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Abstract - 1-Methyl-4-nitro-2-rrichloroacetylpyrrol I ,  a new precursor for the 

syntheses of oligo-N-methylpyrrolecarboxamide antibiotics and their analogues, was 

prepared with facility. The versatility of 2 was demonstrated by the syntheses of 

oligopeptides 16-19. 1-Methyl-4-nitro-2-triehlor~a~etylimidazole 5 was also 

prepared for a precursor of oligo-N-methylimidae01ecarboxamidds. 

1 2 
Netropsin 1 and distamycin 2 that contain N-methylpyrrolecarboxamides belong to a well know 

class of oligopeptide antitumor antibiotics called "Lexitropsins". Preferential binding of these 

peprides in the minor groove of double-helical DNA at specific AT-rich regions in a non-intercala- 

rive fashion has been the subject of X-ray crystal log rap hi^^'^ and physico-chemical3s5 investiga- 
tions. In the pasc decade. Dervan and co-workers have demonstrated that higher numbers of N- 

m e t h y l p y r r o l e ~ a r b o ~ ~ i n i d e s  in synthetic oligopeptides fit the natural twist of the B-DNA helix with 

increased sequence specif~city.~'~ Recently, Dickerson and co-workers examined the structural 

requirements for the molecular recognition of the peptides and predicted that the replacement of 

one or more pyrrole rings by imidazole or other appropriate heterocycle, should result in a rational 

alteration of base recognition from AT to GC.' Lown and eo-workers have synthesized these novel 

oligopeptide analogues and confirmed the prediction.' 



Not only because of above fundamental b io log i ca l  i n t e r e s t  but  a l s o  of t he rapeu t i c  importance, 
10 

these  na tu ra l  o l igopept ide  a n t i b i o t i c s  and r e l a t e d  analogues have received cons iderable  a t t en t i on .  

and t h i s  has brought about the  development of improved modifications1' of t h e  o r i g i n a l  syntheses.  
12 

A l l  syntheses s o  f a r  reported have u t i l i z e d  1-methyl-4-nitropyrrole-2-carboxylic ac id  3 as a s t a r t -  

ing  mater ia l .  The ac id  3 was o r i g i n a l l y  prepared by a f i v e  s t e p  route ,  s t a r t i n g  from furane-2- 

carboxyl ic  acid.13 The disadvantages of the  o ld  route  have been circumvented by s imp l i f i ed  proce- 

dures s t a r t i n g  from 1-methylpyrrole-2-earboxylic acidlla o r  i ts  e s t e r .  'lb Ni t r a t i on  method was 

improved recent ly  f o r  the  prepara t ion  of 3, but  the  y i e ld  was not  s a t i s f a c t o r y .  
l l c  

This paper presents  a novel approach t o  the  syntheses of rhe ol igopept ides  i n  which l a r g e  s c a l e  

s t a r t i n g  ma te r i a l  is ava i l ab l e  and t h e  pept ide  formation process i s  s impl i f ied .  The s t a r t i n g  mate- 

r i a l  used was 1-methyl-2-trichloroacetylpyrr~le 4 which could be prepared from commercially avail* 

b l e  N-methylpyrrole by s l i g h t l y  modified Rapoport's method14 i n  almost q u a n t i t a t i v e  y i e ld .  

N i t r a t i on  of 4 w a s  found t o  undergo nonregiose lec t ive ly  t o  g ive  a mixture of 4-n i t ro  and 5-ni t ro  

15 de r iva t i ve s ,  which i s  s i m i l a r  t o  the  r e s u l t  reported f o r  t h e  n i t r a t i o n o f  2-rrichloroacetylpyrrole. 

but  the  des i red  4-n i t ro  isomer 5 w a s  separable  by q u i t e  simple work-up opera t ions .  When 4 w a s  ni-  

t raced  with 94% n i t r i c  ac id-ace t ic  anhydride mixture a t  -LO"C,desiredl-methyl-4-nirro-2-trichloro- 

acety lpyrro le  5 c r y s t a l l i z e d  from the  r eac t i on  mixture by adding i sopropyl  a lcohol  a t  -20°C. By a 

f i l t r a t i o n  and washing wi th  i sopropyl  a lcohol ,  pure 4-n i t ro  isomer 5 was obtained i n  63% y i e ld .  

