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Advances in the chemistry of sulphenic acid amides
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ABSTRACT. Results of recent investigations in the area of
sulphenic acid amides have been systematised and correlated in the
review. Reactions of sulphenamides occurring with the generation
of anions, radicals and nitrenes have been considered, as well as
reactions accompanied by fussion of the S—N bond and oxidation
of the sulphur atom.

The bibliography contains 95 references.
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1. Introduction

The chemistry of sulphenic acid amides began in 1911 with the
discovery by Zincke of sulphenic acid chlorides and the study of
their reactions with nitrogen-containing compounds."  The rapid
development of this area of hetero-organic chemistry is explained
primarily by the useful properties of representative compounds of
this class, which are widely used as pesticides,? vulcanising agents,’
electrolytic additives®® and other valuable reagents used in industry
and agriculture.  The high lability of the S—N bond in sulphen-
amides, and also the presence of two centres for reaction (sulphur
and nitrogen) make sulphenic acid amides extremely valuable
as reagents for the synthesis of sulphides,®” disulphides,® !
trisulphides,'? new types of suphenamides,® sulphenic acid esters,'*
sulphinamides'® and sulphonamides.®

The interest displayed in sulphenic acid amides by any investi-
gators caused at one time the appearance of a series of reviews!”
which reflected in some degree the progress in the chemistry of
sulphenamides in a particular period. In the present review results
of recent investigations in the chemistry of sulphenic acid amides are
systematised and correlated. In particular, reactions are considered
which occur with fission of the N—H bond and generation of
anions, radicals and nitrenes and reactions accompanied by fission of
the S—N bond and oxidation of the sulphur atom.

II. Reactions occurring with fission of the N—H
bond

1. Generation of N-anions

Dissociation of N-substituted sulphenamides containing electron-
acceptor groups at the sulphur and nitrogen atoms in polar organic
solvents leads to the formation of N-anions of the sulphenamides in
the stabilisation of which the sulphur atom and the electron acceptor
groups participate:*>2

RSNHR! <= RSNR! 4 He,
RSNR! > RS=NR,

Table 1. pK, values of N-substituted sulphenamides?> RSNHR'.

Method of

R R Py determination
H C4HS0, 11.87 a
4-CHyCgH, CgHgSO, 12.66 a
CICgH, CsH;S0, 10.80 a
4-NO,CeH, C3HyS0, 8.20 a
2-NO,CsH, Hy 8.45 a
2,4+(NO,),CeHy CeH;sS0, 5.76 a
2, 4-(N02)ngH3 4‘CH30CQH4SOg 6.08 a
2,4-(NOg),CsHy 4-CHyCgHoSO, 5.98 a
2.4-(NOg)sCHs 4-CICgH,SO, 5.33 a
2,4-(NO);CsHy 4-BrCyH,SO, 5.3 a
2. 4-(Noz)z Hg 3-N02C'H‘502 4.62 a
Z.é,b(NOg)gccHg Cﬁ Uy 2.69 a
2. 4, 6-(NO,)sCsH, 4-CH,CeH,SO, 2.90 a
2.4, 6-(NOy);CgH, 4-CICgH,S0, 2.44 a
3. 4, 5:(NOp),CqH, 4-CIC;H,SO, 2.88 a
C;Hy CsHC 12.30 a
4-NO,CgH, CgHsCO 9.60 a
2-NO,CgH, CgHCO 10.40 a
4NO,C;H, CH,CO 10.78 a
2-NO,CeH, CH,CO 11.38 a
2,4-(NO,),CeH, CH,CO 9.67 a
CClg CgHgCO 7.64 b
CCl, 4-CH,CsH,CO 7.67 b
CCly 4-CH;0C4H,CO 7.69 b

Note. a, potentiometric titration in 50% acetone; b, indicator

buffer-free method in acetone.

The stability of the N-anions formed in the dissociation process
was determined by the pK, of sulphenamides (Table 1) the
magnitude of which varied over a wide range depending on
sulphenamide structure.
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Anions of N-acyltrichloromethanesulphenamides are converted in
the presence of base into 5-aryl-1,3,4-oxathiazol-2-ones,24 which
limits the choice of method for determining the pK, of these
compounds.

