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The olef inic  bond of me theny lb i s i ndan -1 ,3 -d ione ,  2 -benzyl idene indan-1 ,  3-dione,  and i ts  d e r i v a t i v e s  is  
e a s i l y  reduced  by many 1 , 4 - d i h y d r o p y r i d i n e s .  Under the condit ions d e s c r i b e d ,  other  functional  groups  a r e  
untouched. These  f l -d ica rbonyl  compounds a r e  u t i l ized  to compare  the effects  of subs t i tuents  in 1 , 4 - d i h y d r o -  
py r id ines  on the i r  r e ac t i v i t y  in the hydrogen t r a n s f e r  reac t ion .  

The mos t  c h a r a c t e r i s t i c  p r o p e r t y  of 1 , 4 - d i h y d r o p y r i d i n e s  is the i r  abi l i ty  to undergo oxidation to pyr id ines .  F r o m  
the e a r l i e s t  syn theses  of d ihydropyr id ines ,  they have been subjec ted  to oxidat ion by the usual  inorganic  oxidizing agents  
such as  the oxides  of n i t rogen,  n i t rous  acid,  ch romic  anhydr ide ,  and hydrogen perox ide ,  and by d i sp ropor t iona t ion  
[1-5] .  The oxidat ion of 4, 4 -d i subs t i tu t ed  1 , 4 - d i h y d r o p y r i d i n e s  has  a lso  been d e s c r i b e d  [4, 6]. Never the le s s ,  not a l l  
1, 4 -d ihyd ropyr id ines  a r e  s u c c e s s f u l l y  oxidized by the oxidizing agents  ment ioned,  for  example ,  n i t rous  acid  [7]. No 
s y s t e m a t i c  compara t ive  inves t iga t ion  of the oxidation of 1 , 4 - d i h y d r o p y r i d i n e s  has ,  however ,  yet  been c a r r i e d  out. 
1, 4 -Dihydropyr id ines  have r e c e n t l y  been used as  model  compounds for  1, 4 -d ihydron ico t inamide  in a study of the 
t r a n s f e r  of hydrogen f rom 1 , 4 - d i h y d r o p y r i d i n e s  to unsa tu ra ted  organic  compounds containing carbonyl ,  ac t iva ted  
olefine,  n i t r o - ,  and azomethine  groups .  However,  the compounds inves t iga ted  were  main ly  2, 6 -d ime thy l -3 ,  5-  
b i se thoxycarbony l -1 ,  4 -d ihydropyr id ine  and some N-a lky l  or  N - a r a l k y l - 1 ,  4 -d ihydron ico t inamides  [8,9]. The same 
compounds were  used in a s tudy of model  f e rmen ta t ion  r eac t i ons  [10-12].  

This  paper  p r e s e n t s  b r i e f ly  the r e s u l t s  of a compara t ive  inves t iga t ion  of the reduc t ive  p r o p e r t i e s  of some 1, 4-  
d ihydropyr id ines  towards  a , f l - u n s a t u r a t e d  carbonyl  compounds.  On the one hand, the poss ib i l i t y  of u t i l iz ing  the 
r eac t i on  for  the p r e p a r a t i v e  reduc t ion  of a , f l - u n s a t u r a t e d  carbonyl  compounds and the se l ec t iv i ty  of the reduct ion  was 
examined,  and on the other  hand, some compara t ive  da ta  were  obtained on the r e l a t ionsh ip  between the s t r u c t u r e  of 
1, 4 -d ihyd ropyr id ines  and the i r  hydrogenat ing  abi l i ty .  The hydrogen donors  used for  the p r e p a r a t i v e  reduct ion  were  
2, 6 -dimethy1-3,  5 -b i se thoxycarbony1-1 ,  4 -d ihydropyr id ine  (XI), 4 -pheny1-2, 3 (CO), 6, 5 (C O)-dibenzoylene - 1 , 4 - d i h y d r o  - 
pyr id ine  (VII), and 2 - m e t h y l - 3 - e t h o x y c a r b o n y l - 4 - p - n i t r o p h e n y l - 6 ,  5(CO)-benzoylene-1,  4 -d ihydropyr id ine .  It has  been 
shown p rev ious ly  that VII r educes  2 -benzyl idene indan-1 ,  3-dione (In) to 2 -benzyl indan-1 ,  3-dione [13]. The olefinic 
bond of subst i tu ted 2 - b e n z y l i d e n e i n d a n - 1 , 3 - d i o n e s  (Ib, I0 etc .  ) may  be r educed  in the same  way. 
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a X =  H, b X =  NO 2, c X = C l  