Ext rac t ion  of t h e  mother l i quo r  and s epa ra t i on  with column chromatography y ie lded  an add i t i ona l  

(6% y i e ld )  along with 5 -n i t ro  isomer 6 (18% yield)(Scheme 1) .  Compound5 is a white s o l i d  which 

can be s to r ed  a t  room temperature f o r  months without any de tec table  d e t e r i o r a t i o n ,  making i t  a con- 

venient and v e r s a t i l e  precursor  f o r  syntheses of var ious  o l igoaers .  The procedure is appl icable  t o  

a prepara t ion  of the  imidazole analogue 8. The s t a r t i n g  trichlaroacetylimidazole 1 was prepared by 

modified Regel's method16 i n  good y i e ld .  N i t r a t i on  of was performedwith f d n g n i t r i c a c i d - a c e t i c  

anhydride mixture i n  the  presence of c a t a l y t i c  amount of s u l f u r i c  ae id  a t  room temperature t o  give 

the  des i red  C n i t r o  isomer 8 almost exclus ive ly .  The s t r u c t u r e  of! wss confirmed by leading  i t  to 

k n m  e t h y l  l-methyl-4-nitroimida~ole-2-carboxylate?~ It i s  known t h a t  t h e  t r i c h l o r o a c e t y l  group can 

be converted t o  the  ae id ,  e s t e r s ,  o r  a l i p h a t i c  amides wi th  fac i l i ty .17  Thus, we ca r r i ed  ou t  conden- 

s a t i o n  r eac t i on  of 5 with  var ious  a lcohols  and amines, and the  r e s u l t s  are s m u i z e d  i n  t h e  follow- 

ing  Table. We found t h a t  aromatic amines a l s o  r e a c t  with 5 and 8 to give the  corresponding amides. 
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Table. Condensation reactions of 3 with various alcohols and aminesa) 

reagent catalyst temp. time product yieldb' 
(mol.rario) ('C) (mi".) (%) 

henzyl alcohol NaH(O.1) 20 45 10 - 98 

2-trimethylsilylethyl alcohol NaH(1.2) 0 5 - 11 83 

3aminopropionitrile none 20 60 - 12 98 

3,3-dimethylaminopropylaminn none 20 30 - 13 99 

aniline n-BuLi(l.05) 20 60 14 - 55 

2.5-dimethoxyaniline NaH(l.O) 20 10 - 15 63 

a) All reactions were carried out in THF solution. 

b) Isolated yields. 

The present procedure provides a facile and versatile synthesis, on large scale, of a variety of 

oligo-N-methylpyrrolecarboxamides and related peptides without necessitating the use of relatively 

laborious operations for the usual peptide synthesis. In order to demonstrate this, oligopeptides 

16-19 were synthesized as outlined in Scheme 2. The nitro group of the amide was reduced to the -- 
mine which without any base catalyst was condensed with 2 to give the dipeptide 16. The reduction- 

condensation process was then repeated, leadmg to the fripeptide =. Similarly, the peptides 18 

and 19 were also synthesized. These oligopeptides 16-I are the important precursors for the syn- 

theses of Various natural and unnstural oli~o-~-merhylpyrrolecarboxamides.~'~~~~~'~~ 

Scheme 2. 

or - 
CH3 0 NHR 

ch O c h  O NHR 

EXPERIMENTAL 

Melting points were determined by the capillary method and uncorrected. Infra-red (Ir) spectra 

were detemined with a Hitaehi 215 spectrophotorneter and 'x-~mr spectra with a JEOL 3MS SPlOO 



s p e c t r o m e t e r  o r  a JEOL JMS PX200 s p e c t r o m e t e r  us ing  t e t r a m e t h y l s i l a n e  as an i n t e r n a l  r e f e r e n c e .  

C o l u w  chromatography was performed on s i l i c a  g e l  (K-100-S, from Katayama Chemicals) throughout  

p r e s e n t  s t u d y .  

