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814. 2-Mercaptobenzothiazole Deriwvatives. Part I1.* The Thermal
Decomposition and Isomerisation of 2-Alkyl- and 2-Alkenyl-thio-
benzothiazoles and 3-Alkyl- and 3-Alkenyl-2-thiobenzothiazolines.

By C. G. Moore and E. S. WAIGHT.

A study of the thermal treatment of variously constituted 2-alkyl- and
2-alkenyl-thiobenzothiazoles (I) and 3-alkyl- and 3-alkenyl-2-thiobenzothi-
azolines (II) reveals that two reaction courses are operative : (i) the thermal
isomerisation of (I) to (II), which is reversible when R = alkenyl; and (ii) the
thermal decomposition of (I) to 2-mercaptobenzothiazole (III) and a hydro-
carbon derived from R by loss of hydrogen. Examples of the sole operation
of (i) and (ii) are found in the cases of (I; R = allyl, cyclohexyl respectively).
All the other compounds studied show mixed reaction characteristics.
A kinetic study of the decomposition or reversible isomerisation of (I; R =
cyclohexyl, allyl, and cyclohex-2-enyl) indicates that the reactions are of the
first order. The mechanisms of the decompositions and isomerisations are
discussed and the relation of the reversible isomerisations of (I) and (II)
(R = alkenyl) to the Claisen and analogous rearrangements is detailed.

THE isolation of 2-(cyclohex-2-enylthio)benzothiazole (I; R = cyclohex-2-enyl) and
3-(cyclohex-2-enyl)-2-thiobenzothiazoline (II; R = cyclohex-2-enyl) in equilibrium
proportions (Part I *) necessitated a study of the pyrolysis of these and related compounds
in order to determine the factors influencing their relative tendencies towards isomerisation
and decomposition.

This paper is concerned with the thermal treatment of compounds of types (I) and (II)
in which the substituent R is alkyl, aralkyl, and alkenyl. Previous studies in this field have

* Part I, preceding paper.
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been made by Reed, Robertson, and Sexton (J., 1939, 473) and by Fry and Kendall
(J., 1951, 1723). In the present work the reactions were studied under carefully controlled
experimental conditions and in the cases of (I; R = cyclohexyl, cyclohex-2-enyl, and allyl)
the kinetics of the reactions were studied, thus permitting worthwhile discussion of the
reaction mechanisms.

Table 1 summarises the yields of (I), (II), and (III) obtained on heating (I), containing
differently constituted substituents R, for 48 hours at 200°. Since melts of the pure
sulphides were used the initial concentrations of the reactants vary slightly, but without
significance for the present purpose. Two reaction courses are obviously operative :
(i) thermal isomerisation of (I) to (II), which is reversible when R = allyl, #rans-but-2-enyl,
and cyclohex-2-enyl; and (ii) thermal decomposition of (I) to 2-mercaptobenzothiazole
(III) and a hydrocarbon derived from R by the loss of hydrogen. As examples of (ii) may
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be cited (I; R = cyclohexyl) which gives (III) and cyclohexene, and (I; R = benzyl)
which gives (I1I) and trans-stilbene [cf. Reed et al., loc. cit., who reported (II; R = benzyl)
as the sole product of the iodine-catalysed pyrolysis of (I; R = benzyl) at 200°].

The relative importance of reactions (i) and (ii) and their absolute rates are seen to be

TABLE 1. Thermal isomerisation and decomposition of (I) (200° 4 2°, 48-0 hours).
[Yields : Mole 9, of (I), (II), and (III).]

Substituent R Mole % (I) Mole % (II) Mole 9, (III)
Methyl...ooovveieeeeiieeee e 98 2 015
n-Octyl o 96-5 0-9 ~1
1S0PTOpPYyl oo 83-5 2 13-0
cycloHexyl ....oooiiiiiiiiiiiiii 90 0 77
Benzyl ...ooiiiiiiii ~T76 3:5 20-1
Allyl} oo 11 87 0
trans-But-2-enyl (20-0 hours) . 55 41-5 2

" (48-0 hours) * 28 65-5 37
(480 hours)§ . . 32 63 37
cyoloHex “2-enyll e 23-5 405 34-2
* Results of micro-scale experiment. t Equilibrium mixture.
1 Apparent equilibrium mixture. § Results of macro-scale experiment.

critically dependent on the nature of R. An extreme case of the sole operation of (i) is
found in (I; R = allyl) where no detectable amount of (III) is formed. An extreme case
of the sole operation of (ii) is exemplified by (I; R = cyclohexyl) where only a negligible
amount (<<0-2 mole %) of (IT; R = cyclohexyl) was found (see Experimental section).
The relative facility of (ii) is seen to vary with the nature of R thus: primary alkyl < sec.-
alkyl < aralkyl; and the change is also sensitive to slight structural changes in the a]kenyl
groupings thus : allyl < trans-but-2-enyl < cyclohex-2-enyl.

The reaction course of (I; R = cyclohexyl) was uninfluenced by temperature within
the range 200—230° and of (I ; R = allyl) within the range 140—200°. In the case of (I)
and (II) (R = cyclohex-2-enyl), however, although at 110—140° the reversible
isomerisation (i) suffered negligible contamination with (ii), at 200° (ii) intruded to a
considerable extent. An unusual feature of the latter decomposition was that the volatile
product originating from the cyclohex-2-enyl grouping consisted mainly of benzene and
cyclohexene, the expected olefin, cyclohexa-1 : 3-diene, being only a very minor constituent.
A second unusual and unexplained feature of the 200° reaction is that an apparent
equilibrium state is reached between the various products (see Experimental, Table 11).

The Iodine-Catalysed Decomposition of (I; R = cycloHexyl).—Contrary to its catalysis
of the isomerisation of (I, R = Me and Et) to (II; R = Me and Et, respectively) (Reed
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et al., loc. cit.) iodine acts as an efficient catalyst for the decomposition of (I, R = cyclo-
hexyl) at 200° into (III) and cyclohexene. Reaction conditions leading to the formation of
~30 mole %, of (III) also y1elded (II; R = cyclohexyl) (4:6 mole %), a result in contrast
with the absence of this product in the uncatalysed decomposition. The effects of reaction
time and catalyst concentration on the yield of (III) are given in Fig. 1 and indicate
(a) that for a constant initial iodine concentration (8—16 mg. of iodine per g. of sulphide)
the yield of (III) reaches a maximum of ~30 mole %, and (b) that the yield of (III) after
three hours’ reaction is a linear function of the initial iodine concentration. The former
result suggests that the catalyst is consumed during the reaction.

Reaction Kinetics.—The kinetics of the decomposition or reversible isomerisation have
been investigated for (I; R = cyclohexyl, allyl, and cyclohex-2-enyl) under temperature
conditions chosen to give a single reaction course, 7.c., the decomposmon route (ii) for

(I; R = cyclohexyl) and the reversible isomerisation () for (I; = allyl and cyclohex-
2-enyl).
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The initial rates of 2-mercaptobenzothiazole formation from (I; R = cyclohexyl) at
230° were measured at several concentrations, with diphenyl as an inert diluent. The
first-order nature of the reaction is apparent from the linear initial rate-initial concentration
relation. There were indications of deviation from the first-order law with increasing
decomposition, possibly owing to the reversibility of the process or to environmental
effects arising from the increasing accumulation of products. Rate constants determined
for the decomposition of the pure sulphide in the temperature range 200—230° yielded a
linear Arrhenius plot (E = 43-5 kcal. mole™).

The reversible isomerisations of (I) and (II) (R = allyl and cyclohex-2-enyl) were studied
quantitatively by an ultra-violet spectrometric method (see Experimental). The
excellent linear plots which were obtained of log,, [El%,. 32650, — E%. .6,] against time
indicate that these isomerisations obey the kinetic law governing a reversible first-order
reaction over an extensive range of reaction. Since the sum of the velocity constants for
the forward (%,) and reverse (&,) reactions is obtainable from the slopes of the lines, and
the ratio from the equilibrium concentrations of (II; R = allyl and cyclohex-2-enyl), as
estimated from the maximum E}%, ., values attained, £, and %, can readily be evaluated
separately (Tables 2 and 3). The derived activation energies are given in Table 4.

TABLE 2. Reversible isomerisation of (I) and (II) (R = allyl).

