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H Y D R O B E N Z [ c ] A C R I D I N E S  AND T H E I R  A N A L O G S  

B A S E D  ON 1 , 5 - D I K E T O N E S *  

L .  M. E r e m e e v a ,  Yu .  V.  V a s i l e n k o ,  
V.  A. K a m i n s k i i ,  a n d  M. N. T i t i c h e n k o  

UDC 547.835.9 

The reaction of 1,5-diketones containing an a- te t ra lone  fragment with ammonia and pr imary  
amines gave hydrogenated benz[c] acridine and benzo[h] cyclopenta[b] quinoline derivative s, for  
which hydrocyanation, oxidation, and disproportionation reactions were studied. 

Little study has been devoted to hydrogenated benz[c]acridines; biological activity has been noted for 
some of them [2]. Octa hydrobenz[c]acridines and derivatives with a higher degree of hydrogenation have not 
been described. 

We have synthesized a number of derivatives of hydrobenz[c]acridines and their  analogs by reaction of 
the accessible 1,5-diketones Ia-d and II [1] with ammonia and pr imary  amines. 

Pyridinization to give derivative s of 5,6,8,9,10,11-hexahydrobenz [c] acridine (IIIc, d) and 5,6,9,10-tetra- 
hydro-SH-benzo[h]cyclopenta[b]quinoline (Ilia, b) occurs in the reaction of diketones Ia-d with ammonium 
acetate in acetic acid. Their  IR spectra do not contain absorption bands in the multiple bond region. 

The reaction of diketones Ia-d and II with pr imary aromatic amines (aniline, a-naphthylamine, and p- 
aminobenzoic acid) takes place more readily, since steric hindrance is absent. The IR spectra of the resulting 
5,6,7,8,9,10,11,12-octahydrobenz[c] acridine derivatives (IVc-g), their  oxa analog (IVh), and 5,6,7,9,10,11-hex- 
ahydro-8H-benzo[h]cyclopenta[b]quinoline derivatives (IVa, b) contain two character is t ic  bands at 1630-1650 
(C = C conjugated with a benzene ring) and 1680-1695 cm -~ (unconjugated C ----- C). The C ----- O group in the 
spectra of IVe, g also absorbs at 1680 cm -1. 

*Communication XXIX from the series  WReactions of 1,5-Diketones. w See [1] for communication XXVIII. 

Fa r -Eas te rn  State University, Vladivostok 690000. Translated from Khimiya Geterotsiklicheskikh Soed- 
inenii, No. 10, pp. 1361-1364, October, 1977. Original art icle submitted December 2, 1976. 
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I, I l I a  n= l ,  R=I[;  b n= l .  R=CsHs; c n=2, R=|-I: d n=2, R=CsHs; IX' a ]1=1, R=I-I, 
R' = a-napht.hyl; = I . R = R ' = C s H s :  Cn=2,  R=H, R=CsH~;dn=2, R=H,R'=a-naphthyl; 
e n=2, R=H, R'=p-C6H4COOH: f n=2, R=R'=C6Hs; g n=2, R=C6Hs, R =p-CsH4COOH; 
V a R=I-I; b R=CsH~; V I a  R=H, R'=Csl-ls;b R=H.R'=p-C6H4COOH; c R=R'=CsHs; 

d R=CsHs, R'=p-CsH4COOH 

The PMR spec t ra  of IV do not contain signals of vinyl protons;  this provides  evidence for  the location of 
the double bonds.  The spec t ra  of IVb, f contain singlets (1H) at 4.14 and 3.79 ppm, respect ively ,  which are  r e -  
lated to a benzyl  proton between double bonds. Signals of a romat ic  protons are  found in the following intervals:  
6.47-8.68 ppm for  IVa, 6.62-8.70 ppm for  IVd, 6.65-7.52 ppm for  IVb, and 6.79-7.46 ppm for  IVf. 

The react ion of diketone Id with benzylamine is accompanied by aromat iza t ion with splitting out of toluene 
and leads to Kid; this is in agreement  with the data in [3]. 

When IV are  heated with aqueous solutions of acids they readi ly undergo decomposit ion to the start ing 
diketone and amine; in the case  of IVf, g, pyran der ivat ive VIII is formed in addition to diketone Id [1]. 

