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Abstract  - On treatment w i t h  t r ie thy lamine i n  a c e t o n i t r i l e  a t  O'C, 2- 

methy-3-phenacylbenzothiazolium bromide gave a dimer of 2-methylene-3-phen- 

acylbenzothiazol ine i n  a quan t i t a t i ve  y i e l d .  The methylene base, generated i n  

s i t u ,  reacted w i t h  e lec t ron-def ic ien t  acetylenes and o l e f i n s  t o  g i ve  3-subst i -  

t u ted  2-phenylpyrrolo[2,1-blbenzothiazole v i a  a Michael type adduct; i n  some 

cases Michael type adducts were iso la ted.  On the other hand, the  methylene 

base reacted w i t h  tetracyanoethylene t o  g i ve  2-butadienylidenebenzothiazoline 

de r i va t i ve ,  which on heat ing i n  ace t i c  anhydride a f fo rded 1-benzoyl-2-cyano- 

pyrroloC2,l-blbenzothiazole w i t h  the  e l im ina t i on  of malonon i t r i le .  

On treatment w i t h  aqueous sodium carbonate 2.4-dimethyl-3-phenacylthiazolium bromide undergoes an 

1 in t ramolecu lar  condensation t o  y i e l d  3-methyl-6-phenylpyrrolo[2,1-blthiazole . I t  has l a t e r  been 

proved, however, t h a t  aqueous base was unsu i tab le  f o r  c y c l i z a t i o n  o f  such quaternary th iazo l ium 

sa l ts2 ,  and an a l t e rna te  c y c l i z a t i o n  method o f  the  th iazo l ium s a l t s  t o  the  pyrrolo[2.1-bl th iazole 

2 

Scheme 1 



systems has been developed by Molloy e t  It has a lso been reported t h a t  on treatment w i th  

tr iethylamine i n  methanol under r e f l u x  2-methyl-3-phenacylbenzothiazolium bromide (1) afforded a 

35% y i e l d  of 2-phenylpyrrolo[2.1-blbenlothia1ole (2) together w i th  a s ign i f i can t  amount of un- 

4 i d e n t i f i e d  compound . On the other hand, i t  i s  known tha t  the methylene base derived from 1.3-di- 

6 
methylbenzothiazolium s a l t s  ex i s t s  as a dimer5, whose s t ructure was confirmed as 2 (Scheme 1). 

4 Although Kr5hnke and F r ied r i ch  have described tha t  pyrrolobenzothiazole 2 could be formed from 

e i t h e r  N-phenacylide o r  methylene base, the  corroborating evidence f o r  speciesgenerated from 2- 

methyl-3-acylmethylthiazolium s a l t s  and base has no t  so f a r  been reported i n  the l i t e ra tu re .  

I n  the present paper we wish t o  repor t  the evidence f o r  generation o f  2-methylene-3-phenacylbenzo- 

th iazo l i ne  (methylene base) from bromide 1. 
Dimer of Methylene Base. A so lu t ion of t r iethylamine ( 3 . 0 m l )  i n  dry  a c e t o n i t r i l e  (5 ml) was 

added, drop by drop, t o  a suspension o f  bromide 1 (3.0 m l )  i n  dry a c e t o n i t r i l e  (50 ml) w i t h  

s t i r r i n g .  under nitrogen, the react ion mixture turned to a c lea r  so lu t ion,  and then yellow 

c rys ta l s  were separated out  dur ing 30 min. F i l t r a t i o n  gave crys ta ls ,  which were washed w i t h  

acetone (100 ml) and dr ied t o  afford pure yel low c rys ta l s  i, mp 1 0 5 - 1 0 9 ~ ~  (dec), i n  a quan t i t a t i ve  

y ie ld .  From the f i l t r a t e  triethylamnonium bromide was obtained quant i ta t ive ly .  On the basis of 

spectral data the s t ructure o f  2 was assigned as a dimer l i k e  3. It i s  thus evident tha t  the 

species generated from bromide i s  2-methylene-3-phenacylbenmthiarollne~, but  not  N-phenacylide. 

