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REDUCTIVE DECYANATKON OF PYRIDINECARBONITRILES BY TITANIUM TRICHLORIDE 

A. Cleric1 and 0. Porta* 

Istituto di Chimica de1 Politecnico, Via Golgl 39, 20133 Milano, Italy 

Summary Titanium(III) chloride promotes reductive decyanation of 4-CN- and 

2-CN-pyridine. The role of complex forming agents is discussed. 

The functlonal N-oxide group of heterocyclic N-oxides and related compounds is reduced by TlC13 

with two-electron change 
la,b,c 2 

and various reductions of other systems have been reviewed . 

Recently an "unusual synthesis" of 2,4-dlbenzyl-tetrahydroquinoline from benzyl radical addition 

to quinoline in the presence of Tic13 has been reported by us3. Now we wish to show a further 

aspect of the reducing power of Tl(III) the reductive decyanatlon of pyridinecarbonltriles. 

Pyridine and cyanide are the only products in these reactions Decyanation is quantitative when 

the CN- group is at 4-position of the pyrldine ring and yields based on TiC13 approach or reach 

100% when complex forming agents are present during the reaction. 

Some typical results are summarized in the Table 

Table - Decyanation of 4-CN-pyridine 

Molar ratio 
4-CN-~yrfTlCl3 

Complex foping 
agent 

1'1 

0.5 : 1 

0.25 : 1 

0.125 1 

1.1 citrate (10 ml )a 

0.5 . 1 II It 

1.1 CH3COOH (10 ml.) 

0.5 * 1 l, 4, 

a) cone 32 g. of (NH4)2C6H607 per 100 ml 

b) yields based on starting 4-CN-pyridine 

Pyridine 
b (yields % ) 

20 

52 

91 

quantitative 

39 

93 

50 

quantitative 

of solution 

c) considering two-electron transfer per mole of 4-CN-pyrldlne 

d) complexlng agents are added to the starting solution before 

Yields Xc 
based on TiC13 

40 

52 

45 

78 

93 

quantitative 

quantitative 

addition of dilute NaOH 

If the CN- group is at the L-position of the pyridine ring, decyanation and yields based on 

Tic13 never exceed 30 and 15% respectively 3-CN-pyridine does not give decyanatlon under all 

experimental conditions reported in the Table. 
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A mechanism which 1s consistent with these results 1s postulated XI the Scheme 

Scheme 

Path 1 - 

(I) 

Path 2 - 

CN 

H 

(II) - (III) 

* 
H CN 

H 

(IV) - - 

1 + OH- 
- Pyr + CN- 

3+ 
2 (I)+ 

r; 
2 (II) - (I) + (III) -c-_-_- , (III) + (IV)+Pyr + CN- - - 

A two step electron transfer to protonated 4-CN-pyrldlne (I) could lead to the anion (III) via the - - 

free radical (II) through Path 1 or 2 Proton abstractlon from the solvent could produce the dlhydro- - 

IntermedIate (E), which gives pyrldlne via base-catalyzed 1,4 ellmlnatlon of HCN. The conversIon 

of (11) directly to (2) by comblnatlon with an hydrogen atom 1s rather improbable because of the 

lack of hydrogen-atom donor ablllty of the reactlon medium. A mechanism via Path 2, already propo- 

sed by Kosower' for different 4-substituted pyrldlnyl radicals, would require a high concentration 

of (II) Two points should be emphatlzed - 

1) the radical stablllzlng effect of the CN- group In the radical (II)5a'b (4-CN-> 2-CN- > 3-CN-) - 

must be consldered responsible for the quantltatlve , partial (30%) and no decyanatlon of 4-CN-, 

2-CN- and 3-CN-pyrldlne respectively. 

11) the reductive power of Tl(II1) 1s known to be higher when complex formlng agents are present 
la 

In the reactlon and to be greater XI acetate than in citrate medlum6. This would appear the case 

for the reactlon of 4-CN-pyrldlne In the absence of complex formatlon, yields based on TlC13 ne- 

ver exceed 52% while range between 78 - 93% and achieve 100% In the presence of citrate and acetlc 

acid respectively 

In our oplnlon, the drlvlng force for the reactlon studled Involves both the stablllzatlon of 

Tl(IV) state (as T102 or Tl(IV)-complexes) and the rearomatlzatlon of (IV) by cyanide loss. - 

Further experiments are In progress with the aLm to extend this reactlon to other substrates. 

A typlcal experiment In the absence of complexlng agents 1s as follows to a stlrred solution of 

4-CN-pyr (10 m mole), dist H20 (15 ml.), 37% HCl sol (5 ml.) and 15% aq. Tic13 sol (10 m mole) 

1s added dropwlse a 10% NaOH sol. at O'C under N2 until pH 13-14 1s reached. After work up, the 

reactlon mixture 1s analyzed by G.L.C. Cyanide was detected by conductometrlc analysis 

l- 

2- 

3- 

4- 

5- 

6- 
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