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Abstract;Tit has been found that a ,  # -unsaturated nitrile derivatives 1-3 reacted with 
S-methylisothigurea to give the propene derivatives 4-6 respectively. Cyclisation of  4-6 
using ethanolic hydrochloric acid afforded the pyridine derivatives 7-9 in good yields. On 
the other hand, the reactions of  hydrazine hydrate and of  phenylhydrazine with each of  
7-9 gave the corresponding pyrazolopyridine derivatives 10-15. The structures o f  the newly 
synthesised derivatives were assigned on the basis of  elemental analyses, IR and 1H-NMR 
spectral data studies. 
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Several diverse biological activities have been re- 
ported for pyridine and fused pyridine heterocycles. 
A m o n g  these activities may be mentioned their use as 
herbicides~-~), antibacterial% hypoglycemic agents s, 6) 
hyperglycemic agents 6, 7), antihypertensive agenst9). In 
addi t ion several biological activities have also been 
reported for pyrazole derivativeslOq2). The above fin- 
dings prompted  our  interest for the synthesis of  deri- 
vatives containing both of  the two systems. The re- 
action of  a, ,8-unsaturated nitriles 1-3 with S-meth- 
yl isothiourea seemed to be a logic and easy route for 
the synthesis of  these derivatives. 

Thus,  it has been found that 2-amino- l , l ,3- t r i -  
cyanopropene (1) reacted with S-methylisothiourea to 
give a product  which was unexpectedly found to con- 
tain no sulphur. This reaction product was found to 
be corresponding to the addition o f  one molecule of  
I to one molecule of  the thiourea derivative followed 
by the loss of  methylmercaptan. The reaction product 
could,  however, be formulated as the propene deriva- 
tive 4 based on elemental analysis and spectral data. 
The IR spectrum of 4 showed bands related to the 
presence of  three CN, NH and NH 2 groups. The LH- 
NMR spectrum of 4 revealed a pattern a which is com- 
pletely intelligibly interpreted in terms of  the assigned 
structure only (cf, Experimental  Part). Similar to the 
behaviour  of  1 towards S-methylisothiourea, the pro- 
pene derivatives 2 and 3 reacted with the same rea- 
gent to afford the condensation products 5 and 6 
respectively. Again the assigned structures for 5 and 
6 were based on both elemental analysis and spectral 
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data studies (cf. Experimental  Part).  
Structures 4-6 were further confirmed via their cy- 

clisation using ethanolic-hydrochloric acid to afford 
the fully substituted pyridine derivatives 7-9 respec- 
tively. Structures of  the cyclisation products 7-9 were 
assigned on the basis of  elemental analyses and spec- 
tral data. Thus, the IR spectrum of  7 showed bonds 
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related to the presence of  three amino and two cyano 
groups in addition to the C = N group. The IR spectra 
of  8 and 9 revealed bands related to the presence of  
NH,  N H  2, CN and CO groups only. The IH-NMR 
spec t rum of  7 revealed signals at  5.6 and  9.3 p p m  
which are a t t r ibut ib le  to the  presence of  three  N H  2 
groups.  The  1H-NMR spectra of  8 and  9 were in a 
good agreement  wi th  the assigned s t ructures  (cf. Ex- 
per imenta l  Par t ) .  The synthet ic  potent ia l  of  7-9 was 
demons t r a t ed  via their react ions with hydraz ine  
hydrate  and with phenylhydrazine.  Thus,  it has been 
found  tha t  the pyr idine derivat ive 7 reacted with hy- 
drazine hydrate to afford a product corresponding to 
the addition of  one molecule of 7 to one molecule of  
hydrazine  fol lowed by the loss of  one molecule of  
ammon ia .  The react ion p roduc t  was assigned to the  
pyrazolo[4,5-c] pyridine structure 10 on  the basis of  
elemental analysis and spectral data. The IR spectrum 
of  10 showed bands related to the presence of  NH2, 

