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THE REACTION OF p - M I N O E N O N E S  WITH &-AMINO DERIVATIVES.  
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A b s t r a c t -  p-kminoenones r e a c t  w i t h  e t h y l  g l y c i n a t e ,  d - a m i n o a c e t o n i t r i l e  and u -amino -  - 
acetamide h y d r o c h l o r i d e s  l e a d i n g  t o  2 - f u n c t i o n a l i r e d  p y r r o l e s .  A l though  t h e  t r a n s -  

drn lnat ion i s  a h i g h - y i e l d  process,  t h e  t r a n s f o r m a t i o n  o f  t h e  i n t e r m e d i a t e ,  i n  bo th  

b a s i c  o r  t h e r m a l l y  i nduced  c o n d i t i o n s ,  a f f o r d s  t h e  co r respond ing  p y r r o l e s  i n  poor  t o  

moderate y i e l d s .  

One o f  t h e  most f r u i t f u l l  s y n t h e s i s  o f  p y r r o l e s  b e a r i n g  d i f f e r e n t  t y p e s  of  s u b s t i t u e n t s  and 

f u n c t i o n a l i t i e s  i s  t h e  c y c l i z a t i o n  o f  2-amino-1-alkenylcarbonyl d e r i v a t i v e s .  To t h i s  end, 

1 .3 -d i ca rbony l  p-aminoenones,6 P - c h l o r o v i n y l  ketones7 and 3 - a l k o x y a c r o l e i n s ,  
8 

have been condensed, i n  b o t h  a c i d i c ' - 6  o r  b a s i c  media, w i t h  p r e f ~ r r n e d " ~  o r  i n  s i t u  generated 4 
6  

d i e t h y l  aminomalanate, 4 -aminocarbony l  compounds and g l y c i n e  e s t e r s  and a m i n o a c e t o n i t r i l e 8  i n  a 

two-s teps  o r  one-pot  p r e p a r a t i o n  o f  p y r r o l e s .  On t h e  o t h e r  hand, we have r e c e n t l y  r e p o r t e d  a 

r e g i o s e l e c t i v e  s y n t h e s i s  o f  2 -  and 3 - a c y l p y r r a l e s  f r o m  p-aminoenones and a -amino  ke tone  

h y d r o c h o r i d e s .  
9, lO 

The r e g i o s e l e c t i v i t y  of t h e  r e a c t i o n  i s  c o n s i d e r a b l y  h i g h  and i t  has been c o r r e l a t e d  w i t h  t h e  
1  s t r u c t u r e  of t h e  e n o l i z e d  d i k e t o n e s  or p-aminoenones, 9 3 1 0  whereas t h e  chemica l  y i e l d  and t h e  

r a t e  of t h e  process are  a l s o  dependent on t h e  ? r o t i c  or a p r o t i c  c h a r a c t e r  o f  t h e  s o l v e n t  and, on 

t h e  r e a c t i o n  

We r e p o r t  now ou r  r e s u l t s  an t h e  r e a c t i v i t y  of p-aminoenones 1A-O w i t h  e t h y l  g l y c i n a t e  

h y d r o c h l o r i d e  - Z a ,  a m i n o a c e t o n i t r i l e  h y d r o c h l o r i d e  - Zb and aminoacetamide h y d r o c h l o r i d e  Zc ,  l e a d i n g  - 
t o  t h e  p r e p a r a t l a n  of 2 - f u n c t i o n a l i r e d  p y r r o l e s  9. 

R5 H 
0 R'N' 0 'N-z 

+ A  BASE 
R ~ ~ R ~  H 3 N  Z 4 R 1 y ~ 3  

N  
H 



Table 1. Transamination o f  p-hinoenones 1A-O w i t h  a-Amino derivatives&. - 
T i m e l h l l  T ine(h1 l  

Run Cmpd.1 Cmpd.2 solventa Run Cmpd.1 Cmpd.2 solventa 

23 11 2a 1 /M 

24 11 2a 1.5/M 

25 11 2b 1 /M 

26 1J 2a 1 /M 

27 1J 2a 3/M 

28 1J 2b 1 /M 

29 1J 2c 1 /M 

30 1J Zc 6/M 

31 1K 2a 1 /M 

32 1K 2a 3/M 

33 1K 2c 6/M 

34 1L 2a 1 / M  

35 1L 2a 3lM 

36 1L 2c 6/M 

37 1M Za 1 /M 

38 1M Za 24/E 

39 1N 2a 1 /M 

40 1N 2a 36/E 

41 10 2a 48/E 

42 10 2b 16/M 

43 I P  2a 54/E 

a The react ions were c a r r i e d  out a t  r e f l u x  temperature of the corresponding solvent (M= methanol; 

E= e thano l ) .  

Yields determined by nmr on the  mixture o f  reac t ion .  

From the react ion  mixture.  3Ja was i so la ted  i n  30 % y i e l d .  
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The f i r s t  s t e p  o f  t h e  r e a c t i o n  i s  an a d d i t i o n - e l i m i n a t i o n  process,  l e a d i n g  t o  t h e  t ransamina t ion  

i n t e r m e d i a t e  3 and t h e  r e s u l t s  a r e  summarized on Tab le  1; t h e  r a t e  o f  i n t e r c h a n g e  decreases i n  

t h e  o r d e r  a - a m i n o a c e t o n i t r i l e  ( E l >  e t h y l  g l y c i n a t e  (&I> 4-aminoacetamide lcl. 
Otherwise,  t h e  r a t e  of t r a n s a m i n a t i o n  decreases w i t h  t h e  e l e c t r o n - w i t h d r a w i n g  c h a r a c t e r  o f  R I 

1  3  (compare r u n s  26, 31, 34 and 37 an Tab le  11, and t h e  s t e r i c  requ i remen ts  of R  and R ; i n  t h i s  
3  

r e s p e c t ,  when b o t h  R '  and R are x - b u t y l  s u b s t i t u e n t s  1 5 ,  t h e  i n t e r m e d i a t e  2 can n o t  be 

i s 0 1  a t e d  and e t h y l  2 - 1 3 , 5 - d i - E - b u t y l  l p y r r o l y l c a r b o x y l a t e  i s  o b t a i n e d  a f t e r  a l o n g  p e r i o d  

o f  r e f l u x  ( r u n  4 3 ) .  

