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Abstract - Benzothiazolium N-phenacylide, generated i n  s i t u  from 3-phenacyl- 

benzothiazolium bromide and t r ie thy lamine,  reacted w i t h  maleic anhydride, N- 

(p-methoxyphenyl)rnaleimide, dimethyl maleate, and f u m r a t e  t o  g ive  the corre- 

sponding tetrahydropyrrolo[2.1-blbenzothiazole der iva t ives ,  a l l  of which were 

s tab le  on treatment w i t h  t r ie thy lamine,  i n  good y ie lds  respect ive ly .  With 

m l e o n i t r i l e  the so le  cycloadduct was formed, whereas fumaron i t r i le  gave a 

mixture o f  two stereoisomeric cycloadducts. I n  some cases, dimer and/or 

hydrated compound of y l i d e  were formed as by-products. On treatment w i t h  t r i -  

ethylamine epimerizat ion and r ing-transformat ion of cycloadducts obtained from 

both the d i n i t r i l e s  were observed. 

1 Potts and h i s  co-workers have reported tha t  4-methylthiazolium N-phenacylide reacted w i th  N-phenyl- 

maleimide t o  g ive  the cycloadduct whose stereochemistry was not f u l l y  establ ished, whereas no iden- 

t i f i a b l e  cycloadducts were obtained i n  the  react ion  w i t h  o ther  o l e f i n i c  d ipo laroph i les .  

We have now found tha t  benzothiazolium N-phenacylide (1). generated i n  s i t u  from 3-phenacylbenzo- 

2 
th iazo l ium bromide and t r ie thy lamine,  reacted w i th  a va r i e t y  of o l e f i n i c  d ipo laroph i les  t o  af ford 

the corresponding cycloadducts i n  good y i e l d s .  

The t yp i ca l  procedure fo r  the cyc loadd i t ion  i s  as fo l lows: under n i t rogen,  a so lu t i on  of t r i e t h y l -  

amine (3 mmol) i n  d ry  chloroform (1  ml)  was added, drop by drop, t o  a mix ture  of 3-phenacylbenzo- 

th iazo l ium bromide (3 m l )  and an o le f i n  ( 3  m o l )  i n  dry  chloroform (30 ml)  a t  20°C, and then the 

react ion  mixture was s t i r r e d  a t  the same temperature for  3 h. The mixture was poured i n t o  water 

(200 ml ) ,  and extracted w i t h  chloroform. The ex t rac t  was evaporated i n  vacuo, and the residue was 

p u r i f i e d  by r e c r y s t a l l i z a t i o n  and/or chromatography on s i l i c a  ge l .  

The y l i d e  J reacted w i t h  maleic anhydride and N-(p-methoxypheny1)maleirnide t o  give the corresponding 

cycloadducts 2 a n d s i n  exce l l en t  y i e l d s  respect ive ly .  However, the r e a c t i v i t y  o f I  toward dimethyl 

maleate and fumra te  was somewhat lower, and the cycloadducts 9 a n d 2  were formed, together w i t h  



small amounts of dimer 2 and/or 4-formylbenzo[l,4]thiazine d e r i v a t i v e l  (Scheme I ) .  I n  the  absence 

o f  an o l e f i n i c  d ipo laroph i le  under s i m i l a r  condi t ions,  the y l i d e  1 was transformed i n t o 2  a n d i  i n  

3 37 and 51% y i e l d s  respect ive ly  . 

1 2 5 (R =Hb, R =E)  82% - 17% 

CHO 

Ph 
6 .-, 7 - 

Scheme 1 

St ruc tura l  e luc idat ion  of cyc loadducts2 - i w a s  accomplished on the basis of spectral  data and of 

chemical conversions. 

2: pale ye l low prisms; mp 173-174'~; IR (KBr) 1850, 1780, 1680 cm-'; 'H NMR (CDC13) 6 3.73 (IH, dd, - 
Hc, J=8.6, 8.6 HZ), 4.23 ( IH, dd, Hb, J-1.0, 8.6 Hz, changed t o  a doublet when i r r a d i a t e d  a t  6 6.02), 

5.33 (IH, d, Hd, Jz8.6 Hz, changed t o  a s i n g l e t  when i r r a d i a t e d  a t  6 3.73), 6.02 ( lH, d, Ha, J-1.0 

Hz), 6.65-7.70 (7H, m), 7.95-8.25 (ZH, m ) ;  13c NMR (CDCI3) 6 47.9, 51.1, 69.3, 71.9 ( t e r t .  C), 167.6, 

172.1, 193.2 (C-0); MS m/e 351 (M'). 

