
347 

Journh~ of Organo&etallic Chemistry, 71(1974) 347-369. 
.:_ ,. 

: 
0 Elsevier Sequoia S.A;, &ausanne - Printed in The Netherlands 

INFLUENCE OF SUBSTITUENT EFFECTS, S’I’ERIC HINDRANCE AND 
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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 arylrnercury derivatives of N-methyl-p-chlorobenzenesulphonamide, 
some substituted benzenesulphonani3ides and their z&mercury derivatives. The 
metal-metal exchange has been shown to be accelerated by electron-accepting 
substituents in the aryhnercury group and retarded by electron-donating sub- 
stituen&. 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 coordin&tion. 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,H5Hg 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 inter&t in the NMR studies of-ex- 
change reactions involving the O-H, N-H and S-H bonds (exchanges of the 
proton-proton type) [l-5] . Rather extensive infonzlation is available on the 
exchanges associated with the rupture of the 0-MR, , N-MR, and S-MR, 
bonds (exchange reactions of the metal-metal type) where R, M is a univalent 
organometallic group such as RHg, R3Sn and R3Pb [6-141, but experimental evi- 



: .:den+concermng the’exch&g&of the mef%Fp&on t&e is v&y scarce.[l5].. 
.- :. _: ~3$dic?;;. @-?17], v&util.ik$PMR-to ma&a ‘com&ative stiidy of &-. .- .... 
.> .change-pro&&es df.thethree’ab.ove~&in so&e NH--a&i SH-acids and their 
=L. org&ometallFde&atives. In the case-of NH-acids the previous studies concern-. 

ed the exchange reactions in substituted N-methylbenzenesulphonamides and 
the% NYphenyhnercuyy- derivatives [ 16]- The model compounds indicated prov-ed 
to.be very useful ip studying the exchanges of the,proton-proton and metal- 
metal types z&d their depend&& tipon the naku-e of solverit &d substituents 
in the phtinyl$ulph,on$ moiety. -I :: I . . I : .:_ 

It’GernGd ikeful aIS0 to examine the influence of the radical on mercury 
up& 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-methylbenzenesulphonamides could be used 
to inveitigate the metal-metal’ exchange. At the same time, in the case of the 
-metal-protcn~&ch&ge, substituted benzenesulphono-o-tohiidides and their 
N-arylrnercUry 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 reaction (1) was studied employing the model 
compounds E 

4&H&N(CH,)HgAr t 4-ClCsH&O+~(CH,)Hg*Ar += 
m (1) 

4_C1C6H,S0,N(CH3)Hg*k + 4ClC~H~SO,Nf(CH,)HgAr (1) 

(a) Ar =-4-(CH3)2NC&; (b) Ar = 4-CHsOCsH4; 

{c) ir = 2,4,6-(CHs j&Hz ;(d) Ar = C;Hs; 

(e) Ar = 4-ClC,H,; (f) Ar = 3,4,5-Cl&HZ. 

-The kin&i&of the metal-proton exchange reaction (2) was examined with 
the mixtures of the-compounds II and III; 

&HSS02NHAr t- C6H5S0&Ar)HgR =+ C6HSS02N(Ar)HgR + C,H,SO,N+HAr 

u-v UM) : (2) 
(aj ‘. .R = C6Hs; ‘Ar 5 2-CH,CsH4, -2-C&-4BrCsH3, 2-CH&NOzCsH3, 

2-CH,-4-(CH,),NCsH3; 

(b) R = GjHs; Ar = 2,6_(CHs),C,ti,; 

(c) -.R 7: csHs; _,Ar + +Br-2?6:(CH&C,&; 

(dj- R=.@$; Ar:= 2-CH,-4,6-B&&H,; 

(‘=I +,CsH5,4-CH,oCsH,,,:-:4-CIC~~; : .4(CH&N~$i4; AI.= 2-CH,C6H+ - 
..::. .’ : 

,_ ‘. ‘I .- 

.L 
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In order to obtain evidence for exchange processes and evaluate their ratesin. .’ 
dependence on concentration, temperature and the nature of substituents in 
the aryl radicals on nitrogen and mercury, we have used signal shape analysis of 
the main N-methyl group resonance and the corresponding lggHg 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 conventional 
NMR technique based on the dynamic PMR spectrum behaviour, we have also 
examined the exchange equilibria (3): 

C6H5S0&JIU.r + C6H$OzN(Ar*)Hg&HS = C6H$02N(Ar)HgC6H5 + (3) 

(IV) (V) C,H,SO,NHAr* 

(a) Ar = C6H5, 4-(CH,),NCsH4, 4-CH30C&L, 4-F&Ha, 

4C1C6H4, 4-ICsH‘,, 3-ClCsH4, 3-F&I&, 3,5-C12CsH3, 

2-F&Ha, 2-Cl&He, 2-BrC6H4, 2-ICsH4, 2-CH30C6H4, 

2-CH3SCsH‘,, 2-NO&H+ 2-CH30COC6H4, 2,5-](CH&C]&H3; 

Ar* = 2-CH3C6H4; 

(b) Ar = C6HS; Ar* = 2-CH3-4-BrC6H3, 2-CH3-4-(CH3),NC,H,; 

2,6-WW&&r 4-Br-2,6-(CH3)2C6HZ, 2-CH3-4,6-Br&H,. 

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 benzenesulphonanihdes and their phenylmercury derivatives. 

