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ABSTRACT. A number of pyrazoline. oxadiazine. pyrrole and thiazolylpyrrole 
derivatives were synthesised via the reactions of tetracyanoethene with hydrazonoyl 
chlorides . amides and 2-eyanomethyl-2-thiazolin-4-one. The structures of the newly 
synthesised heterocycles were established on the basis of elemental analysis . 
spectroscopic data as well as synthesis via other routes. 

Tetracyanoethene (l) is a versatile reagent which has been extensively utilized in 
the synthesis of heterocyclic derivatives (Fatiadi 1983. 1986). In continuation of 
our program directed towards the use of activated nitriles in heterocyclic synthesis, 
(Abdel Galil et al. 1987, 1988). we report here on the reaction of tetracyanoethene 
with a variety of hydrazonoyl chlorides, cyanoacetamide, cyanothioacetamide, 
cyanoacetanilide , cyanothioacetanilide and 2-cyanomethyl-2-thiazolin-4-one. The 
reactions resulted in the synthesis of several pyrrole, pyrazole, oxadiazine and 
thiazolylpyrrole derivatives bearing latent functional substituents which appear 
promising for both biological activity studies as well as for further chemical 
transformations. 

Results and Discussion 

Thus, ! reacted with N-phenylbenzhydrazonoyl chloride (~a) in benzene in 
the presence of triethylamine to yield the cycloadduct of molecular formula 
Cl9HlON6 (M+' = 322) . The pyrazoJine structure 3a could be assigned for the 
reaction product based on elemental analysis and IR and IH-NMRspectral data 
(Table 2). Moreover. in the 13C-NMR spectrum. ~a revealed three characteristic 
signals assignable to C-3 (& 155.9). C-4 (& 40 .2) and C-5 (& 61.5) respectively, 
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as well as four signals (! 13.8, 114.0, 115.4, 116.1) for the CN carbons and eight 
signals (127 .2-136.3) for the phenyl carbons, supporting the given 3-phenyl- 6 2

_ 

pyrazoline structure (Breitmaier and Voelter 1978, Johnson and Jankowsky 
1972) . 

In a similar manner, the hydrazonoyl chlorides 2b-d reacted with! to give 
the corresponding cycloadducts }b-d. Their structures were assigned on the 
same backgrounds as for}a (cf. Experimental part). On the other hand, trials to 
conduct the reaction under practically the same experimental conditions 
utilizing the hydrazonoyl chlorides ?e,f were unsuccessful and led to the 
formation of the corresponding tetrazines (Shawali and Fahmi 1977, Hassaneen 
et al. 1984) as the only isolable products. This behaviour might be attributed to 
the strong electron-withdrawing nature of the arylsulfonyl group in ?e,f (Ito et 
al. 1976) . 

Moreover it has been found that !reacted with N-benzoylphenylhydrazine 
(:!) in ethanol in the presence of a catalytic amount of triethylamine to yield a 
product which could be formulated as the 5-imino-l ,3,4-oxadiazine derivative § 
(M+· = 313) (cf. chart 2). The structure § was established using elemental and 
spectral studies. The reaction leading to § is assumed to proceed via the 
formation of the intermediate acyclic tricyanovinyl derivative ~ which subse­
quently cyclizes via HCN elimination under the applied reaction conditions to 
yield the final isolable product §. The conversion of § into the corresponding 
I ,3,4-oxadiazin-5-one derivative? was achieved by boiling its ethanolic solution 
with hydrochloric acid (cf. chart 2). 

CN 

R, ,..........CI
NC CN RuCN 

II ) 
N

'N 
CN 

N+ eNJC 
C 

NC CN " NH I 
I Ar 

Ar 
3a-d 

2a, R = csHs , Ar = csHs 
b,R = C2HsOOC, Ar = csHs 
c,R = C2HsOOC, Ar = CS H4 -CH 3 - P 

d, A CH 3 CO, Ar CS H4 -CH3 -P 

e,R CsHs, Ar S02- CS HS 

g,R CsHs, Ar S02- C lO H7 

Chart I 
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The study was also extended to investigate the behaviour of I towards the 
action of some amide, anilide and thiazolinone derivatives. Thus, I reacted with 
cyanoacetamide (~a) in ethanol in the presence of triethylamine to afford a 
product of molecular formula C6H 2N40 (M+' = 146) resulting from the addition 
of one mole of ~a to one mole of ! to yield the acyclic Michael adduct 2a 
followed by the loss of one mole of malononitrile to yield IQ which cyclized 
under the applied reaction conditions to give the final reaction product which 
could be formulated as the pyrrole derivative Ila based on elemental and 
spectral data (cf. chart 3). 

Similar to its behaviour towards §a, compound 1 reacted with 
cyanothioacetamide ~b to afford the pyrrolethione derivative lIb (d. chart 3). 
On the other hand, non-identifiable products could be isolated by treating I 
with cyanoacetanilide or cyanothioacetanilide. In addition, compound I reacted 
with 2-cyanomethyl-2-thiazolin-4-one (g) in ethanol in the presence of 
triethylamine to yield a product of molecular formula C 11 H 4N60S (M+· = 268). 
Three possible isomeric structures <!~- !~) could be considered for the reaction 
product (d. chart 4) . Structure !~ was readily ruled out based on the fact that 
the reaction product exhibit NH2 absorption peaks in its IR spectrum . The 
thiazolylpyrrole structure I~ was considered for the reaction product based on 
identity of the reaction product with compound I~ prepared by the reaction of 
!~ and the pyrrole derivative I! in ethanol in the presence of triethylamine (cf. 
chart 4) . 

