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Novel synthesis of 2-arylbenzothiazoles 
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A no',; method for the synthesis of 2-i~rylbcnzotttiazolcs b.v tllc rc:tctiun of dibcnz).l 
distlll]dc>: ~iill o-aminotl+iJophcnol is stlggcstcd. A possible mcchanixm el the nc~v trai++sibrnla - 
t[Oll is disctr-:.scd. 2-1:'hcllylhcrtzothiazolc cdii also be prepared b.', rc,ictiotlx of ;s-:lmillolhiopl'lenol 
v+ith hcn&l mcrcaptanc or sodium hcnz.vi ttliosull~lte. 

Key words: 2-arylbcnzothiazotc,,. <,.vnthc,~is; o-ailiinothioptlci~ol, rctctlons with dibcnzy] 
di'4iltidc'L bcilzyl lllCl't,'aptall, and soditirn bcnzyl thiosultT.itc. 

A method commolf ly  used lbr the synthcsi,, of  tin- 
symmetrical  disulfides involves the rcactitm of  sym- 
metrical distill]des with thiots proceeding under mild 
ctmditions, for example.  :it room tcmpcra tu ,e  in c h b r o -  
Iorm. I x, Ve demolls t ra ted 111:1I unsymnlctrical  disult]dcs 
containing the amint) grot,p at the c~ posit ion,  V','[liC)l ;,Ire 
potential stabilizers i~3 vulcanization of  rubbers, 2 arc 
formed in the reaction (Scheme I) o fo -amino t l l iopheno l  
(IJ with dibcnzvt  disutfidc (2a) proceeding upon rchux- 
iug o1 their  sollitiolls ill ctMnol ,  tO[LICllC, o r  butyl ac + 
da le .  However ,  this rcacthm is unsuitable for prepara- 
tive purposes because of  its reversibility. 

Scheme I 

spec t rum of 2-phenylbenzothiazole  14a) is insufiicicntty 
i,3formativc due to overlapping of  the signals, klo~cscr, 
the assignment of  most of  the signals in the spectra of  
o the r  2-arylbci~zothiazolcs presents uo problems, l~1 the 
mass spectra of 2-ar+vlbcnzothiazolcs 4a--c ,  the molecu-  
lar ion peaks arc most intense.  Tile isotope peaks 
I N'I+II" + alld I M * 2 [ '  ~ arc also observed. In the case o f  
chtorille-COnt:linillg conlptxulds 4b,c, the peaks [ N i l ' * ,  
I M + I I  "~-, and I M * 2 I ' "  aCCOullt for the prcsellce of  the 
3:'CI and 370  isotopes ill the ratio o f - 3  : I. The mass 
spec t rum of  nitro-substituted compotmd 41" is distin- 
guished b~ thc b w  i,~tcnsit.+ or  the molecular  ion peak. 
The  charac ter  of l 'r:lgmcntation of  the molecular  ions 
calls for further investigation. 
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We found thai the reaction performed in D M F  or 
I -mcthy l -2 -pyr ro l idonc  (the I : 2a  molar ratio ,,,,'as 2 : I) 
at 130--140 ~ for 4- -10  h afforded 2-phenylbenzo-  
thiazole (4a) rather than unsymnletrical  disull]dc 3. 
Under  the same condit imls,  other  2 -a~ lbenzoth iazo lcs  
41r-g were synthesized (Scheme 2} in good yields. "l'hcse 
compotmds  are identical in the melting points to those 
reported in IIlc literature (Table I). Tile structures of  
ctmlpourlds 4 b - - g  were also conl]rmed by tH N)4R 
spec t roscoD and mass spcc t rometu .  The IH N,klR 

4a---g 

Addit ives  of  bases accelerate tile reaction (FLC con-  
trol). UV irradiation acts the same way, the reaction 
p roceed ing  at lower temperature  (80 ~ Products 4 
were not detected in the re:~ction performed under an 
inert a tmosphere  (argon). Probably. irradiation is liivor- 
able for the hemolytic m e c M n i s m  of the first reaction 
step (Scheme  I) and induces electron transfer at one of  
successive steps. It is known that d ibenzyl  distiltide 
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f a b l e  i .  Char;,~cleristics tff 2-aryibenzothiazolcs 4a--g  

