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Abstract- The r e a c t i o n  o f  1-methyl- A' (*)-dehydropyrrol  i z i d i n e  w i t h  d imethy l  acety- 

l ened i ca rboxy la te  i n  hexane gave d imethy l  7-methyl-1,2,5,6-tetrahydro-3H-pyrrolo~,2-a~- 

azepine-8,9-dicarboxylate (2) and d imethy l  1-methyl-1,2,5,6-tetrahydro-3H-pyrrolo[l ,2- 

alazepine-8,9-dicarboxylate (3). The choice of p r o t i c  so l ven t  l i k e  olethan01 gave r i s e  

t o  the  fo rmat ion  o f  a  t r i c y c l i c  compound. 

Recent ly,  we have synthes ized 1-methyl- A'(*)-dehydr~~yrrolizidine (1)'. t h e  fundamental c o n s t i t u e n t  

o f  nesine moie ty  of p u r r o l i z i d i n e  a l k a l o i d s ,  and observed the i somer i za t i on  between t h e   isomer 
(la) and  isomer (E), i n  which la i s  predominant. As a  p a r t  of our  s tud ies  on t h e  chemis t ry  

o f  p y r r o l i z i d i n e s  and r e l a t e d  c ~ m ~ o u n d s ~ ~ ~ ,  p a r t i c u l a r l y  on the p o t e n t i a l  r e a c t i v i t i e s  of the  new 

h e t e r o c y c l i c  enamine 1, we examined t h e  r e a c t i o n  of 1 wi th  dimethyl  acety lened icarboxy la te  (DMAD; 21. 

I n  t h i s  paper,  we wish t o  deal w i t h  t h e  s t r u c t u r e s  of the products as w e l l  as the  r e a c t i o n  mechanism. 

An equ i va len t  molar  amount of DMAD was added dropwise t o  a s t i r r e d  s o l u t i o n  o f  t h e  enamine 1 i n  d r y  

n-hexane under i c e  coo l i ng .  A f t e r  s t i r r i n g  f o r  2  hours a t  room temperature, t h e  so l ven t  was evapo- 

ra ted  under reduced pressure and the res idue was chromatographed by a  column o f  s i l i c a  ge l  t o  g i v e  

6 
1,2,5,6-tetrahydro-3H-pyrrolo[1,2-alazepine d e r i v a t i v e s  a and 5 i n  36 and 20 b y i e l d ,  r e s p e c t i v e l y  . 



The s t r u c t u r e s  o f  the  products  were confirmed by t h e i r  s p e c t r a l  evidence. Thus, the  bo th  products  

3a and 3 showed t h e  c o r r e c t  molecu lar  i o n  peak (C14HlgN04) i n  t h e  h i g h  r e s o l u t i o n  mass spect ra ,  - 

and had two s t r o n g  absorp t ions  a t  1635-1695 and 1720-1730 cm-l, i n d i c a t i n g  the  presence o f  two 

d i s s i m i l a r  C=O groups, i n  the  I R  spect ra .  I n  t h e  NMR spectrum o f  &, the s igna l s  o f  a  s i n g l e t  a t  

6 2.00 ppm be ing ass ignab le  t o  t h e  a l l y l i c  methyl p ro tons of C7 and of two s i n g l e t s a t  6 3.59 and 

3.71 ppm asc r i bab le  t o  t h e  two COOCH3 (C8 and Cg), a re  c h a r a c t e r i s t i c .  On the o the r  hand, t h e  NMR 

spectrum o f  3 revea led a  s i gna l  a t  6 6.58 ppm as a  t r i p l e t  ( J=7.5 Hz ), ass ignab le  t o  t h e  v i n y l  

proton of C7, a l i p h a t i c  methyl  p ro tons a t  6 1.19 ppm as adoub le t  ( 5-7.0 Hz ), and two s i n g l e t s  a t  

6 3.58 and 3.70 ppm a t t r i b u t a b l e  t o  two COOCH3 ( C8 and Cg ) .  Fu r the r  suppor t  f o r  t h e  assingment 

o f  the o t h e r  s i g n a l s  o f  compounds 3 and 3 cou ld  be obta ined by sp in -sp in  decoup l ing  method, t h e  

resu l t s  o f  which a re  recorded i n  t h e  exper imental  sec t i on .  