The r eagen t s  were  taken in equ imolecu la r  amounts.  The r eac t i ons  p roceeded  r e a d i l y  in boil ing dioxane or  ace t ic  
acid to give good y ie lds .  Reduction of 2 -p -n i t robenzy l idene indan-1 ,  3-dione (Ib) gave 2 -p -n i t r obe nz y l i nda n -1 ,3 -d ione .  
The ni t ro  group was not reduced ,  even with an exces s  of the d ihydropyr id ine .  The r eac t ion  is t he re fo re  se l ec t ive  for  
the reduct ion  of the C~-~C bond in the p r e s e n c e  of carbonyl  and n i t ro  groups ,  although the l a t t e r  a r e  known to be eas i ty  
reduced .  The ac t iva t ing  effect  of the two carbonyl  groups  i n c r e a s e s  the r eac t i v i t y  of the C=C bond to such an extent  
that  the reduct ion  p r o c e e d s  with ease .  It fol lows that p -n i t robenzyl ideneaee tophenone ,  which p o s s e s s e s  only one 
carbonyl  group adjacent  to the C=C bond, is  a lmos t  unreduced under  these  condit ions.  In addit ion,  it  is  known [8] that 
2, 6--dimethyl-3,  5 -b i se thoxyca rbony l -1 ,  4 -d ihydropyr id ine  r educes  n i t robenzene in poor yie ld  on prolonged heat ing at 
172 ~ C, whi ls t  benzyl ideneacetophenone  under  these  condit ions (i. e . ,  at 172 ~ C) undergoes  slow reduct ion  to benzy l -  
acetophenone.  

