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Novel synthesis of 2-arylbenzothiazoles

V. Z. Shirinian,* 8. Yu. Melkava, L. 1. Belen'kii, and M. M. Krayushkin

N D. Zelinsky Instinute of Organic Chemisiry, Russian Academy of Sciences,
47 Leninsky prosp., 117913 Moscow, Russian Federation.
Fax: +7(093) 135 5328 E-mail: {b&@ [september.ru

A new method for the syathesis of 2-arvlbenzothiazoles by the reaction of dibenzyl
disulfides with p-aminothiophcool is suggested. A possible mechanism of the new transtorn -
tion is discissed. 2-Phenylbenzothiazole can also be prepared by reactions of a-ammothiophenol
with benzyl mercaptane or sodium henzyi thiosulfate.
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A mcthod commonly used tor the synthesis of un-
symnretrical disulfides involves the reaction of sym-
metrical disultides with thiols procceding under mild
conditions, for cxample. at room temperature in chloro-
form.! We demonstrated that unsvmmetrical disulfides
containing the amino group at the a position, which are
potential stabilizers in vulcanization of rubbers.? are
formed in the reaction (Scheme DY of g-aminothiophenol
(1) with dibenzyl disulfide (2a) proceeding upon refiux-
ing of their solutions i cthanol! toiucne, or butyl ac-
ctate. However, this reaction s unswitable for prepara-
tive purposes beeause of its reversibility.
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We found that the reaction performed in DMF or
I-mcthyl-2-pyrrolidone (the 1 2a molar ratio was 2 : 1)
at 130—140 °C tor 410 h afforded 2-phenylhenzo-
thiazole (4a) rather than unsymmectrical disulfide 3.
Under the same conditions, other 2-arvlbenzothiazoles
4b-—g were synthesized (Scheme 2) in good vields. These
compounds arc identical in the melting points to those

reported in the ierature (Table 1), The structures of

compounds 4b—g were also confirmed by 'H NMR
spectroscopy and mass spectrometry. The 'H NMR

spectrum of 2-phenylbenzothiazole (4a) is insufficiently
informative duc to overlapping of the signals. Howcever,
the assignment of most of the signals in the spectra of
other 2-arvibenzothiazoles presents no problems. In the
mass spectra of 2-aryltbenzothiazoles 4a—c, the molecu-
lar ion pcaks arc most intense. The isotope peaks
IMA+L]F and [M+2]" 7 are also observed. In the case of
chiorine-containing compounds 4b ¢, the peaks [ M7,
IMA1] T and [M=+21 7 account for the presence of the
B¢ and YCHisotopes in the ratio of <3 ¢ 1. The mass
spectrum  of nitro-substituted compound 4 is distin-
suished by the low intensity of the molecular jon peak.
The character of fragmentaton of the molecular 1ons
calls for further investigation.

Scheme 2

NH,
+ ArCH,S SCHAr -
SH
2a—g
1
N
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Additives of bases accelerate the reactuon (TLC con-
trol). UV irradiation acts the same way. the reuction
procceding at lower temperature (80 °C). Products 4
were not detected in the reaction performed under an
inert atmosphere (argon). Probably, irradiation 1s favor-
able for the homolvtic mechanism of the first reaction
step (Scheme 1) and induces electron transfer at one of
successive steps. 1t is known that ‘dibenzyl disulfide
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Table 1. Characteristics of 2-arvibenzothiazoles da—g

Com- Ar Yield M. p °C M.p./oC
pound () (hit. data)
da @ CyHs 34 LI3--116 =133
b 2-ClCHy 62 5182 854

Je ¢ 4-CIC H, 63 fle—117 120—121%
4d 4 2.4-CLCH: 73 140 —143 RER
de ¢ 4-McOC H, 38 131.5—132 134—1337
ar/ 4-0,NCH, 32 227--22300 2292318
4g < 4-MesNC Hy b 174—173 1759

@l ONMR. 8 740 (1 H H{). J = ¥ Ho: 750 (m, 4 HL
Hie), H(3). Hed ) and HGS ) 790 (d. | H, H(D. J =
8 H2 810 (. 3 HL Hodh HE2 00 and H6NW, MS. m/z ()
2I3 M F 2T (S 202 M 0T (203 20 M 100):
200 |M = 1] (204 183 (4.5 107 M = 1 = PhCNYT
(39.03; 103 (6.8 B (8.9): 69 (1940 63 (3.8): 37 (7.9); M
{CSTT (3041 43 (9.5): 42 (12.8): 40 (16.4).

PMS g 0 249 TC = [ME 2 4 28 G - M 1T
(643 247 FCH = Mt BCE - Mo+ 21 (378 246
BCH= M = 117 06,00 235 33CH~ M (100): 210 4M — Cy ™
(24.2); 209 (6,60 124 (12,30 123 (1383 108 {M ~ CIC,H,ON Y
(5233 107 {M = CICHLON — HI7 (6.0): 105 (15.3): 83 (6.5
ST CLE9) 75 (3.5 09 (34 2): 58 (32.5): 36 (X. 1)1 45 (5.6): 44
JCSET (93.0): 43 (3792 42 (35 1) 31 (7.7 40 {2871 39 (6.2).

