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OF A LICYC LIC 1,5-DIKETONES WITH o-AMINOPHENOL 
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10- (o-Hydroxy-  and aminophenyl)decahydroacr idines ,  which are  formed f rom 1,5-diketones 
and the products  of their  in t ramolecula r  aldol concentra t ionwith  o-aminophenol  and o-phenyl -  
enediamine, are cycl ized revers ib ly  to give f ive-r ing s t ruc tures .  

We have established that, as  in the case  of the react ion of these ketones with ethanolamine [2], the 
decahydroacr id ines  [IIa-f, A) formed in the reaction of 2 ,2 ' -methylenedicyclohexanone (Ia) and the products 
of in t ramolecular  aidolization of other  al icyclic 1,5-diketones (Ib, c) with o-aminophenol  and o-phenylene-  
diamine are  cycl ized revers ib ly  to give f ive- r ing  s t ruc tu res  (IIa-f, B). 
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Ib R=CH~; e R=C~Hs: Ila X=O. R=H; b X=O, R=CH3: c X=O, R=C6Hg; d X=NH. 
R=H: e X=NH. R=CH3: f X=NH. R=C6H~ 

Instead of the two bands at 1660 and 1690 cm -1 charac te r i s t i c  for decahydroaer id ines  [3, 4], the IR 
spec t ra  of I Ia - f  contain a single peak at 1670 cm -1, which is pecul iar  to dodecahydroacr id ines  [3-5]. The 
spect ra  of I Ia-c  do not contain the absorption band of an OH group at 3100-3600 cm-1; instead of the bands 
at 3500 and 3400 cm -t  that are charac te r i s t i c  for a p r i m a r y  amino group, the spec t ra  of I Id-f  contain only 
the absorption of a secondary amino group at 3400 cm -1. 

The PMR spect ra  of I Ia - f  and 9,10-diphenyldecahydroacridine ([II) [4] and 9,10-diphenyldodecahydro-  
acridine (IV) [4] contain a multiplet o[ an o-disubst i tuted benzene ring (4 H) at 6.6-6.7 ppm; in addition, 
IIc ,f  give singlets at 7.3 ppm (5H). Compound III gives a singlet at 7.26 ppm (10H), whereas  IV gives a 
singlet at 7.23 ppm (10H). Signals of otefin protons  are  absent in the spec t ra  of all of the compounds, and 
the double bonds therefore  are  located between the rings.  The spect ra  of I Id- f  at 3-4 ppm have a broad 
signal of NH groups (1H), which vanishes when CD3OD is added. The signal of an OH group at 0-15 ppm is 
not observed  in the spec t ra  of I Ia-c .  In cont ras t  to decahydroacr idine  III, which gives a singlet at 3.35 ppm 
(1H), which is re la ted to the proton in the 9 position of the hydroacr idine  sys tem,  IIc has a doublet at 3.28 
ppm (J = 10.8 Hz, 1H); a s imi lar  doublet is found at 3.0 ppm (J = 10.8 Hz) in the spect rum of dodecahydro-  
acridine IV. Thus it has been shown in the case of IIc that the hydrogen ends up in the 12 position in the 

*See [1] for communicat ion XII. 
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T A B L E  1. H y d r o a c r i d i n e  D e r i v a t i v e s  

Com- 
pound 

IIa 
IIb 
IIC 
II ~ 
IId 
Va 
Vb 
Vc 
Ve 
Vf 

v ia  
VIIb 
VIIc 
VIIe 
\(IIf 

rap, ~ 

96--97 
77--78 

144--145 
67--68 

173~-175 
217--218 
199--201 
226--228 
220--22l 
235--236 

279* 
247* 
250* 
230* 
274* 

Empirical for- 
mula 

CIgH2~NO 
C2oH~sNO 
CesH27NO 
C2oH26N~ 
C25H2s,N~ 
C~IH~N~O 
Cz~H~N~O 
C2vH2gN~O 
C2.~H28N~ 
C~vHsoN4 
CIgH~2CINO 
C2oH24C1NO5 
C~sH25C1NOs 
C2oH2sCIN204 
C~H27CIN_~O4 

