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Abstract - Synthesis o f  pyrroio[2,3-blpyridlne, pyrrolo[2,3-d]pyrimidine 

and pyrrole derivatives uti i ir ing i-aryi-2-amino-3-cyano-5-ethoxycarbonyi- 

4-methyipyrroie derivatives 2 as starting components is reported. 

INTRODUCTION 

In  the course of our investigations on the reactions of dicyanomethyiene  compound^^-^ for 

deveioping simple, new and ef f ic ient  procedures for the synthesis of heterocycles, we have 

found a conenlent method for the synthesis of pyrraio[2,3-Llpyridine, pyrroio[2,3-dlpyrlmidine 

and pyrrole derivatives involving the use of the enamlnonltrile derivatives, nameiy, i-aryi-2-amino- 

3-cyano-5-ethoxycarbonyl-4-methyipyrrole derivatives 2a.b which were prepared by treatment 

of ethyl 3-dicyanomethyienebutyrate wi th aromatic diazontum chlorides and subsequent r ing 

contraction of the resulting pyridarines and i b  using zinc dust i n  the presence of acetic 

acid. 

RESULTS A N D  DISCUSSION 

Treatment o f  2s w i th  maionanitrile in refluxed pyridine afforded a 1:i adduct of  molecular 

formula C H N 0 (M' = 335). Two ~someric structures (3 and 4) were considered. However, i 8  17 5 2 

i~ nmr spectrum could be uti l ized to  rule out structure 3 ae it rev aied the presence of two '7 
NH2 groups and the absence of the two proton signai for CH2CN and thus the pyrroio[2,3-bl- 

pyrldine structure 4a was established for the reaction product. The formation of 4 6  is thus 

assumed to take place via addition of the active methyiene moiety in  malononitrile t o  the 

n i t r i ie  group in  2 followed by cyclization (cf. Chart I). Analogously, Zb reacted with rnaiono- 

ni t r i ie t o  give 4b. Compounds 4a,b were also obtained by conducting the reaction either in  

ethanoiic sodium ethoxide or i n  the absence of  a soivent a t  1 7 0 ' ~  (see experimental section). 
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Similarly Za,h reacted wi th  ethyl cyanoacetate t o  yleid a product which may be formulated as 5 

or  6. Again structures 5a and 5b were excluded based on ir spectra which revealed the presence 

of  the CN group. The formation o f  6a and 6b 1s assumed to proceed via in i tmi  Michaei addltlon 

to yieid acyclic adducts which then cyclired via loss of ethanol, or ln i t ia l  ethanol elimmatlon 

followed by cyclization (cf, Chart I). Heating 2a,b wi th formic acid (85 %) gave the pyrroio- 

[2,3-glpyrimidine derivatives 7a,b respectively. On the other hand, heating 2a,b wi th a mixture 

of formic acid, dimethylformamide and formamide resulted in the formatmn of the pyrroio[2,3-01- 

pyrimidine derivatives 8a,b respectively. Compounds 2a,b reacted with hydroxyiamine in  refiuxed 

ethanol In the presence of sodium ethoxide to  yield the pyrrole derivatives 9a,b respectively. 

Similarly 2a,b reacted wi th  phenylhydrazine to  yield the pyrrole derivatives iOa,b respectively. An 

attempt of cyclization of 9a,b and lOa,b by refluxing in ethanoiic hydrochloric acid was unsuccess- 

ful (see experimental section). 

The structures o f  the newly synthesized derivatives were established an the bas13 of analytical 

and spectroscopic data (Tables i and 2). 

EXARIMENTAL  

Melting points are uncorrected. Ir spectra were recorded (KBr) on a Pye Unicam SP-1000. 

IH nmr spectra were obtained on an EM-360 MHz spectrometer i n  DMSO-d6 using TMS as internal 

standard and chemical shifts are expressed as ppm. Anaiyses were performed by the micro- 

analytical unit, Cairo University. 

6 Ethyl  3-dicyanornethyienebutyrate was prepared according to  the reported procedure . 

Ethy l  4 -cyano-3 - imino -5 -methy l -2 -ary l -2 ,3 -d ihydrn-py id i -6 -y t e  (I). A solution o f  

ethyl 3-dicyanomethylenebutyrate (1.68 g, 0.01 mo l l  ~n ethanol (50 mi )  was stirred for 5 min 

wi th sodium acetate (3 g) and chilled in  an ice-salt bath to 0-5'~. To the resulting cold solution 

was added the desired aryidiazonium chloride solution (0.01 moi). A f t e r  the addition was com- 

pleted, the reaction mixture was stirred for additional I h. Ammonia solution (3 ml, 25 %)  was 

added to the reaction mixture. The separated solid product was collected by f i l tration, washed 

5 wi th  water and crystallized from ethanol t o  give 1. la, mp 136-137'~ . I b  (cf. Tables 1 and2). 

