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SYNTHESIS IN THE 2-MERCAFTOBENZOTHIAZOLE SERIES 

V. * Thiazolidino[2, 3-b]-Benzothiazolines 
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Reaction of 2-mercaptobenzothiazoles substituted at position 6 by 
chlorine, dimethylsulfamido, benzamido, and nitro groups, with 
chlorobromoalkanes, is used to synthesize the corresponding 6- 
substituted 2-(S-chloroalkylmercapto)benzothiazoles.  Oxidation 
of these compounds with hydrogen peroxide in acetic acid converts 
them to sulfoxides and sulfones, while heating in nitrobenzene 
cyclizes them to 6 substituted 2,3-dihydrothiazolo[2,3-b]benzothia- 
zolium chlorides. T'ne latter and previousIy obtained quaternary 
saks are converted by sodium borohydride into derivatives of a new 
tricyclic system, thiazolidino[2,g-b]benzothiazoline.  

Developing prev ious  r e s e a r c h  aimed at studying 
t r ans fo rma t ions  of 2- ( f l -ch loroe thylmercapto)benzo-  
th iazole ,  we have synthesized der iva t ives  of this sub- 
s t i tuted at posi t ion 6 in the ring, and studied the i r  p ro -  
pe r t i e s  and r eac t iv i t i e s .  Cyclizat ions of subst i tuted 
2 - ( f i -ch lo roe thy lmercap to) -benzo th iazo les  to qua te r -  
na ry  sa l t s ,  oxidation of these sa l t s  to sulfoxide and 
sulfones,  and convers ion  of the l a t t e r  to unsa tura ted  
compounds, were  effected by methods desc r ibed  in 
our previous  paper  [1]. Replacement  of a hydrogen 
atom at posi t ion 6 in 2 - ( f i -ch lo roe thy lmercap to) -benzo-  
thiazole  by chlor ine ,  d imethylsul famido,  benzoylamino,  
and a ni t ro  group, did not have any r ea l  effect  on the 
cycl iza t ion  of the compounds to benzothiazol ium 
sa l t s ,  and this might  have been pred ic ted  f rom the 
e lec t ron ic  s t ruc tu re  of benzothiazole .  

Oxidation of 6 subst i tu ted 2 - ( f l - ch lo roe thy lmer -  
capto)benzothiazoles  to sulfones was effected in the 
usual  way with hydrogen peroxide in acet ic  acid [1]. 
Only in one case ,  when there  was chlorine at posi t ion 
6, was the cor respond ing  sulfoxide i so la ted  f rom the 
reac t ion  products .  With a number  of sulfoxides and 
sulfones s a t i s f ac to ry  analy t ica l  data for chlor ine could 
not be obtained, due to t he i r  tendency to spl i t  off 
hydrogen chlor ide .  

The sulfoxides and sulfones a re  read i ly  dehydro-  
chlor inated  by t r e a t m e n t  with a luminum oxide. Thus 
af te r  pass ing  benzene or  ch loroform solut ions of 
2- ( f l -chloroethyl ) -6-  ch lo ro - ,  6 -d imethy l su l famido-  
and 6-benzamidobenzoth iazoly lsu l fones  through an 
a lumina column, the subs tances  did not give the 
Bei l s te in  t es t  for  chlor ine ,  and the i r  IR spec t r a  
lacked the band c h a r a c t e r i s t i c  of the - - H C = C H  2 
bond. This ind ica tes  that spl i t t ing off of hydrogen 
chlor ide  f rom sulfoxides  and sulfones is evident ly  
accompanied by side r eac t ions ,  compl ica t ing  i so la t ion  
of the unsa tu ra ted  compounds. Only in one case  was 
2- (6-chlorobenzoth iazoly l ) -v inylsu l foxide  i so la ted .  

*For Part IV see [1]o 

Due to the large positive charge at the nitrogen 
atom, and the consequent decreased electron density 
at the carbon atom in position 2, quaternary benzo- 

thiazolium salts are interesting models for inves- 
tigating nucleophilic substitution. In addition it was 

of interest to investigate reduction, and by this 

reaction to arrive at a new heterocyclic system. 
Actually, by reducing benzothiazolium salts with 
sodium borohydride in aqueous medium at room 
temperature high yields of the thiazolidino[2,3-b] 

benzothiazolines I-VII were obtained. 

~ s  i~s_.+ / R  2 ~ 4 / P , ~  6 N 3 
N , -  NaBH4 ~- ~, / ' ~ " / ~ ' S / ~ S / N ' R  

R S \R~  "'3 ~ 9 ~ 

I -V I I  

I R~=R2=R3-H; I I  R~=CH3; R2=R3=H; 
I I I  RI=Ra-H;  R2=CH:~; I V  RI=R2=H; R3=CI; 

V R~=R2-H; Ra=NO2; 
V! RI=R2=H; R a = S O 2 N ( C H : 0 2 ;  

VII RI=R2=H; Ra=NHCOC~Hs; X=CI, B. 

