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P b s t r a c t - V i l s m e i e r ' s  t h i e n o p y r r o l i z i n i m i n i u m  s a l t s  were t r e a t e d  w i t h  p r i m a r y  

m i n e s  t o  g i v e  N - s u b s t i t u e d  t h i e n o p y r r o l i z i n i m i n e s .  Reduct ion  o f  t h e s e  im ines  

gave t h e  co r respond ing  amino d e r i v a t i v e s .  

I n  c o n t i n u a t i o n  o f  our work on t h e  s y n t h e s i s  o f  t h i o p h e n i c  analogs o f  p y r r o l o i n d a l e s  ( i n  r e l a t i o n  

w i t h  m i t omyc in  a n t i t u m o r  a c t i v i t y  ', we w i sh  t o  d e s c r i b e  h e r e i n  a  conven ien t  r o u t e  f o r  t h e  syn the -  

s i s  o f  new 4- imino-and 4-amino-4~-thieno[Z,3-blpyrrolirines v i a  an i rn in ium s a l t .  

We have r e c e n t l y  p u b l i s h e d  an o r i g i n a l  way of c y c l i s a t i o n  o f  t h i e n o p y r r o l i r i n o n e  1 u s i n g  amides 

i n  V i ls rne ier -Haack r e a c t i o n s  and a p p l i e d  t h i s  method t o  t h e  s y n t h e s i s  of p y r r o l o i n d o l e s  3. 

F u r t h e r  s t u d i e s  conce rn i ng  t h i s  r e a c t i o n  pnmp ted  us t o  i s o l a t e  t h e  i n t e r m e d i a r y  i rniniurn s a l t s  o f  

t h i s  r e a c t i o n .  

Thus when t h e  p y r r o l i d i n o c a r b o x a m i d e  J was t r e a t e d  w i t h  b o i l i n g  ohosphory l  c h l o r i d e ,  t h e  r e a c t i o n  

a f f o rded  a f t e r  e v a p o r a t i o n  o f  t h e  excess reagen t  t h e  s t a b l e  im in i um 4. The s t r u c t u r e  o f  i t s  

c a t i o n i c  mo ie t y  was con f i nned  by I R  and NMR s p e c t r o s c o p i c  da ta ,  b u t  m i c roe lemen ta l  ana l yses  

showed t h a t  t h e  a n i o n i c  mo ie t y  was always a m i x t u r e  of p h o r p h o r o d i c h l o r i d a t e  and c h l o r i d e .  T h i s  

compound i s  ve r y  s o l u b l e  i n  aqueous w d i u m  and can be used i n  s i t "  f o r  f u r t h e r  r e a c t i o n s .  

However t h e  c rude s a l t  4 c o u l d  be p u r i f i e d  by  t r e a t m e n t  f i r s t  by  sodium b i ca rbona te ,  t h e n  by  

p e r c h l o r i c  a c i d  t o  g i v e  t h e  i n s o l u b l e  p e r c h l o r a t e  5. 
These i m i n i u m  s a l t s  and z e x h i b i t e d  a h i g h  r e a c t i v i t y  towards  n u c l e o p h i l i c  r eagen t s .  Thus t r e a t -  

r e n t  o f  an aqueous s o l u t i o n  o f !  o r  5 w i t h  sodium or po tass ium hyd rox ide  gave t h e  p y r r o l i z i n o n e  1 
as d e s c r i b e d  before .  The im in i um 4 war  t r e a t e d  w i t h  hyd raz i ne  h y d r a t e  a t  morn t empe ra tu re  t o  g i v e  

t h e  hydrazone wh ich  c o u l d  n o t  be o b t a i n e d  from p y r r o l i z i n o n e  1 by  r e a c t i o n  w i t h  h y d r a z i n e  wh ich  

i n s t e a d  l e a d  t o  a  d e s u l f u r i s a t i o n  o f  t h e  t h i ophene  r i n g .  S i m i l a r l y  t r e a t w n t  of 4 w i t h  h y d m x y l a -  

mine h y d r o c h l o r i d e  i n  presence o f  sodium a c e t a t e  gave t h e  oxime I as a  m i x t u r e  o f  an e q u i v a l e n t  
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R = N ,  X : P02CI,.CI ! Y - 0  

a R = N  3 x =ClO, 6 Y = NNH, - 
7 - Y =NOH t E + Z )  