3: co lor less  p la tes ;  mp 195-196'~; I R  (KBr) 1780, 1700, 1680 cm-'; 'H NMR (CDCI3) 6 3.59 (lH, dd, - 
Hc, 5.7.9, 7.9 Hz), 3.73 (3H, 51,  4.03 (lH, dd, Hb, Je7.9, 0.5 Hz), 5.41 (lH, d, Hd, 5.7.9 Hz, 

changed t o  a s i n g l e t  when i r r a d i a t e d  a t  6 3.59), 6.05 (1H. d, Ha, J-0.5 Hz), 6.37, 6.77 (each ZH, d) ,  

13 6.90-8.30 (9H, m); C NMR (CDC13) 6 47.6, 50.6 ( t e r t .  C), 55.3 (;H3), 68.4, 71.9 ( t e r t .  C ) ,  173.3, 

176.5, 194.0 (C;O); MS m/e 456 (M+). 

1 1  4: pale yel low needles; mp 1 1 9 - 1 2 2 ~ ~ ;  IR (KBr) 1780, 1680 cm- ; H NMR (CDC13) 6 3.53, 3.59 (each - 
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3H, s), 3.65 ( lH ,  dd, Hb, 5.7.3, 5.5 Hz), 3.94 ( lH ,  dd, Hc, 5-7.3, 7.3 Hz, changed t o  a doublet  

when i r r a d i a t e d  a t  6 5.67). 5.67 ( IH,  d, Hd, 5-7.3 Hz, changed t o  a s i n g l e t  when i r r a d i a t e d  a t  6 

3.94). 5.88 ( lH ,  d, Ha, 5-5.5 Hz, changed t o  a s i n g l e t  when i r r a d i a t e d  a t  6 3.65). 6.29 ( lH ,  m), 

6.62-7.07, 7.47-7.78 (each 3H, m), 8.05-8.35 (ZH, m); I 3 c  N.IR (COCI3) 6 50.1, 51.8, 52.2, 52.4 

( t e r t .  G I ,  67.1, 73.0 (gH3), 170.0, 170.5, 199.7 (L=O); MS mle 397 (Mt). 

1 I 5: co l o r l ess  needles; mp 104-105'~; IR (KBr) 1780, 1680 cm- ; H NMR (CDC13) 6 3.42, 3.73 (each 3 ~ ,  - 
s) ,  3.77 ( IH,  dd, Hc, 5.9.8, 7.4 Hz), 4.26 (IH, dd, Hb, 5.9.8. 7.9 Hz, changed t o  a doublet  when 

i r r a d i a t e d  a t  6 5.89), 5.50 ( lH ,  d, Hd, 5-7.4 Hz, changed t o  a s i n g l e t  when i r r a d i a t e d  a t  6 3.77), 

5.89 (1H. d, Ha, 5-7.9 Hz, changed t o  a s i n g l e t  when i r r a d i a t e d  a t  6 4.26). 6.55-7.13 (4H, m), 7.36 

13 -7.65 (3H, m), 7.87-8.15 (2H, m); C NMR (COC13) 6 47.6 ( t e r t .  C), 52.1 (&H3), 69.4, 72.2 ( t e r t .  

C), 170.0, 170.8, 196.4 (C-0); MS m/e 397 (Mt). " 

Reduction o f  w i t h  sodium borohydr ide i n  tetrahydrofuran afforded t h e  corresponding a lcoho l  8 i n  a 

1 q u a n t i t a t i v e  y i e l d .  On the bas is  of  H NMR data of 8 ,  i t  was deduced t h a t  Ha appeared a t  lower 

f i e l d  than Hd i n  a l l  cycloadducts. Reductive desu l f u r i za t i on  o f  and 5 w i t h  Raney n i c k e l  (W-2) i n  

ethanol  gave the  p y r r o l i d i n e  d e r i v a t i v e s  9 and 12, whereas 4 and 5 were t r e a t e d  w i t h  c h l o r a n i l  i n  

ethanol  t o  g ive  the  dehydrogenated products and 12 r espec t i ve l y  (Scheme 2) .  