0 0°®
e
RCNSCCl; «~— Ré:NSCCla,
0@ CCly O—CCl, Ol'——(‘l=0
| I | | H,0
R—C S <rr"R—C S —mpg~ R—C S
\N/ \N/ \N/

From a comparison of the pK, values of N-acyltrichloromethane-
sulphenamides and the pK, of dichloroacetic acid (2.70) determined
by the same method,? it may be concluded that the anions of
N-acyltrichloromethanesulphenamides possess high stability.

The character of the substituent on the arenesulphenyl group of
N-arenesulphonylarenesulphenamides exerts a greater influence on
the stability of the N-anion than does the character of a substituent
on the arenesulphonyl group. This is linked with the greater ability
of divalent sulphur in comparison with hexavalent sulphur to trans-
mit the inductive influence of the substituent. This situation is also
confirmed by correlation analysis, specifically by a comparison of the
reaction constants p; and p, obtained from the correlation relation-
ships between the pK, values of two series of N-arenesulphonyl-
arenesulphenamides and the Hammett ¢ constants (Tables 2, 3).

Table 2. Correlation parameters of a reaction series of N-benzene-
sulphonylarenesulphenamides.?

QSN HSO,C,H,
R

of N-arenesulphonylnitrobenzenesulphenamides are converted during
a few minutes in air to a dark wine-red resin dissolving readily in
water with the formation of dark red solutions. The sodium salts
of N-arenesulphonyldinitrobenzenesulphenamides are more stable
towards the action of moisture and remain unchanged for an
extended time.

Table 3. Correlation parameters of a reaction series of N-arene-
sulphonyl-2,4-dinitrobenzenesulphenamides.?

2,4-(NO, )ZCUHJSNHSOZ—Q
R

R Ky a [ r
3-NO, 4.62 0.710
4-Br 5.31 0,232 1.537 0.997
4Cl 5.33 0.227
H 5.76 0.000
4-CH, 5.98 —0.170
4CH;0 6.08 —0.268

R Py ¢ [ r
&NO, .20 0.232
4Cl 10.80 0.227 417 0.999
H 11.87 0.000
4CH, 1286 —0.170

The maximum in the 380 —420 nm region in the electronic spectra
of solutions of N-arenesulphonylarenesulphenamides corresponds to
the absorption of N-anions and is absent from the spectra of
N-arenesulphonylalkylarenesulphenamides. Anincrease in absorption
maximum was observed with increase in the acidic properties of
N-arenesulphonylarenesulphenamides and also with increase in
solvent polarity.?’

The generation of anions from N-acyl- and N-arenesulphonyl-
arenesulphenamides may be affected by the action on them of alkali
or alcoholates.? The stability of the resulting sodium salts is
caused by the acidic properties of sulphenamides. The sodium salts

In alcoholic solution the sodium salts of N-arenesulphonylarene-
sulphenamides are methylated at the nitrogen atom by methyl iodide
with the formaiton of N-arenesulphonylmethylarenesulphenamides.

2. Generation of N-radicals

Homolysis of the N—H bond in sulphenamides by the action of
oxidising agents was noticed for the first time by Lecher and
co-workers. 26 They established that under the action of PbO, on
bis-(benzenesulphenyl)imide in an inert organic solvent the bis-
(benzenesulphenyl)imine radical is formed in the stabilisation of
which the sulphur atom participates:

- PhS—N—5Ph « Ph§=N—8Ph «» PhS—N=-8Ph

The action of PbO, or (tert.-BuO), on N-arenesulphenamides in
an inert organic solvent leads to the generation of N-arene-
sulphenylarylaminyl radicals Ar —SN—Ar! (Ar is Ph, 2-NO,CcH,, 4-
CIC¢H;; Ar! is MeOCgHy, 4-(Me)2(NCgH,), having as a rule a red
colour.!%26-28

It was established by EPR? that radicals RSNS(Ar) = NSR,
coloured blue, green or brown depending on the structure of R and
Ar, are formed on oxidation of sulphenamides RSNHC(Ar) = NSR
with lead dioxide or silver oxide in diethyl ether in the presence of
potassium carbonate.

The formation of N-arenesulphenylacylaminyl radicals has been
observed®3* on heating N-arylsulphenyl-N,N’-bis-(acyl)-arene-
sulphinamidines in inert organic solvents (benzene, toluene, etc.).