H20 , H + 
IVf ,  g - ~  RNIi~ + Id + 

vii i  

In contrast to the prev ious ly  investigated deeahydroacridines (DI-IA) [4], IV add only one HCN molecule 
(in the case of I v c ,  f). The IR spec t ra  of Va, b contain, in addition to absorption of a CN group at 2220 cm -1, 
absorpt ion of a conjugated C = C bond at 1640 cm -1. Thus the conjugated double bond in IV is inactive in hy-  
drocyanation;  this can be explained both by a thermodynamic  fac tor  and by s ter ic  hindrance to the incorpora-  
tion of a second eyano group. 

The 1,4-dihydropyridine ring in IV is capable of undergoing oxidation by organic oxidizing agents.  By 
determinat ion of the t ime required  for  decolorizat ion of methylene blue by IV, 9,10-diphenyldecahydroacridine 
(IXa), and 9-phenyl -10-(m-bromophenyl )decahydroacr id ine  (IXb) we obtained the following o rde r  with respec t  
to increas ing decolor izat ion time: ~ a  < IVd < IVc << IVb < IXa < IXb < IVf. The introduction of a substituent 
in the 4 position of the dihydropyridine sys tem to a grea t  extent (by more  than an o rde r  of magnitude) reduces  
the rate of decolor izat ion (sterie factor) .  Replacement  of the s ix -membered  ring condensed with this sys tem 
by a f i ve -membered  r ing faci l i tates  oxidation. 

Compounds IV are oxidized by carbon te t rachlor ide  and b romoform as in the case of DHA [4] but under 
m o r e  severe  conditions. The oxidation products  - 7,12-disubstituted 5,6,8,9,10,11-hexahydrobenz [ c] acridinium 
salts  (Via-d) - were  also obtained by react ion of the corresponding diketones and amines in the presence  of 
CC14 and CHBr 3. The IR spec t ra  of salts  VI do not contair  absorption in the multiple bond region. The C = O 
absorption in the IR spec t ra  of sal ts  IVb and IVd is shifted to the 1720 cm -~ region due to the effect of a qua- 
t e rna ry  ni trogen atom. The signal of a benzyl proton at 3-4 ppm vanishes in the PMR spec t ram of salt  Vc. In 
general ,  the benz[c]acridine der ivat ives  are  oxidized with g r ea t e r  difficulty than DHA; this is due to the addi- 
tional stabilization of the 1,4-dihydropyridine sys tem by the benzene ring in the a position. 
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TABLE 1. Hydrobenz [c ]ac r id ines  and T h e i r  Analogs 

C o m -  
pound 

IIIaa 
Illb 
IIIc a 
IIId 
IVa 
IVb 
IV c 
IVd 
IVe 
IVf 
IVg 
IVh 
Va 
Vb 

Via 
vIb 
VIC 
VId 

VII 

mp, "C 

236--240 b 
129--130 
194--195 
151--153 b 
155--160 
130--131 
128--129 
144--148 
212--214 b 
144--145 
223--225 
161--163 
173--174 
228-.-229 
241--242 2% i 42b 

328 b 
102--103 

Found, % 
c [i 

74,1 
88.9 
75,1 
88,4 
88,8 
89,7 
87.9 
89.2 
80.2 
88.9 
82,7 
84.8 
84,7 
85,7 
66,3 
63,3 
70,8 
69,6 
86,9 

Empirical 
formula 

CIsHIsNCI 
C2.~HIgN 
C17HIsNC1 
C,,3H21N 
C26H24N 
C28H25N 
C23H23N 
C27H25N 
C~4H23NO2 
C29HsTN 
C~oH~vNO2 
C3oI-I29NO 
C24H~4N2 
CaoH2sN2 
C23H22CINO4 
C24H22C1NOs 
C2~H~CINO4 
C3oH2sC1NO6 
C.~gH25N 

Calc., % 
C H N 

74,7 
88.9 
75,3 
88,7 
89,1 
89,6 
88,2 
89,0 
80,7 
89,4 
83,1 
85,9 
85,5 
86,5 
67,1 
63.3 
71,5 
69,6 
87,6 

Yield, 
% 

45 
6O 
42 
95 
95 
69 
95 
68 
67 
80 
70 
38 
64 
31 
71 
59 
80 
65 
18 

aIn the fo rm of the hydrochlor ideo  bWith decompos i t ion .  