When methanol was used as the so l ven t  i n  above r e a c t i o n ,  t h e  novel  t r i c y c l i c  compound (9 having 

cyclopenta[3,2,1-g,h]pyrrolizine ske le ton cou ld  be i s o l a t e d  i n  28 % y i e l d ,  i n  a d d i t i o n  t o  t h e  

7 compound & ( 33 % Y i e l d  ) . The s t r u c t u r e  of 2 was es tab l i shed  by spect roscop ic  method ( see 

8  experimental sec t i on  ) ,  t oge the r  w i t h  o the r  chemical da ta  . 

COOMe 
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1 

2 
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I n  the r e a c t i d n  o f  the  enamine 1 w i t h  methyl  acety lenecarbony la te  i n  e the r  the  compound 2 cou ld  

be obta ined i n  41 % y i e l d ,  at tempts t o  i s o l a t e  t h e  compound and the t r i c y c l i c  compound cor re-  

sponding t o  5, however, f a i l e d .  

It i s  apparent t h a t  t h e  r e a c t i o n  o f  t h e  enamine 1 ( j&=E ) w i t h  DMADproceeded v i a  thermal [2+2] 

cyc loadd i t i on l1  fo l lowed by  i somer i za t i on  of t h e  r e s u l t i n g  l a b i l e  cyclobutene i n tenned ia te  such as 

7  t o  the  products  3 and 3. To our  knowledge, concerning t h e  c y c l o a d d i t i o n  of DMAD t o  h e t e r o c y c l i c  - 

enamines, no r e p o r t  has appeared on t h e  i s o l a t i o n  o f  t h e  two adducts de r i ved  from the poss ib le  two 

isomers i n  the  i somer i za t i on  o f  enamines. 

Furthermore, we a re  cons ide r i ng  t h a t  t h e  mechanism o f  t h e  f o rma t i on  o f  5, t h e  r a t i o  of which i s  

dependent on the p o l a r i t y  o f  t h e  so lvent ,  m e r i t s  some coment.Thus, t h e  i n i t i a l  p roduct  of a d d i t i o n  
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12 of the  enamine 1 t o  DMAD may be represented as the  d i p o l a r  species (5)  . The d i p o l a r  species 6 
would r e s u l t  i n  a p r o t o t r o p i c  s h i f t  of the  C7 Proton t o  the an ion i c  s i d e  cha in  and then c y c l i z a t i o n  

g i v i n g  the t r i c y c l i c  compound 5. The i dea  of the  in t ramolecu lar  p r o t o t r o p i c  s h i f t  ( o r  p ro ton 

14 a b s t r a c t i o n  o f  carbanion 1 process ( 5-8 ) was supported by exper iment used deutera ted methanol . 

DMAD 
1 -  

EXPERIMENTAL 

I R  spec t ra  were recorded w i t h  a H i tach i -295 ins t rument  and NMR spec t ra  were measured w i t h  a H i t a c h i -  

R-22 spectrometer us ing  te t rame thy l s i l ane  as an i n t e r n a l  standard.  H igh - reso lu t i on  mass spect ra  

were obta ined w i t h  a JEOL-01-SG ins t rument  w i t h  a d i r e c t  i n l e t  system ope ra t i ng  a t  75 eV. 

P repa ra t i on  of t h e  enamine (1 )  : The enamine 1, bp 94'C (73 mmHg), was prepared by t h e  method 

descr ibed p rev ious l y2  i n  73 % y i e l d  as a c o l o r l e s s  o i l  from y-(N-2-oxopyrrolidiny1)- u-methy l -  

b u t y l i c  acid.  

React ion of t h e  enamine (1 )  w i t h  d imethy l  acety lened icarboxy la te  (DMADl : To a s o l u t i o n  o f  t h e  

enamine (1  .OOg, 8.12 m o l e )  i n  d ry  n-hexane (20ml ) was slowly added dropwise a s o l u t i o n  of DMAD 

(1.209, 8.45nmole) i n  n-hexane (5111) w i t h  s t i r r i n g  under ice  c o o l i n g .  A f t e r  s t i r r i n g  f o r  2 hours 



a t  room temperature, evapora t ion  o f  t h e  s o l v e n t  gave an o i l y  res idue which was p u r i f i e d  by a 

column of s i l i c a  gel  ( Wakogel C-300 ). Successive e l u t i o n  w i t h  n-hexane and e t h e r  af forded d i -  

methyl 7-methyl-1,2,5,6-tetrahydro-3H-pyrroloC1,2-alazepine-8,9-dicarboxylate (&) and d imethy l  

l-methyl-l,2,5,6-tetrahydro-3H-pyrrolo[l.2-alazepine-8,9-dicarblxylate (3) i n  36 and 20 % y i e l d ,  

13 respec t i ve l y  . Wi th  e t h e r  as a so l ven t  i n  above reac t i on ,  t h e  i s o l a t e d  y i e l d s  o f  3 and %were 

29 and 15 %, r espec t i ve l y .  

