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Abstract-
y-Cyano-y _(4_pyridyl)pimelonitrile (2) has been prepared by 

cyanoethylation of 4_pyridyl-acetonitrile (1). Hydrolysis of 

(2) using diL HCI afford y-amido-y- (4-pyridyl)pimelic acid 

(3) which cyclized to the corresponding 3 -( 4-pyridyl)-2,6-

piperidindione-3- propionic acid (4) by continues heating in 

hydrochloric acid solution. Ring closure of (4) takes place in 

presence of conc. sulphuric acid to give spiroisoquinoline de

rivative (5). Spiroisoquinoline derivative (6-11) have been 

also prepared. Structure of all the products have established 

by elemental and spectral analysis. 

RESULTS AND DISCUSSION 
Fadda and co-workers have involved in an expolration of 

the potentialities of activated nit riles in heterocyclic synthe-

sis 1-4. 
Several novel synthesis of azoles , azine and azoloazines 

might be developed by this work 5,9 . As a part of this programme 

the reactivity of 4_pyridylacetonitrile (1) towards a variety of rea

gents has been investigated with the aim of exploring the poten

tialities of this exceptionally reactive nitrile in heterocyclic syn· 

thesis. Thus, it has been found that compound (1) undergoe 

reaction with acrylonitrile in the presence of alcoholic tetraethy· 

lammonium hydroxide solution, cyanoethylation took place 

through a Michael type addition resulting in the formation of the 

corresponding trinitriles (2). Hydrolysis of the trinitrile 
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(2) by refiuxing with dilute hydrochloric acid for 3 hr afforded j'-cunido-y

(4·pyridyJ) pimelic acid (3). Continues heating of (3) for further 10 hr 

afforded 3-( 4-pyridyJ)-2,6-piperidinedione-3-propionic acid (4), (probably 

obtained according to the proposed mechanism, see Scheme I). The 

structure of the product (3) was established by eJemental analysis and 

spectral measurements. The infrared spectrum of (3) showed two bands 

1700 and 1680 (veO of eOOH, and amidic carbonyl), 3320 (v OH of 

eOOH) and 3450 cm- l (v NH2), while its rum spectrwn showed two 

triplets at 0 2.6 and 3.1 corresponding to two methylene groups, nvo 

singlets at 0 9.3 and 10.3 attributable to NH2 and eOOH protons 

respectively besides two doublets at 8 7.6-8.5 corresponding to the 

pyridine protons. 
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On the other hand, the IR spectrU!ll of(4) showed two bands 1720 

and 1730 (vCO of six-membered cyclic imides), 1100 (vCO of COO H), 

2860-3400 (vOH, bonded ofeaOH) and 3250 cm-
1 

(vNH). 

When the piperidine diane derivative (4) was heated with cone. 

H2
S0

4 acid, ring closure' took place with the fonnalion of the 

spiroisoquinoline triane derivative (5). (scheme 2). 

CONH2 

... 
H 

Scheme 2. 

o 
~ 

o (5) 

NaOH (20%) 

COOH 

o 
(6 ) 

On the other hand, when (5) was subjected to bydrolysis with 20% 

aq. -NaOH solution. the piperidinedione ring opened and afforded the 

dicarboxylic acid derivative (1). whereas hydrolysis with 40% KOH 

solution, gave the acid amide (8). 

The preferential attack of the hydroxide ion on the carbonyl group 

adjacent to the cyclohexanolle ring is due to the relatively high electron 

deficiency on it compared to the otber carbonyl group, since in tile latter 

case the positive charge is reduced by hyperconjugation with neighbouring 

methylene grouplO. 
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The structures of the products 5-7 were established on the basis of 

the ehnental anaJysis and IR spectra. The IR spectrum of (5) showed 

bands at 3240, 3350 and 1750-1690 cm-1 characteristic of the stretching 

frequency of NH, OH, and CO groups respectiveJy, whereas those of (6) 

showed broad bands at 3320, 1720 and 1700 cm- 1 attributable to the 

frequency of OH and CO groups respectively. IR spectrum of (7) 

exhibited bands at 3450-3350 (NH2), 3340- (OH), 1720 (CO of COOH) 

and 1680 cm- 1 (CO ofCONff2 and CO conjugated with aromatic ring). 

In addition, it has been found that compoWld (5) reacted with 

malononitri1e to give the dicyano derivative (8). The dicyanomethylene 

derivative 8 was used as the key material for the synthesis of, otherwise 

difficult obtainable, isoquinoline derivatives. Compound (8) was subjected 

to react with both hydrazine hydrate and/or phenyl hydrazine in equimo1ar 

ratio resulted in the formation of the pyrazo10 derivatives (9) and (10) 

respectively. On the other hand, when compound (8) was reacted with 

thiourea by fusion in presence of TEA afforded the pyrimldinethione 

derivative (11). Moreover, compound (11) was hydrolysed using ethanolic 

hydrochloric acid to afford the corresponding pyrimidinedione thione 

derivative (12) in an excellent yieJd. Furthermore, compound (12) was 

also synthesized via another route by the reaction of (5) with thiobarbitllric 

acid in boiling acetic acid containing freshly fused sodium acetate. 