The c y c l o c o n d e n s a t i o n  s t e p  o f  t h e  i n t e r m e d i a t e s  3 t o  p y r r o l e s  9 was t e s t e d  i n  d i f f e r e n t  

c o n d i t i o n s  including a base (sodium e t h o x i d e  o r  methox ide or p y r i d i n e l  or t h e r m a l l y  induced 

r e a c t i o n s  (DMF a t  r e f l u x l ,  and d a t a  are summarized on Tab le  2 .  

Tab le  2. C y c l i z a t i o n  o f  X b  t o  3 - F u n c t i o n a l i z e d  P y r r a l e s  4-b 

R e a c t i o n  C o n d i t i o n s  

6asea/ 

Run Conpd. s o l v e n t b  Time(h1 

1  3Aa EtONaIEtOH 3  

2  3Aa DMF 58 

3  3Aa p y r i d i n e  90 

4  3Ah EtUNaIEtOH 3  

5  3Ab MeONaIMeOH 3  

6  3Ab OMF 48 

7 3Ac EtONaIEtOH 3  

8 3Ac MeONaIMeOH 3  

9  30a EtONaIEtOH 3  

10 30b DMF 44 

I 1  30c EtONaIEtOH 3  

12 3Ea EtONaIEtOH 3  

13 3Eb DMF 50 

14 3Ec EtONa/EtOH 3  

15 3Fa EtONaIEtOH 6 

16 3Fb DMF 72 

Run Cmpd.  

17 36.3 

18 31a 

19 416 

20 3Ja 

21 3Jb 

22 3Jc 

23 3Ka 

24 3Ka 

25 3Kc 

26 3La 

27 3Lc 

28 3Ma 

29 3Na 

30 30a 

31 30b 

R e a c t i o n  C o n d i t i o n s  

6asea/ 

s o l v e n t b  T i n e l h l  

EtONaIEtOH 3  

EtONaIEtOH 3  

DMF 13 

EtONaIEtOH 6 

DMF 96 

EtONaIEtOH 3 

EtONaIEtOH 3  

OMF 100 

EtONaIEtOH 3  

EtONaIEtOH 3  

EtOkaIEtOH 3  

OMF 44 

EtONaIEtOH 3  

EtONaIEtOH 5 

DMF 66 

a Mo la r  r a t i o  base:? = 1 :1  except  f o r  runs 15, 20 and 30 where mo la r  r a t i o  base:? = 2 : l .  

The r e a c t i o n s  were c a r r i e d  o u t  a t  room tempera tu re  f o r  runs  15, 20 and 30, and a t  r e f l u x  

tempera tu re  o f  t h e  g i v e n  s o l v e n t  f a r  t h e  o t h e r s .  

On t h e  r e a c t i o n  m i x t u r e  r e t r o c a n d e n s a t i o n  products(acetophenone,  p-methy lacetophenone and 

p-methaxyacetophenone) were i s o l a t e d .  

The p r o d u c t s  were % ( 5 0  % )  and t h e  co r respond ing  d i k e t a n e l 5 0  %I. 

The c y c l i r a t i o n  o f  t h e  i n t e r m e d i a t e s  i s  a r e g l o s e l e c t i v e  r e a c t i o n  l e a d i n g  t o  2 - f u n c t i o n a l i z e d  

p y r r o l e s ,  and chemica l  y i e l d s ,  g e n e r a l y  low, depend on t h e  f u n c t i o n a l  group a t  t h e  4-amino 

derivative L, t h u s ,  t h e  b e s t  r e s u l t s  are  o b t a i n e d  from a - a m i n o a c e t o n i t r i l e  Zc and p-amino-  
1  1 enones IA-E (R = a l k y l I ( r u n s  7, 8, 11 and 141, w h i l e  i n t e r m e d i a t e s  3Jc-3Lc ( R  = a r y l l  ma in l y  



y i e l d  r e t r o c o n d e n s a t i o n  p roduc ts .  These r e s u l t s  d i f f e r  f r o m  p r e v i o u s l y  r e p o r t e d 9 ' 1 0  f o r  t h e  

r e a c t i o n  o f  p-aminoenones w i t h  phenacy lamine h y d r o c h l o r i d e ,  l e a d i n g  t o  2 -  and/or  3 - a c y l p y r r o l e s  

i n  h i g h  y i e l d s ,  and i t  i s  a consequence o f  t h e  r e g i a s e l e c t i v e  c y c l i z a t i o n  o f  t h e  i n t e r m e d i a t e s  3,  
o r  one o f  t h e i r  e n o l i c  forrns,to t h e  most s t a b l e  a r o m a t i c  p y r r o l e ,  i n s t e a d  o f  t o  t h e  p y r r a l i d a n e  

d e r i v a t i v e  

On t h e  o t h e r  hand, a t t e m p t s  t o  

i n c r e a s e  t h e  chemica l  y i e l d s  by  

i n c r e a s i n g  t h e  r e a c t i o n  t i m e  and 

tempera tu re  f a i l e d  because r e t r o -  

condensa t ion  and i s o m e r i z a t i o n  

processes.  These a r e  s p e c i a l l y  

i m p o r t a n t  f o r  p-aminoenones 

w i t h  d i f f e r e n t  s t e r i c  or e l e c t r o n i c  
1  3 3 1  requer imen ts  a t  R and R ( R  > R 