CMS, mfz gy M8 TCT = M+ T (760 247 TTCH— M)
BCL = M o+ 217 148,31 246 BCH = M+ 1T (0.0 243
B = IM* (7320 244 S5CH= M = 17 (3.2): 212 (5.6); 210
IM = CIfY (3. 1) 123 (20.4): 108 |M — CIC,HONTY (4.2):
107 IM — QICHCN — Hi* (532.00: 93 (3.3): 91 (6.1 K1
(9.35): 75 (100 69 (43.2)2 63 (16.8): 38 (40.7y; 44 |CS|*
(100.0); 43 (28.00: 42 121.3)2 40 (20.3).

AU ONMRL 8 7.0 (m. 2 HL HE) and Hi6))y: 730 om. 2 HL
HG yand Hid o 7.95¢d, L HLOHG) L J =8 Mz S edo L L
b)) 826 (d. Y HO Hedh. J = 8 Ha)

CTHONMR. 8390 (s 3 HL MeO): 708 @d. 2 HL HEG ) and
H(5 ). /=8 Hz): 745 (1.t B, HiS). J =8 Hz): 7.85 (1. 1 H,
Hiey. J =8 Hz: 790 ed. | H, H(7). /= % Hz): 8.03 (d. 3 H,
Hd, H2) and Hi6 ) MS, myz (1) 243 IM + 2]7 (6.5):
242 (M F 1T 153 241 MY (10001 226 324y 198
(30.8): 197 (733 133 06.00: 107 (6.21: 81 (6.3): 69 ((2.4).

PNS. gz (gl 238 M 2T (178300 236 [M]T (4450 192
(15.4) 168 (1.3 160 (4395 143 (68.3): 138 (9.3 130 t6.8):
129 (8.4 128 (37001 109 (11.3): 96 (15.0). 93 (5.6): 56 13.6):
83 (100): 84 (16.3)0 71 (25.4): 70 (8.2); 69 (18.8): 6R (32.3)
67 (6.0): 66 (8.3): 64 (67.3): 39 (16.3): 38 (79.7): 37 (5.6). 36
(9.2): 33 (80.0: 54 (34 1) 33 (33.0): 46 (5.9).

STH ONMR. S 292 (5.3 H. MeN): 307 (503 H MeN)Y: 6,76 (d.
2 M. W3y and Hi3 L/ = 8§ Mz 731 (Lt Ho HES).
J=8 Hzy: 7453 (1.t H H6), J= S Hzn: 7.85(d. 1 H, H(D).
J= 8 Hz): 7.97 (m. 3 H. H(d), H(2). and H(67)).

undergoes deprotonation under the action of such bases
as NaOH 0 or LDA!! The resulting carbanion of the
benzyl tvpe undergoes B-scission to form the toluenc-
thiolate anion and thiobenzaldehyde. The latter com-
pound is converted into the corresponding radical anion
due to electron transfer from the base o LDAE In
unsymmetrical disultide 3. the nitrogen atom of the
amino group or N-anion 5. which is gencrated under the
action of an external base on disulfide 3, can act as an
"internal base™ and the electron transfer from the thiolate

anion 1o thioaldehyde can occur i the solvent "eage.” It
can be suggested that unsymmetrical disulfide 3, which
1s tormed in the first stage of the reaction of symmetrical
disulfide 2 with aminothiol 1 or bis(2-amimophenyl)
disulfide (6), gives carbanion 7 upon protonation. Sub-
scquent conversions of anion 7 may involve the cleavage
of the S—S band to form thiolate anion 8 and
thioaldchvde 9 or radical 8° and radical anion 977

which react with cach other in the "cage™ with chimina-
tion of a molccule of hvdrogen sulfide and the thiolate
anton of Schiff's base 10. The latter undergocs mtramo-
leccular cvclization giving rise to N-anion 11 whose
oxidation atfords arylbenzothiazole 4. The recaction of
A-anion P with disulfide 3 can result in gencration of
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anion 7. which continues the process, and 2-arvt-2.3-
dihvdrobenzothiazole 12, which 1s oxtdized to 2-arvl-
benzotliazole 4 (Scheme 3).

The synthesis of 2-phenylbenzothiazole (the yicld
was 36%) from bis(2-aminophenyl) disulfide (6) under
conditions similar to those described above for the prepa-
ration of the former compound from aminothiol 1
(Scheme 4) is vet another argument in favor of the
possibic involvement of 6 in the reaction.

Scheme 4
NH, H,N

PhCH,S—SCH,Ph

- »
S S
6

N

- Ph
S

4a

According to the published data!2 benzyvt mercaptan
(13) can also torm radical anmon 977 under the action of
bases. Hence, it was of iterest 1o study the reaction of
thiol I3 with e-aminothiol 1. Actually, 2-phenvibenzo-
thiazole (4a) was obtained under the same conditions in
42% vicld (Scheme 3).

