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Summary

The kinetics of exchange reactions of the metal--metal and metal—proton
types and exchange equilibria of the metal—proton type have been studied by
PMR for arylmercury derivatives of N-methyl-p-chlorobenzenesulphonamide,
some substituted benzenesulphonanilides and their arylmercury derivatives. The
metal—-metal exchange has been shown to be accelerated by electron-accepting
substituents in the arylmercury group and retarded by electron-donating sub-
stituents. The metal-—proton exchange is accelerated by electron-withdrawing
substituents in the aryl radical on nitrogen and inhibited by electron-releasing
substituents, steric hindrance and intramolecular coordination. Both electron-
accepting and electron-donating substituents in the arylmercury group can ac-
celerate the metal—proton exchange.

It has been established that purely polar effects of substituents in the aryl
group on nitrogen affect the exchange equilibrium of the metal—proton type
only slightly, whereas steric hindrance and intramolecular coordination exert a
considerable influence upon it. Analysis of the data obtained has demonstrated
that with five-membered chelate rings the intramolecular coordinate bond in-
volving the C¢HsHg group is stronger than the corresponding internal hydrogen
bond, whereas with six-membered chelate rings the contrary is the case.

Introduction

Recently, there has been considerable interest in the NMR studies of ex-
‘change reactions involving the O—H, N—H and S—H bonds (exchanges of the
proton—proton type) [1—5]. Rather extensive information is available on the
exchanges associated with the rupture of the O—MR,,, N—MR,, and S—MR,,
Jbonds (exchange reactions of the metal—metal type) where R, M is a univalent
organometallic group such as RHg, R35n and R;Pb {6—14], but experimental evi-



ence concernmg the exchanges of the metal—~proton type is very scarce [15]
“oo- . Rarlier [16—17 1, we utilized PMR to make a. comparative study- of ex-
Achange processes of the three above types in some NH- and SH-acids and theu' ,
- organometallic ‘dérivatives. In the case-of NH-acids the previous studies concern-
-.ed the exchange reactions in substituted N-methylbenzenesulphonamxdes and
- their N—phenyhnercury derivatives [16] . The model compounds indicated proved
* to be very useful in studymg the exchanges of the proton—proton-and metal— -
metal types and their dependence upon the nature of solvent and substltuents

m the phenylsulphonyl moiety.

- Tt'seemed useful also to examine the mﬂuence of the radlcal on mercury
upon the rates of the metal—metal and metal—proton exchanges, as well as the
effect of the aryl group on nitrogen upon the exchange rate of the latter type.

" The arylmercury derivatives of N—methylbenzenesulphonamxdes could be used

“to investigate the metal—metal exchange. At the same time, in the case of the
metal—proton exchange, substituted benzenesulphono-o-toluzdldes and their
N-arylmercury derivatives appeared to be more suitable for obtaining the quanti-
tative data necessary to calculate the kinetic and energetic parameters of the cor-
responding exchange reactions. ,

Results

: The metal-—metal exchange reactlon (1) was studled employing the model
compounds | SO

4-ClCGH480~N(CH3)HgAr + 4-0106f14s02N*(CH3)Hg Ar =
. D
4-CICGH4502N(CH3)H *Ar + 4-CICGH4802N*(CH3)HgAr (1)

@) Ar= 4-(CH3)2NCGH4, (b) - Ar = 4-CH;0CH,;
(C). Ar 2 4 6 (CH3)BC6H2 ’(d) AI CGHS:v
(e) Ar 4-CIC(,H4, {f) Ar=34,5- Cl3CGH2

., ~The kmetlcs of the metal—proton exchange reacﬁon (2) was examined with
the mlxtures of the compour-ds IT and III: '

CEHssozNHAr + CGHSSOZN*(Ar)HgR CGHSSOzN (Ar)HER + CoH SO.N"HAr
@ L n - (2)

@ R= cf,Hs, Ar 2~CH3C6H4, 2.OH,-4-BrCeHs, 2-CHy4-NO,CeH,

o 2-CH,-4-(CH;),NCeHs;

(b) - R=CgHj; Ar= 2,6- (CH;);CeHa,

© _:‘-R.=‘CGH5; Ar = 4-Br-2,6-(CH3),CeH,;

(d')-ﬂR CGHS, Ar= Z—CH3—4 6-BrzCst, -

(e) R CﬁHs, 4 CHgOCsH4, 4-CICGH4, 4~(CH3)2NCsH4, Ar = 2- CH306H4 S
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In order to obtain evidence for exchange processes and evaluate their rates in.
dependence on concentration, temperature and the nature of substituentsin :
the aryl radicals on nitrogen and mercury, we have used signal shape analyals of
the main N-methyl group resonance and the corresponding '°°Hg satellites for -
exchange reaction (1) and the signal shape analysis for the peak of the CH; -
group situated ortho to the nitrogen atom in the case of the exchange reaction
(2). '

Apart from the investigation of the exchange rates by the conventlonal
NMR technique based on the dynamic PMR spectrum behaviour, we have also
examined the exchange equilibria (3):

CoHsSO,NHAT + CeH SO,N(Ar¥)HgCeH; = CoH:SO,N(Ar)HgCH; + (3)
av) V) : C.H;SO,NHAr*

(a) Ar = C.H,, 4-(CH,),NCH,, 4-CH;OCcH, 4-FCHs,
4-CICeH,, 4-IC¢H,, 3-CICeH,, 3-FCeH,, 3,5-Cl,CeHs,
2-FCeH,, 2-CICeH,, 2-BrCeH,, 2-IC¢H,, 2-CH;OC:H.,
2-CHySCeHa, 2-NO,CeHa, 2-CH;OCOCeH., 2.5- [(CH3)3C]ZCZH3,
Ar* = 2.CH,;C(H,;

(b) Ar = CsH;; Ar* = 2-CH3-4-BrCeHs, 2-CH;-4-(CH;),NC¢Hs;;
2,6-(CH;),CeHs, 4-Br-2,6-(CH;),CsH,, 2-CH,-4,6-Br,CeH,.

Such reactions take place in chloroform solutions of mixtures of the correspond-
ing compounds and are slow on the PMR time scale in this solvent. In order to study
these reactions, an indicator o-methyl group was introduced into one of the N-

aryl radicals and the equilibrium constants were determined from the ratio of
integral intensities of the methyl group signal for one of the reaction products

and one of the starting reactants. The data obtained in this part of the work have
provided evidence on the influence of substituent effects, steric hindrance and
intramolecular coordination on the exchange equilibria of the metal—proton type

in benzenesulphonanilides and their phenylmercury derivatives.

PMR spectra .

Metal—metal exchange

As has been noted previously [16], the’ shape of the N-CH; group 51gna1 in
the solution spectra of the N-phenylmercury derivatives of N-methylbenzenesul-
phonamides exhibits a temperature dependence characteristic of the three-centre
exchange. In the present work, the arylmercury derivatives of N-methyl- 4-chloro-
benzenesulphonamide were chosen as model compounds, in which the exchdnge
of the arylmercury group proceeds at rates suitable for investigation by the high-
resolution NMR technique. The parameters of the PMR spectra for these com-
pounds in chloroform and pyridine at various temperatures are listed in Table 1.