Mole 2,

f—%

Temp. (°K) 108(k; + &,) (sec.™?) (I)e * (IT), ki/ky 108%, (sec.”l)  10%%, (sec.”1)
413 + 0-1 2-78 6-9 93-1 13-5 2-59 0 19
433 4 05 16-5 7-8 92-2 11-7 15-2 1-3
453 + 05 82-1 9-2 90-8 9-9 74-4 77
473 4+ 1-0 350 12-1 87-9 7-2 310 40

* Taken as 100 — mole 9, (II),.
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TABLE 3. Reversible isomerisation of (I) and (III) (R = cyclohex-2-enyl).

Initial Mole 9,
concn. of (I) 108k, + k) a0 108k, 106,
Temp. (° k) (mole 1."1) (sec.”) (I), * (1I), kiR, (sec.™1) (sec.”1)
383 + 0-2 — 7-61 18-0 82-0 456 6-24 1-37
398 + 0-2 — 33-4 21-4 78-6 3-67 26-2 7-2
413 4+ 0-2 4-6 134 25-6 74-4 2-91 100 34
v 0-36 } t 65 456 54-4 1-19 35 30
" 0-034 56 48-1 51-9 1-08 29 27
* Taken as 100 — mole 9, (II),. t cycloHexene as diluent.

The equilibrium proportions of (I) and (II) (R = allyl) were also determined with
(IT; R = allyl) as the initial reactant. The results (see Experimental, Table 12) confirm
that the reaction is truly reversible.

Discussion of Reaction Mechanisms.—(1) The wmechanism of the decomposition
reaction (ii). The accumulated evidence suggests that the decomposition of (I) to (III)
and (R-H) is ionic in nature. Thus, for (I; R = cyclohexyl), we envisage :

/N\ \(7 B //\/N\
- s Ses g
OO0 = ( 5

(IV)

\
i + O

The rate-determining step is identified with a unimolecular heterolytic fission of the
C-S bond to give the mesomeric thiobenzothiazolyl anion (IV) and the ¢yclohexylcarbonium
ion, being followed by a rapid proton-transfer reaction to give (III) and cyclohexene. The
reaction is thus analogous to E1 elimination processes (Hughes ef al., J., 1948, 2038 et seq.).

The formation of frans-stilbene from (I; R = benzyl) cannot be accounted for directly
by a proton-transfer reaction between (IV) and a benzylcarbonium ion. However, it is
possible that such a reaction occurs to yield the benzylidene diradical which is then
stabilised by dimerisation to #rans-stilbene (cf. Bickel and Waters, Rec. Trav. chim., 1950,
69, 312) :

5 .
(I; R = benzyl) —2> (IV) +4 CH~CH,+ —-> (III) 4+ C{H~CH

)

CeHyCH = CH-C4H,

Dimerisation trans

The formation of cyclohexene and benzene as the major products of the thermal
decomposition of (I; R = cyclohex-2-enyl) is in accord with the known behaviour of
carbonium ions. The primary reactions are envisaged as :

/’__ —
(I; R = cyclohex-2-enyl) —> (IV) /<j> —> (III) +©

2]

the cyclohexene and benzene then resulting from the interaction of the carbonium ion (V)
with the cyclohexa-1 : 3-diene (cf. Bartlett, Condon, and Schneider, J. Amer. Chem. Soc.,
1944, 66, 1531 ; Schneider and Kennedy, ¢bid., 1951, 73, 5013, 5017, 5024):

O X = OGO 2 = &

) (VD)

The driving force of the reaction is the greater resonance stabilisation of (VI), containing
+

the mesomeric pentadienyl-ion system (R'('IH'—'—'CH'—"CHZ—'CH:—'CH‘-R'), compared with
+

A
the resonance stabilisation of the allyl ion system (R*CH—CH-—CH-R’) present in (V).
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The carbonium ions might be expected to cause some polymerisation of the olefinic products
and in fact evidence for the formation of a hydrocarbon polymer was obtained. Additional
support for the utilisation of some of the cyclohexene in this way is provided by the
preponderance of benzene in the isolated hydrocarbon mixture.

Two factors responsible for the relative facility of decomposition of (I), with different
substituents R, can now be considered: (a) the rate of unimolecular heterolytic fission of
the relevant C-S bond ; and (b) the ease of removal of a proton from the derived carbonium
ion. The first of these depends on the resonance stabilisation energy of the carbonium
ion R* and is therefore expected to be facilitated by substitution as follows :

R+prim. alkyl < R+sec.-alkyl < R+ara.lkyl ~ R+alkenyl

This is the order observed experimentally for the ease of decomposition of (I) when this is
the sole or major reaction. The intrusion of the second factor () becomes apparent when
the relative rates of the decomposition (ii) and isomerisation (i) processes for a given
compound are considered. The greater the ease of loss of a proton from R* the less will (i)
compete with (ii). The extreme case of this is wheré R* = C;H,* and (ii) is the sole
reaction; on the other hand the observed isomerisation of (I; R = Me) to (II; R = Me)
as the predominant reaction is in agreement with the expected difficulty of removal of a
proton from Me*.

The catalytic action of iodine on the decomposition of (I; R = cyclohexyl) is regarded
as resulting from the formation of a sulphonium salt of the type RR’SI*}I~, which increases
the polarisation of the S—Ciyehexyry bond and consequently its ease of dissociation (see
Tarbell and Harnish, Chem. Reviews, 1951, 49, 1). Iodine-catalysis of the dehydration of
alcohols has been similarly explained (Dhar et al., J., 1948, 2093).

(2) The mechanism of the isomerisation reaction (ii). It is convenient to consider two
groups of compounds separately : (4) (I; R = alkyl and aralkyl) and (B) (I; R = alkenyl).

(4) 2-Alkyl- and 2-aralkyl-thiobenzothiazoles. The isomerisation of these sulphides to
the more thermally stable thiazoline derivatives (II; R = alkyl and aralkyl) is believed to
proceed via the intermediate formation of the mesomeric thiobenzothiazolyl anion and the
relevant carbonium ion, the rate-determining step again being the unimolecular heterolytic
fission of the C-S bond. The isomerisation thus becomes an alternative to the
decomposition reaction (ii), and is subject to the same governing factors (2 and & above) :

(I; R = alkyl or aralkyl) —> (IV) +R* —(—IL (IT; R = alkyl or aralkyl)

Iodine and bromine presumably catalyse these isomerisations (Reed et al., loc. cit.) just
as they do the decomposition of (I; R = cyclohexyl) (see above), but the similar action of
alkyl halides is not so clear.

It has now been found that when (I; R = Me) is heated with cyclohexyl bromide at
200° methyl bromide is evolved and the following compounds are formed (in parentheses
are given the yields in mole %) : (III) (21); (I; R = Me) (~21); (I, R = cyclohexyl)
(~12); (II; R = Me) (~22); (II; R = cyclohexyl) (~7). The formation of (II; R =
Me or cyclohexyl) is in agreement with Fry and Kendall’s mechanism (J., 1951, 1716)
involving initial quaternisation of the nitrogen atom in (I) by the alkyl halide. On the
other hand, the formation of (III) and (I; R = c¢yclohexyl) in substantial amounts cannot
be satisfactorily explained on this basis and it must be concluded that decomposition of an
initially formed sulphonium salt is also operative (Davies and Sexton, J., 1942, 304; Mann
and Watson, J. Org. Chem., 1948, 13, 502) :

AN\ N o1y
1/\”/ Ne—SMe  —3  (IV) -k CoHyy* + MeBr
—

s = \

——
(I; R = cyclohexyl) (III) + C¢H,,

(B) 2-Alkenylthiobenzothiazoles. The reversible thermal isomerisations of (I) and (II)
(R = alkenyl) are analogous to the Claisen rearrangement of alkenyl aryl ethers to
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o-alkenylphenols and related rearrangements (see Tarbell, Chem. Reviews, 1940, 27, 495;
‘“ Organic Reactions,” Wiley, New York, 1944, Vol. II, p. 5).

