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Advances in the Chemistry of Aliphatic Diazosulphones

A.L.Fridman, Yu.S.Andreichikov, V.L.Gein, and S.S.Novikov

Methods for the synthesis of a-diazosulphones are examined and a systematic account is given of the literature data on the
physicochemical properties and ultraviolet, infrared, and NMR spectroscopy of this interesting class of aliphatic diazo-
compounds. Much attention is devoted to chemical reactions of a-diazosulphones via the intermediate formation of carbo-
nium ions and sulphonyl carbenes as well as reactions involving the nitrogen of the diazo-group. In many cases a compara-
tive description is given of the chemical properties of a-diazosulphones and a-diazoketones, The review constitutes the first
compilation of the chemistry of a-diazosulphones available in the literature.

The bibliography includes 76 references.
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1. INTRODUCTION

A number of interesting reviews have been published
recently on the chemistry of aliphatic diazo-compounds®~?,
dealing mainly with methods of synthesis, properties,
and structures of diazoalkanes or diazocarbonyl com-
pounds, but the chemistry of a-diazosulphones has not
been considered. Nevertheless this class of aliphatic
diazo-compounds has been attracting attention because of
the presence in the molecule of both the sulphonyl and
diazo-groups. The combination of these groups makes it
possible to synthesise new types of sulphones, whose
preparation by other procedures is difficult. Further-
more, a-diazosulphones are of theoretical interest as
regards the comparison of their reactivities with those of
o -diazoketones, diazophosphines, and silyldiazoalkanes.

The first diazosulphonyl compound—potassium diazo-
methionate—was synthesised by Pechmann and Mank in
1895.° After that not a single new method of synthesis
of a-~diazosulphones and not a single new compound of this
class were described until 1962.

A fruitful stage in the chemistry of «-diazosulphones
began in 1962, when the Dutch chemists Strating and
Lensen'® described a method for the preparation of mono-
sulphonyldiazomethanes and the German investigators
Klages and Bott'! published a report on bis-{phenyl-
sulphonyl)diazomethane, Subsequent advances in the
synthesis of diazosulphones (of which about 50 are now
known) stimulated an increase of interest in the structure
and properties of these compounds.

The aim of the present review is to give a systematic
account of the literature data on the methods of synthesis,
structures, and chemical properties of diazosulphones.

II. METHODS OF SYNTHESIS

The classical method of synthesis of a-diazoketones!?
by the interaction of carboxylic acid chlorides with an
excess of diazomethane,

Reocl —EH, RCOCHN, + CHGCl + 1 »

leads to positive results only in the case of toluene-
p-sulphonyl chloride'®, which give rise in this reaction to

tolylsulphonyldiazomethane and a-chloro-a-tolylsulphonyl-
methane:

CH,Ns

CH3CgH4S0,Ct — CH3CgH4S07CHN + CH3CgH4S02CHCH,CL

The interaction with 2-phenylethanesulphonyl chloride
takes place in the presence of base via the intermediate
2-phenylthioacetaldehyde SS-dioxide to give benzylethylene
sulphone*:

CoH,CH,CHSO,CHN,
CHoNy
CeHsCH,CH,50,Cl .
CeHsCH,CH=S0, | + C4H;CH,GH—CH, .
l:ﬁ.’) 2‘{.”’ 2__! 678 2\/ 2

X0,

o -Diazosulphone is not formed under these conditions®®,
Evidently diazomethane is incapable of attacking the
sulphur atom in view of its inadequate electrophilic proper-~
ties. This is why a-diazosulphones, with the exception
of potassium diazomethionate, remained unknown for a
long time.

It is noteworthy that the synthesis of a-phenyl-

a -(p -toylsulphonyl)diazomethane from toluene-p -sulphonyl
chloride and phenyldiazomethane is described in one of the
latest communications*®:

CoHs
CHCeHySOCl + CgHyCHNy ——y5g7~> CH,;C,H‘SOg(IIN,;

We believe that this procedure for the preparation of

a -diazosulphones requires a detailed study, since it has
been described for only one example and the diazo-deriva-
tive was not isolated in a pure form.

The main methods for the synthesis of «-diazosulphones
were developed in the 1960s. They include the oxidation
of the hydrazones of disulphonylketones, the introduction
of the diazo-group into an activated methylene group with
the aid of tosyl azide, and the alkaline cleavage of
N-nitrosourethanes and a-diazo~g-oxosulphones. The
above methods are not equivalent as regards ease,
universality, and simplicity. However, considered
together, they make it possible to obtain a-diazosulphones
with various substituents.
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1. Diazotisation of Aminomethionic Acid Salts

The method consists of the diazotisation of potassium
aminomethionate® (or the sodium salt'”) with nitrite ions
at an elevated temperature:

€080, ° R K0SO,
K®|  “CHNH, |4+ KNO, B0, NeN, - HO .
2080, KOSO,

It has been described only for two compounds. However,
one cannot rule out the possibility that it can be used to
diazotise other derivatives of aminomethionic acids.

2. Oxidation of Bis(arenesulphonyl)formaldehyde Hydraz-
one

The method has been developed for the synthesis of
bis(benzenesulphonyl)diazomethane (I),**'° 1t is obtained
from carbonyl bromide azine (II) and sodium benzene-
sulphinate:

Br,C—:N-N:ﬂ(i‘,Brz - CgHgSO,Na
)

(CeH3S04), C=N—N=C (SO;CqHs):
H,0 It '”x@
(CsHsSOp)2 C=NNH,  (C4HsS0s)a CN, 4 OC (SO,CsHy)s &
anO,; Ag:O (I) l
o]
X =CgHsSOP

The bis{benzenesulphonyl)formaldehyde azine (III)
formed in the first stage is hydrolysed to the correspond-
ing hydrazone, which is oxidised with activated manganese
dioxide or silver oxide to bis(benzenesulphonyl)diazo-
methane. Bis(benzenesulphonyl)methane is isolated as a
side product, being formed according to the authors via
the Wolff-Kishner reaction:

(CeHsS0;), C=NNH,

M0t (CaHSO)s CH + Ny«

The interaction of the azine (II) with sodium benzene-
sulphinate in the absence of moisture and subsequent
treatment of the reaction mixture with alumina also make
it possible to obtain a high yield of the diazosulphone (I).
The intermediate azine (IJI) probably reacts readily with

the nucleophilic agent (Xe) present in the reaction mixture.

A similar base-catalysed decomposition of p -methoxy-
benzylideneazine (IV) by phenyldiazomethane has been
described by Zimmerman and Somasekhara®®:
CHyOC,H,CH =N—N=CHCgH,0OCH, ~—2HMNs_,
v
—+ CHyOCeH CH—N=NCHC;H,0CH; — &
CoHiCH—R=N
)

In this case phenyldiazomethane attacks the azine (IV).
The resulting unstable intermediate adduct (V) decom-
poses into 1-(p -methoxyphenyl)-2-phenylethylene and
t -methoxyphenyldiazomethane with evolution of nitrogen.

It is noteworthy that the above method of synthesis of
a-diazo-f-disulphones can probably by used also to
prepare substituted bis(arenesulphonyl)diazomethanes,
but the initial bis(arenesulphonyl)formaldehyde hydrazones
are difficult to obtain.

