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ABSTRACT: The kinetics of the rearrangement of 3-(substituted phenyl)-4-(p-tolyl)-1,2,4-oxadiazole-5(4H)-thiones
in solution were determined in the temperature range 160–200°C. From the correlation of logk againsts, it was found
that form-Me, p-Cl andp-CN, the compounds rearrange with the homolytic cleavage of the N—O bond, whereas for
p-Me, H andm-NO2, the rearrangement occurs with the heterolytic cleavage of the N—O bond. In comparison with
the uncatalysed rearrangement, Cu catalysis greatly increased the rate of the rearrangement of 3-(m-chlorophenyl)-4-
(p-tolyl)-1,2,4-oxadiazole-5(4H)-thione at 166°C. Copyright 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

Substituent effects on free radical reactions are more
complex than those for polar reactions. Therefore, this
area has continued to hold the interest of chemists over
the years. Both electron-withdrawing and electron-
releasing substituents, when conjugated with a radical
centre, can provide stabilization of the radical. Hence
polar substituent constants are not appropriate measures
of radical stabilization. A number of approaches, which
are based on extended Hammett equations, has been
made to quantify the effect of substituents on free radical
reactions. These frequently contain both radical and polar
components since polar effects operate in many radical
reactions.

RESULTS AND DISCUSSION

Simamura and co-workers proposed1 thetp scale, which
is based on the product distribution for phenyl radical
addition to substituted benzenes (Scheme 1). In this
reaction, a large kinetic effect is obtained, sincepara
substituents are directly conjugated to a cyclohexadienyl
radical. However, this model reaction has serious
disadventages. Thet values depend on the assumption
that all of the intermediate adduct radicals end up as the

substitution product, and the reactive phenyl radical is
prone to side reactions at the substituent groups.

Yamamoto and Otsu2 studied the chain transfer
reaction between the polystyryl radical and ring-sub-
stituted cumenes. They proposed a set of parametersER,
which represent the resonance stabilization energy of the
radical, and in their proposed equation (Scheme 1), ther
value is chosen as�0.7 to agree with the Alfrey–Price
Q/esystem.3 Because of the empirical nature of theQ/e
scheme, this agreement is difficult to justify.

Sakuraet al.4 examined the reaction of substituted
styrene with trichloromethyl radical and developed a
delocalization substituent constantED (Scheme 1). In this
reaction, the formation of a benzylic radical is involved in
the rate-determining step. However, the radical character
is only partially developed.5 Therefore, the kinetic effects
will be smaller than they would be for complete radical
development. Additionally, a polar contribution in this
reaction must be important since an electronegative
radical is used. A similar reaction of substituted toluenes
with trichloromethyl radical is known to proceed on a
purely polar basis.6

A s.F scale was derived7 from the bromination ofpara-
substituted 3-cyanotoluenes (Scheme 1).The involve-
ment of a steric effect, interference of side reactions and a
polar contribution are all disadvantages in this approach.

Creary’ss.c scale8–10was based on the extensive rate
data for the rearrangement of methylenearylcyclopropane
(Scheme 1). However, the extent of electron decoupling
in the transition state of this reaction is not certain.

Arnold and co-workers suggested as.a scale11,12based
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on the reduction of the exocyclic a C—H coupling
constantby stabilizing substituentsin benzyl radical
(Scheme1). Theadvantageof this schemeis theabsence
of problemsassociatedwith side reactionsand that the
radical character is, of necessity, fully developed.
Possible disadvantagesinclude the uncertainty of
whetherstabilizationby different types of substituents
is linearly related to the reduction of the coupling
constants(aH).

The thermaldecomposition of dibenzylmercurialswas
chosen13,14asamodelreactionfor thesJ scale(Scheme1).
The advantageof this reaction is that the full stabilizing
effectof a parasubstituenton a benzylradicalcomesinto
play in the transitionstate,and gives a reasonablylarge
kinetic effect. Additionally, sidereactionsshouldbe less
important, since the main fate of the benzyl radicals is
dimerization.The difficulties of this schemeare experi-
mental.Somedibenzylmercurials with conjugatingelec-
tron-withdrawinggroupsaredifficult to prepare,andsome
of the compoundshavelimited solubility in the solvents
normally usedfor the kinetic experiments.

Recently, an hfsc= rxsx� r.s. equation was ob-
tained15 from ESR coupling constants for bis(p-Y-
substitutedphenyl)aminoxylradicals.Thedelocalization
of unpairedelectronsin the aminoxyl radical may be
representedby thestructuresI, II andIII (Scheme2).

In thissystem,thevariationin theaN couplingconstant
is small (maximum 1.27 G), leading to a coarsely
graduatedscale. However, it is interesting that the
aminoxyl radical is stabilized by both electron-with-
drawingandelectron-releasingsubstituents.

