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Abstracs—Neighbouring group participation in reactions of chioramine-T with ortho-substituted aryl methyl
sulphides and disry! sulphides has been studied. The reaction is markedly hindered by the steric effect of the ontho
nhmtdtbep&nﬂnu.bmmhmaCOmouyManmchmemeﬂeamthelothmm
0-CHLLOMe ~ 0-CHLLOH < 0-CHLCO;y < 0-COMe ~ 0-COH < 0-COs~ €20-CO;, . The participatioo of water
in the rate-determining step may be ruled out oa the basis of salt and isotope effect. Substitucats with neighbourisg

group participation diminish the yield of sulphilimine in solveats containing water. The electrophilic chlorinstion of
subhdnbyTnNHmmybemmdwbexknw&mmmmmemvdywm
centre stabilized by the negatively polarized or charged carbonyl-oxygen in the transition state. This type of
nterasction hinders the nucleopbilic attack of sulpbonamidate ion at the sulphonium ceatre in the fast product-

cootrolling steps, decreasing the yield of sulphilimine.

In a previous study on the reactions of sulphides with
sodium salts of N-chloro-arenesulphonamides (‘‘Mann-
Pope reaction™) 3 mechanism has been proposed on the
basis of kinetic measurements and product analysis
{Scheme 1, 1-6).!

Using buffered 1:1 (v/v) water-ethanol solvent, the
rate eqn (7) proved to be valid in a wide pH range (pH
3-9). The pH-independent rate coastants ki and ki have
been calculated for the rate-determining steps (2) and (3)
by eqns (8) and (9), respectively. [C] and {S] represent
the stoicheiometric concentrations of ArSO,NCI™Na*
and R'R?S:
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The proportion of sulphilimines and sulphoxides
produced in fast steps (5-6), was found to depend on the
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structure of sulphides and on the media.' It has also been
established” that sulphides having a carboxyl group ad-
jacent to the S atom yield only sulpboxides in media
containing water, clearly pointing to the peighbouring
group participation of the carboxy! substituent.

Investigations in this Iatter field of organic sulphur
chemistry have shown that in many reactions the
anchimeric effect is due 1o the rate-determining in-
tramolecular nucleophilic attack of the carboxyl group at
the sulpbonium ceatre resulting in the formation of a
cyclic scyloxysulphonium ion as reactive intermediate.>
* In other cases, however, cither the ortho carboxyl
group has been found to act as a general base catalyst
ptomounathenmleophﬂlcumckolmnn
sulphonium centre,” or the sulphinyl-O atom has been
supposed to attack the carboxyl group which had been
converted into a better electrophile in a preequilibrium
reaction. ™~

This paper reports a study of the neighbouring group
participation occuring in the Mann-Pope reaction. The
reactions of chloramine-T (Ar=p-MeCJH,) with aryl
methyl sulphides and diaryl sulphides having various
ortho substituents are investigated and compared with
those of para-substituted and unsubstituted compounds.

ArSO,NHCI + H,0 ASONCI™ +H,0° 1)
ArSONHCI + R'R*S — =, [ArSO;NH", R'R'SCI] @
ArSO,NHCI + ArSO;NCI- ArSO,NCl, + ArSO:NH" 0)
ArSONCl + R'R™S —— 4 [ArSONCI™, R'RISCI*] @
=+ ArSON(QSR'R'—o—s ArSONSR'R? ®
(ArSO.NQ", R'R*SCI*] ——d

Q=HorCl L2 ArSO:NHQ + R'R*SO ©

Scheme 1.
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Table 1. Rate constants and

F. Rurp o al.

yield of sulphilimine for reactions of chioramine-T with ary] methyl sulphides (20°;

sotvent 1:1 (v/v) Hy0-EtOH, 0.05 M K;HPO~KH,PO, or 0.05 M Britton-Robinson buffer)

“'-"Q—' pxS(8) () k) X kitod kg kg it taine
o-X x p-Y (1/mol.sec) k(@) (1/mol.sec) s (&)

