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Samples of (ArSO, )3NO prepared by non-oxida-
tive methods do not exhibit ESR spectra in solution:
the observation of (ArS0,),NO' ESR spectra in
samples of (ArSO, )sNO prepared oxidatively shows
therefore that the (ArS0, ),NO' are guenine residual
intermediates from the oxidation of (ArSO, ),NOH.
1SN chemical shifts of arylsulphonamides and aryl-
sulphonylhydroxylamines show that the product of
oxidation of (ArSQO, ),NOH is an N,N,O trisubstitut-
ed hydroxylamine (ArSO; ), NOSO,Ar, rather than
an N,N,N trisubstituted amine oxide (ArSO, )3N-O.

Introduction

The oxidation of N N-bis(arylsulphonyl)hydroxyl-
amines, (ArSO, ),NOH (Ar = 4-XC¢H,y; X = H, F, (1,
CH;, CH;0), yields [2] products of composition
(ArS0O,);NO by a route thought to involve succes-
sive formation of the radicals (ArSO,),NO' and
ArSO;. Apparently analytically pure samples of
(ArS0,)3NO, for X = H, F, Cl, CH,, but not CH;0,
give [3] in benzene solution ESR signals character-
istic of the aminyl oxides (ArSO,),NO", even though
the same solutions give sharp well resolved NMR
spectra. The aminyl oxide radicals could arise either
as an intermediate in the oxidative conversion of
(ArS0,),NOH to (ArS0,)3NO, or by spontaneous
homolysis of (ArS0,)3NO in solution.

The NMR spectra of (ArSO,);NO indicate the
presence of two types of ring (*H, X = CH;0; '°F,
X = F; 13C, X = F, Cl, CH;CH;30) but the spectra of
(ArS0,),NOH indicate only a single ring environ-
ment.

The present paper represents ESR evidence which
effectively rules out the possibility of spontaneous
homolysis of (ArSO,)3NO, and a '*N NMR study of
(ArSO,),NH;_p., ArSO,NHOH, (ArSO,),NOH and
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(ArSO;);NOH for X = CHj, which unambiguously
shows that the product of oxidation of (ArSQ,),-
NOH is (ARSO,),NOSO,Ar rather than the amine
oxide (ArSO,);N-0.

Experimental

Literature methods were used for the preparation
of (CH3C¢H4S0,),NH [4], (CH3CsH,S0,)sN [5],
CH;C¢H,SO,NHOH (CH3CgH,S0;),NOH [2],
(C¢Hs50,)3NO [2], (CH3CsHySO2)3NO [2] and
(CH;380,),NH [6]. SN NMR spectra were recorded
at P.CM.U., Harwell, using a Bruker WH-180 FT
spectrometer operating at 18.24 MHz: the chemical
shifts recorded in Table I are for solutions approx-
imately 0.2 M in DMSO, and are referred to external
CHI’NO,. Chemical shift differences on change of
solvent, e.g. to acetone were usually no more than *1
ppm; broad-band ungated proton decoupling was
employed throughout. ESR spectra were recorded
using a Decca X-3 spectrometer.

Results and Discussion

ESR Spectra

The compounds (ArS0,)3;NO can be prepared not
only by oxidation of (ArSO;),NOH, but also [2]
by reaction of (ArSO,;);NOH with ArSO,Cl in the
presence of base, equation (1):

(ArSO;)zNOH + ArSO,Cl + B>
B-HCl + (ArS0,);NO )

Samples prepared by this route, for X = H, CH,4
gave no detectable ESR spectra, even at the detec-
tion limits of the spectrometer, under conditions
identical with those in which samples prepared by
oxidation gave extremely strong spectra. We there-
fore conclude that no spontaneous homolysis of
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TABLE I. **N Chemical Shifts (ppm) for Tolylsulphonamides and Tolylsulphonylhydroxylamines.

CH3CgH4SO,NH, -284.5 CH3C¢H4S0,NHOH -226.1
(CH3CgH4S0,);NH ~220.9 (CH;3CgH,4S0,),NOH -170.9
(CH3CgH4S0,)3N -159.8 (CH3CgH450,)3NO -143.0
TABLE II. Other Sulphonamide '*N Chemical Shifts (ppm).

H;3NSO, ~286.4% CgHs SO;NH, —285.9°
H,NSO; —287.1% CH3SO,NH, —-286.0
NH(503)3° -225.8% (CH3S0,);NH -222.8
N(S03)3° -153.3%

BRef. 7. DRef. 8.

(ArS0;)3;NO occurs in solution to yield (ArSO;),-
NO’, but that when radicals (ArS0,),NO" are pre-
sent in samples of (ArSO;)3NO [3], they are residual
intermediates from the oxidation process. This direct
observation of a genuine intermediate is strong
evidence for the correctness of the reaction scheme
put forward earlier [2, 3].

1SN NMR Spectra

Chemical shifts of tolylsulphonylamides and tolyl-
sulphonylhydroxylamines are recorded in Table I,
and a number of other relevant shifts for related
compounds are given in Table II.