4 
r e f  1 ux i n  MeOH 
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Scheme 2 

$ IR (KBr) 1705, 1690 cm-'; NMR (CDCl3) 6 1.70 (3H. s, C b ) ,  4.31 (lH, s, =CE), 4.58, 4.77 

(each lH, d, C h .  5'18.5 Hz), 5.10, 5.14 (each lH, d, C&, J.19.5 Hz), 5.93-7.08 (18H, m, A r t i ) :  

13c NMR (CDC13) 6 33.8 (q, CH3). 48.5, 51.0 (each t, CH2), 79.1 (s, quat. CJ, 88.1 (d, =cH), 191.8, 
7 

195.5 (PO); MS m/e 267 ( ~ ~ 1 2 )  . 
On heat ing i n  methanol under re f l ux  for  1.5 h, d i m e r i  was converted t o  py r ro lobenzo th iazo le~ ,  mp 

Pd 

127-129'~ ( l i t . 4  mp 1 2 7 - 1 2 9 ~ ~ ) .  i n  43% y i e l d :  i t  seems t o  suggest t h a t  pyrrolobenzothiazole 2 might 

be formed v ia  dimer $, i n  the Kriihnke method4. 

Reaction of Methylene Base w i th  Acetylenes. I n  order t o  capture methylene base j,, the dehldro- 

bromination of bromide was performed i n  the presence of acetylenes. A general procedure i s  i l l u s -  



(Scheme 3). 
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t ra ted  as follows. A so lu t i on  of t r ie thy lamine (3.0 m l )  i n  dry a c e t o n i t r i l e  (5 ml) was added, 

drop by drop, t o  a suspension of bromide L ( 3 . 0  nmol) and an acetylene (3.0 m 1 )  i n  dry aceto- 

n i t r i l e  (50 ml) w i t h  s t i r r i n g ,  under nitrogen, a t  0%. A f t e r  the react ion mixture was s t i r r e d  a t  

the same temperature for  2 h, i t  was concentrated i n  vacuo t o  leave a residue. Benzene (100 ml) 

was added t o  the residue, and inso lub le  triethylamnonium bromide was removed by f i l t r a t i o n .  The 

f i l t r a t e  was again concentrated i n  vacuo, and the residue was chrolmatographed on s i l i c a  gel using 

benzene-hexane (1 : l )  as the eluent. 

I n  the react ion i n  the presence of dimethyl acetylenedicarboxylate (OMAO), two isomeric compounds, 

5a and 58. whose molecular formulas agreed w i th  t h a t  o f  a compound derived from 1 :1 adduct of DMAO - 
t o  methylene base,@ w i th  dehydration, were obtained. I n  other words, ga and 2 corresponded t o  a 

1 : l  adduct of WAD t o  pyrrolobenzothiazole2. On the o ther  hand, p y r r o l o b e n z o t h i a z o l e ~  reacted 

w i th  DMAD t o  give two isomeric 1 :1 adducts, g and g, which are d i f f e r e n t  from both 5g and 59 

Scheme 3 

On the basis o f  spectral  evidence, 2 and 2 were assigned as c i s -  and trans-3-bis(mthoxycarbony1)- 

vinyl-2-phenylpyrralo[Z,l-b]benzothiazole, and 6a, and as c i s -  and trans-1-bis(nethoxycarbony1)- 

vinyl-2-phenylpyrrolo[2,1-blbenzothiazole, respect ively.  

-1 1 2: yel low needles; mp 151-152.5'~; 1R (KBr) 1750, 1710 cm ; H NMR (CDC13) 6 3.63, 3.70 (each 

3H, s, OCB), 5.65 (lH, s, =Cw, 7.02-7.64 (IOH, m, 1-I! + Ar!); UV $,,ttH nm ( log  E) 203 (4.60), 251 

(4.451, 356 (4.21); MS m/e 391 (M'). 

sb: yel low needles; mp 127-l~sOc; IR (KBr) 1720 cml; 'H NMR (CDCI~) 6 3.41, 3.60 (each 3H. s, - 



OCb) ,  6.80 ( lH ,  s, =CK), 7.12-7.62 (10H. m, 1-H + ArK); UV A::: nm ( l o g  E) 203 (4.66), 230 (4.52). 

253 (4.38). 372 (3.33); MS mle 391 (M+). 

6a: ye l l ow  needles; mp 144-145%; IR (KBr) 1720, 1715 cm-l; 'H NMR (CDCl3) 6 3.61, 3.77 (each 3H. 
C 

s, OCb), 6.24 ( lH ,  s, =CK), 6.38 ( lH,  s, 3 - l ) ,  7.13-7.80 (9H, m, A r w ;  UV nm ( l o g  E) 206 

(4.56). 253 (4.37). 382 (3.60); MS mle 391 (M+). 