Corn- Ar Yield M . p / ~  M.p.f fC 
pound ( % ) (lit. data) 

4 a "  CI, H.~ 54 115--116 114-115 3 

46 ~' 2-CICe, H4 62 81 --82 85 4 
4 c '  4-CIC~,tl 4 65 116--117 120--12t s 
4d a' 2.4-C1?C, tt ~ 73 144--145 t44 ~' 
4 e "  4- M cOC,~,FI., 58 131.5--132 134--135 7 
4f / 4-()2 NC~,Ih 52 227--2230 229--231 ~ 
4g ~: 4 -Mc2NC,H.  60 174--175 173 ~ 

" I H  NMR,  8:7.40 it. I H. H(5). J = S Hz): 7,50 (m, 4 I-I, 
HI6) ,  H(3").  I-tl4"L and i l l 5 " ) ) :  7.90 (d, 1 H, Hi7). J = 
g Hz); g.10 Ira. 3 H. Ih4 t .  H(2 '), aim H(6 ' )L  MS. m,':: (/rcl): 
213 IM + 21 + (7.5): 212 IM + I1" (21.3): 211 INI] ~ t t00):  
210 IM - II ~ (21).4L 184 (4.5}: I,)7 IM - t l - PhCNI "  
(390) ;  105 (6.Y,I: Sl 1,"1.9): 69 (19.0): 63 (5.,'q): 57 (79);  44 
ICSI" (30.4t: 43 (9.$1:42 (12.8): 40 (16.4L 

" MS. ,'n/= !/,,.i): 24 ')<'CI--  IM 4- 21 + 14.4;: 248 3: 'CI-  IM 4- I1" 
((~.4~: 247 :':Cl - tM!*:  ~5Ct - {M + 2F {37S): 246 
~5CI - IM '- I I + 11r 245 .;sCI - IMI + (100): 210 IM - CI I '  
124.2); 209 (6.6~: 124 (12.3): t23 (13.St: I()g ]M - CIC~I-I.jCN I + 
(52.5k 107 IM - (-"ICe, t taCN - HI + (6 0V 105 115.3): ,',13 t6.5): 
8[ (11 9): 75 (5.5L 69 134.2): 5,"; (32.5): 4~ <8.1): 45 i56):  44 
ICSI" (930): 43 (37.9): 42 (35 I):41 (7.71: 40(28.7}: 39(6.2). 

' MS, m/:.(I,.cli: 24 ̀4 , V:'CI - [M + II* 17.6): 247 37C1 - [MI +, 
35C1 - [M + 2i" ta8.sL 2-16 "5C1 - [M + I1 ~ 19.(H: 245 
~CI  - IM [ *  (73 2~: 2+4 ~- ;CI-  [b l  - I1 + 15.2): 212 (5,6): 210 
]M - CI] ~ (31)- 123 (20.4'): 10~, ]M -- CtC~,I-taCN] + (4.2): 
107 [M - C!C~,FlaC'N - FIt § (520):  ':13 (5.3/: 91 {6 I): 81 
(9.5L 75 (IO.I)L 69 (43.2): 63 (16.S'L 5,"; 140.7): 44 ]CSI" 
4 100.0); 43 (280L 42 (2t.3):  40 (20.3). 

' ; l l - t  NMV,. 8: 7.4t) Ira. 2 t l ,  HIS) ;rod t-t16)): 7.50 Ira. 2 I.I. 
H(3")  and14(5) ) :  7.93 (d, I f t ,  H(7 ) .J  :X  Hzi :8.141d,  I t l ,  
H I6" ) ) :  8.26 (d. I It. Fh4). J = 8 HZ) 
I|-I NMR.  8:3.90 I~,. 3 t l ,  MOO): 7.01 (d, 2 II. H(3 ' )  ;rod 
H(5") ,  . /= ,"; Hz): 7.4H It, 1 H, H(5). J = ~; t lz): 7.S5 (t. I H. 
I-t(6), J~,S Itz): 7,90 ~d, I I t ,  I-1(7)..1= g tlz): 8.05 Id. 3 H, 
I-1(4). t1(2"), and I - t i6 ' ) )  MS, m/ : (Lc ! ) :  243 [M + 21 + (6.5): 
242 [M + I1" (153): 241 IN/ l *  (li)0.OL 226 (32.4): 198 
(30.S): 197 (7.5) 153 (6.0): 107 ((~.2): gl (6.5): 69(12A) .  

