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KINETICS AND MECHANISM OF
OXIDATION OF SOME SUBSTITUTED
PHENYL METHYL SULPHOXIDES BY N-
CHLOROPHTHALIMIDE

N. BHAVANI AND K., LILY

Department of Chemistry, Annamalai University,
Annamalainagar 638 002, India.

THOUGH many N<hloro compounds such as
chloramine-T, N-chlorosuccinimide, N-chloro-
benzamide etc., have been used as oxidants exten-
sively in the kinetic studies, such a study using
N-hlorophthalimide (NCP) is lacking. The oxidation
kinetics of various sulphoXides have alrcady been
reported' ™. We report in this note our results on the
kinetics of oxidation of some o-, m- and p-substituted
pheny! methyl sulphoxides with NCP in aqueous acetic
acid in the presence of perchloric acid.

All the sulphoxides were prepared and purified by
standard methods. Acetic acid was purified by reflux-
ing with chromium trioxide. NCP was prepared
according to the literature method®.

Kinetic studies were carried out in 509 (v/v) acetic
acid containing 0.05 M perchloric acid under pseudo-
first order conditions in vessels coated on the outside
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with black paint. The reaction was followed by esti-
mating the unchanged NCP by iodometric procedure'’,
Reproducible results giving first order plots {r == 0.99)
were obtained for reactions run in duplicate in each
substrate and at all the temperatures studted. The
pseudo-first order rate constants (k1) were calculated
by the least-square method. The stoichiometry of the
reaction is !:1 and the product obtained is identified as
methyl phenyl sulphone by its m.p and the mixed m.p
with an authentic sample,

The oxidation of methyl phenyl sulphoxide has
been studied in detail. An increase in {sulphoxide]
increases the rate. The plot of log k; vs log [sulphox-
ide] is linear with unit slope. Also the second-order
rate constants (kz = &y /[sulphoxide] are constant con-
firming a unit dependence on sulphoxide (table 1). The
reaction is also found to be first order with respect to
NCP as evidenced by the constancy of the first order
rate constants for various concentrations of NCP
(table 1). Keeping the [sulphoxide] and [NCP] con-
stant, an incraese in the [HCIO,) from 0 to 0.4 M
does not produce any marked change in the rate con-
stants. The reaction rate is not altered by the addition
of sodium perchlorate.

The rcaction rate decreases with increase in the
acetic acid content of the solvent medium. The second-
order rate constants for the oxidation of methyl
phenyl] sulphoxide were 2.58, 2.03, 1.78. 1.34 and
0.81 X 107 litre mol™ sec™! in 20, 40, 50, 60 and R0%,
acetic acid respectively.

To gain more information about the nature of the
transition state and the mechanism, the rates of oxida-
tion of several o~ , m- and p-substityted phenyl methyl
sulphoxides have been studied. The data in table 2
indicate that electron-releasing substituents in the
benzene ring accelerate the rate while the electron-

TABLE |

Effect of varying reactant’s concentration on the reaction rate

[NCP]X 10° [CeHsSOCH,] X 10 k1 X 10 ka X 102

M M sec lit mol ™ sec™

0.5 2 3.56 1,78

1 2 3.57 1.79

1.5 2 337 1.69

2 2 3.48 1.74

1 | 1.76 1.76

| 3 522 1.74

| 4 6.71 1.68

I 5 9.18 |.84

[HCI10] =0.05M; solvent = 50% HOAC-H;0 (v/V); temperature= 35°C
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TABLE 2

Data of substituted phenyl methyl sulphoxides at different temperatures

ke X 10* it. mol! sec! A H* 40° —AST 40°C e.u.
at 350° C 40° C 45° C k cals
H 178.4 250.6 350.1 12.2 27.0
p-CHas 332.5 490.7 667.8 12.2 25.7
p-OCHj 483.7 731.7 1072.2 14.0 19.0
p-Cl 42.9 64.3 98.5 14.9 20.9
p-NOy 6.2 9.1 12.9 13.6 29.)
m-CHs 246.2 345.7 479.7 11.0 30.1
m-0OCHj3 92.0 136.5 207.7 12.7 26.6
m-C] 14.9 21.0 30.2 12.7 30.4
m-NOz 6.6 10.4 15.1 14.3 26.7
o-CHa 30.6 48.3 68.1 16.2 17.4
0-OCHj3 202.9 293.3 424.2 14.2 20.4
o-Cl 5.5 8.1 11.3 13.8 28.6
o-NO 2.6 3.5 5.7 16.0 23.3
[HC10¢])=0.05 M; solvent 50% HOAC-H20 (v/v)
withdrawing substituent retards the rate. It is of inter- o

est to find out if any Hammett type correlation exists | _C clow |
for the oxidation of aryl methyl sulphoxides by NCP. A @'E‘mf “""N D — > @‘%'C“E- N
satisfactory correlation exists between log k2 and o

constants (p=-1.93; r=-0.985 at 40° C) indicating ° gcxﬂ_
that the same mechanism operates in all the com- o o c”
pounds, The negative p value indicates that the g_% +H,0 fast ”_CH3+cr' + W g
nucleophilic sulphur atom of the sulphoxide is more L7 I
positively charged in the transition state than it is in ®
the reactant. 7 I