There  is  no informat ion in the l i t e r a tu re  about 
e i the r  of these he te rocyc l i c  s y s t e m s  or  the i r  d e r i -  
va t ives ,  so that  independent i n t e re s t  a t taches  to the 
p repa ra t ion  and invest igat ion of the p r ope r t i e s  of 
these  compounds. The s t ruc tu re  of compounds 
I -VI I  was confirmed by the e l emen ta ry  analyt ica l  
data and IR spec t ra ,  which l a t t e r  lacked absorpt ion  
bands c h a r a c t e r i s t i c  of SH and NH groups.  Such a 
t r i cyc l i c  sys tem is  s table  at room t e m p e r a t u r e  to 
dilute and concent ra ted  acids.  T rea tmen t  with 
cold dilute a lkal i  decomposes  them to give s c i s s ion  
products .  In some cases  reduct ion of benzothiazol ium 
sa l t s  p receded  ambiguously,  for  along with the 
expected compounds products  of deeper  reduct ion 
were  found; the l a t t e r  will  form the subject  of a 
sepa ra te  communicat ion.  

EXPERIMENTAL 

2-Mercapto- 6-dimethylsulfamidobenzothiazole 
(VIII). 20 g (0.12 mole) 2 -mercap tobenzoth iazo le  was 
added in sma l l  port ions to 200 ml chlorosulfonic  
acid cooled to 0 ~ the mixture  then s t i r r e d  for  15 
min at  0 - 5  ~ and over  a per iod  of 1 h r  30 rain the 
mix ture  carefu l ly  poured onto ice. The p rec ip i t a te  
was f i l t e red  off, washed with ice water ,  ca re fu l ly  
p r e s sed ,  and d i s so lved  with heating in excess  20% 
aqueous Me 2 NH. The whole was boiled for  2 hr ,  di luted 
with water ,  ac idi f ied with AcOH, and the p rec ip i t a t e  
f i l t e r ed  off. Yield 25 g (76%) VIII mp 233-234.5 ~ 
(ex d imethy l fo rmamide) .  Found: N 10.09; 10.28; S 
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34.77; 34.97%. Calculated for CgH10N202S 3. N 10.21; 
S 35.00%. 

2-Mereapto-6-benzamidobenzothiazole (IX). A 
solution of 12 mI benzoyl chloride in 200 ml dioxane 
was added dropwise to a mixture of 18.2 g (0.1 mole) 
2-mercapto-6-aminobenzothiazole  [2] in 400 ml dry 
dioxane and 12 ml dry pyridine, the whole refluxed 
for 4 hr,  cooled, the precipitate filtered off, washed 
with water,  and the filtrate plus washings poured 
into 8% HC1; the precipitates were bulked. Yield 
10.6 g (72%) IX, mp 147-248 ~ (ex n-PrOH). The 
l i terature gives [2] mp 231-234 ~ Found: N 9.54; 
9.76; S 22.40; 22.33%. Calculated for C14H10N2OS2: 
N 9.80; S 22.38%. 

2- (/~- Chloroethylmercapto)-6-nitrobenzothiazole 
(X). A solution of 15.4 g (0.11 mole) chlorobromome- 
thane in 100 ml EtOH was added, with st irr ing,  to a 
solution of 21.2 g (0.1 mole) 2 -mercap to -6-n i t ro -  
benzothiazole [3] in 260 ml 1.6% NaOH at 60 ~ after 
5-6  hr  the products cooled, 200 ml water added, and 
the precipitate filtered off. Yield 19.8 g (72%) sulfide 
X mp 97-98 ~ (ex EtOH). The l i terature gives [4] mp 
84 ~ Found: C1 12.84; 13.02; S 23.50; 23.62%. Calcu- 
lated for CgHTC1N202S2:C1 12.93; S 23.31%. 

2-(f l-Chloroethylmercapto)-6-dimethylsulfamido- 
benzothiazole (XI). 5.5 g (0.02 mole )mercap tan  
VIII in 50 ml 2% was mixed with 3.6 g (0.025 mole) 
chlorobromomethane in 25 mt EtOH, the precipitate 
separated and ground with ether; yield of XI 3.6 g 
(55%), mp 132-133 ~ (ex EtOH). Found: C1 10.22; 10o23; 
S 28.62; 28.66%. Calculated for  CnH13CIN202S3: 
C1 10.54; S 28.55%. 