Found, % 

C H 

8,3 
8,7 
7,7 
8,9 
8,0 
7,6 
8,2 
7,1 
8,2 
7,4 
7,5 
6,3 
6,3 
6,8 
5,8 

_ Ca___._lcuUte.._____d 

N I C H 

5,l 
4,8 
4,0 

10,4 
8,2 

12,9 
12,3 
9,7 

16,0 
13,8 
4,6 
3,7 
3,3 
6,7 
610 

8,2 5,0 77 
8,5 4,8 73 
7,3 3,9 100 
8,8 9,5 50 
7,9 7,9 78 
7,5 I2,5 85 
7,8 12,0 I O0 
7,1 10,2 79 
8,0 16,1 74 

' 7,3 13,7 95 
7,0 4,4 50 
6,1 3,6 55 
5,7 3,1 60 
6,4 7, t 40 
5,8 6,2 45 

* With  d e c o m p o s i t i o n .  

c y c l i z a t i o n  to f o r m  B. F r o m  the magn i tude  of  the  J va lue  i t  can  be c o n c l u d e d  that  the coup l ing  p r o t o n s  in 
the 9 and 12 p o s i t i o n s  in IIc and  IV a r e  o r i e n t e d  d i a x i a l l y .  An e x a m i n a t i o n  of  m o d e l s  of  t h e s e  c o m p o u n d s  
shows  tha t  c y c l i z a t i o n  m a y  p r o c e e d  wi thout  s t e r i c  s t r a i n  on ly  in the c a s e  of  an a x i a l  o r i e n t a t i o n  of  the X - C  u 
bond,  i . e . ,  t r a n s - A / B  fusion.  

x 1 

The m e t h y l e n e . p r o t o n s  in the s p e c t r u m  of  III  g ive  two u n r e s o l v e d  m u l t i p l e t s  at  1.62 ppm (8H) and 
1.43 p p m  (8I-I). A m o r e  c o m p l e x  d i s t r i b u t i o n  of  the  i n t e n s i t y  of  the  s i g n a l s  o f  the  m e t h y l e n e  p r o t o n s  at  1 . 0 -  
2.6 p p m  i s  c h a r a c t e r i s t i c  fo r  the s p e c t r a  of  I I a - f  and IV, and  a s i m i l a r i t y  in the f o r m s  of  the s i g n a l s  i s  o b -  
s e r v e d  fo r  c o m p o u n d s  with  an i d e n t i c a l  s u b s t i t u e n t  in the 9 pos i t i on .  In  add i t ion ,  the  m e t h y l  g r o u p s  of  IIb 
and IIe  have  s i g n a l s  wi th  i d e n t i c a l  c h e m i c a l  sh i f t s  (double t s  a t  0.95 ppm,  J = 5.6 Hz). I t  i s  known that  the 
v a r i o u s  s t e r e o i s o m e r s  of  d e c a l i n ,  p e r h y d r o a n t h r a c e n e ,  and  p e r h y d r o a c r i d i n e  have  c h a r a c t e r i s t i c  (for e ach  
conf igu ra t ion )  f o r m s  of  the m u l t i p l e t  of  the m e t h y l e n e  p r o t o n s  [6-8] ;  t h i s  m a k e s  it p o s s i b l e  to a s s u m e  that  
I I a - f  have  a c o m m o n  c o n f i g u r a t i o n .  The  fact  tha t  the  s i g n a l  of  the p r o t o n  in the 9 p o s i t i o n  in the  s p e c t r u m  
of  I I f  i s  not  i s o l a t e d  f r o m  the o v e r a l l  m u l t i p l e t  o f  the m e t h y l e n e  p r o t o n s  i s  a p p a r e n t l y  a s s o c i a t e d  wi th  the  
e f f ec t  of  the  u n s h a r e d  p a i r  of e l e c t r o n s  of  the n i t r o g e n  a t o m  r a t h e r  than with  c i s - A / B  fusion.  