1-Methyl-2-rrichloroaccty1~~1ro1e (4 ) .14  To a s o l u t i o n  of t r i c h l o r o a c e t y l  c h l o r i d e  (73g, 40lmmol) 

i n  CH2C12 (?40ml), was added a s o l u t i o n  of  N-methylpyrrole (32.447g, 400mmol) i n  CH C1 (160ml) 2 2 

over a p e r i o d  o f  3h. During t h i s  t ime ,  t h e  r e a c t i o n  mix ture  was s t i r r e d  v i g o r o u s l y  and n i t r o g e n  

was swept t o  remove HC1 as i t  was formed. The s o l u t i o n  was s t i r r e d  o v e r n i g h t  and t h e n  evaporated.  

The dark  r e d  r e s i d u e  was d i s s o l v e d  i n  CHCl and f i l t e r e d  through a s h o r t  c o l u w  o f  s i l i c a  g e l .  
3 

Evaporat ion o f  t h e  s o l v e n t  gave a n a l y t i c a l l y  pure  p a l e  ye l low n e e d l e s  of 4 (90.570g, 100% y i e l d ) ;  

17a  mp 65-66°C ( l i t .  mp 64-65'C). 

N i t r a t i o n  of 4. To a suspens ion  of 4 (52.530g. 232mmol) i n  a c e t i e  anhydr ide  (300ml) a t  -40DC. 

19ml (1.8equiv)  o f  94% HNO (d=1.50) was added over a p e r i o d  of  30min and then  warmed up t o  room 
3 

temperature.  A f t e r  s t i r r i n g  a t  room tempera tu re  f o r  Zh, t h e  mix ture  was coo led  t o  -20°C. I s o p r o p y l  

a l c o h o l  (300ml) was added and t h e  r e s u l t a n t  c o l o r l e s s  s o l i d  was c o l l e c t e d ,  washed w i t h  c o l d  i sopro-  

p y l  a l c o h o l ,  and d r i e d  under  reduced pressure t o  g i v e  4 - n i t r o  isomer i (39.521g, 63% y i e l d ) ;  mp 

135-140'C. Ir(CHCI3) 1690, 1510, 1330cm-l. Nmr(CDC1 ) 6 4.06(3H,s), 7.76(1H,d,J=1.7). 7.95(1H,d, 
3 

J=1.7)ppm. Anal. Calcd f o r  C H C1 N 0 (%):  C,30.97; H,1.86; N,10.32. Found: C,30.96; H,1.85; 
7 5  3 2 3  

N,10.31. The f i l t r a t e  was e x t r a c t e d  w i t h  AcOEr. The e x t r a c t  was washed w i t h  aqueous Na CO and 
2 3 

b r i n e  s u c c e s s i v e l y ,  d r i e d  over MgSO and concen t ra ted .  The r e s i d u e  was chromatographed on s i l i c a  
4 

g e l .  E l u t i o n  w i t h  CHCl gave a d d i t i o n a l 1  (3.802g, 6% y i e l d )  and t h e  + n i t r o  i s o m r  5 (11.300g, 
3 

18% y i e l d ) .  An a n a l y t i c a l  sample of 6 was p r e p a r e d  by r e c r y s t a l l i z a t i o n  from n-hexane; mp 68-69'C. 

Ir(CHC13) 1695, 1355, 1295cm-l. Nmr(CDC1 ) 6 4.28(3H.s), 7.16(1H,d,J=4.9). 7.44(lH,d,J=4.9)ppm. 3 

Anal. Calcd f o r  C7H5C13N203(%): C.30.97; H.1.86; N,10.32. Found: C.31.06; H,1.80; N.10.15. 