N H  and CN groups only. The tH-NMR spectrum of  10 
revealed signals due  to the presence of  N H  2 and  N H  
groups  only (cf. Exper imen ta l  Par t ) .  C o m p o u n d  7 
reacted similarly wi th  pheny lhydraz ine  to give also 
the  pyrazolo  pyr idine  der ivat ive 11 whose s t ructure  
was based  on  b o t h  e lementa l  analysis  and  spectral  
data. The IR spectrum of  11 showed bands related to 
the  presence of  N H  2 and  CN groups  only  while its 
I H - N M R  spec t rum revealed signals due to the pre- 
sence of  N H  2 groups  and  a roma t i c  p ro tons  only (cf. 
Exper imenta l  Par t ) .  Similar to  the  behav iou r  o f  7 to- 
wards  hydraz ine  hydra te  and  pheny lhydraz ine ,  the  
pyr idinone derivatives 8 and  9 reacted with hydrazine  
hydra te  and  with pheny lhydraz ine  to a f fo rd  the py- 
razolo pyridine derivatives 12,14 and  13,15 reactively. 
The  s t ructures  assigned for 12-15 were es tabl ished on  
the basis of  e lementa l  analyses and  spectral  da ta  (cf. 
Exper imenta l  Par t ) .  

Table I. Characterisation data of the newly synthesised derivatives 

Mp. Cryst. Yield ~ Analysis Calcd. 
Comp. Mol. formula 

(~ Solv. (%) C H N Found 

4 > 300 Acetic 65 CTH6N 6 48.27 3.47 48.25 

acid 48.20 3.45 47.95 

5 200-1 Acetic 68 C11H16N404 47.13 6.75 19.98 

acid 47.18 5.70 19.95 

6 >300 Acetic 70 C9HI1N50 a 48.86 5.00 31.65 

acid 48.80 5.06 31.60 

7 >300 Acetic 72 C7H6N 6 48.27 3.47 48.25 

acid 48.30 3.50 48.10 

8 280 Acetic 70 C9HIoN403 48.64 4.53 25.21 

acid 48.70 4.53 25.25 

9 >300 Acetic 75 C7HsN50 48.00 2.87 39.98 

acid 48.06 2.86 39.99 

l0 185-6 EtOH 80 CTH7N 7 44.44 3.72 51.82 

44.39 3.74 51.80 

11 197 EtOH 75 C]3H]jN 7 58.86 4.17 36.95 

58.90 4.20 36.80 

12 212-3 EtOH 80 C9HI1N503 45.56 4.67 29.52 

45.50 4.65 29.50 

13 242-3 EtOH 80 C15H15N50 3 57.50 4.82 22.35 

57.48 4.80 22.33 

14 207 EtOH 82 CTH6N60 44.20 3.17 44.19 

44.22 3.20 44.13 

15 238-9 EtOH 75 C13HIoN60 58.64 3.78 31.56 

58.66 3.75 31.55 
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EXPERIMENTAL 

All melting points are uncorrected. IR spectra were 
recorded on a Pye-Unicam SP-I100 spectrophotome- 
ter using KBr discs, tH-NMR spectra were record-  
ed on a Varian EM-390 90 M H z  spectrometer using 
D M S O - d  6 as a solvent and TMS as an internal stan- 
dard.  Chemical  shifts are expressed as 8 (ppm) units. 
The microanalysis were performed by the microana- 
lytical center at Cairo University. 

Reaction of  1-3 wiht S-methylisothiourea 
A solution of  each of  1-3 (0.01 tool) and S- 

methyl isothiourea sulphate (0.01 tool) in absolute 
ethanol  (50 m[) conta in ing  t r i e thy lamine  (2 m/) was 
heated under reflux for 3 hours. The reaction mixture 

was then allowed to cool  and the product  so formed 
was collected by filtration, washed with water, and 
then Crystallised f rom the proper  solvent (cf. Table I 
and II). 

Cyclisation of  4-6 into 7-9 
A solution of each of 4-6 (lg) in ethanol (20 ml) 

containing cone. HCI (5 m/) was heated under reflux 
for 2 hours. The reaction mixture was then poured 
onto ice-cold water and the solid thus formed was 
filtered off, washed with water then crystailished from 
the proper solvent to afford the pyridine derivatives 
7-9 respectively (cf. Tabels I and II). 

