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As is  known, the dehydrogenat ion of 1 ,4 -d ihydropyr id ines  to the cor responding  pyridines  is accompl ished 
under the influence of an equimolar  amount or  excess  of such reagents  as HNO 3, CrO3, H202, N204, chloranil, 
and t - a m y l  hydroperoxide  [1-3]. 

In o rde r  to develop a method fo r  the p repa ra t ion  of subst i tuted pyr idines  f rom 1 ,4-d ihydropyr id ines  we 
studied the poss ib i l i ty  of dehydrogenat ing the l a t t e r  using complexes  of the t rans i t ion  me ta l s .  As the hydrogen 
accep to r  we used the Pd(0) phosphine complex ,  which was obtained by the reduction of pal ladium ace ty lace to -  
hate with tr iethylaluml"num in the p r e s e n c e  of s tabi l iz ing addit ives [P(C4Hg) 3 and butadiene]. The deposit ion of 
Pd, which has a ve ry  low dehydrogenat ion act ivi ty  under  the conditions se lec ted  by us,  is observed  in the ab-  
sence  of t r ibutylphosphine and butadiene.  

The p r e l i m i n a r y  exper iments  d isc losed  that  equimolar  amounts  of the complex do not have to be used to 
dehydrogenate  1 ,4 -d ihydropyr id ines ,  while the  reac t ion  is cata lyzed by ve ry  sma l l  amounts  of Pd cata lys t .  
Bes ides  th i s ,  the m a x i m u m  act ivi ty  of the Pd complexes  in the dehydrogenation of dihydropyridines  was ob- 
tained if CF3CO2H was added to the catalyt ic  s y s t e m  in an amount  of 10 moles  per  mole  of Pd. 

Other BrSnsted acids (CH3CO2H , C6HsCO2H , etc.  ) a l so  exer t  a s i m i l a r  promot ing effect ,  but when they 
a r e  used the yields  of the pyr idines  do not exceed 60%. In view of th i s ,  a l l  of the exper iments  on the dehydro-  
genation of 1 ,4-d ihydropyr id ines  were  run using a ca ta lys t  sys t em composed of Pd(acac)2, P(C4Hg~ 3, AI(C2Hs) 3, and 
C F 3 CO 2 H in a mole  ra t io  of 1:3:3:10. We studied 2, 6-d imethyl -3 ,  5 -d ica rb  e thoxy-1,4-dihydropy ridine (D and its 
4 - a lky l -  and a ry l - subs t i t u t ed  de r iva t ives .  Thus,  2 , 6 -d ime thy l -3 ,5 -d i ca rbe thoxypyr id ine  (II) is fo rmed  in 
~100% yield when (I) is heated on the mentioned ca ta lys t  in benzene soluton (100~ 10 h). Together  with (II), 
the evolution of H 2 is obse rved  in al l  of the exper imen t s ,  the amount of which cor responds  to the amount of the 
1 ,4 -d ihydropyr id ine  in the ca ta lyza te .  

It was postulated that  the in t e rmed ia t e  hydr ide  complexes  of pal ladium formed in the dehydrogenation of 
dihydropyridines  can conver t  olefins to sa tu ra ted  hydrocarbons .  In view of th i s ,  a l l  of the subsequent  dehydro-  
genation exper iments  were  run in the p r e s e n c e  of 1 ,5 -cyc looc tad iene  (COD) or  i ts  methyl  de r iva t ives ,  which 
were  taken in a d ihydropyr idine--COD ra t io  equal to 1:0.5-1.  It was es tabl ished that  the COD taken for  r e a c -  
tion is hydrogenated in quanti tat ive yield and with a high se lec t iv i ty  to cyclooctene (I/I), while the 1 ,4 -d ihydro -  
pyr idine gives (II). The fo rmat ion  of cyclooctane is not observed  even with a (I):COD ra t io  = 2:1. Cyclooctene 
is not hydrogenated on the mentioned ca ta lys t  and is r ecove red  unchanged f rom the reac t ion .  In the dehydro-  
genation of (I) the r ep l acemen t  of COD by the 1 -methy l  or  1 ,5 -d ime thy l -1 ,5 - cyc looc t ad i enes  respec t ive ly  gave 
1 - m e t h y l - l - c y c l o o c t e n e  (IV) or  1 , 5 - d i m e t h y l - l - c y c l o o c t e n e  W) in yields  of 50 and 30%, although the yields of 
(]1) in these  exper iments  were  at l eas t  80-90%. 

Apparent ly ,  the low yield of (IV) and (V) in our exper iments  can be explained by the s t e r i c  hindrance 
crea ted  by the methyl  g r i p s  during approach  and act ivat ion of the methy l -  and d ime thy l -1 ,5 -cyc looc tad iene  
molecules  on the cen t ra l  pal ladium ion. All of our a t t empts  to involve conjugated 1 ,3-d ienes  (1 ,3-cycloocta-  
diene,  butadiene,  isoprene)  in this reac t ion  proved unsuccessfu l .  
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* The constant, of the obtained pyri- 
dines and cyclooctenes coincide with 
the data given in [3-6]. 
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Rt=R--.=H; R"-=H, R*-=CHs; I:H=R~=H (III); R*=CH3, R~=H (IV); 
Rt=R2=CHs R '=R2=CHa (V) 

A study of the yield of the pyridines as a function of the s t ruc ture  of the C 4 radical  in the s tar t ing 
dihydro derivative revealed that the react ion proceeds most  completely for the unsubstituted dihydropyri -  
dine (I). The dehydrogenation rate  is slowest when alkyl substituents a re  present .  Aromat ic  and unsa t -  
urated radicals  facili tate an increase  in the yield of the pyridines,  which probably can be related to an in- 
c rease  in the lability of the C 4 hydrogen atom. The resul ts  of the experiments in which COD served as the 
hydrogen accepter  a re  given in Table 1. 