A s t r u c t u r e  wi th  a t r a n s - A / B  fusion w a s  a l so  a s s i g n e d  to d o d e c a h y d r o a c r i d i n e  IV. In fact ,  i t  i s  known 
f r o m  an a n a l y s i s  of  the PMR s p e c t r a  of  the two i s o m e r s  of  N - p h e n y l p e r h y d r o a c r i d i n e s  [9] that  the i s o m e r  
in which  c i s  fus ion  i s  a b s e n t  g i v e s  a m u t t i p l e t  o f  the Cl l  and C u p r o t o n s  at  2.18 p p m  (2H) and a s i ng l e t  of  
a r o m a t i c  p r o t o n s  at  7.09 ppm.  A m u l t i p l e t  of  the p r o t o n s  a t t a c h e d  to Cl l  and  Ct4 i s  p r e s e n t  a t  3 .42 p p m  
(2H) in the s p e c t r u m  of  the  o t h e r  i s o m e r ,  which  h a s  at  l e a s t  one c i s  fus ion ,  w h e r e a s  the a r o m a t i c  p r o t o n s  
a r e  s e p a r a t e d  by two g r o u p s  c e n t e r e d  at  7.18 and 6.83 ppm.  The PMR s p e c t r u m  of IV (see  above)  r e c a l l s  
the s p e c t r u m  of  the i s o m e r  wi thout  c i s  fusion.  

C o m p o u n d s  I I a - f  u n d e r g o  the r e a c t i o n s  c h a r a c t e r i s t i c  for  d e e a h y d r o a c r i d i n e s ,  and th i s  i n d i c a t e s  the 
r e v e r s i b l e  c y c l i z a t i o n  A ~ B .  They  add  2 m o l e s  of  HCN to g ive  d i c y a n i d e s  V a - L  The IR s p e c t r a  of  the l a t t e r  
do not  con ta in  an  a b s o r p t i o n  band at  1670 c m  -1, and a band a p p e a r s  a t  2240 c m  - t  ( C - N ) .  T h e a b s o r p t i o n b a n d  
of  an OH g r o u p  a p p e a r s  in the s p e c t r a  of p r o d u c t s  V a - c  at  3430-3460 c m  -1, and the a b s o r p t i o n  of  an NH 2 
g roup  i s  p r e s e n t  in the s p e c t r a  of  p r o d u c t s  Vd- f  a t  3390 and 3490 c m  - l .  

C o m p o u n d s  I I a - f  a r e  o x i d i z e d  by c a r b o n  t e t r a c h l o r i d e  a t  r o o m  t e m p e r a t u r e  to give s y m - o c t a h y d r o a c r i -  
d i n i u m  s a l t s .  On ly  Via  cou ld  be i s o l a t e d  in the i nd iv idua l  s t a t e  f rom the c h l o r i d e s ;  the r e m a i n i n g  s a l t s  w e r e  
ob t a ined  in the f o r m  of  the  p e r c h l o r a t e s  (VHb-f) .  The  IR s p e c t r a  of  the p e r c h l o r a t e s  con ta in  i n t e nse  a b -  
s o r p t i o n  at  1100 c m  - I  (C104-). The OH g r o u p  in the s p e c t r a  of  VIIb,  c g i v e s  bands  a t  3600, 3500, and 3 1 0 0 -  
3300 c m  - l .  The  s p e c t r u m  of c h l o r i d e  Via  c o n t a i n s  a n u m b e r  of b r o a d  a b s o r p t i o n  b a n d s  at  2500-2800 c m  " i ,  
which i n d i c a t e s  s t r o n g  c o u p l i n g  of the OH g roup  with  the q u a t e r n a r y  n i t r o g e n  a tom.  The  a b s o r p t i o n  of  an 
NH 2 g r o u p  at  3370 and 3460 c m  - I  i s  p r e s e n t  in the IR s p e c t r a  o f  p e r c h l o r a t e s  VI Id- f .  
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E X P E R I M E N T A L  

The IR s p e c t r a  of a c h l o r o f o r m  solut ion (for II), m i n e r a l  oi l  suspens ions  (V), and ch lo ro fo rm solut ions 
(Via and ViIb-f) 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 CDC13 solut ions were  r e -  
co rded  with a ZKR-60 s p e c t r o m e t e r .  The chemica l  shif ts  a r e  given on the sca le  with an a c c u r a c y  of 0.03 
ppm. 