\a Ome H - 8.05  0.126  24.7 0.059 0.104 20.6 47
we o« Ote - 8.05 2.12 416 - 0.1  19.9 50
P c1 H - 3.25  0.0v4 0.064  0.025 0.063 20.5 “
&9 u c1 - 8.05 0.013 2.54 - 0.098 19.3 0
k1 o, H - 3.25 (@) - - "0.064 20.9 f)
1Y H wo, - 3.25 (e) - - 0.062 20.2 f)
4 O, Me H - 3.25  0.994 0.997 6.5 0.060 19.5 1249
% H co,me - 3.2 0.154 0.154 - 0.070 22.7 35
aa Co,H H $.38  3.25  5.8% 2.26 9.1 (n) - o)
b H Co,H 5.3 3.25  0.288 0.249 - 0.060 19.5 28
6a co, H $.38  8.05 2.50 492 62.8 0.10  19.7 ¢}
b H co; 5.53 8.05  0.040 7.84 - 0.091 17.9 )
1a CH,COMe o - 3.2 3.13 3.14 0.26 ) - 18
) H CH,COMe - 8.05 0.062  12.2 - 0.09% 18.7 32
ga CH,COH K 5.68  3.25  6.50 5.77 0.62 (h) - 7
& H CH,COH  5.48  3.25  9.66 .32 - ) - (x)
2 cu,co; H 5.68  8.05 1.05 207 2.9 0.10 19.7 3)
% H cu,co; 5.4 8.05 0.367  72.2 - 0.096¢ 18.9 1
pr-} co, One s.14  8.76  3.20 3200 - (h) - -
Y co, c1 4.90 8,05 0.477  93.7 - 0.115 22.7 -
(a) (b)

reaction mixture. te)

-3 (d)

ing concentrations, [8] = [c]= 10
()

mol/1l.

observed. Products with NO

(h)

2
was also mesasured.

1 (%)

See data for carboxylic acid.

Kinetic measurements. The rate constants of the
reactions of chioramine-T with aryl methyl sulphides and
diaryl sulphides, listed in Tables | and 2 were measured
by iodometric and/or spectrophotometric methods pub-
lished carlier.' Smeetheondmooofsulphnduwnh
jodine is accelerated by the ortho carboxyl group,” only
the second method was used to investigate substrates
having this substituent.

Measurements were carried out at pH 8.05 and/or 3.25,
with the extremely reactive methyl (4-methoxy-2-
carboxyphbenyl) sulphide investigated at pH 8.76. Under
these conditions the reactivity of both the ionised and
unionised forms of the carboxy-substituted sulphides can
be studied (sec pK.* data in Tables 1 and 2). The con-
version of sluggishly reacting sulphides was investigated
at pH 3.25, where a commensurability of k, with k4 could
be expected for these compounds.'

Rate eqn (7) was found to be valid for the ortho-
substituted sulphides. The pH independent rate constants

Acidity exponents for carboxy-sulphides in li:l (v/v) water-ethanol at 20°,

Data taken from ut“’.
group cannot be measured by polarographic method.

s8ince kd"‘l' kd cannot be observed.

pH of the buffered

Reactions were carried out in unbuffered 1:1 (v/v) water-ethanol at 20°; start-

(.)stm kl«xd kl cannot be

(9)gu1phoxide (884)

u)Sulphoxtdc (100%) was also measured.

Product is unstable.

of carboxy-substituted methyl aryl sulphides were cal-
culated from eqn (10). For the evaluation of the ki(CO2")
rate constant, the term containing the k{(CO,H) constant
may be neglected, because its contribution is smaller
than the experimental error. The ki(CO, ) rate constants
for the dianionic form of dicarboxy-substituted diaryl
sulphides were cakculated from eqn (11).

(H) (H)

L= D) K+ HD

-k}(CO.H)
s H) K
K+[H') KS+H'D

M .~K;.L
TKAHY) KL K+

Steric, anchimeric and substituent effects ir the reac-
tions of aryl methyl sulphides and diaryl sulphides. Since
the electronic effects of a substituent in both ortho and

(CO7) (10

-k(COY). (D)



Reactions of sulphides with chloramine-T 5
Table 2. Rate coastants for resctions of chioramine-T with diaryl sulphides (0%, solveat 1:1 (v/v} H;O0-EtOH,
0.05 M K,HPO~KH,PO,, pH 8.05)
X x
(a) (a)
s Yo, PR, N o kX
o-X o-X' Y {1/mol.nec)
¥ co, = ¥ 5.24 - (b) - 0,087 17.1
A o co; =& 4.86  S.76 0,071 13,9 0,100 19.7
MY o7 co; ome 476 s.es 123 241 0.0 1907
B co; oo  wmac  «.68%) 5.63() 0,221 43,4 0109 215