2- (fl- Chloroethylmereapto)-6-benzamidobenzothia-  
zole (XII). 22.4 g (0.08 mole) mercaptan IX in 300 ml 
1.5% NaOH and 14.6 g (0.1 mole) chlorobromethane in 
100 ml gave 26.6 g (93%) sulfide XII, mp ~130 ~ (ex 
n-PrOH, shrinks, solidifies and melts again at 
267-268~ Found: C1 9.91; 10.03; N 7.93; 8.04; S 
18.39; 18.22%. Calculated for C16H13C1N2OS2:C1 10.19; 
N 8.03; S 18.36%. 

2- (fl- Chloroethylmercapto)-6-  chlorobenzothiazole 
(XIII). 6.5 g (0.032 mole) 2 -mereapto-6-ch lorobenzo-  
thiazole [5] in 150 ml 1.3% NaOH and 5.4 g (0.037 
mole) chlorobromoethane in 50 ml EtOH were mixed 
and then diluted with water (about 100 ml), when an 
oil formed which was extracted with ether. The ether 
solution was washed with water and dried over anhy- 
drous MgSO 4. After  removing the ether there remained 
6 g (71%) of the oil, which was used for subsequent 
reactions without fur ther  purification. 

2- (fl- Chloroethyl)- 6- chlorobenzothiazolysulfoxide 
(XIV). A solution of 7 g (0.026 mole) sulfide XIII in 
60 ml glacial  AcOH and 39 ml (0.3 mole) 26% H202 
were s t i r red  together for 1 hr 30 rain at 50 ~ cooled, 
poured into water, the precipitate filtered off, washed 
with water,  and dried. Yield 3.7 g (50%) sulfoxide XIV, 
mp 113-114 ~ (ex aqueous n-PrOH). In the IR spectrum 
~SO 1060 (1050) cm -1. Found: S 22.42; 22.55% Cal- 
culated for  CsH 7 C12NOS: S 22.86%. 

2-(6-Chlorobenzothiazolyl)vinylsulfoxide. 1 g sul- 
foxide XW was dissolved in CHC13, and run onto an 
A1203 (activity W - V )  column, eluted with CHCI~, the 

CHC13 solution then evaporated. Yield 0.5 g (57%), 
mp 107-108 ~ (ex EtOH). In the IR spectrum VSO 1065, 
965, 990 cm -1 (-CH=CH2). Found: C1 14.62; 14.62; S 
25.83, 26.05%. Calculated for C1 14.62; 14.62; S 25.83, 
26.05%: C1 14.58, S 26.28%. 

2- (fl- Chloroethyl)-6- chlorobenzothiazolysulfone. 
A solution of 7 g (0.026 mole) sulfide XIII in 56 ml 
glacial AcOH and 39 mI (0.32 mole) 28% H202 were 
s t i r red  together for 3 hr  at 70 ~ the products cooled, 
poured into water, the precipitate filtered off, washed 
with water, and dried, yield 3 g (38%) sulfone, mp 
114-115 ~ (ex aqueous PrOH). In the IR spectrum 
vSO2 sym 1340 em -1, ~SO 2 asym 1156 cm -I, Found: 
CI 21.88; 21.85; S 23.63; S 23.63; 23.51%. Calculated 
for C9HTCI2NO2S2: C121.62, S23.97%. 

2- (fl- Chloroethyl)- 6-dimethylsulfamidobenzthia- 
zolylsulfone. A solution of 1.6 g (0.005 mole) sulfide 
XI in 80 ml glacial AeOH was stirred for 2 hr with 
6.6 ml (0.054 mole) 28% H202 55-65 ~ the products 
cooled and poured into about 250 ml water. The pre- 
cipitate was filtered off, washed with water, and 
dried, yield 1.33 g (70%) sulfone, mp 149-150 ~ 

(ex n-PrOH). In the IR spectrum: VSO 2 sym 1340 
cm-l, ~SO2 asym 1160 cm -I. Found: C1 9.35; 9.22; 
S 26.56; 26.48%. Calculated for CIIHiaCIN~O4S3: 
Cl 9.61; S 26.07%. 

2- (fl- Chloroethyl)-6-benzamidobenzothiazolysul- 
lone. A solution of 2.4 g (0.0007 mole) sulfide XII in 
75 ml glacial AcOH and 9.4 ml (0.077 mole) 28% 
H202 were s t i r red together for 1 hr 30 rain at 60-65 ~ 
the products cooled, the precipitate filtered off, wash- 
ed with water, and dried. Yield 1.6 g material ;  the fil- 
t rate was poured into water, to give an additional 0.9 
g material .  Total yield 2.5 g (92%), mp 188-189 ~ 
(ex n-PrOH). In the IR spectrum: VSO 2 sym 1340 
cm-1, ~SO2 asym 1140 (1153) cm -~. Found: N 7.23; 
7.49; S 16.76; 16.83%. Calculated for Ci~HI~C1N20~S~: 
N 7.35; S 16.82%. 

