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The reaction of N-alkyl and N’-phenyl substituted thioureas with a hydroxyl group at the
B-position of the N-substituent with thionyl chloride gave benzothiazole derivatives by an oxida-
tive cyclization reaction; no other products, such as thiazolines or oxazolines, were formed. The
structure was confirmed by the various spectral and chemical data.

The dehydration of N-acyl derivatives of -
hydroxyalkylamines with thionyl chloride has been
one of the most useful methods for preparing oxa-
zoline derivatives since Bergman and Brand!:?
found in thionyl chloride a mild and effective
cyclizing agent; in this manner, 2-phenyl-5-phe-
noxymethyl-2-oxazoline was obtained from 1-benz-
amido- 3-phenoxy-2-propanol in a quantitative
yield, as has been described in a previous paper.?
Roggero and Metzger? investigated the cyclization
reaction of l-thiobenzamido-2-propanol by several
reagents, such as thionyl chloride, p-toluenesulfonyl
chloride, and phosphorus pentoxide, and reported
that the cyclization by thionyl chloride led to a
mixture of 2-phenyl-5-methyl-2-thiazoline and the
corresponding oxazoline, and that the product
composition varied with the reaction temperature.

1) M. Bergmann and E. Brand, Ber., 56, 1280
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2) M. Bergmann, E. Brand and F. Weinmann, Z.
physiol. Chem., 131, 1 (1923).
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Makromol. Chem., 104, 66 (1967).

4) J. Roggero and J. Metzger, Bull. Soc. Chim.
Fr., 1963, 2531

In a preceding paper,? it was shown that the
cyclization of 1-(3-phenoxy-2-hydroxypropyl)-3-phe-
nyl-2-thiourea by various acids gave thiazoline,
oxazoline, or a mixture of them, depending on the
character of the acid used. The present investiga-
tion was undertaken in order to determine the
cyclization products by thionyl chloride.

Results and Discussion

Reaction with Thionyl Chloride and Identi-
fication of the Products. The treatment of N-
alkyl and N’-phenyl substituted thioureas with a
hydroxyl group at the S-position of the N-substituent
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Sci., Part A-1, in press.
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(hydroxythioureas) of such types as Ia—d with
a large excess of thionyl chloride at room tempera-
ture resulted in the formation of the hydrochlorides
of the basic materials, which were then converted
to the free bases (IIa—d) with aqueous ammonia.
The elemental analyses and the infrared spectra of
these compounds showed, however, that they were
identical with neither the thiazolines nor the oxa-
zolines, nor were they identical with mixtures of the
two, contrary to expectation. 1l-Isopropyl-3-phe-
nyl-2-thiourea (Ie), non-hydroxythiourea, gave a
similar basic compound (IIe) by the same procedure,
suggesting that this reaction proceeded independent-
ly of the existence of a hydroxyl group in the thio-
ureas.

It is well known that thioureas are oxidized with
bromine or thionyl chloride in chloroform to give
the salts of bis(substituted formamidine)disulfides.
However, the possibility that the above-obtained
reaction products of thioureas Ia—e with thionyl
chloride might be the bis(substituted formamidine)-
disulfides can be ruled out, though the results of the
elemental analysis were close to the calculated
values. The salt of bis(substituted formamidine)-
disulfide is known to be unstable to water or ethanol,
and one of the two sulfur atoms is extruded on
treatment with absolute ethanol or a mixture of
absolute ethanol and benzene to give the mono-
sulfide salt, followed by isomerization and cycli-
zation to the so-called Hector’s or Hugershoff’s
base.®~1%) Moreover, it has been reported that the
disulfide base is too unstable to exist as a free base,
and that it decomposes instantly, with the elimina-
tion of sulfur.

On the basis of the spectral and chemical data,
as will be mentioned later, it is very likely that
IIa—e has a benzothiazole structure. The oxida-
tion of aryl thioureas with bromine® is a very
convenient method for preparing benzothiazoles;
other oxidizing reagents, such as sulfuryl chloride
and sulfur monochloride, have also been reported
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Yoshio Iwakura and Keisuke Kurita

[Vol. 43, No. 8

Rl
4 >—NHCNH(’]HCHR2 N
= i ]
S OH

Ta—d
O

IIa: R'=R2?=H
IIb: R'=H, R?=CHj,

Ilc: R'=H, R*=CH,O-
I1d: R'=R?=CH, (threo)

— H, ,CH,
O—NHCNHCH — C—NHCH
S

\CH,
Ie IIe

in several papers'®1%) and patents.19-21)