A consideration of the line-widths of the main N-CH; group sxgnal for dlf-
ferent compounds at the same temperature as Well as of the temperatures at
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whlch the 1"’S'Hg—N-CHg, spm—spm couphng satelhtes are stﬂl clearly dlscermble,
allows a comparison -of the relative ease of the metal—metal exchange for differ-

_.ent arylmercury groups. From the data in Table 1 it can ‘be seen thacin solutlons
of Ia - Ic in pyridine the !°°Hg satellites are still observable at 30°, whereas for Id
the satellites have already disappeared at 15° in this solvent. Accordmgly, the main
CH; group signal of the latter compound begms to broaden at lower temperatures
than those of the compounds Ia - Ic. From Table 1'it follows as well that intro-:
duction of the p-chloro substituent into the arylmercury group (Ie) leads to the
disappearance of the '?’Hg satellites in pyridine solution already at 0° in contrast
to the phenylmercury derivative Id. Upon introduction of three chloro substitu- -
ents in the positions 3,4 and-5 of the phenylmercury group (Ig) the '°°Hg satel-
lites cannot be observed even at —15°.

Thus, electron-donating substituents in the phenylmercury group retard the
metal—metal exchange reaction, the influence of the more electron-releasing
p-(CH;),N group being greater than that of the less electron-donating p-CH;0
group. The latter conclusion is supported by the values of the line-width for the
main CH; group signal which are 2.6 and 3.5 Hz for Ia at 50° and 60°, and 4.5
and 5.3 Hz at the same temperatures for Ib. At the same time, the decrease in
exchange rate with Ic may be associated with both the electron-donating effect -
of three methyl groups and steric hindrance. On the other hand, such electron- -
accepting groups as chloro substituents accelerate the exchange reaction discus-
sed. Consequently, depending on the nature of the aryl group on mercury, the
rate of the exchange reaction (1) increases in pyridine solution in the order:

4-(CH;3),.NCcH, < 2,4,6-(CH3):CsH,; < 4-CH;0CsH,; < CeHs <
4-ClCeH, < 3,4,6-Cl3CeH, .

Analogous resuits can be obtained by comparing the line-widths of the N -
CH; group signal in compounds I at a fixed temperature.

We also wanted to discover whether the above regularities in the mﬂuence
of substituents on the rate of the metal—metal exchange still hold in passing _
from pyridine to a more inert solvent, such as chloroform. Unfortunately, most
of the compounds investigated are only sparingly soluble in this solvent, whereas
in the case of the sufficiently soluble Ia the signal of the N-CH; group turned out
t2 be overlapped by the substituent CH; group resonance. As a result, the relative
abilities of the metal—metal exchange in chloroform were compared only for
two compounds, Id and Ie. The data of Table 1 show that in the PMR spectrum
of 1d in chloroform the mercury satellites are clearly seen at 15°, whereas they
cannot be observed for Ie at this temperature. Thus, mtroductmn of electron- .
withdrawing substituents into the arylmercury group accelerates the metal— :
metal exchange both in pyridine and chloroform solutmns. ,

Kinetics of the metal—-proton exchange o : .

In order to obtain information on the influence of various factors upon. the ~
rate of the metal—proton exchange, the mixtures of substltuted benzenesulphono-
‘o-tolu1d1des (I1) and their N-arylmercury denvatlves (III) have been studied i ina
mixture of pyridine and chlorobenzene (2/3 v/v) as solvent The chmce of ‘the
solvent was determmed by the fact that the arylmercury denvatlves are poorly
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soluble in chlorobenzer\e, Whereas in pyndme the rates of exchange (3) are

‘in most cases too high even at low ‘temperatures to be measured by PMR.. ] )

© - . In the PMR spectra of solutions contammg equlmolar -amounts of the com-
pounds 11 and TII at 0.15 M concentration in each of the components only a
single resonance of the indicator ortho-methyl group is observed at 34° for all .
the systems investigated between those for the methyl group protons of the in-
dividual compounds under similar conditions. On lowering the temperature to.
—45°, for aimost all pairs of compounds IT and I1I, the single resonance sphts
into two sharp peaks corresponding to the chemlcal shifts for the methyl pro-
tons of the individual compounds under the same conditions. The results ob-
tained provide evidence that the exchange reactions of the metal—prcton type
take place in the solutions of mixtures of the above compounds, their rates S
being in most cases measureable on the PMR time scale.

In Table 2 are listed some parameters of the PMR spectira for the solutions
containing equimolar quantities of IT and I1I, measured at various temperatures.
From the data obtained it follows that the coalescence temperature for the sig-
nals of the indicator methyl groups depends substantially on the nature of the
aryl radicals on the nitrogen and mercury atoms. However, a comparison of the
exchange rates (2) based only on the coalescence temperatures would not be
sufficiently correct, since the separation of the methyl group signals in the ab-
sence of exchange (A§) is not the same for different systems. In addition, A8
is temperature-dependent in some cases.

In this connection, apart from the coalescence temperatures of the CH3
group peaks and AS values at the coalescence temperature, Table 2 lists also
the mean lifetimes of the exchanging species (7, ) at some fixed temperatures
t, . The latter values were chosen in such a way that a comparison of them and
T values for different systems could provide a semi-quantitative measure for -
the influence of the nature of aryl groups on nitrogen and mercury upon the rate
of the metal—proton exchange. Thus, for example, in the case of exchange be-
tween IIa and IIla, the 7, value is 0.35 £ 0.05 sec at —15° for X = H, whereas
for X = Brit is 0.120 = 0.005 sec at —30°. Evidently, for the latter system at —15°
T will be smaller than 0.120 sec, and, consequently, the exchange rate in thls :
system is greater than in the former system.

Similar considerations for other pairs of compounds ITa and IIla show that,
depending on the nature of substituent in the p-position of the aryl group on
nitrogen, the exchange rate increases in these systems in the order: (CH3),N <
H < Br < NO,. Consequently, it can be concluded that the exchange reaction of
the metal—proton type is accelerated by electron-wichdrawing substituents and
slowed by electron-releasing substituents in the aryl group on nitrogen. As
evidenced by comparing the exchange parameters for the mixtures IIa + HIa (X=
H, Br) with the analogous data for the mixtures of the corresponding 6‘substitu-
ted compounds (IIb + IIib, Iic + Iic), introduction of a second methyl group
into the o-position of the aryl radical on nitrogen leads to a retardation of the ex-.
change reaction (2). The data of Table 2 reveal also that substitution of the 6'-
methyl group by a bromo substituent (I1d + ITId) slows the exchange as well.-

.- Further, a consideration of the PMR data for the systems involving differ-
ent arylmercury groups (Ille) makes it clear that-the character of influence of
substltuents in the phenylmercury group’ upon the rate of the metal—-proton ex—



% TEMPERATURE—DEPENDENCE OF TR FOR 0.126 3 SOLUFION OF EQUIMOLAR MIXTURE OF -
~4’-BROMO-2"6 -DIMETHYLBENZENESULHONANILIDE AND ITS PHENYLMERCURY DERIVATIVE
“IN-A'MIXTURE OF, csasx AND CgH5C1 (2/3) S R R

W? SN - rb il TAL L
s(Hz) - C T ) - (sec) -
CRTF T T 2.3 1 0.40 7
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303 " oo 0 B ST - 0.052

ew f'—'.iine-lvidtii at thé-half-heiéh-t. b r = ratio of the ma.xunum height to central minimum.

change is significantly- different from their influence on the metal—metal ex-
charige. Thus, it was found that both electron-accepting and electron-donating .
substituents accelerate the metal—proton exchange in the systems Ile + Ille, the
- sequence of i mcreasmg exchange rates bemg represented by H < N (CH3 ). <
OCH; < CL
~. . The Ta ‘values for the system IIc + ITlc assembled in Table 3 were used to
 obtain an Arrhenius plot (Fig. 1), from which the activation energy of the ex-
change process was calculated to be 11.3 + 1.8 kcal/mole. The same system was
used to examine the effect of variation of concentration for one:of the compo-
ents at a constant concentration of another upon the lifetimes of the N—H and
N—Hg bonds (7 and Tn— Hg) the resuits obtained bemg given in Table 4. An
“analysis of the concentratlon-dependence of these lifetimes shows that the ex-
change reaction in the system Ilc + IIlc is overall second-order, being first-order
_in each of the components (0.9 + 0.2 in 2',6’-dimethyl-4-bromobenzenesulphon-
anilide and 1.0 + 0.2 in its phenylmercury derivative). In Fig. 2 are represented
some experimental PMR spectra for different concentrations of the compounds

