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9-Chloroacr id ine  r eac t s  with 4-picol ine to form 1- ( 9-acr id inyl  ) -4 -  ( 9-acr idinylmethyl idene )-  
1 ,4-dihydropyridine,  whose s t ruc tu re  was proved by chemical  t r ans fo rmat ions .  A number  
of such compounds were  obtained. 

Recently we repor ted  the prepara t ion  of 9 -acr id iny lhe te ry lmethanes  by the reac t ion  of acr idine  with 
some methyl he te rocyc les  in the p resence  of sulfur  [1]. In an at tempt to synthesize  these  compounds by an 
a l ternat ive  pathway by the method descr ibed  for  2,2-diquinolylmethane [2], we found that the reac t ion  takes  
a different  course  in the case of 2- and 4-picol ines .  

Thus heating of a mixture  of 9-chloroacr id ine  and 4-picoline at 100 deg C fo rms  a crys ta l l ine ,  chlo-  
r ine-containing substance,  which, a f te r  t r ea tmen t  with alkali, gives a base with the composit ion C32tt21N3. 
This composition indicated that the compound obtained consis ts  of res idues  of two acr idine  molecules  and 
one picoline molecule .  This assumption was confi rmed by the r e su l t  of the hydrolys is  of the base  in acid 
medium, during which acr idone (III) and 9-acr id iny l -4-pyr idy lmethane  (IV), previously  obtained by another  
route [1], a re  formed in good yields  (Scheme 1).  
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The p resence  of two acr idine  res idues  in base C32H21N 3 also followed f rom the fact that  the reac t ion  
of 9-chloroacr id ine  with 9-acr id iny l -4-pyr idy lmethane  (IV) gives a substance whose p roper t i e s  a re  in corn- 
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Fig. i .  Eleotronie spectra of I and VII in ehloro- 
form~ 

plete agreement with those of the base obtained. Compounds XI-A-V were synthesized via a similar route 
s ta r t ing  f r o m  9 -ac r id iny I -4 -py r idy lme thane  and compounds containing a labile halogen ( 1 - n i t r o - 9 - e h l o r o -  
acr id ine ,  2 , 7 -d ib rom o-9 -ch l o roac r i d i ne ,  4-chloroquinazol ine ,  and 2 ,4 -d in i t roch lorobenzene) .  

These  r e su l t s  make it poss ib le  to a s s u m e  s t ruc tu re  I or  II  for  base  C32H21N 3. The r e s u l t s  of hydro ly-  
s is  did not contradic t  e i ther  s t ruc tu re .  An examinat ion  of Stuart  models  showed that  s t e r i c  hindrance in the 
compound that  has two acr id ine  res idues  a t tached to one ni t rogen a tom is so g rea t  that  its fo rmat ion  might  
be doubtful. In o rde r  to confidently choose between I and II, we under took the synthes is  of 1 - i s o p r o p y l - 4 -  
( 9 - a c r i d i n y l m e t h y l ) - l , 4 - d i h y d r o p y r i d i n e  (VII) ,  which is s t ruc tu ra l ly  r e l a t ed  to ba se  I and is known to have 
a 1 ,4-dihydropyr idine  s t ruc tu r e .  Compound VII was obtained by the quaternizat ion of 9 - a e r i d i n y l - 4 - p y r i d y l -  
methane (IV) with i sopropyl  iodide with subsequent  t r e a t m e n t  with alkal i .  A method that  we developed for  
the ba se s  of methyl  he t e roeyc le s  and the i r  proton sa l t s  [1] was used for  the a l te rna t ive  syn thes i s .  I t  tu rned  
out that  aer id inyla t ion in the p r e s e n c e  of sulfur  p roceeds  smoothly a lso  with qua te rnary  sa l t s  of methyl  he t -  
e r o e y c l e s .  

A grea t  s imi l a r i t y  in the c h a r a c t e r  of the curves  and the p r e s e n c e  of new absorp t ion  bands at  300-317 
and 500-550 nm (Fig.  1) was obse rved  on compar ing  the e lec t ron ic  spec t rum of this  compound with the 
spec t rum of base  C32H21N 3. The IR s pec t r a  of I and VII have an intense absorp t ion  band at 1650-1660 cm -I ,  
which is not p r e s en t  in the IR s pec t rum  of e i ther  acr id ine  or  9 - ac r id iny l -4 -py r idy lme thane .  I t  can be a s -  
cr ibed to the v ibra t ions  of the C=C bond of the 1 ,4-dihydropyr id ine  r ing.  According to the data in [3], the 
band at  1670-1685 cm -1 is the c h a r a c t e r i s t i c  7C= C value of d ihydropyr id ines .  