Compound 3 : IR (1  i q .  f i l m )  max 1695 and 1730 cm-' (two d i s s i m i l a r  e s t e r  C-0 groups); NMR (CDC13) 

6 1.55-2.10(2H, m, C2-methylene p ro tons ) ,  2.00(3H, s,C7-methyl p ro tons ) ,  2.28-2.45(2H, m, C6- 

methylene pro tons) ,  3.20-3.60(6H, m, C1,C3and C5-methylene p ro tons ) ,  3.59(3H, s, C8-COOCH3), 3.71 

(3H, s, C9-COOCH3) ppm. Ana l ys i s  was c a r r i e d  o u t  by h igh - reso lu t i on  mass spectrometry : ca l cd  f o r  

C14H19N04, 265.1313; found, 265.1321. 

Compound 4a : IR ( l i q .  f i l m )  max 1635 and 1720 cm-' ( two d i s s i m i l a r  e s t e r  C-0 groups);  NMR (CDC13) 

6 1.19(3H, d, C1-CH3, 5-7.0 Hz), 1.4-2.3(2H, m, C2-methylene pro tons) ,  2.40-2.65(2H, m, C6-methy- 

l ene  protons),  3.15-3.70(4H, m C3and ~ p e t h y l e n e  p ro tons ) ,3 .58 (3~ ,  s, c8-COOCH 3 ) ,  3.70(3H, s, C 9 - 
COOCH3) and 6.58(1H,t, C7-H, J=7.5 Hz) ppm. Ana lys is  was c a r r i e d  o u t  by h i t h - r e s o l u t i o n  mass 

spectrometry: ca l cd  f o r  C14HlgN04, 265.1313; found, 265.1318. 

When the r e a c t i o n  descr ibed above was c a r r i e d  o u t  i n  methanol as t h e  so lvent14,  t h e  t r i c y c l i c  

compound (5) was obta ined as a pa le  y e l l o w  o i l  i n  28 % y i e l d ,  i n  a d d i t i o n  t o  the  compound 3 ( 33 % 

y i e l d ) .  

Compound 5 : IR (CHC13) max 1725 and 1630 cm-l; NMR (CDC13) 6 1.52(3H, s, C-CH3), 1.85-3.95(8H, 

m, methylene protons of p y r r o l i z i d i n e  r i n g ) ,  3.80(3H, s, -COOCH3), and 6.98(1H, s, =C=CH-COOMe) ppm. 

'Ana l ys i s  was c a r r i e d  ou t  by h igh - reso lu t i on  mass spectrometry:  ca l cd  f o r  C13H15N03, 233.1052; found, 

233.1060. 

Reaction of the  enamine (1) w i t h  methyl  acety lencarboxy la te :  By us ing  t h e  s i m i l a r  procedure as 

descr ibed above, methyl  7-methyl-1,2,5,6-tetrahydro-3H-pyrrolo[l ,2-alazepine-9-carboxylate(?&) 

was obtained by the  r e a c t i o n  o f  t h e  enamine l ( 2 . 2 5 5  g, 18.3 mnole) w i t h  methyl  acety lenecarboxy la te  

(1.74 g, 20.7 mnole) i n  e the r .  The y i e l d  was 41 %. 

1 Compound - 3b : IR ( l i q .  f i l m )  max 1670 cm- ( C=O ) ;  NMR (C0Cl3) 6 1.82(3H, s, C7-CH3), 1.70-2.10 

(2H, m, C2-methylene p ro tons ) ,  2.30-2.45(2H, m, C6-methylene pro tons) ,  3.20(2H, t, C1-methylene 

protons, 5-8.0 Hz), 3.30-3.55(4H, m, C3 and C5-methylene pro tons) ,  3.68(3H, s, C9-COOCH3), and 6.32 

( lH,  bs, C8-H) ppm. Ana l ys i s  was c a r r i e d  o u t  by h igh - reso lu t i on  mass spectrometry:  c a l c d  f o r  

Cl2Hl7NO2. 207.1259; found, 207.1261. 
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