70-80°C

ArS (=NAc) N (SAr) Ac-
Ac = ArS0,, ArCO.

2ArSNAc,

At 120 — 140 °C the homolysis became irreversible.
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3. Generation of nitrenes

The oxidation of 2,4-dinitrobenzenesulphenamide with lead tetra-
acetate in aprotic organic solvents leads to 2,4-dinitrobenzene-
sulphenylnitrene which forms the corresponding aziridines with
olefins:+3¢

NO,—Z N_SNH,

Pb(OAc)._) . /_\\‘ o N
\=< —R0 [No2 > SN.]
NO, NO,
Rl
RIREC—CHR® | N02—<_\, -S—Nv<
NOo, | R’
RS

The capture of 2,4-dinitrobenzenesulphenylnitrene by olefins and not
by the sulfenamide as in the case of sulphides®’ is explained by the
fact that the 2,4-dinitrophenyl group reduces the electron density at
the sulphur atom as a result of which the sulphur atom is not
capable of undergoing electrophilic attack by 2,4-dinitrobenzene-
sulphenylnitrene.

In the absence of olefins the oxidation of 2,4-dinitrobenzene-
sulphenamide by lead tetraacetate leads to N-(2,4-dinitrophenyl)-
2,4,dinitrobenzenesulphenamide, which in the opinion of the
authors®® is formed by attack of the nitrene at the nitrogen or
sulphur atoms of 2,4-dinitrobenzenesulphenamide. The formation
of N,N'-di-[2,4,6-tri-(tert.-butyl)benzene]diiminosulphur in the reaction
of 2,4,6-tri-(tert.-butyl)benzenesulphenamide with lead tetraacetate,
is also explained by attack of the nitrene at the sulphur atom of the
sulphenylamide.

Oxidation of 2,4-dinitrobenzenesulphenamide with lead tetra-
acetate in the presence of (Z)-phenylpropene®**¢ leads to a mixture
of trans- and cis-1-(2,4-dinitrobenzenesulphenyl)-2-methyl-3-phenyl-
aziridines, the ratio of which depends on the type of solvent used,
the ratio of reactants, and also the order of mixing the reagents. In
benzene the ratio of trans- and cis-isomers is 1: 1, but in chloroform
and in methylene chloride it is 3:1. In more polar solvents
(CH;CN, CH;0H) the overall yield of both isomers is reduced. On
introducing lead tetraacetate into a mixture of 2,4-dinitrobenzene-
sulphenamide and (Z)-phenylpropene, together with aziridine the
formation is observed of N-(2,4-dinitrophenyl)-2,4-dinitrobenzene-
sulphenamide and partial isomerisation of (Z)-phenylpropene into
(E)-phenylpropene, while addition of a mixture of 2,4-dinitro-
benzenesulphenamide and lead tetraacetate in chloroform to
(Z)-phenylpropene leads to the formation in high yield of only
aziridine.

It has been assumed>* that triplet nitrene is formed initially in the
oxidation. This is in equilibrium with singlet nitrene and they both
react with (Z)-phenylpropane.  Since sulphides are effective traps
for singlet nitrenes® then introduction of sulphide 4-CIC¢H,.
.SCH,CH =CHj; into the reaction mixture changes both the overall
yield of aziridines and the ratio of isomers. At the same time in the
presence of effective trapping agents for triplet nitrenes PhC(R) =
CH, (R = Ph, Me) the ratio of cis- and trans-isomers is unchanged
although the overall yield of aziridines is reduced.

When sulphenamides RCsH4SNH, (R = 2-NO,, 4-NO,, 4-Cl) are
oxidised with lead tetraacetate in the presence of olefins the
corresponding disulphides are isolated. These are formed as a result
of the following conversions:*

Pb(OAc), RCeH,SNH,

RCsH,SNH, —> [RCsH,SNHPb(OAc)s] — (RCeHSNH),,
®)
(RC,H,SNH), —2CAds _, RCGHSN=NSCHR - (RCeHiS)s-

The formation of the nitrenoid intermediate (A) was confirmed by
the fact that on oxidation of 4-nitrobenzenesulphenamide with lead
tetraacetate in DMSO, N-4-nitrobenzenesulphenyldimethylsulphoxi-
mide was obtained.*