9 - R - 1 0 - ( o - H y d r o x y p h e n y l ) d e c a h y d r o a c r i d i n e s  (IIa-c) and 9 - R - 1 0 - ( o - A m i n o p h e n y l ) d e c a h y d r o a c r i d i n e s  
(IId-f). A mix ture  of 0.1 mole of ke tones  I a - f  and 0.11 mole  of o -aminopheno l  or  o -pheny lened iamine  in 
100 ml of xylene was re f luxed  in the p r e s e n c e  of 0.5 g of p - to luenesu l fon ic  acid  with a Dean-S ta rk  t rap  for 
1-2 h until  wa te r  s epa ra t i on  ceased .  The solvent  was r emoved  by vacuum d i s t i l l a t ion ,  and 50 ml of ethanol 
was  added to the r e s idue .  Af te r  s e v e r a l  hours ,  the c r y s t a l s  of p roduc t s  I I a - f  were  r emoved  by f i l t ra t ion  
and c r y s t a l l i z e d  f rom ethanol or  propanol .  Compounds I I a - f  were  c o l o r l e s s  c r y s t a l l i n e  subs tances  that  
r e ad i l y  turned pink in a i r ,  were  r e a d i l y  soluble in ch lo ro fo rm,  acetone,  and dioxane, and l e s s  soluble in 
alcohol.  Compound IId was  ident ica l  to the compound p r e p a r e d  in [3] accord ing  to the IR spec t ra ;  see the 
phys i ca l  data  on I I a - c ,  e, f in Table 1. 

9 -R-10- (o -Hydroxypheny l )  and 9 - R - 1 0 - ( o - A m i n o p h e n y l ) - l l , 1 4 - d i c y a n o p e r h y d r o a c r i d i n e s  (Va-f). A 
5 - m m o l e  sample  of I I a - f  was added in por t ions  with s t i r r i n g  to a solution of 1.5 g of KCN in 10 ml of wa te r ,  
10 ml of dioxane, and 20 ml  of ace t ic  ac id  in the cou r se  of 30 rain, a f te r  which the mix tu re  was  s t i r r e d  for 
3 h and al lowed to stand overnight .  Wa te r  (100 ml) was then added, and the p r e c i p i t a t e d  d icyan ides  V were  
r e m o v e d  by f i l t ra t ion ,  washed with wa te r ,  and c r y s t a l l i z e d  f rom alcohol .  Dicyanide Vd was ident ica l  to the 
compound in [3] accord ing  to the IR spec t r a ;  see Table  1 for informat ion  on d icyanides  V-c ,  e, f. 

9 - R - 1 0 - ( o - H y d r o x y p h e n y l ) - s y m - o c t a h y d r o a c r i d i n i u m  Sal ts  (Via, VIIb, c). A 2 - m m ol e  sample  of I I a -c  
was d i s so lved  in 15 ml  of CC14, and the p r e c i p i t a t e d  c h l o r i d e s  VIa-c  were  r e m ove d  by f i l t ra t ion  a f te r  24 h. 
Produc t  Via was r e c r y s t a l l i z e d  f rom e t h a n o l - e t h y l  ace ta te  (1 : 10), w he r e a s  p roduc t s  VIb, c could not the 
r e c r y s t a l l i z e d .  Crude sa l t s  VIb, c were  d i s so lved  in 50 ml of wa te r ,  a s a tu ra t ed  NH4C104 solution was 
added, and p r e c i p i t a t e d  p e r c h l o r a t e s  VIIb, c were  r e m ove d  by f i l t ra t ion ,  washed with water ,  and cJzystallized 
f rom alcohol.  

9 - R - 1 0 - ( o - A m i n o p h e a y l ) - s y m - o c t a h y d r o a c r i d i n i u m  P e r c h l o r a t e s  (VIId-f). A 2 - m m ol e  sample  of I Id - f  
was  d i s so lved  in 15 ml of CC14, and the solution was  e x t r a c t e d  with wa te r  (three 10-ml  por t ions)  a f te r  24 h. 
The aqueous l a y e r  was  e x t r a c t e d  with e the r ,  s a tu ra t ed  NH4C104 was  added, and p r e c i p i t a t e d  p e r c h l o r a t e s  
VIId-f  we re  r emoved  by f i l t ra t ion ,  washed with wa te r ,  and c r y s t a l l i z e d  f rom alcohol .  P e r e h l o r a t e  VIId was 
ident ica l  to the compound obtained in [3] acco rd ing  to the IR spec t r a ;  see Table 1 for data  on the remain ing  
p e r c h l o r a t e s  and ch lo r ide  Via. 
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