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The react ion of 2,2 ' -methylenedicyclohexanone with o-,  m- ,  and p-phenylenediamines and 
benzidine under various conditions was investigated. N,N' -Arylenedi  (decahydroacridines) 
and N-(o-aminophenyl)decahydroacridine were obtained, and their  disproportionation was 
studied. 

We have previously repor ted  the react ion of 2 ,2 ' -methy lened icyc lohexan~e  (i) with p r imary  mono-  
amines in the presence  of CC14 [1] and in acetic acid [2]. In the f i rs t  case ,  the in termediate ly  formed N - R -  
decahydroacr idines  are oxidized to N-R-octahydroacr id in ium salts ,  while in the second case ,  the same 
decahydroaer idines  are  disproport ionated to N-R-dodecahydroacr id ines  and N-R-oc tahydroacr id in ium sal ts .  

We have made a fur ther  study of the react ion of diketone I with p r ima ry  aromat ic  diamines - p- ,  m- ,  
and o-phenylenediamines (IIIa,b,d) and benzidine ( I I c ) -  under various conditions: in an inert  solvent, in 
CHsCOOH, in the presence  of CC14, and in the presence  of HC104. We have obtained products of the react ion 
of I with both one and two NH 2 groups of the diamines except for o-phenylenediamine,  where only one NH 2 
group reac ts  in all cases  (steric factor) .  

When the reaction is ca r r i ed  out in an iner t  solvent (m-xylene), i n t h e  case  of diamines I Ia-c  we were 
able to isolate N,N ' -a ry lenedi  (decahydroacridines) (IIIa-c), which proved to be quite stable, in cont ras t  to 
N-phenyldecahydroacridine [3]. In the case  of diamine IId, we isolated N-(o-aminophenyl)decahydroacr idine 
{IIId), which is also re la t ively  stable.  
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Two charac te r i s t i c  bands at 1670 and 1700 cm -1 were observed in the IR spec t ra  of I IIa-d.  A s imi lar  
doublet is observed in the spec t ra  of 1,4-dthydropyridine [4] and decahydroxanthene [5] der ivat ives .  N ,N ' -  
Arylenedi  (decahydroacridines) add four HCN molecules (in the case of IIlb), while IIId adds two HCN mole-  
cules,  and the products  are  IVb and IVd, respect ively .  

* Communication VI f rom the ser ies  "Reactions of 1,5-Diketones ." See [7] for communication V. 
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Bisdihydropyridine compounds I I Ia-e  disproport ionate in acetic acid solution to give three types of 
react ion products :  two symmet r i ca l  compounds - N,N ' -a ry lenedi  (octahydroacridinium) salts (Va-c) and 
a ry lene-N,N ' -a ry lened i  gk 11 02)-dodecahydroacridines) r - and one unsymmet r ica l  compound - N- (N' - 
A tt (12)-dodecahydroacridyl)aryloctahydroacridininm salts  (Via-c). Compounds A were isolated as products 
of the addition to them of two HCN molecules  - N , N ' - a r y l e n e d i ( l l - c y a n o p e r h y d r o a c r i d i n e s )  (VIIa-c). in-  
stead of salt  Via, the product of the addition of one HCN molecule (IXa) was also isolated. 

Compound IIId disproport ionates  as in the previously descr ibed cases  [2] to give Vd and VIId (in the 
presence  of HCN). 

When the reaction of diketone I with each of diamines I Ia-d  is ca r r i ed  out in acetic acid, the same 
products that are  obtained in the disproportionation of the corresponding decahydroacr idines  (IIIa-d) are 
formed.  The yields of the disproportionation products are  usual ly bet ter ;  this variant  is therefore  a con-  
venient method for the preparat ion of compounds of the VI and VII types.  

The s t ruc tu res  of the disproport ionat ion products  were conf i rmed by the IR spec t ra ;  there  is one ab- 
sorption band at 1670-1700 cm -t (C = C )  in the spec t ra  of VI, while this band is absent in the spec t ra  of VII 
and IXa, but the absorption band of the CN group appears  at 2240 cm -~. There is intense absorption at 
1100 cm -~ (C10~) in the spec t ra  of perchlora tes  V and VI. Two bands at 3380 and 3500 cm -1 (NH2) appear 
in the spec t ra  of Vd and VIId. The position of the cyano groups in the ni t r i les  that we obtained was con-  
f i rmed by the plVIR spec t ra  of ni t r i le  IVb and of N-phenyl - l l ,14-d icyanoperhydroacr id ine ,  which we p re -  
viously obtained [3]. All of the nonaromat ic  protons of these compounds give signals at 5 1.3-1.8, i.e., 
there  are  no protons in the a position relat ive to the nitrogen atom. For  comparison,  it may be pointed 
out that the protons in the 11 and 14 positions of N-phenylperhydroacr idine give signals at 3.42 ppm [6]. 
Consequently,  under the hydrocyanation conditions that we used (in CH3COOH), the CN groups occupy the 
11 and 14 posit ions.  

