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Abstract - The i-eactions of malononitrile and arymethylrnalononitriles in - 
alcohols-sodium ethanothiolate with 3-ql-Ziyampropenenitriles (1) are 
studied as a method of synthesis of 2-anino-4-aryl-3,54icyano4-ethylthio- 

pyridines (2) and 2-~no-4;uyl-3-arylmethyl-3,54icyano4+thylthio-3,4- 
dihydmpyridines (3) respectively. Canpounds 3 are isolated as a mixture 
of diastereoismers, here designated as n and 8. The structure of the 3a(B) 

1 2  isaner (Ar=Ar=Ph) has been detekned by X-Ray crystallography. qiridines 

4 were obtained by hydqen cyanide elimination fm dihydmpyridines 3. - 

Am interesting procedure for the preparation of substituted 2-aminopyndines is the reaction OF 

propenenitriles with active hydrogen nitriles, in presence of a nucleophile reagent. Such pyridmes 
1 -7 contain attached at 6-position, as substituent, the nucleophile employed. 

Following our previous worksld 2-amina-4-aryl-3,54icyano~~thylthiopyridines (2) were synthe~ 
sized by treatment of 3-1-Z~yanoprapenenitriles (1) with malononitrile in ethanol-sodium 
ethanothiolate. Using 2-pmpanal as solvent and arylmethy~slononitriles instead of malononitrile, 

we isolated 2~mino-4iuyi-3;uylmethyl-3,54icyano6~thylthio-3,4-dihydropyridines (2)  as a mix- 
ture of diastereoismers that here we desiqn as n and 0 .  

A?CH~CH(CN)~/ CHz(CN)z/ 
NaSEt/ i-PrOH NaSEt/ElOH 

EtS EtS 
CN 



1 2  
  he two pairs of enanticmers, for dihydropyridine 2 (Ar=Ar= Fh), were separated. midine was 

obtained by heating the 3a(.) ismer at 70-800C in DMF with an excess of sodim ethanothiolate for 

3 days. In such conditions the 3a(8) isamer needed 12 days for the same canplete transformation. 
This unlike behavior in the hydrogen cyanide elimination allowed the selective matization of a 

isaner to the pyridines - .la+, which could be easily separated of the untransforrned pair of 

enantimers 8 .  

3 (d+ P )  NaSEt/DMF 
- 70-80°C, three days - NcxYN, + 

EtS 

It should also be noted that far 3, the matization of the isaner o was accmpanied by the subs- 
1 

titution of the halogen atcm on 4-position of Ar by the ethylthio group. 

The reductive deanination of dihydropjridine 3a(a) with sodium borohydride in ethanol afforded 

3-benzyl-3,54icyanodSethylthio-4-phenyl-l,2,3,4-tetrahydmpyridine (2); however, the B isomer 

remained inalterated in the s m  conditions. The preparation of 2 by this pmcedure allowed the 
asignment of the relative position of amino and ethylthio groups in dihydropyridines 3. - 

Cmpound AT Rto. m . p .  IR(KBr)  1 ~ - 1 ~ ( ~ ~ ~ 4 6 / ~ ~ )  
1 

No. (%I (OC) -1 
v ~n 6 (PP) 

2a 
'sH5 53 233-234 3455, 331 5, 3205 1.32 (t, 3H, J=7 Hz); 3.18 

2210, 1615, 1580 ( q ,  2H, J=7 Hz); 7.38 (5H); 
1540, 1520, 1485 7.80 (2H) 

2b 444eOC6H4 54 224-225 3430, 3330, 3220 1.32 (t, 3H, J=7 Hz); 3.18 
2200, 1630, 1600 (9,  2H, J=7 Hz); 3.78 ( 5 ,  3H); 
1570, 1540, 1505 6.98 and 7.31 (2d, A5 system. 

J&'10 Hz); 7.73 (2H) 

2c 4-C146H4 43 201-202 3470, 3340, 3200 1.30 (t, 3H, J=7 Hz); 3.17 
22W, 1610, 1540 (9, 2H, J=7 Hz); 7.43 (4H); 
1485 7.82 ( W )  

2d 3f12N-C H 
6 4 

43 224-225 3460,3320,3210 1.33(t,3H,J=7Hz);3.20 
2220, 1620, 1580 (9 ,  2H, .J=7 Hz); 7.5-8.4 (4H); 

All campounds gave satisfactory microanalyses c,t 0.3; H,? 0.4; N,? 0.4; s , ?  0.2 