15-2_1 - ( T ~ ~ I ~ T I )  

2-2 R = H 

23 - R = COCH, 

amount o f  E and Z f o m s .  These l a t t e r  c o u l d  be o b t a i n e $  s t a r t i n g  from 1. 
Fur the rmore  when an aqueous s o l u t i o n  o f  t h e  i m i n i u m  s a l t  4 was t r e a t e d  a t  room tempe ra tu re  w i t h  an 

excess o f  w a t e r - s o l u b l e  p r i m a r y  a l i p h a t i c  amines, t h e  i ns tan taneous  r e a c t i o n  a f f o rded  t h e  im ines  

8-3 i n  q u a n t i t a t i v e  y i e l d  (Tab le  I). These i rnines c o u l d  n o t  be  o b t a i n e d  by  condensa t i on  o f  - 

p r i m a r y  a l i p h a t i c  amines w i t h  t h e  p y r r o l i z i n o n e  1. T h i s  r e a c t i o n  o f  t h e  im in i um s a l t  4 w i t h  pr ima-  

r y  a l i p h a t i c  m i n e  seems t o  be q u i t e  gene ra l  w i t h  w a t e r  s o l u b l e  m a t e r i a l s .  A roma t i c  aminfs were 

u n r e a c t i v e  under  t h e s e  c o n d i t i o n s .  

Reduct ion  o f  t hese  im ines  8-14 i n  methanol w i t h  sodium bo rohyd r i de  qave t h e  co r respond ing  

a m i n o t h i e n o p y r r o l i z i n e s  15-21 - (Tab le  11). 

The amino compound 11 war o b t a i n e d  when ammoma was bubbled i n t o  a m e t h a n o l i c  s o l u t i o n  o f  t h e  i-i- 

nium s a l t  and t h e  u n s t a b l e  p y r r o l i z i n i m i n e  was reduced i n  s i t "  w i t h  sodium bo rohyd r i de .  Acety-  

l a t i o n  o f  t h e  u n s t a b l e  o i l  o f  22 w i t h  a c e t i c  anhyd r i de  gave t h e  s t a b l e  acetamidothienopyrrolizine 

23. - 
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EXPERIMENTAL 

Genera l  no tes  

M e l t i n g  p o i n t s  are unco r rec ted .  A l l  new compounds gave s a t i s f a c t o r y  m i c roana l yses  (i0.39$. 

Ir s p e c t r a  were reco rded  on Pe rk i n -E lme r  257 G  spec t rome te r  and o n l y  no tewo r thy  a b s o r p t i o n s  

( cm- l )  a r e  l i s t e d .  NMR s p e c t r a  were reco rded  i n  DMSO-d6 w i t h  TMS as i n t e r n a t i o n a l  s t a n d a r d  on 

a Va r i an  EM 390 spect rometer .  

2-(1-Pyrroly1)-3-pyrrolidinocarbonylthiophene 3 - P y r r o l i d i n e  (50 m l )  was added d ropw ise  t o  a 

s o l u t i o n  o f  2-(I-pyrroly1)-3-thenoyl a r i d e  2 (21.8g. 0 , l  mole) i n  d i ch l o rome thane  (500 rnl) a t  

room tempe ra tu re  w i t h  s t i r r i n g .  The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  12 h  a t  t h i s  t empe ra tu re  

and t hen  washed w i t h  h y d r o c h l o r i c  a c i d  ( I N ,  3x150 m l ) .  The o r g a n i c  l a y e r  was washed w i t h  wa te r ,  

d r i e d  (CaCI ) and t h e  s o l v e n t  removed under  vacuum. The r e s i d u e  was worked-up i n  e t h e r  t o  g i v e  2  

a  y e l l o w  o i l  (189, 735, hp"C 1 8 0 / l m ) .  

i r 3 m a x  (KBr) 1610 cm-' (C=O); 'H nmr ( ~ ~ ~ 0 - d ~ ) S p p m  7.03 (d ,  lH, H-4) ; 7 .31  (d ,  l H ,  H-5).  

6.90 ( m ,  2H, H-Z' ,  H - 5 ' ) ,  6.20 (m,  2H, H -3 ' ,  H - 4 ' ) ,  3.30 (m, ZH, CH2), 2.80 (m, ZH, CH2), 1.66 

(m, 4H. CH2). 