Reduction of methenylb i s indan-  1 ,3 -d ione  (II) gave the d i indandionylmethane.  
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We decided to use  the fac i le  reduct ion  of 2 -benzyl idene indan-1 ,  3-dione (Ia), i ts  d e r i v a t i v e s ,  and metheny l -  
b i s i n d a n - 1 , 3 - d i o n e  (II) by d ihydropyr id ines  to compare  the r e a c t i v i t i e s  of var ious  d ihydropyr id ines .  With b r igh t ly -  
co lored  benzoy lened ihydropyr id ines  (cf Table  1), the complet ion  of the r eac t i on  was de t e rmined  by the d i sappea rance  
of the color  of the d ihydropyr id ine .  2 -p -Chlo robenzy l idene indan-1 ,  3-dione (Ic), or  ch loran i l  was used as the oxidant,  
in excess .  Some r eac t ions  were  a lso  c a r r i e d  out using equ imolecu la r  p ropor t ions .  When the 1 ,4 -d ihyd ropy r id ine s  were 
weakly  colored  (cf Table  2), the r eac t i ons  were  c a r r i e d  out with the s t rong ly  colored  me theny lb i s indan -1 ,3 -d ione  (II), 
but in this  case  the d ihydropyr id ine  was taken in excess .  Close compar i son  of the r e s u l t s  in both tables  shows that the 
r eac t i on  of ch lorani l  with 2 - m e t h y l - 3 - e t h o x y c a r b o n y l - 6 ,  5 - (CO)-benzoylene-1 ,  4 -d ihydropyr id ine  (IV) p roceeds  
a p p r e c i a b l y  f a s t e r  than with 2, 6 -d ime thy l -3 ,  5 - b i s e t h o x y e a r b o n y i - 1 , 4 - d i h y d r o p y r i d i n e  (XI) (according to the change in 
the in tens i ty  of the UV s p e c t r a l  absorpt ions}.  In addit ion,  it  is  r e c o r d e d  in the l i t e r a t u r e  [8] that equ imolecu la r  amounts  
of XI and chlorani l  at  25 ~ C r e a c t  comple te ly  in 15 rain. The k ine t ics  of the h y d r o g e n - t r a n s f e r r e a e t i o n  were  not studied,  
and the dura t ions  of the r eac t i ons  only (de te rmined  visual ly)  a r e  given. However,  the r e su l t s  given in the tab les  show 
the effect  of subs t i tu tents  on the ac t iv i ty  of the 1, 4 -d ihyd ropyr id ines  in the h y d r o g e n - t r a n s f e r  reac t ion .  F i r s t l y ,  it  will  
be seen that the p re sence  of subs t i tuents  in the - / -posi t ion subs tan t ia l ly  r educes  (cf. IV and VIII, XI and XVII, XII and 
XVI), and the p r e s e n c e  of methyl  groups  in the ~ - pos i t i on  apparen t ly  i n c r e a s e s  (cf. XII and XlII) the r eac t i v i t y  of 
1, 4 -d ihydropyr id ines .  Secondly, the influence of va r ious  e l e c t ron -a c c e p t i ng  f i - subs t i tuents  is shown. The g r e a t e s t  
ac t iva t ing  effect  in the examples  given i s  shown by the benzoylene group.  The high r e a c t i v i t y  in this  case  is  r e t a ined  even 
by the T-subs t i tu ted  1, 4 -d ihydropyr id ine  (cf. IV and VIII in c ompa r i son  with XI and XVII, or  XII and XVI). In o r d e r  of 
d e c r e a s i n g  ac t iva t ing  effect ,  the groups  a r e :  e thoxycarbonyl ,  ace ty l ,  2, 3-(CO)-2,  2 ' - d i m e t h y l b u t a n - 4 ' - o n e - 4 ' - y l e n e  
(cf XIV, XV, and XIX), and cyano. It should, however ,  be noted that these  r e s u l t s  were  obtained f rom the r eac t ions  
with benzyl ideneindandiones .  The r eac t i ons  with chlorani l  gave d i f fe ren t  r e su l t s .  Thus, in the r eac t ion  of VII, VIII, 
and IX with eh loran i l ,  a d i f ferent  r e l a t ionsh ip  between the f i - subs t i tuents  and r eac t i v i t y  was obse rved ,  the o r d e r  in this  
case  being aee ty l ,  e thoxycarbonyl ,  and 2, 3- (CO)-benzoylene  (in o r d e r  of d e c r e a s i n g  act ivi ty) .  

E X P E R I M E N T A L  

2 - p - N l t r o b e n z y l i n d a n - 1 , 3 - d i o n e .  A) Reduction with 4-phenyl -2 ,  3-(CO), 6, 5(CO)-dibenzoylene-1 ,  4 - d l h y d r o -  
pyr id ine  (VII). 0.8378 g (3 mM) of 2 -p -n i t robenzy l idene indan-1 ,  3-dione [14] and 1.0842 (3 mM) of VII [13] in 25 ml of 
ace t i c  acid were  heated under  re f lux  for 40 rain, a f te r  which t ime  the violet  color  of VII had d i s a p p e a r e d  complete ly .  
The ye l low p rec ip i t a t e  was f i l t e r ed  off to give 1.0012 g (93%) of 4-phenyl -2 ,  3-(CO), 6, 5(CO)dibenzoylenepyridine,  rnp 
352 ~ C. The f i l t r a t e  was di luted with water ,  giving 0.8032 g of ye l lowish  m a t e r i a l  which was pur i f ied  by solut ion in 5% 
NaOH solut ion,  followed by ac id i f ica t ion  with HC1. There  was obtained 0.6702 g (78%) of 2 - p - n i t r o b e n z y l i n d a n - 1 , 3 -  
dione,  mp 140-141 ~ C (from ethanol) [15]. 