3. The Reactions of Tosyl Azide with Compounds Con-
taining an Activated Methylene Group

The method was described in 1964 for the synthesis of
bis(arenesulphonyl)- and bis(alkanesulphonyl)-diazome-
thanes®'. Thus bis(toluene-p-sulphonyl)diazomethane is

CHyOC,H CH =CHC,Hg + CHy0C,H,CHN, -+ N, «

.
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obtained by treating an aqueous alcoholic solution of
bis(toluene-p -sulphonyl)methane and sodium hydroxide with
an ethereal solution of tosyl azide:

TosNg
(CHyCyH,SO05)s CH2 ——oaire— (CHaCol 802, CN, .

Subsequently in 1965-1970 the method was used to
synthesise a-diazo-8-oxosulphones®~® and 4-benzene-
sulphonyl-1,3-dioxo-2,4-bisdiazoalkanes®®, In particular,
the interesting synthesis of 2-diazo-2,3-dihydrothio-
naphthen-3-one 1,1-dioxide (X) has been achieved by this
reaction:

) 0%k®
VN PAUN A
N )
(0 eny —me— [ ) NN ) 22
NN NN NN\
SO, SO, °
0®K®
1) vy
0 0 ) o \ 0
! o VAN Va ! @ "\ AN \/“\
L/ AN vavd Q N\
_,|/\n/ c=N-N-C [ =11 )| c=N-N-C ) _Be </L|\/CN,.
) Ve H t/z\/ NN w o/,\/ 0,
(Vill) (IX) (X)

In the first stage 2,3-dihydrothianaphthen-3-one 1,1-diox-
ide (VI) is converted under the influence of tosyl azide in
an alkaline medium into a dipotassium salt of the azo-
compound (VII). On being acidified, compound (VII)
is converted into the hydrazone (VIII), which is further
converted on being refluxed in ethylene glycol into the
diazosulphone (X) via the intermediate (IX). The diazo-
sulphone can be converted into the dipotassium salt (VII)
on treatment with alkali and the initial compound (VI).
Triethylamine® or potassium ethoxide®” can be used as
bases and acetonitrile as the solvent®®,

The bis(ethylphenylanilide) of diazomethionic acid (XI
and 9-diazothioxanthene SS-dioxide (XII) %7 have been syn~
thesised by this method:

)21

N

I
G, NN\
( °>Nso,) as (V)
CoHy /a NG\
(X1) (xir) O

Depending on the solvent and the base, the reaction of
tosyl azide with ethyl toluene-p -sulphonylacetate (XIII)
proceeds in two ways. When equimolecular amounts of
sodium ethoxide and tosyl azide are used in an absolute
ethanol—ether mixture at 0°C, the sodium salt of
N -(toluene -p -sulphonyl)toluene-p -sulphonyldiazoacetamide
(XV1D) is formed almost immediately., The authors
believe that the carbanion (XIV), formed initially from the
sulphone (XII) under the influence of the base, reacts with
tosyl azide to form the intermediate adduct (XV). Its
decomposition leads to the formation of ethyl toluene-~
p -sulphonyldiazoacetate (XVI) and the sodium salt of
toluene-p -sulphonamide. The interaction of these two
compounds yields the final reaction product —the sodium
salt of the diazosulphone (XVII):

CoH;ONa (S] TosN,
CH;3CH4S0,CH,CO0C,Hy CH3CgH,SO,CHCOOC,H, —>
(X111 Na
(X1V)

[
CH,CH .507—/c~c—oc,H5

%
—— N N—Tos —>
Ny
(XV)
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— caacﬁ}i,so,(i.icooczn5 + NaNHSO,CeH,CHy —am

N?
(XVD

)
— CH3C5H*Sozﬁ—N——SozcsH‘CHa.
®
Ny Na
(XVID

The intermediate diazosulphone (XVI) can be isolated
when equimolecular amounts of tosyl azide and the
sulphone (XIII) interact in methylene chloride in the
presence of triethylamine®, The possibility of isolating
the diazosulphone (XVI) can be accounted for in this case
by the weak solvation of the reaction products by solvent
molecules,

The method for the introduction of the diazo-group into
bis(arenesulphonyl)methanes with the aid of tosyl azide
has been modified recently?®. The authors suggested that
an alkaline aqueous alcoholic solution of the initial bis-
(arenesuiphonyl)methane be added to a threefold excess of
tosyl azide in alcohol. This enables one to obtain stable
yields of diazosulphones, while the initial procedure makes
it possible to isolate the hydrazones of bis(arenesulphonyl)-
formaldehyde in a low yield and only insignificant amounts
of bis(arenesulphonyl)diazomethanes.

The reaction involves the formation of the carbanion
(XVIID) and the product (XIX) resulting from its coupling
with tosyl azide as well as the cleavage of the latter into
bis(arenesulphonyl)diazomethane and the toluene-p-sul-
phonamide anion. In particular, bis(mesitylenesulphonyl)-
diazomethane has been synthesised by this method:

€]
- (CgH5S0,), CH -+ H,O
° (XVILD | TosN,
CoHiS0.C30:CoHy —msommem,— (CallsS0::CH
N=N N=N~—NSO,CeH,CH; .

D

CeHySO:CH,S0,CeHy

(XIX)

In view of the critical comments by Heyes and Holt*®
concerning the method for the reduction of the diazo-group
into bis(arenesulphonyl)methanes proposed by Klages and
Bott™, we analysed the above investigations and concluded
that the method of Heyes and Holt is more effective, since
it makes it possible to obtain a~diazo-3-disulphones in
high yields and is less laborious.

4. Cleavage of N-Nitrosourethanes

The alkaline cleavage of N -nitrosourethanes is widely
used for the synthesis of diazoalkanes and «-diazoketones.
This method of synthesis has been most thoroughly
developed also in relation to diazosulphones. It is suf-
ficient to point out that the vast majority of alkyl- and
aryl-a- dlazosulphones and also certain o -alkyl-a- sul-
phonyldiazomethanes'® and f-sulphonyldiazo-compounds®
have been synthesised by this procedure.

The synthesis consists of two stages.

(1) Nitrosation of the initial urethane. Nitrosyl chlo-
ride is used as the nitrosating agent. The synthesis of
the initial N-arenesulphonyl- and N-alkanesulphonyl-
methylurethanes has been thoroughly worked out®’** and
does not present much difficulty.

IR

(2) The cleavage of N-nifrosourethane to diazosulphone
by alumina. The reaction is carried out on a chromato-
graphic column:

RSO,CH,NHCOCH, —09_, Rs0,cH,~ N—goC,ty;
i
S NO O
(XX)
(XX) —242, RSO,CHN,+CO, -+ CoHyOH.

(XX1)
The cleavage of N-nitrosourethanes with alkali is

preferable for the synthesis of certain 3-diazosulphones®,

The reaction can be described schematically as follows:

O (0]
i i
RSO,CH,CHNCOC,Hj + OH® - RSO,CH,CH,NCOC,Hy —
!
NO NOOH

oo~ RSO;CH;CH—N=N—0® — RSO,CH,CHN, 4 OH®.

5. The Cleavage of a-Diazo-g-Oxosulphones

The method reduces to the cleavage of a-diazo-g-0xo0-
sulphones with triethylamine in dry methanol*:

(C;Hs)sN

RSO,CN,COR!?