(8)pc1a1ty exponents for carboxy sulphides in l:il (v/v) B,0-EtoH

at 20%.

from pl' values of |3 and 14 by the Bammett equation.

ation published in 112170,

para positions are assumed to be the same, the steric and
neighbouring group effects of an ortho substituent can be
estimated by calculating the ratio of the rate constants of
the ortho and para substituted compounds.'’ The
1(o}ki(p) relative rate constants for the reactions of
various aryl methyl sulphides are given in Table 1.

The small relative rate values for 1s and 2a sulphides
refiect the steric effect of the 0-OMe and o0-Cl substi-
tuents. The steric and anchimeric effect of the strongly
electron-withdrawing 0-NO; group cannot be measured
(though these effects have been observed in the reactions
of organic sulphur compounds'’), because the
compounds 3a and 3» are not nucleophilic enough to
undergo a reaction with TsNHCL In these cases the
counversion is controlled oaly by the rate of formation of
TsNCh (ke®k, and k s<k;; ¢f. 3 and 4) which is
independent of the sulphide substrate.’

Relative rates grester than unity indicate that the un-
favourable steric effect of 0-CO\Me, 0-COH and o-
CO;™ groups (4a, 5a, 6a) arc overcompensated by their
anchimeric assistance. The neighbouring group pam-
cipation of the ortho-methoxycarbonyl substituent in the
Mann-Pope reaction deserves special attention, because
in other reactions of organic sulphur compounds this
effect has not been detected (cf. nucleophilic dispiace-
ments at a snlpbonmm centre®*”). The neighbouring
group activity of CO,Me and CO:H groups in the
sulphides 4a and Sa are strikingly similar and differ, on
the other hand, from that of the CO,” group in the
compound 6a by not more than one order of magnitude
(COMe ~ COH < COy™). Although the steric factor is
more effective in the case of the compounds 7a-9a with
bulkier ortho groups, s less efficient anchimeric assis-
tance following a similar trend can be observed for the
bomologous substituents (CH,CO,Me ~ CH,CO,H <
CHLO).

By comparing the k; rate constants for p-Y-0-CO;"-
C‘H,SMe wlgbdes (18, 6a, 11; sec Table 1) with those

for p-Y-CHSMe compounds, the rels-
nve rates k,(o-CO{)Ik (H)=77, 23.4 and 375 were
calculated for compounds having Y=OMe, H, Cl
substitueats, respectively. This means that the anchi-
meric effect of the 0-CO.™ group decreases with the
increase of the clectron-donating ability of the para
substitucat. If the 0-CO,™ group is assumed to contri-

"’)sim kl << kd. kl cannot be observed.

(e )cucuuud

(d),nw_

bute to the stabilization of the positively polarized S
stom in the transition state, this observation points to a
saturation effect.

The clectronic effect of the p-Y substituents in p-Y-o-
CO,"-C{H»SMe sulphides can be evaluated by the Jaffe
4-parameter eqn (12),"° where o,, p, and o., p. are the
substituent and reaction constants referring to the S
atom and carboxylate group as reaction centre, respec-
tively:

log Ki(p-Y)ki(p-H)] = 0 + 0cpe. (12)

For the reactions of TsNHC! with p-Y-0-LO; -
CHySMe compounds (Y = OMe, H, Cl) p, = —3.06 and
o= —0.07 were calculated, while p, = —~ 4.25 had earlier
been found'® for m-Y- and p-Y-substituted sulphides
without 0-CO,~ group. The decrease of p, absolute value
may be attributed to the interaction of the 0-CO;™ group
with the positive sulphonium ceatre in the transition
state, reducing the electronic effect of the p-Y substi-
tuent. On the other hand, p. near to O indicates that the
effectiveness of the 0-CO;” group is practically not
influenced by the substituent effect.