19 '1/tA
434 )
: v.1.2~ B :

C1ad
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03- e — 1 03
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Fxg. 1 Plot of log 1/1' A versus 1/T for the exchange of 2 6 dxmethyl-4 -bromobenzenesulphonanﬂxde thh
its N-phenylmexcury denvatwe ina mx.xture of C5H5N and c6H5Cl (2/3) for 0. 126 M concentranons of the
reactants. .
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TABLE &

CONCENTRATION«DEPENDENCE OF THE MEAN LIFETIMES: OF THE N—H AND N—"Hg BONDS IN ‘
SOLUTIONS OF MIXTURES OF.4" -BROMO-2'.6 -DIMET!-IYLBENZENESULPHONANILIDE ) WITH
TS N-PHENYLMERCURY DERIVATIVE (i1) IN A MIXTURE OF CsHsN AND CGHSCI (2/3) AT 9° -

Concentration Concenttation TN_,H TN—Hg o kl (i/mole- sec) - .
ofl (M) oo of T (M) - - (sec) - T (sec) ' ’ g

S ceo IR < 2[[1] TN—Hg 2Ny TN—l
0.127° . 0.054 © 0.520 - '0.220 - 71.6 R & -
0.127 : 0.078. - - . 0.320° oo 10.200 - 8.8 ... - BO.2
0.126 0.127 $0.210 0.210 75.6 . 75.0
0.125 © 0,104 0.260 0.2i5 o 4.4 o 74.0° -~
0.152 - .0.100 0.250 0.165 . - .. 798" . - 80.0 -
0.097 0.100 0.240 0.250 - 82.6 83.4

' ky =178t4

in the system Tic + IIic along with the correspondmg SImulated spectra, Whlch
were used to calculate the lifetimes.

Exchange equilibria of the metal—proton type

If chloroform is used as solvent instead of the pyridine/ chlorobenzene mix-
ture, then the solution PMR spectra of all systems II + III studied at 0.15 M con-
centration in each of the components exhibit even at 60° two sharp peaks of the
indicator methyl group, the position of these signals corresponding exactly to
the chemical shifts of the methyl resonances for the individual compounds. This
fact indicates that the exchange reaction (2) is slow on the PMR time-scale in
chloroform.

e

Fig. 2. Experimental and calculated PMR spectra for mixtures of 2°,6" -d:methyl-4 -bromobenzenesulphon—
anilide (A) and its N-phenylmercury derivative (B) in C5H5NIC5H501 (2/3) with various concentratlons -
of the components: )

1.Cp =0.127 M, Cg=0. 054 M, TN_p = 0.520 sec. TN—Hig = 0.220 sec.
2.C5o=0.125M, Cn=0.104 21, TN-H = - 0.260 sec, TNz = 0.215 sec
3.C5 =0.152 M, Cg=0.100 M, TN = .0.250° sec, rN__Hg = 0.165 sec.



>In1tlally, for exammmg such slow exchange reactlons in chloroform, the

PMR spectrum ofa mixture of benzenesulphonanilide IVa (Ar C¢Hs) and
pheny]mercury denvatxve of benzene-o-toluldlde 'Va was studied in- chloroform ,
'solution.- It tumed out that just after- munfxg the solutions of the above com— :
pounds ie. after 1-2 min, the PMR spectrum of the reaction mixtire- shows
. along with the methyl group 51gna1 of the starting phenylmercury derivative Va, -
- the CH; peak of benzenesulphono-o-tolmdlde evidently formed by the exchange
- 'reactlon (3). The mtensn:y ratio of these signals does nct change with time and
-the same ratio is observed after mixing the chloroform solutions of benzenesul-

phono o-toluldlde and phenylmercury derivative of benzenesulphonamhde, which
indicates the presence of a rapidly established equlhbnum

. -InTable 5 are given the equilibrium constants for a number of mlxtures
IV+Vi in chloroform at 34° for 0.2 M concentrations of the starting reactants,

which were determined by integration of the corresponding signals. It was shown

for the systems with Ar = C¢H; and 2-CICH, that a ten-fold decrease in the ‘con-

centrations of each component scarcely affects the values of equilibrium constants

This indicates that the values of equilibrium constants appear not to be influenc-
ed by the possible association of benzenesulphonanilides [18]. The use of still
‘smaller concentrations in studying the exchange equilibria was prevented by

i the limitations in the sensivity of the PMR equipment.
' The data in Table 5 throw hght on the influence of substituents in dlffer-

TABLE 5

' EQUILIBRIUM CONSTANTS FOR EXCHANGE REACTIONS OF N-PHENYLMERCURY DERIVATIVES

OF BENZENESULPHONO-O-TOLUIDIDES WITH BENZENESULPHONANILIDES IN CHLOROFORMS

Reactants: CgH5SO,N(HgCgHg)Ar + CgHsNHAT® K
Ax Ar*
2-CH3CgHg4 CegHs 1.8
2-CH3CgHg - 4-CH30CgH4 1.7
2-CH3CgHg 4-(CH3)2NGgHg 1.6
2-CH3CgHg 4-FCgHg 2.3
2-CH3CgHg 4-ClCgHg ' 2.5
2-CH3CgHa 4-1CgH,y 2.6
2-CH3CgHs 3-FCgHy 3.1
2-CH3C¢H,4 3-CICgH4 . 3.0
-2-CH3CgHg 3.5-CloCcH3 4.2
‘2-CH3CgH,4 2,5-[(CH3)3C] 2C6H3 0.062
2-CH3CgHg . 2-FCgHg - 4.3
2-CH3CgH4 2-CICgH4 5.
2-CH3CgH,4 | 2-BrCgHg - 9.1
:2-CH3CgHa 2-1C¢Hs 17.3
2-CH3CgH4 2-CH30CgH4 4.4
2-CH3CgHg4 2-CH3SCgHg 17.9
2-CH3CgH4 2-NO2CgHg 0.62
2-CH3CgH4 '2-CH30COCgH4 0.072
2-CH3CgHa CgHs 1.6b
2-CH3CgHg4. 2-CIC¢Hg4 4.8b-
2.6-(CH3)265H3 CgHs - 2.4
2-CH3-4+BrGgH3 - CgHs 1.7
2-CH3-4(CH3),NCgHj3 Ce¢Hs 1.6
4-Br-2,6-(CH3),CgHy CgHs 1.7
‘2 4-Br2~6~CH3C5H2 : CgHs 0.01

@ initial concentration of the reactants were 0.2 M. ® For 0.02 M initial concentrations of the reactants.
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ent p051t10ns of the benzenesulphonamhde and benzenesulphonoo-tolmdlde mme—
ties upon the equilibrium (3) in the corresponding systems. - .