Experimental 

All m.p.'s are uncorrected . The IR spectra (KBr) were recorded on a Pye 
Unicam SP-1000 spectrophotometer. lH NMR spectra were obtained in 
(CD3 hSO with a Bruker WM 300 spectrometer with SiMe4 as internal standard 
and chemical shifts expressed as 0 values . Mass spectra were recorded on MS 30 
and MS 9 (AEI) spectrometers 70 eV. 13C NMR spectra were recorded at the 
Institut fur Organische Chemie und Biochemie, UniversiUit Bonn , West 
Germany. Microanalytical data were performed by the Microanalytical Centre 
at Cairo University. 

General procedure for the reaction of ! with ~a-f 

A suspension of! (0.01 mole) in dry benzene (50 ml) was treated with an 
equimolar amount of the appropriate hydrazonoyl chlorides and then triethyla­
mine (1 ml) was added. The reaction mixture was refluxed for 1 h, and the 
triethylamine hydrochloride was filtered. Removal of the solvent followed by 
the addition of absolute ethanol (10 ml) gave solids which crystallized from 
ethanol (d. Table 1). 
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General procedure for the reaction of ! with ~, ~a,b and 12 

A suspension of ! (0 .01 mole) and an equimolar amount of 1, §a,b or !~ in 
ethanol (50 ml) was refluxed with triethylamine (1 ml) for 2-3 h (TLC control) 
and then evaporated to dryness under reduced pressure. The residue was 
filtered off and crystallized from ethanol (cf. Table 1) . 

Conversion of 6 into 7 

A solution of § (1 g) in ethanol (25 ml) was treated with conc. hydrochloric 
acid (5 ml) and heated under reflux for 2 h . The reaction mixture was then 
poured onto ice-cold water and the resulting solid product was filtered off, 
washed with water and crystallized from ethanol to give? (cf. Table 1). 

Table J. List of the newly sy nthesized compounds 

Compo MP. 
fie 

Yield 

% 
Mol. Formula 

(M. Wt.) 

% Analysis CaJcd.lFound 

C H N S 

Ja 206 47 C1"H]oN(1 70.HI 3. 11 26 .09 -
(322) 70.90 :130 26.20 -

~h 214-216 51 C Ih H",Nh0 2 60.38 3.17 2640 -
(318) 60.10 3.20 26.60 -

~e 192 63 C'7H '2 N,,02 61.44 3.64 25.29 -

(332) 61.50 3.70 25.40 -

Jd 149 43 C'hH ",NhO 63.57 3 .33 27 .HO -
(302) 63 .70 3.20 28.00 -

Q >260 69 C'HH"N,O 69.00 3.54 22.35 -

(313) 68.60 3.70 22.20 -

7 179 H2 C'KH ",N4 O 68.79 3.21 17 .H3 -
(314) 6R.60 3.10 17 .70 -

lla 143 71 C"H2 N4 O 49.32 1.3H 38.35 -
(146) 49.10 1.50 38.50 -

llb 161 79 C"H2 N4 S 4444 1.24 34 .55 19 .77 
( 162) 44 .30 1.40 34.70 19.60 

D IHI 68 C"H4 N"OS 49 .25 1.50 31.33 11 .95 
(268) 49.30 1.60 3l.50 11.80 
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155.9 40.2 

eN/.. 
eN 

3 4 

N 5 

4 signals 113.8, 114, 115.4 and 116,1 four eN carbons 
8 signals (127.2 - 136.3), phenyl carbons 

61.5 

Fig. 1. DC data of compound 3a 

Table 2. IR and 'H NMR data of compounds ~a-b, §, 7, lla,b and !~ 

Compd. 
IR [em - I] 

selected bands 
'H NMR (0 ppm) 

[DMSO-d.J 

~a 2260, 2240, 2190 (CN); 6.8-8. 1 (m, IOH, aromatic H). 
1620 (C=N) 

~b 2250, 2240, 2180 (CN); 1.3 (t, J = 7Hz, 3H, ester CH 3); 

1760 (ester CO); 1620 (C=N) 4.2 (q, J = 7Hz, 2H, ester CHz); 
7.5-7.7 (m, 5H, C6 H,). 

~c 2250, 2220, 2200 (CN); 1.1 (t, J = 7Hz, 3H, ester CH3); 

1750 (ester CO); 1615 (C=N) 2.4 (s, 3H, CH3); 4.1 (q, J = 7Hz , 2H, ester CHz)' 
7.2-7 .6 (m, 4H, C6 H4)' 

~d 2260, 2230, 2200 (CN); 2.4 (s , 3H, CH3); 2.5 (s, 3H, CH3); 

1720 (CO); 1625 (C=N) 7.1-7.5 (m, 4H, C6 H4)' 

§ 3350 (NH); 2235, 2220 (CN); 3.4 (s, 1H, NH); 6.9-7.8 (m, 10H , aromatic H). 
1620 (C=N), 1600 (C=C) 

7 2240, 2220, (CN); 1680 6.8-7 .9 (m, IOH, aromatic H). 
(ring CO); 1625 (C=N); 
1610 (C=C) 

!!a 3400-3250, (NHz); 2225, 7.6 (s, 2H, NHz). 
2210 (CN); 1700 (ring CO); 
1620 (C=N); 1610 (C=C) 

1!b 3390-3330, (NHz); 2240, 4.9 (s, 2H, NHz). 
2220 (CN); 1625 (C=N); 
1600 (C=C) 

l~ 3395, 3360, (NHz); 2235, 6.5 (s, 2H, NHz); 3.7 (s, 2H, CHz). 
2215 , 2190 (CN); 1690 
(ring CO); 1620 (C=N); 
1610 (C=C) 
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