3 I or R = a r y l  and R = a l k y l l .  We 

have investigated t h e  r e g i o s e l e c -  

t i v i t y  o f  t h e s e  t r a n s f o r m a t i o n  on 

i n t e r m e d i a t e s  3Ja and 3Na o b t a i n e d  

by r e a c t i o n  o f  1J and N w i t h  % 
r e s p e c t i v e l y .  Thus, i s  

c o m p l e t e l y  t r a n s f o r m e d  i n t o  i t s  

r e g i o i s o m e r  3Ja a f t e r  h e a t i n g  i n  - 
e t h a n o l  f o r  15 h  w i t h  e t h y l  

g l y c l n a t e  h y d r o c h l o r i d e ,  w h i l e  t h e  

i n v e r s e  t r a n s f o r m a t i o n  does n o t  

occur ;  moreover, I N  does n o t  i s o m e r i r e  t o  1J when hea ted  f o r  t h e  same p e r i o d  of t i m e  w i t h  or - - 
w i t h o u t  ammonium c h l o r i d e ,  and benzoy lace tone  ( t h e  p r o d u c t  o f  h y d r o l y s i s )  can n o t  be d e t e c t e d  a t  

any s tage .  Otherwise,  on F i g u r e  1, i t  has been r e p r e s e n t e d  t h e  e v o l u t i o n  of t h e  amount o f  3Na and - 
3Ja i n  t h e  m i x t u r e  of t h e  r e a c t i o n  of w i t h  i n  r e f l u x l n g  e t h a n o l .  The d a t a  show t h a t  t h e  - 
h i g h e s t  y i e l d  f o r  % i s  o b t a i n e d  a f t e r  36 h, and t h a t  t h e  r e g i o i s o m e r  3Ja appears e a r l y  i n  - 
t h e  r e a c t i o n  m i x t u r e ,  b e i n g  t h e  ma jo r  p roduc t  a f t e r  44 h.  

The scheme g i v e n  above d e p i c t s  t h e  two  m e c h a n i s t i c  p a t h  as t h e y  would o p e r a t e  on t h e  f o r m a t i o n  o f  

t h e  i n t e r m e d i a t e s .  The e q u i l i b r i u m  l e a d i n g  t o  i s  an a d d i t i o n - e l i m i n a t i o n  process,  and 3Ja 
c o u l d  be o b t a i n e d  by i r r e v e r s i b l e  i s o m e r i z a t i o n  of o r  by an a l t e r n a t i v e  1 . 2 - a d d i t i o n  o f  e t h y l  
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glycinate hydrochloride to the carbonyl group in 3. Although we have proved that does 

isomerire to 3Ja, we have been unable to discount a competing direct formation of the regioisomer 

by 1.2-addition. 

EXPERIMENTAL 

Mp's (uncorrected) were determined in an open capillary tube. Nmr were recorded on a bucker ACE0 

or Varian 160 A, and chemical shifts a r e  given in ppm dawnfield from TMS. Mass spectra were 

measured on a Hewlett-Packard 5988A mass spectrometer by Electronic Impact at 70 eV, and 

cambustian analysis were determined on a Perkin-Elmer 1408 analizer. Starting materials were 

comercially available o r  synthesized as previously described. 11 

Synthesis of the Intemdiates 3. General procedure A mixture of 10 mmol of the corresponding 

p-aminoenane - IA-P and 11 mmol of d-amino derivative 2a-c. in anhydrous methanol o r  ethanoi (30 

mil was refluxed for the time indicated on Table 1. The solvent was evaporated under vacuum and 

the residue was redissolved in THF; the salts were filtered off, the THF was eliminated under 

reduced pressure and the solid was recrystallized from an appropriate solvent. In this way, the 

following compounds were obtained: 

E t h y l l y c i n a t e  (3Aa) Colorless solid, mp 65-66°C (from 

hexanei(lit.,16 66-67°C). Nmr (CDCl31: 1.27(t,J-6 Hz.3Hi; 1.90(~,3Hl; /.OOis,3Hi; 4.00(d,J=6 Hz,  

ZHI; 4.20(q, J=7 Hz, /HI; 5.07(s,lHi; 10.90(broad,lH). Ms,m/z(%i: 185(~+,49i; 112(100l. 

N-(1-Methyl-3-0x0-1-butenyl)glycinonitrile (3Abl Colorless solid, mp 109-110°C (from ethanol) 

(lit.,i6 112-113°C1. Nmr(CDCl,i: 2.03(s,6HI; 4.24(d,J-7 Hz,  ?HI; 5.18(s,lH); 10.701broad, 1Hi. 

Ms, m/z(%l: 138(~+,31i; 123(1&). 

N-(1-Methyl-3-0x0-1-butenyl)glycinanide (3Ac) Colorless solid, mp 177-178°C (from methanol). 

Nmr(DMS0-d6i: 1.87(s,6HI; 3.90(d,J=6 Hz, 2HI; 4.97(s,lH); 7.13(broad,lHl; 7.43(broad,lH); 

10.60(broad,lHi. Ms, m/s(%l: 156(~+,571; 112(100i. C7H12N202 requires: C, 53.83; H, 7.74; N, 

17.94. Found: C, 53.77; H, 7.88; N, 17.82. 

Ethyl N-(1-Methyl-3-0x0-1-penteny1)glycinate (3Da) Colorless solid, mp 68-69"C(from methanol). 

Nmr (CDCl31: 1.07(t,J=7 Hz, 3Hl; 1.27(t,J=7 Hz, 3Hi; 1.92(s,3Hi; 2.26(q,J=7 Hz, 2Hi; 4.02(d,J-6 

Hz, 2HI; 4.23(q,J=7 Hz, /HI; 5.08(s,lHI; 10.90(braad,lHi. Ms,mlr(%l: 199(~+,31i; 170(100i. 

C10H17NG3 requires: C, 60.28; H.8.60; N,7.03. Found: C, 60.13, H,8.68; N,7.12. 