PMR spectra 

Metal-metal exchange 
As has been noted previously [16], the.shape of the .WCH3 group-signal 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- 
benzenes,ulphonamide were chosen as model compounds, in which the exchange 
of the arylmercury group proceeds at rates suitable for investigation by. the high- 
resolution NMR technique. The parameters of the PMR spectra for these corn- 
pounds in chloroform and pyridine at various temperatures are listed in Table 1. 

A consideration of the line-vvidths of the.main N-CH3 group signal for dif- 
ferent compounds at the .&me temperature, as well as of the temperatures at .: 
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which the 1ggHg-N-CH3 .spin~pin coupling satellites are still clearly,discernible; 
allows a comparison-of the relative ease of the metal-metal exchange .for.differ- 

.ent arylmercury groups. From the data in Table 1 it cari be seen thee in solutions 
ofIa-kin pyridinethe 199Hg satellites-~~still~observable~t3OO,wher~aSf~~Id 
the satellites have already disappeared at 159 in thi,s solvent, Accordingly,. the main 
CHS group signal of the latter compound begins 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 aryhnercury group’ (Ie). ledds to the 
disappearance of the lggHg satellites in pyridine solution alreidy at O” 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 lg9Hg sate& 
lites cannot be observed even at -15”. 

Thus, electron-donating substituents in the phenylmercury group ret& the 
metal-metal exchange reaction, the influence pf the more electron-releasing 
p-(CH&N group being greater than that of the less electron-donating P-CHJO 
group. The latter conclusion is supported by the values of the line-width f%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 elect&n- 
accepting groups as chloro substituents accelerate the. exchange reaction discus- 
sed. Consequently, depending on the nature of the aryl group on mercriry, the 
rate of the exchange reaction (1) increases in pyridine solution in the order: 

4-(CHs),NChH, < 2,4,6-(CH&CBHz < 4-CH,0C6H4 < CsHs < 

~4ClCsH4 < 3,4,5-Cl&Hz. 

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

We also wanted to discover whether the above regularities in the influence 
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-CH3 group turned out- 
to be overlapped by the substituent CHs 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 Id in chloroform the mercury satellites are clearly seen at 15”, whereas they 
cannot b.e observed for Ie at this temperature, Thus, introduction of electron- 
withdkwing substituents into the arylmercury group accelerates tti meta& 
metal exchange both in pyridine and chloroform solutions. 

Kinetics of the metal-proton eqhange 
In order to obtain information on the influence of-various factors upon the 

rate of the metal-proton exchange, the m~kures of substituted b&nzene&phono- 
o-toluidides (II) and their N-aryhnercury derivatives, (IIL) have.heen studied in a 

-mixture of pedine and chlorobenzene (213 v/v) -as solvent~.The choice.of&e . . 
solvent was determined by the fact that the aryhnercurjr derivatives a$po&~: 1 

:. 
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sol&e in chlorobenzene, whereas in pyridine the rates of ex&ang& (3) are 
in m&cases t& -high even at low temperaturks to be measured:by PMR.. I_, 

‘. In the.PMR ‘@e&a of soli.&ons containing-equi&larat&uti~ of -the c&n- 
pour@ II and III-at 0.15 Mu concentration in .each’tif the compo&$ ‘&ly ‘a 
single resonance of the indicator ortho-methyl group is observed at 34” for alk.. 
the systems investigated between those for the methyl group prototis of the i+ 
dividual compounds under similar conditions. On lowering the temperature to 
-45”, for almost all pairs of compounds II and III, the single resonance splits 
into two sharp peaks corresponding to the chemical 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 sf mixtures of the above compounds, their rates 
being in most cases measureable on the’PMR time scale. 

In Table 2 are listed some parameters of the PMR spectra for the solutions 
containing equimolar quantities of II and III; 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 natukof the 
aryl radicals on the nitrogen and mercury atoms. fiowever, a comparison of the 
exchange rates (2) based only on the coalescence tehperatures would not be 
sufficiently correct, since the separation of the methyl group signals in the ab- 
sence of exchange (4s) 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 CHJ 
group peaks and A6 values at the coalescence temperature, Table 2 lists a&o 
the mean lifetimes of the exchanging species (T* ) at some fixed temperatures 
tl . The latter values were chosen in such a way that a comparisqn of them and 
TA V~UeSfOrdiffereUtSyS~mS couldprovidea Semi-CpaditatiVe 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 IIIa, the 7A value is 0.35 2 0.05 set at -15” for X = H, whereas 
for X = Br it is 0.120 +- 0.005 set at -30”. Evidently, for the latter system at -15” 
TA will be smaller than 0.120 set, and, consequently, the exchange rate in this 
system is greater than in the former system. 

Similar considerations for other pairs of compounds Ha and HIa 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: (CH&N < 
H < Br < NOa. Conseqqently, it can be concluded that the exchtigk reaction of 
the metal-proton type is accelerated by electron-wikhdrawing substituents and 
slowed by electron-releasing substituents in the aryl group on nitrogen. As ’ 
evidenced by comparing the exchange parameters for the mixtures IIa + I&i (X = 
H, Br) with the analogous data for the mixtures of the corresponding 6kubSti_$u- 
ted compounds (Hb i III%, IIc + IT&), introduction of a second methyl group 
into the o-position of the aryl radical on nitrogen leads to a retardation of the ex-. 
change reaction (2). The data of Table 2 reveal also that substitution of .th& 6’- 
methyl group by a bromo substituent (IId + IIId)~s$ws the exchange & well.- 

Further< a consideration of the PM& da& for the systems invoiving-differ- 
ent &ylmerCury groups (IIIe) makes it clear that-the ch%ira&er of,.influence’ of 1 
tibstiiqei& in t&e ph&&nercui$ group-tip& the rtiti of the &&al-@rot& ex- 
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;:-, . . . . -.. 
.- ,$&$i .:1’:;. .: . . . . . . y ::; _. ; -7: ~. ‘.. -. ...-. my; _._ .. _. -: _. ._ .; ‘. 