Na8H4 i n  THF 

3 

d E 
Raney Ni c h l o r a n i l  

1 

5 . 5  - 
P~CO' 

P h  

?(R'=E, R ~ = H ~ )  21% Y ( R  1 =E, R '=H~) 86% 

Z ( R ~ = H ~ ,  R ~ = E )  81% E(R '=H~,  R2=E) 86% 

E-COOMe 

Schem 2 

S t ruc tu ra l  e l u c i d a t i o n  of g - 12 was accomplished on the  bas is  of spec t ra l  data. 

8: co l o r l ess  needles; mp 105.108~~; I R  (KBr) 3500, 1780, 1710 cm-' ; 'H NMR (C0Cl3) 6 3.07 (IH, - 
broad s, OH, exchanged w i t h  020), 3.29-3.60 (2H, complex s igna l ,  Hb and Hc), 3.67 (3H, s ) ,  4.58 

( IH,  d, Ha, J=4.7 Hz), 4.83 (lH, broad d, CHOH, 5=4.7 Hz), 5.68 (lH, d, Hd, 5-7.1 Hz), 6.21 ( lH ,  

m), 6.49-7.63 (12H, m);  MS m/e 458 (M'). 

9: pa l e  ye l l ow  prisms; mp 81-82'~; I R  (KBr) 1740, 1690 ' H  NMR (C6D6 i n  the  presence o f  Eu .., 
(dpm13) 6 3.37, 3.65 (each 3H, s), 3.77 ( IH,  dd, Hb, 5-7.4, 0.8 Hz), 3.70-3.94 ( lH ,  d t ,  H,, 5=8.1, 



8.1, 7.4 Hz), 4.12, 4.54 (each lH, dd, Hd and Hd', 5 ~ 8 . 1 ,  8.1 Hz), 5.96 ( lH ,  d, Ha, 5 ~ 0 . 8  Hz), 6.41 

-7.20 (8H, In), 8.17-8.38 (2H, m); 13c NMR (CDC13) 6 43.2, 49.0 ( t e r t .  C), 48.4 (CH2), 51.2, 52.8 

(EH3). 65.7 ( t e r t .  _ C ) ,  171.0, 197.5 (J=O); MS mle 367 (M'). 

1 1  s: p a l e  y e l l o w  needles; mp 113-114'~; 1R (KBr) 1740, 1790 ern- ; H NMR (C6D6 i n  t h e  presence o f  

Eu(dmpI3) 6 2.94, 3.64 (each 3H. s ) ,  3.77 (1H. dd, Hd, J=9.0, 9 .0  Hz), 4.20 ( lH ,  dd, Hd ' ,  5-9.0, 

9.0 H Z ) ,  4.29 ( 1 ~ .  apparent  dd, Hb, 5-10.6, 8.1 Hz, changed t o  a sharp dd (5=10.6, 0.8 Hz) when 

i r r a d i a t e d  a t  6 5.65), 4.66 ( J H ,  d t ,  Hc, J=10.6, 9.0, 9.0 HZ), 5.65 (IH, d, H,, 5-8.1 HZ), 6.31- 

7.19 ( 8 ~ ,  m ) ,  7.83-8.06 (2H, m) ;  13c NMR (COC13) 6 43.6, 49.9 ( t e r t .  C), 50.1 51.8, 52.4 

(CH3), 62.3 ( t e r t .  $1, 169.5, 172.3, 199.1 (C=O); MS m/e 367 (M+). 

11: y e l l o w  needles; mp 1 8 9 - 1 9 0 ~ ~ ;  IR  (KBr) 1735, 1690, 1670 cm-l; 'H NMR (CDC13) 6 3.72, 3.82 

(each 3H, s ) ,  4.34 ( lH ,  d, Hb, 5.4.0 Hz), 6.18 ( lH ,  d, Ha, 5 ~ 4 . 0  Hz) ,  6.58 ( lH ,  m), 6.58-7.66 (6H, 

m), 7.97-8.11 (2H, m); MS m/e 395 (M+) .  