6b: r ed  needles; mp 132-133%; IR (KBr) 1740. 1720 cm-'; 'H NMR (CDCl3) 6 3.30, 3.60 (each 3H, s, - 
DL!.$, 6.43 (1H. s, 3-w,.7.13 ( lH ,  s, =CK), 7.09-7.65 (9H, m, ArHJ; UV A::: nm ( l o g  E )  206 (4.56). 

256 (4.39), 420 (3.24); MS m/e 391 (M'). 

I t  i s  reasonable t o  conclude t h a t  the  v i n y l  groups a re  l oca ted  a t  t h e  3 -pos i t i on  i n  2. s. and a t  

1 the  1 -pos i t i on  i n  e .  @, respec t i ve l y ,  because i n  t h e  H NMR spec t ra  the  pro ton  on t h e  p y r r o l o  

r i n g  i n  the  former isomers appears a t  lower f i e l d  than t h a t  i n  the  l a t t e r  isomers. It has been 

repor ted  t h a t  2,6-dimethylpyrrolol2.1-bl thiazole reacted w i t h  DMAD t o  g i ve  a m i x tu re  o f  two i s o -  

mer ic 5-bis(methoxycarbony1)vinyl der iva t i ves8 :  t h e  fo rmat ion  o f  3 and i s  compat ib le w i t h  the  

above repor ted  r e s u l t .  The geometry of t h e  v i n y l  groups i n  each isomer cou ld  be assigned on t h e  

1 bas is  o f  H NMR and e l e c t r o n i c  spec t ra l  data. The i nspec t i on  o f  mo lecu la r  models i nd i ca tes  t h a t  

t h e  o l e f i n i c  p ro ton  in, the  Z isomer and te rmina l  methoxycarbonyl group i n  t h e  E isomer are o r ien-  

t a t ed  i n  the  s h i e l d i n g  cone o f  t h e  3-phenyl group, r espec t i ve l y .  As i s  shown above, the  o l e f i n i c  

p ro ton  i n  o r  @ appears a t  h igher  f i e l d  than t h a t  i n  k b  o r  kb,  whereas the  te rmina l  methoxy- 

carbonyl group shows t h e  oppos i te  r e l a t i o n .  It i s  thus concluded t h a t 2  a n d 3  a re  Z isomers, 

wh i l e  L b  and gj are E isomers. Th is  conc lus ion  i s  s t r ong l y  supported by comparison o f  t h e i r  e lec -  

8 t r o n i c  spec t ra l  data w i t h  those of geometr ical  isomers o f  analogous compounds . 
S i m i l a r l y ,  the  r eac t i on  i n  t h e  presence o f  d icyanoacety lene gave a m i x tu re  o f  two isomer ic  py r ro l o -  

benzothiazoles 2 and &. From the  r e a c t i o n  i n  the  presence of benzoylacetylene, however, the  

so l e  pyr ro lobenzoth iazo le  8 was formed i n  low y i e l d  toge ther  w i t h  dimer f? (59%). S t r uc tu ra l  e l u -  

c i d a t i o n  o f  2. s, a n d g w a s  accomplished on the  bas is  o f  spec t ra l  data. 

1 1  7a: ye l l ow  needles; mp 247-248'~; IR (KBr) 2200 cm- ; H NMR (COC13) 6 5.40 (1H. s. -CE). 7.43- - 
7.86 (]OH, m, 1-K + ArHJ; UV nm ( l o g  E) 203 (4.37), 250 (4.28), 305 (3.48), 396 (4.07); MS 

m/e 325 (M'). 

7b: Yel low needles; mp 205-206'~; IR (KBr) 2220, 2200 cm"; 'H NMR (CDC13) 6 5.81 ( lH ,  s, =C&), - 
7.20-7.76 (10H. m, I-!+ A r i ) ;  UV ~i::~ nm ( l o g  E) 203 (4.78), 248 (4.69), 303 (3.90), 400 (4.11); 

MS m/e 325 (M+). 
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1 1  8: yel low needles; mp 186-187'~; IR (KBr) 1645 cm- ; H NMR (COC13) 6 7.02, 8.02 (each lH, d, =C!, 
P 

J=16.0 HZ), 7.20-8.05 (15H. m, I-! + Ar!); MS m/e 379 (M+). 