In the c a s e  of IVc we c a r r i e d  out the d i sp ropor t iona t ion  of the 1 ,4 -d thydropyr id ine  r ing .  D i s p r o p o r t i o n -  
at ion occur s  when the compound i s  hea ted  in d i m e t h y l f o r m a m i d e  (DMF) sa tu ra t ed  with d r y  HC1 or  when Ic is  
re f luxed  fo r  a long t ime  with ani l ine  in ace t ic  ac id  (with g r e a t e r  diff icul ty than in the ca se  of DHA [4]). The 
r e a c t i o n  p roduc t s  a r e  sa l t  Via  and 12-phenyl -5 ,6 ,6a ,7 ,8 ,9 ,10 ,11 ,12 ,12a-decahydrobenz[c]aer id ine  (VII). The 
s t ruc tu r e  of VII i s  conf i rmed  by the IR spec t rum,  which contains  the absorp t ion  band of an unconjugated C ---- C 
bond at  1680 cm -1 but does  not contain the absorp t ion  of a conjugated C ~ C bond at  1640-1650 cm -1, and a lso  
by the PMR s p e c t r u m ,  which contains  a doublet  (1H) at  4.6 ppm (J = 4.8 Hz), which i s  r e l a t e d  to 12a-H. The 
s p i n - s p i n  coupling constant  (SSCC) excludes  a d iax ia l  o r ien ta t ion  of 6a-H and 12a-H and ind ica tes  c i s  r ing  
fusion.  Thus ,  in c o n t r a s t  to the hydrogena t ion  of IV, the conjugated double bond r e a c t s  in th is  case ;  this  in-  
d i ca t e s  k inet ic  cont ro l  of the d i sp ropor t iona t ion  reac t ion .  In a t t empt s  to c a r r y  out the d i sp ropor t iona t ion  of 
IVf the p r i n c i p a l  p roduc t  was  py ran  de r iva t i ve  VIII. 

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

The IR s p e c t r a  of m i n e r a l  oil  and methylene  ch lor ide  suspens ions  of the compounds were  r e c o r d e d  with 
a UR-20 s p e c t r o m e t e r .  The PMR s p e c t r a  of de u t e r oc h l o r o f o r m  solu t ions  of the compounds we re  r e c o r d e d  
with a B r u c k e r  HX-90 s p e c t r o m e t e r .  

Reac t ion  of Diketones  I a - d  with Ammonium Ace ta te .  A m i x t u r e  of 5 m m o l e  of diketone I a - d ,  40 mmole  
of ammonium ace t a t e ,  and 10 ml  of ace t ic  acid  was ref luxed fo r  2 h, a f t e r  which i t  was cooled and neu t r a l i zed  
with sodium ca rbona te  solut ion.  In the ca se  of diketone Id produc t  IIId was r emoved  by f i l t r a t i on  and r e c r y s -  
t a l l i z e d  f r o m  heptane .  In the ca se  of diketone Ib the solut ion was decanted  f rom the l i b e r a t e d  oi l ,  and the l a t t e r  
was  t r e a t e d  with ethanol .  React ion  p roduc t  IIIb was r emoved  by f i l t r a t i on  and r e c r y s t a l l i z e d  f r o m  acetone.  In 
the ca se  of d ike tones  Ia,  c the m i x t u r e s  w e r e  ex t r ac t ed  with e the r ,  and the e x t r a c t  was d r i e d ,  a f t e r  which d ry  
HC1 was bubbled through i t ,  and the h y d r o c h l o r i d e s  of I IIa ,  c were  r emoved  by f i l t r a t i on  and r e c r y s t a l l i z e d  
f rom dioxane.  