N-(I-Methyl-3-0x0-1-pentenyl lglycinonitrile (3Db) Colorless sol id, rnp 63-64"Clfram hexanel. Nmr 

(CDCl31: 1.05(t,J=7 Hz, 3Hi; 2.03(s,3Hi; 2,28((q,J-7 Hz, 2Hi; 4.14(d,J=7 Hz.2Hi; 5.18(s,lH); 

10.70 (broad,lHi. Ms. m/z(%i: 152(~+,9i; 123(100i. C8HlZNZO requires: C, 63.13; H, 7.95; N, 

18.41. Found: C, 63.02; H, 7.86; N, 18.49. 

N-(1-Methyl-3-0x0-1-penteny1)glycinamide (3Dc) Colorless salid, mp 150-151"C(from methanol). Nmr 

(DMSO-d6i: 1.05(t,J=7 Hz,3Hi; 1.93(s,3HJ; 2.22(q,J-7 Hz,2Hi; 3.93(d,J=6 Hz,ZHi; 5,06(s,iHl; 

6.8O(broad,lHi; 7.lO(broad,lHi; 10.80(broad,lHl. Ms,mlr(%i: 170(~+,41i; 141(1001. C8H14N202 

requires: C, 56.45; H, 8.29; N, 16.46. Found: C, 56.32; H, 8.39; N, 16.35. 

Ethyl N-(1.4-Dimethyl-3-0x0-1-penteny1)glycinate (3Ea) Colorless solid, mp 64-65'C(from hexanei. 

Nmr(CDCljl: 1,08(d,J=7 Hr,ZHI; 1.25(t,J=7 Hz,3Hi; 1.92(s,3Hl; 2.43(rn, 1H); 3.98(d,J=6 Hz,/Hi; 

4.21iq.J-7 Hz,ZHI; 5.07(5,1H); 10.90(broad,lHl. Ms,mlr(%l: 213(~+,19i; 17011001. CI1HlgNO3 requi- 

res: C, 61.95; H, 8.98; N, 6.57. Found: C, 61.85; H, 8.76; N,6.69. 

N-(1.4-Dimethyl-3-0x0-1-penteny1)glycinanitrile l3Ebl Colorless solid, mp 70-71DC(from hexane- 

benzene). Nmr(CDCI3): 1.06(d,J=7 Hz ,6H) ;  2.05is,3H); 2 . 7 ) ;  4 d = 7  2 ;  5.2Dls,lHi; 

10.80(broad,lH). Ms,m/z(%): 166(~+,91; 123(1001. C9H14N20 requires: C, 65.03; H, 8.49; N, 16.85. 

Found: C, 65.11; H, 8.57; N, 16.76. 

N-(1.4-Dimethyl-3-0x0-1-penteny1)glycinanide (3Ec) Colorless solid, mp 134-135"C(from henane- 



benzene). Nmr(COC131: 1.06ld,J=7 Hz,6HI; 1.93(s,3HI; 2.43lm,lH); 3.93ld,J=6 Hr,ZHI; 5.101s.lH); 

6.70(broad,2H); 10.90(broad,lH). Ms,mlr(%): 184(Mt,15); 141(100). C9H16N202 requires: C, 58.68; 

H, 8.75; N, 15.20. Found: C, 58.79; H, 8.69; N, 15.14. 

Ethyl N-(I-Methyl-3-0x0-5-phenyl- I -pentenyllglyate (3Fa) Colorless solid, rnp 55-56'C(from 

hexane-benzene). Nmr(CDCI3): 1.28(t,J-7 Hz.3H); 1.87(s,3H); 2.73lrn,4H); 3.97(d,J=6 Hz,ZH); 

4.19(q,J-7 Hr,2H); 5.00(s,lH); 7.18(s,5H); 10.96(t,J=6 Hz,lH). Ms,m/z(%): 275(~+,45); 170(100). 

Cl6HZ1NO3 requires: C, 69.79; H, 7.69; N, 5.09. Faund: C, 69.71; H, 7.78; N, 5.16. 

N-(l-Methyl-3-oxo-5-phenyl-l-pentenyl)glycinanitrile (3Fbl Colorless solid, rnp 84-85"C(from 

henane-benzene). NmrlCDC13): l.%(s,3H); 2.74(m,4H); 4.00(d,J=7 Hz.2H); 5 1 3 s l H ;  7.17ls,5H); 

10.63(broad,lH). Ms,m/z(%l: 2281Mt,ll); 1231100). CI4Hl6N2O requires: C, 73.66; H, 7.06; N, 

12.27. Found: C, 73.73; H, 7.14; N, 12.21. 

Ethyl N-(1-Ethyl-3-0x0-1-buteny1)glycinate (3Ga) Colorless solid, mp 43-44°C (lit.,12 41°C). Nmr 

(CCl4): l.lO(t,J=7 Hz,3HI; 1.271t,J=7 Hz.3H); 1.931s.3H); 4.07(d,J=6 Hz,2H); 4.201q,J=7 H1,2Hl; 

4.36(q,J-7 Hz,ZHl; 4.98(s,lH); 10.90(broad,lH). 

Ethyl N-(1.2-Dimethyl-3-0x0-1-buteny1)glycinate (3Hal Colorless solid, mp 84-85'Clfrom 

hexane-benzene). NmrlCDCl31: 1.281t,J=7 Hr,3H); 1.871s,3H); 1,92(5,3H); 2.1Zls,3H); 3,98(d,J=6 

Hr,2H); 4.20(q,J=7 Hz.2H); IZ.lO(broad,lH). Ms,m/zl%l: 199(~+,161; 1081100). CIOHl7NO3 wquires: 

C, 60.28; H, 8.60; N, 7.03. Found: C, 60.37; H, 8.68; N, 7.11. 