E thy l  5 - A m i n o - l - a r y l - ~ c y a n o - 3 - m e t h y l - p y r r o l - 2 - l t  (2). To a suspension of 1 ( 5  mmol) 

i n  acetic acid (20 mi )  a t  BO'C, zinc dust (2 g) was added in  small portions i n  a period of 20 

min. The reaction mixture was f l l tered hot. The f i l t rate was diiuted with 100 m l  of  water, the 

resulting crude m i l d  was collected and crystallized from ethanol to give 2 (cf. Tables 1 and 2). 

Synthesis of Pyrrnlo[2,3-apyridine Derivatives 4 and 6. Method (A). An equimolecular mixture 

Of 2, malononitrile or  ethyl cyanoacetate and sodium ethoxide i n  absolute ethanol (20 ml )  was 

refluxed far Jh. The solvent was removed under reduced pressure and the residue was triturated 



with water. The so-formed solid was collected and crystallized from ethanoi to give 4 and 6, 

respectively (cf. Tables i and 2). 

Method (a). An  equimolecuiar mixture o f  2 and maiononitrile or ethyl cyanoacetate i n  pyridine 

(20 mi )  was refiuxed for 2h. The solvent was evaporated under reduced pressure and the residue 

was triturated wi th  water. The so-formed solid was collected to give 4 and 6, respectively. 

Method (C). An equimolecuiar mixture of 2 and maiononitrile or ethyl  cyanoacetate in  dry test 

tube was heated a t  170 '~  (bath temp.) for 2 h. The so-formed solid was coliected and crysta- 

iiized from ethanol t o  give 4 and 6, respectively. 

The products obtained in  method "8" and method "C" were identical i n  ail respects wi th those 

obtained from method "A" (mp, mixed mp and spectra). 

Synthesis of brrolo[2.3-dlpyrimidinane Derivatives 7. The appropriate 2 (1.0 g) was refiuxed i n  

formic acid (25 mi, 85 %) for 7-9 h. The so-formed solid af ter  cooling was coiiected and crysta- 

llized to give 7 (cf. Tabies i and 2). 

Synthesis of Amino-pyrroia[Z,3-d]pyrimidine Derivatives 8. The appropriate 2 (1.0 g) was refluxed 

in  a mixture of iormic acid, formamide and dimethylformamide (5 mi. o f  each) for 4-10 h. Tne 

reaction mixture was cooled and diiuted with water. The so-formed solid was collected and 

crystallized to give 8 (cf. Tables I and 2). 

Synthesis of b r r o l o  Derivatives 9. Hydroxyiamine hydrochloride (0.01 mol) was treated with 

sodium ethoxide (0.01 moi) i n  absolute ethanol and stirred for 20 mi". The appropriate 2 (0.01 

mo i l  was added to the resulting solution. Then, the reaction mixture was refiuxed for 3 h. The 

reaction mixture was diluted with water. The so-formed solid was collected and crystallized to  

give the pyrraie derivatives 9 (cf. Tabies i and 2). 

Table I. List  o f  the newly synthesized compounds 

Yieid Moi. C % H % N % 
Compound* (q 

(%) Formula 
Calcd Caicd Caicd 
(Found) (Found) (Found) 
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Table (1) Contd 

Yield Mal. 
C % H % N X 

Compound* Formula 
Caicd Calcd Calcd 

(Found) (Found) (Found) 

8a 255 65 Ci6H16N402 64.85 (64.40) 5.44 (5.10) 18.90 (19.20) 

8b 210 60 CI7Hl8N4O2 65.79 (65.80) 5.84 (5.90) 18.05 (18.50) 

9a 165 78 C15H18N403 59.59 (60.20) 6.00 (5.70) 18.53 (19.00) 

9b 155 81 CI6Hz0N4O3 60.74 (61.10) 6.37 (5.90) 17.70 (17.90) 

I Oa 148 78 C21H23N502 66.82 (67.20) 6.14 (6.30) 18.55 (18.10) 

IOb 158 72 CZ2Hz5N5O2 67.49 (67.10) 6.43 (6.70) 17.88 (17.60) 

A l l  compounds are crystallized from ethanol except Ba,b which were crystall ized from pet. ether 

(40-60%). A l l  compounds are pale yellow except l b  which is orange. 