Reac t ion  of Diketones  I a - d  and II with P r i m a r y  Amines .  A m i x t u r e  of 20 m m o l e  of the diketone,  25 
m m o l e  of the amine ,  20 mg of p - to luenesu l fon ic  acid ,  and 50 ml  of xylene  was ref luxed in a f l a sk  equipped with 
a Dean- -S ta rk  t r a p ( i n  an a rgon  a t m o s p h e r e  in the case  of the p r e p a r a t i o n  of IVa, b ,  d, e) fo r  2-10 h unti l  the 
l i be r a t i on  of w a t e r  Ceased.  The xylene was  then r emoved  by  evapora t ion  at  r educed  p r e s s u r e ,  and 20 ml  of 
ethanol  was added to t h e  r e s i d u e .  Compounds I V a - h  were  r emoved  by  f i l t r a t ion .  Reac t ion  p roduc t  IVe was 
r e c r y s t a l l i z e d  f rom absolu te  ethanol  in a s t r e a m  of a rgon ,  IVg was  r e c r y s t a l l i z e d  f rom e t h a n o l - w a t e r  (3: 1), 
and the r ema in ing  IV were  r e c r y s t a l l i z e d  f rom ethanol .  

Hydrocyana t ion  of IVc, f. A solut ion of 1 g of IVc, f in 10 ml  of dioxane was  added with s t i r r i n g  in the 
cou r se  of 1 h to a solut ion of 1 g of KCN in a m i x t u r e  of 10 ml  of wafer  and 10 ml  of ace t ic  ac id ,  a f t e r  which 
the mix tu r e  was  s t i r r e d  fo r  2 h in the  ca se  of IVc and 7 h in the ca se  of IVf. I t  was then di luted with wa te r ,  and 
the p r e c i p i t a t e d  Va,  b we re  r emoved  by  f i l t r a t i on  and r e c r y s t a l l i z e d  f rom ethanol .  
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Reduction of Methylene Blue with IV and IX. The reduction was ca r r i ed  out at 20~ in DMF in an argon 
a tmosphere  at d ihydropyr id ine -me thy lene  blue mo la r  ra t ios  of 3 : 1 for  IVa, c, d, 10 : 1 for  IVa-d,  and IXa, b, 
and 100 : 1 for  IVf and IXa, b~ 

Oxidation of IV with Polyhalomethanes .  A) A 0.5-g sample of IVc, f, g was refluxed in 10 ml of CC14 
(with 5 ml of CHC13 in the case  of IVg) for  2 h for  IVc, 15 h for  IVf, and 10 h for  IVg, af ter  which the mixture 
was cooled and extracted with water  (three 5-ml  port ions),  and the aqueous extract  was washed with ether.  
Saturated NH4C104 solution was added to the aqueous extract ,  and the perch lora tes  of IVa, c, e were removed 
by fi l trat ion.  P roduc t s  Via,  c were rec rys ta l l i zed  f rom ethanol, and Vie was rec rys ta l l i zed  f rom a c e t o n e -  
pe t ro leum ether  (1 : 1). 

B) A mixture  of 0.5-g of Ivf ,  3 ml of CH3COOH , and 1 ml of CC14 was heated on a water  bath for  5 h, after  
which it was neutral ized with sodium carbonate and extracted with ether.  A saturated NH4C104 solution (1 ml) 
was added to the aqueous layer ,  and the perchlorafe  of VIe was removed by fil tration. A be t te r  yield of VIc 
was obtained by this method than by method A. 

C) A mixture  of 1 g of diketone Ic ,  0.5 g of p-aminobenzoic  acid, 1 ml of b romofo rm,  and 10 ml of xylene 
was refluxed for  4 h, af ter  which it was cooled, and the yellow bromide was removed by fil tration. It was then 
dissolved in water  and converted to the perch lora te  of VIb by t rea tment  with a solution of NHC104; VIb was 
c rys ta l l ized  f rom methanol 

Disproportionation of IVc~ A) A mixture of 2 g of diketone Ic, 0.8 g of aniline, and I0 ml of acetic acid 
was heated in an argon atmosphere on a water bath for 6 h, after which it was cooled and diluted with 20 ml 
of 5% HCI. The mixture was extracted with ether, and the aqueous layer was made alkaline to pH 9 with so- 
dium carbonate. The liberated oil was extracted with ether, and the ether extract was dried. The ether was 
evaporated, and the residue was triturated with 5 ml of ethanol. The mixture was filtered to remove VII, 
Treatment of the aqueous layer after extraction by the usual method gave perchlorate Via in 42% yield. 

B) A l-g sample of IVc was heated in 15 ml of absolute DMF saturated with dry HC1 on a water bath for 
4 h, after which the mixture was cooled, diluted with water, and worked up as in method A to give VII in 6% 
yield and perchlorate Via in 42% yield. 
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