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A number of new bishenzothiazoles have heen synthesized by the polyphosphoric acid-catalyzed intermolecular con-
densation of dibasic acids with o-aminothiophenol. Bishenzothiazole, bis(2-benzothiazolyDalkanes containing up to ten
methylene groups, 1,2-his(2-henzothiazolylethyvlene, and 1,2-bis(2-henzothiazolvl)-1,2-cthanediol have boen synthesized in
vields of 56-99% of the theory. 1,2-Bis(2-benzothiazolyl)benzene and 1,4-his(2-henzothiazolyl)benzene were svnthesized
similarly in 85 and 469, yields, respectively. 2,2'-Bis(2-benzothiazolyl)diethy! sulfide and 1,2,3-trishenzothiazolvlprepane
were also prepared readily in polyphosphoric acid medium in quantitative vields. Possible reaction mechanisms for the
polyphosphoric acid catalyzed intermolecular condensation of dibasic acids and o-aminothiopheno! are also suggested.

In recent years the use of polyphosphoric acid, as
an effective agent in intermolecular condensations,
has heen extensively demonstrated. Hein, Alheim,
and Leavitt? extended its application to the Phillips
benzimidazole synthesis® and to similar reactions
leading to benzoxazoles and benzothiazoles. Shriner
and Upson* modified Phillips’ method by using a
longer reflux time in the synthesis of bisbenzimid-
azoles. Later Wang and Joulee® synthesized bis-
benzimidazoles by polyphosphoric acid catalyzed
condensation, They showed further that the poly-
phosphoric acid method was fairly general and suc-
cessfully catalyzed the preparation of some benai-
midazolex which could not be prepared by conven-
tional methods.

A review of the literature indicated that Hof-
mann® prepared bisbenzothiazole by the reaction of
2-aminothiophenol and cyanogen in an alcoholic
medium in 189, vield.” Mills® in 1922 prepared bis-
(2-benzothirzolyl)methane by heating o-amino-
thiophenol and malonic ester in a carbon dioxide
atmosphere for four hours. 1,2-Bis(2-benzothia-
zolyl) ethane was first prepared by Hofmann® by
heating o-aminothiophenol with succinimide and
later Reisser and More' prepared it by the oxida-
tion of benzothiazolylpropiothioanilide with alka-
line potassium ferricyanide. The present study was
undertaken to investigate if polyphosphoric acid
would be useful in the synthesis of these and re-
lnted compounds.
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Bis(2-benzothiazolylalkanes were prepared by
the polyphosphoric acid catalyzed condensation of
dicarboxylic acids with o-aminothiophenol. As the
length of the alkylene chain between the two benzo-
thiazole nuclei was increased, the reaction took
place under milder eonditions and, in some cases,
the yields of the compounds also increased. In the
literature, a reaction temperature of 250°, and a re-
action time of four hours is reported for similar
condensations.® However, in the present study,
high yields of the product were obtained by carry-
ing out the reaction for two hours or less at 125~
150°.

The synthesis of 1,2-bis(2-benzothiazolyljethyl-
ene and 1,2-bis(2-benzothiazolyl)-1,2-ethanediol re-
quired milder conditions. The condensation of
maleic acid with c-aminothiophenol took place
readily in polyphosphoric acid medium at 125° in
one hour to give 1,2-his(2-benzothiazolyl)ethylene
in 889, vield. 1,2-Bis(2-benzothiazolyl)-1,2-ethane-
diol was obtained in 829 yield by heating tartaric
acid and o-aminothiophenol at 100°, for less than
half an hour, whereas prolonged heating at higher
temperatures gave an unknown product which was
insoluble in alcohol and did not melt below 300°.

The condensation reaction involving aromatic di-
carboxylic acids required higher temperatures
(150-175°) and a longer reaction period (three
hours). 1,2 -Bis(2 - benzothiazolyl)benzene was
readily formed in 839 yield, but 1,4-bis(2-benzo-
thiazolyl)benzene was obtained in a yield of ouly
4697,. It was found preferable from the standpoint
of yield, to use phthalic anhydride instead of
phthalic acid for the preparation of 1.2-bis(2-
benzothiazolyl)benzene.

In the synthesis of these compounds, dicarboxylic
acids were condensed with o-aminothiophenol;
however, it was found that if the acids were re-
placed by csters, nitriles or anhydrides, the poly-
phosphoric acid still catalyzed the veaction. 1,2-
Bis(2-benzothiazolyl)ethane was obtained in im-
proved vields when succinic acid was replaced by
suecinonitrile or suceinic anhvdride. Hofmann® re-
ported that condensation of o-aminothiophenol with
suceinic anhydride or succinic aeid ester did not
take place.
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The reaction of 8,8’-thiodipropionic acid and ¢-
aminothiophenol gave a quantitative yield of 2,2'-
bis(2-benzothiazolyl)diethyl sulfide in polyphos-
phoric acid medium. 1,2,3-Propanetricarboxvlic
acid alo condensed readily with ¢-uminothiophenol
in a one:three molar ratio {o give a quantitative
yield of 1,2.3-tris(2-hensothiazolyl)propane in the
polyphosphorie acid catalyvazod reaction,

As polyphosphoric acid is a complex mixture, it
does not lend itself to the ervoscopic methods which
have been so successfully used in the studv of mech-
anisms of the organic c¢hemical reactions in pure
sulfurie acid. Because polyphosphoric acid i+ highly
viseous, and a poor medium for ervstallization, it is
not surprising that reaction intermediates have not
been isolated by this means. At the present time
only speculation may be made concerning the mech-
anisms by which it operates on organic compounds,
The most obvious possibilities are that it functions
as a protonic acid, as a Lewis acid, or as a phos-
phorylating agent. The intermolecular condensation
of o-aminothiophenol and dibasie acid< mav be
rationalized on the basis of an initial step which is
etther o protonation followed by elimination of
water or conversion to mixed anhvdride which
evelizes i the wsual manner to give a benzothiazole
nucleus.