Ethyl N-(2-Benzyl-l-nethyl-3-oxo-l-butenyl)glycinate (31a) Colorless solid, mp 88-89"C(from 

hexane-benzene). Nmr(CDC13): 1.25(t,J=7 Hz,3H); 1.82(s,3H); 2.05(s,3H); 3.68(s,ZH); 4.02(d,J-6 

Hz,ZH); 4.20(q,J=7 Hz,2H); 7.20ls,5H); 12.30(broad,lH). Ms,m/z(%): 275(~+,771; 91(100). Cl6HZ1NO3 

requires: C, 69.79; H, 7.69;N, 5.09. Found: C, 69.86; H,7.62; N.5.16. 

N-(2-Benzyl-I-methyl-3-0x0-1-butenyl )glycinonitrile (3Ibl Colorless solid, mp 120-121 "C(from 

ethanol). NmrlCDCl3I: Z.OO(s,3H); 2.08(s,3H1; 3.12(s,2H); 4.16(d,J-7 Hz,2H); 7.23(s, 5H); 

12.03(broad,lH). Ms,mlr(%l: 228(~+,29); 188(100). ClqH16N20 requires: C, 73.66; H,7.06; N, 12.27. 

Found: C, 73.71; H, 7.01; N, 12.33. 

Ethyl N-(1-Methyl-3-0x0-3-phenyl-1-propeny1)glycnte (3Ja) Colorless solid, mp 82-83°C (from 

rnethdn~l~(lit.,~~ 84°C). Nmr(CDC13): 1,20(t,J-7 Hz,3H); 1.9Z(s,3H); 4.02ld,J=6 Hz,2H); 

4.15(q,J=7 Hz,ZH); 5.65(s,IH); 7.20-8.0O(m,5H); 11.33(t,lH). 

N-(l-Methyl-3-0~0-3-phenyl-I-propenyl)glycinonitrile (3Jbl Colorless solid, rnp 110-111'C (from 

ethanol). NrnrlCDCl31: 2.08(s,3Hl; 4.161d,J=7 Hz,ZHI; 5.851s,lHI; 7.20-8.00(m,5H); 

11.30(broad,lH). Ms,m/z(%): 200(Mi,80); 105(100). ClZHI2N2O requires: C, 71.98; H, 6.04; N,13.99. 

Found: C, 72.09; H, 6.12; N, 13.91. 

N-(1-Methyl-3-0x0-3-phenyl-1-propenyl)qlycinmide (3Jc) Colorless solid, mp 212-213"C(frorn 

ethanol). Nmr(DMS0-d6): 2.15(s,3H); 4.20(d,J-6 Hz,ZHI; 6.00(s,lH); 7.40Lbroad.2H); 

7.40-8.30(m,5H); 11.60(t.J=6 Hz,lH). Ms,m/r(%): 2 1 8 ~ 1 1 ;  911100). ClZHl4N2O2 requires: C, 
66.03; H, 6.47; N, 12.84. Found: C, 66.11; H, 6.46; N, 12.91. 

Ethyl N-(1-Methyl-3-oxo-3-p-tolyl-l-propenyl)glycinate (3Ka) Colorless solid, mp 87-88"C(from 

ethanol). NrnrlCDC13): 1.25(t,J=7 Hr,3Hl; 1.98(s,3Hi; 2.35(s,3H); 4.05(d,J=6 Hr,2H); 4.23(q,J=7 

Hz,ZH); 5.77(s,lHl; 6.88(d,J=9 Hz.2HI; 7.88(d,J=9 Hz,ZH); 11.45(braad,lH). Ms,m/z(%l: 277lMt,65); 

121(100). C15HlgN04 requires: C, 64.96; H, 6.91; N, 5.05. Found: C,65.05; H, 6.99; N, 5.14. 

N-(l-Methyl-3-oxo-l-propenyl-3-p-tolyl)glycinmide (3Kc) Colorless solid, mp 166-167°C (from 

ethanol). NmrlDMSO-d6): 2.10(s,3H); 2.37(s,3H); 4.08(d,J=6 Hz.2H); 5.77(s,lH); 7,lO(broad,ZHI; 

7.56(d,J=8 Hz,2H); 7.801d,J=8 Hz,2Hl; 11.40(broad,lH). Ms,rn/z(%): 232(Mi ,211; 105(1001. 

C13H16N202 requires: C, 67.22; H, 6.94; N, 12.06. Found: C, 67.31; H, 7.06; N, 12.14. 

Ethyl N-(l-Methyl-3-p-nethoxyphenyl-3-oxo-l-propenyl)glycinate (3La) Colorless solid, mp 86-87°C 

( f r o m  ethanol). Nmr(CDCI3): 1.23(t.J=7 Hz.3H); 1.97(s,3H); 3.75(s,3H); 4.OZ(d,J4 Hz,ZH); 



HETEROCYCLES, Vol 3 1 ,  No 6, 1990 

4.2Olq,J=7 Hz,2H); 5.72Is.lH); 6.88ld,J=9 H2,ZHI; 7.88id,J=9 Hz.2HI; 11.45lnroad,lHl. Ms,rn/zi%l: 

277(Mt,651; 121(100). C15HlgN04 vequires: C, 64.96; H, 6.91; N, 5.05. Found: C, 65.07; H, 6.99; 

N.4.98. 

N-(I-Methyl-3-p-methoxyphenyl-3-0x0-I-propeny )glycinamide (3Lcl Colorless sol~d, mp 173-174°C 

(from ethanol). Nmr(DMS0-d61: 2.13(s,3H); 3,93(2,3Hl; 4.15(d,J=6 Hz,2H); 5.86ls,3Hl; 7.07id,J=8 

Hr,ZHI; 7.2Olbroad,lH1; 7.60lbroad,lHl; 8.00(d,J=8 Hr,2H); 11.4Oibroad,lH). Ms,m/rl%): 

248(~+,171; 121i1001. C13H16NZ03 requires: C, 62.89; H, 6.50; N,  11.28. Found: C, 62.96; H, 6.42; 

N, 11.25. 