The IR of compoWlds (9), and (t 0 )showed bands at 3450-3400, 
and 

3340-3250 and 1690 cm- l attributable to Nff2, NH, OH. CO stretching 

frequencies respectively. While compound 11 showed bands at (1185) 

cm- 1 corresponding to the thione group besides the other expected 

stretching frequencies. ' H nmr spec trum 0 f (9) showed lJealcs at 

2.4-.3.5 Cm,8H t h CH2 ), '+.4 (s.NH2 protons), 7.5-8.5 (pridyl 

protons) and at B.8 broad singlet due to NH proton. 
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EXPERIMENTAL 

Melting points are not corrected. The IR spectra (KEf of the 

prepared compounds were measured on a Pye-Unicam SP 2000 

spectrophotometer. PIviR spectra were recorded in CDC!3 on Varian EM 

360 instrument using TMS as intenlal standard (chemical shift in o,ppm). 

Synthesis of 'Y-cyano-y-( 4-pyridyl)pimelonitrile (2): 

To a solution of acrylonitrile (0.2 mol) in ethanol (30 ml) was added 

dropwise a soJution of 4-pyridyJ acetonitrile (0.1 mol) in ethanol (30 ml) 

containing a catalytic amounts oftetraethylamrnonium hydroxide solution 

(0.5 rnl). The reaction mixture was left to stand at room temperature with 

continuous stirring for 4 hr. Thereafter, the mixture was neutralized with 

HCl diluted with ethanoJ, filtered and the obtainable solid mateiral was 

crystallized from ethanol to give (2). (Table I). 

Formation of 'Y-amid~'Y-(4-pyridyJ)-pimeJic acid(3): 

A solution of (2) (0.1 mol) in water (50 ml) and conc. HCl (30 ml) 

was refluxed on water bath for 2 hr. The colourless solid separated was 

filtered, washed well with water and crystallized from water to give (3). 

Synthesis of 3-(4-pyridyl)-2,6-piperidinedione-3-propionic acid (4): 

A solution of 3 (0.1 mol) in water (50 ml) and conc, HCI (30 ml) 

was refluxed for ] 0 hr. The reaction mixture was neutralized with 

Na2C03 solution. The colourless solid separated was filtered, washed 

well with water and crystal1ized frOln water to give (4). 
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Synthesis of 5,6,7 ,8-tetrahyd rospiro\isoQuinoline-S.3-piperidinej-8,2' • 

t;t-tnone8 (~): 

A mixture of (4) (0.1 mol) and conc. H2S04 (30 ml) was neated on 

water bath for 5 hr, cooled, poured slowly on crushed ice with stirring and 

filtered. The solid thus obtained was washed well with water, suspended 

in cold water and stirred while adding diL sodium carbonate soLution till 

the mixture became slightly basic. The product was filtered and 

recrystallized from acetic acid to give (5) as colourless crystals. 

Hydrolysis of (5) with 20% aq. NaOH solution .. Formation of S-carbo

xyJic-s..oxo-5,6, 7 ,8_tetrahydroisoqu;noline-5-propionic acid (6)2 

A solution of 5 (0.1 mon in 20% NaOH (30 Inl) was refluxed for 2 

hr. The mixture was cooled and conc. He! added till acidic when a yellow 

oii was obtained which solidified on triturating with pet. ether 40-60°. The 

solid obtained was filtered, washed with cold water and crystallized from 

water to give (6) as colour1ess crystals. 

Hydrolysis of (5) with 40% aq. NaOH solution. Formation of 5 .. 

carbox.y-8-oxo-5,6, 7 ,8-tetrahydroisoquinoline-S-propionamide (7): 

A suspension of 5 (0.1 mol) in cold water was dissolved by adding a 

solution of 40% NaOH (10 rnl). boiled for.5 min, cooled, acidified with 

cone. Hel and kept for 7 days in ice chest. The colow-less solid thus 

separated was filtered, washed witb. water and crystallized from water to 

give (7). 

Reaction of (8) witb bydrazines: 

A mixture of 8 (0.1 mol) in ethanol (20 ml) and each of hydrazine 

hydrate or pbenyl hydrazine (0.1 mol) was heated under reflux for 2 hr. 

The reaction mixture was left to cool. The solid products so obtained were 
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collected by filteration and crystalJized from ethanol to give 9 and i Q.;. 

respectively. 

Reaction of (8) with thiourea: 

A solid mixture of (8) (0.) moO, thiourea (0.] mol) and Et3N (3 

drops) was heated for 20 min. The solid mixture was triturated with 

ethanol to give (10). 

Hydrolysis of (10): 

A solution of 1 1 (0.1 mol) was treated with a mixture of cone. 

hydrochloric acid (2 ml) and ethanol (20 mIX was heated for 1 hr. The 

reaction mixture was allowed to cool and the solid product filtered off and 

crystal1ized from ethanol to give (fa,). 
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Table 1. Characterization data of the newly prepared compounds. 

Compd. M.P. Yield Molecular 

No. °C % formula 

2 1[5 60 CUH,?N4 

J l~~ 73 Cl1H16N.,Ol\ c. .- . -- -.. 

4 247 ~d C 1 '\ 1'I14N~04 

5 280 71 Cl1H12N"Ol 

6 170 73 CnHl1NO) 

7 150 61 Cl1HI4N,04 

8 230 65 C'6H12N402 

9 261 70 ClgHlnN60 2 

10 277 75 C2LH2QNli02 

II >300 62 C17Ht6N~SO., 

12 >300 60 C'QH,&N4S04 