I-Methyl-2-trichloroacet~limid~zo1e (7 ) .  To a s o l u t i o n  of t r i c h l o r o a c e t y l  c h l o r i d e  (73g, 40lmmol) 

i n  CH2C12 (240ml). a s o l u t i o n  o f  N-methylimidazole (32.850g, 4 0 0 m o l )  i n  CH2C12 (160ml) was added 

over a p e r i o d  of 2h. The s o l u t i o n  was s t i r r e d  f o r  6h a t  room tempera tu re .  D u r i n g t h e t i m e , p r e c i p -  

i t a t e  (presumably, N-acylated imidazol ium ion)16  formed. The s u s p e n s i o n  was coo led  toO0C, and NEt 
3 

(40.5g, 4 0 0 m o l )  was added over  a p e r i o d  o f  l h ,  t h e n  evapora ted .  The r e s i d u e  was d i s s o l v e d i n C H C 1  
3 

and f i l t e r e d  through a s h o r t  c o l u w  of s i l i c a  g e l .  Evapora t ion  of t h e  s o l v e n t  gave a n a l y t i c a l l y  

pure p a l e  y e l l w  n e e d l e s  of  1 (73.100g, 80% y i e l d ) ;  mp 7 9 - 8 0 ' ~ ( l i t . ~ ~  mp 74-C). Ir(CHC13) 1695, 

1460, 1385em-l. Nmr(CDC13) 6 4.07(3H,s) ,  7 .17(1H,s) ,  7.36(1H,s)ppm. Anal. Calcd f o r  C6H5Cl3N20(X): 

C.31.68; H,2.22; N,12.31. Found: C.31.82; H.2.20; N.12.23. 

N i t r a t i o n  of 7. Fuming HN03 (d-1.52, 4m1, 96-1) was added dropwise t o  Ac 0 (50ml) a t  O'C, and 2 

subsequen t ly ,  cone. H2S04 (O.lml) was added t o  t h e  mix ture  w i t h  s t i r r i n g .  Then 1 (6.820g, 30-1) 

was added g r a d u a l l y  t o  t h e  s o l u t i o n  w i t h  s t i r r i n g  a t  t h e  same t empera tu re .  The r e s u l t a n t  mix ture  
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was warmed up t o  roam temperatvre and s t i r r e d  overnight,  and ex t r ac t ed  with CHC13. The e x t r a c t  was 

washed wi th  aqueous N ~ H C O  and b r ine  success ive ly ,  then d r i ed ,  f i l t e r e d ,  and concentrated.  The 
3 

r e s idua l  s o l i d  was r e c r y s t a l l i z e d  from CHC13 t o  give 8 (4.639g, 57% ~ i e l d )  as co lo r l e s s  p l a t e s .  

The mother l i quo r  was concentrated and chromatographed on s i l i c a  g e l  t o  g ive  a d d i t i o n a l 8  (869mg, 

11% y i e l d )  along wi th  t h e  5-n i t ro  isomer 9 (720mg, 9% y i e ld ) .  The 4-ni t ro  isomer (8 ) ;  mp 140-141'C. 

Ir(CHC13) 1710, 1550, 1480, 1355cm-l. Nmr(CDC13) 6 4.17(3H,s), 7.97(1H,s)ppm. Anal. Calcd f o r  

C H C 1  N 0 (R): C,26.45; H,1.48; N.15.42.-Found: C,26.40; H,1.28; N.15.41. The 5-ni t ro  isomer (9): 6 4  3 3 3  

mp 63-64-C. Ir(CHC1 ) 1720, 1540, 1475, 1355cm-l. Nmr(CDC13) 6 4.38(3H.s), 8.12(1H,s)ppm. Anal. 
3 

Caled f o r  C H C 1  N 0 ( Z ) :  C,26.45; H,1.48; N.15.42. Found: C,26.57; H,1.46; N.15.52. The smal ler  
6 4  3 3 3  

s c a l e  r eac t i on  gave a h igher  y i e l d  of 8. For example, n i t r a t i o n  of 3-1 of 1 gave 8 i n  86% y i e ld .  

The 5-ni t ro  isomer 9 was not  de t ec t ab l e  i n  the  crude product.  

Erhanolysis of 8. To a s t i r r e d  suspension of 8 (244mg. 0.895-1) i n  EtOH (IOml), c a t a l y t i c  amount 

of NaH was added a t  O°C. The r eac t i on  mixture was warmed up t o  room temperature,  s t i r r e d  f o r  30min, 

and ext rac ted  with AcORt. The e x t r a c t  was washed with b r ine ,  then d r i ed ,  fi ltered,andconcentrated. 