"~ ‘A-consideration of the equilibrium constants reveals the followmg regula- -
rities. For the exchange reaction between the phenylmercury derivative of ben-
zenesulphono-o~tolu1d1de and benzenesulphonanilide the equilibrium deviates from
random and is shifted in favour ofthe phenylmercury derivative of the latter
compound. Introduction of'a second methyl group into the 6"-position of V in-
‘creases the equilibrium constant to a lesser extent than introduction of the first
one. A considerably greater effect upon the equilibrium constant is produced :
by the (CH;);C group in the benzenesulphonamhde moiety. El ectron—releasmg .
substituents in the positions 3' and 4’ of IVa do not materially affect the equi-
librium constant, whereas electron-withdrawing substituents increase it slightly,
displacing the equilibrium further to the right in favour of the C¢HsHg denva-

tive of the more acidic [19] substituted benzenesulphonanilide.

The range of equilibrium constants increases markedly in passing to sub-
stituted benzenesulphonanilides, containing in the o-position to the nitrogen
atom substituents with unshared electron pairs. When these substituents are
halogens, methoxy or methylthio groups, the equilibrium is shifted relative to
the system involving unsubstituted benzenesulphonanilide further in favour of
the C;HHg derivative of the o-substituted compound, the equilibrium constant
for the systems IVa + Va increasing in the oxder:

F~ QCH; < Cl<Br<I= SCH;

The equilibrium deviates from randomness especially strongly in the case of the
IVb + Vb system involving 4',6'-dibromo-2'-methylbenzenesulphonanilide.

A different picture is observed for the systems including 2’-nitro or carbo-
methoxy substituted benzenesulphonanilides. With these systems, the equilib-
rium is displaced in favour of ortho-substituted benzenesulphonanilides, the
equilibrium constant being the lowest for the latter system.

Discussion

Earlier, in the course of a comparative study of exchange reactions in sub-
stituted N-methylbenzenesulphonamides and their N-phenylmercury derivatives
[16], it was suggested, in line with the generally accepted view on the exchange
processes connected with the migration of hydrogen [5], or organometallic
groups [13, 157, that the exchanges of the proton—proton and metal—metal
types proceed by an associative mechanism involving the formation of cychc
transition states VI and VII, respectively:

AISOz\ .H /CH3 . . CGHS
N, N
SRS ArSO H - CH
cH;s” “H™ SOAr N RO
(VI) . CH3 : Hg \SOZAr
' o ’ CsHs

(Vi)
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In the case of the proton——proton exchange, the formatlon of VI in the rate-deter-
minging step was supported by the overall second order of the reaction and the
comparatively. low (11 + 2 kecal/mole) activation energy. For the exchange reactionrt
of the metal—metal type the dependence of the reaction rate upon the concentra

-tion of the phenylmercury derivative has been also found.

' The data obtained in the present work are in agreement with the. 1deas de-.
veloped previously [16] and throw further light on the mechanism of the exchan-
ge processes studied. In particular, the acceleration of the metal—metal exchange
both in pyridine and chlorcform upon introducing electron-withdrawing substi-
tuents into the C¢HsHg group and its retardation by electron-releasing substitu-
ents in this group provide further support for the associative mechanism of ex-
change. For the alternative dissociative pathway the contrary should have been
the case; because the dissociation of the Hg—N bond is expected to be facilitated
by electron-donating substituents in the C¢HsHg group and inhibited by electron-
accepting ones.

The kinetic data obtamed in thls work for the exchange reaction of the me-
tal—proton type with the system Ilc + Illc (first order in each of the components
and the activation energy of 11.3 £ 1.3 kecal/mole) lead us to suppose that in this
case the exchange also proceeds by an associative mechanism through a cyclic
four-membered transition state:

CeHs

ArSOz\ Hg' Ar*
/N'-_ .~'-N\

Ar¥ H SO, Ar
The ease of formation should increase with increasing nucleophilic power of the
nitrogen atom and coordinating atilities of hydrogen and mercury.

It has been found earlier [16] that due to the competition of the above fac-
tors the rate of the metal—proton exchange does not change in parallel with the
electronic properties of substituents in the CsHsSO, moiety of N-methylbenzene-
sulphonamide. In contrast, the metal—proton exchange in the system Ila + Iila
is retarded by electron-releasing substituents in the p-posiiion of the C¢Hs group
on nitrogen and accelerated by electron-withdrawing ones. This result indicates
that with the systems considered the formation of the fransition state VIII is to
a greater extent facilitated by the enhancement in electrophilic power of the
hydrogen and/or metal atoms, than it is inhibited by reduction in nucleophilic
power of the nitrogen atom. Similarly, the character of influence of substituents
in the C¢H;Hg group upon the rate of the metal—metal exchange in compounds
I affords evidence that the coordinating ability of the metal atom is the dominant
factor in this case as well. '

. At the same time, the acceleration of the metal—proton exchange in the
systems Ile + ITle upon introduction of both electron-donating and electron-ac-
cepting substituents into the p-position of the phenylmercury group demonstrates
that variation of the radical on the metal atom affects both its coordinating
ability and the nucleophilic power of the nitrogen atom. Since the electronic
interactions through the aryl——mercary bond are mainly of an inductive nature [20-
22], it may be expected that the electronic density on the mercury and mt"ogen
»atoms wﬂl change with the substituent in the ArHg m01ety accordmg to the c°
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values of the substituted phenyl groups. Taking into-account that the o° values
for the 4-CICcH, and 4-(CH3),NCsH, groups are equal to 0.27 and —0.44 res-
pectively [23] and comparing the 7, values in Table 2 for the corresponding
systems, one is led to the conclusion that a weaker electron-withdrawing sub-
stituent in the CeHsHg group accelerates the metal—proton exchange to a greater
extent than does a stronger electron-releasing substituent. Finally, it may be
suggested that the acceleration of the metal—proton exchange by electron-
donating substituents in the ArHg group is associated with the fact that the in-
crease in nucleophilic power of the nitrogen atom strengthens to a greater ex-
tent the H . . . N hydrogen bond than the decrease in coordinating ability of -
mercury weakens the Hg . . . N coordinate bond, thereby facmtatmg the forma-
tion of the transition state VIIL.

A further point of interest is the fact that the exchange of the metal—proton
type occurs with rates measurable on the PMR time-scale in the mixture of pyri-
dine and chlorobenzene, being markedly slowed in passing to chloroform. As
has been shown earlier [16] for the C¢H;Hg derivative of N-methyl-p-chloro-
benzenesulphonamide, pyridine somewhat retards the metal—metal exchange
relative to chloroform. On the other hand, in substituted N-methylbenzene-
sulphonamides the proton—proton exchange is greatly accelerated in pyridine.
All these facts suggest that with the metal—proton exchange the formation of
the transition state VIII is more strongly facilitated by polarization of the N—H
bond due to hydrogen bonding to pyridine than it is inhibited by blocking the
vacant mercury orbitals through solvation.

Further, the observed retardation of the metal—proton exchange on intro-
ducing a second methyl group in the c-position to the CsHsSO,NH moiety (sys-
tems IIb + ITIIb and IlIc + IIic) apparently arises from steric hindrance to the
formation of the transition state. The electronic effect of the second o-methyl
group seems to be unimportant, since its introduction slows the exchange to a
much greater extent than introduction of the p-dimethylamino group, the elec-
tron-releasing effect of which is greater than that of the o-methy! substituent
[24]. The observed inhibition of exchange by steric hindrance lends further
support for the associative mechanism, because steric interactions should have
accelerated the exchange by facilitaing the dissociation of the Hg—N bond, if
this dissociation had been the rate-determining step.

Finally, the fact that the metal—proton exchange is slowed to a greater ex-
tent on introduction in the 6'-position of a bromo substituent than on introduc-
tion of the CH; group, appears to be a consequence of inframolecular coordina-
tion between the halogen and mercury atoms and, to a lesser degree, of internal
hydrogen bonding. This explanation is in agreement with the somewhat smaller
Van der Waals radius of bromine compared to that of the CH; group [25] and
with the overall electron-withdrawing effect of o-bromo substituent [24]. Ac-
cording to the results discussed above, the latter factor should have facﬂltated
the exchange, had it been the dominant one.