Scheme 3

NH, N
+ PhCH,5H > Ph
S
SH 13
1 4a

Since S-aryvialkyl) thiosulfates (Bunte salts) can be
considercd as precursors of disulfides and it is known
that these compounds are converted into disulfides un-
der the action of thiols in the presence of bases.!3 Bunte
salts would be expected to give intermediate 9 under

Scheme 6
NH,
+  PhCH,S5,0,Na -
SH
14
1
N
» Ph
S
4a

these conditions. We performed the recaction of sodium
benzyl thiosulfate (14) with e-aminothiophenol (1) and
obtained 2-phenvibenzothiazole (d4a) in 36% vicld
(Scheme 6).

To summarize, we developed a simple and comve-
nicnt procedure for the synthesis of 2-aryvibenzothi-
azoles by the reactions of e-aminothiophenol (1Y or
bis(2-aminophenvl) disulfide (6) with various bis{arvl-
methyl) disulfides, thiols, and thiosulfates.

Experimental

The TH NMR spectra were recorded on o Bruker AC-200
speetrometer in COCH The mass spectra (EH were obtained on
a Kratos instrument (70 ¢V) wath direet introducton of the
sanple into the jon source. The melting points were measured
on a Boctius microtable and were not corrected. The comple-
tion of the reactions was monitored by TLC (Situtol LV-234. 4
300 hexane—AcOED mixture as the cluent).

o-Aminothiophenol (1), bist2-aminophenyl) disultide 16).
and benzyl mercaptan (83) were purchased from Aldrich.
Dibenzyl disulfide (22), 2.2"-dichlorodibenzyl disulfide (2b).
4.4 -dichiorodibenzy! disulfide (2¢). and 2,27 4.4 -tetrachioro-
dibenzyl disulfide (2d) were prepared trom the corresponding
beney! chlorides and NasS, according to o known procedure. M
4.47-Drgmcthoxy )dibenzyl disulfide (2e) and 4,47 -bistdimethyvi-
amino)dibenzy! disulfide (2g) were synthesized from the corre-
sponding substtuted benzaldehydes and hvdrogen sulfide ac-
cording 1o a procedure reported previousty 13 4.0 - Dintro-
dibenzyl diswlfide (2) was prepared from the corresponding
Bunte salt accordnrg 1o a known procedure.'® Sodium bensvl
thiosultate (14) was prepared from benzyl chlornde and
NasS-05 - SHHLO according 1o a procedure reported previously 17

2-Phenylbenzothiazole (4a). A. o-Aminothiopheno (26.25 g,
(.21 mol) and dibenegy] disulfide i24.6 g, 0.1 moD were heated
in anhydrous DMF (30 mi.. dricd over alkabi and distilted in
vacuo) at 130—140 *C for 4—10 h. cooled to =20 “C, and
poured onto ice. The precipitate that formed was fitered off and
recnvstaltized from 95% EtOQH. 2-(2-Chiorophenyl)benzothiazole
(4b). 2-(4-chlorophenybbenzothiazole (4¢). 2-(2,4-dichloro-
phenyh)benzothiazole (4d), 2-(4-methoxyphenyl)henzothiazole
(4¢). 2-(4-nitrophenyb)benzothiazole (41). and 2-(4-.V,N-di-
methylaminophenyl)benzothiazole (4g) were prepared analo-
2ously. The yields and charcteristies of the resultmg com-
pounds are given in Table 1.

B. 2-Phenylbenzothiszole (4a) was prepared in 36% yield
trom bis(2-aminophenyl) disultide 16) (24.8 2. 0.1 moh and
disulfide 2a (24,6 g. 0.1 moD) under conditions used i proce-
dure A.

C. 2-Phenylbenzothiuzole (4a) was prepared in 42% vicld
from thiof 13 (124 g, 0.1 mob and eo-aminothiophenol th
(12,5 ¢. 0.1 mol)y under conditions used in procedure A

D. 2-Phenylbenzothmzole (da)y was prepared in 36 yield
from sodium benzy! thiosultate (B) (22,6 g, 0.1 mol) and

i procedure 4.

The reaction conditions were varied using the synthesis of
2-phenylbenzothiazole (4a) from e-amiothiophenol (26.25 g,
0.21 mol) and dibenzy) disuifide (246 g, 0.1 mol) a5 an
example. The reaction time was decreased to 1 or 1.3 hin the
presence of catalvtic amounts (~0.001 mob of KOH or K,CO».
respectively. brradiation of the mixture in a quanz flask using a
PRK-3 mercury-quartz lamp {80 °C. 9 hy afforded phenyl-
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benzothiazole 4a in 38% vicld. The reaction performed under
argon (20 h) Jid not give rise to compound 4a.
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