Due to the stetic effect of the ortho substituents, the QS*EHa Sost S—CHy+ H*
rate constants of o-substituted phenyl methyl sul- EJ_-I,H ﬂ.
phoxides (table 2) are very much lower than those
obtained for the comresponding m-and p-substituted o o

sulphoxides. Among the o-substituted phenyl methyl
sulphoxides the highest rate was observed for o-
methoxyphenyl methyl sulphoxide. Mareover, the I i
rate constant for this sulphoxide is higher than that of O o
methyl phenyl sulphoxide. The presence of an o- Scheme - 1
substituent restricts the free rotation of the methoxy

group and increases its probability ot attaming plana-  « \y ey o is hydrolysis product HOCL So the reac-
rity with the I:cnze?e nnig.lghtg:&cr: car;b: ﬂ::,)-gli;i tive species can be NCP only. The likely mechanism 1s
resonance interaction of the OXy Rroup wi depicted in scheme 1.

reaction centre. This may explain the high rate
observed for o-methoxyphenyl methyl sulphoxide. The authors thank Dr K. Ganapathy for facilities

Under the acidic experimental conditionemployed, .. 4 csir for the award of a fellowship to KL.
as in other N-halo oxidants'" 2 here alsothere may be
a possibility of three oxidising species viz NCP yitself or
protonated NCP as = NHCI or its hydrolysis product
HOCL Since the reaction is not sensitive to hydrogen
ion concentration the reactive species cannot be
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POLYSACCHARIDES OF RICINUS
COMMUNIS SEED ENDOSPERM

Y. V. ANJANEYALU, K. KULAKARNI AND

D. CHANNE GOWDA

Department of Chemistry, University of Mysore,
Manasa Gangothri, Mysore 570 006, India.

AQUEQUS extracts of the seed endosperm of Ricinus
communis are reported to precipitate various blood
group specific substances and type-XIV pneumococ-
cal polysaccharide’. Though limited information is
available on the toxic principles and proteins present
in the seed endosperm, the nature of the polysaccha-
rides, reported to be present upto 27.2%, is not known
except for the reported presence of starch®, The pre-
sent study 1s aimed at the isolation and characterisation
of polysaccharides and glycoproteins present in the
seed endosperm.

The endosperm of the seeds was defatted with
chloroform-methanol (2:1, v/v). The resulting flour
(100 g; protein content 709;) was repeatedly extracted
with 19 sodium chloride solutionat pH 9. The insolu-
ble residue (70 g; protein, $7%) was used for the isola-
tion of hemicelluloses. To the sodium chloride extract
addition of 30% acetic acid to pH 4.5 prectpitated the
protein fraction (25 g) which was removed by centrifu-
gation. To the supernatant addition of ethanol (3 vol.)
gave a pale yellow precipitate (3 g; protein, 80%,; car-

Current Science, September 20, 1983, Vol 52, No. 18

bohydrate, 209). This fraction with 1% trifluoroa-
cetic acid did not give any protein precipitate and
remained unchanged on passing theough Amberlite
IR-120(H") and Amberlite IRA—400(CO3) columns.
Paper electrophoresis in 0.005 M ¢rés buffer at pH 8.9
indicated one major and trace amounts of two frac-
tions. Complete acid hydrolysis (4N HCl, 100° C, 36 hr)
and paper chromatography (solvent:n-butanol:acetic
acid:water—4:1:5, v/ v; upper layer) revealed leucine,
valine, alanine, threonine, glycine, glutamic acid,
aspartic acid and other three unidentified aminoacids.
Similar hydrolysis (1IN H2S0y, 100° C, 6 hr) and paper
chromatography (solvent:n-butanol:benzene:pyn-
dine:water—5:1:3:3, v/v; upper layer) revealed L-
arabinose and D-galactose in the ratio 5:1 with trace
amounts of xylose, thamnose and fucose. IR (Nujol)
indicated broad absorption in the regions 3300, 1660
and 1540 cm™!. Hence this soluble portion appears to
be mainly a glycoprotein.,

Extraction of the sodium chloride insoluble residue
(35 g) with 10% sodium hydroxide solution under nit-
rogen gave an alkali insoluble residue (8 g) which was
a cellulose-type glucan, and an alkaline extract which
upon neutralisation with 50% acetic acid gave a poly-
saccharide fraction (2g; hemicellulose A; protein
55%), removed by centrifugation. Addition of ethanol
(3 vol.) to the supernatant precipitated another poly-
saccharide fraction (1.75 g, hemicellulose B, protein,
nil). Complete hydrolysis of hemicelluloses A and B
and identification of the sugars indicated the presence
of D-glucose and mannose (1:1) in hemicellulose A;
and D-xylose, L-arabinose, D-glucose, D-galactose,
glucuronic acid, 4-0-methylglucuronic acid In the
ratio 2:1:0.5:0.5:1:0.5, together with traces of man-
nose, thamnose and fucose in hemicellulose B.

Hemicellulose B (100 mg) on barium hydroxide
fractionation® gave a soluble fraction (20 mg) com-
posed of mainly D-xylose along with D-glucose, D-
galactose and 4-0-methylglucuronic acid with traces
of mannose or arabinose. This on further fractiona-
tion with Fehling solution® precipitated an acidic poly-
saccharide and the mother liquor contained small
amount of a polysaccharide composed of only neutral
sugars. This acidic polysaccharide was found to be
homogeneous by free-boundary electrophoresis (0.1%
borate buifer, pH 9), and had (a) , =+ 15° C(C, 0.1%).
The barium hydroxide insoluble fraction (70 mg) con-
tained all the glucuronic acid along with L-arabinose,
D-xvylose, D-glucose and D-galactose, in the ratio
1:5:2:1:0.5. Thus barium hydroxide fractionation
separated hemicellulose B into glucuronic acid and
4-0-methylglucuronic acid contaiming polysac-
charides.

Hemicellulose B (100 mg) on DEAE=cellulose
(borate form) fractionation’ afforded two acidic frac-