The resulting diazosulphone is isolated in the form of
triphenylphosphazine:

— RSO,CHN, -+ RICOOH.,

RSO,CHN, +- P (CgHg)s — RSO,CHN—NP (CgHp)s «

It is noteworthy that the cleavage reaction is undergone
only by a-diazo-3-oxosulphones in which there is an elec-
tron-donating substituent (OCH;, CHj) in the para- and
ortho-positions of the aryl residue relative to the sulphonyl
group. The cleavage of a~-acetyl- and a-benzoyl-(p-nitro-
benzenesulphonyl)diazomethane by triethylamine in metha-
nol leads to products of unknown structure. The cleavage
of the above a-diazo-g-oxosulphones to f -nitrobenzene-
sulphonyldiazomethane proceeds without difficulty on
alumina in a chloroform—-ethanol mixture.

The synthesis of a-diazosulphones by the above method
is of limited applicability owing to the low yields of the
final products (30-45%) and the difficulties associated with
their isolation from the reaction mixture.

III. GENERAL CHARACTERISTICS, STRUCTURE, AND
SPECTRA

1. The Characteristics of Diazosulphones

Diazosulphones are bright-yellow substances, the
majority of which crystalhse readily. Derivatives of
monosulphonyldzazomethane and also a-diazo-g-oxo-
sulphones®~** can be stored for a long time in the dark at
—20°C. Their stability varies widely and is approximately
proportional to their melting points. Liquid benzene-
sulphonyldiazomethane decomposes in the course of
several days. The introduction of alkyl substituents in
the p -position of the benzene ring reduces the s:ability of
a-diazosulphones and they decompose completely in the
course of several hours at room temperature, The
stability of these compounds increases in ethereal solu-
tions. Crystalline aryl-substituted o -diazosulphones are
more stable, although they too decompose slowly at room
temperature and in the light. Certain a-diazosulphones
(for example phenylmethanesulphonyldiazomethane) show
no change in the melting point on storage in the dark in
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the course of four months. Derivatives of bis(alkane-
sulphonyl)- or bis(arenesulphonyl)-diazomethanes are
even more stable?”. They can be stored for a long time
in the light at room temperature.

On the other hand, B-diazosulphones are extremely
unstable and can exist only in solution®, However, their
stability increases after the introduction of a phenyl
substituent at the a-carbon atom. Thus, as in the case
of a-diazoketones, the accumulation of electron-accepting
substituents in the diazosulphone molecule and their
greater proximity to the diazo-group stabilise the diazo-
derivative and increase its thermal and photolytic stabil-
ities.

Derivatives of monosulphonyldiazomethane, «-diazo-
p-oxosulphones, and bis(alkanesulphonyl)- and bis-
(arenesulphonyl)-diazomethanes are soluble in ether,
dichloromethane, and other organic solvents. Potas-
sium diazomethionate is readily soluble in water and
slightly in dimethyl sulphoxide. In contrast to diazo-
alkanes and many «-diazoketones, diazosulphones have
no odour. The toxicity of diazosulphones has not been
investigated. It has only been noted that these compounds
possess no dangerous properties®®, We believe that it
is desirable to investigate the physiological activity of
diazosulphones, particularly their carcinogenic and
antitumour activities, since these have been shown by
other aliphatic diazo-compounds.

Table 1. Parameters of the infrared and ‘H NMR
spectra of certain diazosulphones.
. Chemical shift
Diazosulphone L:;g;fg;?{ of a-proton 7, | References
p-p.m.
CHy0CeH,SO,CHN, 2101 4.78 29
NO;CaHaSO,CHN, 2408 4.57 29
sHsSO.CHN, 2104 4.61 29
(CH3);CSO,CHN, 2106 4.90 29
(CJH5§02)2CN2 2130 —_— 21
CH,CoHsS0:CN,COCH, 2110 — 2
CH,CsHaS0,CN,COOC,Hy 2437 — 25
CHSC.H,SO,CII\}QC(C.H,)NZ 2050 — 30
2
|
%\ /N N\
| ” ; ] 2075 — 27
N7 g7
NO:C4H,SO,CN,COCH, 2115 — 2%

2. Structure and Spectra

Infrared and NMR spectroscopic data®® (Table 1)
reveal a similarity between the structures of the diazo-
groups of a-diazosulphones and a-diazoketones. The
diazo-group of a-diazosulphones absorbs in the infrared
in the region of 2115 = 15 cm™" and the absorption does
not in fact differ from that of a-diazoketones, but is dis-
placed towards higher wavenumbers compared with
diazoalkanes. This indicates an increase of the multi~
plicity of the bond between the nitrogen atoms in the
diazo-group of a-diazosulphones compared with diazo-
alkanes, i.e.the contribution of structure (XXII) to the
resonance hybrid is greater than that of structure (XXIII).

Q [} ® O
RSO, CH—N=N «— RSO,CH=N=N .
(XXID) (XXIIn)

The sulphonyl group in a~diazosulphones is responsible
for absorption in the region of 1330 and 1140 cm™ in the
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infrared spectra. Inthe NMR spectra of a-diazosul-
phones®® (Table 1) the CHN: proton gives rise to a signal
between 7 = 4,57 and 4.98. The a-proton in a@-diazo-
acetone gives rise to 7 = 4.82. In the series of aryl-
substituted o -diazosulphones para-substituents have some
influence on the position of the absorption band of the
diazo-group in the infrared spectra and on the a-proton
chemical shift. Electron-donating substituents, for
example the methoxy-group, promote an increase of
electron density at the o -carbon atom. This is indicated
by infrared and NMR spectroscopic data. Thus the
absorption of the diazo-group in the infrared spectra of

P -methoxybenzenesulphonyldiazomethane and p -nitro-
benzenesulphonyldiazomethane is at 2103.3 and 2108.2
cm™! respectively and the a-proton signals in the NMR
spectra have 7 = 4.75 and 4.57 respectively. Naturally an
increase of electron density of the a-carbon atom of the
diazosulphone leads to enhanced shielding of the a-proton
and hence to higher chemical shifts.

Owing to the magnetic anisotropy of the benzene ring,
the chemical shifts of the a-protons of aryl-substituted
a -diazosulphones are smaller than for the alkyl-sub-
stituted derivatives®.

The introduction of a second arenesulphonyl group into
the a-diazosulphone molecule tends to increase the con-
tribution of structure (XXII) to the resonance hybrid of the
a-diazosulphone, as shown, for example, by the shift of
the absorption band of the diazo-group in the infrared
spectrum towards higher wavenumbers by 20-30 em ™.
Thus the diazo-group in bis(benzenesulphonyl)diazome-
thane®' absorbs in the region of 2130 cm™, while that in
benzenesulphonyldiazomethane absorbs in the region of
2104 cm™'. The substitution of the a-hydrogen atom in
diazosulphones by an acyl or alkoxycarbonyl residue also
tends to shift the infrared absorption band of the diazo-
group towards higher wavenumbers. This is illustrated
by a-acetyl-a-(p -nitrobenzenesulphonyl)diazomethane®,
p -nitrobenzenesulphonyldiazomethane®®, and ethyl toluene-
p -sulphonyldiazoacetate®® (Table 1).

Table 2. Parameters of the ultraviolet spectra of
certain a-diazosulphones* m -XCeH SO,CHN..
X Ymax, nm Ige X Ymax, M Ige
CHO | 390 1.87 CF, 383 1.84
CH, 390 1.79 NO, 385 1.97
ci 385 1.84

* The spectra were recorded in solution in 40% dioxan-
water.