In turning now to a consideration of influence of various factors upon the
equilibrium (3), it should be pointed out that in general this equilibrium must .
depend on the substituent effects through valence bonds, steric hindrance and
the strength of intramolecular coordination or internal hydrogen bonding. The
data for the systems involving 8'- and 4’-substituted benzenesulphonanilides IVa
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show that purely electronic substltuent effects influence the equilibrium (3)

‘only slightly. The consxderably greater effect of ortho-substituents upon the -

- position of this equilibrium and its character provide evidence that the elec- -
tronic factors are not dominant in this case. Apparently, for the systems in-
volving 2 -substltuted compounds steric hindrance and intramolecular coor- -
dination are more 1mportant It seems appropnate to con51der first the influence
of the former factor.

Taking into account the shght effect of electron-donating substltuents
in the 4’-position of the benezenesulphonanilide moiety upon the equilibrium
constant, it can be concluded that the deviation of equilibrium from randomness
for the exchange between the CsH;Hg derivative of benzenesulphono-o-toluidide
and benzenesulphonanilide arises from steric interactions. According to the

. published data [26], in benzenesulphonanilides both with and without substi-
tuents in the 2’ and 6'-positions the CNS plane is not coplanar with that of the
aromatic ring bonded to the nitrogen atom, the interplanar angle varying from
45° to 80° in the solid state. These results point to the absence of rigidly fixed
conformations and to a rather free rotation about the C—N bond, which can
arise from the lack of considerable mesomeric interaction between the nitrogen
lone electron pair and the aromatic ring. The lack of considerable conjugation
of the C¢H;SO,NH and CcH SO, N(HgCsH;) groups with the ring is supported
by the data on fluorine chemical shifis in 3'- and 4'-fluoro substituted compounds
(Table 6). According to these results, the a% values for the above groups calcula-
ted by the Taft method [27] are equal to —0.18 and —0.19, respectively, being
rather small compared to —0.52 for the o} value of the (CH;),N group. Thus, it
can be expected that deviation from coplanarity between the CNS plane and that
of the aromatic ring is not connected with a large loss in resonance energy.

In this connection it appears probable that the influence of sterie hindrance
is associated with inhibition of rotation around the C—IN bond, rather than with
the different degrees of twist of the CNS plane from coplanarity with the aromatic
ring in benzenesulphonanilides and their phenylmercury derivatives, which would
have led to different losses in the energy of resonance between the nitrogen lone
pair and the ring. In turn, the effect of hindered rotation can result from either the
difference in the ranges of free rotation around the C—N bond for the CsHsSO,NH
and CeHsSO,N(HgCcHs) groups, or the difference in the potential barriers to rota-
tion around this bond in passing through the eclipsed conformation.

Thus, inspection of molecular models shows that introduction of a methyl
group in the 2'-position of the benzenesulphonanilide moiety restricts the range
of free rotation for the CsHsSO,N(HgCsH;) group to a larger extent than for the
CsHsSO,NH group. On the other hand, recent PMR studies [28] have demonstra-

TABLE 6
19F CHEMICAL SHIFTS IN CHLOROFORM RELATIVE TO INTERNAL FLUOROBENZENE (in ppm)

Compound - = - = ) . . op
CgHsSO,NHCgH4F-3 ’ , —2.2
CgH3SO2N(HeCgH5)CgH4F-3 ‘ —2.0
CeH3SO;NHCsHaF-4 : - 3.0

CeHsSOaNHgCgH5)CsHyF-4 . - 3.6
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ted the existence of a considerable barrier to retation around the C—N bond in
‘N-benzyl-p-toluenesulphono-o-toluidide. In this connection, the influence of
steric hindrance on the position of equilibrium in our case may be also associa-
ted with the fact that the 2'-methyl group increases the barrier to rotation in
benzenesulphono-o-toluidide to a smaller degree than in its phenylmercury de-
rivative. At the same time, the smaller effect of the second methyl group in the
6’-position on the equilibrium constant is probably due to the fact that this
group decreases the range of free rotation of the C{HsSO,N(HgC¢Hs) to a smal-
ler extent than does the first methyl group.

On the basis of the above considerations, it should be expected that in the
case of purely non-bonded interactions between the CsH;Hg group and 2'-sub-
stituent, the larger the substituent introduced into this position, the more the
phenylmercury derivative will be destablized relative to the corresponding ben-
zenesulphonanilide, This assertion receives support from the greater effect of
the 2'-(CH,);C group on the equilibrium compared to that of the 2'-CH; group.
However, for most of the systems studied, the displacement of equilibrium in
favour of the CsH Hg derivatives of 2’-substituted benzenesulphonanilides and
the inverse relationship of this displacement to the size of the 2'-substituent
shows that intramolecular coordination rather than non-bonded interactions is
the dominant factor. ‘

Data on thermodynamic characteristics of the strength of intramolecular
hydrogen bonding in o-substituted anilines and their derivatives seem to be lack-
ing at present. Nevertheless, the available semi-quantative evidence based on IR
and NMR investigations of o-substituted anilines, acetanilides and benzenesulphon-
anilides [29—39] demonstrates the presence in these compounds of intramole-
cular hydrogen bonding involving halogens, CH3;0, CH;S, NO, and COOCH;,3
groups. Further, it should be pointed out that, although the electronic substi-
tuent effects apparently exert an insignificant influence upon the equilibrium
(3), they still should be taken into account in a rigorous analysis of the effect
of 2'-substituents on this equilibrium. At the same time, due to the complexity
of the general problem of ortho-effect [40—41], the correct elimination of the
purely electronic effects of 2'-substituents presents some difficulties. At present,
the best method seems to be through the use of the data on the ground state
electronic effects of o-substituents obtained from a PMR study of substituted
phenols in DMSOQO [24]. Finally, it appears appropriate to discuss separately
different systems IV + V, in order to elucidate the possibility of separating the
role of intramolecular coordination and comparing its strength for the chelate
rings involving the C;HsHg group and hydrogen.

The above problems seem to be most readily solved in the case of the sys-
tem involving the methoxy group. The shift of the equilibrium (3) in favour of
the C¢HsHg derivative of 2'-methoxybenzenesuliphonanilide relative to that of.
benzenesulphonanilide cannot arise from the electron-donating effect of the
CH;0 group, because electron-releasing substituents decrease slightly the equi-
librium constant. The purely steric effect of the CH;0 group should have also
destabilized the CcHsHg derivative of 2'-methoxybenzenesulphonanilide relative
to that of benzenesulphonanilide, since the Van der Waals radius of the oxygen
atom is greater than that of hydrogen [25]. There is apparently {39] no intra-
molecular hydrogen bond in 2'-methoxybenzenesulphonanilide, although a weak
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hydrogen bond exists in o-anisidine [34] and a rather strong one in o-methoxy-
acetanilide: [37] -Consideration of the above data shows-that the displacement:of
ethbnum to the nght is connected with coordination between the CsH;Hg and
CH;0 groups and arises from either the absence of intramolecular hydrogen bond-
ing' in 2-methoxybenzenesulphonanilide and the presence of intramolecular coor-
dination in its phenylmercury derivative, or from the greater strength of the
Hg-.--0O coordmate bond relative to that of the H - -+ O hydrogen bond:

CeHs SOZN——-H T C6H5$OZNHQC6H5 I -

The dlsplacement of equlhbnum in favour of the substituted benzenesul-
phonamhde upon introduction of the NO, and especially COOCH; groups in
the 2'-position does not correspond to the expected influence of the strong
electron-withdrawing ef_fects of these substituents. On the other hand, purely
‘non-bonded interactions between the C;HsHg group and the above substituents
are ruled out on the basis of the results obtained for the C¢HsHg derivative of
2'-methoxybenzenesulphonanilide and previous data on the possibility of in-
tramolecular mercury—oxygen coordination [42]. At the same time, it is known
that in o-substituted-anilines [29, 35],-acetanilides [32, 86] and -benzenesul-
phonanilides [39] there exist rather strong hydrogen bonds involving the NO,
and COOCH; groups. This allows the conclusion to be made that in the case of
2"-nitro- and especially 2"-carbomethoxy-substituted compounds the strength of
the chelate rings involving the hydrogen atom (A) turns out to be greater than
CeHsSO,N—H_ . CgHgSON—H_

R (A
that of the chelate rmgs involving the C¢HsHg group (B).

