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Synopsis. In base-catalyzed oxidation of a pair of asso-
ciating thiols [HSCH2-CONHCONH-Ph and HSCH2CHz-
NHCONHCO-CsH3], rate enhancement with time occurred
in protic media, whereas the rate was reduced with time in
aprotic solvents. For a pair of nonassociating thiols [HSCHz-
CO2C2Hs and HSCH2CH20OH], the rate enhancement was
neither observed in a protic solvent nor in an aprotic one.

Recently it has been shown that intermolecular asso-
ciation plays a significant role in chemical reactions.?
In order to elucidate the effect of intermolecular as-
sociation on kinetic behavior, we examined the rate
of oxidation for pairs of associating (1 and 2, system
A) and nonassociating thiols (3 and 4, system N) in
various solvents, and report that the rate accelera-
tion with time in the oxidation is only observed for
the associating system.

H i H

i

HSCH,;- CNCN-R!1 HSCH,CH;~-NCNC-R?
:" H H !

la Rl= .O 2a R?= (CH)sCH;
— 2b R2= (CH;)3CH(CHj3),
b Ri=-¢ >-NCH) 5, Re=<_ Mz
HSCH,CO,C,H5s HSCH,CH,;OH
3 4

The In([RSH]/[RSH]o) was plotted against time for
oxidation of a pair of associating thiols la and 2a,b
(systems Aqa and Agp) in oxygen-saturated acetonitrile
(MeCN) and H20-MeCN [mole fraction of water
(xw)=0.42], at 35.0°C in the presence of triethylamine
(EtsN) as a catalyst (Fig. 1). In MeCN the oxidation
follows pseudo first-order kinetics, as in the case of the
oxidation in the presence of a large excess of a base.2-?
On the other hand, sharp downward curvature is
observed in aqueous MeCN,? suggesting that rate
acceleration occurs with time. This has been confirm-
ed by a plot of [RSH]/[RSH]o against time showing
downward curvature (Fig. 2).

The [RSH]/[RSH]o-time profiles were further inves-
tigated in various solvents for oxidation of system
A (Fig. 2). Alsoin HoO-EtOH (xw=0.20), the reaction
has proved to be accelerated with time. This holds for
the oxidation in nonaqueous protic solvents, EtOH
and EtOH-MeCN (xe01=0.42), but not in 1,4-dioxane
even after 100h. These observations suggest that rate
acceleration with time in oxidation of system A occurs
in protic media.?

Thiols 1 and 2 have been shown to associate strong-
ly with each other in CDCl;s via two NH---O inter-
molecular hydrogen bonds between the inner -NHCO-
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Fig. 1. First-order kinetic plots for oxidation of la
and 2a (system Aaa), of 1a and 2b (system Aap), and
of 3 and 4 (system N) at 35.0°C. [RSH]o=2.00X10-2
M, [EsN]=2.0X10-3 M. @, System A,, in MeCN; O,
system Aga in H2O-MeCN (xw=0.42); A, system Agp
in MeCN; A, system Aap in H2O-MeCN (xw=0.42);
®, system N in MeCN; ©, system N in H2O-MeCN
(xw=0.42). Linear relationship for system N in aque-
ous MeCN is shown only until ca. 20% conversion
in this figure.

o
o

0.2 A
30 50

Time/ h

Fig. 2. Kinetic plots for oxidation of la and 2a
(system Aa) and 3 and 4 (system N) at 35.0°C.
[RSH]0=2.00X10—2M, [EtsN]=2.0X10-3M. O, Sys-
tem Aaa in H20-MeCN (x4»=0.42); @, system
Ag in MeCN-EtOH (Xgon=0.42); @, system Aaa
in H2O-EtOH (*gon=0.80); ©, system Aaq in EtOH;
A, system Agq in 1,4-dioxane; €, system N in H2O-
MeCN (xw=0.42); ®, system N in MeCN.
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Fig. 3. Association scheme in a typical tetramer 5.
————— , Hydrogen bonds in dimers; -----, noncovalent
weak interactions responsible for stabilization of
tetramers. The symbols X’ and Y’ represent R and
R?, respectively.
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units in the -CONHCONH- group to form tetramers
(reaction intermediates) such as 5 (Fig. 3).9

Control experiments were performed using a pair of
nonassociating thiols (3 and 4, system N) (Figs. 1 and 2).
In H2O-MeCN (xw=0.42), the reaction follows pseudo
first-order kinetics until at least 50% conversion (Fig. 1).
In MeCN, the rate appears to follow second-order
kinetics. These findings indicate that no rate enhance-
ment occurs for system N regardless of the solvents
employed.

From the results presented here, it seems reasonable
to conclude that intermolecular association is
responsible for the rate acceleration with time in the
oxidation. Our work suggests the possibility that
intermolecular association affects another aspect of
kinetic behavior in chemical reactions.

Experimental

Thiols la and 2a,b were prepared as de-
scribed previously.? Other thiols and EtsN were purified
by distillation through a fractionating column. Organic
solvents were dried by proper procedures,” and purified by
distillation. Water was purified through Millipore Milli-
Q water purification system followed by distillation. The
iodine solution (0.001M (1 M=1 moldm™)) containing
potassium iodide (0.005M) was titrated with 1.00X10-3 M
aqueous sodium arsenite standard solution before use.
Kinetics. The two thiols (1and 2or3and 4, 1.00X10—4 mol
each) were weighed into a two-necked flask, and dissolved in
10.00 ml of the reaction solvent. The solution was stirred
under an oxygen atmosphere for at least 4h in a well-stirred
water bath thermostated to £0.1°C. Oxidation of thiols was
negligible in the absence of EtsN. At time zero, 2.0X10-5 mol
of EtsN was added to the solution with a microsyringe, and
time measurement was begun. Atappropriate time intervals,
a 0.50 ml portion of the reaction mixture was pipetted out,
and quenched in 5ml of a 1:9 mixture of 3 M hydrochloric
acid with MeCN. The amount of remaining thiols in the
quenched solution was then determined by titration with the
0.001 M iodine solution. Each plot in Figs. 1 and 2represents
the average of at least three, generally five, or more runs.

Materials.
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