The introduction of the methylene group into a-diazo-
sulphones leads to the breakdown of conjugation between
the diazo- and sulphonyl groups, i.e. to a decrease of the
contribution of structure (XXII) to the resonance hybrid.
All these factors are clearly reflected in the infrared
spectra of 3-diazosulphones, where the absorption of the
diazo-group is displaced towards lower wavenumbers by
30-50 em™! compared with a-diazosulphones. For
example, 1-phenyl-2-(toluene-p -sulphonyl)diazomethane®
and 9-diazothioxanthene SS-dioxide? absorb in the region
of 2050 and 2075 cm™' respectively.

The ultraviolet spectra of a-diazosulphones have not
been investigated in detail®*~*. Those of m -substituted
aryldiazosulphones, whose parameters are presented in
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Table 2, * show that diazosulphones absorb in the region
of 390 nm, which corresponds to the » — 7* transition in
the diazo-group.

Table 3. The influence of the solvent on the frequency of
the n — w* transition in the ultraviolet spectra of RSO;.
.CHN..

Ymaxs
R Solvent el | Eemax
m-CHyCeHy CCly 25000 1.88
C,HsOH 25300| 1.84
40% dioxan-H,0 256001 1.79
m-CHaOC,H, CClg 24700| 4.8R
C;HsOH 25200| 1.86
40% dioxan-HyO 256001 1.87
(CH,)sC CClq 256001 1.21
C,H;OH 25800| 1.23
40% dioxan-H,0 26300( 1.26

The polarity of the solvent influences the energy of the
n—m* transition, which is reflected in the position of the
absorption maximum of the diazo-group. Table 3 shows
that more polar solvents shift the absorption maximum
of a-diazosulphones towards shorter wavelengths.

Like a-diazoketones, a-diazosulphones form hydrogen
bonds®’%¢, Inboth cases the methine hydrogen of the
diazo-fragment serves as the proton donor and the
acceptor is the sulphonyl or carbonyl group. o«-Diazo-
sulphones are more powerful proton donors and weaker
proton acceptors than a-diazoketones.

1IV. CHEMICAL PROPERTIES

Three types of reactions are characteristic of diazo-
sulphones: (1) reactions with evolution of nitrogen;

(2) reactions involving the nitrogen of the diazo-group;
(3) substitution of the a-hydrogen atom.

Reactions of the first type have been most completely
investigated and those of the second and particularly of the
third type much less so. In discussing the chemical
properties of diazosulphones, one must bear in mind that
these compounds have been studied for only 10-15 years
and therefore many interesting reactions of this class of
compounds have still not been investigated.

The chemical reactions of diazosulphones known at
present are summarised below in relation to different
types of reaction mechanisms.

1. Reactions Involving the Formation of Carbonium Ions

Reactions of this series include those of diazosulphones
with water, acids, t-butyl hypochloride, sulphuryl chlo-
ride, and nitrogen oxides.

The study of the hydrolysis of a-diazosulphones
in water and water ~dioxan mixtures showed that the acid-
catalysed decomposition proceeds via the bimolecular
A-2 mechanism. The initial diazosulphone is reversibly
protonated in the first stage, while in the second, rate-
determining stage the resulting diazonium ion interacts
with a molecule of the nucleophilic agent to form the final
reaction product:

34,37=-40

H®
RSO,CHN; == RSO,CHyN?

slow "

RSO,CH,N® + philic agent 4Ny
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Studies in recent years established*' that the hydrolysis
of 4-methylbenzenesulphonyldiazomethane in a water ~
dioxan mixture in the presence of perchloric acid involves
the protonation of the oxygen of the sulphonyl group and
the A-1 mechanism, and the A-2 mechanism in the
presence of hydrochloric acid in view of the more marked
nucleophilic properties of chloride ions.

Electron-accepting substituents diminish and electron-
donating substituents increase the rate of hydrolysis of
aryl-substituted a-diazosulphones®. Similar observa-
tions had been made previously in the series of a-diazo-
ketones® and aryldiazomethanes®?,

It is noteworthy that the hydrolysis of @ -methyl~
a-(toluene-p -sulphonyl)diazomethane16 in a water-dioxan
mixture under the influence of perchloric acid takes place
differently and, depending on the reaction time, gives rise
to different products. After 30 min, the reaction mix-
ture contains toluene-p -sulphinic acid, acetaldehyde, and
toluene-p -sulphonylethylene, and after 36 h acetaldehyde
and 1,2-di(toluene-p -sulphonyl)ethane. The latter is
formed as a result of the reaction of toluene-p -sulphonyl-
ethylene with the toluene-p -sulphinic acid present in the
reaction mixture.

The decomposition of potassium diazomethionate** in
aqueous solutions is catalysed by strong inorganic acids.
However, the reaction begins only at a fairly high acid
concentration. The hydrolysis is particularly rapid in the
presence of sulphuric and perchloric acids. The addition
of chloride ions reduces appreciably the reaction rate.
The mechanism of the decomposition of potassium diazo-
methionate has not been described. Presumably in the
first stage of the reaction the stronger acid displaces
diazomethionic acid from its salt and the former is then
cleaved.

In inert solvents a-diazosulphones form with inorganic
and organic acids the esters of the corresponding a-hy-
droxymethyl sulphones. Certain differences between the
reactivities of mono- and di-substituted @ -diazosulphones
and a-diazo-8-oxosulphones have been noted.

The reactions of monosubstituted o -diazosulphones
with 70% perchloric acid*”*® in methylene chloride give
rise to the formation of the covalent perchlorates (XXIV)
in 45% yield and a-hydroxymethyl sulphones (XXV) in
10% yield:

—CHCh_, RSO,CH,N - CIO2 — RSO,CH,0CIO,

(XXVD) (XX1V)
RSO,CHN, + HCIO, ——

H0
—ehc;~ RSOLHOH .
(XXV)

In acetonitrile or propionitrile the yield of the perchlo-
rate (XXIV) is lower and sulphonylmethylamides of acetic
and propionic acids (RSO.CH,NHCOAIlk; Alk = CH; or
C:Hs) are formed. The authors believe that the ion pair
(XXVI), formed as a result of attack by perchloric acid,
is readily converted into the perchlorate (XXIV) owing to
the low polarity of the solvent. The hydroxy-derivative
(XXV) is formed as a result of competition between water
and perchloric ions in attacking the diazonium ion.

When the ion pair (XXVI) is attacked by the alkyl cyanide,
which is facilitated by the solvation of (XXVI) by the polar
solvent molecules, and the resulting intermediate adduct
(XXVII) is hydrolysed, sulphonylmethylamides are
formed:

(XXVI) + RICN — RSO,CHINCR!(I0P — R30,CH,NHCOR! 4 HCIO, .
(XXVID)
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On interaction with a-diazosulphones, aromatic sul-
phonic acids give rise to sulg)honates derived from
a-hydroxymethyl sulphones**

1RSO,CHN, + HOSO, \ ) Rso,cu,oso,—@ .

R' R‘
The trifluoromethanesulphonates derived from a-hy-
droxymethyl sulphones, which are readily formed when

a -diazosulphones react with trifluoromethanesulphonic
acid, are of considerable interest*®:

CH;CgHSO,CHN; + HSO,CF; — CHCeH,SO,CH,0S0,CF; + N, «

These compounds react readily with various nucleophilic
agents via an SN2 mechanism with formation of a-sub-
stituted sulphones. «-Diazosulphones react without
difficulty with nitric and hydrochloric acids®®*°, forming
derivatives of these acids:

RSO,CHN; + HX — RSO,CHX -+N, ;
X=CI®, ONO? .

