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In previous papers 
1) , the authora have reported the reduction of 2-, 3-, 

or 4-cyanopyrldlne with eodlum borohydrlde In protlc solvent and we found that 

reduction of pyrldlne nucleus took place for 3-cyanopyrldlne, while in case of 

2- and 4-cyanopyrldlnes only the cyan0 group was reduced to the corresponding 

amine without nuclear reduction. 

This paper deals with the reduction of 2-, 3-, or &cyanopyrldlne with 

sodium borohydrlde In aprotlc solvents such a8 pyrldine and dlglyme. Sufflolent- 

ly different results from those In protlc solvent were obtained. 

General Procedure- A solution of oyanopyrldlne (5.2 g, 0.05 mole) and 

sodium borohydrlde (5.7 g, 0.15 mole) in anhydrous pyrldlne (150 ml) or dlglyme 

(100 ml) was refluxed for 8 hre. After the reaction was completed, the solvent 

was removed In vacua under NB atmosphere. The realdue was dissolved in water, 

an aqueous layer obtained was extracted with chloroform, which wae washed with 

NaCl eaturated water and dried over anhyd. Na*SOa. Evaporation of the solvent 

under Ng atmosphere in vacua gave the residue which was purified by Column 

chromatography. 

Reduction of 3-Cyanopyrldlne 

Under the procedure described 'above, 3-cyanopyrldlne I was easily reduced 

In 52% yield to a dlhydro compound (mp. 74-75'C), 3-cyano-1,4-dlhydropyrldlne III, 

which showed the following spectral data,Xmax (=OH) 330 y (& 5600) ; Q max 

jllll 
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(KB~) 3380 (NH), 2220 (EN), 1690 (~3, 1630 cm-' (>N-cH=~-cN) ; n.m.r., 77 

(CDCIS) 3.41 (lH), 4.20 (2H. This 2H was decreased to IH when N-H was deuterat- 

ed), 5.40 (lH), 6.90 (2H). 3-Cyano-1,4,5,6-tetrahydropyrldlne IV was not obtained. 

It wag the main product In the reduction of I with sodium borohydrlde In ethanol 
la) 

. 

However, III was again reduced In ethanol with sodium borohydrlde to give IV. 

UJ l 

N in pyrldlne 

I 

III 
QCN (or - COOCH,) NaBH4 l (JCN 

In EtOH 

H 
Iv' 

& v 

In this reduction, the first attack of hydride anion was readily proven to 

be In position 4 of I and further reduction of dlhyaropyrldine (II) did not 

proceed In aprotic solvent. On the structure of II. it is not clear now whether 

ring nitrogen forma sodium salt or boron derivative. However, III which has 

N-H bona, was found to be reduced in protic solvent. It is of Interest to 

compare these findings with reports that on the reduction of quarternary 

pyrldlnlum salts, BHQ anion first attacks In position 2 or 6 of pyrldine nucleus 
2) 

, 

and N-methyl-1,4-dlhydropyridine derivatives V are not reduced in protic solvent 

with sodium borohydride 
3) . The explanation of these differences will be publlsh- 

ed soon. 

The synthesis 

except this method 

The reduction 

scribed in general 

of 3-substituted 1,4-dihydropyridine (III) is very difficult 

Reduction of 2-Cyanopyrldine 

of 2-cyanopyrldine VI was exanlned by the conditions de- 

procedure. The expected product, 2-aminonethylpyridine was 
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not Sound in 

(about lo%), 

obtained and 
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the reaction mixture 
lb) 

, but surprleingly, although In low yield 

2,4,5-trls(2-pyrldgl)lmldazole VII (mp. 113-4'C, C,,H,SN,) wae 

yield was improved up to 20% yield when the reaction was performed 

in dlglyme at 100°C. The structure of compound VII was confirmed by the follow- 

ing spectral data ; Amax (E1;OH) 320 m)~ (& 51800), \),, (KBr) 3430 (NH), 3050 

(aromatic CH), 1587 cm -I (aromatic C=C) ; n.m.r.,y(CDCIS) 1.45 (4H), 1.80 (2H), 

2.35 (3H), 2.80 (3H) ; mass spectrum, m/e 299 (M+). The structure was aleo 

confirmed by the chromic anhydride oxldatlon which gave a-plcolinamlde in poor 
4) 

yield . 

CL CN 
NaBH' ' Q$J In pyrldlne or dlglyme 

The mechanism of this reaction is not clearly understood, but It might be 

assumed that the benzoln type condensation of two moles of aldlmlne A which Is 

the first reduced product on the nltrlle group, 

further reaction of B with one mole of VI could 

VI----- 

would give the compound B and 
6) 

form VII . 

1 

U-I-NH- 

I 

Reduction of 4-Cyanopyrldlne 

In thle case, the definite reduction product was not obtained. However, 

two compounds could be lsolated,wlth difficulty, from the brown reaction mixture 

by the column chromatography, that is, 2,4,5-trls(4-pyrldyl)lmldazole IX 
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(mp. > 
300°C, C,,H,sN,) and l,l-bls(4-pyrldyl)methylamlne X (mp. 92-93'C, 

C,,H,,N,) in yields oi 2.1% and 1.5$, respectively. The spectral data, compound 

IX,xmax (EtOH) 315 y ( & 54600) ; grnax (KBr) 3440 (NH), 3040, 2980 (aromatic 

CH), 1605 cm-' (aromatic C=C) ; n.m.r., ~(CF~COOH) 1.07 (8~), 1.57 (4H) ; 

mass spectrum, m/e 299 (M+). Compound X,A,, (EtOH), 265 ( & 29001, 278 my 

( c 2240) ; qrnax (KBr) 3380 (NH*), 3000 (aromatic CH), 1595 Cm-' (aromatic 

c=c) ; n.m.r., 7 (CD!&) 1.41 (4H), 2.65 (4H), 4.80 (lH), 7.97 (2H. This peak 

vanished by addition of DsO) ; mass spectrum, m/e 185 (M+). The expected 4- 

amlnomethylpyrldlne which was obtained In the reduction using ethanol as a 

solvent 
lb) 

was not detected. 

CN 

NdHc ) w 
In pyrldlne 

lV+NH 

6 lx via 

+ 

Studies on the scope and limitation of this reduction on other cyano- 

substituted heterocycles are In progress. 
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