- 9 4  - 



rable 2. 2-Arnino-4-aryl-3-aryImethyl-3,54icyano4-ethylthio-3,44ihydropyridines (2)  and ppidines 4, - 

A r l  h2 
1 

Compound Rto. m.p. I R ( i a r )  H-NMR ( D I < S O ~ ~ / T M S  1 
NO. ( % I  (OC ) -1 "an S ( ~ p n )  

1.31 ( t ,  3H, J=7 Hz); 2.63 and 3.29 (2d, AB 
system, Jab=13 Hz): 3.08 ( q ,  2H, J=7 Hz); 4.28 
( 5 ,  1H); 6.8-7.7 (11H); 8.52 ( b ,  1 H )  

1.31 (t, 3H, J=7 Hz); 3.14 ( q ,  2H, J=7 Hz); 
3.19 ( s ,  2H); 3.78 (s, 1H); 6.8-7.5 (10H) ; 
7.69 ( b ,  1H); 8.46 ( b ,  1H) 

1.30 ( t ,  3H, J-7 Hz); 3.12 ( q ,  ZH, J=7 Hz); 
3.20 ( 5 ,  2H); 3.85 (s ,  1H); 6.7-8.0 (10H); 

1.30 ( t ,  3H, J=7 Hz); 3.06 ( 4 ,  2H, J=7 Hz); 
3.07 ( s ,  2H); 3.68 (i, 4H); 6.6-7.5 (?OH); 
8.33 ( b ,  1 H )  

1.30 ( t ,  3H, J=7 Hz); 2.29 ( 5 ,  3H); 2.8-3.3 
(4H);  3.82 (5, 1H); 6.8-7.6 (9H); 8.56 ( 5 ,  1 H )  

1.32 ( t ,  3H, H=7Hz); 3.17 (q, 2H, J=7Hz) ;  
3.64 ( 5 ,  2H): 6.6-7.5 (12H) 

1.31 ( t ,  3H, J=7 Hz); 3.20 ( q ,  2H, J=7 Hz); 
3.61 ( s ,  2H); 6.7-8.6 (11H) - 

i;l 
1.33 ( t ,  3H, J=7 Hz); 3.20 (q, 2H, J=7 Hz); 7 rr 

3.58 ( 5 ,  2H);3.66 ( 5 ,  3H): 6.6-7.5 ( l l H )  $ 

1.23 ( t ,  3H, J=7 Hz); 1.32 ( t ,  3H, J=7 Hz): 
2 
!2 

2.98 ( q ,  iH, J=7 Hz); 3.18 ( q ,  ZH, J=7 Hz); ,Z 
3.60 ( 5 ,  2H); 6.5-7.5 (10H) 2 

b 

Recrystalization solvent: a )  Toluene-hexane; b)  Ethyl acetate-hexane; c )  Ethanol-hexane. z 

d )  Yields of and e pa i r  of enantimers isolated r m  the mixture 3a("+ B ) .  e) Yleld of the B  ismer untransformed on the  armatiration. - - 
The microanalyses were i n  sa t i s fac to ry  agreement with the calculated values C ,  1 0 . 4  ; 11. * 0.4 ; N ,  * 0.4 ; S, * 0.2.  

Q rn 
L. 



TO assign with any degree of certainty the absolute configuration of the pair of enantimers s and 

B X-Ray analysis of the cwnpound 3a(B) was done. Crystals of this prcduct g m w  f m  toluene-hexane 

solution are manoclinic, space gwup P2 /n  with unit cell constants ?=I1 .289(4) 1, b=12.545(1) 1, 
I 

3 -3 
c=14.153(9) A ,  8=90.470(4)0, 3, !=2004.0(2) 9. , &=I ,234 g.an. - 

Fig. 1 

The intensity data were measwd on a CAD-4 automated diffractometer using Mog radiation 

(MJ.7107 A ) .  The cwstal structure was determined using Multan 80 and refined to R=0.058 o v e r  

observed reflections. Figure 1 shows the structw of the molecule. 

Melting points were measured with a Buchi (capillazy) apparatus and are uncorrected. IR spectra 

were determined as KBr pellets with a Perkin-Elmer spectrophotwneter. H-NMR spectra were re- 

corded with a Varian FT-80 (80 M r )  and Td0 (60 Mz) spectmeters. Micmanalyses were perfamed 

by the Analytical Department of the Institute of Organic Chemistry of CSIC, Madrid. Mass spectrum 

was obtained in a Varian Mat spectrmneter. Column chromatography was performed with silica gel 60 

(nerck) and basic alumina 60 (Merck). 