Thus the above data make  it poss ib le  to draw the conclusion that  compound C32H21N 3 has the anhydro 
base  s t ruc tu re  ( I ) .  A s i m i l a r  s t ruc tu re  can also be a sc r ibed  to the products  obtained by the r eac t ion  of IV 
with compounds that  contain a labile halogen (Table  1 ). 

As seen  f rom the data in Table 1, an i n c r ea se  in the e l e c t r o n - a c c e p t o r  p r o p e r t i e s  of the subst i tuent  
bonded to the n i t rogen a tom of the 1 ,4-dihydropyr idine  r ing  leads to a hypsochromic  shift  f r o m  317 nm for  
VII to 285 nm for  XV. The poss ibi l i ty  for  the f r ee  e lec t ron  pa i r  of the ni t rogen a tom of the dihydropyridine 
r ing  to be included in the overa l l  chromophor ic  s y s t e m  apparent ly  d e c r e a s e s  as the accep to r  c h a r a c t e r  of 
the subst i tuent  i n c r e a s e s .  

Another conf i rmat ion  of the conclusion rega rd ing  the I s t ruc tu re  is p re sen ted  in Scheme 2. 

Two products  with different  UV s p e c t r a  and t h i n - l a y e r - c h r o m a t o g r a p h i c  data (Rf  0.75 for  XI and Rf  
0.92 for  x I I )  we re  obtained as a r e su l t  of c r o s s o v e r  r eac t ions  between ( 2 , 7 - d i b r o m o - 9 - a c r i d i n y l ) ( 4 - p y r i ~ y l )  
methane (IX) and 9 -ch lo roacr id ine ,  on the one hand, and 9 - ac r id iny l -4 -py r idy lme thane  (IV) and 2 , 7 - d i -  
b r o m o - 9 - e h l o r o a c r i d i n e ,  on the o ther .  This is evidence that  the condensat ion p roceeded  at the n i t rogen 
a tom of the pyr idine r ing.  If the condensation had p roceeded  at the methylene group, only X would have been 
obtained. 

The r e su l t s  obtained in this study make it poss ib le  to a s s u m e  that  4-picol ine and, probably ,  r e la ted  
compounds mani fes t  bifunetional  c h a r a c t e r  in the reac t ion  with 9 -ch lo roaer id ine  and can be a t tacked at  both 
nucleophil ic  cen te r s  - t h e  methyl  group and the ni t rogen a tom.  
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TABLE 1. 
pyr id ines  

R 

VII! 9-Acridinyl 
Isoprop, yl 

XI 2, 7-Dfliromo- 
9- acridinyl 

XII 9-Acfidinyl 
XIII 1-Nitro- 9- 

i acridtnyl 
XIV 4-Quinoxalinyl 
XV 2, 4-Dinttroph- 

enyl 

1-Subst i tu ted 4-  (9-A c r id iny lmethy l idene  ) - l , 4 - d i h y d r o -  

R 
I 

tl 

�9 ! u v  
| spectra fEmptrical 

mp, deg q- .~(---- j  formula 
Found,% talc., % 

Ht 9 --294a300 855 
H 1174--17~b] 317 J 4,111 C~2H2oN~ 84,~ 
H/278--280c/290d 4,28[ C32HIgN3Br2 63,8 

Br!272--274~ 315 ~4 45 I 
H 1258--260et 2944,50 C32H2oN,o2C32HjgN3Br2{63'678,3 

H [168--170N292 [4,46 C28HIsN4 81,8 
H 226--228b i 285f/4,35 C2~H,6N,O, 68,9 

4,7 9,7 852 4,7 9,4 
6,5[ 9,01 84,6! 6,41 9,0 
3,2 / 7,2 63,5 3,2 6,9 

3,5. / 7,1163,513,216,9 
4,4{ 11,8178,0 4,1 / 11,4 

4,8[ 13,6181,914,4[ 13,7 
3,8! 13,0! 68,8t3,7 12,8 

o 

83 
73 
58 

71 
78 

75 
33 

a F r o m  pyr id ine .  
b F r o m  ethanol .  
CFrom c h l o r o f o r m - e t h a n o l .  
d F r o m  aqueous pyr id ine .  
e F r o m  d i m e t h y l f o r m a m i d e .  
fDisplayed as  a shou lder .  
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EXPERIMENTAL 

I- ( 9-Aeridinyl )-4- ( 9-acridinylmethylidene )-l,4-dihydropyridine (I). A mixture of 2.14 g ( 10 mmole ) 
of 9-ehloroacridine and 1.86 g (20 mmole) of 4-picoline was heated for 2 h on a boiling-water bath, 20 ml of 
water was added, and the mixture was treated with NaOH solution. The precipitate was removed by filtra- 
tion and crystallized from pyridine to give 1.5 g (70%) of a substance that was identical to the substance ob- 
tained from 9-ehloroacridine and 9-acridinyl-4-pyridylmethane, according to the IR spectral and thin-layer- 
chromatographic data. 