12: y e l l o w  needles; rnp 2 0 8 - 2 0 9 ~ ~ ;  IR (KBr) 1745, 1690, 1650 cm-l;  ' H  NMR (COC13) 6 3.18, 3.65 

(each 3H, s ) ,  4.85 ( l H ,  d, Hb, J=lZ.O Hz), 5.96 ( lH ,  d, )la, 5=12.0 Hz), 6.46 ( l H ,  m), 6.86-7.65 

(6H, m), 7.78-8.06 (2H, m); MS m/e 395 (M+) .  

Stereochemist ry  of 2 - 2, and g - was deduced on t h e  bas is  o f  va lues o f  c o u p l i n g  cons tan ts  i n  

4 'H NMR spec t ra  r e s p e c t i v e l y  . 
Next, t h e  r e a c t i o n  o f ?  w i t h  m a l e o n i t r i l e  and f u m a r o n i t r i l e  was i n v e s t i g a t e d .  Wi th m a l e o n i t r i l e  

t h e  s o l e  cyc loadduct  1_1 was ob ta ined  i n  91% y i e l d .  On t h e  o t h e r  hand, j- reac ted  w i t h  f u m a r o n i t r i l e  

t o  g i v e  two i somer ic  cyc loadducts 9 and u ,  whose r e l a t i v e  y i e l d s  depended on t h e  r e a c t i o n  con- 

d i t i o n s  (Scheme 3) .  S t r u c t u r a l  e l u c i d a t i o n  of cyc loadducts 13 - 15 was accomplished on t h e  bas is  

of s p e c t r a l  data and o f  chemical convers ions.  

13: c o l o r l e s s  p l a t e s ;  mp 181-183'~; 1R (KBr) 2230, 1670 cm"; ' H  NMR (CDC13) 6 3.95 ( lH ,  dd, Hc, - 
5-8.5, 6.1 Hz), 4.04 ( l H ,  dd, Hb, 5=8.5, 3.5 Hz), 5.47 ( lH ,  d, Hd, 5-6.1 Hz), 5 .68 ( lH ,  d, Ha, J =  

3.5 Hz), 6.72-8.29 (9H, m); MS m/e 331 (M+) .  

14: c o l o r l e s s  needles; mp 190-191'~; IR  (KBr) 2240, 1680 cm-l; 'H NMR (CDC13) 6 3.42 ( lH ,  dd, Hc, - 
J-9.5, 7.2 Hz, changed t o  a doub le t  when i r r a d i a t e d  a t  6 5.58) ,  4.31 ( l H ,  dd, Hb, 5 ~ 7 . 2 ,  7.2 Hz, 

changed t o  a doub le t  when i r r a d i a t e d  a t  6 5.701, 5.58 ( l H ,  d, Hd, 3-7.2 Hz, changed t o  a s i n g l e t  

when i r r a d i a t e d  a t  6 3.42), 5 .70 ( l H ,  d, Ha, 5=7.2 Hz), 6.64-7.33 (4H, m), 7.45-7.76 (3H, m), 7.88- 

8.25 (ZH, m); 13c NMR (CDC13) 6 34.4, 41.4, 68.0, 71.0 ( t e r t .  L ) ,  193.2 ( P O ) ;  MS mle 331 (M'). 

-1  1 
15: c o l o r l e s s  pr isms;  mp 133-135'~; IR (KBr) 2240, 1680 crn ; H NMR (CDC13) 6 3.25 ( l H ,  dd, Hc, - 

5.8.4, 8 . 4 H z ) , 4 . 1 6  ( l H , d d ,  Hb, J=8.4, 3 . 8 H z ) , 4 . 9 9  ( l H , d , H d ,  J = 8 . 4 H z ) , 5 . 6 7  ( l H , d , H a ,  J= 

3.8  Hz), 6.84-7.28 (4H, m ) ,  7.37-7.74 (3H, m),  7.90-8.13 (2H, m); NMR (CDC13) b 31.9, 41.8, 

69.4, 73.1 ( t e r t .  C), 192.2 ( 2 0 ) ;  MS m/e 331 ( M I ) .  