2,3-Dihydrothiazolo[2,3-b]-7-chlorobenzothiazo- 
lium chloride. 13.6 g (0.05 mole) sulfide, XIII was 
dissolved in 15 ml nitrobenzene, heated at 140 ~ for 
3-4 hr, cooled, the solid filtered off, washed with 
acetone, and dried. Yield 8.6 g (63.3%) chloride, 
mp 262-262.5 ~ (ex dry EtOH). Found: C1 ion 13.16; 
13.19; Cl total 26.45; 26.57; S 24.23; 24.55%. Cal- 
culated for CgHICI2NS2: Cl ion 13.44; C1 total 26.89, 

S 24.24%. 
2,3-Dihydrothiazolo[2,3-b-7-nitrobenzothiazolium 

chloride. 14.5 g (0.05 mole) sulfide X was heated in 50 
ml nitrobenzene for 8-10 hr  at 120-140 ~ the products 
cooled, the solid fi l tered off, washed with acetone, 
and dried. Yield of chloride 80%; it decomposed when 
an attempt was made to recrys ta l l ize  it, and for r e -  
duction the crude mater ia l  was used. 

2,3-Dihydrothiazolo[ 2,3-b]- 7-dimethylsulfamido- 
benzothiazolium chloride. 4 g (0.012 mole) sulfide 
XI was heated in 8 ml nitrobenzene for 2-3  hr  at 
110-130 ~ the products cooled, the solid fi l tered off, 
washed with acetone, and dried. Yield 2 g (50%) 
chloride mp 165-167 ~ (ex MeOH + ether). Found: 
C1 10.45; 10.63%. Calculated for C11HI3C1N202Sg: 
C1 10.54%. 
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2,3 -Dihydrothiazolo[2 ,3-b]  - 7 -benzamido th i azo l ium 
chlor ide .  3 g sulf ide XII was warmed  with 30 ml n i t r o -  
benzene  to d i s so lve  i t ,  and the whole then heated for  
10 hr  at 120-140 ~ the products  cooled, the sol id f i l t -  
e red  off, washed with acetone,  and dr ied.  Yield 2.3 g 
(76%) chlor ide ,  mp 277-278  ~ (ex EtOH). Found: 
C1 10.23; 10.14; N 7.94; 7.93; S 18.40; 18.56%. 
Calcula ted  for C~6H13C1N2OS2:C1 10.19; N 8.03; S 
18.36%. 

Thiazol td ino [2 ,3-b]benzoth iazol ine  (I). 2.85 g 
NaBH 4 (0.073 mole)  in 50 ml  wa te r  was added dropwise  
to a solut ion of 13.8 g (0.06 mole) 2 ,3 -d ihydro th ia -  
zo lo[2 ,3-b]benzoth iazol ium chlor ide [1] in 150 ml  
water ,  and the whole s t i r r e d  for  1 hr .  Then the r e a c -  
t ion mix tu re  was heated at 40 ~ for 30 min ,  cooled, and 
the solut ion decanted f rom an oil. The oil was d i s -  
solved in a m i n i m u m  amount  of concen t ra ted  HC1, 
the HC1 solut ion di luted with about 500 ml  water .  
The oil which s epa ra t ed  was ex t rac ted  with CHC13, 
the aqueous solut ion made a lkal ine  with NaHCO3, 
the p rec ip i t a te  f i l t e red  off, and ca re fu l ly  washed 
with water ,  when I was obtained (method a). 

3 -Methy l th iazo l id ino[2 ,3 -b]benzo th iazo l ine  (III). 1.9 
g NaBH 4 (0.048 mole)  in 50 ml  water  was added d rop-  
wise to a solut ion of 3 -me thy l -2 ,3 -d ihyd ro th i azo l o [ 2 ,3 -  
b )benz th iazo l ium b romide  [1] in 100 ml  water ,  the 

whole s t i r r e d  for  1 hr ,  heated at 40 ~ for 30 rain, cool-  
ed, the p rec ip i ta te  f i l t e red  off, washed with water ,  
and dr ied ,  when III was obtained (method b). The o ther  
benzo th iazo l ines  whose p r o p e r t i e s  a re  given in the 
Table ,  were p r epa red  s i m i l a r l y .  

The IR spec t r a  were de t e rmined  by V. G. Vino-  
kurov,  Vo So Tro t i skaya ,  and N. D. Solokhina, with a 
UR-10 IR spee t ropho tomete r :  mu l l s  with vase l ine  or  
KBr  d i scs  were  used.  
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