be accompanied
by a change in the geometry of the nitrogen atom from
trigonal planar to approximately tetrahedral, will only
increase the steric compression of the sulphur atoms and
consequently increase the total potential energy.

It is probable that the nitrogen atom even in a bis-
or tris-(arylsulphonyl)hydroxylamine has almost planar
geometry. In Fremy's radical di-anion [(SO,),NO]?%-,
the S,NO fragment is planar #* with O-N and N-S
distances of 1.28 and 1.66 A respectively; the distances,
and hence angles, assuming the hard-atom approxim-
ation,? in species such as (RSO,),NOH and (RSO,),-
NOSO,R can be estimated from those in Fremy’s anion,
and from those in the related pair of molecules bis-
(trifluoromethyl)aminyl oxide, (CF;),NO, and NN-
“bis(trifluoromethyl)hydroxylamine, (CF;),NOH. In
(CF;)sNO, the C-N and N-O distances are 25 1.441 and
1.26 A respectively, while in (CF,),NOH these distances
are2 1435 and 1.399 A respectively: if a roughly
similar change in the N-O distance occurs in the sulphur
species, that in the bis- and tris-(arylsulphonyl)hydroxyl-
amines may be expected to be ca. 1.41 A, with an N-S
distance of ca. 1.65 A. Assuming hard-atom non-
bonded distances of 2.90 A for S-S and 2.58 A for
S -+ -0, the SNS and SNO angles are then expected to
be 123 and 114.7° respectively, giving a sum of angles at
nitrogen of 352.4°, much larger than the 331.8° ob-
served #7 in trimethylamine. It is therefore to be
expected that reaction of a bis(arylsulphonyl)hydroxyl-
amine with a sulphonyl chloride would give for steric
reasons an O- rather than an N-derivative: in accord
with this, reaction of NN-bis(p-tolylsulphonyl)hydroxyl-
amine with toluene-p-sulphonyl chloride is found to give
NNO-tris(p-tolylsulphonyl)hydroxylamine.

Konigs reported 4 that the reaction of fuming HNO,
on benzenesulphinic acid gave the tris species, although
he regarded it as a trisubstituted amine oxide: this
observation we have confirmed, although we were unable
to substantiate the claim of Hinsberg 3 to have obtained
bis(phenylsulphonyl)hydroxylamine by the action of
HNO, on benzenesulphonamide. In contrast to carb-
oxylic acid amides, benzenesulphonamide is remarkably
inert towards HNO,, and under most reaction conditions
is recovered unchanged: the only other product we
identified was diphenyl disulphone, (PhSQ,),, which may
have been produced by dimerisation of benzenesulphonyl
radicals. Similarly we were unable to confirm the
report of Piloty ¢ that reaction of N-(phenylsulphonyl)-

28 C, Glidewell, Inorg. Chim. Acla, 1975, 12, 219.

24 R. A. Howie, L. S. D. Glasser, and W. Moser, J. Chem. Soc.
(4), 1968, 3043.

26 C, Glidewell, D. W. H. Rankin, A. G. Robiette, G. M. Shel-
drick, and S. M. Williamson, J. Chem. Soc. (4), 1971, 2599.
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hydroxylamine with FeCly gives the bis derivative: we
observed no reaction. It should be noted that the m.p.
recorded by Piloty (110 °C) is substantially below ours
(125 °C), as is also the value he reported for the tris
derivative.

It appears that any nitrogen-containing oxidant will
generate bis(arylsulphonyl)hydroxylamines from arene-
sulphinic acids, and that the bis compounds either do not
react at all with oxidising agents or give the correspond-
ing tris compounds, which represent a fairly deep
potential trap in the energy hypersurface of this system.
Thus a mild oxidising agent such as HNO, must be used
if only the bis species is required: HNO,; with an arene-
sulphinic acid yields the tris compound directly.

The reaction of toluene-p-sulphinic acid with NN-bis-
(p-tolylsulphonyl)hydroxylaminein glacial acetic acidwas
reported by von Meyer 15 to give tris(p-tolylsulphonyl)-
amine, according to equation (4). We reinvestigated

$-MeCgH,SO,H + (p-MeCgH,S0,),NOH —»
(p-MeCgH,SO,),N + H,0 (4)

this reaction under von Meyer’s conditions and find that,
in air, copious evolution of nitrogen oxides occurs, giving
toluene-p-sulphonic acid as the sole solid product.
Under dry nitrogen, however, no nitrogen oxides were
lost and the bis compound was recovered unchanged.
It is possible that in von Meyer’s experiment, part either
of the arenesulphinic acid or of the bis compound was
oxidised by the nitrogen oxides to tris(p-tolylsulphonyl)-
hydroxylamine: certainly the m.p. he quoted for
material which he described as an amine, 184 °C, is very
similar to that found in this work for the tri-substituted
hydroxylamine, 183—184 °C.

Although all the bis(arylsulphonyl)hydroxylamines
studied here are stable in dry air, only those having
X == p-Me and p-Cl are stable to moisture. When
X = p-F or H, moisture caused the evolution of nitrogen
oxides, leaving RSO;H and (RSO,),NOSO,R, while
when X = $-MeO no nitrogen oxides were evolved and
the sole product was a black tar. The rate of decom-
position when X = F was so fast that accurate micro-
analysis was not possible: the fast decomposition when
X = MeO may account for its rather poor micro-
analytical data. It is reasonable to suppose that the
initial step in the decomposition is hydrolysis of an N-S
bond: for hydrolysis of sulphonyl derivatives Hammett’s
e is positive, and the o, constants suggest that the
rates of hydrolysis should decrease in the order Cl >
F > H > Me > MeO. However, the order of decom-
position rates observed is F > MeO > H > Me ~ CL
For the tris derivatives the observed order is F ~
Cl » H ~ Me ~ MeO, decomposition of the halogeno-
species giving nitrogen oxides and the arenesulphonic
acid.
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