The res idue  was chramafographed on s i l i c a  g e l  t o  give pa l e  yellow needles of e t h y l  1-methyl-4-nitro- 

imidazole-2-carbaxylafe (136rng. 789. y i e l d ) ;  mp 12B-129-C ( l i t . 9 b  mp 130-131°C). Spectroscopic da t a  

of t h i s  compound were i d e n t i c a l  wi th  reported va lues .  9b 

Benzyl 1-methyl-4-nitrapyrrole-2-carboXY1ate (10). A so lu t i on  of benzyl a lcohol  (597~18, 5.52mmal) 

i n  THF (3ml) was added t o  a suspension of NaH (60% i n  a i l ,  15mg. 0.38-1) i n  THF (lml) a t  ODC. To 

t h e  r e s u l t a n t  c l e a r  so lu t i on ,  a s o l u t i o n  of i ( l g ,  3.68-01) i n  THP (6ml) was added a t  O'C and then 

the mixture was warmed up t o  room temperature, and s t i r r e d  f o r  45min. Af ter  add i t i on  of TsOH.H20 

(72mg, 0 . 3 8 - 4 ,  the  so lvent  was removed in and the  res idue  was p u r i f i e d  with c o l u w  chroma- 

tography to  give t h e  ester 10 (938mg. 98% y i e l d )  as pale  yellow p l a t e s ;  mp 112-113DC. Ir(CHC13) 

1715, 1500, 1310cm-l. Nmr(CDC13) 6 3.99(3H,s), 5.30(28,5), 7.40(5H,m), 7.46(1H,d,J=2.0), 7. bO(lH,d, 

J-2.0)ppm. Anal. Caled f o r  C H N 0 (R): C,60.00; H.4.65; N.10.76. Found: C,59.85;H,4.60;N,10.67. 
1 3  12 2 4 

2-Tr imethyls i ly le thyl  1-methyl-4-nitropyzrole-2-carboqlate (11). A s o l u t i o n  of 2- t r imethyls i ly l -  

e t h y l  a lcohol  (250mg. 2.llmmol) i n  THF (IOrnl) was added t o  a suspension of NaH (54mg. 2.25-01) i n  

THF (3ml) a t  O'C. To t h e  so lu t i on ,  a eo lu t i on  of 2 (500mg, 1.84-01) i n  THF (5ml) was added and 

s t i r r e d  a t  O D C  f o r  5 min. Af t e r  add i t i on  of Ts0H.H 0 (455mg. 2 .39mol) ,  t h e  so lvent  was removed 
2 

vacuo and t h e  res idue  was p u r i f i e d  by colunm chromatography t o  g ive  the  e s t e r  11 (412mg. 83% y i e ld )  

as color lees  p l a t e s ;  mp 81-82'C. Ir(CHC13) 3130, 1710, 1315cm-l. Nmr(CDC13) 6 0.09(9H,s), 1.10(2H, 

t ,J=8.5),  3.99(3H.s).4.36(2H,t,J=8.5), 7.40(1H,d,J=2.2), 7.59(1H,d,J=2.2)ppm. Anal. Calcd f o r  

Cl1Hl8N2O4SI(%): C.48.87; H,6.71; N,10.36. Found: C.48.78; H,6.85; N,10.34. 

l - M e t h y l - 4 - n i t r 0 p y r r ~ 1 e - 2 - ~ a r b 0 d d 0 ~ r p i n i t r i 1 e  (12). A s o l u t i o n  of 3aminoprop ion i t r i l e  ( log ,  

143mmol) i n  THF (15ml) was added dropwise t o  a s t i r r e d  so lu t i on  of 5 (35g, 129mol )  a t  ODC.  The 



reaction mixture was warmed up to room temperature and stirring was continued for 1h. The solvent 

was removed in and the ersiddul solid was recrystallized from EtOH to give pale yellow 

needles of 12 (25.128g, 88% yield). From the mother liquor, additional12 (2.922g. 10% yield) was 

obtained by purification with column chromatography; mp 133-134°C (lit.lb mp 135'C). 