III. Reactions proceeding with fission of the S—N
bond

In contrast to the sulphur—nitrogen bond in sulphonamides,
which is very stable, the S—N bond in sulphenamides is labile and is
readily split by nucleophilic and electrophilic reagents. This was
even mentioned by Zincke and co-workers®! when studying the
reaction of naphthalenesulphenyl chlorides with naphthylamines.
The stability of S—N bonds in sulphenamides towards nucleophilic
and electrophilic reagents is in direct relationship to their bond
energies on which there are no data in the literature. This gap is
compensated to some extent by data on the order of the S—N bond
and force constants. From a study of the vibrational spectra of
sulphenamides it was established that the bond order of S—N in
N-methyl- and N,N-dimethylsulphenamides is greater than unity,’
but the force constants of the stretching vibrations of this bond
in bis-(arenesulphenyl)imides, N-acyl- and N-arenesulphonylarene-
sulphenamides are 1894.7—2024.9 x 107!7 J.mol.m?%

1. Homolytic fission of the S—N bond

Homolytic fission of the S—N bond of sulphenamides is as a rule
observed on heating or on UV irradiation. For example heating
N-phenylarenesulphenamides to 195 °C*® leads to the formation of
the corresponding disulphides and azobenzene which is explained by
homolysis of the S—N bond and subsequent dimerisation of the
resulting radicals:

PhNHSAr -3 [ArS] 4 [PhNH]
¥ ¥

ArSSAr  PhN=NPh

The thermal stability of sulphenamides is reduced with increase in
their basicity, which occurs in the presence of electron donating
substituents bound to the sulphur and nitrogen atoms.*®  Thus
homolysis of the S—N bond in tribenzenesulphenamide*’ occurs on
mild heating or on UV irradiation. In this case the disulphide is
formed and nitrogen separates.

2 (PhS);N = 2 (PhS),N -+ 2PhS,

2 (PhS),N = (PhS),N—N (SPh), - PhSN =NSPh + 2PhS,
PhSN =NSPh— N, + 2PhS,

2PhS — PhSSPh.

The ease of homolysis of the S—N bond in the given case is
explained by the increased stability of the dibenzenesulphenylaminyl
radical in the stabilisation of which the sulphur atom participates.
In support of this case tristrifluoromethanesulphenylamide is also
inclined to photolyse.*¢
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(CF;S)sN -+ (CF3S);NMe Y. (CF,S),NH + CF,SSCF; +
+ (CF3S),NCH,NHSCF;.

Stable free radicals RSNC(Ar) = NSR are formed on photolysis
of sulphenamides (RS,;)NC(Ar) = NSR in aprotic organic solvents.?
It is not excluded that thermal rearrangement of sulphenamides
4—RC6H4N(R1)SC = CR? with the formation of derivatives of
indole*’ is also effected after homolysis of the S—N bond.

2. Heterolytic fission of the S—N bond

Heterolysis of the S—N bond in sulphenamides occurs under the
action of both electrophilic and nucleophilic reagents which are
frequently used for synthetic purposes. The reactions of
sulphenamides with hydrogen halides, carboxylic and sulphonic acid
chlorides and with isocyanates have been well studied and proceed
according to the general scheme.?

RSNHR!' - X% — v& RSOI\;IHRI—Y@ ~ RSY 4 RINHX,

X :
XY =HCl, TsCl, AcCl, PhNCO.

Nucleophilic substitution at the sulphur atom of the amide group
is also widely used in various syntheses. Thus reactions of
sulphenamides with dialkyl phosphites,*® thiols,* thiocarboxylic
acids,®® and compounds containing active methylene groups are
used for obtaining O,0'-dialkyl S-alkyl phosphonothionates,
disulphides, bis-(acyl)disulphides and sulphides:

RISN(R?* R? ++ NuH — R¥SNu +- R (R%) NH,

NuH = (RO),POH, RSH, RCOSH, (NC),CH,, (RCO),CH,.

When sulphenamides interact with thiol esters of sulphonic
acids®>** a trans-sulphenylation of the sulphenamide occurs:

RISN (R?) R?® 4- R*SO,SR® — R*SN (R*) R? +- R*SO,SR*.

The reaction is irreversible and takes place only on the interaction of
highly nucleophilic sulphenamides (R? and R? are electron-donating
groups) with highly reactive thiol esters of sulphonic acids (R* is an
electron-accepting group).

