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The r a t e  constants  for the oxidation of  17 mono-  and polynuclear  1 ,4-dihydropyr idine  d e r i v a -  
t ives  with chlorani l  we re  de te rmined .  The constants  obtained were  compared  with the r e -  
sults  of f e rmen ta t ive  and e lec t rochemica l  oxidation. 

There  a r e  s tudies  [2, 3] ava i lab le  on the de te rmina t ion  of the r a t e  constant  for  the oxidation of 2,6-  
d imethy l -3 ,5 -d ie thoxycarbonyl -1 ,4 -d ihydropyr id ine  with chlorani l .  In the oxidation [4] of a number  of 1 ,4-  
d ihydropyr id ines  with a pe rox idase  -H202 s y s t e m  or  with 2-  @-chlorobenzyl idene)-1,3- indanedione [1], we 
have  shown the inhibiting effect  of an ~ subs t i tuent  and the a c c e l e r a t i n g  effect  of  u -me thy l  groups .  The e f -  
fect  of a fl subst i tuent  depended both on the nature  of the subst i tuent  and on the hydrogen acceptor .  

In the p resen t  study we have de te rmined  the ra te  constants  for  the oxidation of 1 ,4-dihydropyr idines  
with chlorani l .  P r i m a r i l y  p rev ious ly  desc r ibed  compounds were  used as  the 1 ,4-dihydropyridine d e r i v a -  
t ives  (both mono-  and polynuclear);  XI and XV were  obtained by a known method [5], while HI was syn the-  
s ized f r o m  benzoylacetone and urot ropin .  The UV spec t ra  of  XI and XV coincide with the UV spec t ra  of 
the i r  analogs (there is a c h a r a c t e r i s t i c  deepening of co lo r  in a lkal ine media) ,  the UV s p e c t r u m  of HI c o -  
incides with the s p e c t r u m  o f  the known 4-methyl  de r iva t ive  (V), and only the 4 -methy l  group causes  a hypso -  
chromic  shift  of  the long-wave max imum.  This  was a lso  obse rved  [6] for  the f l -ace ty l  analogs of these  
compounds.  

Jus t  as  in f e rmen ta t ive  oxidation [4], the reac t ions  were  c a r r i e d  out a t  37~ The concent ra t ion  was 
m e a s u r e d  spec t ropho tomet r i ca l ly  at  the long-wave absorp t ion  m a x i m u m  cha rac t e r i s t i c  for  1 ,4-d ihydro-  
pyr id ines ,  which vanishes  on oxidation. In this c a se ,  the polynuclear  1 ,4-dihydropyridine de r iva t ives  (IX- 
XVID even undergo a sharp  change in co lor  [5]. The r e su l t s ,  which a r e  p resen ted  in Tables  1 and 2, show 
that  the inves t igated reac t ion  is s econd-o rde r ;  this  is i n a g r e e m e n t  with the data for  II [3]. Difficulties 
a r o s e  because  of the sl ight  solubil i ty of some  of the compounds p a r t i c u l a r l y  XIII,  XIV, XV, and XVID; this 
poss ib ly  reduced the accu racy  of the m e a s u r e m e n t s .  

In a compar i son  of the r e su l t s  with approx ima te  data [1], comple te  coincidence of the indexes that  
c h a r a c t e r i z e  the effect  of  the s t ruc tu re  on the reac t iv i ty  was es tabl ished,  even though a di f ferent  solvent  
was used. On compar i son  of the r e s u l t s  of the oxidation of 1 ,4-dihydropyridine de r iva t ives  by chemica l ,  
po la rographic  [7], and f e rmen ta t ive  [4] methods ,  it is seen tha t ,  r e g a r d l e s s  of the oxidation m e c h a n i s m ,  
~/-unsubsti tuted compounds a r e  the mos t  act ive .  The e x t r e m e  ease  of the oxidation of X indicates  that  the 
absence  of f l - e l e c t r o n - a c c e p t o r  groups  lowers  the s tabi l i ty  of 1 ,4-dihydropyridine.  This is in a g r e e m e n t  
with the known data on the s tabi l i ty  of such compounds [8, 9]. For the s ame  reason ,  XI, i . e . ,  a f l -phenyl -  
ca rbamoyl  de r iva t ive  in which the stabi l izing effect  of  the carbonyl  group is weakened,  is e x t r e m e l y  act ive .  