I 
Table 2. IR  and H NMR data of  compounds l isted i n  Table I. 

Compound 
IR [c rn- l ]  

Selected bands 

3430, 3330, 3320 (NH2); 2200 (CN); 

1680 (CO); 1600 (C=C). 

3440, 3350, 3290 (NH2); 2220 (CN); 

1680 (CO); 1640 (C=N); 1600 (C=C) 

1.1 (t,3H,ester CH3); 2.4 (s,3H,CHJ); 2.7 

( 5 ,  3H,CH3); 4.1 (q,2H,ester CH2); 7.2-7.8 

(m, 5H, C6H4 and NH). 

1.1 (t, 3H, ester CH3); 2.4 ( 5 ,  3H,CH3); 4.1 

(q, ZH, ester CH2); 5.5 (s, br.,6H, two NH2); 

7.2-7.5 (m, 5H, C6H5L 

1.1 (t, 3H,ester CH3); 2.3 (s,3H,CH3); 2.7 

(5 ,  TH, CH+; 4.1 (q, 2H, ester CH21; 5.6 

( 5 ,  4H, two NH2); 7.2-7.6 (m, 4 4  C6H4). 

1.2 (t, 3H,ester CH+; 2.4 (s,3H,CH3); 4.1 

(q, 2H,ester CH2); 5.2 (s, 2H,NH2); 7.2-8 

(m, 6H, C6H5 and NH). 

1.1 (t, 3H,ester CH3); 2.4 (s, JH,CH3); 

2.7 (s,3H,CH3); 4.1 (q, 2H,ester cH2); 5.2 

(s, ZH,NH& 7.2-8 (m,5H,C6H4 and NH). 

1.1 (t, 3H,ester CH3); 2.4 (s, 3H, C H ~ ) ;  4.1 

(q, ZH, ester CH2); 7.2-8.1 (m, 7H,C6H5, 

N H  and pyrimidine H-2). 

1.1 (t,3H,ester CH3); 2.4 (s,3H,CH3);2.7 

( 5 ,  TH, CH3); 4.2(q,ZH,ester CH2); 7.2-8 (m, 

6H, C6H4, NH and pyrimidine H-2). 



Table (2) Contd 

Compound 
IR [cm-'1 i~ NMR ( s p p m )  

Selected bands [DMSO-d6] 

9a 3450, 3380, 3300-3220 br. (NH2 and 

OH); 1680 (COI; 1620 (C=Nl; 

1600 (C=C]. 

9b 3440, 3380, 3310-3220 (NH21 and 

OH); 1680 (CO); 1620 (C=N); 1600 

(C=C). 

1.1 (t,  3H,ester C H ~ ) ;  2.4 (s,3H,CH3); 4.1 

(q,2H, ester CH2); 5.6 (s,br., 2H,NH21; 

7.2-7.5 (m, 6H,C6H5 and pyrimidine H-2). 

1.1 (t,3H, ester CHJ); 2.4 (s,3H,CH31; 2.8 

(3 ,  3H,CH ); 4.2 (q,ZH,ester CH2); 5.5 (s,br., 3 
2H, NH2]; 7.2-7.8 (m, 5H, C6H4 and pyri- 

midine H-21. 

1.1 (t,  3H,ester CH3)i 2.4 (s,3H,CH3); 4.1 

(q, ZH, ester CH21; 7.2-8.8 (m, 9H, C6H5 

and two NH21; 11.3 ( 5 ,  1H, OH). 

1.2 (t,3H, ester CH3); 2.4 (s, 3H,CH3); 

2.7 ( 5 ,  >H, CH3); 4.1 (q,ZH,ester CH2); 

7.2-8.1 (rn,8H,C6Hq and two NH& 11.5 

( 5 ,  iH,OHI. 

1.1 (t,3H,ester CH31; 2.4 (s,3H,CH31; 4.1 

(q,2H, ester CH21; 5.6 (s,br., 4H, two 

N H ~ ) ;  7.2-8.1 (m, i i H ,  aromatic and 

NHI. 

1.1 (t,  3H,ester CH3]; 2.4 (s, 3H,CH3); 2.1 

( 5 ,  3H, C H ~ ) ;  4.1(q, 2H,ester CH21; 5.5 

(s,br.,4H, two NH2)i 7.2-B.Z(m, IOH, aromatic 

and NH). 
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