Octahydroacr idinium salts  are  formed when the reaction of diketone I with diamines I Ia-d is ca r r i ed  
out in the p resence  of CC14, and inneutra l  solvents (alcohol and benzene) one observes a tendency for all 
the diamines to form react ion products involving only one NH 2 group of the diamine - N-(aminoaryl )oc ta-  
hydroacr id in ium sal ts  (VHIa-c, Vd). A cer ta in  amount of bis product Vc is formed only in the case  of 
benzidine. The s t ruc tures  ofvIIIa--c were confirmed by the IR spectra ,  in which there is absorption at 
3380 and 3500 cm -I (NIt2). The indicated resu l t  of the reaction is apparently explained by the fact that the 
dihydropyridine ring in the in termediate ly  formed N-(aminoaryl )decahydroacr id ines  is oxidized before the 
NH 2 group has t ime to reac t  with a second molecule of diketone; the basic i ty  of the NH 2 group in the r e su l t -  
ing salts {VIIIa-c) is reduced, and it does not react  with the diketone. If, however, CH3COOH is added after  
ca r ry ing  out the react ion,  the react ion r ecommences ,  and bis products Va-c  (acid catalysis)  are formed.  
The resul ts  that we obtained with respec t  to the react ion of diamines I Ia-c  with octahydroxanthylium pe r -  
chlorates  are in agreement  with the data  presented.  P r i m a r i l y  N-  (aminoaryl)oetahydroacridinium salts 
are  formed in alcohol, while N,N'-arylenedi(octahydroacr idinium) salts (for example IIa,c) are formed in 
the presence  of CH3COOH. (See scheme on following page.) 

When the react ion of I with diamines is ca r r i ed  out in benzene in the presence  of HC10~, octahydro-  
acridinium salts  are obtained. In this case,  Va-e are the p re fe r r ed  products for diamines I Ia-e ,  although 
the formation of a cer ta in  amount of VIIIa-c  is also observed.  The react ion also proceeds  well with 
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aromat ic  m o n o a m i n e s  - aniline,  ~ -  and/3-naphthylamines ,  p-anis id ine ,  and p-ni troani l ine .  The react ion 
apparently proceeds  through the oxidation of the intermediate ly  formed  decahydroacr id ines  rather  than 
through the intermediate  format ion of octahydroxanthyl ium perchlorate  and subsequent  react ion of it with 
the amines;  no octahydroxanthyl ium salt  was  detected on treatment  of diketoue I with HC104 in benzene .  

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

N , N ' - A r y l e n e d i  (decahydroacr id ines )  (I l ia-c)  and N -  ( o - A m i n o p h e n y l ) d e c a h y d r o a e r i d i n e  g i ld) .  A s o l u -  
tion of 0.02 mole  of diamine in 20 ml  of m - x y l e n e  was  added to a solut ion of 8.3 g (0.04 mole)  of I in 20 ml  
of m - x y l e n e ,  and the mixture  was  ref luxed under argon with a D e a n - S t a r k  trap until  the l iberation of water  
was  comple te .  The so lvent  was  then r e m o v e d  by vacuum dist i l lat ion in a s t r e a m  of argon.  In the prepara-  
t ion of IIIa-c,  the res idue  was  treated with a lcohol .  The crys ta l l ine  mater ia l  was  separated,  washed with 
alcohol ,  and dried; in the c a s e  of Hid, the res idue  was  d i s so lved  in acetone,  and the solution was  coo led  to 
-50  ~ The precipi tated IIId was  separated,  washed with cold acetone,  and dried.  The compounds  obtained 
(see Table 1) w e r e  purified by recrys ta l l i za t ion  from ethanol (IIIa,d) or f rom e t h a n o l - b e n z e n e  (1:2) 
0l ib ,c) .  Compounds IIIa-c were  s l ightly ye l lowish  crysta l l ine  subs tances ,  while  IIId was  obtained as c o l o r -  
l e s s  c r y s t a l s .  

React ion of Illb,d with HCN. A 1-g sample  of ]lib or  IIId was  added s lowly  with s t irr ing  to a solut ion 
of 1 g of KCN in 20 m l  of CHaCOOH , and the mixture  was  al lowed to stand overnight .  Compounds IVb,d 
w e r e  separated,  washed with water ,  dried, and r e c r y s t a l l i z e d  from alcohol  (see Table 1). 

Disproport ionat ion of N,N' -Arylenedi (decahydroacr id ines )  0 lIa-c) .  A solution of 0.01 mole  of  IIIa-c 
in 20 m l  of 9gge CHaCOOH was  held at r o o m  temperature  under argon for 2 h. The mixture  was  then 
cooled ,  and a solution of 1 g of NaCN in 5 ml  of water  was  added. The mixture  was  s t i rred  for 2 h, and 
the precipitated VIIa-c w e r e  separated.  The f i l trate w a s  made alkaline to pH 9 with sod ium carbonate  
solut ion and extracted with e ther .  A solution of NH4C104 was  added to the aqueous layer ,  during which a 
mixture  of perch lorates  precipitated.  The mixture  of IXa and Va was  separated  by refluxing with alcohol ,  

TABLE 1.  Hydroacridine  Der iva t ives  

Comp. 

