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Abstract - Synthesis of pyrrelo[2,3-blpyridine, pyrrolol2,3-dlpyrimidine
and pyrrole derivatives utilizing 1-aryl-2-amino-3-cyano-5-ethoxycarbonyl-

4-methylpyrrole derivatives 2 as starting components is reported.

INTRODUCTION
In the course of our investigations on the reactions of dicyanomethylene CDmpoundsI_3 for
developing simple, new and efficient procedures for the synthesis of heterocycles, we have
found a convement method for the synthesis of pyrrale[2,3-Elpyridine, pyrrolo[2,3-dipyrimicine
and pyrrole derivatives involving the use of the enaminonitrile derivatives, namely, l-aryl-2-amino-
3-cyano-5-ethoxycarbonyl-4-methylpyrrole  derivatives 2a,b which were prepared by treatment
of ethy! 3-dicyanomethylenebutyrate with aromatic diazomum chlorides and subsequent ring
4,5

contraction of the resulting pyridazines la and lb using zinc dust in the presence of acetic

acid.

RESULTS AND DISCUSSION

Treatment of 2a with malononitrile 1n refluxed pyridine afforded a l:]1 adduct of molecular
formula CIBH]';'NEOZ {M* = 335). Two 1someric structures (3 and &) were considered, However,
IH nmr spectrum could be utilized to rule out structure 3 as it rEVjated the presence of two
NH2 groups and the absence of the two proton signal for CHQCN and thus the pyrrolo[2,3-b1-
pyrigine structure 4a was established for the reaction product. The formation of 4a is thus
assumed to take place via addition of the active methylene meiety in malononitrile toc the
nitrile group in 2 followed by cyclization (cf. Chart 1). Analogously, 2b reacted with malono-
nitrile to give 4b. Compounds 4a,b were also obtained by conducting the reaction either in

ethanolic scdium ethoxide or in the absence of a solvent at 170°C (see experimental section).
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Similarly 2a,b reacted with ethyl cyanoacetate to yield 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 of 6a and éb 1s assumed to proceed via initial Michael addition
to yield acyclic adducts which then cyclized via less of ethanol, or Initial ethanol elimination
followed by cyclization {cf. Chart 1). Heating 2a,b with formic acid (85 %)lgave the pyrrolo-
[Z,B-Q]pyrimidine derivatives 7a,b respectively. On the other hand, heating 2a,b with a mixture
of farmic acid, dimethylformamide and formamide resulted in the formation of the pyrrolo[2,3~d]-
pyrimidine derivatives Ba,b respectively. Compounds 2a,b reacted with hydroxylamire in refluxed
ethanol tn the presence of scdium ethoxide to vyield the pyrrole derivatives 9a,b respectively.
Similarly 2a,b reacted with phenylhydrazine te yield the pyrrole derivatives 10a,b respectively. An
attempt of cyclization of 9a,b and 10a,b by refluxing 1n ethanolic hydrochloric acid was unsuccess-
ful (see experimental section).

The structures of the newly synthesized derivatives were established on the basis of amalytical

and spectroscopic data {Tables | and 2).

EXPERIMENTAL

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

]H nmr spectra were obtained on an EM-360 MHz spectrometer in DMSO—d6 using TMS as 1nternal
standard and chemical shifts are expressed asé-ppm. Analyses were performed by the micro~-
analytical unit, Cairo University.

Ethyl 3-dicyanomethylenebutyrate was prepared according to the reported prucedureé'.

Ethyl 4-cyano-3-imino-5-methyl-2-aryi-2,3-dihydro-pyridazin-6-carboxylate (1), A sclution of
ethyl 3-dicyanomethylenebutyrate (i.68 g, 0.01 mol) 1in ethanol (50 ml) was stirred for 5 min
with sodiurn acetate (3 g) and chilled in an ice-salt bath to 0-5°C. To the resulting cold solution
was added the desired aryldiazonium chioride solution (0.01 mol). After the addition was com-
pleted, the reaction mixture was stirred for additional | h. Ammonia soiution (3 ml, 25 %) was
added to the reaction mixture, The separated solid product was collected by filtration, washed
with water and crystallized from ethanol to give 1. la, mp 136-137°C > b {cf. Tables | and2),
Ethyl 5-Amino-1-aryl-4-cyano-3-methyi-pyrrol-2-carboxylate (2). To a suspension of 1 {5 mmol)
in acetic acid (20 ml) at 80°C, zinc dust (2 g) was added in small portions in a period of 20
min. The reaction mixture was filtered hot. The filtrate was diluted with 100 ml of water, the
resulting crude solid was collected and crystallized from ethanol to give 2 (cf. Tables | andg 2).
Synthesis of Pyrrolo[2,3-blpyridine Derivatives 4 and 6. Method (A). An equimolecular mixture
of 2, malononitrile or ethyl cyancacetate and sodium ethoxide in absolute ethanol (20 ml) was