LEXPERIMENTAL!

The procedure for the prepuration of bisbenzothiazole
and the related eompounds is described below. The data on

(11) Analyses were performed by the Analyvtical Research
& Service Division of the Pure Oil Research Center.
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the preparation, yields, melting points and analyses are sum-
marized in Table I. All melting points reported here are un-
corrected. Commereial polyphosphorie acid, obtained from
Victor Chemical Works. was used in this investigation,

Preparation of bis(2-benzothiazolyl)alkanes. o-Aminothio-
phenol (0.2 mole) was mixed with the dicarboxylie acid.
anhydride or nitrile (0.1 mole) and the mixture was poured
into well stirred polyphosphoric acid (125 ml.) contained in
a three neck flask at 70°. The reaction mixture was heated
at 126-160° for 2 hr. with ctlicient stirring. It was then
allowed to cool to room temperature and was then poured
into ice cold water, The precipitate was removed by filtra-
tion, washed three times with dilute sodium bicarbonate
solution, and dried in a vaenum desiceator. The erude prod-
uet was erystallized preferentinlly from ethanol and in some
cases from benzene until o constant melting point wis ob-
tained.

Preparalion of 1,2- and 1,4-bis(2-benzothiaze yl)henzenes.
A mixture of e-uminothiophenol (0.1 mole) and phthalie
acid or terephthalie acid (0.05 mole) was added to polvphos-
phorie acid (100 mb) at 100°, The reaction mixture wus
heated at 175° for 3 hr. for L,2-bis(2-henzothiazolylyben-
zene and 4 hr. for 1,4-bis(2-benzothiazolvl)benzene. The
1.2-bis(2-benzothinzolvDbenzene was isolated according to
the procedure previously described.

Preparation of 2,2'-bis(2-benzolthiazolyl)diethyl sulfide. This
compound wax prepared by treating o-aminothiophenol (0.2
mole) with g,8’-thiodipropionic acid (0.1 mole) in polyphos-
phorie acid (100 mbY at 125°. The reaction was complete in
1 hr. and the produet was worked up by the procedure de-
seribed for bis(2-henzothinzolyvlalkanes,

Prepuration of 1,2,3-trisbenzothinzolylpropune. 1,2,3-Pro-
panetriearboxylie aeid (0.1 mole) was mixed with s-amino-
thiophenol (0.3 mole) and added to well etirred warm poly.
phosphorie aeid (125 mb). The reaction mixture was heated
for 2 hr. at 125° 1,2 3. Tvisbenzothinzolyvipropane was ob-
tained in 929 vield as shiny tan ervstals following the nor-
mal isolation and erystallization method.

Crywrarn Lakw, o
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Novel Method

for Preparation of N-Substituted Benzothiazolesulfenamides

Derivatives of 2-Benzothiazolesulfenamides. 1.

JOHXN J. D'ANMICO
Received February 1Y, 1161

A novel nwethod., the reduction of N-ulkvlidene- (or arviidenc)-benzothinzolesulfenumides (1-N1IL) with sodium boro-
hydride, has been developed for the preparation of bensothinzolesulfenamides in 76-99¢ vields, This new method avoids
the use of an amine as a reactant and also furnishes the beuzothiazolesulfenamides with greater stability than those pre-
pared by conventional known methods. During the course of this investigation the following interesting reactions were
encountered: (1) The reaction of 2-henzothinzolesultfenamide with eyelohexanone or 2. 4-pentancdione under basie conditions
gave 2-(2-oxoevelohexvithio)benzothiazole (XIV) and 2-diacetyvimethyithiobenzothiazole (XXXVIID), respectively: (2)
the attempted reduetion of N-isopropylidence-2-benzothiazolesulfenamide (XI) with (a) formice acid, (b) suliur er hydrogen
sulfide inisopropylamine-cthyl aleohol solvent, and (e) hydrogen sulfide in ethyl aleohol, gave 2,2/-dithiobis(benzothiazole)
(NXXVI), the isopropylamine salt of 2-mereaptobenzothiazole (XNNXNVID), and Z2-mercaptobenzothiazole (XXXV), re-
specetively: (3) the reaction of V-cyvelohexyl-2-henzothiazolesulfenamide (N X XIT) with 4.4-methylenebis(phenyl isocyanate)
or toluene 24-diiwoeyanate furnished 117-(p-methyienediphenviene)bis(3-cyelohexyviurea) (NXNXI) and t-evelohexyl-3-
(3-isoeyanato-p-tolvDures (NN XN, respectively. A possible mechanism for resction (1) is diseussed.

The discovery  that  2-mercaptobenzothiazoles  prepare and extensively evaluate their derivatives.
are accelerators for the vuleanization of rubber  Among the many derivatives prepared and evalu-

with =ulfur’? has stimulated many workers to  ated, the benzothiazolesulfenamide, in particular,

(1 ‘i‘ \\'.vliwll'()nl and L. B.Sebrell, Ind. Eng. Chen., 13,
1034 (1921).

(2) o Bruni and Bo Romant, Glorn. eliim. ind. applicala,
3, 196 (1921).