CGHSSOZN—HQCGHE,  CeHsSON—HgCeHs,

) . (B)

Although the influence of halogen subsntuents and CH;S. group in the 2'-
position on the equilibrium constant is similar to that of the CH;0 group, the
interpretation of the data in this case is somewhat more difficult, because in
contrast to the CH,0 group these substituents exert an overall electron-with-
drawing effect from the o-position [24]. Nevertheless, a comparison of the in-
fluence of electron-accepting substituents in the 2", 3"- and 4'-positions of the
benzenesulphonamhde moiety upon the equﬂlbnum with their electronic ef- -
fects'[24, 43] shows that mtramolecular coordmatlon also plays a dec1s1ve role

iri'this case.
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- Thus, the halogen substituents in the 2'-position differ markedly in their
influence on the equilibrium constant, whereas from the 4’-position their effects
are small and ‘close for the first and the last members of the series. The equilib- ~ -
rium constant is affected most strongly by the CHs;S 'group, the electron-with-.
drawing effect of which from the o-position is smaller than that of the o-chloro:
substituent [24]. Introduction of two chloro substituents into the positions 3'"
and 5’ gives rise to a smaller displacement of equilibrium than does introduction .
of most of the substituents in the 2'-position, in spite of the fact that the com-
bined electron-accepting effect of the two chlorines is greater than that of each
substituent considered from the 2'-position. These facts provide evidence that -
the increase in equilibrium constant upon introducing chloro, bromo, iodo and
methylthio substituents into the 2'-position arises mainly from the fact that the
intramolecular coordinate bond of the CsH Hg group with these substituents
turns out to be stronger than the corresponding internal hydrogen bond. The
same statement holds for the fluoro substituent, since it exerts a smaller electron-
withdrawing effect from the ortho-position than does the meta-chloro substi-
tuent [24, 43], but produces a greater increase in equilibrium constant.

In accordance with the equilibrium constant values, the difference in the
strengths of the internal hydrogen bond and intramolecular coordinate bond
increases in going from fluorine to iodine and from CH,O0 to CH,S. At the
same time, the bulk of the available evidence indicates that the strength of the in-
ternal hydrogen bond in ortho-substituted anilines and acetanilides apparently
increases the same sequence [30,31,34]. This suggests that the strength of the .
intramolecular coordinate bond in the C¢H;Hg derivatives of 2'-substituted ben-
zenesulphonanilides also increases in the same order. If this suggestion is correct,
then in the case of a five-membered chelate ring the influence of the nature of
the donor atom upon the strength of the coordinate bond involving the C;HsHg
group is mainly analogous to its influence upon the strength of the mercury—
hgand bond in the case of coordination of the CH,;Hg catlon to the corresponding
anions [44—45].

The above considerations show that with five-membered chelate rings, intra-
molecular coordinate bonds involving the CsHsHg group turn out to be stronger
than the corresponding internal hydrogen bonds, whereas for six-membered
chelate rings the contrary is the case. As follows from a comparison of 2'-meth-
oxy substifuted compounds on the one hand, and 2'-nitro and 2'-carbomethoxy
substituted on the other, the above situation is not connected with the nature
of the donor-atom. It appears probable that geometric factors are responsible
for it. Thus, inspection of molecular models shows that in the case of the com-
pounds with halogens, CH;O and CH;S groups in the 2'-position the overlap of-
the Van der Waals envelopes of the donor and acceptor atoms can be more’
effective for the C¢H;Hg group than for the hydrogen atom, the possible non-
coplanarity of the CNS plane with the aromatic ring on mtrogen still enhancing
this difference. In contrast, for a six-membered chelate ring involving the NQ,
or COOCHj; group there is a possibility of sufficiently effective overlap between
the Van der Waals spheres of the hydrogen and oxygen atoms to form a planar
ring producing a strong hydrogen bond, whereas in the case of the CsH:Hg -
group the formation of of a planar chelate ring seems to be impossible due to'
the too-strong overlap of the Van der Waals envelopes of mercury and oxygen, -
which leads to predommance of ‘repulsion over attraction. :
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- Further, for a s:x-membered chelate ring the N—H- -X angle is closer to
180 than for a five-membered chelate ring, thus approachmg to a greater ex-
'tent the preferred geometry of hydrogen bonding [46]. By contrast, for the

~ mercury -atom sufficiently effective coordination can take place via the unhy-
~ bridized 6p-orbitals,; which corresponds to an N—Hg- -X angle of only 90°.

Ex_amples of such coordination are known in the literature [4'/—48]. .

... Thus, the above considerations demonstrate that for the CﬁHng group
geometric factors favour the formation of a five-membered chelate ring to a
greater extent than the formation of a six-membered chelate ring, whereas for
the hydrogen atom the contrary seems to be the case. -

- In finishing the discussion of various factors mﬂuencmg the equlhbnum
for the metal—proton exchange, it is of interest to note the results obtained
-for the system involving 4',6'-dibromo-2'-methylbenzenesulphonanilide and
its phenylmercury derivative. Namely, introduction of a bromo substituent
into the 6'-position of 4'-bromo-2'methylbenzenesulphonanilide stabilizes the
corresponding phenylmercury derivative to a much greater extent than does
introduction of this substituent in the 2'-position of benzenesulphonanilide.
Evidently, in this case we have to deal with the steric facilitation of chelation
[49—50], which strengthens the intramolecular coordination of the C¢HsHg
group with the bromo substituent to a greater degree than the corresponding
internal hydrogen bond. Inspection of molecular models shows that in our
case the steric facilitation of chelation results not from the shortening of the
Hg . . .Br distance on introduction of the o-methyl group, but from inhibition
of rotation of the CcHsSO,N(HgC¢H;) group around the C—N bond, which
fixes this group in the conformatlon favourable for coordination of mercury
to bromine. ,

-~ In conclusion, it may be said that the present investigation has allowed us
to establish a number of regularities concerning the influence of substituent
effects, steric hindrance and intramolecular coordination upon the rates and
equilibria in the exchange reactions of the metal—metal and metal—proton
types involving substituted benzenesulphonamides and their arylmercury deri-
vatives. At present, further studies are in progress on exchange equilibria in .
organo-mercury, -tin and -lead derivatives of substituted thiophenols, to elucidate

“whether similar relationships apply to exchange reactions invelving SH-acids and

their organometallic derivatives.
Experimental
General comments

The PMR spectra of the systems studled at various temperatures were mea-
sured on a RYA-2305 spectrometer operating at 60 MHz. TMS was used as an
internal standard. The experimental error in chemical shifts, line widths and
spin—spin coupling constants was not greater than * 0.3 Hz. The temperature
was maintained and calibrated w1th the accuracy of + 1°. The exchange equilib-
ria (3) were investigated at 34° ‘using a H1tach1-Perlun-Elmer R-12 spectrometer
at 60.MHz. The '°F NMR spectra were recorded at 34° using a Hitachi-Perkin-

Elmer R-20 spectrometer operating at 56.4 MHz. The !°F chemical shift mea-
surements were made on solutlons of 0.2M concentratzon. The determmatlon
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of the '°F chem1cal shifts by the substltutlon method has been descnbed else-
where [51]. :

The mean lifetimes of the N—H and N—Hg bonds were determmed by ﬁt—
ting the experimental PMR spectra to the theoretical curves. The theoretical
spectra were calculated by employing the Bloch equations modified with regard
to dynamic processes [52] for the case of the two-centre exchange-with eqgual or
different populations of the two states. A Nairi computer was used for these .-
calculations. The experimental error in the 7 values did not exceed * 4% in stu-
dying their concentration and temperature dependence.