Two unimolecular mechanisms are considered possible for the reversible isomerisations
at present under discussion, »:z. : (1) an intramolecular process involving a cyclic transition
complex; and (2) an ionic process involving the formation of the mesomeric thiobenzo-
thiazolyl and alkenyl ions :

2
7 \/I‘:I\ /sl
v (O] <
(I; R = alkenyl) (II; R = alkenyl)

A
(IV) + C=C=C

Efforts to obtain evidence favouring one or other of these mechanisms were made for
(I) and (II) (R = allyl and cyclohex-2-enyl). In Table 4 are given the values for the
Arrhenius energy of activation (E), the temperature-independent (PZ) factor, and the
entropy of activation (AS*) for the isomerisation of the above compounds and for the
decomposition of (I, R = cyclohexyl). The AS* values were derived from Eyring’s
equation for unimolecular gas-phase reactions (Glasstone, Laidler, and Eyring, ‘‘ The
Theory of Rate Processes,”” McGraw-Hill, New York, 1941, p. 295), a value of unity being
assumed for the transmission coefficient « (cf. Shuler and Murphy, J. Amer. Chem. Soc.,
1950, 72, 3155) :

TABLE 4.

AS? (cal. deg.™*

Reactant E (kcal. mole™1) PZ (sec.1) mole1) at 140° ¢
(I; R=allyl)4 oooeeieieeeeeeeeeeeeeee, 313 9-6 X 1010 —10-9
(II; R=allyl} ¥ .coveiiiiiiiieieiiieienane, 34-6 39 x 101 —81
(I, R = cyclohex-2-enyl) + ...ccocoenvnnnne 29-0 2-2 x 101 —9-2
(II; R = cyclohex-2-enyl) f........cccvunens 335 1-8 X 1013 —05
(I; R = cyclohexyl)* .......cccoviviiiiinnnn. 43-5 6-2 x 1013 +1-9

* Data from Ay, at 200°, t Data from Ay, at 140°.

The large negative entropies of activation for the isomerisations of (I; R = allyl and
cyclohex-2-enyl) and (II; R = allyl) are consistent with the intramolecular mechanism (1).
Similar interpretations have been given for the large negative entropies of activation
observed for unimolecular Claisen rearrangements (Kincaid and Tarbell, J. Amer. Chem.
Soc., 1939, 61, 3085 ; Murphy and Stein, ¢b¢d., 1952, 74, 1041 ; Shuler and Murphy, loc. cit.).
For (IT; R = cyclohex-2-enyl) the PZ factor is normal and there is only a small negative
entropy of activation; the significance of this result is obscure.

It could be argued that the rate-determining unimolecular heterolytic fission process
(mechanism 2) may also be attended by a low PZ factor and thus a large negative entropy
of activation, since the formation of the transition state may be accompanied by an increase
of solvation. Such is the case for the Menschutkin reaction (Bell, J., 1943, 629). How-
ever, in the decomposition of (I; R = cyclohexyl) where the rate-determining step is
undoubtedly a heterolytic fission of the C—S bond as required by mechanism (2), a normal
PZ factor and a small positive entropy of activation are observed. It appears, therefore,
that this dissociation does not involve any pronounced solvation of the ionic transition
complex by the reactant or product molecules, and thus it may be inferred that the low
PZ factors and large negative entropies of activation for the allyl-group isomerisations
denote that mechanism (1) is operative.

The change in the reaction course of (I) and (IT) (R = cyclohex-2-enyl) when the
temperature is increased from 140° to 200° is in keeping with intrusion of mechanism (2)
at the higher temperature. Analogous decompositions, as alternatives to the normal
rearrangement, have been observed with certain alkenyl aryl ethers (Tarbell, locc. cit.;
Alexander and Kluiber, J. Amer. Chem. Soc., 1951, 73, 4304).
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Further attempts to define the mechanism of the isomerisation of (I) and (II) (R = allyl
and cyclohex-2-enyl) were made by investigating the reaction of (I, R = frans-but-2-enyl).
The isomerisation at 200° unexpectedly proved to be considerably slower than that of
(I; R = allyl). Analysis of the non-equilibrated product after 20 hours at 200° indicated,
directly or indirectly, the presence of the isomers listed in Table 5. The results suggest

TABLE 5. Isomerisation of (I; R = trans-but-2-emyl); 200° 4 1°; 20-0 hours.

= trans-But-2-enyl cis-But-2-enyl 1-Methylallyl
(I), % of total ....ccvvviiiiiiiiiiiininnn, ~85 ~15 ~0
(I1), % Of t0tal .....ccocvvreeeceneeeinnnnnn. (major) ~80—84 (minor) ~16—20

that both mechanisms (1) and (2) are operative in this case. Examination of models of
the relevant molecules reveals that the formation of the cyclic transition state from (I; R =
trans-but-2-enyl) necessary for the occurrence of (1) results in considerable steric interference
between the terminal methyl group and the benzene ring. The intervention of
mechanism (2) is thus favoured, with the formation of all three isomers of (IT; R = but-2-
enyl and 1-methylallyl)—the trans-but-2-enyl isomer being predominant in agreement with
data from Syl substitutions and rearrangements in which the mesomeric methylallyl
carbonium ion is an intermediate (Alexander, * Principles of Ionic Organic Reactions,”
Wiley, New York, 1950, Chapter 15; Catchpole and Hughes, J., 1948, 4). No steric
interference of the type considered above occurs with the other isomers or with (I)
and (II) (R = allyl and cyclohex-2-enyl) and therefore these may isomerise intra-
molecularly. The appearance of (II; R = l-methylallyl) and the apparent absence
of (I; R = l-methylallyl) is understandable on the basis of the above reaction
tendencies coupled with the expected higher velocity constant for the rearrangement of
the latter isomer, as deduced from the analogous isomerisation of (I) and (II) (R = allyl).
The slight intrusion of the decomposition reaction (ii), yielding (III) :(see Table 1), is a
consequence of the methylallyl carbonium ion being an intermediary in the reaction. The
slowness of the isomerisations in this case, as compared with that of (I) and (II) (R =
allyl), may be due to the higher E required for the operation of the ionic process. The
reduced facility of isomerisation on passing from R = allyl to R = frans-but-2-enyl appears
inexplicable in terms of a common reaction mechanism and hence lends support to the
duality of mechanisms now proposed (Braude and Jones, J., 1946, 122, 128; Tarbell and
Wilson, J. Amer. Chem. Soc., 1942, 64, 607). The mechanism operating in the isomerisa-
tions of (I) and (II) (R = alkenyl) is seen to be critically dependent on the configurational
nature of the alkenyl group. Similar effects have been observed in the thermal
isomerisations of alkenyl thiocyanates (Mumm and Richter, Ber., 1940, 73, 843 ; Bergmann,
J., 1935, 1361).

The ionic processes discussed above afford reasonable and self-consistent explanations
of the varying characteristics of the isomerisations and decompositions of the molecular
types (I) and (II). Direct evidence to refute the suggestion that free-radical intermediates
might be involved (Fry and Kendall, J., 1951, 1723) is obtained from experiments concerned
with the behaviour of benzyl-type radicals under the decomposition conditions. On
heating di(benzothiazol-2-yl) disulphide with dibenzyl at 200° or 230° a dehydrogenating
reaction ensues which gives approximately 909, of the thiol (III), ¢rans-stilbene, and a
large amount of a dehydropolymer of dibenzyl. It follows from Part I that the
dehydrogenating unit is the thiobenzothiazolyl radical, and therefore that the
dehydropolymer represents a major molecular product of the radical C6H5-C.H~CH2'C6H5.
This substance and dibenzyl were not detected in the decomposition of (I; R = benzyl),
the liberated benzyl fragments appearing entirely as frans-stilbene (p. 4238). Again, when
(I; R = cyclohexyl) was heated in dibenzyl at 230°, (III) and cyclohexene were the sole
products. If cyclohexyl and thiobenzothiazolyl radicals were intermediates, not only
would radical attack on dibenzyl be expected to yield frans-stilbene and the dehydro-
polymer, but coupling of the cyclohexyl radicals should also be evident (cf. Farmer and
Moore, J., 1951, 131).
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EXPERIMENTAL

Ultra-violet light absorption measurements were made with absolute ethanol solutions by
means of a Hilger Uvispek photoelectric spectrophotometer. Infra-red spectra were recorded
by means of a Grubb-Parsons single-beam spectrometer.

Preparation of Materials.—2-Methylthiobenzothiazole (I; R = Me) had m. p. 49-5° (Found :
C,531; H,40; N,775; S, 352 Calc. for CgH,NS,: C, 53-:0; H,39; N,77; S, 3535%).
Light absorption : max., 2780, 2880, 2990 A; ¢, 12,800, 11,100, 8400 respectively].