The products obtained here were found to be
resistive to such reducing agents as lithium alumi-
num hydride and zinc in acidic media. For in-
stance, IIc was recovered quantitatively after being
heated in refluxing tetrahydrofuran with a large
excess of lithium aluminum hydride for 20 hr.
Thermal analysis revealed that they were fairly
stable to heat, that they decomposed thermally in
a nitrogen atmosphere above 200°C, and that each
compound showed only one DTA peak (endo-
thermic) corresponding to its melting point. The
molecular weight of IIc as determined by the Rast
method (299), was very close to that of the starting
thiourea, Ic (302). The mass spectra of IIa, IIb,
IIc, IId, and IIe exhibited the molecular ion peak
at mfe, 194, 208, 300, 222, and 192 respectively, as
was to be expected from the benzothiazole structure.
In the NMR spectra of IIc and IId, the ratio of the
integration of aromatic protons to that of the ali-
phatic ones gave a better agreement with the benzo-
thiazole than with the disulfide structure: 9/5 for
IIc and 4/8 for IId. Figure 1 represents the NMR
spectrum of IId. Beilstein’s test was negative for
all the compounds, ITa—e, showing that none of
these was chlorinated under the conditions used.

Tables 1 and 2 summarize the properties of the
benzothiazoles obtained. The melting point of
ITe was practically the same as that of the reported
2-isopropylaminobenzothiazole, mp 95°C, prepared
from 2-methylsulfonylbenzothiazole and isopropyl-

—NI—ICHCHR2
OH
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Fig. 1. NMR spectra of IId in CDCl; (60 Mc).
TaBLE 1. PROPERTIES OF THE BENZOTHIAZOLES (1)
/Nk
ARET
NS
No Yield Mp Calcd, % Found, %,
. b o
% c c H N S C H N S
IIa 88 104—105.5 55.66 5.19 14.43 16.48 55.18 5.06 14.25 16.63
1Ib 80 107—108.5 57.68 5.81 13.46 15.37 57.23 5.57 14.20 15.63
IIc 91 137—139 63.99 5.37 9.33 10.66 64.11 5.35 9.22 11.08
IId 78 109—111 59.45 6.35 12.60 59.05 6.47 12.10
IIe 90 93— 94.5 62.48 6.29 14.58 16.65 62.09 6.15 14.44 16.56
TABLE 2. PROPERTIES OF THE BENZOTHIAZOLES (2)
N\ /Ny
l\) C-NHR
\S/
Picrate
No. 1\:[;;:5 R, Mp Calcd, % Found, %
C ¢, H, N, s, ¢’ H, N, s,
© Ila 194 1600  199—200 a
1570
1560
IIb 208 1600 176—177.5 43.94 3.46 16.02 43.65 3.38 16.24
1580
1560
Ilc 300 1600 194—196.5 49.90 3.62 13.23 6.06 49.87 3.66 12.96 6.01
1580
1560
11d 222 1595 183.5—185 45.24 3.80 15.52 7.10 45.49 3.87 15.96 7.18
1575
1540
IIe 192 1615 211212 45.61 3.59 16.62 45.58 3.58 16.90
1575

1550
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TABLE 3. ABSORPTION MAXIMA OF THE
BENZOTHIAZOLES
No. Amax mu (log &)
Ila 226 (4.54) 268 (4.18)
I1b 225 (4.59) 268 (4.22)
IIc 223 (4.56) 269 (4.26)
I1d 226 (4.57) 269 (4.22)
Ile 226 (4.57) 269 (4.21)
4.5
w
v
=
4.0
3.5k
1 1 1 A1 1 1 1
220 230 240 250 260 270 280 TOU

Fig. 2. UV spectra of I1d in 95%, ethanol.

amine.?? The elemental analyses of Ila—e and
those of the picrates show good agreement with the
calculated values for benzothiazoles and their pi-
crates, as these tables show.

The ultraviolet spectra of ITa—e in 95%, ethanol
were very similar to each other and showed the
Amax at 223—226 and 268—269 mu. The results
(Table 3) correspond very well with the reported
data that 2-aminobenzothiazole has the A_,, at
222 (log e=4.52) and 264 mu (log £=4.09),23) or
263 myu (log e=4.11)29 in ethanol in the UV. A
typical example of the ultraviolet spectrum is shown
in Fig. 2.

The Acetylation of IIc and the Hydrolysis
of 1Ic Diacetylate. Acetylation of IIc was carried
out by treating IIc with a mixture of pyridine and
acetic anhydride to give a diacetylated compound
(I1Ic).
N\,N

1\/[( < iC—NHCHz(F.HCHzo-O

OH
IIc

B COCH,
Pyridine/Ac,0 SNy T
— | | C-N-CH,CHCH,O-
P —
S OCOCH,
IIIc

22) E. Hoggarth, J. Chem. Soc., 1949, 3311. )
23) J. Okamiya, Nippon Kagaku Zasshi, 80, 783
(1959).

24) J. R. Edisbury, R. F. Hunter and A. D. Scott,
J. Chem. Soc., 1948, 1497.
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Fig. 3. Infrared spectra of IIc (A) and IIIc (B),
(Nujol).