Ethyl N-(l-Methyl-3-p-nitrophenyl-3-oxo-l-propenyl)glycinate (%a) Yellow solid, mp 107-108°C 

From ethanol). Nmr(CDCl31: 1.3Oit,J=7 Hz.3H); 2.07(s,3H); 4.17ld,J=6 Hz,ZH); 4.27(q,J-7 Hz,ZHI; 

5.751s.lH); 7.9Bid,J=9 Hz,ZHl; 8.25(d,J=9 Hz,ZH); 11.70lbroad,lH). Ms,m/zl%l: 292(~',461; 

21911001. C14H16N205 'equlres: C, 57.53; H, 5.49; N, 9.56. Found: C,57.62; H, 5.45; N, 9.66. 
Ethyl N-(I-Butenyl-3-0x0-I-phenyllglycinate (3Nal Colorless oil. NmrlCDCl31: 1.20it,J=7 Hz,3Hl; 

2.05is,3HI; 3.82ld,J=6 Hz,ZHl; 4.13lq,J=7 Hz,2HI; 5.15is.lHI; 7.35is.5H); l0.80(broad,lHl. 

Ms,rn/zl%): 247(~+,291; 1051100). 

Ethyl N-(3-0x0-1,3-diphenyl-I-propeny1)glycinate (30a) Colorless solid, mp 80-81"Cifrom ethanol). 

NmrlCDCl3I: 1.2Olt,J=7 Hz,3Hl; 3.92id,J-6 Hz,ZHI; 4.15iq,J=7 Hr,2Hl; 5.85(s,lHl; 7.20-8.00(m,10 

HI; 11.40lbroad, 1Hl. Ms,m/z(%): 309(Mt,471; 1051100). ClgHlgN03 requires: C, 73.77; H, 6.19; N, 
4.53. Found: C, 73.71; H, 6.25; N, 4.64. 

N-(3-0x0-l,3-diphenyl-I-propenyl)glycinonitrile (30bl Colorless solid, mp 123-124"Clfrom 

ethanol). NmrlCDCl31: 4.04id,J=7 Hr,2Hl; 6.00is,3H); 7.30-8.20(m,10 HI; 11.17ibroad,lHl. 

Ms,rnlzl%): 262(~+,29); 10511001. CI7HlqN2O requires: C, 77.84; H, 5.38; N, 10.68. Found: C, 

77.93; H, 5.29; N ,  10.74. 

Cycliration of the Intermediates 3 to 2-Functionalized Pyrroles 4. General procedure. To a 

solution of sodium methoxide or ethax~de (10 rnmal, or 20 mmol for runs 15, 20 and 301 in 5 ml of 

methanol or ethanol were added 10 mmol of the corresponding intermediate 2 in 10 ml of the same 

solvent, and the mixture was refluxed (or stirred at room temperature for runs 15, 20 and 301 far 

the time shown in Table 2. The mixture was cooled to room temperature and quenched with 10 g o f  

ice in water; the aqueous layer was extracted with etherl3x20 mll, the ethereal phase was washed 

with water and brine and dried over anhydrous MgS04 . The solvent was evaporated under vacuum 

and the residue was chromatographed on silica gel and CH2CI2 (far 2-ethoxycarbonyl- and 

2-cyanopyrrolesl or ethyl acetateifor 2-carbamoylpyrrolesl as eluents. 

When pyridine or DMF were used as solvents, 10 mmol of compound in 10 ml of solvent were refluxed 

for the time indicated in Table 2. After this period, the solution was cooled to room 

temperature, the solvent was distilled under vacuum and the residue was chromatographed as above 

indicated. The physical and spectral properties of pyrroles Q are as follows: 
Ethyl 3.5-Dimethyl-2-pyrrolecarboxylate (4Aa) Colorless solid, mp 121-122°C (from ethanol 1, 
i t 3  122-124°C). NmrlCC1,l: 1.321t,J-7 Hz,3H); 2.20is,3HI; 2.23(s,3HI; 4.23iq,J=7 Hz,ZHI; 

5.65(d,J.2 Hz,lHl; 10.70lbroadt,l~l. Ms,mlri%i: 167(~+, 941; 121i1001. 

2-Cyano-3.5-dimethyIpyrrole(4Ab) Colorless solid, mp 71-72°C (from hexanel. Nmr iCCl4I: 

2.17(s,3H); 2.22(s,3H); 5.67(d,J=Z Hz,lH); 9.60(braad,lHl. Ms,m/zi%l: 120(~+,671; 11911001. 

C7H8N2 requires: C, 69.98; H, 6.71; N, 23.31. Found: C, 69.83; H, 6.80; N, 23.43. 

3.5-Dirnethyl-2-pyrrolecarboxmide (4Acl Colorless solid, mp 162-163°C (from diethyl ether) 

i I i t 4  163°C) NmriCDC13): 2.23is,3H); 2.30(s,3Hl; 5.77id,J-2 Hz,lH); 6.00(broad32H1; 

9.90lbroad,lHl. Ms,m/rl%): 138i~+,1001. 

Ethyl 3-Ethyl-5-methyl-2-pyrrolecarboxylate (4Da) Colorless solid, mp 77-78"C(from 

rnethanol)ilit., l 5  85-86°C). NmrlAcetone-d 1 .  1 20lt,J=8 Hz,3H); 1.36it,J=7 Hz.3Hl; 2.28is,3Hl; 6 '  ' 



2.781q,5=8 Hz,ZHI; 4.35(q,J=7 Hz,ZH); 5.86ld,J=2 Hz,lH); 9.45lbroad,lH). Ms,rn/zl%): 181(~+,801; 

134(1001. 