2-hno-4-aryl-3,5-dicyanadlthylthiopyridines(~). General pmedure: To an ethanolic solution of 

sodim ethanothiolate (0 .O1 mol of sodium and 0.01 mol of ethanothiol in 45 ml of absolute 

ethanol), 0.01 mol of malononitrile and 0.01 mol of the corresponding 3-1-2c/~lopmpenenitrile 

(1) were added. The mixture was stirred at ram temperature for 45 f i n .  The all crude praiuct was 

isolated by ccmbining the solid precipitated in the reaction medim with the isolated from the 

mothers liquors by the chmnatography on a silica gel column using hexanelthy1 acetate (6:4) as 

eluent. m e  cwnpounds 2a-d were obtained by recrystallization fm ethanol. 

2-Pmino-4-aryl-3iiryImethyl-3,54icyanod~thylthio-3,44ihydropyridines (2). General procedure: 
TO a solution of 0.02 mol of sodium in 60 m l  of 2-prowol, 0.02 mol of ethanothiol, 0.01 mol of 

the arylmethylmalononitrile and 0.01 ma1 of the 3-aryl-Zqanopmpenenitrile were added. The reac- 
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tion mixture was stirred at mcm temperatws for 36 h and then the dark solution was pour& over 

ice-water (2W m l )  weakly acidified with hydrochloric acid. The precipitate was filtered and washed 

to neutral pH. The mixture of a and 8 ismers was separated by chmtngraphy of the crude praduct 

through an alumina c o l m  with hexanelthy1 acetate (8:2) as the mobile phase. 

For 3, the two ismers u and B were separated by shaking 4.02 g of the mixture four times with 
ethyl ether (20 m l ) .  The solid remaining in the flask was recrystallized fmm ethyl acetate-hexane 

yielding 0.93 g of the pure pair of enantimers o .  The residue obtained after removing the ether 

under reduced pressure yielded, by recrystallization frm toluene-hexane, 1.02 g of pure B pairs 

of enantimers. 

2-Aminc-4-ary1-3-aryImethyl-5~yan0-6erhylthiopyridines (4) and dihydropyridines 3 ( 0 isomer). 

General procedure: The mixture of a and 0 diastereoismers isolated for each dihydropyridine 3 by 
the procedure above indicated was stirred and heated to 70-80 OC for 3 days in DMF (30 m l )  with an 

excess of sodim ethanathiolate (molar ratio 1:lO) generated "in situ" f m  equimolar amounts of 

sd im  hydride and ethanothiol. Afterwards, the dark solution was paured over ice-water (150 "1). 

Fyridines 4 and dihydmpyridines 3 (B ismer) were separated f m  the crude product by chmato- 

graphy through an alumina c o l m ;  the fomer eluated with hexaneithyl acetate (9:l) and the latter 

with hexmeethyl acetate (8:2). 

Eiy following this procedure, from 0.372 g (1 nand) of a(n) ismer, 0.3 g of the pyridine were 

obtained; yield: 87%. In the same conditions, but heating for 12 days, f m  0.372 g (1 mmol) of 

3a(B), 0.120 g of the same pyridine were obtained; yield:35 %. - 
3-Benzyl-3,54icyanod1thylthio4-phenyl-l,2,3,$-tetrahydrop~ridine (s): To 30 m l  of absolute 

ethanol 0.104 g (3 ,mol) of sodium borohydride and 0.372 g (1 mol) of 3a(o) were added. The reac- 

tion mixture was stirred under reflux for 3 h and then poured over ice-water (60 ml) acidified by 

hydmchloric acid. The precipitate formed, upon recrystallization fm ethanol-hexane, yielded 

0.294 g of colourless crystals, mp 153-1 54 OC (82%). Anal. Calcd for C22H21N3S : C, 73.50; H, 5.89: 

N, 11.69. Found: C, 73.26; H, 6.15; N, 11.94; IR (mr) :  3350, 2230, 2170, 1555, 1495, 1450 &': 
1 

H-NMR (FA-d I 6 1 .44 (t, 3H, J=7 Hz), 2.8-3.2 ( q ,  211, J=7 Hz), 2.21 and 3.03 (2d, W ,  J=13 Hz), 
1 

3.47 (5, w), 4.17 ( 5 ,  lH), 7.0-7.6 (lOH): mass spectrwn, m/e (relative intensity) 359 (M: lW), 

330 ( W ) ,  268 (57), 155 (77), 144 (59). 91 (71). 
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