3-Methyl-2-thiobenzothiazoline (II; R = Me) was prepared by the iodine-catalysed
isomerisation of (I; R = Me) at 210—215° for 3 hours (Reed et al., loc. cit.). It crystallised
from ethanol in colourless prisms, m. p. 89-0—90-5° (Found : C, 53-05; H, 4-0; N, 7:65; S,
34-9%). Light absorption : max., 2300, 2410, 3240 A; ¢, 15,000, 15,600, 28,300 respectively.

2-isoPropylthiobenzothiazole (I; R = Prl) was prepared from the sodium derivative of
2-mercaptobenzothiazole and isopropyl bromide in refluxing ethanol (yield, 54-6%,), b. p. 105—
108°/<0-01 mm., #} 1-6358 (Found : C, 57-4; H, 545; N, 6-75; S, 30-55. C,,H,NS, requires
C,574; H,53; N,67; S, 30-6%). Light absorption : max., 2820, 2900, 3000 A; E!%_, 585,
547, 456 respectively. Alkali-titration indicated the presence of ca. 0-4%, of (III); E% ...
12-8 indicated 0-45%, of (II; R = Prl). .

2-n-Octylthiobenzothiazole (I; R = n-CgH,,), prepared as for (I; R = Pr), had b. p. 151—
155°/<0-0lmm., »% 1-5873 (yield, 71-3%) (Found: C, 64:25; H, 7-75; N, 52; S, 23.0.
C,;H,,NS, requires C, 64-5; H, 7-6; N, 5:0; S, 22:9%,). Light absorption : max., 2815, 2900,
3010 A; El%., 475, 434, 353 respectively. Alkali-titration indicated 0-4% of (III), and
L% 4065, 6°5 indicated the absence of (II; R = #-CgH,,).

2-cycloHexylthiobenzothiazole (I; R = cyclohexyl), prepared as for (I; R = Prl), crystallised
from aqueous ethanolin needles, m. p. 47—48° (39%,) (Found: C, 62-6; H, 6-1; N, 5-65, 5-8; S,
25-5. Calc. for C,;H,;;NS,: C, 62-6; H, 6-1; N, 56; S, 25:7%). Light absorption: max.,
2810, 2890, 3000 A ; e, 13,000, 12,200, 10,300, respectively. Ultra-violet analysis and alkali-
titration showed the absence of (III) and (II; R = cyclohexyl).

2-Benzylthiobenzothiazole (I; R = CH,Ph), prepared as for (I; R = Prl) (yield, 99%,),
crystallised from aqueous ethanol in colourless prismatic plates, m. p. 39-5—40-5° (729,) (Found :
C, 654; H, 45; N, 56, 575; S, 24-6. Calc. for C;;H,;NS,: C, 65-35; H, 4-3; N, 545;
S, 24-99%,). Light absorption : max., 2810, 2890, 30004 ; &, 13,500, 12,700, 10,500 respectively.
Ultra-violet analysis and alkali-titration showed the absence of (III) and (II; R = CH,Ph).

2-Allylthiobenzothiazole (I; R = C4H;).—Allyl bromide (66:5 g., 0-55 mol.; b. p. 69-5—
70°/750 mm., #¥ 1-4695) was added to a stirred suspension of the sodium derivative of
2-mercaptobenzothiazole (III) (83-6 g., 0-5 mol.; NaOMe, 27 g., 0-5 mol.) in toluene, the mixture
being heated at 80—90° for 7 hours. The product was poured into water, and the toluene layer
separated and washed with 109, aqueous sodium hydroxide (2 x 150 ml.), followed by water,
and finally dried (CaCl,). Removal of solvent and distillation of the product gave the thiazole
(I, R = C,Hy), b. p. 126—129°/0-05 mm., »n¥ 1-6627 (71-4%,) (Found : C, 58:0; H, 4:35; N,
6-95; S, 31-05. C,,H,NS, requires C, 57-9; H, 44; N, 6-75; S, 30-95%,). Light absorption :
max., 2800, 2880, 3000 A; El% , 609, 555, 444, respectively. The infra-red spectrum shows
bands at 1636 and 920 cm."!, characteristic of the R*CH—CH, grouping. The vibration at
~990 cm.-l, also characteristic of this grouping, is masked by a strong skeletal vibration.
Alkali-titration showed the absence of (III) and El%, .45, 10-6 indicated 0-65% of (II; R =
C;H;).

2-(trans-But-2-enylthio)benzothiazole (I; R = trans-CH,CH.CH-CH,).—trans-But-2-en-1-ol,
prepared by the reduction of trams-crotonaldehyde (b. p. 101:1—101-2°/742 mm., »¥ 1-4370)
with lithium aluminium hydride (Nystrom and Brown, J. Amer. Chem. Soc., 1947, 69, 1197),
had b. p. 120-9—121-2°/759 mm., #%¥ 1-4266. The infra-red spectrum showed that the
R-CH.CH, grouping was absent. trans-But-2-enyl chloride was prepared from the alcohol by
Hatch and Nesbitt’s method (ibid., 1950, 72, 727), and had b. p. 83-9—84-1°/759 mm., »¥
1-4353, ¥ 1-4329. Infra-red analysis showed the presence of ca. 19, of 1-methylallyl chloride.
The chloride (47-3 g., 0-523 mol.) was caused to react with the sodium derivative of (III) (836 g.,
0-50 mol.; NaOMe, 27-0 g., 0-50 mol.) in ethanol (100 ml.) during 4 hours at 75—80°. The
reactant concentrations were those conducive to Sy2 substitution (salt, ~2-9m; chloride,
~3-0M) (cf. Catchpole and Hughes, j., 1948, 4). The crude product (98-8 g., 899,), on distill-
ation, gave the pure butenyl compound (89-2 g., 81%), b. p. 110—115°/0-01—0-02 mm., which
crystallised from aqueous ethanol in long colourless prisms, m. p. 42-:0—42-5° (Found : C, 59-75;
H, 495; N, 6:5; S, 28-8. C,,;H,,NS, requires C, 59-7; H, 5:0; N, 6:3; S, 29-0%). Light
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absorption : max., 2810, 2890, 3000A; ¢ 13,200, 12,300, 10,100, respectively. Alkali-
titration showed the absence of (III) and ultra-violet analysis (E}%, 365 30) indicated the
absence of (II; R = CH,*CH.CH-CH,). The infra-red spectrum shows bands at 1667 and
961 cm.-! attributable to frans-R-CH.CH-R. Skeletal vibrations at 992 and 927 cm.™! (see
below) will mask weak bands due to (I; R = 1-methylallyl); however, the absence of a band
at ~1640 cm."! indicates that this isomer is probably absent.

Mixture of 2-(trans-But-2-enyithio)benzothiazole and 2-(1-Methylallylthio)benzothiazole.—
These were prepared as described for (I; R = trans-but-2-enyl) when a mixture of trans-but-2-
enyl chloride and 1l-methylallyl chloride (b. p. 64-0—83-9°/759 mm., »n¥ 1-4263 containing
~369, of the latter isomer, as based on the band at ~925 cm."!) was used. The mixed sulphides
had b. p. 107—111°/0-005 mm. (Found : C, 59-65; H, 5:05; N, 6-49%). Light absorption :
max., 2815, 2900, 3010A; E%. .45 592 and E}%, 3545 135, indicating 99-0%, of (I) and 1-1%
of (II). The infra-red spectrum was identical with that of pure (I; R = trans-CH,CH.CH'CH,)
except that a band occurred at 1636 cm.~!, due to the R+'CH.CH, grouping, absent in the latter.
The similarity of the spectra of the mixture and pure (I; R = trans-CHyCH.CH'CH,) in the
10-p region suggests that both bands (at ~910, 990 cm."!) due to the C-H deformation of the
R°CH.CH, grouping are masked by skeletal vibrations.

2-(cycloHex-2-enylthio)benzothiazole (I).—The preparation of this compound and its isomer
(IT) is described in Part I.