Action of  hydrazines on 7-9 
A solution of  each of  7-9 (0.01 tool) and each of  

Table II. IR and 1H NMR spectral data 

Comp. IR (cm - J) JH-NMR (6" ppm) 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

3450, 3370, 3270, 3180 (NH, NH 2 groups) 

and 2270, 2220, 2200 (CN groups). 

3450, 3370, 3280 (NH, NH 2 groups), 2220 

(CN) and 1730 (CO) 

3450, 3370, 3280 (NH, NH 2 groups); 

2240, 2220 (CN groups) and 1715 (CO). 

3450, 3380, 3290, 3150 (NH~ groups) and 

2240 (CN groups). 

3420, 3310, 3260 (NH and NH 2 groups), 

1730 (CO ester) and 1690 (CO amido) 

3420, 3350, 3270 (NH and NH 2 groups), 

2250, 2220 (CN groups) and 1690 (CO). 

3450, 3380, 3290, 3180 (NH and NH z 

groups) and 2220 (CN). 

3420, 3370, 3280, (NH 2 groups) and 2220 

(CN). 

3450, 3380, 3270 (NH, NH 2 groups), 1730 

(CO ester) and 1680 (CO). 

3450, 3370, 3280 (NH, Nt-I 2 groups), 1730 

(CO ester) and 1680 (CO). 

3430, 3380, 3290, 3170 (NH, NH 2 groups), 

2220 (CN) and 1680 (CO). 

3450, 3380, 3290, 3170 (NH, NH 2 groups) 

2220 (CN) and 1680 (CO) 

1.5 (s, IH, CH), 6.5 (s, br., 4H, 2NH2) and 8.2 

(s, br., 1H, NH). 

1.1 (t, 3H, CH2CH3) , 1.3 (t, 3H, CH2CH3) , 2.7 

(s, IH, CH), 4.1 (q, 2H, CHzCH3) , 4.3 (q, 2H, 

CH2CH3), 5.6 (s, hr., 4H, 2NH2) and 8.3 (s, 

br., llq, NH). 

1.1 (t, 3H, CH2CH3); 2.7 (s, IH, CH), 4.2 (q, 

2H, CH2CH3); 5.8 (s, br., 1H, NH). 

6.6 (s, br., NH 2 protons). 

1.3 (t, CH2CH3) , 4.2 (q, 2H, CH2CH3) , 6.6 (s, 

br., 4H, 2NH2) and 8.2 (s, br., IH, NH), 

6.6 (s, br., 4H, 2NH2) and 8.1 (s, br., IH, NH). 

8.1-8.5 (s, br., NH and NH z groups). 

6.4-6.8 (s, br., 6H, 3NH2) and 7.1-7.5 (m, 5H, 

ArH's). 

1.3 (t, 3H, CH2CH3) , 4.2 (q, 2H, CH2CH3), 5.6 

(s, br., 4H, 2NH2) and 8.2 (s, br., 2H, 2NH). 

1.1 (t, 3H, CH2CH3) , 4.2 (q, 2H, CPI2CH3) , 6.2 

(s, br., 4H, 2NHz) , 7.1-73 (m, 5H, ArH's) and 

8.2 (s, hr., IH, NH). 

6.4 (s, br, 4H, 2NHa); 8.1 (s, br., IH, NH) and 

8.7 (s, br., IH, NH). 

6.2-6.4 (s, hr., 4H, 2NHz); 7.t-7.5 (m, 5H, 

ArH's) and 8.2 (s, br., IH, NH). 
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hydrazine hydrate or phenylhydrazine (0.01 mol) in 
ethanol (30 m/) was heated under reflux for 3 hours. 
Cooling of the reaction mixture afforded products 
which could be filtered off and crystallised from the 
proper solvent to give the pyrazolopyridine derivatives 
10, 12, 14 and 11, 13, 15 respectively (cf. Tables I and 
II). 
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