The chemical shift of ammonia is —380.2 ppm
[9] and successive introduction of sulphonyl groups,
whether neutral or anionic, aliphatic or aromatic,
induces paramagnetic shifts of ca. 100 ppm, 60 ppm,
and 60 ppm: the contrast between this behaviour and
that of successive carbon substitution at nitrogen
has been noted previously [7].

The chemical shift of unprotonated hydroxyl-
amine, NH,OH appears to be unknown. Values
recorded for the corresponding cation, NH;OH',
are —276 ppm (N shift) [10], and —293 ppm [11]:
the difference between these values arises from
differences in concentration, solvent, or referencing.
In general protonation of aliphatic amines causes
a downfield shift of ca. 10 ppm [12], so that a value
of —275 ppm will probably not be greatly in error
for the shift in NH,OH: as with NH;, successive
introduction of two sulphonyl groups causes para-
magnetic shifts, each of ca 50 ppm, and it is neces-
sary to consider the difference in the chemical shifts
expected, on the one hand for an N,N,O-tris(aryl-
sulphonyl)hydroxylamine, (ArSO;),NOSO,Ar and on
the other hand for an NN N-tris(arylsulphonyl)-
amine oxide (ArSO,)sNO.

Oxidation of (ArSO,)3N to the amine oxide
(ArS0,);3NO is expected, via the local paramagnetic

term to lead to a marked shielding of !N nucleus,
and a consequent marked upfield chemical shift.
The strong deshielding of the nitrogen nucleus on
introduction of sulphonyl groups may be a
consequence [13] both of the presence of many low
lying excited states, (resulting from the presence of
sulphur 3d orbitals) and of multiple bonding involv-
ing the nitrogen lone pair, thus:

R 0 R o
N\ //R "\, &/ 2
L =
SR AR
R2 O R2 O

ArSO, is certainly a deactivating group in electro-
philic aromatic substitution [14], and evidence for
such N-S nm-interactions can be derived from the
structures of a number of ions and molecules. N—S
m-interactions will be maximised when the nitrogen
atom is planar: planar nitrogen is found in, for
example HN(SO3);2 [15], ON(S03)3% [16],
N(S03)3® [17], (CH3S0,),NH [18] and (PhSO,),-
NH [19] : Glemser has suggested [20] a bond length-
bond order correlation for sulphur—nitrogen bonds
which yields bond orders as follows, based on experi-
mentally determined bond distances: HN(SO3);*
[15], 1.08; ON(SO3)z?% [16], 1.08; N(SO3)3° [17],
0.90; (CH3S0,),NH [18], 1.14; (PhSO;),NH [19],
1.12; PhSO,NCyH,¢0 [21], 1.18; CH3Cg¢H,4S0;-
NHCH,Ph [22], 1.25; and (PhSO;),N~ [19], 1.42.
These data fully support the occurrence of multiple
N-S bonding in sulphonamide species, and indicate
that when the lone pair of electron on nitrogen is
removed by quaternisation, e.g. on oxidation, a sub-
stantial upfield shift is expected. Some examples
of such shifts in various classes of compound are
given in Table III: even taking the minimum value
of those recorded this would give a chemical shift
for the amine oxide (ArSQ;);NO at least as negative



Sulphur-Nitrogen Compounds

TABLE III. N Shifts (ppm) on Oxidation of Nitrogen
Atoms.

Molecule, X As%

NO; -232
PhNO 541
BuONO -235
PhCN —49
CsHgN -25
PhNNPh ~-172
PhCHNPh —40

8a6 = 6N (X0) — 5N (X) resulting from the oxidation of
X to XO: source, ref. 13.

as —185 ppm; the shift is possibly substantially more
negative.

The alternative formulation (ArSO,),NOSO,Ar
results from a substitution of H by SO,Ar in (Ar-
S0,),NOH: since by analogy with (PhSO,),NH [19]
and ON(SO;);? [16], the nitrogen atom in (Ar-
S0,),NOH is expected [2] to be planar, no signifi-
cant change occurs on substitution at oxygen other
than replacement of the electroneutral hydrogen
atom by the strongly electron withdrawing ArSO,
group. Hence the principal effect on the N chemical
shift of this substitution is vig the local diamagnetic
term, and in this example, a marked downfield shift
is expected, from the value of —171 ppm observed in
(ArS0;),NOH.

Since the expected values of §(N) for (ArSO,);-
NO and (ArSO,),NOSO, Ar respectively fall on either
side of the value in (ArSO,),NOH, a structural dis-
tinction can readily be made on the basis of the
observed shift, —143 ppm, which shows clearly that
the correct constitution is (ArS0,),NOSO,Ar. This
deduction, based on direct NMR observation of the
crucial atom, nitrogen, is in accord with deductions
made from observations of nuclei (*H, '3C, '°F)
only indirectly influenced by the configuration at
nitrogen.
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