2-Mercaptobenzothiazole (I1I).—A pure sample, kindly supplied by Dr. D. S. P. Roebuck of
Monsanto Chemicals Ltd. (Ruabon), had m. p. 178—179° (Found : C, 50-0; H, 3-15; N, 8-45;
S, 38-2%,; equiv., 166-1, 165-1. Calc. for C;H,NS,: C, 50-3; H, 3-0; N, 84; S, 383%;
equiv., 167-2). Light absorption: max., 3200A; &, 23,400. Koch (J., 1949, 401) gives
max., 3250 A and ¢, 27,500, and Morton and Stubbs (J., 1939, 1321) gives max., 3250 A, e,
27,000. The value of 3200 A, obtained by photoelectric spectrometry, was checked with
another sample of (III). The photographic method gave, for the above sample, max., 3210 A,
€, 24,000, so that it must be concluded that the results of Morton and Stubbs (loc. ¢it.) and Koch
(loc. cit.) are in error.

Thermal isomerisations and decompositions.

General Analytical Procedure.—Weighed samples of the compounds were heated in vacuo
in a thermostatically controlled oil-bath for the appropriate time. Estimation of (III) was
made by titration of an ethanolic solution of the product with standard sodium hydroxide
(phenolphthalein) or by the alkali-extraction procedure described in Part I. Isomerisations
of (I) and (II) were followed by measuring the change in the ultra-violet light absorption
properties. (I) exhibits intense absorption in the region 2800—3000 A, which is resolved into
three maxima at about 2810, 2890, and 3000 A (the exact positions depending on the nature
of R), and has negligible absorption in the region of 3250 A (cf. Morton and Stubbs, loc. cit.).
(II) has maxima at about 2400 and 3260 A and a minimum at about 2800 A (Morton and Stubbs,
loc. cit.). (II) was thus estimated by measuring the intensity of absorption at 3265 A, allowance
being made for the absorption of (III) (if present) which also exhibits high-intensity absorption
at this wave-length. The concentration of (I) was obtained by diflerence and checked by
measuring the absorption intensity of the mixture at 2815 A. The absorption iirtensities for
pure (I), (IT), and (III) at 2815 and 3265 A are recorded in Table 6.

TABLE 6. Ulira-violet spectroscopic data for (1) and (II) (in ethanol).

M (11)

R Ef% st EY%n. 3265 E % 215 E % so05
Methyl.ovvivininiiiiniiiin 693 2-2 147-9 1505
1soPropyl ..o 590 ~2 105-0 * 1250 *
n-0Octyl o 476 ~2 78:0 * 931 *
cycloHexyl ....ooooiiiiiiiiiiiiiiin 522 2-0 86-0 1046
cycloHex-2-enyl ......cooveviiiiiinnnnan. 548-3 ~2 88-8 1058
Benzyl ....ooooiiiiiii 526 4-3 81-6 1000
ALlyl 610 ~2 108-5 1317
trans-But-2-enyl ...l 597 3-0 104-1 1218
Hydrogen (III) .....cccovvvviininninnn, — — 170-5 1238

* Based on values for (II; R = cyclohex-2-enyl).

Thermal Isomerisations and Decompositions.—(1) The sulphide (I; R = Me), when heated
at 200° + 2° for 48-0 hours, gave a product containing unchanged (I; R = Me) (98%,), (II;
R = Me) (2:0%), and (III) (0-13%,) (Light absorption : E}%_ ,¢,s, 682; El1% 4,45, 31:1).
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(2) The sulphide (I; R = Pr) (3-73 g.), heated at 200° 4 2° for 48:0 hours, gave (III)
(0-386 g., 0-130 mol.) and an alkali-insoluble product (3-19 g.), #»¥ 1-6371, consisting of (I; R =
Pri) (97-5%) and (II; R = Pri) (2:5%,) (Found : C, 57-4; H, 5-3; N, 6:7%. Light absorption :
Ef%a. 2815 575'7; E% 3065 34°1).

(3) The sulphide (I;, R = #-CgH,,) (8:57 g.), on being heated at 200° 4 1° for 48-0 hours,
gave (III) (0-085 g.) and an alkali-insoluble product (8-35 g.) consisting of (I) (99%) and (II)
(R = n-CgH,;) (~0-9%,) (Found : C, 64-4; H,7-6; N,4-9; S, 22-7,22-85%,. Lightabsorption :
El% . 2815 472:3; E}% 5565 10-0). A second sample of the sulphide, heated as above, but from
which (IIT) had not been removed, contained ~ 0-99, of the latter (Light absorption: E!%_ .45,
472-9; E%. 065 2140).

(4) (I; R = cycloHexyl). (a) The sulphide (5-94 g.) was heated at 200° + 2° for 72-4 hours
in the apparatus shown in Fig. 2. This was connected to a weighed receiver, the assembly was
evacuated and isolated from the line, and after breakage of the seal the volatile products were
transferred to the receiver by cooling of the latter in liquid air. A second evaporative
distillation of the volatile product (0-195 g.) gave almost pure cyclohexene (0-192 g.), n¥ 1-4473
(Found : C, 87-2; H, 12:2; S, 0-3. Calc. for CgH,y: C, 87-7; H, 12-39%). The infra-red

spectrum of this sample was identical with that of pure cyclohexene.

FiG. 2. The non-volatile product consisted of (III) (0-443 g., 0-111 mol.),

m. p. 176—178°, mixed m. p. 178—179°, which after crystallisation
1 from water had m. p. and mixed m. p. 178—179°, and an alkali-
} insoluble product (5:21 g.), m. p. and mixed m. p. with (I; R =

7o vacuum

cyclohexyl) 45—48°, containing (I) (98-9%) and (II; R = c¢yclohexyl)
(0-25%) (Found : C, 62-8; H, 6:0; N, 5-89,. Light absorption :

Magnetised EX%. 415, 5157; E1%. 4065 45).
breaker (b) The sulphide (4-956 g.), when heated at 200° + 2° for 480
hours and worked up in the usual way, gave (III) (0-255 g., 0-077
mol.) and unchanged sulphide (4-48 g.), m. p. and mixed m. p. 46-5°,
(¢) Heating the sulphide (6-110 g.) at 230° + 1° for 5-0 hours and
K Seal working up the product asin (a) gave : (i) slightly impure cyclohexene
[0-217 g., 92:59%, based on yield of (III)], »¥ 1-4477 (Found: C,
{5 87-1; H, 12-1; S, 0:59%,), the infra-red spectrum of which was identical

with that of pure cyclohexene; (ii) (III) (0-478 g., 0-117 mol.); and
(ili) a mixture of (I) (~100%) and (II; R = cyclohexyl) (~0-15%,)
(Light absorption : E% 45, 527; E1%, 3565, 36).

(@) Iodine-catalysed decomposition. The sulphide (3-038 g.) and
iodine (46-3 mg., equiv. to 15-24 mg. per g. of sulphide) were heated
at 200° 4 1° for 6-0 hours in the apparatus shown in Fig. 2. The
products consisted of : (i) slightly impure cyclohexene (0-180 g.), b. p.
82:5°, n¥ 14500 (Found: C, 86-1; H, 11-89,), identified by its infra-red

spectrum ; (ii) (III) (0-613 g., 0-302 mol.), m. p. and mixed m. p. 178—

179° (Found : equiv., 167-5. Calc. for C;H;NS,: equiv., 167-2); (iii)
\%7, unchanged sulphide (1-90 g.), m. p. 43—46°, which after crystallisation
from aqueous ethanol had m. p. and mixed m. p. 47—48°; and (iv)
3-cyclohexyl-2-thiobenzothiazoline (II; R = cyclohexyl) (0-14 g.), m. p. 97—100°, which was
separated from (iii) by virtue of its insolubility in concentrated hydrochloric acid (cf. Reed e?
al., loc. cit.). On crystallisation from ethanol pure (II; R = cyclohexyl) was obtained as light
vellow prismatic needles, m. p. 104—105° (Found: C, 62:6; H, 6-2; N, 555; S, 254.
C,3H5NS, requires C, 62:6; H, 6:1; N, 56; S, 25-7%). Lightabsorption: max., 2420, 3280 A;
¢, 13,700, 26,000, respectively).

(¢) In an experiment similar to (d) the sulphide (3-004 g.), heated with iodine (44-7 mg.,
14-9 mg. per g. of sulphide) at 200° 4 1° for 18-1 hours, gave : (i) impure cyclohexene (0-223 g.),
#% 1-4516; (ii) (III) (0-597 g., 0-296 mol.); (iii) unchanged sulphide (1-60g.); and (iv) (II; R =
cyclohexyl) (0-4 g.), m. p. 103—105°.