Dipbeny! sulphide and its derivatives with electron-
withdrawing groups bave been shown'® pot to react
with TsNHC! at any measurable rate, because of k, <k,
in the whole pH region. Although the neighbouring group
participation of one 0-CO,” group in the compound 12 is
not sufficient in itself to render the k, value measurable,
yet k, becomes commensurable with k, in the conversion
of the sulphide lshmngtwoo-CO, groups (Table 2).
The high neighbouring group activity of two ortho-
carboxylate groups, which is not compensated by the
increased steric effect, is well indicated by the con-
version of (p-MeO-0-CO; -CH,):S (14) reacting with
TsNHC! S513-times faster than (p-MeO-CJH LS (cf.
Table 2 and 1it.'*).

Sait effect. The k, rate coustant for the reaction of
0-COH-CH SMe with TsNHCI proved to be practic-
ally independent of the buffer concentration either in
bwcormmdtcsolnnon(rablcn.mthememyu
for the reaction of C{H,SMe.'*

Isotope effect. The rate of the reactions of TsNHCI or
TsNDCI with TsNCI, C¢H;SMe, 0-MeO-CH.SMe and
0-CO; -CH SMe were determined in 1:1 (v/v) EtOH-
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Table 3. Mmmmk,f«thenxmdchkxmn-'rm

2-methylthiobenzoic acid ia 1:1 (viv) HyO-BtOH mm

K;HPO~KH,PO, bufer (a), or Britton-Robinson buffer (b), in
various concentrations (20"

Buffer kl {1/mo0l.sec)
concantration (a) (b}
{n) pE 8.05 pH 3,25

0.2 2,51 -
0.1 2.40 5.81
0.05 2.50 5.85

0.025 2.38 5.93

Hy0 and 1:1 (v/v) EtOD-D-O solvents containing 0.04 M
K;HPO~0.01 M KH,PO, buffer (Table 4).

For the explanation of the observed data, the solvent
isotope effect, the primary and the secondary isotope
effects are to be taken into account. (s) TsNHCI is
presumably s stronger acid than TsNDCI (cf. lit.'), so
that the concentration of the deuterated species can be
higher than that of TsNHCI even if the deuterium and
hydrogen ion activities of the two solvents are
equivalent.t Therefore the reactions must proceed faster
in EtOD-D,0O solution, thus a simpie comparison of the
observed k,(H)/k,(D) values is only reasonable. (b) If
water as a nucleophile or a proton-transfer agent is
considered as taking part in the rate-determining step, a
decrease of the rate constant should be expected in
deuterated solvent.™' (c) A secondary isotope effect
smaller than the primary effect pertains to reactions
involving a mate-determining electrophilic attack by
TsNHCI or TsNDCI chlorinating agents. In this case,
however, the“ isotope effects presumably do not differ
ignificantly

Dats in Tabic 4 show that pearly the same isotope
cﬂeamobmvedforanofthemdiedrucﬁm.p
water obviously does pot take part in the rate-determin-

1The problem of measuring deuterium ion activity in [: 1 (viv)
EtOD-D,O system bas not bees solved,

$Under these conditions the different effects of ortho and parm
substituents on sulphilimine-sulpboxide product distribution can
be well observed, while in buffered solutions the formation of
sulphoxide is predominant (salt effect').

iwahﬂamd&m&fnmm
formation of sulphilimines,' the oeighbouring group effect of
0-CO;Me substituent camnot be ruled out on the basis of pre-
parative experiments (cf. Bohman and ABDenmark™).

F. Rure et al

ing reaction of TsNHC! with TsNCI™, the participation
of water as a nucleophile or a proton-transfer agent in
the ratecontrolling step of the reactions between
TsNHCI and sulphides may also be precluded.

Prodxct analysis. Reactions between chioramine-T and
aryl methyl sulphides with various ortho and pars
mbmmuwmwnedoutmunhuﬂaedll(viv)
m—ethnol solvent containing the reactants in
107> mol/l concentrations.} The yiekd of sulphilimines as
mllnthnolmlpbondufomedfromthemlphnduu
and Sa were measured polarographically' (Table 1).

Ihufor‘h.k,lnnndkthowthum!phdminc
formation is markedly hindered, i.c. sulpboxide forma-
tion is decisively promoted if a CO moiety is in-
corporated in the ortho neighbouring group of the
sulphide substrate (CHZCO;Me < CO;Me < CH,CO.H <
CO;H). 100% sulphoxide and no sulphilimine is formed
from the sulphide Se containing o-CO.H group. This
oboervamnucmuemmthtbemukofmrm-
panative studies.?