When 13 o r  15 was t r e a t e d  w i t h  an equimolar  amount o f  c h l o r a n i l  i n  r e f l u x i n g  e thano l  f o r  2 h o r  i n  
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14 
r e f l u x  i n  CHC13, 3 h 43% 

r e f l u x  i n  MIF, 0.5 h 79% 

3 
58% 

1 s  
61% 

Scheme 

r e f l u x i n g  to luene f o r  4 h, the  same dehydrogenated product  was obtained i n  53 o r  61% y i e l d  r e -  

spec t i ve l y .  In s i m i l a r  cond i t ions  i n  to luene f o r  4 h, however, 14 a f f o rded  a 50% y i e l d  of the  

f u l l y  dehydrogenated product  17, which was a l so  formed i n  47% y i e l d  toge ther  w i t h  a 2% y i e l d  of 

when was t r ea ted  w i t h  c h l o r a n i l  i n  r e f l u x i n g  xylene f o r  4 h. 
5 

1 I 
@: co lo r l ess  prisms; mp 234-236'~; IR (KBr) 2200, 1695 cm- ; H NMR (C5D5N) 6 5.63 ( lH ,  d, Hb, J =  

4.1 Hz), 6.94-7.32 (3H, m) , 7.37 (1H, d, Ha, 5 ~ 4 . 1  Hz), 7.45-7.82 (4H, m) , 8.24-8.46 (2H, m)  ; MS 

mle 329 (M+). 
-1 1 

lJ: co lo r l ess  prisms; rnp 304-305'~; I R  (KBr) 2210, 1640 cm ; H NMR (CF3COOO) 6 7.35-8.45 (In) ; MS 

m/e 327 (M'). 



It has been found t h a t  on treatment w i t h  t r ie thy lamine cycloadducts I2 - 15 underwent epimerizat ion 

and/or r ing-transformat ion.  whereas cyc loadducts2 - +  were unchanged under s i m i l a r  condi t ions.  

Thus, g and 12 were transfomed i n t o  a  mixture o f  15 and benzo[l ,4]thiazine de r i va t i ve  18 when 

t reated w i t h  an equimolar amount of t r ie thy lamine i n  re f l ux ing  chloroform. However, was r e a d i l y  

converted t o  9 a t  room temperature: i n  t h i s  case no IJ or  14 was formed and 15 was recovered 

(Scheme 3). The s t ruc ture  of u was deduced on the basis o f  spectral  data. 

2: co lor less  needles; mp 1 9 7 - 1 9 8 ~ ~ ;  I R  (KBr) 3380, 2250, 2190 crnW1; 'H NMR (acetone-d6) S 4.23 

(lH, dd, 3CJ, 5.8.5, 1.7 Hz), 5.11 ( lH, d, jC), J.8.5 Hz), 6.54 (IH, s, O_H, exchanged w i th  D20). 

6.96-7.95 (QH, m), 8.15 (IH, d, =CJ, 5-1.7 HZ); MS m/e 331 (M+). 

The transformation i n t o  can be in terpre ted as shown i n  Scheme 3: the intermediate phenyl su l f ide  

Q a r i s i n g  from deprotonation o f  a  cycloadduct, the most l i k e l y  15, would g ive  r i s e  t o  through 

the nuc leoph i l i c  a t tack  on the carbonyl carbon as i l l u s t r a t e d  f o r  the formation o f J ?  a n d l .  3  

On the basis o f  the above facts, i t  seems reasonable t o  assume t h a t  the  cyc loadd i t ion  react ion  o f l  

w i t h  o l e f i n i c  d ipo laroph i les  proceeds s tereose lec t ive ly ,  and t h a t  the  i n i t i a l  cycloadduct der ived 

from c i s -o le f i n  has the Ha&,-trans-Hb,Hc-cis-Hc,Hd-trans conf igura t ion  l i k e  l3, and then under- 

goes epimerizat ion t o  the  more s tab le  Ha+,-trans-Hb,H,-cis-Hc,Hd-cis cycloadduct. 
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