Ana l .  Ca l cd  f o r  C13H14N20S: C,63.39; H, 5.73; N, 11.37; 5, 13.01. Found: C, 6 3 2 5 ;  H, 5.84; 

N, 11.35; S, 12.97. 

~ - ~ ~ c l o h u t a n o t h i e n o [ 2 , 3 - h ]  p y r r a l i z i n - 4 - i m i n i u m  ( m i x t u r e  o f  c h l o r i d e  and p h o s p h o r o d i c h l o r i d a t e )  4 

A  s o l u t i o n  of 2-(1-pyrroly1)-3-pyrrolidinocarbonylthiophene 3 (209) i n  phosphory l  c h l o r i d e  

(200 m l )  was r e f l u x e d  f o r  1 h  and t h e n  t h e  excess o f  r eagen t  was removed under  vacuum. The r e d  

semi-sal id r e s i d u e  (259) was t h o r o u g h l y  washed w i t h  pe t ro l eum e t h e r  and d r i e d .  R e c r y s t a l l i z a t i o n  

from 2-propano l  gave r e d  c r y s t a l s  (mpSC 260 dec . ) .  

i r 3 r n a u  (KBr)  1650 cm-' (C= i ) ;  'H nmr ( D M S O - ~ ~ / D ~ O ) ~ ~ ~ ~  7.13 ( s ,  2H, H-2, H-3),  6.96 (dd ,  lH ,  

H-5), 6.25 (dd,  lH, H-6);  7 . 41  (dd,  lH ,  H-7),  4.10 (m, 2H, CH2), 3.80 (In, ZH, CH2), 2 .21 (m, 4H, 

CH21. 

N-Cyclohutanothieno[2,3-hlpyrrolizin-4-irninium ( p e r c h l o r a t e )  5 -Sodium hydrogenecarbonate  ( l o g )  

was added p a r t i o n w i s e  w i t h  s t i r r i n g  a t  room tempe ra tu re  t o  a s o l u t i o n  o f  i m i n i u m  s a l t ?  (5g) i n  

w a t e r  (50  m l )  ; t h e  r e s u l t i n g  a l k a l i n e  s o l u t i o n  (pH-13) was a c i d i f i e d  by  s l ow  a d d i t i o n  o f  concen- 

t r a t e d  p e r c h l o r i c  ac i d .  A f t e r  30 min ,  t h e  r e d  p r e c i p i t a t e  was f i l t e r e d ,  washed w i t h  water  a n d  

d r i e d  (5g ,  93% f r o m  3 ) .  R e c r y s t a l l i z a t i o n  f r om 2-propano l  gave c r y s t a l s  (rnpSC ,250 e x p l . ) .  



Table  I - 

Y 

rnp or b p ,  yields, IR and ' li E l t lR  spectral data o f  compound 6-14 

9 4  (petroleum 
e t h e r :  Et20 1:1) 

152(Et20:me2C0 1: l  

IR ( K B r )  
'H N M R  

' 2 1 H3 1 H5 1 H6 1 H7 I 0th.. signals 

Yield 

% 

x Separated by fractional crystallization f rom ethanol 

mp°C (solvent f o r  

recrystallization) 

o r  bp°C 
Compound Y 
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1rqrnax ( K B r )  1650 cm-I (C=i )  1100 cm-' ( ~ 1 0 4 ) ;  'H nmr (DMSO-d6/D20)Sppm 7.21 ( 5 ,  ZH, H-2, H-3); 

7.08 (dd, IH, H-5); 6.25 (dd, IH, H-6); 7.73 (dd, lH,  H-7); 4.16 (rn, ZH, CH2); 3.91 (m, 2H, CH?); 

2.13 (m, 4H, CH2). 

A n a l .  Calcd f o r  C13H13C104N2S: C. 47.49; H, 3.99; N, 8.52; 5, 9.75; C l ,  10.78. Found: C ,  47.55; 

H, 4.08; N, 8.47; 5, 9.70; C l ,  11.04. 