3-(l-Methyl-4-nitr01)yrr01e-2-~arb0xamid0)dimethy1aminopo~e (13). By the same procedure as that 

described for 12, 13 was obtained from? (27.150g, 100mol) and 3-dimethylaminopropylamlne (12.300g, 

120-1) as   ale yellow needles. Yield, 25.155g (99%); mp 129-130°C (lit.19 mp 126-127'C). Ir 

(CHC13) 1655, 1310cm-l. Nmr(CDC13) 6 1.71(2H,m), 2.30(6H,s), 2.48(2H,t,J=5.5). 3.46(2H,q,J=5.5). 

3.98(3H,s), 6.90(1H,d,J=2.0). 7.51(IH,d,J=2.0), 8.58(1H,br.)ppm. Anal. Calcd £or CllH18N403(%): 

C,51.16; H.7.13; N,22.03. Found: C,51.66; H.7.21; N.22.00. 

1-Methyl-4-nitropyrrole-2-carboxanilide (14). A stirred solution of aniline (1.431g, 15.4mal) in 

THF (50ml) at -78'C was treated with loml (16.3mmol) of 1.63M solution of n-BuLi in n-hexane, and 

subsequently a solution of 5 (4.17g. 15.4mmol) in THF (20ml) was added dropwise. The reaction mix- 

ture was warmed up to room temperature and stirring was continued for lh. The mixture was poured 

into ice water and extracted with AcOEt. The extract was washed with dil.HC1, aqueous NaHC03, and 

brine successively, then dried, filtered, and concentrated. The residual solid was recrystallized 

from CHCl to give pale yellow needles. Yield, 1.633g (43%). From the mother liquor, additional 3 

14 (460mg, 12% yield) was obtained by purification with colum chromatography on silica gel; mp - 
213-214°C. Ir(CHC13) 1675, 1520, 1315cm-l. Nmr(DMS0-d6) 6 4,03(3H,s), 7.10(1H,t,J-7.3). 7.32(2H, 

t,J=7.3), 7,71(4H,m), 9,79(lH,br.)ppm. Anal. Calcd for C H N 0 (%): C,58.77; H,4.52; N,17.13. 12 11 3 3 

Found: C,58.82; H,4.44; N,17.09. 

2',5'-Dimetho~-1-methyl-4-nitr0pyrr~1e-2-~arboxanilide (15). A solution of 2,s-dimethoxyaniline 

(3g, 19.6mmol) in THF (15ml) was added to a suspension of NaH (480mg, 20mol) in THF (5ml) at O°C. 

To the resultant solution, a solution of 2 (5.320g, 19.6-01) in THF (15ml) was added. The mixture 

was warmed up to room temperature, stizring was continued for lOmin, and then extracted with AcOEt. 

The extract was washed with brine, then dried, filtered, and concentrated. The residue was chro- 

matographed on silica gel to give a yellow powder. Yield, 3.780g (6=); mp 191-192-C. Ir(CHC13) 

1675, 1525, 1310cm-~. Nmr(DMSC-d6) 6 3.78, 3.89, 4,03(3X3H,s), 6.63(1H.dd,J4.9, 9.0). 6.87(1M,d, 

J=9.0), 7.37(1H,d,J=1.7), 7.81(2H,m), 8,66(1H,br.)ppm. Anal. Caled for C H N 0 (%): C,55.08; 14 15 3 5 

H,4.95; N.13.76. Found: C,54.95; H,4.91; N,13.61. 

l-Methyl-4-(l-methyl-4-nitropyrrole-2-carboxamido)eyrrole-2-carboxamidopro~ionitrile (16). A 

suspension of 10% Pd-C (Ig) in a solution of 2 (4.0618, 18.3md) in MeOH (40ml) was stirred for 2 

h under a current of H2 at room temperature, then filtered. The residual catalyst was washed thor- 

oughly with MeOH and the combined filtrate and washings were concentrated in to givethecrude 

amino compound. To a solution of this amhe in DMF (9ml), 3 (5g, 18.4mmol) was added. There was 
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spontaneous temperature rize within 2Omin. Upon cooling to room temperature, part of the product 

crystallized out of the solution. The solid was dissolved by adding EtOH (15Oml) and heating. 