refluxed for 3h. The solvent was removed under reduced pressure and the residue was triturated
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with water. The so-formed solid was collected and crystallized from ethanol to give 4 and &,

respectively (cf. Tables | and 2).
Method (B). An equimolecular mixture of 2 and malononitrile ar ethyl cyanoacetate in pyridine
(20 m!) was refluxed for 2h. The solvent was evaporated undet reduced pressure and the residue
was triturated with water. The so-formed solid was collected to give 4 and &, respectively.
Method {C). An equimolecular mixture of 2 and malononitrile or ethyl cyanaacetate in dry test
tube was heated at 1709C (bath temp.) for 2 h.  The so-formed solid was coliected ard crysta-
llized from ethanol to give 4 and 6, respectively.

The products obtained in method "B" and method "C" were identical in all respects with those
obtained from method "A" {mp, mixed mp and spectra).
Synthesis of Pyrroiof2,3-d]pyrimidinone Derivatives 7. The appropriate 2 (1.0 g) was refiuxed in
formic acid (25 ml, B85 %) for 7-9 h. The so-formed solid after cooling was collected and crysta-
Nized to give 7 (cf. Tables 1 and 2).

Synthesis of Amino-pyrrolo[2,3-d]pyrimidine Derivatives B. The appropriate 2 (1.0 g) was refluxed
In a mixture of formic acid, formamide and dimethylformamide (5 ml. of each) for 9-10 h. Tre

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

crystallized to give 8 {cf. Tables | and 2).
mol} was treated with

Synthesis of Pyrrolo Derivatives 9. Hydroxylamine hydrochloride (0.01

sodium ethoxide {0.01 mol) in absolute ethano! and stirred for 20 min, The appropriate 2 (0.0]
meol) was added to the resulting solution, Then, the rteaction mixture was refluxed for 3 b, The
reaction mixture was diluted with water. The so-farmed solid was collected and crystaltized to

give the pyrrole derivatives 9 (cf. Tables | and 2).

Table 1. List of the mewly synthesized compounds

. C% H % N %
Compound* (BACP) Y“(E.;(S FOI\:antla Calcd Calcd Caled
(Found) (Found) (Found)

b 157 80 CreH N O 64.85 (64.70)  S.44 (5.10)  18.90 (19.20)
2b 180 65 CieH N30, 67.82 (£7.50) 6.04 (5.70)  14.B3 (14,50)
4a 172 62 C}BH”NSOZ 64,46 (64.80) S.11 (4.80) 20.88 {2i.10)
4h 160 72 C 9 1gNs05 65.31 (65.60) 5.4B (5.70)  20.04 (19.60)
6a 195 75 CIBHieNaOB 64,27 (64.,50) 4,79 (5.10)  16.65 (17.00)
&b 190 70 CygHgN,05 65,13 (64.80) 5.17 (5.30)  15.99 (l6.20)
7a 205 90 CigH 5Ns03 64.63 (64.90) 5.09 (4.80) 14.13 (14.50)
7b 210 85 C4HN305 65.58 {65.10) 5.50 {5.70) 13.49 {14.00)
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Table {1) Contd
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. cC% H % N %

Compound* (Sép) Y(l,gl)d FOMmGl'] Calcd Calcd Calcd

rmula (Found) (Found} {Found)
8a 255 &5 CrgHi16N,0p 64,85 (64,40) 5.44 (5.10) 18,90 (19.20}
Bb 210 60 C17H15N402 £5.79 (65.80) 5.94 (5.90) 18.05 (18.50)
9a 165 7B CISHISN:&O3 59.59 (60.20) 6.00 (5.70) 18.53 (19.00)
o] 155 8l ClsHZUNaOB 60.74 (61.10) 637 (5.90) 17.70 (17.90)
10a l4g 78 CZIHZBNSOZ 66.82 (67.20) 6.i4 (6.30) 18.55 (18.10)
10b 158 72 C22H25N502 67.49 (67.10) 6.43 (6.70) 17.88 {17.60}

*eAll compounds are crystallized from ethana! except Ba,b which were crystallized from pet. ether
(40-60°C). All compounds are pale yellow except Ib which is orange.

Table 2. IR and lH NMR data of compounds listed in Table I.