B) Reduction with 2 - m e t h y l - 3 - e t h o x y c a r b o n y l - 4 - p - n i t r o p h e n y l - 6 ,  5 - (CO)-benzoylene-1 ,  4 -d ihydropyr ld lne .  0.9760 
g (2.5 mM) of 2 - p - n i t r o b e n z y l i d e n e i n d a n - 1 , 3 - d i o n e  and 0.6981 g (2.5 mM) of 4 -p -n i t ropheny l -6 ,  5 - (CO)-benzoylene-1 ,  
4 -d ihydropyr id ine  [16] in 25 ml of ace t ic  acid were  heated under  re f lux  for  3.5 hr ,  a f te r  which t ime the co lor  of the 
d ihydropyr id ine  had a lmos t  d i sappea red .  The r eac t ion  mix ture  was kept overnight ,  and the yel low solut ion evapora ted  
to d r y n e s s  in vacuo on the wate r  bath. F r o m  the r e s idue  the re  was obtained 0.5488 g (78%) of 2 -p -n i t robenzy l indan-1 ,  
3-dione as  in CA) above. The a lka l i - i n so lub l e  r e s i du e  was 0.9352 g (96%) of 2 - m e t h y l - 3 - e t h o x y c a r b o n y l - 4 - p - n i t r o p h e n y l -  
6, 5 (CO)-benzoylenepyr id ine ,  mp 200-201 ~ C (from ethanol) [16]. 

C) Reduction with 2, 6 -d i rne thyl -3 ,  6 - b i s e t h o x y c a r b o n y l - 1 , 4 - d i h y d r o p y r i d l n e  [17] (XI). 0.4189 g (1.5 mM) of 2 -p -  
n i t robenzyl idene indan-1 ,  3-dione and 0.3800 g (1.5 raM) of XI in 20 ml of dioxane were  heated under  re f lux  for 1 hr ,  
then evapora ted  to d r y n e s s  in vacuo. The r e s idue  was worked up as  in (B) above, to give 0.3736 g (89%) of 2 - p - n i t r o -  
benzy l indan -1 ,3 -d ione  and 0.3736 g (41%) of 2, 6 -d ime thy l -3 ,  5 -b i se thoxycarbony lpyr id ine ,  mp 70-72 ~ C [17] (from 
ethanol).  

2 - p - C h l o r o b e n z y l l n d a n - 1 , 3 - d i o n e  was obtained s i m i l a r l y  f rom 2.6870 g (10 mM) of 2 -p -ch lo robenzy l idene indan -  
1 ,3 -d ione  [14] and 2.5330 g (10 mM) of XI in 30 ml of dioxane.  Yield 2.2483 g (83~ mp 119-120 ~ C [18]. 

Dilndandlonylmethano.  0.4534 g (1.5 mM) of methenylb i s indan-1 ,  3-dione [19] and 0.5421 g (1.5 mM) of VII in 20 
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T a b l e  1.  T h e  O x i d a t i o n  o f  1 , 4 - D i h y d r o p y r i d i n e s  b y  2 - p - C h l o r o b e n z y l i d e n e i n d a n d i o n e  