Since the aminoxyl radical is stabilized by a wide
rangeof thesubstituents,we expectedthattherateof the
thermal rearrangementof 3-substituted phenyl-4(p-
tolyl)-1,2,4-oxadiazole-5(4H)-thiones(IV ) to the corre-
sponding5-ones(V) would be similarly enhancedby
both electron-withdrawingand electron-releasingpara
substituentsthrough the structuresVI, VII and VIII
(Scheme3).

This type of thione–thiolrearrangementwasfound to
proceedthrougha free radical mechanism.A transient
free-radicalspecieshasbeendetected16 by ESRmeasure-
mentsin the thermalrearrangementof oxime thionocar-
bamatesto thioxime carbamates.

The rearrangementswere carried out on ca (5–
8)� 10ÿ3 M solutions in n-pentadecanein individual
degassedampoules,andthereactionsweremonitoredby
HPLC analysisof the remainingthiones.No deviations
from first order were noted, and the results are
summarizedin Table1.

Thefirst-orderrateconstantsobtainedat 180°C gave,
asexpected,no goodoverall correlationwith any of the
polar substituentconstantss, s� or sÿ. Plots of logk
againsts show, however, that m-Me, p-Cl, m-Cl and
p-CN substituentslie close to a line of small gradient;
r = 0.15(Fig. 1), indicatingthat homolysisof the N—O
bondoccurs(Scheme4).

Sinceboth electron-withdrawingand electron-releas-
ing substituentsareinvolved,thiscanbeexplainedby the

Scheme 1

Scheme 2

Scheme 3

Copyright  2000JohnWiley & Sons,Ltd. J. Phys.Org. Chem.2001;14: 58–61

SUBSTITUENTEFFECTSON THERMAL REARRANGEMENTOF THIONES 59



operation of a polar factor, and shows no effect of
conjugation(spindelocalization)from the radicalcentre
to thesubstituents,suchasin Scheme3 (structureVIII ).
In Fig.2,plotsof logk for p-Me,H andm-NO2 substituted
compoundsagainst s lie in a line, but with a high
negativeslope; r =ÿ1.3. This strongly indicates that

rearrangementof the thiones with these substituents
occursvia theheterolysisof theN—O bond,soplacinga
positivechargeon nitrogenatom(Scheme5).

The point for the p-NO2 substitutedcompoundlie
abovetheline in Fig. 2. We think that therearrangement
of this proceedsthrougha morecomplexmechanism.

The rate of thermal rearrangementof 3-(m-chloro-
phenyl)-4-(p-tolyl)-1,2,4-oxadiazole-5(4H)-thiones was
greatly increasedwhen a catalytic amount of copper
powderwaspresent.(Table1). We interpretthisasbeing

Table 1. Kinetic data for the thermal rearrangement of
3-(substituted phenyl)-4-(p-tolyl)-1,2,4-oxadiazole-5(4H)-
thiones

Substituent T (°C) 10ÿ3k (sÿ1) E (kcalmolÿ1)

H 180 15.89
m-NO2 180 1.98
p-CN 180 36.32
p-Cl 180 29.46
p-NO2 180 12.44
p-Me 180 29.94
m-Me 180 28.49
m-Cl 160 7.35

180 32.31 23.08
200 74.13

m-Cl 166 105.04(with Cu catalysis)

Figure 1. Plots of logk for m-Me, p-Cl, m-Cl and p-CN
against s

Scheme 4

Figure 2. Plots of logk for p-Me, H and m-NO2 against s

Scheme 5

Scheme 6
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dueto theformationof thethione–coppercomplexin the
transition state (Scheme6), which should lower the
activationenergyfor the reaction.

EXPERIMENTAL

The preparationof 1,2,4-oxadiazole-5-thiones and their
rearrangementproduces(1,2,4-thiadiazole-5-ones)has
been reported previously.17,18 The compoundswere
recrystallizedbeforeuse.

Solutions of (5–8)� 10ÿ3 M 1,2,4-oxadiazole-5-
thionesin n-pentadecanewereprepared.A 1 ml volume
of each solution was transferredusing a 1 ml bulb
pippette into Pyrex ampoules. Each ampoule was
degassedandsealedundervacuum.The ampouleswere
wrappedin aluminiumfoil andwoundroundwith copper
wire to preventthefoil from beingremovedandto ensure
that theampoulewould sink in theoil-bath.

The oil-bath was filled with silicone oil as the
thermostatfluid. The heaterwascontrolledby a Variac
anda relay contactthermometer,respectively.The fluid
wasagitatedby asteelpaddlestirrer.Kinetic studieswere
carriedoutat160,166,18Oand200°C.Onremovalfrom
the oil-bath eachampoulewascooledto room tempera-
ture,opened,andthecontentsweretransferredto sample
tubes. Analysis of the remaining 1,2,4-oxadiazole-5-
thioneswascarriedout by HPLC usinga NovapakC18

column,expressedin termsof the peakarea,and these

datawereanalysedfor the bestfit to the first-orderrate
equationby regressionanalysis,usinga computer.
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