Heterolysis of the two S—N bonds in trisulphenamides on
interaction with trivalent phosphorus and arsenic compounds leads

to the formation of the corresponding imides and disulphides:>**

Ph,E+ S—N(SR); — Ph;E—SN(SR), = Ph:E { 3R
E+ S— , — PhyE— = Phs _>
3 ‘ 3 I 2 \N(SR)2

R R
- Ph;E=NSR + RSSR,

R=Ph, CF;; E=P, As.

At the same time the interaction of p-nitrobenzenesulphenamide with
triphenylphosphine under the conditions of the Appel reaction
proceeds anomalously with splitting of the S—N bond and the
formation of the ylide (p-NO,CgHS),C = P(Ph);. >

Heterolytic fission of the S—N bond in the presence of olefins is
accompanied by addition of the resulting fragments to the C=C
bond of the olefin. For example, heterolytic fission of the S—N
bond of N-(dimethyl)methanesulphenamide in nitromethane in the
presence of cyclopentene or 3,4-dihydro-2H-pyran leads to the
formation of trans-1-dimethylamino-2-methylthiocyclopentane or
trans-2-dimethyl-amino-3-methylthiotetrahydropyran.””-*

_N(Me),
~SMe

N(Me),

U

P

J

——

Me .0 - BR,)
MeSN(Me), Leg0 PR

“SMe

The addition of sulphenamides PhSNR'R? [R! + R? = (CH),,
R! + R? = (CH,),0(CH,);, R' = H, R* = t.-Bu] to the C=C
bond of cyclohexene, octene and indene®® also occurs pre-
dominantly at the trans-position.  Strong proton acids or Lewis
acids are catalysts of the aminosulphenylation of olefins.  Under
conditions of acid catalysis N-benzenesulphenyl-N,N'-bis-(p-toluene-
sulphonyl)benzenesulphinamidine adds to the C=C bond of
cyclohexene with the formation of a benzosulphinamidine trisub-
stituted at the nitrogen atom.®!

NTs

H Ph

@ + Ph—S—N—SPh —»

| “N—&{ =N Ta)Ph
STs |

Ts

The reactivity of sulphenamides towards olefins in the heterolytic
addition reaction increases with an increase in the electrophilicity of
the sulphur atom which may be achieved by inserting SO; in the
S—N bond of sulphenamides.®? Using this procedure Zefirov and
co-workers®® carried out for the first time the sulphamato-
sulphenylation of olefins which comprises the interaction of
sulphenamides with SOj3 in an inert solvent at a reduced temperature
of —85 °C, with subsequent addition of the insertion products to the
C=C bond of olefins.  The sulphamatosulphenylation of cyclo-
hexene is stereospecific and leads to the trans-1,2-adduct:

ACSNEL, 4 S0, —L Lo ArSOSO,NEL,
- 8 .
g 8- Ar
@ + ArS—OSONEt, —»>
“~0S0,NEt,

The sulphamatosulphenylation of norbornene and norbornadiene® is
accompanied by rearrangement of the carbon skeleton which finally
leads to a mixture of several products:
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SAr SAr
Eb + ArSOSO,NR, »& + & .

0S0,NR,
ArS
+ & + %’ Sar
0SO,NR, 0SO,NR,
ﬂb +PhSOSO,NMe, — ﬁb/ S,
0SO,NMe,

0S0,NMe, SPh SPh 0S0,NMe,

On sulfamatosulphenylation of bicyclo[2.2.1]hept-2-en-endo-cis-
S,6-dicarboxylic acid dimethyl ester cyclisation of the adducts occurs
with the formation of arylthiolactones:®

ArS.
CO ,Me
+ ArS0SO,NMe, —
0,Me

CO,Me

The use of pyridine/sulphur trioxide as SO; donor®* makes it
possible to carry out this reaction at room temperature. It was
shown®® that the sulphamate group is relatively easily replaced both
by weak (CF3COO~, HCOO™) and by strong (Br ™) nucleophiles.