( I o )  a n d  C h l o r a n i l  

Com- 
pound 

:II 

IV 

V 

VI 

VII  

VIII  

IX 

Hydrogen donor 

Structural formula 
Liter- 
ature 

Oxidant Tempera- Duration of 
ture, ~ C reaction 

0.1 H~/'C6Hs 

O H~/H COOC2H~ 

O H . / H  O 

~ / C g a  
",CH 3 H 

CH 3 

o.,/c,.~o 

H 

0 H C~H ~ /  o 

0 H\/C6H s 

" I ~  coc.3 

O H C6H~O 

H 

21 Ic 
Chloranfl 

22 Ic 
Ic 

Chloranil 

22 Ic 
le 

Chloranil 

23 Ic 
Chloranil 

13 lc  
Chloranil 
Chloranil 

16 Ic 
Chloranil 

16 Ic 
Chloranil 

24 Ic 
Chloranil 

20 
20 

20 
118 
20 

20 
118 
20 

118 
20 

118 
20 

t18 

118 
20 

118 
20 

118 
118 

5 rain 
5 sec 

I0 min 
10 sec 
5 sec 

2.5 hr 
1 min 
1 rain 

3 rain 
4 min 

5 min 
30 rain 
15 see 

15 min 
8 min 

30 rain 
3 min 

2 hr 
50 sec 
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Table 2. The Reduction of Methenylb is indan-1 ,  3-dione (II) with 1, 4 -Dihydropyr id ines  

Com- 
pound 

XI 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

XIX 

Hydrogen donor 

Dihydro pyridine 

HsC2OOC\H~COO C2H5 

H3C/~'N/\CHa 

H a C O C \ ~ / C O  CHa 

H~C//~'N f \  C H 3 

HN/X H . G O C \ ~ / C O C H ~  

U.N2 
H 

~ C O O C 2 H  5 
"~c',l tl II 

OH no 
II N /  , 

H\/CHa 
H3COC\/xx/COCHa 

H c/~N~NcH 
a H a 

HaC/\HN'f\CN 3 

H\/CH a 
HsCsOC\~X'~./COC6 H~ 

~ ; O O C ,  H5 

Liter- 
ature 

17 

25 

26 

27 

28 

30 

29 

27 

Tempera- 
ture, ~ C 

25 

25 

20 
101 

25 
101 

20 
101 

20 
101 

20 
101 

20 
101 

101 

Duration of 
reaction 

30 sec 

5 rain 

24 hr* 
20 rain 

30 rain* * 
2 rnin 

24 hr * 
30 rain 

24 hr* 
120min* 

24 hr* 
120 min** 

24 hr* 
100 min** 

120 rain** 

*No color change 
** Reduction inco mplete 
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ml  of ace t ic  ac id  were  hea ted  under  re f lux  for  4 hr .  After  this  t ime ,  the r e d  color  had faded, and a yel low p rec ip i t a t e  
s e p a r a t e d  which was f i l t e r ed  off. Yield 0.4451 g (82.5%) of 4-phenyl -2 ,  3(CO), 6, 5(CO)-dibenzoylenepyr idine .  The f i l -  
t r a t e  afforded 0.3679 g (81%) of d i indandionylmethane,  mp 202-203 ~ C [20] (from ace t ic  acid). 

Oxidation of i, 4-dlhydropyrldlnes with chloranfl or 2-p-chlorobenzylldeneindan-l, 3-dlone (Ic) (of Table I). 0.02 
g of the dihydropyridine was dissolved in 20 ml of acetic acid. The reactions were carried out with 5 ml of acetic acid, 
0.1 g of chloranil or Ic and 2 ml of a solution of the corresponding dihydropyridine. The mixture was kept at room 
temperature or boiled until the color of the dihydropyridine had disappeared. 

Reduct ion of m e t h e n y l b i s i n d a n - 1 , 3 - d l o n e  (ID with 1, 4 -d lhydropyr id ines  (cf Table  2). 0.1 g of II was d i s so lved  in 
50 ml of hot dioxane.  The r e a c t i o n s  were  c a r r i e d  out with 5 ml  of dioxane,  0.1 g of the co r re spond ing  1 ,4 -d ihy d ro -  
pyr id ine ,  and 2 ml of a cooled solut ion of IL The mix ture  was kept at room t e m p e r a t u r e  or  boi led until  the co lor  of II 
d i sappea red .  
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