(f) Decomposition in dibenzyl solution. Heating a mixture of the sulphide (3-00 g.) and
dibenzyl (3-00 g.) at 230° + 1° for 8-0 hours gave (III) (0-369 g.; 0-183 mol.) and an alkali-
insoluble product which was separated, by trituration with concentrated hydrochloric acid,
into the unchanged sulphide (2-38 g.), m. p. and mixed m. p. 46—47°, and dibenzyl (2-95 g.)
containing ~0-59, of trans-stilbene (Light absorption : max., 2540, 2590, 2650, 2690, 2950A ;
El% 25000 26:16; EI% o050 7-64). The original dibenzyl contained ~0-4%, of trans-stilbene
(Light absorption : max., 2540, 2590, 2650, 2690A; E%. .00, 26-14; EX% o000, 6:04].
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(5) The sulphide (I; R = CH,Ph) (4-017 g.), after 48-0 hours at 200° 4 2°, gave (III)
(0-525 g., 0-201 mol.) and an alkali-insoluble product (3-30 g.). The latter partly dissolved in
warm light petroleum (b. p. 40—60°), leaving (II; R = CH,Ph) (0-14 g.) which crystallised from
ethanol in light yellow needles, m. p. 150-0—150-5° (Reed et al., loc. cit., give m. p. 149—150°)
(Found : C, 65:35; H, 46; N, 54; S, 24-5%,). Light absorption: max., 2410, 3260 A;
¢, 12,900, 25,800 respectively. Chromatographic separation of the petroleum solution (200 ml.)
on alumina (90 g.) by elution with successive 100-ml. portions of benzene-light petroleum
(1:1 by vol.) gave : (i) a light yellow solid (0-85 g.); (ii) unchanged (I; R = CH,Ph) (1-58 g.),
m. p. 30—40-5°, mixed m. p. 40—41°; and (iii) slightly impure (ii) (0-30 g.), m. p. 37—39°,
mixed m. p. 38—41°. Fraction (i), in light petroleum (b. p. 40—60°) (100 ml.), was
rechromatographed on alumina (20 g.) and developed with the same solvent to give the following
fractions (volumes in parentheses refer to eluate): (ia) (135 ml.), slightly impure #vans-stilbene
(0-10 g.), m. p. 112—123, which on crystallisation from aqueous ethanol gave the pure compound
(0-06 g.), m. p. and mixed m. p. 124—124-5° (Found : C, 93-1; H, 6-65. Calc. for C;;H,,:
C, 93-3; H, 6-7%). Light absorption: max., 2950 A, ¢, 29,800; (ib) (25 ml), impure frans-
stilbene (0-05 g.) which was added to the mother-liquor from (i) and recrystallised, to give
almost pure #rans-stilbene (0-05 g.), m. p. 121—124-5°, mixed m. p. 122—124:5°; (ic) (20 ml.),
a mixture of frams-stilbene and sulphide (0-03 g.); and (id) (column stripped with benzene),
unchanged (I; R = CH,Ph) (0-50 g.), m. p. and mixed m. p., 39—40°.

(6) (a) The sulphide (I; R = allyl) (14-72 g.) was heated at 200° - 1° for 3-0 hours. Alkali-
extraction of the product in chloroform showed the absence of (III). Trituration of the alkali-
insoluble product (18:98 g.) with concentrated hydrochloric acid gave the thiazoline (II; R =
allyl) (12-39 g.), m. p. 65—67°, which crystallised from aqueous ethanol (charcoal) in colourless
plates, m. p. 67-5—68-5° (Found : C, 57-85; H, 4:45; N, 6-7; S, 30-6. C,,HyNS, requires
C, 57'9; H, 44; N, 6-75; S, 30-959,). Light absorption: max., 2400, 3240 A ¢ 13,840,
27,360 respectively. The infra-red spectrum shows bands at 1641 and 924 cm.-! attributable to
the R-CH.CH, grouping.

(b) By heating the sulphide (4-67 g.) at 200° + 2° for 48-0 hours in the apparatus described
in Fig. 2 it was shown that no volatile products were formed and that (III) was again absent.
The product (448 g.) gave (II; R = allyl) (3-94 g.), m. p. 67-:0—67-5°, on trituration with
concentrated hydrochloric acid.

(7) (a) The sulphide (I; R = trans-but-2-enyl) (10-02 g.), heated at 200° 4 1° for 20-0 hours,
gave (III) (0-147 g., 0-:0194 mol.), m. p. and mixed m. p. 177—179° and an alkali-insoluble
product (9-85 g.) separable by trituration with concentrated hydrochloric acid into (i) an insoluble
product (2-87 g.), m. p. 62—73°, and (ii) a soluble product (5-98 g.) regenerated by neutralisation
of the acid. (i) consisted of (II; R = x-methylallyl) (96-5%) (Found: C, 59-9; H, 52; N,
6-35; S, 28:7%). Light absorption : El% ,4,5 103:6; E}% .,.5, 1174. Theinfra-red spectrum
shows bands at 965 cm.-1, due to trans-CHRICHR, and at 1635 and 924 cm."!, due to R*CH.CH,.
The intensities of the bands at 1635 and 924 cm."! indicate the presence of 16—209%, of (II;
R = l-methylallyl). Crystallisation of (i) from aqueous ethanol gave an apparently pure
sample of the thiazoline (II; R = trams-but-2-enyl) as colourless needles, m. p. 77-5—78-5°
(Found : C, 59:5; H, 5:0; N, 6-25; S, 2865, 29-09%,). Light absorption : max., 2410, 3260 A
g, 15,000, 27,300 respectively. The infra-red spectrum of this compound shows a strong band
at 965 cm."! indicating the frans-CHR.CHR grouping; the absence of a band at 1635 cm."!
suggests the absence of (II; R = l-methylallyl). (ii), a partly crystallising light-orange oil,
was a mixture of (I; R = x-methylallyl) (91-49%,) and (II; R = x-methylallyl) (3-9%,) (Found :
C, 59-45; H, 5:15; N, 6-35, 6:49,). Light absorption : max., 2810, 2890, 3000 A; EI%. ...,
549-5; E%. 065, 47-4. The infra-red spectrum of (ii) is similar to, but not identical with, that
for pure (I; R = trans-but-2-enyl). Since the latter compound has a skeletal vibration at
927 cm."! the presence of a band in this position cannot be used as diagnostic evidence for
(I, R = l-methylallyl). However, the absence of a band at ~1640 cm."! strongly suggests
the absence of this compound. Absorption in the region of 670 cm.~! is only slightly greater
than that for pure (I; R = frans-but-2-enyl), making it difficult to establish the presence of the
¢is-CHRI.CHR’ grouping (however, see below). The intensity of the 965 cm.-! band shows that
~85%, of (I; R = trans-but-2-enyl) is present.

Distillation of a portion (445 g.) of (ii) gave (iiz), b. p. 118—120°/0-04 mm. (3-80 g.),
containing (I) (96-5%) and (II; R = x-methylallyl) (~1-7%) (Found: C, 59-6; H, 5-0; N,
6-4; S, 28-6%. Light absorption : max., 2815, 2900, 3010 A; E%. ,c.5 578; E%. 0cs 21-4).
The infra-red spectrum of this sample is very similar to that of (ii), except that the band intensity
at 1674 cm."! in the latter is greatly reduced and the band centre now appears at 1667 cm."!
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(region for cis- and trans-CHRICHR); there is no band in the 1640 cm.”! region. (iia) partly
crystallised and filtration of a portion (2-65 g.) gave pure (I; R = #rans-but-2-enyl) (0-85 g.),
m. p. and mixed m. p., 42:0-—42-5°. The filtrate (1-66 g.) contained (I) (96:6%,) and (II; R =
x-methylallyl) (2:4%) (Light absorption: max., 2820, 2900, 3010A; EI% o5, 579; EM ooec
29-1). The infra-red spectrum of the filtrate is very similar to that of (ii) and (iia) except that
the band at ~1664 cm."! is intensified slightly. There is no band at ~1640 cm."! due to the
R-CH.CH, grouping. Absorption in the region of 670 cm.-1, not present in pure (I; R = trans-
but-2-enyl), may be due to the cis-CHR.CHR grouping. The intensity of the band at 965 cm.-!
shows that ~609, of trans-CHR.CHR is present.

(b) Heating the sulphide (10-11 g.) for 48-0 hours at 200° 4 0-5° gave (III) (0-280 g.,
0-0367 mol.) and a mixture (9-53 g.) of (I) (33-7%) and (II; R = x-methylallyl) (66-5%). Light
absorption : E}%, ,415 270-4; E}%, 3245, 810.