In general, for the exchange reaction:

ky
nA+mBkv- pC+qgD
-1

the mean lifetime 7, of the exchanging species in the state A between two succes-
sive exchanges can be expressed by the.following relation [53]:

1 1 d[A]

— n—1 m
7a  [A]l dt Rons[A1™ (B
where 7 and m are the orders of the exchange reaction in A and B respectlvely
A similar expression can be written for 73 . Moreover, in our case [54] ks is
equal to k&, /2. Hence, knowing the 7, and 7y values for some values of [A] and
[B], one can calculate n and m. In this work the 7, and 75 values were obtained
in varying [B] or [A] and keeping, respectively, {A] or [B] constant.

The equilibrium constants for the metal—proton exchange (3) were deter-
mined from the relative concentrations of the starting reactants and reaction pro-
ducts at equilibrium, which were calculated from the intensities fo the 2'-methyl-
group peaks, corresponding to one of the reactants and one of the products. The
ratio of the signal intensities was obtained by integration of the appropriate peaks
in the spectrum of the reaction mixture at equilibrium. The error in the equilib-
rium constants was + 10%. Chlorobenzene and chloroform were purified and dried
by conventional procedure, pyridine was dried over molecular sieves (4 A).

Substituted benzenesulphonanilides were obtained by the reaction of sub-
stituted anilines with benzensulphonyl chloride in pyridine [19]. The compounds
reported in the literature were identified by their melting points. The arylmercu-
ry derivatives of substituted benzenesulphonanilides and N-methyl-p-chloroben-
zenesulphonamide were prepared by the action of arylmercury hydroxides or
acetates upon the corresponding benzenesulphonamides or their sodium salts
[55]. 3,4,5-Trichlorophenylmercury derivative of N-methyl-p-chlorobenzene-
sulphonamide was obtained from 3,4 5-tnchloropheny1mercury bromide via
the corresponding nitrate.

Substituted benzenesulphonanilides and their arylmercury derivatives were
purified by recrystallization, mainly from ethanol or benzene. For a number of
compounds it was shown by special experiments that additional recrystallization
of the corresponding benzenesulphono-o-toluidide or arylmercury derivative does
not affect the parameters of the PMR spectra for the metal—metal or metal—
proton exchanges and the character of their variation with temperature. The
melting points and analytical data for the compounds not reported in the litera-
ture are presented in Table q. The chemical sh1fts of the 2' -methyl group protons
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AND ‘THEIR N~ARYLMERCURY DERIVATIVES T ; RN . — T

“M.p.8: - ... Analysis found (calcd. )
CCY: @, =
4-01051!4SozN(CH3)HgCGH4OCH3-4 ;. . .- . T168-169 .. 32.43 ~ ° 290
. LT e T (32.82) L (2.75) -
4-CIC5H4502N(CHg)HgC5H4N(CH3)2-4 169-172 . 34.00. 3.56 -
R T 77T (34.29) - (3.28)
: 4-010534802NICH3)H§C6H4C1~4 -.168-169 29.73 - 210
- (30.21) - . (2.15)
4-CICGH4802N(CH3)HgC6H2C]3-3.4.5 ’ 205-207 . 26.39 - 1.68
(26.66)  (1.55)
4-CICGH4$02N(CH3)H505H2 (c33)3-2 4.6 170-172 36.29 3.72
7 i - . (36.64) .. . (3.46)
CGHSSOZNHC5H4F-2 - : = ’ - 109-110 57.33 = 4.13
; Lol . : ] L. (517.86) - (4.01)
C6H5802N(HgC6H5')05H4F*2 ) : 186-188 40.63 2.72
o - : (40.95) (2.67)
CeH5S0,NECgH F-3 - 97-98 . 57.50 4.69
) ' (57.36) (4.01)
CgH5SON(HeCgH5)CgH4F-3 . 153-155 40.53 2.64
T e - : . ) (40.95) {2.67)
. CgH5SON(HeCgHs5)CgHyF-4 o . 152-153 40.92 2.82
o R . : - (40.95) ©  (2.67)
CgH5SO,N(HgCgH35)CgHgCIF2 - - 140-142 40.09 - 2.62
X A M N (39.71) (2.59)
CH SO N(HeCsH 5)CgH4CL3 134-135 39.97 2.62
T B o ) ) (39.71) (2.59)
CeH5SO,N(HgCgH5)CcH4Cl-4 . - 130-131. 39.63 2.65
e ST i : T (39.71) (2.59)
- CeHsSO2N(HgCgH5)CgH4Br-2 127-128 . 36.50 2.47
- ' ) : K ) ) . (36.71) (2.40)
'CgH5SON(HgCgH5)CgHg1-2 - ’ © - 116-118 34.31 2.44
6 sj 2 “fg"_6:.s 64 - : .- (34.00) - (2.22)
0635502N(H5C6H5)06341-4 188-190 - 33.83 2.35
© (34.00) (2.22)
CsHssozNH06H3Cla~3 5 : ) 133-135 47.89 2.82
. . . (47.69) (3.00)
canssOZN(H506H5)05H3C12‘3 5 : 215-217 37.41 2.38
’ - : (37.335) (2.26)
C6H5802N(Hg05H5)05H40CH3-2 ] L . 171-173 42.38 3.42
B : ’ i (42.26) (3.17)
c635502N(Hg05H5)05H4OCH3—4 _ ) © -168-169 . - 41.94 - 3.50
: . - (42.26) (3.17)
C6H5$02N(HECGH5)CﬁH4SCH3-2 : 115-119 ©  41.04 3.14
: ET - (41.04) . (3.08)
CGH5502N(Hg05H5)0634N(CH3)2~4 o L : 180-181 - | 43.26 - - 3.90
) . - (43.29) (3.28)
CsHssozN(HgCGHS)C6H4N02-2 L " g - . - 189-191 -38.61 .. . 288
DR o ) . (38.95) (2.54)
CGHSSOzN(HgC5H5)05H4COOCH3—2 o ’ : 119-121 . 42,80 T 2.86
e o . ST - (42.29) 0 0 (3.02)
CsHsSDzNHC5H3[C(CH3)3J 2-2 5 - o 135-137 . .69.77 .. 8.00-
’ o . (89.52) (1.88)
censsozN(chsns)csﬁ:;[0(033)3]2-2 5 . o . 175177, - -50.32 . - - " 4.84
. . . S (80.19) . - (5.02)
CsHsSOzN(HngHs)Cﬁﬁqug-z o ' 155-156 - 43.51 U3.28
B ST T (43.858) - (3.27).
CsHsSOgN(HngH4Cl—4)C(,H4CH3-2 S el e .- 134-136 . 40.70 ... 298 .
S UL (40.78) T (2.86) - -
CsH55OzN(Hg05H4OCH3-4)CGK40H3-2 Sl e 179-180 0 - 4818 -1 3,78
B S e L T (483.832) - - (8.438) .
CéHsSOzN(HgCGH4N(CH3)2-4]0634033’2 R B | - .178-180 . 44.54 o : 3.85
. e S (44.44)’ oo £3.88)