The sulphilimine-sulpboxide product distribution,
however, is known to be controlled by the concentration
of the reactants and by the water-content of the solveat,
as well.'” While 40 was converted into sulphilimine only
in a yield of 12% in diluted solution, & conversion of 60%
was found when the usual preparative method had been
uppbed”!lndrywlmtsmlphihmmema!mbem-
pared from 3. Finally, bis(o-carboxyary!) sulphides 13-
15 react with chloramine-T to produce sulphoxide or
sulpbtmncdepcndmonwbethuornotthesolvent

contains water. ™"’

MECEANIM

Rate-determining steps. The above experimental data
seem to provide sufficient information to clarify the
mechanism of the Mann-Pope reaction with neighbour-
ing group participation. All reaction pathways with a
rapid pre-equilibrium reaction resulting in the formation
of chiorosulphonium intermediate, and followed by a
rate-determining step, like (a) the intramolecular/inter-
molecular general base catalyzed nucleophilic attack of
water on the sulphonium ion, or (b) the intramolecular
nucleophilic attack of the carbonyl-oxygen at the
sulphonium centre, can be neglected, becanse they are
pot consistent with the results obtained experimentally
(Scheme 2). For, in case of the rate-determining nucleo-
philic attack of water, the rate of reaction should have
decreased on isotopic substitution. Furthermore, the rate
of Sni reactions between the sulphonium centre and the
carbonyl-oxygen of the neighbouring groups should have
decreased in  the order CO;”»CO.H»CO:Me,

Table 4. Rate cosstants and isotope effects in reactions of chlorsmine-T with ary! methy! sulphides (20°; solveat
1:1 (v/v) HyO-E:OH (a) or 1:1 (viv) DyO-EIOD (b}, 0.04 M K,;HPO0.01 M KH,PO

k(@) (8 p (8 3 0By (0)®)  x (E)/x, (D) K, (H} Ky (D)
sulphide 1 a 1 a 1 1 a(B)/xg
(1/mol.sec)
C Bymte 0.0397 0.0351  0.0760  0.0680 0.522 0.516
9-CO,B-C R SNe (35)  ©0.303 @ 1.88 (@) 0.480 -
0.0448 ©.0373 0.0865 0.0710 0.519% 0.%2%

g—u-o-c‘l‘m aa)

(9)xe pu 8.30.

(d)nno. Xy << kl' kd cannot be observed.
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CHCO;", CH:COH, CHCO:;Me, without any in-
dications of neighbouring group participation for the
Iatter ortho substituents (cf. dnufromthehmmxefor
nuc&eophﬂ)c displacement at a sulphonium centre™**"),
The striking order of reactivity observed for snlptndu
having different ortho substituents with a CO moiety,
(CO."):» CO,” > COH ~ COMe > CH.CO;™ >
CH;CO:H ~ CH,CO;Me, suggests that the formation of
a chiorosulphonium intermediate can be regarded as
irate-determining even in these cases. The anchimeric

assistance may be attributed to the electrostatic stabil-
ization of the positive sulphonium centre by the nega-
tively charged or polarized carbonyl-oxygen of the
neighbouring group (see “slow steps™ in Schemes 3 and
4).

Some support for this view comes from X-ray dan'
indicating a nonbonded interaction between the
carbonyl-oxygen and adjacent S atom bearing a frac-
tional positive charge. This type of stabilization is parti-
cularly effective when a sterically favourable S-

|

.
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Scheme 3.
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membered ring is performed with the contribution of
o-CO{. 0-CO:H or 0-CO:Me neighbouring groups,
while in case of bomologous groups (o-CHCO, . etc.)
the preformation of a relatively unfavourable, non-planar
6-membered ring’"™ can only be taken into considers-
tion. Moreover, the significant decrease in absolute value
of the p constant found for reactions assisted anchi-
merically by 0-CO,” group provides strong indications
that the electrostatic field effect is decisive for the stabil-
ization of the transition state of sulpbonium type.

Product-controlling steps. Sulphilimines and sulphox-
ides are known to be produced from chiorosulphonium-
sulphonamidate ion-pair intermediates by the fast
nucleophilic attack of sulphonamidate anion or water
molecule at the sulphonium centre (5 and 6 in Scheme
1)." Product analysis data for the compounds la—b and
20- show that the productcontrolling steps are not
markedly affected by the ortho or para position of OMe
and Cl substituents.