(8) The thiazoline (II; R = cyclohex-2-enyl) (5-07 g.) was heated at 200° 4 2° for 48-0 hours
in the apparatus described in Fig. 2. Evaporative distillation of the product yielded a colourless
liquid (0-374 g.), #¥ 1-4795—1-4805 (Found: C, 89:7; H, 9-6; S, 0-45%,; C:H = 6:7-67).
The infra-red spectrum reveals the presence of cyclohexene (~359%,), benzene (~65%,), and a
third component. The ultra-violet spectrum (max., 2430, 2485, 2545, 2605 A ; El% . 23-5,
320, 37-0, 31-8 respectively) confirms the presence of benzene (max., 2430, 2485, 2545, 2605 A ;
El% ., 10-5, 19-5, 23-1, 15-6 respectively) and, taken in conjunction with the infra-red spectral
data, indicates the presence of a compound having intense absorption in the region of 2400—
2700 A. This is assumed to be cyclohexa-1 : 3-diene (Henri and Pickett, J. Chem. Phys., 1939,
7, 439, give max., 2475, 2560, 2650A ; ¢, 5400, 7900, 6000 respectively). From the intensities
of absorption at 2545 and 2580 A (E1%, .4 263) it is calculated that the mixture contains
2-49, of the diene (E}%, 5545, 2580, 906) and 699, of benzene (E}%, ;54 6-6), the light absorption
of cyclohexene at these wave-lengths being assumed to be negligible.

Working up the non-volatile product in the usual way gave (III) (1-340 g., 0-391 mol.) and
a mixture (3-17 g.) of (I) (27-2%), (II; R = cyclohex-2-enyl) (60-1%), and unidentified polymeric
hydrocarbon (~13%,) (Found: C, 64-2; H, 5-65; N, 5-5; S, 24-1, 24-4. Calc. for C,,H,NS, :
C, 631; H, 53; N, 57; S, 25:99%). Light absorption: E}% .45, 202:7; E}%. 2045 635-6.

(9) The sulphide (I; R = cyclohex-2-enyl) (3-52 g.), heated at 200° 4 2° for 48-0 hours,
gave (III) (0-744 g., 0-313 mol.), m. p. and mixed m. p. 178:5°, and a mixture (2-51 g.) of (I) and
(IT; R = cyclohex-2-enyl) and polymeric hydrocarbon (see Table 11).

Kinetic Data.—The initial rates of decomposition of (I; R = cyclohexyl) were obtained by
estimating (III) by the alkalimetric method. The data are summarised in Tables 7 and 8.

TaBLE 7. Decomposition of (1; R = cyclohexyl).

Temp. (° K) [I] (mole 1.71) 7¢ (mole 1.-1 hr.71) 107k ypy, (s€C.71)
473° £ 1° 4-24 0-0075 4-9
488° + 0-5° 4-20 0-032 21
503° 4 1° 4-14 0-115 77
» 1-897 0-052 —
" 0-90 0024, —
” 1-83 ¢ 0-047 —
* Diphenyl as diluent. t Dibenzyl as diluent.
TABLE 8. Decomposition of (I; R = cyclohexyl) at 200° 4 2°.
Time (hOUTS) ...cceeveeennn.... 120 180 24-25 362 48-:0* 96-:0 1440t 2630
Mole 9% of (IIT) ............... 2-42 3-38 4-26 6-4 8-3 14-8 19-7 27-3
107Ram, (s€C.7Y) Lol 57 53 5:0 51 50 4-6 4-2 34

* Product contains (I) (90-7 mole %) and no (II; R =cyclohexyl). Light absorption: E}%, 5615
496-2; E1%. 00 72-1.

+ Product contains (I) (79-1 mole %) and (II; R = cyclohexyl) (0-8 mole %). Light absorption :
EY%n. o150 46575 E1%, 3065, 185-2. '

The data for the reversible isomerisations of (I) and (II) (R = allyl, #rans-but-2-enyl, and
cyclohex-2-enyl) and for the combined isomerisation and decomposition of (I) and (II) (R =
cyclohex-2-enyl) are summarised in Tables 9—13. The kinetic law for a reversible first-order

k

reaction, A k‘——“ B, is given by equation (i) :
* .
In x,/(x, — %) = (b, + k)t B

where x, = concentration of A converted into B at time # and #, = concentration of A converted
into B at equilibrium, the initial concentration of B being zero. Thus for the above
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TABLE 9. Reversible isomerisation of (I) and (1I) (R = cyclohex-2-enyl) (4-6 mole 1.71)

at 140° + 0-2°.

Mole % Mole % Mole %
Time (hrs.)  E% .05 E% 065 of (III) of (I) of (II)
(I; R = cycloHex-2-enyl.)

0 522-3 61-0 0 94-4 56
0-5 458-5 207-4 — 80-5 19-6
0-75 434-2 267-9 — 75-1 25-3
1-0 410-1 327-3 — 69-8 30-9
1-5 367-3 424-2 — 60-5 40-1
2-0 336-8 504-8 — 537 47-7
2-5 3046 566-7 — 46-9 536
3-0 283-4 619-1 — 42-2 585
45 239-8 705-5 — 329 66-7
6-0 222-5 750-7 — 29-1 70-9

12-0 209-5 787-0 0-97 26-0 734 *
24-0 207-2 784-3 1-47 25-6 72:6
48-0 2085 782-7 2-25 257 71-7
96-0 211-8 785-2 3-44 26-0 70-7

(II; R = cycloHex-2-enyl.)

48-0 201-9 801-7 1-22 24-3 74-6
96-0 2020 807-0 2-49 24-3 737

* 74-4 mole Y% on basis of absence of (III).

Total
mole %,

100-0
100-1
100-4
100-7
100-6
101-4
100-5
100-7

99-6
100-0
100-4

99-7

99-7
100-1

100-1
100-5

TABLE 10. Reversible isomerisation of (I) and (II) (R = cyclohex-2-enyl).

(i) A4¢ 110-0° + 0-2°,

Time (hrs.) ......... 0 30 6-0 8-0 10:5 13:0 16:0 205 240
El%, aogs  ceeeeeens 61-0 1260 179-5 218-6 259-3 299-3 346-6 407-3 449-6
Mole 9% of (II) ... 56 119 170 207 24-6 283 328 385 425
(i) A¢ 125-0° + 0-2°.
Time (hrs.) ......... 0 10 20 30 41 50 60 80 480
B ses  eeeeenens 610 144-2 223-8 2886 3558 405-8 456-8 543-7 822-0
Mole % of (II) ... 56 136 212 273 340 384 432 514 777
(iii) In cyclohexene; [I] 0-36 mole I.71; at 140-0° 4 0-2°.
Time (hrs.) ......... 0 1-5 3-0 4-5 6:0 240 48.0*
1

EY%. cogs  eeeeenen 52:8 2096 318-1 392-7 4482 5740 5755
Mole % of (II) t 48 198 301 371 424 543 544

(iv) In cyclohexene; [1] 0-0344 mole I.71; at 140-0° + 0-2°.
Time (hrs.) ......... 0 1-5 30 45 6-0 75 240 480 720
EL%  aogs  eeeeeeer 52-8 1625 262-5 341-7 3950 437-5 539-2 5459 550-0
Mole % of (IT) t... 4-8 154 248 323 373 41'4 510 516 520

* Estimation of (III) indicates 3-2 mole 9, of (III) and 51-2 mole 9, (II).

t Assumed (III) is absent.

300 144-0 192-0
526-4 8675 867-0
49-8 82-0 82-0
96-25 144-0
834-2 8277

78-9 78-3

96-0

546-9

51-7

TaBLE 11. Thermal isomerisation and decomposition of (I) and (1I) (R = cyclohex-2-enyl)

at 200° 4-1°.