A compar i son  of the effect  of fl subst i tuents  shows that  compounds that  have an acetyl  or  e thoxy-  
carbonyl  group a re  m o r e  ac t ive  than compounds that  have a cyano group. In the oxidation with chlorani l ,  
just  as  in e l ec t rochemica l  oxidation [7], compounds that  have a fi -ace ty l  group a r e  oxidized m o r e  read i ly  
than compounds that have  a f l -e thoxycarbonyl  group. The r e v e r s e  act ivi ty  ra t io  is  obse rved  in the f e r m e n -  

* See [1] for  communica t ion  I. 
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T A B L E  1. R a t e  C o n s t a n t s  f o r  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  

D e r i v a t i v e s  (I-VHI) w i t h  C h l o r a n i l  in  B e n z e n e  a t  37~ 
tt R' \ /  

C H a / ~ N , - ~ ' X , C  H 3 
H 

I-Vll] 

'~i lL Syn- Initialconcn M e a -  .] Exptl. Am~ of k .  10z, " 
thetic ratio of I- suremem R R' lmeth- VIII* and made at~ time, 'I-VIIIcon- li ter.  
/od chloranil k, am ~ rain sumed in mole-t ' - " reaction, % sec-t 

I COCH~ H 10 1 : 1 393 55 68,1 630 
II COOCzHs 1~ 1 : 1 360 63 63,3 450 

Ill COC6Hs H H 1 : 3 385 65 92,2 290 
IV CN 12 1 : 3 342 309 78,4 33 
V COC6Hs CH3 13 I : 3 370 276 62,5 23 

VI COCH3 CH~ 14 1 : 3 379 327 14,3 2,6 
VII COOC~H5 CH~ 15 1 : 3 354 443 15 2,1 

VIII COOC2Hs C~H~ 16 I : 3 333 315 l0 1,8 

* T h e  i n i t i a l  c o n c e n t r a t i o n  o f  1-VII I  w a s  i 0  -4 M. 

t T h e  d e s c r i p t i o n  o f  t h e  s y n t h e s i s  i s  g i v e n  in  t h e  e x p e r i m e n t a l  

s e c t i o n .  

T A B L E  2. R a t e  C o n s t a n t s  f o r  t h e  O x i d a t i o n  o f  ( IX-XVID 5 - O x o - l , 4 - d i -  

h y d r o i n d e n o [ 1 , 2 - b ] p y r i d i n e  D e r i v a t i v e s  w i t h  C M o r a n t l  in  B e n z e n e  

a t  37 ~ 
0 H R" 

1t 

IX~XVII 

- /=x> / "~ , .~ ,o  . 
I ~ 1 o •  o , =  ~ ~ ~ ' o  

= .~.~ ~ > . ~ =  . =o~1% % 

IX 
X 

XI 
XlI 

XI[I 
XIV 
XV 

XVI* 
XVlI't 

CH~ --COOC2Hs 
CsH5 H 
CH3 --CONHC6Hs 
CH3 --COC6H5 
CH3 --COCH3 
CH~ --COOC2H5 
CH3 --CN 

(o-)--C6H4--CO-- 
--CH2C (CH3) ~CH2CO-- 

C~H6 
C6H5 -~ :l: 
C6H5 
C6Hs 5 
C6Hs 
C6Hs 
C6H5 ~ $ 
C6H~ 19 

10,0 
10,0 
5,0 
10,0 
3,7 
2,3 
4,5 

10,0 
2,0 

i!3 

467 50 
451 16 
451 110 
447 100 
455 84 
452 101 
445 121 
500 420 
447 405 

90,5 
87 
73,5 
75,7 
70,4 
76 
62,3 
86,6 
50 

415 
960 
190 
94 
86 
82 
45 
33 
14 

* 1 l - P h e n y l - 1 0  , i  2 - d i o x o - 5  , i 0 - d i h y d r o d i i n d e n o  [ 1 , 2 - b  : 2 ' , I  ' - e ] -  

p y r i d i n e .  
t 7 , 7 - D i m e t h y l - 1 0 - p h e n y 1 - 9 , 1 1 - d i o x o - 5 , 6 , 7 , 8 , 9 , 1 0 - h e x a h y d r o -  

11 I I - i n d  eno  [1,2 -b] q u i n o l i n e .  
S T h e  d e s c r i p t i o n  o f  t h e  s y n t h e s i s  i s  g i v e n  in  t h e  e x p e r i m e n t a l  

s e c t i o n .  

t a t i v e  o x i d a t i o n  o f  d i h y d r o p y r i d i n e s  [4] and  in  t h e  r e d u c t i o n  o f  y l i d e n e i n d a n e d i o n e s  [1]. W h e n  fl - b e n z o y l  

- g r o u p s  a r e  i n t r o d u c e d ,  e l e c t r o c h e m i c a l  o x i d a t i o n  [7] in  a l l  c a s e s  p r o c e e d s  m o r e  r e a d i l y  t h a n  in  t h e  e a s e  o f  
a c e t y l  a n a l o g s .  T h e  s a m e  o r d e r  i s  o b s e r v e d  in  c h e m i c a l  o x i d a t i o n  in  t h e  c a s e  o f  V and  VI  and  a l s o  XII  and  