KIS, m / :  (lrd): 25,"; ]M + 2] + (17.,";5"J: 256 IM]" (44.5): 192 
(15.4); 16~ (I 1.5~: 160 (43.5k 143 ((,8.3): 138 19.5L 130 (68) :  
129 (8.4): 12."; (37.0): 109 (I 1.3); 96 (15.1)): 95 (5.6): ,36 15.6): 
85 (100): $4 (16.3): 71 (25.4): 70 (8.2); 69 (I8.,v;): #,8 (32.3): 
67 (6.0): 66 (83): 64 167 5): 59 (16.31: 5g (79.7): 57 (5.6), 56 
(9.2): 55 (g0.0): i4 (34 I): 53 (53.0): 46 (5.9). 

,.: if-1 NMR.  8:2.92 is. 3 ft. MEN); 3.()7 (% 3 H, MEN): 6.76 (d. 
3 H, 11(3") and t l (5") ,  ./ = 8 l-tz): 7.3t It, 1 H, t-1(5), 
�9 1 ~ 8 Hz}: 7.45 (t. I H, f-116;, J ~ S Hz): 7.g5 (d. I H, H(7). 
J = 8 Hz): 7.97 ira. 3 H. H(4). H(2"). :rod H(6' i) .  

u n d e r g o e s  d e p r o l o n a t i o n  u n d e r  the  ac t ion  o f  such  b a s e s  
as N a O H  le or  LDA.  t! T h e  resu l t ing  ca rban iou  o f  t he  
b e n z y l  type  u n d e r g o e s  ~ - s c i s s i o n  to li;rn] the  t o l u e n e -  
t h i o l a t e  a n i o n  and I h i o b e n z a l d e h y d c .  T h e  la t ter  c o m -  
p o u n d  is c o n v e r t e d  in to  t he  c o r r e s p o n d i n g  radical  a n i o u  
d u e  lo  e l e c t r o n  l r ans fc r  f r o m  the  base Io LDA.  11 In  
u n s y m m e t r i c a l  d isul f ide  3,  t h e  n i t rogen  a t o m  o f  t h e  
a m i n o  g r o u p  or  N - a n i o n  5. w h i c h  is gene ra t ed  u n d e r  t he  
a c t i o n  o f  an External base  o n  d isu l f ide  3, can  act as an  
" i n t e r n a l  basE" attd the  e l e c t r o n  t r ans fe r  f rom the  t h io t a t e  

a n i o n  m l h i o a l d c h y d c  c a n  o c c u r  m the  s o t v e m  "cage ."  It 
can  be sugges l cd  thai  u n s y n m m t r i c a l  d isul f ide  3, w h i c h  
is t b r m c d  in the  firsl s tage  o f  the  r e ac t i on  o l ' s y n m l e t r i c a ]  
disul f ide 2 w i l l ]  a n l i n o t h i o l  ! or  b i s ( Z - a m i n o p h e n y l )  
d isul f ide t6) ,  gives ca rban ion  7 upon  p r o l o n a l i o n .  Sub- 
5,eqtlCnl c o n v e r s i o n s  o f  a n i o n  7 tna} involvc the  c l eavage  
o1 the  S- -S  b o n d  to  f o r m  I h i o l a t c  a n i o n  8 a n d  
l h i o a l d c h y d e  9 o r  radica l  8 a n d  radical  a n i o n  9 " - .  
w h i c h  react  wi lh  each  o t h e r  in t h e  "cage" wi lh  c l i m i n a -  
lit)it o f  a m o l e c u l e  o f  h y d r o g e n  su l f ide  and  lhe  th io l a t c  
an ion  o f  Sch i fFs  base !0. T h e  la t te r  u n d e r g o e s  i n t r a m o -  
lEcular c y c l i z a t i o n  giving rise to N - a n i o n  I !  w h o s e  
ox ida t ion  a l t b rd s  a o l b e n z o d ~ i a z o l r  4. The  r e a c t i o n  o f  
N - a n i o n  I I  will] d isu l f ide  3 can  result  in g e n e r a t i o n  o f  