2-Cyano-3-ethyl-5-methylpyrrole (4Dbl Colorless oil. Nmr(CC14): I.ZO(t,J-7 Hz,3Hl; 2.23Is,3Hl; 

2.551q,J=7 Hz,ZHI; 5.731d.J-2 Hz,IHl; 9.70lbroad,lH). Ms,m/zl%l: 1341~+,35); 1l9(1001. C8HION2 

requires: C, 71.61; H, 7.51; N, 20.87. Found: C, 71.50; H, 7.42; N, 20.96. 

3-Ethyl-5-methyl-2-pyrrolecarboxmide 14DcI Colorless solid, mp 178-179"Clfrom methanol). Nmr 

(CDCI3): Z.ZOIt,J=7 Hz.3Hl; 2.23is.3H); Z.72(q,J-7 Hz,ZHl; 5.8316,J-2 Hz,lH); 6.231braad,?H); 

10.20(broad,lHl. MS. m/zl%): 1521~~,1001. C8HI2N2O requires: C, 63.13; H, 7.95; N, 18.41. Found: 

C, 63.20; H, 8.03; N, 18.32. 

Ethyl 5-Methyl-3-isopropyl-2-pyrrolecarboxylate (4Eal Colorless solld, mp 56-57"C(fram methanoll. 

Nmr(CDCl31: 1.231d,J=7 Hr.6Hl; 1.35lt.J-7 Hz,3H); 2.3OIs.3Hl; 3.55(rn,J=7 Hz,lH), 4.381q,J=7 

Hr.2HI; 5.96ld,J=2 Hz,lH); 9.50lbroad,lHl. Ms,m/z(%): 195(~+,501; 1341100). Cl,H17NOZ vequires: 

C, 67.66; H, 8.78; N, 7.17. Found: C, 67.74; H, 8.87; N, 7.11. 
2 - C y a n o - 5 - m e r h y l b l  Colorless solid, mp 58-5Y"Clfrom hexanel. Nrnr(CC14): 

1 .22ld,J=7 Hz,6Hl; 2.20ls,3Hl; 2.90(m,J=7 Hz,lHl; 5.731d,J=2 Hr,lHl; 9.80lbroad,lHl. Ms,m/zl%): 

1481~+,291; 133(1001. C9HI2N2 requires: C, 72.94; H, 8.16; N, 18.90. Found: C, 72.86; H ,  8.09; N, 

18.89. 

5-t4ethyI-3-isopropyl-2-pyrrolecarboxamide 14Ec) Colorless solid, mp 150-1 51 "PI from hexane- 

benzene). NmrICDCl 1 1.22(d,J=7 Hz,6Hl; 2.20ls.3Hl; 3.13(rn,J=7 Hz,lH); 5.8314,3=2 Hz,IHl; 3 
6.33lbroad,2Hl; 10.50lbroad,lH). Ms,m/z(%l: 1661~+,661; 13411001. C9HlqN20 requires: C, 65.03; H, 

8.49; N, 16.85. Found: C, 65.12; H, 8.43; N, 16.71. 

Ethyl 3-(p-Phenylethyll-5-methyl-2-pyrrolecarboxylate (4Fal Colarless solid, mp 104-105"Clfram 

methanol). Nmr(CDC13): 1.321t,J=7 Hr,3Hl; Z.l81s,3HJ; 2.87(m,4Hl; 4.25(q,J=7 Hz,2Hl; 5.68(d,J-2 

Hz,IHI; 7.07(~,5Hl; IO.OO(braad,lHl. Ms,mlrl%l: 257(~+,44); 1661100). CI6Hl9NO2 requires: C, 

74.69; H, 7.44; N, 5.44. Found: C, 74.78; H, 7.32; N, 5.56. 
2-Cyano-5-methyl-3-(P-phenylethyllpyrrale 14Fbl Colorless solid, mp 63-64"C(frani hexane-toluene). 

NmrICCl,,!: 2.17ls,3H); 2.821s.4HI; 5.65ld,J=2 Hz,lHI; 7.15ls,5Hl; 9.60(broad,lHl. Ms,rnlrl%): 210 

1Mi,17); 119(100). ClqHlqN2 requires: C, 79.97; H, 6.71; N, 13.32. Found: C, 79.89; H, 6.80; N, 
13.21. 

Ethyl 5-Ethyl-3-methyl-2-pyrrolecarboxylate 14Ga) Colorless solid, mp 74-75"C(frorn 

methan~lI,llit.,~~ 74'Cl. NrnrlAcetone-d61: 1.18(t,J=7 Hz,3Hl; 1.271t,J-7 Hz,3H); 2,30(s,3H); 

2.63Iq,J=7 Hz,ZHl; 4.25 (q,J=7 Hz,ZH); 5.82(d,J=3 Hz,lHI; 10.10(broad,lH). 

Ethyl 4-Benzyl-3,5-dinethyl-2-pyrrolecarboxylate 14Ial Colorless sol i d ,  rnp 125-1 26'Cifram 

methanol). Nmr(CDCl31: 1.30lt,J=7 Hz.3Hl; 2.17ls,3Hl; 2.22(s,3Hl; 3.75ls,ZH!; 4.28lq,J=7 Hz,2Hl; 

7.15Is.5H); 9.30(broad,lH). Mz,m/zl%l: 2571~~,1001. CI6Hl9NO2 mquires: C, 74.69; H, 7.44; N, 
5.44. Found: C, 74.78; H, 7.57; N, 5.38. 

4-Benzyl-2-cyan0-3,5-dimethylpyrrole (4IbI Colorless solid, rnp 101-102"CIfrom hexane-benzene). 