IV. Reactions occurring with oxidation of the sulphur
atom

Oxidation reactions of the divalent sulphur in sulphenamide to the
quadri- and hexavalent state forming sulphin- and sulphonamides
have been known and studied for a long time. However a series of
reactions has been carried out during which the sulphur in
sulphenamides increases its valency by two units and adds an atom
of halogen or an imino, alkoxy or amido group. These reactions
have become known relatively recently and have still not been
studied fully.

1. Oxidative imination of sulphenamides

Conversions accompanied by oxidation of an element and by
addition of an imino group are taken to be called oxidative
imination reactions.®

It has been established®’ that sulphenamides ArSNRR' (R = H,
Alk; R! = AIk) react with the sodiochloroamides of arenesulphonic
acids according to the general reaction scheme of oxidative imination
with the formation of N,N’-substituted amides of iminosulphinic
acids:

ArSNRR?! + TsNNaCl —=—+ ArSNRR™.
I
NTs

Sulphenamides ArSNHX [X = C(=NH)NH,, C(=NH)AIk,
C(=NH)SAIlk, C(=NH)OAIK] are iminated by sodiochloroamides of
sulphonic acids,%” N-chlorobenzamide,®® and N-bromobenzamidine.®
N-Acylsulphenamides p-NO,C¢H,SNHAc are iminated in the
presence of base by N-chloroacet- and N-chlorobenzamide™ and
also by N-bromobenzamidine.®® However attempts®” to effect the
imination of N-acyl- and N-arenesulphonylarenesulphenamides with
the sodiochloroamides of sulphonic acids in acetone were completed
without a result which is explained by the reduced electron density at
the sulphur atom of these sulphenamides.

The mechanism of oxidative imination of sulphenamides by
N-halogen compounds has not been investigated in detail, however
by analogy with the oxidative imination of sulphides’""? it has been
proposed’® that the chlorine atom of the N-halogen compound
attacks electrophilically the sulphur atom of the sulphenamide with
the formation of a chlorosulphonium intermediate which forms an
ion pair with the amidate anion:

ArSNRR! + CINHR? = | ArSNRRINHR? | —5e-— ArSNRRL

I
cl NR?

The possibility of forming the chlorosulphonium intermediate by
electron transfer from the sulphur atom to the positively charged
chlorine atom is not excluded.” It is evident that the electron
density on the sulphur atom must be sufficient for electrophilic
attack by chlorine cations. In this connection it seemed of interest
to activate the sulphur atom in the oxidative imination reaction by
creating an o-N-anionic centre” which makes possible the imination
of N-substituted sulphenamides containing electron accepting groups
on the sulphur and nitrogen atoms. Thus the selection of
conditions for imination in the case of N-monosubstituted
sulphenamides is determined by their acidic properties.?> Unionised
sulphenamides with pK, > 117*7® are iminated in acetone by
sodiochloroamides of sulphonic acids:

RSNHR! + ArSO,NNaCl —g5—> RS (=NSO,Ar) NHRY,
R=Ph, 2-NO,C;H,, 4-NO,CH,, R'=H;

R=CH,Cl, R'=AlkCO, ArCO; R=Ph, R*=AlkCO,
ArCO; R=Ph, 4-MeC.H,, R'=ArSO,.

Sulphenamides with pK, 8—117""% are not iminated in acetone

but are iminated in strongly basic solvents of high dielectric constant
(aqueous alkaline solution, pyridine, etc.) capable of dissociating
sulphenamides with the formation of an «-N-anionic centre:

S}
RSNHR! = RSNR! + H®,
@
RSNR! «» RS = NRY.,

The sodium salts of such sulphenamides are readily iminated by
sodiochloramides of sulphonic acids in acetone.

®
[RS;NRI]eNa + ArS0,NNaCl ——»[ ArSOzN;S‘—'—'NRI]eNa@
—Necl i
R

R=4-NO,C.H,, R'=AIkCO, ArCO
R=4-CICH,, 2-NOC,H,, 4-NO,CH,, R'=ArSO0,.
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Sulphenamides with pK, < 8772 are iminated in acetone and
also in aqueous alkaline medium and in pyridine since the
concentration of N-anion is still sufficiently high, however they are
not iminated in benzene, toluene, hexane or in solvents of low
dielectric constant suppressing the dissociation of the sulphenamide.