XI I I ,  b u t  y - u n s u b s t i t u t e d  c o m p o u n d  Irr i s  o x i d i z e d  w i t h  g r e a t e r  d i f f i c u l t y  t h a n  i t s  a c e t y l  a n a l o g  (1), p r o b a b l y  

b e c a u s e  o f  s t e r i c  e f f e c t s .  
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The effect  of the o-benzoylene group (see Table 2) remains  unclear .  The introduction of one sub-  
st i tuent in place of the carbethoxy group gives cont rad ic tory  resu l t s :  the react iv i ty  of the , / -unsubst i tuted 
compounds (II and IX) fal ls ,  and the reac t iv i ty  of the ~ -phenyl-subst i tuted compounds (VIII and XIV) in-  
c r e a se s .  The introduction of a second substituent (XVI) lowers  the react ivi ty .  

EXPERIMENTAL 

2-Methyl-4-phenyl-3-cyano-5-oxo-l,4-dthydroindeno[l,2-b]pyridine (XV). A solution of 1.17 g (5 
mmole) of 2-benzyl idene- l ,3- indanedione and 0.45 g (5.5 mmole) of f l -aminocro toni t r i le  in 15 ml of glacial 
acet ic  acid was ref luxed for 5 rain. The mixture  was cooled, and the precipi ta te  was removed  by fi l trat ion 
and washed with acet ic  acid to give 1.3 g (87%) of an orange substance with mp 247-248 ~ (from acet ic  acid). 
Found: C 80.5; H4.7;  N 9.4%. C20H14N20. Calculated: C 80.5; H4.7;  N 9.4%. U V s p e c t r u m ,  Xmax, nm 
(log e) ,  in ethanol: 229 shoulder (4.33), 234 (4.37), 253 shoulder (4.38), 260 (4.38), 302 shoulder  (3.64), 320 
(3.62), 343 (3.67), 467 (3.40); in ethanol + NaOH: 241 shoulder  (4.34), 245 (4.35), 270 shoulder (4.09), 278 
(4.10),312 (3.79), 333 (3.66), 368 (3.64), 533 (3.79), 563 (3.81). 

2 -Methyl :4-phenyl -3-phenylcarbamoyl-5-oxo-1 ,4-d ihydroindeno [1,2-b] pyridine (XI). This compound 
( red substance,  in 50% yieldS, with mp 255-260 ~ (from acet ic  acid),  was s imi la r ly  obtained f rom 2-benzyl -  
idene- l ,3- indanedione and f l -aminocrotonic  acid anilide. Found: C 78.9; H 5.5; N 7.1%. C25H20Iq20 2. Cal-  
culated: C 78.9; H 5.3; N 7.4%. UV spec t rum,  Xmax, nm (log e) ,  in ethanol: 233 (4.40), 263 (4.38), 301 
shoulder (3.82), 315 shoulder (3.70), 345 (3.54), 475 (3.45); in ethanol + NaOH; 236 (4.45), 247 shoulder 
(4.42), 281 shoulder  (4.11), 317 (3.96), 370 shoulder (3.68), 530 shoulder (3.72). 

2 ,6-Dimethyl-3 ,5-dibenzoyl-1 ,4-dihydropyr id ine  011). A solution of 1.5 g (0.011 mole) of urotropin,  
4.2 g (0.05 mole) of ammonium ace ta te ,  and 19.5 g (0.12 mole) of benzoylacetone in 60 ml of ethanol was r e -  
fluxed for  1 h. It was then cooled, and the br ight-yel low precipi ta te  was removed by f i l t rat ion to give 12.2 
g (64%) of HI with mp 195-200 ~ (from dioxane). Found: C 79.4; H 6.0; N 4.1%. C21H19NO 2. Calculated: 
C 79.4; H 6.0; N 4.4%. UV spec t rum in ethanol,  Xmax, nm (log e) :  252 (4.16), 315 (3.58), 413 (3.83). 

Measurement  of the Reaction Rates. Solutions of te t rachloro-p-benzoquinone  (chloranil) and 1 ,4-di-  
hydropyridine  der iva t ives  (I-XVII, see Tables 1 and 2) were  prepared .  The t empera tu re  of the solutions 
was brought up to 37 ~ in a the rmos ta t ,  and the solutions were  mixed. The changes in the optical density of 
the reac t ion  mix tu re  were  measu red  with an SF-4 spec t rophotometer  with a the rmos ta ted  cuvette.  The 
s tar t ing  data and the resu l t s  of the measuremen t s  a re  combined in Tables 1 and 2. 
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