The reaction of di(benzenesulphonyl)diazomethane with
hydriodic acid® results in the formation of di(benzene-
sulphonyl)methane instead of the expected di(benzene-
sulphonyl)iodomethane, Evidently the intermediate
di(benzenesulphonyl)iodomethane is reduced by a second
molecule of hydriodic acid to di(benzenesulphonyl)me-
thane:

(C4HS0,)5 CN, -N S [(CoHsSO,), CHI] (CgHsSO,), CH,

« -Diazo-f-oxosulphones are less reactive with respect
to acids than a-diazosulphones. Thus 2-diazo-2,3-dihy-
drothianaphthen-3-one 1,1-dioxide reacts with acetic acid
only on heatmg and in the presence of copper as the
catalyst®:

_1.

0 o]
1
NN
{ 1" CNy+ HOCCH, [ . cHOccH, .
SN [l NNy
3 o] O, o

Bis(arenesulphonyl)diazomethanes are even more
resistant to ac1ds For example, bis(benzenesulphonyl)-
diazomethane'® can be recrystallised from glacial acetic
acid,

This behaviour of a-diazo-g-oxosulphones and bis-
(arenesulphonyl)diazomethanes can be accounted for by the
capture of the proton attacking the a-carbon atom by the
sulphonyl group:

| i
0=5=0 0=5—0°

- + H® =
| @ o I e I e
—C=N=N —C—N=N —C—N=N

Similar observations were made also in the series of
a-diazoketones. However, owing to the greater reac-
tivity of the sulphonyl group, these phenomena are more
pronounced in the case of a-diazosulphones.

Under the influence of acids, some a-diazosulphones
cyclise. Thus o-methoxybenzenesulphonyldiazomethane
and the benzyl ether of hydroxyethanesulphonyldiazo-
methane in ethereal solutions are converted under the

influence of hydrated boron trifluoride into 1,3-benzoxathi-

olan 3,3-dioxide and 1,3-oxathiolan 3,3-dioxide respec-

tivelyg‘:
~_OCH;3
(Y™ nane
U\ v
N/ N\S0,CHN,
. c/o\
BF;-H,0 2
< /—CHZOCH,CHESOzCH—N——N e é CH, .
N\so,
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In the first reaction stage the initial diazosulphone
(XXVIII) is protonated and the resulting diazonium ion
(XXIX) splits off nitrogen, being converted into the
oxonium ion (XXX). The latter is converted into the final
product—1,3-benzoxathiolan 3,3-dioxide. When (XXIX)
or (XXX) reacts with the solvent, the intermediate oxo-
nium ion (XXXII) is formed and then converted into
o -ethoxy-o -(0o~methoxybenzenesulphonyl)methane (XXXIII):

C'Ha
_ocH
r\f 8 /\/\ — l/\ll/O\CH
—_— 2
N/ \s0,2u—K=N L\)\ NN
CH—N= 502
1 (XXVII) (XXX)
(XXXI)
. CaHMO
H 7
v 4 OCH
o, OCHs N0
“ (C,H.).O l u ©HOBE,
N\ $0,0H,—N=N \so,CH,—o—-c,H.
(XXIX) (XXXI) |
/\I/OCHa
/" \S0,CH,0C.Hs
(XXXIIT)

When ethyl ether is excluded from the reaction mixture
and the reaction is carried out in methylene chloride,
the yield of the oxathiolan (XXXI) increases to 72% com-
pared with 65%.

Potassium diazomethionate reacts with hydrogen
halides to form salts of halogenomethionic acids™®:

(KO,S)3 CN, 4 HHal —i=LBr

When potassmm diazomethionate was allowed to react
with iodine®, the potassium salt of diiodomethanedisul-~
phonic acid Was isolated:

— (KO,S); CHHal 4N, .

(KO4S)s CNg + Iy — (KOgS)g Clz + N2

It is noteworthy that the relatively little investigated
methionic acid derivatives formed in these reactions are
of significant interest as chemical reagents.

Potassium diazomethionate reacts with aromatic
diazo-compounds. Thus the reaction with benzenediazo-
nium acetate gives rise to the phenylhydrazone (XXIV) *°
which is converted in the presence of an excess of
benzenediazohydroxide into potassium diazobenzenephenyl-
hydrazonomethanedisulphonate (XXXV). The latter is
converted under the influence of alkali into 1,3-diphenyl-
tetrazolone®:

(KO3$),CNy -+ NyCeHs —> (KO;38),CN—NH—CsH;

(XXXIV)
iCsHsNz
CeH—N—
o '+\c o _OHO CiH—N—N=C(S0,K);
N=N—CgH,
N__....
(XXXV)

éoﬂs

Sodium diazomethionate readily reacts with sodium
bisulphite to form the salt of methanetrisulphonic acid®'":

{Na0,8)5 CNy -+ NaHSO, — (NaO,S); CHSOsNa .
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The interaction of a-diazosulphones with t-butyl
hypochlorite proceeds via an ionic mechanism. Various
products may be obtained, depending on the solvent®®:

_{CH).COH _ Rg0,CH (C)OC (CHy)s + Ne

Of CH,Cls
(XXXVII)
RSO,CHN, -+ (CHyg); COCl—

L GHOH | psO,CH(COCH, + Ny »

(XXXVIIT)

The first stage of this interesting reaction involves the
addition of the electrophilic chlorine of t-butyl hypochlo-
rite to the a-carbon atom of the diazosulphone with forma-
tion of the ion pair RSO.CH(C1)N;.BtO ~ (XXXVI) solvated
by t-butyl alcohol. The sulphone (XXXVII) is formed as
a result of the displacement of nitrogen either by the
t-butoxide anion or by t-butyl alcohol. In ethanol the
sulphone (XXXVIII) is produced as a result of the solvoly-
sis of the ion pair (XXXVI). It is noteworthy that the
decomposition of (XXXVI) is accompanied by the formation
of several side products, the composition of which has not
so far been established.

In contrast to @-diazosulphones, «-diazoketones react
with t-buty!l hypochlorite to form acetals®:

C¢H;OH

RCOCHN, + (CHy)3 COCl o
2115

This can be accounted for by the different capacities of
the chlorine atom in @ -alkoxy-a-chloromethylsulphones
(XXXVII) or (XXXVIII) and «-alkoxy-a-chloromethyl-
ketones (XXXIX) for nucleophilic substitution®®:

RCOCH(CI)OC,H, + C“H°OH:?{'C—1_' RCOCH(OC,Hy)s ,

RSO,CH(CI)OC,Hjg -+ C,HsOH +— RSO,CH(OC:Hy)2 ,

The driving force of the reaction of a-diazosulphones
with sulphuryl chloride in ether®” is attack on the diazo-
derivative by the chloronium cation formed when sulphuryl
chloride reacts with ether. The resulting diazonium ion
(XL) is converted in ether into the oxonium ion (XLI).

As a result of nucleophilic attack by the chloride ion, the
latter is converted into a-alkoxy-a-chloro-sulphone:

S0,Cl; + ROR — SO, -+ C1® + C1® - ROR;

RISO,CHN, + C1® — RISO,CHCINg;
(XL)

@
(XL) +ROR ——;—~ R1SO,CHCIOR,;

(XLI) + CI® — RISO,CHCIOR -+ RCL.