0 &
[nstR’ ]6}1@ + ASONNaCl [ ArSO NegNR' | PN
—NaCl 2 | !
R

R=EtOCOCCI,, R'=ArCO, R=CCl,, R'=AIkCO,
ArCO, ArSO,; R=CFCl,, R'=AIkCO, ArCO:
R=CF,Cl, R'=AIkCO, ArCO.

Since the formation of sodium salts of culphenamides occurs first
on interacting sulphenamides having pK, < 6 with sodiochloro-
amides of sulphonic acids (N-chlorobenzenesulphonamide has pK,
9.5%%) their imination was conducted at a reactant ratio of 1:2.25%

RSNHSO,R' + ArSO,NNaCl ——————— [R5=:NSO,R']
—[ArSOqNHC)]

110 ®
- [ArSOzN'—“?;NSOZR'] Na

R

R=2,4- (NO),CH, ,CCl

The direction of the reaction of N-acyl-p-nitrobenzenesulphenyl-
amides with the sodiochloroamide of sulphonic acids depends on the
conditions. Imination of these sulphenamides is effected in aqueous
alkaline medium but in pyridine the interaction of these com-
pounds is accompanied by fission of the S—N bond and the
formation of symmetrical N,N’-bis-(arenesulphonyl)-p-nitrobenzene-
sulphinamidines.”® A similar symmetrisation was also observed* in
the interaction of N-acylmethanesulphenamides with sodiochloro-
amides of sulphonic acids in acetone.

MeSNHCO
e R+ |—> MeS(=NSO,Ar) NHCOR
+ ArSO,NNaCl.xH,0—

l—— MeS(=NSO,Ar) NHSO,Ar

This process has been studied in more detail in the example of the
reaction of sodiochloroamides of sulphonic acids with bis-(arene-
sulphenyl)imides, the products of which were a mixture of N,N’'-bis-
(arenesulphonylarenesulphinamidines and N-arenesulphonylarene-
sulphinamidines.?*

ArSNHSAr + —— ArS (=NSO,Ph) NH,
+ 3PhSO,NNaCl.xH,0—
—— Ar (=NSO,Ph) NHSO,Ph
Ar = 2-NO,C¢H,, 4-NO,CH,.

The formation of a mixture of two products is explained by two
factors. The first is the low rate of imination of sulphenamides
which is determined by the low electron density on the sulphur atom
and the impossibility of compensating for it by the formation of an
a-N-anionic centre since Dbis-(arenesulphenyl)imides are relatively

O ® AcSO,NNCl
Na 20 o

weak NH-acids with pK, 10.8.3* The second is the lability of the
sulphur —nitrogen bond, and its fission in the presence of water of
crystallisation with the formation of diaryldisulphides and
arenesulphenamides, the further imination of which leads to the
formation of the reaction products.

—ArSNH,
ArSNHSAr—
——[ArSOH] —0.4ArSSAr +0.2ArSO;H I 0.4H,0

ArSNH, -+ PhSO,NNaCl - ArS (=NSO,Ph) NH,,
0.4ArSSAr -+ PhSO,NNaCl - 0.8ArS (=NSO,Ph) NHSO,Ph.

Such ideas were confirmed on studying the reaction of bis-
(2,4-dinitrobenzenesulphenyl)imide with the sodiochloroamide of
benzenesulphonic acid in acetone where the formation of N-benzene-
sulphonyl-2,4-dinitrobenzenesulphinamidine and of 2,4,2'.4'-tetra-
nitrodiphenyldisulphide was observed. These, as is known®’, are not
imidated by the sodiochloroamides of sulphonic acids:

[2.4-(NO,),C,H,S], NH

prsoNaClato | 2.4-(NO,), C4H,S (=NSO,Ph) NH,

—> [2,4-(N02)2C“H35—]2

The imination of N-acyl- and N-arenesulphonylsulphenamides by
N-chloroamides of carboxylic acids®®®® is carried out in the presence
of organic bases which play the role not only of acceptors of
hydrogen chloride but also are capable of dissociating the initial
sulphenamides:

[Rs=N Ac]@ 1® +r'conna T [R'CONz?mNAc u®
R

2. Oxidative halogenation of sulphenamides

The chlorination of N-substituted sulphenamides by chlorine in
non-aqueous aprotic organic solvents leads to the formation of the
acid chlorides of N-substituted iminosulphinic acids.®’