-1 I
IR [em™ '] H NMR (Sppm)
Compound Selected bands [DMSO-dé]
1b 3350 (NH); 2220 (CN); 1700 (CG) LI (t3Hester CHy); 2.4 (5,3H,CHz); 2.7
1620 (C=N}; 1600 (C=C). (s, 3H,CHy); 4.1 (g,2H,ester CH,}; 7.2-7.8
(m, 5H, CH, and NH).
2b 3430, 3330, 3320 (NHZ); 2200 {CN); 1.1 (t,3-,ester CH3); 2.4 (s,3H,CH3); 2.67(s,
1680 (CQ); 1600 {C=C). 3H,CH3 ) 4.1(a,2H,ester CH,J; 4.3 (3,2H,NH,);
7.2-7.6 (m, GH,CeH ).
4a 3440, 3350, 3280 (NHZ); 2220 (CN); 1.1 {2, 3+, ester CH,); 2.4 (s, 3H,CHy); 4.1
1680 (COQ); 1640 (C=N); 1600 (C=C2 (g, 2+, ester CHz); 5.5 (s, br.,4H, two NHZ);
7.2-7.5 {m, 5H, CHg).
4b 3440, 3350, 3290 (NHZ); 2220 (CN); 1.} {t, 3H,ester CH3); 2.3 (s,BH,CHs); 2.7
1680 (CO); 1640 (C=N); 1600 {C=C) (s, 3H,CH3); 4.1 (g, 2H, ester CH,); 5.6
(s, 4H, two NHZ); 7.2-7.6 (m, 4H, C6H4)‘
6a 3440, 3340, 3220 (NH,); 2200 (CN); 1.2 {t, 3Hester CHy) 24 (s,3H,CHy); 4.1
1690, 1670 (COY 1620 (C=N); 1600 (q, 2H,ester CHy) 5.2 (s, 2H,NH,) 7.2-8
(c=C). {m, 6H, CHs and NH).
éb 3440, 3340, 3220 (NH,); 2200 (CN); L1 {t, 3Hester CH;) 2.4 (s, 3H,CHg)
1680, 1670 {CO); 1620 (C=N); 1600 2.7 (5,3H,CHg); 4.1 (g, ZH.ester CH,); 5.2
(C=C). {s, 2H,NH,); 7.2-8 (m,5H,C,H, and NH).
7a 3450 (NH); 1690, 1630 {CO); 1620 L1 (t, 3Hester CHz) 2.4 (s, 3H, CHy); &1
{C=N}; 1600 (C=CM\ (g, 2H, ester CHZJ; 7.2-8.1 (m,'.’H,CGHS,
NH and pyrimidine H-2).
o 3440 (NH); 1690, 1680 (CO); 1630 .1 (t3H,ester CH.) 2.4 (s,3H,CH3)%2.7
{C=N); 1600 (C=C). (s, 3H, CH3); 4.2(q,2H,ester CH,); 7.2-8 (m,
6H, C.H,, NH and pyrimidine H-2).

64
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Table (2) Contd.

-1 i
R [em™] H NMR (3 ppm)
(-ompound Selected bands [DMSO—d6}
Ba 3440, 3340, 3250 (NHZ); 1680 (CO); LD (t, 3Hester CHg); 2.4 (s,3H,CH3); 4.1
1620 (C=N) 1600 (C=C). (q,2H, ester CHZ); 5.6 (s,br., 2H, NHZ);
7.2-7.5 (m, 6H,CH; and pyrimidine H-2).
Bb 3450, 3380, 3250 (NHZ); 1680 {CO); L1 {t,3H, ester CHj) 2.4 (5,3H,CH); 2.8
1630 (C=N}; 1600 {C=C). (s, 3H,CH3) 4.2 (q,2H,ester CH,) 5.5 (s,br.,
2H, NH, ) 7.2-7.8 (m, 5M,CH, and pyri-
miding H-2),
95 3450, 3380, 3300-3220 br. (NH, and L1 (t, 3Hester CHy) 2.4 (5,3H,CHg); 4.1
OH); 1680 (CO); 1620 (C=N} {9, 2H,ester CH,); 7.2-8.8 (m, 9H,C He
1600 (C=C). and two NH,J); 11.3 (s, LH, OH).
9b 3440, 3380, 3310-3220 (NH,) and 1.2 (t,3H, ester CH3k 2.4 (s, 3H,CH.);
OM); 1680 (COY; 1620 (C=N) 1600 2.7 {5, 3H, CH3) &1 (g2H.ester CH,)
{C=C). 7.2-8.1 (m,8H,C H, and two NH,% 115
{s, 1H,0OH).
10a 3440, 3340, 3250 (NH,); 1680 (COX L1 {t,3Hester CHg) 2.4 (s5,3H,CH3); 4.l
1620 {C=N); 1600 (C=C). (q,2H, ester CH2); 5.6 (s,br., 4H, two
NH2); 7.2-8.1 (m, I!lH, aromatic and
NH ).
100 3450, 3330, 3270 (NHZ); 1680 (CO) 1.1 (t, 3H,ester CHB); 2.4 (s,BH,CH3); 2.7
1620 (C=N); 1600 {C=C). (s, 3H, CHy); 4.1(q, 2H, ester CH,); 5.5
(s, br.,4H, two NHZ); 7.2-8.2(m, 10H, aromatic
and NH).
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