It is noteworthy that there has recently been a growth
of interest in reactions of diazo-derivatives with com-
pounds which behave as donors of positive halogenonium
jons. Many of these reactions make possible new meth-
ods for the synthesis of acetals and halogeno-derivatives
of ethers, sulphones, heterochain compounds, and hetero-
cyclic compounds. As an example, one may quote the
reactions of diazomethane and diazoacetic ester with
bromotrinitromethane®®, which lead respectively to
3-nitroisoxazoline N -oxide and ethyl a-bromo-ggp-tri-
nitropropionate:

H,C—C—NO,
N

/
cHN, | H,C N®—0®

BrC (NOy)y 0

L_CiHQ0CCHN: _, ¢ H,OCCHBIC (NOy)s .
I
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Presumably further investigation of these reactions of
a -diazosulphones will lead to the synthesis of new inter-
esting sulphones.

The reaction of o-diazosulphones with sulphenyl chlo-
rides leads to the formation of a-alkanesulphenyl-a-chlo-
rosulphones®:

RSO,CHN, + R1SCi — RSO,CH(C)SR! + N,.

These compounds have four different substituents at the
same carbon atom and are thus asymmetric derivatives

of orthoformic acid. According to the authors®’, there
are three possible aspects of the investigation of this new
class of compounds: the study of the reactivity of chlo-
rine in nucleophilic substitution reactions; the removal

of hydrogen attached to the central atom by basic reagents,
which should lead to the formation of carbenoid com-
pounds; the study of the Favorskii rearrangement in the
case of R = ArCH..

The reaction of o~-diazosulphones with nitrogen trioxide
has been described recently®. It begins with attack on
the diazo-derivative by the nitrosonium cation. The
intermediate diazonium ion (XLII) splits off nitrogen, being
converted into the nitrilic oxide (XLIII), or reacts with a
nitrite ion to form the nitrolic acid (XLIV), which is also
converted into the nitrilic oxide (XLIII) after splitting off
nitrous acid. Compound (XLIII) dimerises to the furoxan

(XLV):
N,
N0, | N,
RSO,CHN, = | RSO,CH—NO | —— RSO,L=N®—0®

(XL1D) (XLIII)

N, | NO® ZHNO, l
NOH RO,S—C—C—S0O.R

RS0y~CZ TN

NO, N N®_Q® .,

(XLIV) (XLV)

The synthesis of furoxans is of significant interest, since
these compounds exhibit antileukaemic activity®™ and
accelerate the growth of plants®,

2. Reactions with Formation of Sulphonylcarbenes

Diazosulphones constitute a convenient source of
sulphonylcarbenes. The formation of the latter was
observed in the synthesis of the corresponding cyclo-
propane derivatives by the photolysis of a-diazosulphones
in the presence of olefins®®:

W N
CH,OCH14S0,CHN; = CHLOC,H,SO.CH;

.. R,C,
CHZOC,HSO5CH + ReC=CH, — ; [c \/CHSOECJ—&OCH%.
1,C

The reaction is carried out in a 10:1 alkene~benzene mix-
ture in an atmosphere of nitrogen. Benzene is added to
increase the solubility of the diazosulphone. The high
yields of cyclopropanes (75-85%) justify this operation,
although benzene itself is also used to bind carbenes.
However, in this case sulphonylcarbenes react with
alkenes much faster than with benzene.

The addition of sulphonylcarbene to c¢is- and (rans-but-
2-enes is cis -stereospecific®™, which indicates the singlet
state of the free electrons in the carbene.

The formation of p -methoxybenzenesulphonylcarbene
was postulated in the decomposition of p -methoxybenzene-
sulphonyldiazomethane in methanol®. The reaction pro-
ceeds on irradiation with ultraviolet light in the presence
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of silver oxide and leads to the formation of p -methoxy-
phenyl methoxymethyl sulphone:

hv, CH:OH, Ag,O

CH4OC4H,SO,CHN, = — CH,OC4H,SO:CH,OCH; .

The formation of a sulphonylcarbene is also observed
in the thermal decomposition of benzenesulphonyldiazo-
methane in benzene®®. Together with a carbene dimer-
isation product—1,2-di(benzenesulphonyl)ethylene, a
small amount of the product resulting from the insertion
of the carbene in the C—H bond of benzene—benzenesul-
phonylphenylmethane—is formed®. Apart from these
products, the ester of benzenesulphonic acid and benzene-
sulphonylmethanol (XLIX) is produced. The authors
believe that its formation can be accounted for by the
decomposition of the initial diazosulphone into the benzene-
sulphonyl radical RSO;, which captures oxygen. The
resulting sulphonyl oxide radical RSO; reacts with the
benzenesulphonylmethyl radical formed by the reaction

CyHsSOCH : & RH — CeHsSO,CH, - - R.
The dimerisation of the above radicals gives rise to the
final ester (XLIX). Compound (XLVII) is not in fact formed
in the photolysis of (XLVI) in benzene, the yield of
(XLVII) remains the same, and the yield of (XLIX)
increases appreciably:

CeHiSOCHN, | CoHySO,CH=CHSO,C4Hy »

(XLVI])
CyHsSO,CHN, —|——SH . G, H,S0,CH CoHs
(XLVI) (XLVII])
— C,H5SO,CH,0S0,CHs .+
(XLIX)

The photolysis and thermolysis of compound (XLVI) in
cyclohexene® lead to an exo- and endo-7-benzenesulphonyl-
norcaranes in proportions of 68:32; compounds (XLVII)
and (XLIX) were not detected. The thermal decomposition
of benzenesulphonyldiazomethane in cyclohexane leads to
the formation of the insertion product CeHi CH2SO.CeH; in
43% yield and of compound (XLIX) in 6.9% yield. The
photolysis of the diazosulphone (XLVI) in the same solvent
gives rise to the same insertion product in 12% yield and
to compound (XLIX) in 39% yield.

The thermal decomposition of biphenyl-2-sulphonyl-
diazomethane at 120°C leads to intramolecular products
resulting from the insertion of a carbene (L) ina C-H or
C—C bond®. According to the authors, this reaction
proceeds via an intermediate intramolecular complex (LI),
which is converted into the o-complex (LII) or into the
intermediate norcaradiene (LIII). The latter is converted
into the product resulting from insertion in a C~H bond
[compound (LIV)] or a C-C bond [compound (LV)]:

SO,CHN, 50,CH 0,—CH
] Da
4 120 |
O = — Ok
w wn

o,

o S

(un [(81})]

| |

0,—QH, On !

> 9

*LI1V) @V

O

O
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Apart from the two cyclic sulphones (LIV) and (LV), the
authors detected the cyclopropane derivative (LVI), the
sulphone (LVII), and the disulphide (LVIII):

Ar0,S—H
}—so,m: ArSO,CH,R:  ArSSAr .
Ar0,S——H

(Lvn wvin (LVIID)
Ar = biphenyl-2-yl

The formation of compound (LVII) can be explained by the
decomposition of the initial diazosulphone into aryl-sub-
stituted sulphonyl groups with subsequent reduction and
dimerisation. The sulphone (LVII) is produced as a
result of the insertion of the sulphonylcarbene in a C-H
bond of the solvent and the cyclopropane (LVI) is normally
formed as a result of the trimerisation of an arenesul-
phonylcarbene.