On the other hand, the reac t i on  o f  bromide 1 w i t h  dibenzoylacetylene i n  the presence o f  t r i e t h y l -  

amine a f fo rded Michael type a d d u c t 2  of the acetylene t o  methylene b a s e l  as a major product, t o -  

gether w i t h  pyrrolobenzothiazole g. The compound) was converted t o  &? on heat ing i n  ace t i c  an- 

hydride. The react ion  of lJ w i t h  hydrazine hydrate gave pyr idaz ine de r i va t i ve  U, suggesting t h a t  

the  v i n y l  group i n  10 i s  i n  Z form (Schem 4). 

Cl+COPh Ph 1 ." 
NEt3 - 0% a x c H c o p h  a;& 

PhOC-CGC-COPh COPh PhOC COPh 

Scheme 4 

9: red  needles; mp 210-212'~ (dec); I R  (KBr) 1680, 1660, 1635 cm-'; 'H NMR (DMSO-d6) 6 5.72 ( lH, ,. 
5 ,  =CE), 5.95 (ZH, 5, C&), 6.96 (lH, s, =C!), 7.21-8.17 (19H. m, Ar!); NMR (OMSO-d6) 6 51.6 

(CHz), 90.5 (=CH), 185.2, 191.7, 197.9 (C;O); UV A::? nm ( l o g  E) 202 (4.50). 243 (4.24), 269 

(4.06). 487 (4.36); MS m/e 501 (M+). 

l,g: yel low needles; mp 2 1 9 - 2 2 0 ~ ~ ;  IR (KBr) 1665, 1660 c c l ;  'H NMR (DMSO-d6) 6 7.00 (1H. s, =C!), 

7.40-8.17 (19H, m, Ar!), 8.23 ( lH, s, I-!); UV A::? nrn ( l o g  E )  202 (4.49). 255 (4.35), 423 (3.66); 

MS m/e 483 (Mt). 

11: co lo r l ess  prisms; mp 279-280'~; IR (KBr) 1580, 1560, 1515 cm-'; 'H t~ (CDC13) 6 7.10-7.97 .- 
(20H, m, Ar!), 7.70 ( lH, s, I-!); MS m/e 479 (Mt). 

It i s  thus ev ident  t h a t  the  react ion  o f  bromide i w i t h  an acetylene i n  the presence o f  t r i e t h y l -  

amine proceeds v i a  an i n i t i a l  formation of methylene base& fo l lowed by the  reac t i on  o f A w i t h  the 

acetylene t o  form a Michael type adduct l i k e 2 ,  which gives a pyrrolobenzothiazole w i t h  loss  of 

water. 



Reaction o f  Methylene Base w i th  Olef ins. Next we have invest igated the react ion o f  methylene base 

A w i th  o le f ins .  I n  the react ion w i th  ma leon i t r i l e  o r  fumaron i t r i l e  i n  chloroforn under s im i la r  " 
conditions, the same pyrrolobenzothiazole g, was obtained i n  31 o r  28% y i e l d  respect ively,  together 

w i t h  dimer i. Simi lar ly ,  methylene b a s e h  reacted w i th  N-(p-methoxypheny1)maleimide t o  give 

9 pyrrolobenzothiazole 9 i n  40% y i e l d  . 

a~LH$ k N  N 

12 m c 13 0 

12: co lor less prisms; mp 138-140%; IR (KBr) 2270, 2250 cm-I ; 'H NMR (CDC13) 6 2.86 (2H. d, c h ,  
e 

J=7.5 Hz), 4.44 (lH, t, 3Cy, 5.7.5 Hz), 7.28-7.76 (lOH, m, A r u ;  MS m/e 327 (M+). 

13: co lor less needles; mp 130-131%; IR (KBr) 1780, 1700 cm-l; 'H NMR (CDC13) 6 2.88 (1H. dd. J= - 
5.6. 18.5 Hz), 3.12 (lH, dd, C b ,  5.9.2, 18.5 Hz), 3.73 (3H, s, OCb), 4.33 (lH, dd,?C& J=5.6, 

9.2 Hz), 6.80-7.60 (14H. m, Ar!); MS m/e 452 (M+). 

The react ion of methylene base!! w i t h  trans-dibenzoylethylene gave a mixture of Michael type adduct 

14 and pyrrolobenzothiazole z. The r e l a t i v e  y ie lds  of 2 and 2 changed w i t h  react ion time: the e 

y ie lds  of U and were 71 and 3% o r  65 and 10% i n  the react ion fo r  2 o r  3 h, respect ively.  When 

14 i n  chloroform was allowed t o  stand overnight a t  room temperature, was completely converted - 
t o  y. I n  cont rast  t o  '9 having a dienamine structure, the Olef in ic  and methylene hydrogens i n  

were read i l y  deuterated on treatment w i th  deuterium oxide. 