(contmued)
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TABLE 7 (contmued) IR ST e e

Compound ’ S A o Mppe . O Analys:s found (calcd )
_ SRV R SR CECY L @Y B
: c’ ool
CgHsSO,N(HeCgH)CgH3CH3-2-Br-d ~ - .. - - 148-150 38.37 . .- 261
. ] o ST (37.88) 1 (267
CgH5SO0,NHCgH3N(CH3)-4-CH3-2 - c . 77 149-150. - . 61.62° 6.12
. : n _ o S o . (62.04) : - . (6.24)
CeH5SON(HgCgH5)CgHN(CH3) 3-4-CH3-2 - 183-184 = 44.64 14.28
T S I . ' O e " (44.48)  (3.91)
CgH550,N(HgCgH5)CgH3NO5-4-CH3-2 . - 202-203 . 40.11 . 2.47
R . ) ‘ ’ (40.10) - (2.83)
CgHsSO,NHCgH 2 Bry-4,6-CH3-2 - S 141-143 3830 . - 2.70.
. : . . . (38.54) . (2.74)
CeH5S0N(HgCgH;5)CcH,Bry-4,6-CH3-2 ) 197-198 33.16 . 211
_ - : ~ T (8347 L (2.22)
CgH S0, N(HgCgH5)CgH3(CH3),-2,60 171175  45.09 .. 398 .
- _ . ' - (44.44) (3.88)
CeH5SO,aN(HgCgH5)CgH,(CH3)2-2,6-Br-4 : 203-204 £ 39.31 2.84
enseT susTre _ : : (38.94) . (2.99)

@ All the arylmercury derivatives melt with decomposition. b According to the PMR. spectrum, this com-
pound contained a 14% admixture of the parent benzenesulphonanilide, which could not'be removed by
recrystallization.

for substituted benzenesulphono-o-toluidides and their N-arylmercury derivatives
in chloroform are listed in Table 8. The N-phenylmercury derivative of benzene-
sulphonanilide has been described previously {55]. Some typical preparations.
of substituted benzenesulphonanﬂldes and their N—arylmercury denvatlves are
glven below.

2"-Nitrobenzenesulphonanilide. 6.55 g (37 mmoles) of benzenesulphonyl
chloride was added gradually with stirring to a solution of 5.1 g (37 mmoles).of
o-nitroaniline in 20 ml of pyridine. Aftér completion of the reaction, the reaction

TABLE 8

CHEMICAL SHIFTS OF THE 2-METHYL GROUP SIGNAL FOR BENZENESULPHONO-O-TOLUIDIDES
AND THEIR N-ARYLMERCURY DERIVATIVES IN CHLOROFORM RELATIVE TO INTERNAL TMS
(in Hz)“

Compound : S : . . 8(2-CH3)

CeHsSO,NHCgH4CH3-2 . 118.7
CeH5SO;N(HgCgH5)CsH4CH3-2 128.5
CeH580,N(HgCgH40CH3-4)CeH4CH3-2 b
CeH5SO0N(HgCgH4N(CH3)2-4)CgH4q4CH3-2 . 128.4
CgHsSO,N(HgCeH4Cl-4)CgH4CH3-2 128.2
CeH5S0O, NHCgH 3 N(CH3)2-4-CH3-2 115.9
CﬁﬁsS02N(HgC5H5)C5H3N(CH3)2-4—CH3-2 : - 1248
CeHoSG,NHCgH3CH3-2-Br-4 . . - 118.0
C5H5302N(H§CGH5)C5H3CH3-2-BI~4 o T 1251
CgH5SOZNHCgH,Bry-4,6-CH3-2 -~ - - : 150.0
CgH5S0ON(HgCsH5)CcH3Bry-4.6-CH3-2 147.0
CeH:SO;NHCgH4NO-4-CH3-2 . - b :
CsHs5SO2N(HgCcH5)CcH3NO2-4-CH3-2 - . b
CsHsS0OaNHCgH3(CH3)2-2,6 : ) 122.2.
CsHsSO 2 N(HgCel 5)CeH3(CH3)2-2.6 ’ - 1281
CeH3SO2NHCgH,2(CH3)2-2,6-Br-4 - . oo L1199

‘CeHsSO2N(HeCsH5)C6H2(CH3)2-2,6-Br-4~ = - = "~ .. 124.8

2 for 0.15 M solutions. b Sdlu'bility problems. -
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. mixture was treated w1th a solutlon of 30 ml of concentrated hydrochlonc -acid
in 60 ml of water. The oil which separated solidified on standing: The resulting
solid was flltered washed with Water, dried and recrystalhzed twice from me-
thanol, yxeldmg 3. 8g (37%) oI the pure product with m.p. 99 -101° (lit.- [56]

101 102°).
'N- (Phenylmercury)-z -mtrobenzenesulphonamltde A solutlon of 1.7g (b

mmoles) of phenylmercury acetate in 100 ml of methanol was added to a solu-
tion of 1.34 g (56 mmoles) of 2'-nitrobenzenesulphonanilide and 0.2 g of NaOH
in a mixture of 15 ml of methanol and 5 ml of water. After evaporation of the
solvent under reduced pressure, the residue was treated with water, the resulting
solid filtered, washed with water, dried and recrystalhzed from ethanol, afford-
ing 2.2 g (79%) of pale yellow crystals.

N-(Phenylmercury )-benzenesulphono-o-toluidide. A hot solution of 1.5 g
(5 mmoles) of phenylmercury hydroxide in 30 ml of methanol was added to a
hot solution of 1.25 g (5 mmoles) of benzenesulphono-o-toluidide in 20 ml of
the same solvent. After evaporation of the solvent under reduced pressure, the
crude product was recrysta]hzed from benzene yleldmg 2 1g (80%) of colour-
less crystals.

. 3,4,5-Trichlorophenylmercury bromide. To a solution of the Grignard
reagent, prepared from 2.6 g (10 mmoles) of 3,4,5-trichlorocbromobenzene and
0.24 g of magnesium tumings in 20 ml of dry ether, was added a solution of 3.6

g (10 mmoles) of mercuric bromide in 20 ml of dry THF. The reaction mixture
was heated under reflux for 1 h and after cooling to room temperature was
decomposed with 50 ml of 5% hydrobromic acid and excess of water. The solid
formed was filtered, washed with water, dried and recrystallized from propanol,
affording 1.75 g (37%) of colourless crystals with m.p. 228 - 224°. (Found C,
15.67; H, 0.36. C¢H,BrCl;Hg calcd.: C, 15.63; H, 0.40%.)

- N- (3 4,5-Trichlorophenylmercury }-N-methyl-p-chlorobenzenesulphonamide.
To a solution of 1.1 g (2.4 mmoles) of 3,4,5-trichlorophenylmercury bromide in
150 ml of hot methanol was added a solution of 0.41 g (2.4 mmoles) of silver
nitrate in a mixture of 5 ml of water and 15 ml of methanol. The precipitate of
AgBr was filtered and the filtrate was added to a solution of 0.49 g (2.4 mmoles)
of N-methyl-p-chlorobenzenesulphonamide and 0.1 g of NaOH in a mixture of
5 mi of water and 20 ml of methanol. The precipitate formedwas filtered, washed
with water, dried and recrystallized from ethanol, affording 0.90 g (64%) of co-
lourless crystals.
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