Nmr lCDCl31: 2.lOls,3H); 2.18Is.3H); 3.72(s,ZH); 6.80-7.40Im.SH); 9.701broad.lH). Ms,mlz(%l: 

210(Mf, 711; 13311001. CI4Hl4NZ requires: C, 79.97; H, 6.71; N, 13.32. Found: C, 80.09; H, 6.64; 
N, 13.23 

Ethyl 5-Methyl-3-phenyl-2-pyrrolecarboxylate (4Jal Colorless solid, rnp 131-132'C(from 

methanoll,(lit.,13 134-135°C). Nmr IDMSO-d6): 1.13It.J=7 Hz,3Hl; 2.231s,3H); 4.10lq,J=7 Hz,ZHl; 

5.87ld,J=2 Hz,lHl; 7.00-7.60lm,5Hl; 10.801braad,lHJ. Ms,rn/zl%): 2291Mi,81); 183l1001. 

2-Cyano-5-methyl-3-phenylpyrrole (4Jbl Colorless solid, mp 147-148"Clfrurn hexane-benzene). 

NmrICDCl3): 2.30Is,3Hl; 6.20ld,J=2 Hz,IH); 7.20-7.80Im.5H); 9.2O(broad,lHI. Ms,m/z(%): 

1821~~,1001. CI2H wquires: C, 79.10; H, 5.53; N, 15.37. Found: C, 79.21; ti, 5.44; N, 15.45, 
Ethyl 5-Methyl-3-p-tolyl-2-pyrrolecarboxylate (4Kal Colorless solid, mp 158-159'Clfrom methanoll. 
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Nmr(CC14): 1.16(t,J=7 Hz,3Hl; 2.30(s,3Hi; 2.33Is.3Hl; 4.20(q,J=7 Hz,ZH); 5.93(d,J=2 Hz,lH); 

7.07(d,J-8 Hz,2H); 7.37(d,J-8 Hz,ZHl; l0.10lbroad,lHl. Ms,rnlr(%): 243(~+,671; 197000). C15H17N02 

requires: C, 74.05; H, 7.04; N, 5.76. Found: C, 74.16; H, 7.12; N, 5.63. 
5-Methyl-3-p-tolyl-2-pyrrolecarboxylate (4Kc) Colorless salid, mp 184-185"C(from hexane-benzene). 

Nmr(CDCl3): 2.30(s,3H); 2.37(~,3Hl; 5.50-6.20(m,3HI; 7.17(d,J=B Hz,2H); 7.31(d,J=B Hz,ZH); 

10.50(broad,lHl. Ms,m/zi%l: 214iM+,541; 15411001. CI3Hl4N20 requires: C, 72.87; H, 6.59; N, 
13.07. Found: C, 72.76; H, 6.66; N, 13.19. 

Ethyl 3-p-Methoxyphenyl-5-methyl-2-pyrrolecarboxylate (4La) Colorless salid, rnp 127-128"C(from 

methanol). NmrlCClql: 1.20(t,J-7 Hz,3H); 2.30(s,3H); 3,77(s,3H); 4.20(q,J=7 Hz,ZHl; 5.92(d,J-2 

Hz,lHI; 6.80id,J=9 Hr,ZHI; 7.40(d,J-9 Hr.2H); 10,00ibroad,lH). Ms,m/rit): 259(~+,671; 21311001. 

C15H17N02 requires: C, 69.48; H, 6.61; N, 5.40. Found: C, 69.37; H, 6.74; N, 5.48. 

Ethyl 5-Methyl-3-(p-nitropheny1)-2-pyrrolecarboxylate (4Ma) Colorless solid, mp 184-185"C(from 

methanol). NmrlAcetone-d61: 1.231t,J=7 Hz,3Hl; 2.37(s,3HI; 4.31(q,J=7 Hr,2H); 6.3316,J-3 Hz,lH); 

8.0Oid,J=9 Hz,2HI; 8.37(d,J=Y Hz,2H); 10.10(braaa,lHI. Ms,m/z(%l: 274iM1,1001. Cl4HI4N2O4 

requires: C, 61.32; H, 5.14; N, 10.21. Found: C, 61.22; H, 5.25; N, 10.12. 

Ethyl 3-Methyl-5-phenyl-2-pyrrolecarboxylate (4Na) Colorless salid, mp 114-115°C (from methanol), 

(lit.,13 114-115°C). NmrlCOC13): 1.33(t,J-7 Hz,3H); 2.37(s,3H); 4.33(q,J=7 Hr,ZHl; 6.38id.J-2 

Hz,lH); 7.20-7.80(m,5HI; 9.60(broad,lH). Ms,m/zi%l: 229(Mt,651; 183i1001. 

Ethyl 3.5-Diphenyl-2-pyrrolecarbaxylate (40a) Colorless solid, mp 135-136"Clfram ethanol), 

(lit.,I3 135-137°C). NnrICOCl3): 1.13(t,J-7 Hz,3H); 4,20Iq,J=7 Hr,2H); 6.57(d,J=3 Hz,lHl; 

7.10-7.80 im,lOH); 9.BO(broad,lHl. Ms,rn/z(%l: 291(~+,551; 217(100). 

2-Cyano-3.5-diphenylpyrrole (40b) Colorless salid, mp 195-196"C(from methanol). NmrICDCl3): 

6.5716, J=2 Hz,lH); 6.90-7.70(m,lOH); 12.20(broad,lH). Ms,m/z(%): 2441~+,100). Cl7HI2N2 wquires: 

C, 83.58; H, 4.95; N, 11.46. Faund: C, 83.67; H, 5.06; N, 11.38. 

Ethyl 3,5-Di-tert-butyl-2-pyrr01e~arboxylate (4Pal Colorless solid, mp 88-89"C(from methanol). 

Nmr (CDC13): 1.30is,9H); 1.40(5,9H); 1.32(t,J-7 Hz,3H); 4.32(q,J=7 Hz.2HI; 5.96(d,J-3 Hz,lH); 

9.7Uibroad.lH). Ms,rnlz(%l: 251(~+,271; 19011001. CI5Hl5NO2 requires: C, 71.68; H, 10.02; N, 5.57. 

Found: C, 71.59; H, 10.15; N, 5.68. 
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