.: TkMPEIkA~URE~tiEPEk&I&E dF $1;: l&R 0_i26% S-bLti$iOk OF EQkMoLPiaMIXTURE OF 
:4’-BROMO-2’;6’-DIME~LBENZENESULHONA~LIDE.AND ITS PHENYLMERCURY DERIVATIVE 
‘N +;MIXTURE,OFCsHsN AND Ct&C1 (T/3). -. 

T”‘.‘..:- : ... : ._. :.-.,= 
(K).._- .I:_.: .. 

1 .~r b_- : TA 
(Hz) .. . . I .‘_ :- WC) 

273. .. - ’ -. 2.3 0.40 
278.. : . . . . 1.9. 0.28 

’ 283. : 1.5 0.20 
288 : _-:. : 

2:. 
0.16 

293: : .-:.: 0.11 
298 : 6.7 0.068 

-303.. : 5.7. 0.052 

= W = line-width at the-half-height. b r = ratio of the maximum height to central minimum. 

ChaTlge 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 metalLproton exchange in the systems.IIe + HIe; the 
se&en&of increasing exchange rates being represented by: .H < N(CHJ)* < 
OCH, < Cl. 

The rA values for the system IIc + I& assembled in Table 3 were used to 
obtain gii Arrhenius plot (Fig. l), from which the activation energy of the ex- 
change process was calculated to be 11.3 + 1.3 k&/mole. The.same system was 
used to examine the effect of variation of concentration for one of the compo- 
em&at a constant edncentration of another upon the lifetimes of the N-H and 
N-Hg bonds.(rN-n and rn_&), the results obtained being given in Table 4. An 
analysis of the concentration-dependence of these lifetimes shows that the ex- 
change.reaction in the system IIc + IIIc is overall second-order, being first-order 
in each~of the components (0;9 i 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 

3.6 
I-.,03 

3.7 T 

‘Fig. I_ &t & loi l/rA veras for~the &change if 2’.6’-dimethyE4’-bromobenzenesllphcs~de with 
i$N-phkyhnerqxy derivatiye’in a mixture of CgHsN and C~HSC~ (s/3) for 0.126 M concentrations of the. reac&&:._.’ _. 
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.. _’ 
TABLE? -.. :- ..’ 1’ .. :-._.. ._. .. 

C-ONCENTRATION-DEPENDENCE OF THE MEAN LIFETIMES-OF THE N--H AND N-H3 tiONl?g IN 
SOI;UTIONS OF.MIXTURES OF.4’-BROMO-2’.6’-DIMETHYLBENZENE$ULFHONANILIDE [I) WIF_ 
ITS iV-PHkNYLMfRCURY DERIVATIVE (II) IN A MIXTURE OF.CsHgN AND C5HgC1(2/3) AT 9 

Concentration Concentration T&H kl (i/moie-set) .. 
off (M) .ofII (M) (s=3 TzjHg 

2/t 11 TN-_Hg. . a/t113 TN-H 

0.127. 0.054 0.520 .0.220 71.6 ii.2 
0.127 0.078. 0.320. 0.200 78.8 80-Z 

0.126 0.127 0.210 0.210 75.6 75.0 

0.125 0.104 0.260 0.215 74.4 74.0 

0.152 0.100 0.250 0.165 79.8. 80.0 

0.097 0.100 0.240 0.250 82.6 83.4 

.?I = 78c4 

in the system 1Ic + IIIc along with the corresponding simulated spectra, which 
were used to calculate the lifetimes. 

Ekhange equilibria of the metal-proton type 
If chloroform is used as solvent instesd of the pyridinelchlorobenzene 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 

Fig. 2. Experimental and calculated PMR spectra for mixtures of 2’.6’-dimethyl-4’-bromobenzenesuIphon- 
aniIide <A) and its N-phenylmercury derivative (B) in C5HsN/CgHgC1<2/3) with various concentrations - 
of the components: 

1. CA = 0.127 M. ‘CE = 0.054 M. TN-H = 0.520 sec. TN_H~ = 0.220 sec. :: 

2. CA = 0.125 M, CB = 0.104 M. TN-H = 0.260 skc. TN__H~ = 0.215 sec. . . . . . 
. . 

3. CA= O.i52M. .Cg= O.iooM, TN--ff.=O_250s‘?c. 7N_Hg=01165sec. .~ : 
. 
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-. Ikially ,: for examining such &w exchange reactions in chloroform, the 
.Ph4R spec+ of a mixture-of benzenesulphonanilide.IVa (& .= C6H,) and : 

.. phe&$merc+y .de&ative ofI &n&&tclui~de~Va k& stj@ed in chjoroforin 
sol&ion~ :It tumed.on~~that just sifter mixing.the solutions of the.above corn; 
p&md& j-e. after lq2 mi& the PMR sp&rum of the &action m&tke -sho_iGs 
aldpg with the methyl group signal of the starting phenylmercury derivative Va, 

-. the Qi&eak of~benzenesulphonoo-toluidide, evidently.formed by the exchange 
reaction (3). The &@.ensity ratio of these signals do&n& change with time and 
-the-same .&Go is observed after mixing the chloroformsolutions of benzenesul- 
phoiro-o:t&idide and phenylmercury derivative of benzenesulphonanihde, which 
indicates the presence- of a rapidly established equilibrium. 

h Table 5 amgiven the equilibrium constants for a number of mixtures 
IV + V 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 tiith Ar = C&H, and 2-Cl&H4 that a ten-fold decrease in the con- 
centrations of each component scarcely affects the values of equilibrium constants 
‘I’his’indicates that the values of equilibrium constants appear not to be influenc- 
ed by the possible association of benxenesulphonanilides [X3]. The use of still 
smaller concentrations in studying the exchange equilibria was prevented by 
the limitations in the sensivity of the PMR equipment. 