General procedure f o r  t he  p repara t i on  o f  hydrazone 6 ,  m i m e  L and imines 8-I$ -To a w e l l  

s t i r r e d  s o l u t i o n  o f  imin ium s a l t 4  (29) i n  water  (20 m i ) ,  t h e  approp r ia te  reagent was added a t  

room temperature. A f t e r  5 rnin, t he  r e s u l t i n g  p r e c i p i t a t e  was recovered e i t h e r  by f i l t r a t i o n  f o r  

t h e  s o l i d  compound o r  by e x t r a c t i o n  w i t h  e t h e r  fo r  t he  o i l y  compounds. The s o l i d  compounds were 

washed w i t h  water ,  d r i e d  (Na2S04), r e c r y s t a l l i z e d  from approp r ia te  so l ven ts .  The o rgan ic  e x t r a c t s  

were washed w i t h  water  and d r i e d  (MgS04). The s o l v e n t  was removed and the  res idue d i s t i l l e d  u n t e r  

reduced pressure (see Table I ) .  

General procedure f o r  p repara t i on  o f  m i n e s  15-21 -To a s o l u t i o n  o f  one o f  t he  4 - a l k y l i -  

mino-4H-thienopyrrolizines 8-x ( l g )  i n  methanol (50 ml), sodium borohydr ide ( l g )  was added. 

The m ix tu re  was r e f l u x e d  f o r  30 mi" and the  so l ven t  removed. The res idue  was t r i t u r a t e d  w i t h  

water  (60 ml)  and e x t r a c t e d  w i t h  e t h e r  (3x50 ml) .  The o rgan ic  l a y e r  war  washed w i t h  water, d r i e d  

(Na2S04) and the s o l v e n t  removed. The o i l y  product was d i s t i l l e d  under reduced pressure except  

fo r  compound 11 which was r e c r y s t a l l i z e d  (see Table 11). 

4-~cetamido-4~-thieno[2.3-blpyrrolizine =-Ammonia was bubbled f o r  5 min i n t o  a s o l u t i o n  of 

imin ium s a l t  4 (1,5g) i n  methanol (60 m l ) .  When t h e  r e d  s t a r t i n g  s o l u t i o n  became ye l l ow ,  sodium 

borohydr ide ( l g )  was added i n  smal l  p o r t i o n s .  The m ix tu re  was s t i r r e d  f o r  30 min a t  room tempe- 

r a t u r e  and the  methanol was removed. The res idue was t r i t u r a t e d  w i t h  water  (60 ml)  and then 

ex t rac ted  w i t h  e t h e r  (3x50 m l ) .  

The o rgan ic  l a y e r  was washed w i t h  water  and d r i e d  (Na2S04)  A f t e r  evaporat ion of t h e  so l ven t ,  

t he  o i l y  res idue was d i s t i l l e d  under reduced pressure t o  g i v e  the  4-aminothienopyrrolizine 2 

as a co lou r less  o i l  (0.59, 45% from 3, bp 11O"C/5nm. 

1&ax ( K B r )  3450-3360 cm-I (NH2); H nmr (DMS0-d6)xppm 7.00 i s ,  2H, H-2, H-3), 6.10 (rn, 2H, 

H-5, H-6), 7.00 (dd, IH, H-7), 4.76 ( s ,  IH, H-4), 2.5. ( s ,  2H, NH2). 

The amino th ienopy r ro l i z i ne  22 (0,259) was d i sso lved  i n  e t h e r  (10 ml )  and then a c e t i c  anhydr ide 

( I  ml)  was added. The r e a c t i o n  m ix tu re  was heated f o r  30 min a t  40°C and then a l lowed t o  s tand 

a t  room temperature f o r  12 h.  The w h i t e  c r y s t a l l i n e  p r e c i p i t a t e  was f i l t e r e d  and r e c r y s t a l l i z e d  

from pet ro leum e t h e r  (0.259. 73%, rnp 210°C). 
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1 
i r S r n a x  (KBr) 3260 cm- I  (NH); 1640 cm-' (C-0); H nmr (GMS0-d6)Sppm 7.03 ( d ,  IH, H-2),  6.86 

(d ,  lH ,  H-3) .  6.10 (m, 2H, H-5, H-6),  7.10 (dd, l H ,  H-7) ,  5.73 ( s ,  IH ,  H-4) ,  1.83 ( s ,  3H, CH3), 

8 . 41  (8 ,  IH,  NH). 

Ana l .  C a l c d  f o r  Cl1HlON2GS: C, 60.54; H, 4.62; N, 12.84; 5 ,  14.66. Found:C, 60.59; H, 4.62; 

N.12.84; 5 ,  14.58. 
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