Scheme 3 

N H 2 
-H 

S SCH2Ar 

3 

[ ~  NH2 

S --SCHAr 

~IH 

S SCH2Ar 

5 

[~ N H., -~ S=CHAr  

S -  ~ 

8 9 

~ k "  ~ N H ' ~ v  -S -~ • m S : C H A r  

8" 9"- 

~ N'>CH- Ar ) 

v " S -  

10 

S Ar 

12 

-H2S 

11 

[O1 

, I  

7 fO]. ,.. 4 



Novel synlhcsis  o f  2-: t~ ' Ibcnzolhiazolcs Russ. Chem. Bufl., lnt. Ed., lbl. 49, No. 11, November, 2000 I,S61 

anion 7. which con t inues  the process,  and 2-aryl-2,3- 
d ihydrobenzoth iazotc  12. wMch is oxMized to 2-aryl-- 
benzothiazote 4 (Schet]tc 3). 

The synthes is  o f  2-phcnylbenzothiazole  (the yield 
was 56%) from bis{2-aminophenyl)  disulfide (6) under  
conditions s imilar  to those described above for the prepa- 
ration of the f o rm er  c o m p o u n d  from anlinothiol  I 
(Scheme 4) is yet another  argument  in favor of  the 
possible invo lvement  e l ' 6  in the reaction.  

Scheme 4 

NH 2 H2N 

S S 

6 

PhCH2S--SCHzPh ~ 

N 
" Ph 

S 

4a 

According to the published data.lZ benzyl mcrcaptan  
(13) can also form radical anion 9 " under  the action of  
b::scs. Hence ,  it was of interest Io study the reaction of  
thiol 13 with o -amino th io l  I. ,,-kctu41ly, 2 -phcnylbcnzo-  
thJazole (4a) was obta ined under  the same condi t ions  in 
42f,,: yield (SCherTtC 5). 

Scheme 5 
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Since S-aryl(alkyl)  thiosullhtcs (Buntc salts) can bc 
considered as prccursors  of disutlldcs and it is known 
that lhese c o m p o u r t d s  arc con'~encd into disulfides 1.ill- 
dcr the act ion o f  thiols in the presence of  bases, 13 Buntc 
salts ,aould be expec ted  to give intcrmediatc  9 under  

Scheme 6 
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these condi t ions .  We performed the react ion of  sodium 
bcnzyl thiosullhtc (14) with o - a m i n o t h i o p h c n o l  ( I ) a n d  
o b t a i n e d  2 - p h e n y t b c n z o t h i a z o l e  (4a) in 36% yield 
(Scheme  6). 

To sumrnarizc,  wc developed a s imple : . l l ld COllX, e- 
nicnt p rocedure  for the synthesis o f  2-arylbenzo(hi-  
azotes by the rc:',ctiolts of o -an l ino th iophcno l  ( I t  or 
bis(2-ami, tophenyl} disull]de (6) with various bis(ar}.l- 
methy l )  dist, l f ides, thiots, and thiosulli~tcs. 

Experimental 

The II..I N M R specml wcrc recorded on a Bruker AC-20i) 
spectrometer in CI)('I~. The mass cp~ctra (E l l  wcrc obtained on 
a Kratos instrument (70 cV) v, ith direct introduchtm of the 
sample i111o the ioll >ourcc. The illc}Iillg poillts '~,crc nlcasured 
Oll ;i [{oCliLIs microItlbJc and ;verc not corrccD2d, r!lc temple.- 
tion of the reactions was momtorcd by TI.C (Silulbl L:\.-254. a 
3 : I hex:mc--AcOE[ mixture as the eli,tilt). 