The .data in Table 5. throw light on the influence of substituents in differ- 

TABLE 5 

EQUILIBRIUM CONSTkNTS FOR EXCHANGE REACTIONS OF IV-PHENYLMERCURY DERIVATIVES 
OF BENZENESULPHONO-O-TOLUIDIDES WITH BENZENESULPHONANILIDES IN CHLOROFORM” 

Reactants: C6H6SOzN(HgC6H5)Ar + C6H5NHAr* K 

AI Ar* 

2-CH$gH4 
2-CH3CgHq. 

C6H5 1.8 
1.7 

26H3C6H4 
bCH30C6Hq 

2-CH3C6=4 
+(CH3)zNCgH4 1.6 

2.3 
26H3C6H4 

4-FC6H4 

2-CHsC6H4 
4-ClC6H4 2.5 

2-CHgC6H4 
4IC6H4 
%?C6H4 ;:: 

2-CHsC6H4 3-CIC6H4 3.0 
2-CHsC6H4 
26H3C6H4 

3.5-C1$6H3 4.2 
0.062 

2-CHsC6H4 . 
2.5-[<CH&Cl ZC6H3 

2-cH3C6H4 
2-FC6H4 4.3 

26HaC6H4 
2-CiC6H4 5.1 

9.1 
26H&6H4. 

2-BrC6H4 
2-IC6 I& 17.3 

2-CH3C6H4 2-CH30C6H4 4.4 
2-CHsC6H4 2-CHsSC6H4 17.9 
2-CH3C6IIq 2-NO2C6H4 0.62 
2-CH3C6H& 0.072 
2-CH3CkH4 

2-CH30COCgH4 
C6HS 1.66 

2-CH3C6H4 : 
2,6-(CH3)2CgH3. 

2-ClCcgH4 4.8b. 

,. 
%CH3-+Bd$,H3 

%Hs 2.4 

2-CH3-4-(CHj)2NC6H3 
C6H5 1.7 
C6H5 1.6 

‘+B+.S_(~H&C6H2 
2,4Br2-6-CH+&H2 

C6H5 
C6HS &Xl 

o initisl~conc&taation of the reactants were 0.2 M. 5 FOI 0.02 M Initial concentrations of the reactants 
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ent positions of the benzenesulphonariilide- tid benzenesulphonos-toluidide mcie- 
ties upon the equilibrium (3) in the corresponding &&ems: -- --. -..-:: ‘;f,-i. I 

A consideration of the equilibrium constants reveals the following regulai 
rities. For the exchange reaction between the pheuyhnercw derivative. of b&L.- 
zenesulphcno-o-toluidide and benzenesulphon&rilide the equilibrium detiates- from 
random ‘and is shifted in favour of the phenylmercury derivative of the ial%& 
compound. Introduction of ,a second methyl group into the 6’-position of-V in- 
creases-the equilibrium cOnstaut to a lesser extent than introduction of the first 
one. A-c&siderably greater effect-upon the equilibrium constarit is produced 
by the.(CH3)& group in the benzenesulphonanilide moiety. Electron-releasing 
substituents in the positions 3’ and 4’ of 1Va do not materially affect the equi- 
librium constant, whereas electron-withdrawing substituents increase it slightly, 
displacing the equilibrium further to the right in favonr of the C6HSHg deriva- 
tive of the more acidic 1193 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 C5H5Hg derivative of theo-substituted compound, the equilibrium constant 
for the systems IVa + Va increasing in the order: 

F-0CH3<Cl<13r<I=SCH, 

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

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-J, it was suggested, in line with the generally accepted view.on the exchange 
processes connected with the migration of hydrogen [S] , or organometallic 
grpups 113,151, that the exchanges of the proton-proton and metal-metal 
types proceed by an associative mechanism involving the formation of cyclic 
transition states VI and VII, re&pectively: 

ArSOz 

‘N:: 

.H._ ,CH3 

B, 

FH* 

CH,’ ‘H” so&r 

WI) 
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I& t&k&+ of the proton-proton exchange, the formation of VI in the rate-deter- 
minging-step inas supported by the.overall second order of the reaction and the 
comparatively low (11 f 2 kcal/mole) activation energy. For the exchange reaction 
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 ideas 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 chloroform upon introducing electron-withdrawing substi- 
tuents into theCsHsHg 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 CsHsHg group and inhibited by erectron- 
accepting ones. 

The kinetic data obtained in this work for the exchange reaction of the me- 
tal-proton type with the system IIc + 111~ (first order in each of the components 
and the activation energy of 11.3 + 1.3 k&/mole) lead us to suppose that in this 
case the exchange also proceeds by an associative mechanism through a cyclic 
four-membered transition state: 

ASO,, 
(f&h 

N:: 
_Hg._ ,Arf 

Arf/ -H-’ 
3, 

so&r 

The ease of formation should increase with increasing nucleophilic power of the 
nitrogen atom and coordinating alilities of hydrogen and mercury. 