PhOC H 
H 

H COPh 

0% i n  MeCN 

COPh 
$3+ COPh CN 

r e f l u x  i n  

bc,, 6 h 
NC CN 

Scheme 5 

On the other hand, the react ion w i th  tetracyanoethylene showed a d i f f e r e n t  pattern. I n  t h i s  case. 
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tricyanobutadienyl idenebenzothiazoline de r i va t i ve  was obtained i n  37% y i e l d .  The compound 

was res i s tan t  t o  dehydration, but  instead 1-benzoyl-2-cyanopyrrolobenzothiazole Y was f o m d  i n  

81% y i e l d  on heat ing i n  acet ic  anhydride. 

St ructura l  e luc idat ion of 2, 15, 1A and JJ was accomplished on the basis o f  spectral  data. 

14: dark yel low needles; mp 1 0 9 - 1 1 0 ~ ~ ;  IR (KBr) 1710, 1700. 1680 cm-l; 'H NMR (LOCI3) 6 3.17 (lH, ,-. 
dd, C 2 ,  5-4.2, 18.3 Hz), 3.85 (lH, dd, C k ,  5-10.5, 18.3 Hz), 4.13 (lH, d, =CK, J.10.5 Hz), 4.55 

(lH, td ,  +CK, 5.4.2, 10.5 Hz), 4.86 (2H, s, C k ) .  6.30-8.03 (19H. m, A rN .  

3: co lor less Prisms; mp 173.5-175%; IR (KBr) 1690, 1675 cm-' ; 'H NMR (CDC13) 6 3.37 (lH, dd, 

C 2 ,  5-4.2, 18.3 Hz). 4.40 (lH, dd, C k ,  J=10.5, 18.3 Hz), 5.47 (lH, dd,;CH, 5-4.2, 10.5 HZ), 

7.02-8.05 (20H. m. 1-H + ArK) ; MS m/e 485 (M'). 

16: red needles; mp 158-160'~ (dec); IR (KBr) 2200. 1690 cm-l; 'H NMR (OMSO-dg) 6 6.23 (1H. s. 
P 

=CN, 6.44 (2H. s, C k ) ,  7.53-8.34 (9H, m, ArH); UV A::: nm ( l o g  s) 201 (4.19), 246 (3.97). 382 

(3.80). 395 (3.75), 480 (3.82). 506 (3.99); MS m/e 368 (Mt). 

17: co lor less needles; mp 215'~; IR (KBr) 2230, 1645 cm-l; 'H NMR ( ~ 0 ~ 1 ~ )  6 6.80 (IH, s, 3+), ,.- 
7.20-8.40 (9H. m, ArHJ; MS m/e 302 (bit). 

I t  has been reported tha t  tetracyanoethylene reacted w i t h  aromatic o r  heterocyc l ic  nuc le i  t o  i n t r o -  

duce a t r icyanov iny l  group i n t o  the r i n g  system v ia  i n i t i a l  add i t ion across the double bond i n  the 

10 ethylene, followed by the base-induced e l iminat ion o f  hydrogen cyanide . Thus the pathway for  the 

formation o f  9 can be i l l u s t r a t e d  as shown i n  Scheme 6. Tetracyanoethylene adds t o  methylene base 

b t o  y i e l d g ,  followed by the base-induced e l iminat ion of hydrogen cyanide t o  give 12. On the other 

NC CN 
M CH2COPh 

NC CN I - HCN 

[ b ]  -- [@pCKC(CNkCH(CN)r - 16 

Scheme 6 

hand, the f o n a t i o n  of from 16 may be explained as fol lows. The compound 16 isomerizes t o  N- 

y l i d e  C, followed by an intramolecular cyc l i za t i on  t o  y i e l d  O. Subsequent e l iminat ion of malono- 

n i t r i l e  f romp gives n. The e l iminat ion o f  malononi t r i le  has been observed i n  the react ion of 



2H.3H-thieno[3,2-bIpyrrol-3-one w i t h  tetracyanoethylene leading t o  the  format ion of the  correspond- 

11 i ng  2-dicyanomthylene de r i va t i ve  . 
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