The formation of sulphonylcarbenes on ultraviolet
irradiation of di(benzenesulphonyl)diazomethane in polar
solvents made it poseuble to develop an interesting method
for the synthesis of yhds

o

i}
—CH0, (e, S—C(S0.GeHy) -

(CeHsSO4); CN,

i~ (CoHsSOy), C:

Attempts to carry out the Wolff rearrangement for
compounds in the series of a-diazo-g-oxosulphones
during their photolytic or thermal decomposition have
been described. However, the study of the 7photolysis of
a-acetyl(toluene—-p - sulphonyl)dlazomethane in ethanol
showed that the carbene (LIX) formed after the elimination
of nitrogen rearranges either into the keten (LX) (an
o -ketocarbene-like behaviour) or reacts with ethanol,
being converted into acetyl(toluene-p -sulphonyl)methane
(LXI) and acetaldehyde. On interaction with ethanol,
methyl(toluene -p -sulphonyl)keten (LX) gives rise to ethyl
a -(toluene-p ~-sulphonyl)propionate (LXTI):

i ™
CHr@—so,—ﬁ —C—CH, CH,OSOQ%H—COC,HS
N, (LX)
V v 1+C,H50H

o
1
«:Hr<j>~so,—g—c——cﬂ3 — CH,@—SO,—(}:=C=O
(wix) \.f\:m CH,

¢+C2H5OH
.<\_/>_so,—CH —Q—CHS + CH3CH O_ﬁ_ —CcH,

(LXD) (Lxnu

The product of the addition of ethanol to acetyl tolyl
sulphene (LXIII) was not isolated. This is evidence that
the rearrangement of the carbene (LIX) into the sulphene
(LX), resembling the Wolff rearrangement, does not
occur in this case.

The thermolysis of a-benzoylbenzenesulphonyldiazo-

methane at 100~110°C in mesitylene®® leads to formation
of phenylbenzenesulphonylketen (LXIV), which is conver-
ted in the presence of amines into N-substituted phenyl-
benzenesulphonylacetamides:

HNR H, o

CyHsSO:CN;COC,Hy — C'H'\c=c=o - G "\ CH—
CoHsSOy” CHy50.” "\NHR .
(LXIV)
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When aryl-substituted a-diazosulphones were uradiated
in methanol at -10°C in an atmosphere of nitrogen®, the
methyl ether of arenesulphonylmethanol and (in a low
yield) the methyl ester of a-arylmethanesulphonic acid
were isolated. The last compound is probably formed as
a result of the Wolff rearrangement of the arenesulphonyl-
carbene into an aryl sulphene, which then interacts with
methanol:

ArSO,CHN, ——+ ArSO,CH — ArCH=50, —OH

ICH,0H
ArSO,CH,0CH,

-» ArCH,SO,0CH, .

When di(benzenesulphonyl)diazomethane is heated with
isopropyl alcohol in the presence of diethyl peroxydicar-
bonate, the products are radicals which react with the
above diazosulphone to form the product of the reductive
elimination of nitrogen®:

(CeHSO3), CN; +- (CHg)e CHOH = {CeHyS02)¢CH; + Ny + (CHy)3 C=0.

0=t -0
CaHgé 5C,H.
The reaction with o -diazoketones proceeds similarly.
The following mechanism has been proposed:

e

oH oH o c,
|
- d-R-R + CHS—(}—CH, = CHy—C—C=N-Y—C-~OH
OH O 0 H /“v CH,
1 i 1)
c,H,,—c—él'+ CH{CCH, + Ny —— c.H.—c--g-——N\N
i
o—<c"
(LXV) (CHg),

O H OH o] OH

. [ [ ] |
CoHs—C—C + + HyC—C—CHy — CgHy—C—CHy + H,C—~C~CH, .
[

H
The decomposition f diethyl peroxydicarbonate results
in the elimination of a proton from isopropyl alcohol with

formation of the isopropyl radical, which reacts with the
diazoketone to form a hydrazonyl radical with an unpaired

electron at the nitrogen atom. The latter is in equilibrium

with the C-radical form (LXV). The radical (LXV)
decomposes into acetone, nitrogen, and a benzoylmethyl
radical. The interaction of the last species with the
solvent leads to the product of the reductive elimination of
nitrogen and the initial isopropyl alcohol.

According to an alternative mechanism, the hydrazonyl
radical formed in the first stage reacts with the solvent
to produce the azo-compound (LXVI), which decomposes
with evolution of nitrogen into the final reaction product
and acetone:

O H CH, OH 0 r;l CIH.
I
C.H,»C—-(IZ=N—~N-—%,—OH + CH,—t':—CH,. - C.H,-—C——Cl:—N =N—C—OH;
CH, b H CH,
(LXVI)
o o

Il Il
(LXVI)— CyHy—C—~CH, + N; + CH3—C—CH,.

3. Reactions Involving the Nitrogen of the Diazo-Group

An important section of the chemistry of diazosul-
phones comprises reactions involving the nitrogen of the
diazo-group; some of these were studied previously for
other diazo-der.vatives.
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Triphenylphosphine reacts with diazosulphones to form
triphenylphosphazines'®?*2"2%3%  which can be used to
identify diazosulphones and to obtain them in a pure form:

RSO,CRIN; + P(CgHg)y = RSO;CR!=N—N=P(CsHs)s}
RSO,CR!=N—N=P(CeHy)s + CHyl — RSO,CRN; + CHyP(CaHp)P - 1°

a -Diazo-B-oxosulphones react with compounds contain—
ing an activated methylene group to form azo-derivatives®

o} o 0

V. N CH VN >
Qs S0 2 () ¥ K
NANL J CH, NN H/ 3

S0, 0

Diekmann'® observed the formation of the phenyl-
hydrazone of di(benzenesulphonyl)formaldehyde in the
reaction of di(benzenesulphonyl)diazomethane with phenyl-
magnesium bromide:

(CgHySO)g CNy +- CoHpMgBr HO_, (CgHgSO5); C=NNHGC,H;

The reaction involving the formation of pyrazolines,
which is well known in the series of diazoalkanes™, has
also been described for diazosulphones in relation to the
interaction of potassium diazomethionate with a number of
unsaturated compounds™:

Y H,C—CXY

s H,C—CX
(KO4S)3 CN; + H,C=C\ d SY=H_ :
X (KOSKC N
85)2 \N 7 (KO4S)y \N
H

X=CN, COOH, COCH,; Y=CH,, H
It has recently been observed that o- diazosulphones

readily add to the double bonds of substituted enamines™

with formation of products of the C-alkylation of the

@ -carbon atom of the diazosulphone [compound (LXVI)],

but not pyrazolines (as happens with a-diazoketones):

R3 Re R* R®
| L 77N | 1/ \.
RSO,CHN; -+ R1—C=C—N X - RI—CH—C—K X .
N—/ & @\__/
RSO,C—N=N
(LXVII)

This difference in the behaviour of a~-diazosulphones and
o -diazoketones was explained by the greater capacity of
the methylidyne protons of o -diazosulphones for the for-
mation of hydrogen bonds with enamines in the transition
complex: ,

]
ON=N C[‘,=N<
RSO,—C—H.---©C—
] { )
The adduct (LXVII) is stable, forming with hydrochloric
acid in ether the hydrochloride (LXVII), which can under-
go further reactions:

R? R® o

| S
R!—CH—~C—N X lae

(L N/
@
R—80,—C®—N=N

(LXV1II)
Thus, for R' = R’ = H, R® = C¢Hs, and X = O, morpholine
hydrochloride is split off in chloroform at room tempera-
ture and an unsaturated diazosulphone—3-diazo-2-phenyl-
3-(toluene-p -sulphonyl)prop-1-ene—is formed:

T
<]
o —
/ \ TN =C~—C—SO,R
CHy—C—N C1® - HCl - NH 04 CHy *
\__/ N CsHs N=N
@
RSO,—C—N=N
© @ —
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The diazosulphone (LXVII) (R = CH:Cely, R' = R* =
CHs, R® = H, and X = O) is reduced with sodium tetra-
hydroborate in methanol to 1-hydrazino-3-methyl-
2-morpholino-1-(toluene~p -sulphonyl)but-1-ene, which
isomerises to the hydrazone (LXIX) under the influence
of hydrochloric acid:

H 'l:Hs -
| N
CH, —CH—C—N 0 ~NeBHe, ep CH-C—N 0 -
N/ ’ﬂ N——
CH,CHsS0,C—N=N CH,CeH,S0,C—~NH—NH,
e @ CH,
] V4 i
- CHy—CH—CH—N ko)
N/
CH,3CgHyS0,C=N-—NH,
(LXIX)

The reaction of di(alkanesulphonyl)diazomethanes with
enamines proceeds via a different mechanism. 1In the
reaction of di(methanesulphonyl)diazomethanes™ with
o -morpholinostyrene the initial product is the azo-com-
pound (LXX), which splits off the anion of di(methane-
sulphonyl)methane, forming the diazonium ion (LXXI).

The latter reacts with a second enamine molecule to
form 1,6-dimorpholino-1,6-diphenyl-3,4-diaza-1,3,5-hexa~
triene and di{methanesulphonyl)methane (LXXII):

CeHg—C=CHj -+ (CH,S0,), C=N, — C,H,-(IZ-——CH—N:N——CH (SO.CHy)a
I

(LXX)
M ()
~CH(SO4CHy)s
\OJ \O) (59
CoHs
VAN
o) N—C=CH—N=N®
N/ (LXXI)
0. 0 _
4 N N CH.:C—N/ o
‘ J J c'H\—/
N N o
| | |
CeHg—C=CH—N=N—CH~=C—C4Hj; + H,C (SO,CHy);

(LXXID)

The interesting intramolecular cyclisation of 3-diazo-
5-benzenesulphonylpentane-2,4-dione to the corresponding
pyrazolone (LXXIII) under the influence of potassium
ethoxide™ belongs to the class of reactions proceeding
without the evolution of nitrogen:

CHC—C—C=0

! e o |
O N CHSO.CHs .
ANV

H
(LXXIII)

(LXXVI) === Emso,),cuﬁ:uf?yﬂ —

(LXXX11)

(LXXXVI)
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Under the same conditions, 9-diazothioxanthene
SS-dioxide forms the azene derived from 9-oxothioxanthene
S§-dioxide®”

N

Ny N
/\/U N\ /\/U\/\
00-000 OX
NGNS NGNS \/
0, o

Heyes and Holt?® described recently an interesting
reaction between di(arenesulphonyl)diazomethanes and the
sodium salt of di(benzenesulphonyl)methane. It proceeds
in tetrahydrofuran at 0°C and leads to the formation of
sodium benzenesulphinate and a vinylhydrazone (LXXXI):

X

o |
(ArSOP,CN, + CHXY —> | (ArS0,),C INENLLHCY | —>
(LXXIV) (LXXV) (LXXVD)

0O
22 > (Ar50,),C=NNH,

4
—>Y + [(ArSOZ)QC=N—N=CHX — (LXXVII)

(LXXV)

X
o !
(LXXVI) t———3| (ArS0,);,C=N—N—CHX —C)Hi'

(LXXIX) Y

o l

(ArS0,);C=N—NHC=CXY + X =— (Ar502)2C=N—NH—CHX—-—CXY]
(LXXXK) (LXXX) ’
X=Y=S0,Ph

The authors explain the formation of vinylhydrazones by
the coupling of the aryldiazosulphone (LXXIV) to the car-
banion (LXXV). The coupling of diazosulphones to tri-
phenylphosphine and phenylmagnesium bromide has already
been mentioned. According to the authors, this reaction
is a first example of reactions where the nucleophilic
agent substitutes a hydrogen atom at a carbanionic centre.
The elimination of the arenesulphinate ion from the adduct
(LXXVI) probably leads to the azine (LXXVI), which
hydrolyses to the hydrazone (LXXVIII) in aqueous solvents.
In a non-aqueous medium the nucleophilic attack on the
azine (LXXVII) by a second carbanionic species leads to
the formation of the adduct (LXXIX), whose tautomer
(LXXX) can split off a sulphinate ion to form the vinyl-
hydrazone (LXXXI).

If the carbanion contains carbonyl groups, then the
adduct (LXXVI) is probably converted into the tautomer
(LXXXII). Otherwise it is impossible to explain the
splitting off of the sulphinate ion [(LXXXI) — (LXXXIO)].
This view is supported by the finding that the remaining
sulphonyl group is split off from the azine (LXXXIII) with
subsequent attack by a second carbanionic species,
probably in accordance with the scheme (LXXXIII) —
(LXXXIV) — (LXXXV) — (LXXXVI). The tetracarbonyl-
vinylhydrazone (LXXXVI) is formed via a mechanism
involving the formation of a tetrasulphonylvinylhydrazone:

[ArSO,CH:N—N:CYx] + Arsof

(LXXXILD) lemm

. Q
YXC=CH—NHN=CYX --— [Arsoz"lCH-—NH——N———CYX] -~ I>ArSOQCH—N—N=‘-CYX_}

e

X =Yz PhCO (LXXXV)

Y—CH—X l
—
(LXXXIV)
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From the time when a-diazosulghones began to be
studied on a wide scale, 12 years have elapsed. How-
ever, during this brief period the fundamentals of their
chemistry have been worked out, their characteristics
have been discovered, and practical applications of this
interesting class of compounds have been outlined.

The interest in a-diazosulphones is due to various
causes. In the first place one should mention that these
compounds are valuable preparative reagents, which
permit the introduction of the sulphonyl group into various
organic compounds. «a-Diazosulphones lead to interest-
ing heterocyclic system, such as sulphonylfuroxans®,
oxathiolansS!, etc.3:7), They serve as the starting
materials for the synthesis of sulphonylcyclopropanes

The study of the biological activity of a-diazosulphones
is of considerable interest. The stable and relatively
non-toxic potassium diazomethionate, which exhibits
antitumour activity, is striking in this respect. By
analogy with a-diazoketones, a-diazosulphones can
evidently exhibit mutagenic and anticonvulsant activity™.

The presence of the nitrogen atom, which can be split
off on heating or under the influence of chemical agents,
permits the use of a-diazosulphones, particularly potas-
sium diazomethionate, as agents for the formation of
sponge rubber’®,

A number of characteristics of the chemical behaviour
of a-diazosulphones have been discovered. Thus, in
contrast to a-diazoketones, «-diazosulphones do not as a
rule undergo the Wolff rearrangement, add readily to the
double bond of enamines with retention of the diazo-group,
react in a characteristic manner with t-butyl hypochlorite,
etc.

Further elucidation of the differences between the struc-
tures and chemical properties of the diazo-group in
a -diazosulphones and other aliphatic diazo-compounds will
help deepen our knowledge of this field of chemistry.
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