o-Amillol'hiophcrk~l {I). bis(2-aminophcnyl) di',ul(ide i6). 
and benzyl mcrcaptan (13) were purchased from Aldrich 
Dibcnzyl disulfide (2al. 2.2'-dichh)rodibenzyl dixulf~dc (2b). 
4,4 "-dichtor(}dibenzyl di~,ulfidc I Zc}. and 2.2 ",4,4 '-tctrachloro- 
dibcnzyt disulfide (2d) were prepaled from the corresponding 
{DCllZyl chlorides 411d Na_,g 2 ~ccoldJllg hi ;I kno'r prnccdure. 14 
4,4 "-D~(mclho\.~ )dibenz_vl disulfitlc (2e)and 4,-| "-bis(dhnc[h-t- 
amino)dibcnzyl disulfide (2g) wcrc synthesized from ttle corre- 
sponding substituted bcnzaldch~,dcs and II>drogcn sulfide a~c- 
cording to ;.l procedure reported pre~iously 15 4,-I'-Dh!in'o.. 
dibcnzyl disuttidc (2f) was prepared fr{~ln the corresponding 
I'~tllllr xnlt nccordmg In a km~wn ploccdtlrc. 16 5odJl.llll bell/).l 
thJostllt';lte (14) ,*a~, prepared flora bcnzyl chlortdc alld 
Na-~S2()~ �9 51-1 ,O 4ccording to a proccdurc reported pl-cVh)usl,: 17 

2-Phenylbenzolhiazele (4a). A, o-Aminothiophenol (26.25 g, 
0.21 moll and dibcnzyl disulfide i24.0 g, I).l molt were heated 
in anhydrous I)MF t3{I rot.. dried over alkali and distilled m 
vacur)) a! 130--140 >C for 4 - 1 0  h. cooled to -2t)'>C'. and 
poured onto ice. 1he prccipilalc that R)rmcd was filtered (>tland 
rccrystallizcd from 95% EIOI-I. 2-(2-Chlorollhenyl)beazothiazole 
(4b), 2-(4-ehh)rophenyl)benzolhiazole (4c). 2-(2,4-dichloro- 
phenyl)benzothiazole (4d), 2-(4-methoxyphenyl)benzothiazole 
(4e), 2-(4-nitrophenyt)benzothiazole (4f). and 2-(4-,V.N-di- 
methylaminophenyl)benzothiazole (4g) were prepared ,mah> 
gouz, ly. I'he 5icld~, and charactcrislics of ~hc rest(hilly com- 
potlllds ;.ire given in lablc 1. 

B. 2-ehenylbenzolhiazolc 14a) was prepared in 56c~ ?,'ie]d 
fronl bis(2-aminophcnyl) disulfide (6} (24.8 g. 0.1 mol~ and 
disulfide 2a (24.(~ g. 0.1 mob under conditions used in proct> 
dure A. 

C. 2-Phcnylbenzothiazole (4a) was prepared in 42% vicld 
l?om thiol 13 (12.4 g, 0.1 mob and o-aminolhiophenot ~11 
112.5 g. ILl reel) under conditions used in proccdure A. 

O. 2-Phenylbcnzothi:izolc (4at was prepared in 36% yield 
from sodium benzyl thio~.ullittc (14) (22.6 g, 0.1 rout) and 
o-aminothiophcmd (I)  (12.5 g. 0.1 moll under conditions used 
in procedure A. 

lhe reaction conditions were ',aricd using lJlc, s vnthc,,is of 
2-phcnylbcnzothiazole (4a) from o-ammothiophenot t2e,.25 g, 
0.21 reel) and dibcnzyl disullide (24.6 g, 0.1 nml) as an 
example. The reaction time was decreased to I or 1.5 h in the 
presence of catalytic 'amounts (-.I).O01 mob of KOH or K,C()~. 
respectively. Irradiation of the mi• in a quartz fla~,k tlMilg :1 
PRK-4 mercury-quartz lamp (,";0 "C. 9 hi aft}arded phenyl- 
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bcnzothiazolc 4a ill J,~% yicM. The reaction [)crti>rmcd Lltldcr 
argon (2[) h) did I)ol give rise tO Collll')Oulld 4a. 

W e  t h a n k  G.  I. N i k i s h i n  for  hc lp l \d  d i s c u s s i o n .  
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