(i) (I, R = cycloHex-2-enyl).1
Time (hrs.) 1-0 3-0 6-0 10-0
El% o5 288-0 273-0 261-3 2444
E% 065 648-0 706-5 739-8 763-0
Mole %, of (III) 13-3 24-7 28-6 29-9
Mole % of (I) ceeeuvuenenenns 396 337 306 27-3
Mole % of (II) 481 41-9 40-7 41-4
Total mole % wevuvevevnnernnnennnnnn, 101-0 100-3 99-9 98-6

(i) (II; R =cycloHex-2-enyl).
Time (hIS.) ovvvvnerieinirennennnnn. 1-0 3-0 6-0 10-0
El% 0815 cerererrreernneeeeniaeenns 288-5 264-9 251-1 250-4
D D 665-4 750-6 770-2 789-5
Mole % of (III) ....ccvvuvrvvnnnnnnn. 13:0 24-8 305 33-9
Mole % of (I) .eeevveenneeeeennnnn.., 39-8 318 28:1 27-1
Mole 9, of (II) ..oevvunverirnnannn. 50-0 456 415 39-6
Total mole % ....ccovvvininninnnnn 102-6 102-2 100-1 100-6

19 t Original sample had E1%, .45 522:3; E1%,. 3065 61°0.
Q

24-0
230-1
798-3

32-4

24-0

41-9

98-3

24-0
2330
800-7

338

24-1

40-6

98-5

48.0
228.3
801-3
34-2
23-3
40-3
97-8

48-0
227-0
820-6

37-3

22-3

38-9

98-56
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TABLE 12. Reversible isomerisation of (1 and 11; R = allyl).
(I, R = Allyl):
(i) At 140° + 0-1°; [I] 5-45 mole 1.1,

Time (hrs.) ... 12:0 240 360 481 60-0 720 960 120-0 144-0 1680 336:0
El% 555 .. 1310 2615 3611 464-2 550-3 6338 7445 8825 954-0 1035 1206
Mole % of (II) 10-0 199 274 353 421 481 565 67-0 1724 786 916
Time (hrs.) 5040 672-0
EM% 65 -..1223 1229

Mole % of (II) 929  93-3

(ii) A¢160° -+ 0-1°; [I] 5-4 mole .1,
Time (hrs.) ... 20 40 60 80 120 160 200 240 480 960 144-0
E}%. soes ... 1403 2528 3597 454-1 6183 749-3 8526 0537 1164 1213 1210
Mole % of (II) 107 192 273 345 470 568 647 724 884 922 91.9

(iii) A¢ 180° L 0-1°; [I] 5-3 mole L1,

Time (hrs.) ... 05 10 1.5 20 30 40 50 60 160 400
EY%, a5 ... 1627 2960 420-8 5267 700-4 831-2 9517 1018 1194 1197

Mole % of (II) 124 225 320 400 532 631 723 773 907 909
(iv) At 200° +'1°; [I] 5-2 mole 1.-1.

Time (hrs.) ... 0-25 0-50 075 1-05 1:5 2-0 30 6-0 48-0 *
El% 3065 .- 3028 5468  702-8 8870 1012 1088 1158 1156 1147
Mole %, of (II)  23-0 415 53-4 67-4 76-8 82-6 87-9 87-8 87-1
(II; R = Allyly: (v) At 160° 4- 0-5°, (vi) At 180° - 0-5°

Time (hrs.) ... 96 144 20 40

E% saes e 1220 1224 1199 1193

Mole %, of (II) 92-6 92-9 911 90-6

* Considerable darkening of product, suggestive of minor side reaction which may explain low
result.

TABLE 13. Reversible isomerisation of (I, R = trans-but-2-enyl) at 200° -- 1°.

Time (NIS.) weevvnrerriiiiinineeeerinireeeereeennn. 5-0 20-0 48-0 96-0
EL% 0815 ceeeeerrrertttianeriiaeeriiineanineennnn 497-7 375-2 239-8 193-8
Bl 005 eeeeeeerrerinieeererrn e ae s 236-8 524-2 830-7 923-0
Mole % of (ITI) ..ooovvviniininiiiiiiiiiiiiienns ~0 2-0 37 —
Mole 95 Of (I) cerieiiiiiiiiii i ans 80-0 55-2 28-0 —
Mole % of (II) ecoeeeeeeeeeeeeeeeeeeeeeeiieeeienane 19-4 41-5 65-3 —

isomerisations obeying equation (i) a linear plot of log,q [E}1%, 5565 — E1%, 3265 against ¢, of
slope — 0-4343(k, + &,), should be obtained.

Reaction of cycloHexyl Bromide with (I; R = Me).—The sulphide (4-53 g., 0-025 mole) and
the bromide (4-89 g., 0-03 mole) were heated at 200° - 1° for 7-0 hours in an oxygen-free
atmosphere in an apparatus sealed by mercury traps and connected to a liquid-air trap.
A gaseous product, probably methyl bromide, was evolved throughout the reaction period.
The main product, on alkali-extraction, gave (III) (0-893 g., 0-21 mol.), m. p. 177-5—178-5°,
mixed m. p. 178—179°. Removal of the solvent and unchanged bromide and trituration of the
product (3-9 g.) with concentrated hydrochloric acid gave : (i) a mixture (17 g.) of (I; R =
Me) (~55%) and (I; R = cyclohexyl) (~45%) (Found: C, 58:3; H, 5-15; N, 7-0; S, 29-5.
Calc., for above mixture : C, 58-3; H, 5:05; N, 6:55; S, 30-19,); and (ii) a mixture (1-45 g.) of
(IT; R = Me) (~70%) and (II; R = cyclohexyl) (~309%,) [Found : C, 55-55; H, 4-55; N, 7:0;
S, 32:25. Calc. for above mixture: C, 55-9; H, 4-5; N, 7-1; S, 32:5%,).

Reaction of Di(benzothiazol-2-yl) Disulphide with Dibenzyl.—A mixture of the disulphide and
dibenzyl was heated in vacuo at 200° 4 0-5° or 230° - 1° for the appropriate times. The (III)
formed was isolated and estimated by alkali-extraction (Part I). #rans-Stilbene was estimated
by ultra-violet spectrometry of the residue, after removal of (III), the absorption intensity being
determined at 2950 A where trans-stilbene has a maximum [E}%, 5050, 1654], and the residue
being assumed to consist of frans-stilbene and dibenzyl (E1%, 5950, 6:0). The estimates of trans-
stilbene so obtained are maximum values since enhanced absorption at 2815 and 3265 A indicates
the presence of other constituents which absorb at 2950 A.

The disulphide (13-28 g., 0:04 mole) and dibenzyl (7-28 g., 0-04 mole), heated at 200° + 0-5°
for 48:0 hours, gave (III) (11-53 g., 0-069 mole) and a residue (8-69 g.) containing (409, of
trans-stilbene [Found : C, 85:85; H, 6-0; N, 1:60; S, 6-55%,; M (ebullioscopic, in benzene),
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225, 241]. Light absorption: max., 2950 A; EY% o0 6672, EY% o015 5720, E1% 65
283-2. A portion (7-27 g.) of the residue on distillation gave: (i) b. p. 80—110°/0-005 mm.
(2-50 g.), containing <(25-5%, of trans-stilbene [Found: C, 90-5, 90-4; H, 7-1,7-25; N, 0-45;
S, 1:11%; M (ebullioscopic, in benzene), 161, 182, 183; Light absorption : max., 2950 A ;
EY%_ o050 424°0, EY%. 5615 351-2, E1%, sses» 131-6]; (i) b. p. 110—130°/0-005 mm. (1-52 g.),
containing «(869% of #rans-stilbene [Found: C, 90-25; H, 66; N, 085; S, 2:1%;
M (ebullioscopic, in benzene), 187, 188, 197; Light absorption : max., 2050A; E%. 4050 1424;
EY% .15 1166; El%. 5545, 482:3]; and a residue (3-02 g.) containing a dehydropolymer of
dibenzyl and 2-mercaptobenzothiazole derivatives [Found : C, 78-:95, 78:8; H, 4-85, 4'8; N,
2:5; S:&l2-35, 12:5%; M (ebullioscopic, in benzene), 314, 348. Light absorption : max.,
~3100 A].

The yields of (ITT) and the maximum yields of #ans-stilbene obtained under other reaction
conditions are given below.

Reaction of Di(benzothiazol-2-yl) Disulphide with Dibenzyl.

Max. Y, of
Time Disulphide Dibenzyl (I1I) Residue trans-
Temp. (hrs.) (108 Mole.) (10% Mole.) (10° Mole.) (g.) E}% o050 stilbene
200° + 0-5° 24-0 5 5 84 — — —
230° 4+ 1° 8-0 5 20 8-8 3-63 241-0 14
' 24-0 5 20 8-9 3-70 242-5 14
' 24-0 5 5 9-4 — — —
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