Concerning the mechanism of the promoting effect of CF~CO2H on the activity of the lad catalyst  it 
may be postulated that CF3COOH forms molecular  complexes with the dihyclropyridines, in which the labil-  
ity of the H atom on nitrogen is increased substantially and it is eliminated more  easily,  which leads to the 
hydride complex (XlII) in the ease of (I). The subsequent decomposition of (XIZI) proceeds to give the 
thermodynamical ly  more  stable pyridine and complex (XV). 

On the basis of the obtained resul ts  the reaction for  the dehydrogenation of 1 ,4-dihydropyridines  by 
palladium complexes in the presence  of COD can be depicted by the following scheme:  
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E X P E R I M E N T A L  

The dihydropyridines  were  obtained as desc r ibed  in [7]. The mix tu re  of products  was analyzed on a 
Chrom-31 chromatograph .  The column length was 2 m,  the packing was s i l icone e l a s t o m e r  SE-30 depos-  
ited on Celite, and the c a r r i e r  gas was hel ium.  

Genera l  P r o c e d u r e  for  Dehydrogenat ion of 1 ,4 -Dihydropyr id ine  Der iva t ives .  a) To a solution of 0.5 
mmole  of Pd(acac)2, 1.5 mmoles  of (C4Hs)3P, and 2.0 mmoles  of butadiene in 5 ml of benzene,  in an argon 
a t m o s p h e r e ,  at - -5  to 0~ was added 1.5 ml  of A1Et 5 and the mix tu re  was s t i r r ed  for  0.5 h. Then the 
ca ta lys t  solution w a s , t r a n s f e r r e d  to a 100-ml  s t ee l  autoclave ,  into which had previous ly  been loaded 50 
m_moles of the dihydropyr idine ,  50 m m ol e s  of 1 ,5 -cyc looc tad iene ,  and 5 mmole s  of CF3CO2H in 30 ml of 
benzene.  The mix tu re  vcas heated fo r  10 h at 100 ~ cooled,  f i l tered through A1203 (rn act ivi ty) ,  ~ashed  
with CH2C12, and the combined eluates  were  evapora ted .  The res idue  was analyzed by GLC by compar ing  
with authentic compounds.  The r e su l t s  of the exper imen t s  a r e  given in Table  1. 

b) F r o m  6.1 g of 1 - m e t h y l - l ,  5-cyclooctadiene  and 12.65 g of 2 ,6 -d ime thy l -3 ,5 -d i ca rbe thoxyd ihyd ro -  
pyr id ine ,  on a ca ta lys t  composed  of 0.5 m m o l e  of Pd(acac)2, 1.5 mmoles  of (C4It9)3P, 2 mmoles  of buta-  
diene,  1.5 mmole s  of A1Et 3, and 5 m m o l e s  of CF3CO2H , under  the conditions of exper iment  a),  we obtained 
3.1 g of 1 - m e t h y l - l - c y c l o o c t e n e  and 11.3 g of 2 , 3 - d i m e t h y l - 3 ,  5-carbethoxypyr id ine .  

Under s i m i l a r  condit ions,  f rom 6.8 g of 1 , 5 - d i m e t h y l - 1 , 5 - c y c l o o c t a d i e n e  and 12.65 g of 2 ,6 -d ime thy l -  
3, 5-d icarbethoxydihydropyr id ine  we obtained 2.1 g of 1 , 5 -d ime thy l - l - cyc looc t ene  and 10 g of 2 ,6 -d ime thy l -  
3 ,5 -d ica rbe thoxypyr id ine .  

C O N C L U S I O N S  

1. We were  the f i r s t  to study the dehydrogenat ion of 1 ,4-d ihydropyr id ines  using catalyt ic  amounts 
of homogeneous Pd cata lys ts  and it  was shown that 2 , 6 -d ime thy l -3 ,  5 -d ica rbe thoxy-1 ,4 -d ihydropyr id ine  
and its 4-subs t i tu ted  alkyl-(CH3--C4Hs) and a r y l -  (C6It~, o-CsH4OH , CH =CH--CsHs,  p-C~H4--OCH 3) de r iva -  
t ives  a r e  eas i ly  conver ted  to the cor responding  pyridines  under  the influence (10 h, 100 ~ of the cata lys t :  
Pd (acac) 2--P (C4H9) 3--A1 (C2Hs)3--CF3CO2H (1:3:3:10). 

2) When subst i tuted 1 ,4-d ihydropyr id ines  a r e  dehydrogenated in the p re sence  of 1 ,5-cyc looc tad ienes  
the l a t t e r  undergo s imul taneous se lec t ive  hydrogenation to the cor responding  cyclooctenes .  
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