ArSNHR + Cly —z ArS(=NR)C],
R=ArSO,, ArCO, tert-Bu,

Dichloroamides of sulphonic acids, N-chloroimides, and tert.-
butyl hypochlorite are also used as chlorinating agents. The
chlorination of weakly nucleophilic sulphenamides is carried out in
the presence of organic bases. The susceptibility of sulphenamides
to oxidative chlorination is explained by the electron density on the
sulphur atom. The presence of electron accepting groups on the
sulphur and nitrogen atoms hinders oxidative chlorination or makes
it impossible.®’

The mechanism of the oxidative chlorination of sulphenamides
has not been studied in detail. However allowing for the possibility
of attack of chlorine cations at both the sulphur atom and the
nitrogen atom it has been proposed®’ that the formation of the acid
chlorides of iminosulphinic acids may occur by two concurrent
schemes (1) and (2).
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0 @ )
——> | ArSNHR | Cl ——
l
Cl

ArSNHR + Cly —— (A) — ArS(=NR) Cl

2, (AN @) R] —
~HCI (B)

The most probable of these seems to be Scheme (1) since the
intermediate N-chlorosulphenamides (B) [Scheme (2)] do not always
succeed in rearranging to acid chlorides of iminosulphinic acids.®’
At the same time the appearance of chlorosulphonium salts of type
(A) is recorded in reactions of N,N-dialkylsulphenamides with
N-chlorosuccinimide,®® and also of N-arylsulphenylketimines with
chlorine:¥%°

o - e -

I R—SN(R*» R?
/C—|CH2 A 2
Ne_th 2N

C—CH, | ¢ =0

L L

| cH,—CH,
al

© i
CF,C=NSAr + Cl, — | CF,c=N8Ar | &1 ~ CF,C—N =SAr.
|

L I 1
R R Cl R Cl

RSN (R} R! + CIN

The hypothesis of a high probability of chlorinating
sulphenamides at the sulphur atom is also in agreement with the
principle of hard and soft acids and bases.’! Evidently chlorination
at the nitrogen atom is possible only in the event of low electron
density at the sulphur atom, i.e. in the presence of strongly electron-
accepting groups on the sulphur and nitrogen atoms. Replacement
of a hydrogen atom on the nitrogen of N-arenesulphonylarene-
sulphenamides by a metal atom increases the reactivity of the latter
in oxidative chlorination reactions, which is seemingly explained by
the increase in electron density at the sulphur atom as a result of the
effects of the «-N-anionic centre:*?

ArSN (Na) SO,Ph + Cl, — ArS (=NSO,Ph) Cl -+ NaCl.

The oxidative chlorination of N,N-di(trifluoromethylsilyl)-
trifluoro-methanesulphenamides is accompanied by splitting of the
N-—Si bond:*®

CF5SN(SiMey), —oraimer— [CF3S(=NSiMey) Cl] —graer—> CFsS(=NCl) Cl.

Only one sulphur atom participates in the oxidative chlorination
of bis-(trifluoromethanesulphenyl)imide:*

(CF3S),NH + Cly — CF3S(=NSCF;) Cl + HCI.

3. Oxidative alkoxylation and amidation of sulphenamides

The increased susceptibility of the sulphur atom of N-substituted
sulphenamides to attack by chlorine cations under conditions of
generating an o-N-anionic centre makes this method of activating

sulphur promising in reactions accompanied by oxidation of the
sulphur atom. For example, it has been shown®® that the sodium
salts of N-arenesulphonylarenesulphenamides are very readily
chlorinated by tert.-butyl hypochlorite in alcohols (the reaction is
exothermic) with the formation of alkyl esters of N-arene-
sulphonylareneiminosulphinic acids (oxidative alkoxylation reaction).

RON;
ArSNHSO,Ph + tert-BuOCl —— ArS(=NSO;Ph)OR + tert-BuOH + NaCl,
R = Me, Et; Ar =2-NOyCgH,.

The chlorination of these salts by chlorine in acetone in
the presence of dialkylamines®® leads to the formation of
N,N-dialkyl-N-arenesulphonylarenesulphinamidines (oxidative ami-
dation reaction).

ArSN(Na) SO,Ph +- Cl, 4 2R;NH — ArS(=NSO,Ph) NR, + NaCl -- R,NH-HCI.
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