After cooling to O'C, the resvlranr yellow precipitate was collected and washed wirh cold EtOH to 

give 16 (5.635g, 90% yield). mp 244-245°C (lit.lZb mp 254-255'C). 

l-Methyl-4-[l-meth~l-4-(l-methyl-4-nitropyr~01e-2-~arb0xamido)pyrrole-2-carboxamido]~~rrole-2- 

carboxmidopropionitrile (17). A suspension of 10X Pd-C (300mg) in a solution of 16 (900mg, 2.6 

mol) in DMF (15ml) and MeOH (15ml) was stirred for 12h under a current of H at room temperature. 
2 

The catalyst was removed by filtrarion,'then the solvents removed in. The residual crude 

amino compound was acylated with 5 (710~8, 2.62mmol) by the s a w  procedure as that described for 16 

to give (901mg, 74% yield); mp 263-264°C (1it.lZb mp 282-285°C). 

3-[l-?lethyl-4-(l-methyl-4-nitro~y~r~1e-2-~arb~~amido)pyrrole-2-carboxamido]dimethylaminopro~ane(18). 

A solution of 13 (22.750g, 89-01) in MeOH (15Oml) was hydrogenated at atmospheric pressure over 

Pt02 (200mg) for 3h. The catalyst was removed by filtration and then the solvent was removed 

M. The residual solid was dissolved in DMF (2Oml) and Concentrated to the half of its original 

volume under reduced pressure to remove MeOH completely. A solution of 5 (24.2898, 89-01) in DMF 

(15ml) was added with stirring at ODC.  he temperature was allowed ro rize to ambient temperature. 

The solvent was removed invacuo, and the residue was treated with i-FrOH. The resultant crystalline 

solid was collected and washed with i-PrOH to give 18 (21.25Og, 63% yield). The filtrate was 

concentrated, and the residue was purified by column chromatography on silica gel with 3% conc. 

NH OH in MeOH as a eluent Lo give additional 18 (8.015g, 24% yield); mp 190-191°C (lit.19 mp 191- 
4 

194°C). I r ( K B r )  1665, 1625, 1535, 1310cm-~. Nmr(DMS0-d6) 1.65(2H,q,J=7.0), 2.13(6H,s), 2.24(2H,c, 

J-7.01, 3.18(2H,m), 3.81, 3.95(2X3H,s), 6.80(1H,d,J=2.0), 7.20(1H,d,J=Z.O), 7.58(1H,d,J=2.0), 8.10(IH, 

br.1, 8.16(IH,d,J-2.0). lO.ZS(LH,br.)ppm. Anal. Calcd for Cl7HZ4N6O4(X): C.54.24; X.6.43; N.22.33. 

Found: C,54.10; H.6.43; N,22.07. 

3-(l-~lethyl-4-[l-methyl-4-(l-methyl-4-nitropyrrole-2-carboxamido)pyrrole2-carboxamido]pyrrole-2- 

carboxamidojdimethylaminopropane (19). By the same procedure as that described for 18. .9 was 

obtained from 18 (14.60Og. 39mol), Pt02 (100mg). and 5 (11.583%. 43-01) as a microcqstalline 

1 
solid. Yield, 15.337g (79%); mp 136-137-C (lit.19 mp 203-205°C). Ir(KBr) 1645, 1535, 131Oem . 
Nmr(DMSC+d6) 8 1.70(2H,q,J=7.0), Z.Zl(6H.s). 2.36(2H,t,J=7.0), 3.40(2H,m), 3.74, 3.83, 3.95(3X3H.s), 

6.42(1H,d,J=2.0), 6.50(lH,d,J=2.0), 7.05(1H,d,J=2.0), 7.25(1H,d,J=2.0). 7.53(2H,m), 7.75(ZH,br.), 

9.38(1H,br.)ppm. Anal. Calcd for C H N 0 .H 0(%): C.53.48; H,6.24; N,21.69. Found: C,53.76; 
23 30 8 5 2 
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