1-Substituted 4- ( 9-Acridinylmethylidene )-l,4-dihydropyridines (I, VII, XI-XV ) ( General Method). 
Equimolar amounts of 9-aeridinyl-4-pyridylmethane (IV) and compounds that contain a labile halogen were 
ref luxed in the min imum amount of anhydrous butyl alcohol ( s e v e r a l  drops  of t r i e thy lamine  were  added to 
p reven t  hydro lys i s  of the ch loroaer id ines  ) until c r y s t a l s  began  to s epa ra t e  out. The mLy~ure was  cooled, 
and the p rec ip i ta te  was f i l t e red  and washed with e ther .  I t  was  then held for  30 rain in 5% NaOH solution, 
f i l tered,  and c rys ta l l i zed .  Data on the p r o p e r t i e s  of the compounds obtained a r e  p re sen ted  in Table  1. 

1 - I s o p r o p y l - 4 -  ( 9 -acr id iny lmethyl idene  ) - l , 4 -d ihyd ropyr id ine  (VII) .  A mix tu re  of 2.16 g (10 mmole  ) 
of acr id ine  hydrochlor ide ,  2.63 g (10 m m o l e )  of  1 - i sop ropy l -4 -p i co l in ium iodide, and 0.64 g (20 g - a t o m )  of 
sulfur  was s t i r r e d  at 130 deg for  3 h. Water  (50 ml )  was  then added to it, and the mix tu re  was  ref laxed 
with charcoal ,  f i l te red  hot, and cooled. The prec ip i ta ted  sal t  was  c rys ta l l i zed  f rom alcohol and dissolved 
in wa te r .  A 10% NaOH solution was added, and the p rec ip i ta te  that  c rys t a l l i zed  out on b r i e f  standing was 
r emoved  by f i l t ra t ion  to give 1.6 g (50%) of product .  No mel t ing  point dep res s ion  was obse rved  for  m i x -  
t u r e s  of the subs tances  obtained with those p r e p a r e d  by the genera l  method.  

Hydro lys i s  of 1 - ( 9 - A c r i d i n y l ) - 4 - ( 9 - a c r i d i n y l m e t h y l i d e n e ) - l , 4 - d i h y d r o p y r i d i n e  ( I ) .  A 1 g (2.2 ram 
m m o l e )  s ample  of I was  ref luxed for  30 rain in 20 ml  of 10% H2SO4, the mix tu re  was cooled, and 0.35 g (80%) 
of c rys ta l l ine  acr idone III  was  sepa ra t ed  by f i l t ra t ion.  The f i l t ra te  was made alkaline with 10% NaOH so lu-  
tion, and the mix tu re  was f i l t e red  to give 0.6 g (98%) of 9 - ac r i d iny l -4 -py r idyhne thane  ( IV) .  This  product  
did not dep re s s  the mel t ing  point of an authentic sample~ 

( 2 , 7 - D i b r o m o - 9 - a c r i d i n y l )  (4 -py r id iy l )me thane  ( IX) .  A 5 g (13.5 m m o l e )  sample  of 2 , 7 - d i b r o m o - 9 -  
ch loroaer id ine  was ref luxed for  2 h in 10 ml  of anhydrous 4-picol ine .  Ex t rac t ion  of this mix tu re  with 1 N 
hydrochlor ic  acid and t r e a t m e n t  of the ex t r ac t  with NH4OH solution p rec ip i t a ted  2.4 g (42%) of a product  
with mp 235-237 deg ( f rom butanol) .  Found: C 53.3; H 2.9; N 6.6%. CI9H12Br2N 2. Calculated: C 53.3; H 2.8; 

6.5%. 

I__- ( A c r i d i n y l ) - 4 - [ ( 2 , 7 - d i b r o m o - 9 - a c r i d i n y l ) m e t h y l i d e n e ] - l , 4 - d i h y d r o p y r i d i n e  (XII) .  This  was ob-  
tained f rom equ imola r  amounts  of IX and 9 -ch lo roac r id ine  by the genera l  method.  

The UV spec t r a  of 5o10 -5 M solutions in ch lo ro fo rm were  r eco rded  with a P e r k i n - E l m e r  402 s p e c t r o -  
m e t e r .  The IR s p e c t r a  of m i ne ra l  eli  suspens ions  were  m e a s u r e d  with a UR-20 s p e c t r o m e t e r .  Aluminum 
oxide was used for  the th in - l aye r  ch romatography  with elution by ch lo ro fo rm.  
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