In case of the sulphides 5a and 6éa with 0-CO,H or
0-CO;™ group, respectively, the attack of the neighbour-
ing ortho group at the sulphonium centre seems to be
faster than that of the N-nucleophile. The reaction is
proposed, therefore, to occur through a cyclic
chlorosulphurane  intermediate  producing  cyclic
.cyloxysutphonmm ion intermediate with loss of chloride
ion.® Since chlorosulphonium cation and sulphonami-
datcmnnoetnpnmedmmnrmmn and the
concentration of N-nucleophile is relatively small,
mlphilnnmembembwqueutlyptodueedoolydthe
solvent is free from water.”™ In solvents containing
water the hydrolysis of the acyloxysulphonium ion is
very rapid resulting in the exclusive formation of
sulpboxide (Scheme 3).

In reactions assisted by less effective neighbouring
groups (CO,Me, CHCO,H, CH,CO.Me) sulphoxide
formation is not so selective. This means that the
production of sulphilimine is not excluded, although the
yields are rather poor. It seems very likely that in these
cases cyclic acyloxysulphonium ion intermediates cannot
be formed through chlorosulphuranes, because of un-
favourable electronic and steric factors. For this reason
the corresponding sulphides are converted in the usual
way, as shown in Scheme 4. The decrease in the yield of
wlphihmmcmybeumibmedtothcdectrosuncmw-
action between the sulphonium centre and the ud;aoent
carbonyl-oxygen. The field eflect favours the scpunuon
of the chlorosulphonium-sulphonamidate ion-pair,
diminishing the chances of direct coordination.

KXPERIMENTAL

Materials. The majority of compounds was prepared by known
methods. T'hepmtymcheckzdbympjbp determinstion,
analysis and spectroscopic methods.

& Methylthio-phenylacetic acid (80). The mixture of 4-iodo-
pbenylacetic acid™ (2.62g, 10 mmol), copper(l) methyithiolate
(1.18 3, 12 mmol) and quinoline (S ml) was beated at 200° for 1 hr.
After cooling, the mixture was diluted with s soln of NeOH
(1.2, 30 mmol) ia water (45 ml), then distilled in a current of
HCl aq. The ppt was filtered and crystallized from EtOH-H,0.
yield 1.1g (60%), m.p. 92-4°.2

Methyl 2-methylthio-phenylacetate (Ta) and methyl 4-methyl-
thio-phenylacetate (). The correspoonding phenylacetic scids
were methylated with diazomethase.’s The crude esters were
purified by distilation. Z-° The yields were almost quantitative.

1See details in Lit. '*
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S - Methyl - S - (4 - methoxycarbonylmethyl - phenyl) - N - p -
| tolylsuiphonyl - suiphilimine. This compound was prepared from
™ and chloramige-T in MeOH by the usual metbod> and
recrystallized from MeOH: yield 50%; m.p. 130-1°; characteristic
bands of IR spectrum (in KBr pellet): »co: 1731 com™’, vyo,: 1281,
1142 cm™"; ryuy: 950, 767 cn ™’ (cf. 1it. ). (Pound: C, $6.2: H, 5.1;
N, 4.1; S, 17.2. Cakc. for C(»HsNO,S; [365.5): C, 55.9: H, 5.2, N,
388, 17.5%.)

2-Mathyithio-S-methoxybenzoic acid (19). To a soln of $-
methoxythiosalicylic acid '™ (1.84 g, 10 mmol) and NaOH (0.84¢,
21 mmol) in water (25 ml) was dropwise added dimethyi sulphate
(2.77 g. 2 mmol) under N, and it was allowed to stand at room
temp. for 1hr. A soln of NaOH (1.6 g, 40 mmol) in water (9 ml)
was poured into the mixture and its temp. was raised to 80°,
After cooling the soin was acidified with 20% HCl aq, the ppt
was fiitered off and crystallized from EtOH (0.84g, 42%), m.p.
143-50°. (Found: C, 54.6; H, 5.4; S, 16.1. Cak. for CoH;40»S,
(198.2): C, 545: H, 5.1; S, 16.2%.)