The infrared spectra of IIc and IIIc are shown in
Fig. 3. The most characteristic absorption bands
of ITlc are found at 1740 and 1670 cm™1, assignable
to the carbonyl groups of the O- and the N-acetyl
group respectively. The NMR spectrum of IIIc
in CDCI; showed two singlets at 8.00 ¢ and 7.46 ¢
(both 3 protons), indicating that acetylation had
taken place at both OH and NH, and a peak due
to the methine proton which appeared at 5.75 7 in
IIc, was shifted downfield by the acetylation of
hydroxyl group and appeared as a multiplet at 4.30 7.

Diacetylated benzothiazole, IIIc, was subjected
to alkaline hydrolysis to give the original benzo-
thiazole, Ilc, in a quantitative yield.

In view of the above facts, it can be concluded
that the benzothiazoles were obtained quantita-
tively by the oxidation reaction of l-aryl-3-alkyl-
2-thioureas with thionyl chloride. Benzothiazoles
are at a higher oxidation stage than disulfides,
and Barnikow and Bédeker!® have reported that
the disulfides which were obtained by the oxidation
of thioureas with bromine were further oxidized by
bromine to give benzothiazoles. This reaction pre-
sumably proceeds also through the disulfides; then
these disulfides are oxidized further by thionyl
chloride to yield the benzothiazoles.

It is noteworthy that the hydroxythioureas, Ia—d,
gave the benzothiazoles in preference to the thia-
zolines or the oxazolines, since a thioamide with a
hydroxyl group at the f-position gave a mixture of
a thiazoline and an oxazoline, as has already been
mentioned in the introduction.

Experimental

Thioureas. The hydroxythioureas, Ia, Ib and Id,
and the non-hydroxythiourea, Ie, were synthesized from
the corresponding aminoalcohols or amine and phenyl
isothiocyanate by the method previously used in the
preparation of hydroxythiourea, Ic.® The results are
listed in Table 4.

2-(3-Phenoxy-2-hydroxypropylamino)benzothia-
zole. To 20m! of thionyl chloride we added
5g (0.0165mol) of 1-(3-phenoxy-2-hydroxypropyl)-3-
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TABLE 4. PREPARATION OF THIOUREAS
Yield Mp
No. % °C
Ia 90 136—137 (lit, 138%®)
Ib 81 105—106 (lit, 108—1092®)
Ic 85 142—143.5%
Id 84 97—99*
Ie 85 99—100 (lit, 100—10127)

* Found: C, 58.96; H, 7.09; N, 12.639%,. Calcd for
C;,H¢N,SO: C, 58.91; H, 7.19; N, 12.499%.

phenyl-2-thiourea at 0°C.  After the vigorous evolution
of gas had ceased, the reaction mixture was allowed to
warm to room temperature and was then stirred for
an additional hour. The solution was then poured into
300 m/ of ether and allowed to stand in a refrigerator
overnight. The precipitated salt was collected by
filtration, washed with ether to remove the excess

25) L. Knorr and P. Réssler, Ber., 36, 1280 (1903).

26) S. Gabriel and H. Ohle, ibid., 50, 809 (1917).

27) D. C. Iffland and F. A. Cassis, Jr., J. Amer. Chem.
Soc., 74, 6284 (1952).
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thionyl chloride, and dried. The benzothiazole hydro-
chloride was treated with aqueous ammonia to give
the free base, which weighed 4.5 g (9.1%). Recrystalli-
zation from a mixture of benzene and n-hexane gave
white crystals; mp 137—139°C.

The other benzothiazoles were prepared by virtually
the same procedure.

Acetylation of Benzothiazole, Ilc. A mixture of
pyridine and acetic anhydride (15 m/ each )was added
to 1.7 g (0.0057 mol) of benzothiazole, IIc. The solution
was allowed to stand at room temperature for 1 day
and was then concentrated under reduced pressure.
The residual solid was recrystallized from cyclohexane
to give 1.8 g (83%,) of diacetylated benzothiazole, I1Ic;
mp 149—150°C.

Found: C, 62.64; H, 5.36; N, 7.16; S, 8.299,. Calcd
for CyoHyN,SO,: C, 62.49; H, 5.24; N, 7.29; S, 8.33%.

Alkaline Hydrolysis of Diacetylated Benzothia-
zole, Illc. To a solution of 0.7g (0.0018 mol) of
diacetylated benzothiazole, IIIc, in 50 m! of acetone, we
added 20 m/ of 0.2n sodium hydroxide. The mixture
was stirred at 50°C for 5 hr, and then the solvent was
evaporated under reduced pressure. The residual white
solid was washed well with water and dried. The
benzothiazole, IIc, was thus obtained; it weighed 0.53 g

(97%).