It has been found earlier [lS] 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 CsH,SO, moiety of N-methylbenzene- 
sulphonamide. In contrast, the metal-proton exchange in the system IIa + IIIa 
is retarded by electron-releasing substituents in the p-position of the CsHs group 
on nitrogen and accelerated by electron-withdrawing ones. ‘This result indicates 
that with the systems considered the formation of the transition 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 CgH,-Hg group upon the rate of the metal-metaJ 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 IIe + IIIe upon introduction of both electron-donating and electron-ac- 
cepting substituents into the p-position of the phenyhnercur$ group demonstrates 
that variation of the radical.on the metal atom affects both its coordinating 
ability and the nudeophilic power of the nitrogen atom. Since the electronic 
interactions through the aryl-mere-ury bond are mainly of an inductive nature 120- 
221; it may be expected that the electronic density on the mercury and nitrogen 
atoms will Change with the substituent in the ArHg moiety according to the o” 
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values of the substituted phenyl groups. Taking.into:-account that the co values 
for the 4-ClC& and 4-(CH3)2NC6& groups are equal to 0.27 and -0.44 res- 
pectively [23] and comparing the rA values in Table 2 for the corresponding 
systems, one is led to the conclusion that a weaker electron-withdrawing sub- 
stituent in the &H,Hg group accelerates the metal-proton exchange to a greater 
extent than does a stronger election-releasing substituent. FinaIly, it may be 
suggested that the acceleration of the metal-proton exchange by electron- 
donaiing substituents in the ArHg group is associated with the fact that the in- 
crease in nucleophilic power of the nitrogen atom strengthens to a g&ater ex- 
tenttheH... N hydrogen bond than the decrease in coordinating ability of 
mercury weakens the Hg . . . N coordinate bond, thereby facilitating the forma- 
tion of the transition state VIII. 

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 1163 for the C6H5Hg 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 pyridiie. 
All tinese 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 o-position to the CsH5SOzNH moiety (sys- 
tems IIb + IIIb and IIc + IIIcj apparently arises from steric hindmace 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-methyl substituent 
1241. 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 intramolecular 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 CH3 group [25] and 
with the overall electron-withdrawing effect of o-bromo substituent [ 243. Ac- 
cording to the results discussed above, the latter factor should have facilitated 
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 3’- and 4’-substituted benzenesulphonariilides IVa 
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show that purely el&tronic substituent effects influence the equihbrium (3) 
only slightly. The ConsiderabIy greater effect of ortho-substituents upon the 
position of this equihbrium and its character provide evidence that the Alec- 
tronic factors are not dominant in this case. Apparently, for the systems in- 
valving 2’-substituted compounds steric hindrance and intramolec&r coor- 
dination are more important. It seems appropriate to consider first the influence 
of the former factor. 

T&r@ into account the slight effect of electron-donating substituents 
in the 4’-position of the benezenesuIphonanilide moiety upon the equilibrium 
constant, it can be concluded that the deviation of equilibrium from randomness 
for the exchange between the C,H,Hg derivative of benzenesulphono-o-toluidide 
and benzenesulphonaniiide arises from steric interactions. According to the 
published data 1261, in benzenesulphonanihdes both with and tithout 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 CBHSSO&H aud C6HSS02N(HgC6HS) groups with the ring is supported 
by the data on fluorine chemical shifts in 3’- and 4’-fluoro substituted compounds 
(Table 6). According to these resuIts, the CT: 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 a: value of the (CHJ)*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 steric hindrance 
is associated with inhibition of rotation around the C-N 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 C~HSSO~NH 
and C6HsS02N(HgC6H5) 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 CsH,S02N(HgC6H,) group to a larger extent than for the 
C6H5S.02NH group. On the other hand, recent PMR studies 1281 have demonstra- 

TABLE6 

19F CHEMICAL SHIFTS IN CHLOROFORM RELATIVE TO INTERNAL FLUOROBENZENE (in PP~) 

Compound SF 

C6HgSO#HC6HqF-3 -2.2 
C,H,SO2N<HgC6Hs)C6H4F-3 -2.0 
C&&SO2NHC6H4F-4 3.0 
C6H5SO2N<HgC6Hs)C6H4F-4 3.6 
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ted the existence of a considerable barrier to rotation 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 C6H5S02N(HgC6HS) 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 C6HSHg 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’-CH3 group. 
However, for most of the systems studied, the displacement of equilibrium in 
favour of the CsHSHg 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 anihues 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 [29-391 demonstrates the presence in these compounds of iukemoIe- 
cular hydrogen bonding involving halogens, CH30, CH& NOz and COOCH3 
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 t&en 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 [40-411, 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 DMSO 1241. Finally, it appears appropriate to discuss separately 
different systems IV i- V, in order to elucidate the possibility of separating the 
role of intramolecular coordination and comparing its strength for the chelate 
rings involving the CsHsHg 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 CsHsHg derivative of 2’-methoxybenzenesulphonanilide relative to that of 
benzenesulphonauilide cannot arise from the electron-donating effect of the 
CHsO group, because electron-releasing substituents decrease slightly the equi- 
librium constant. The purely steric effect of the CH30 group should-have also 
destabilized the CsHsHg 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 1253. There is apparently 1393 no intra- 
molecular hydrogen bond in 2’-methoxybenzenesulphonanilide, although a weak 
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hydrogen bond exists.ino&i&lme $341 and a- rather strong one in .o-methoxy-- 
~acetanilide. [37].LConsideration- of ‘the above data shows that the displacement of 
equilibrium to the right is connected With coordination:between the C6HSHg and 
C&O groups and arises from either the absence of intramolecular hydrogen bond- 
ing-in 2!-methoxybeuzenesulphonanihde .and the presence of-intramolecular coor- 
dination in -iti phenylmercury derivative, or from the greater strength of the 

l . l 0 coordinate bond relative to that-of.the H - - * 0 hydrogen bond: 

tsg=+ __. _““‘;‘ptis .. . . 