2-Methylthio-S-nisrobenzoic acid. Methanthiol (10g, 0.2 mol)
and methyl 2-chloro-S-aitrobenzoate™ (43 g, 0.2 mol) were dissol-
ved in a soln of NaOH (8 g, 0.2 mol) in water (30 ml) and FtOH
(300mi) at -20°. The soln was boded for 1hr, thea 20%
NaOH aq (100 ml) was added and refluxed for an additioaal 1 hr.
The mixture was poured into water and acidified with HCl aq.
Without cooling (at 50-60") the ppt was filtered off and crystal-
lized from EtOH-H,O (24.1g. 57%), m.p. 220-3°. (Found: C,
458; H,3.6; N, 7.1 S, 14.4. Calc. for C¢H,NOS (213.2): C, 45.1;
H,33:N, 66; S, 15.0%.)

2- Methylthio-S-aminobemzoic acid. The mixture of 2-methyl-
thio-$-nitrobeazoic acid (21.3g. 0.1 mol) Pe dust (39g. 0.7
atom), FeCl, (1g) and water (200ml) was bested and shakea
frequently at 100° for 4 br. To the mud-like mixtore conceatrated
NHL,OH aq (100 ml) was added and thea allowed to cool, and the
insoluble Fe salts were filtered off. Theﬂmtemenpomad
under reduced pressure, the residue was dissolved in water
(100 ml) and acidified to pH § with 20% HCI aq. The precipitated
amino compouad was fiitered off and dried ia racuo over KOH:
yield 3.9 g (21%), m.p. 240-50" (dec).

The imsoluble Fe salts separated carlier by ftration were
suspended in EtOH (300ml) and coocentrated NHOH aq
(200 ml), thea filtered. The filtrate was evaporated uader reduced
pressure, the residue was mixed with EtOH (100ml) and
oomnmwdHCl.q(mml).mdkmnxO'oM2
Methyithio-S-aminobeazoic acid hydrochloride separated in
white crystals; yield 8.6 (39%), m.p. 231-4° (dec). (Found: C,
4.0 H, 49, Cl, 16.7; N, 66; S, 139. Cak. for C4H,CINO,S
[219.7): C, 43.7. H, 4.6; C1, 16.1;: N, 6.4; S, 14.6%.)

2-Methyithio-S-chlorobenzoic acid (11). Into a hot (100") soln
of 2-methylthio-S-aminobenzoic acid hydrochlonde 6.6,
30 mmol) and copper(l) oxide (15g, 105 mmol) in 20% HCl aq
(200 mi) was dropped a soln of NaNO, (10 g, 144 mmof) in water
(50 ml). The mixture was allowed to cool to room temp., the
crystals were fltered off, dried and recrystallized from EtOH-
H;0; yield 4.8 (79%), m.p. 184°. (Found: C, 48.0; H, 3.5; Cl,
17.9; S, 15.3. Calc. for CiH,CIO:S [202.7): C, 47.4; H, 3.5: C,
175: S, 15.8%.)

Kinetics.t Kinetic measurements were carmied out in 1:1 (v/v)
water-cthanol solvest, coataining 0.05 M K,HPO~KH,PO, or
Britton—Robinsoa buffer, at constant pH asd 20.00 2 0.05°C. The
concentrations of the reactasts varied between $x 107’-5x
1074 M. The reactions of ortho-carboxy-substituted sulphides
were followed spectropbotometrically. The absorbances of the
reactants and the products differ significantly at 260-330 am. The
coaversion ol the other sulphides were folowed by using
iodometric metbod.

Prodact enelysis.t The yields of sulphilimines and sulphoxides
produced in the reactions were determined polarographically.

pK.' messurements. Dissociation exponeats for the majority of
carboxy-substituted sulphides were determined in 1:1 (viv)
water-cthanol solvest at 20° by UV spectrophotometric method.
Since the absorbances of the ionized and uniomized forms of Se
were found ot to differ significantly, the pK,* of this compound
was measured by potentiometric tieration. pK,* values of
sulphide dicarboxytic acids were also calculated from the poten-
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tioeetric titration curves. Becanse of the poor solubdlity of 1S the
dissociation exponcnts could not be measured by potentiometric
method but were calculated by uaing the Hammett equation. pH
messurements in EtOH-H;0 soivent were carried out by apply-
ing the method of Bates &t o™
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