The displacement of equilibrium in favour of the substituted benzenesul- 
phonanilide upon introduction of the NO2 and especially COOCH3 groups in 
the 2’-position does not cokespond to the expected influence of the strong 
electron-withdrawing effects of these substituents. On the other hand, purely 
non-bonded interactions between the C6H5Hg group and the above substituents 
are ruled out on the basis of the results obtained for the C6H5Hg derivative of 
2’-metho~ybenzene’sulphonanilide and previous data on the possibility of in- 
tramolecular mercury-oxygen coordination 1421. At the same time, it is known 
that in o-substituted-anilines [29,35] ,-acetanilides 132,361 and -benzenesul- 
phorknilides I.391 there exist rather strong hydrogen bonds involving the NO* 
and COOcHs groups. This allows the conclusion to be made that in the case of 
2’-nitro- and especially 2’-carbqmethoxy-substituted compounds the strength of 
the chelate rings involving the hydrogen atom (A) turns out to be greater than 

C6H5S02N-H,, 

: _&& “H5s&&,3 

(A) 

that of the chelate rings involving the C6HsHg group (B). 

c6H!F;;; II;. C6H5SFCHs 

Although the influence of halogen substituents and CH$ group in the 2’--. 
position-on the equilibrium constant is similar to that of the CHBO group, the 
interpretation of the daLta in this case is somewhat more difficult, because in 
contrast to the CH30 group- these substituents exert an overall electron-with- 
dravving.effect from-the o-position -[24]. Nevertheless, a corn&&on of the in- 
fluence of e$ctron-accepting substituents in the 2’-, 3’- and 4’-positions of the 
be.nzenesiilphonanilide moiety upon the equilibrium with their electronic ef- 
fects [24,433 shotis that intramole&tkr coordination also plays a decisive role 

-.mthjs case_ _. ‘. .- 
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Thus, the halogen stibstituentsin 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 CH&roup, the electronwith- 
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 election-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 C6H5Hg 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 124,433, 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 CH30 to CH& At the 
same time, the bulk of the available evidence indicates that the strength of the in- 
ternal hydrogen bond in ortho-substituted anilinks and acetaniides apparently 
increases the same sequence [30,31,34]. This suggests that the strength of the 
intramolecular coordinate bond in the C6H,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 C6H5Hg 
group is mainly analogous to its influence upon the strength of the mercury- 
ligand bond in the case of coordinationof the CHsHg cation to the corresponding 
anions [44-453 . 

The above considerations show that with five-membered chelate rings, intra- 
molecular coordinate bonds involving the C6HSHg 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 substituted 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 donoratom. 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, CH30 and CHsS groups in the i’-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 nitrogen still enhaucing 
this difference. In contrast, for a six-membered chelate ring involving the NOa 
or COOCHB 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 prpducmg a strong hydrogen bond, whereas in the case of the C&H,Hg 
group the formation of of a planar ehelate ring seems to be impossible due to 
the too-strong overlap of the Van der Waals envelopes of mercury and oxygen, .. 
which leads to predominance of repulsion over attraction. 
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i -:Further; for a six-membered chelate ring the N-H- -X angle is closer to 
180”‘ than for a five-membered ‘chelate ring, thus approaching to a-greater ex- 

.tent the preferred geometry of hydrogen bonding 1463. 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 900. 
Ekmples of such coordination are known-in the literature [4’[-481. 

‘I%@% the above considerations demonstrate that for the CsHsHg 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 influencing the equilibrium 
for the metal-proton exchange, it is of interest to note the results obtained 
for the system involving 4’,6’-dibrcmo-2’-methylbenzenesulphonanilide and 
its phenyhnercury derivative. Namely, introduction of a bromo substituent 
into the 6’-position of 4’-bromo-2’methylbenenesu.lphonanihde 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 
[49-503, which strengthens-the intramolecular coordination of the C,H,Hg 
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 u-methyl group, but from inhibition 
of rotation of the CsHSS02N(HgCsH5) group around the C-N bond, which 
fixes this group in the conformation 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 sim~arrelationships apply to exchange reactions involving SH-acids and 
their organometallic derivatives. 

l3xperiment.d 

General comments 
The PMR spectra of the systems studied at various temperatures were mea- 

sured on a RYA-2305 spectrometer operating at 60 MHz. TMS was used as an 
internal staridard; The experimental error in chemical shifts, line widths and 
spin-spin coupling constants was not greater-than 2 0.3 Hz. The temperature 
was maintained and calibrated with the accuracy of -t 1”. The exchange equilib- 
ria (3) were investigated at 34”.using a Hitachi-Perkin-Ehner R-12 spectrometer 
at 6O:MHz. The-lgF NMR spectra were recorded at 34” using a H&&i-Perkin- 
Elr&r R-26 spectrometer. operatmg at 56-4 MHz. The “E’ chemical shift mea- 
surements-were made on solutions of 0.2 1M concentration. The determination 
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of the 19F chemical shifts by the substitution method has been described else- 
where J51] . 

The mean lifetimes of the N-H and N-Hg bonds were determined 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 equal or 
different populations of the two states. A Nairi comfiuter was used for these 
calculations. The experimental error in the r values did not exceed + 4% in stu- 
dying their concentration and temperature dependence. 

In general, for the exchange reaction: 

the mean lifetime rA of the exchanging species in the state A between two succes- 
sive exchanges can be expressed by the_foUowing relation [ 531: 

1 1 dlAJ -=-- 
IA3 dt 

= kobs [Al n-1 IB] * 
TA 

where n and m are the orders of the exchange reaction in A and B, respectively. 
A similar expression can be written for rn _ Moreover, in our case [ 541 k,, is 
equal to k 1 {2. Hence, knowing the rA and rB values for some values of [A] and 
LB], one can CdCdak n and m. h this work the TA and +rB VdUeS were obtained 
in varying [B J 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 f. 10%. Chlorobenzene and chloroform were purified and dried 
by conventional procedure, pyridine was dried over molecular sieves (4 IX). 

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 
1551. 3,4,5-Trichlorophenylmercury derivative of N-methyl-p-chlorobenzene- 
sulphonamide was obtained from 3,4,5&richlorophenylmercury bromide via 
the corresponding nitrate. 

Substituted benzenesulphonanihdes 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 recrystaUization 
of the corresponding benzenesulphono-o-toluidide or arylmercury derivative does 
not affect the parameters of the PMR spectra for the mefd-mebl 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 7. The chemical shifts of the 2’-methyl group protons 



.:'A~~~YT~~~I)ATA'~D.MELTINGPOINTSFC~R~UBSTITUTEDBENZENES~LPH~~~I~E~ .-... 
:ANDTHEIRN;ARYLMERCURY DI~I~IVAT~VES I .:.- : ..-: . . : 

&.&&& -;. .. y: -. _: M.p.= .:-: Analysis found <c&cd.). 

._: : _._ eo <%l- -_. 

C._ ..-H. 

eC~CsFI4sqzN(CH3j-RgCsH40CH;-4 -_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

'.4C1CgIIqs0+N~C~3)~g~6~4~~-4 

4-CX,+&02N(CH3)H&jH~C13-3.4.5 

4-CiCgHqs_02N<CH3)HgC6H2<CH3)3-2.4.6 

.'CgH+S02NHC&&F-2 

C~H~~O~NIH~C~HS)C~H~F-~. 

C~HSSOZNHC~H~F-3 

C6HSs02N(HsC,H5,C6H,F-3 

C6HSS02N(HgC6H,)C,H4F-4 

C5Hgs02N(HgCgHg)CgHqC1-2 

C6H,so,N(HgCsH,)C,H4Ct3 

C~H~~O~N(H~C~~S)C,H~C~-~ 

C6Hss02N<HgC6Hs,C5H4BF-2 

.CgHgs02N<WgC5HS)C5HqI-2 

C6HgSC2N<HgC6HS)C6H41-4 

C&s02~_~6H&-3.5 

.CsHss02N<HgC6Hg)C6H3C12-3.5 

CsH5s02iY(Hgd6Hg)C5H40C_H3-2 

C~HSS~~N<H~C~H~)C~H~OCH~-~ 
.- 

C&5SOz~(EIgC6HS )C6H&CH3-2 

C5Hgs02NOIgC6H5)C6-?4N<CH3)2-4. 

~~~~~~~~~~~~~~~~~~~~~~~~~ ’ 

C~HSS~~N<R~C~H~)C~H~COOCH~-~ 
.I- 

dsHSSo2NHC5H3[C(CH3)gj2-2;5 
-_ 

-C6H5S02N<H~~sHj)CsHjCC;CH3,3,2-2.5 

i68-169 

169-172 

X8-169 

205-207 

170-172 

lOQ-110 

186-188 

97-98 

153-155 

152-153 

140-142 

X34-135 

1.30-131 

127-128 

116-116 

188-190 

133-135 

215-217' 

,171-173 

168-169 

115-119 

180-181 

189-191. 

119-121 
:. 

135-137. 

175-177 

32.43 
. (32.82) 

' .: 34.00 
(34.29) 
29.73 
(30.21) 
26.39 
(26.66) 
36.29 
(36.641 
57.33 
(57.36) 
40.63 
(40.95) 
57.50 
(57.36) 
40.63 
(40.95) 
40.92 
(40.95) 
40.09 
(39.71) 
39.97 
(39.71) 
39.63 
(39.71) 
36.50 
(36.71) 
34.31 
(34.00) 
33.83 
(34.00) 
47.89 
<47.69) 
37.41. 
(37.35) 
42.38 
(42.26) 
41.94 
(42.26) 
41.04 
(41.04) 
43.26 
(43.29) 
-38.61 
(38.95) 
42.80 
(42.29) 
69.77 
(69.52) 
'50.32 
(50.19> 
43.51. 
(43.55) 
-40.70.: 
(40.78) 

.. 43.13 

2.90 
(2.75) 
3.56 
(3.28) 
2.10 
(2.15) 
1.68 
(1.55) 
3.72 
(3.46) 
4.13 
(4.01) 
2.72 
(2.67) 
4.09 
(4.01) 
2.64 
(2.67) 
2.82 
(2.67) 
2.62 
(2.59) 
2.62 
(2.59) 
2.65 
(2.59) 
2.47 
(2.40) 
2.44 
(2.22) 
2.35 
(2.22) 
2.82 
<3.00) 
2.38 
(2.26) 
3.42 
(3.17) 
3.50 
(3.17) 
3.14 
(3.08) 
3.90 
(3.28)' 
2.88 
(2.54) 
2.96 
(3.02) 
8.00 
c7.88) 

1 ;:::2”>- _ 
.. 3.28 -- 
(3.27) 

: g:g, : 
3.78.. 
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ThBLE -7 &ontimzed) 

C&plXlll~ 

C~HS~O~N(H~C_~HS)C~H~CH~-~-BI-~ 

C~HSSOZ~HC~H~N~CHJ)~-~CH~-~ 

C~HSSO~N(H~C~H,)C,H~(CH~) 2-4=H3-2 

CgHgSO2N<H~5H~)CgH3N02-4CH3-2 

CgH$O2NHC5H2Bq-4,6-CH3-2 

M&f . Anaiysis found-&led.) 
-(UC) (%I- : .- .- 

C %I 

148-150 38.37 2.61 
<37.85> -- --- (2.67) 

149-150: 61.62 6.12 

183-184 
';.g' 56.24) 

4.28 
(3.91) 

.202-203 
<44:48) 
40.11 2.47 

(40.10) (2.83) 
141-143 38.30 2.70 

(38.54) (2.74) 
197-198 ~33.16 .2.11 

(33.47) . . (2.22) 
171-175 45.09 3.98 

(44.44) (3.88). 
203-204 39.31 2.84 

(38.94) (2.9.4) 

a All the ar~lmercury 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 benzenesulI;hono-o-toluidides and their N-aryhnercury 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 benzenesulphonanilides and their N-aryhnercury derivatives are 
given below. 

2’-NitrobenzenesuZphonaniZide. 6.55 g (37 mmoles) of benzenesulpbonyl 
chloride was added gradually with stirring to a solution of 5.1 g (37 mmoles) of 
o-nitroaniline in 20 ml of pyridine. After completion of the reaction, the reaction 

TABLE 8 

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

Compound 6(2’-CH3) 

C&t$02NHC#&H3-2 119.7 
C5HSS02N(HgC5H5)C5H4CH3-2 128.5 
C5HgSO2N<H~5gE.IqOCH3-4)C5H4CH3-2 b 
C6H5SO2N(HgC,jH4N(CH3)2-4)CgHqCH3-2 128.4 
C5HSSO2N(HgC&HqCI-4)t&HqCH3-2 128.2 
C5H5SO2NHC5H3ru(CH3)2-4CH3_2 115.0 
C~H~S~~N(H~C~H~)C~H~N<CHJ)~-~-CHJ-~ 124.6 
C~H~SO~NHC~H~CHJ-2-Br-4 
C~HSSD~N(H~C~HS)C~H~CH~-~-B~-~ 

118.0 
125.1 

C~H.@OZNHC~H~B~~%.~-CH~-~ . 150.0 1. 
C~H~SO~N(H~C~HS)C~H~B~~-~.~~H~-~ 147.0 
C6H5SO2NHC5HqN.Oy4CH3-2 b 
C5H5SO2N(HgC~H5)C5H3NO+-CH3-2 b 
C~HSSO~NHC~H~(CH~)~-~,~ 122.2. 
C~H~SO2N(HgC5H~)C5H3(CHJ)Z-2.6 128.1 
C~HSSO~NHC~H~<CH~)~-~.~-B~-~ 
C6HgS02N(HgCgH5)C6H2<CH3)2-2.6-Br-4 

.119.9- -- -. :. 
_-. 124.8 : ._ 

(1 for 0.15 M solutions. b Solubility problems. 

,: 
, -- 



mixture was treated with a solution of 30 ml of con&&rated hydrochloric-acid 
in 60 ml of_ wa&The oil tihich separated solidified on standing_ The resulting 
solid was filtered, washed v&h water, dried and re&ystallized twice from me- 
thandl, yielding 3.8 g (37%) of the pure product with m.p. 99 - 101” (lit.. [ 561 
101 - -102” ). 

_Bl-(Phenylmercury)-2’-nitrobe&enesulphona&de. A solution of 1.7 g (5 
mmoles) of phenylmercury acetate in 100. ml of methanoI was added to a solu- 
tion of 1.34 g (5 mmoles) of 2’~nitrobenzenesulphonanilide and 0.2 g of NaOH 
in a mixture of i5 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 recrystallized from ethanol, afford- 
ing 2.2 g.(79%) of pale yellow crystals. 

N-(Phenylnkercury)-benzenesulphono-o-toluidide. A hot solutiorrof 1.5 g 
(5 mmoles) of phenyhnercury hydroxide in 30 ml of methanol was added to a 
hot solution of 1.25 g (5 mmoles) of bemenesulphono-o-toluidide in 20 ml of 
the same solvent. After evaporation of the solvent under reduced pressure, the 
crude product was recrystallized from benzene yielding 2.1 g (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-trichlorobromobenzene and 
0.24 g of magnesium turnings 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. 223 - 224” _ (Found: C, 
15.67; H, 0.36. C6H2BrCi3Hg c&d.: C, 15.63; H, O-40%.) 

N-(-3,4,5-Tr;chlorophenylmercury)-N-methyl-p-chlorobenzenesulphonamide_ 
To a solution of 1.1 g (2.4 mmoles) of 3,4,5trichlorophenylmercury 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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