III a 
IIlb 
tIIc 
Illd 
IV,b 
IVd 
Va 
Vb 
Vc 
Yd 

Vlb 
VIc 

VIIa 
VlIb 
VIlc 
VIId 

VIIIa 
VIlIb 
VIIIc 

IXa 

mp, ~C 

303 (dec,) 
141 

248--250 
126--127 

272 
210 
314 
28t 
310 

188--190 
136 

200 (dee.) 

228--229 
202 (dee.) 

171--172 
240 (dec.) 
160 (dec.) 

210 
300 (dec.) 

Empirical formula 

Ca2H4oN2 
Cs2H4oN~ 
Ca8H44N2 
CIoH~N2 
Ca6H~N6 
C2aH2~N4 
C~2Hs~CI~N~O8 
C32H38CI2N208 
CasH42EIzN~O8 
C ]gH~Cl'N204 
Ca2H4~CIN~O4 
CasH~CINzO~ 
Ca4H46N4 
C~4H4~N4 
C4oHs0N4 
C20H~vNa 
C ]9H23C 1N204 
C19H23CIN204 
C26H27CIN204 
C3aH4~vCIN~04 

Found, % 

C H 

84,9 8,9 
84,9 9,2 
86,2 8,4 
81,4 8,7 

60,8 5,7 
59,2 6,1 
62,8 I 6.0 
60,6 i 6,2 
69,21 6,9 
71,4 7,51 

59_4 ~,4 
59,7 
65,7 

Calc., % 

N C H 

Yield, 

N %* 

6,2 [ 35 
6,2 40 
5,3 32 

10,0 30 
15,0 / 65 
16,8 1 60 
4,3 ] 21 
4,3 16 
39 21 
7:4 43 
5,1 I 26 4,5 46 

11,0 20 
11,0] 21 

7,4 53 
7,4 53 
6 2 50 
713 35 

*The yie lds  of disproport ionation products V, VII, and IX are p r e -  
sented for the react ion of IIIa-d in CHaCOOH. They w e r e  c a l c u -  
lated as the rat io  of the number of m o l e s  of d isproport ionat ion  
product to the number  of m o l e s  taken for the react ion  of III. 
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in which Va is insoluble .  In the remain ing  ca se s ,  the pe rch lo ra t e s  could not be sepa ra t ed .  The react ion 
for  IIIb,c was t he re fo re  repea ted  according to the method indicated above but without the addition of NaCN. 
This  p rocedure  gave a mix tu re  of p e r c h l o r a t e s  Vb,c and VIb,c, which were  s epa ra t ed  by  column c h r o m a t o g -  
raphy  on A1203 . Compounds VIb,c were  eluted with a c e t o n e - e t h y l  aceta te  (2 : 1), while Vb,c we re  eluted 
with acetone.  The d ispropor t ionat ion  products  were  purif ied by r ec rys t a l l i za t ion  f rom ethanol (VIIa-c, IXa, 
and VIb,c) or  f r o m  wa te r  (Va-c).  Ni t r i l e s  VIIa-e ,  IXa, and pe rch lo ra t e s  Va-c  were  c o l o r l e s s  c rys ta l l ine  
powders ,  while p e r c h l o r a t e s  VIb,c were  pale yellow c r y s t a l s .  

Dispropor t ionat ion  of Hid. This was c a r r i e d  out by the s ame  method with the addition of NaCN. The 
reac t ion  products  (Vd and VIId), which were  purif ied by r ec rys t a l l i z a t i on  f r o m  alcohol,  were  co lo r l e s s  
c rys ta l l ine  powders .  

React ion of Diketone I with Diamines  in CH3COOH. A mix tu re  of 0.03 mole  of I and 0.015 mole  of di -  
amine in 35 ml  of CH3COOH was held at r o o m  t e m p e r a t u r e  under  argon for  2 h. The reac t ion  products  
we re  i so la ted  as indicated above.  All  of the compounds obtained were  identified with the products  of the 
d ispropor t ionat ion  of the co r respond ing  decahydroacr id ines  by th in - l aye r  ch roma tog raphy  and f rom the IR 
s p e c t r a .  The pe rcen t  yields  of the products  were :  Va 24, IXa 35, VIIa 11, Vb 16, VIb 26, VIIb 23, Vc 24, 
VIc 42, VIIc 17, Vd 46, and VIId 33. 

React ion of I with Aromat i c  Diamines  in the P r e s e n c e  of CC14. A.  Solutions of 0.03 mole  of I in 20 
ml  of alcohol o r  benzene and of 0.01 mole  of d iamines  I I a -c  in 15 ml  of the s ame  solvent  were  mixed,  0.05 
mole  of CC14 was added, and the mix tu re  was ref luxed under  argon for  2 h. Water  (100 ml) was added, the 
mix tu re  was ex t rac ted  with e ther ,  and sa tu ra ted  NH4C104 solution was added to the aqueous l aye r  until  the 
precipi ta t ion of the p e r c h l o r a t e s  was comple te .  The p e r c h l o r a t e s  were  separa ted ,  washed with wate r ,  and 
dr ied .  Compounds VII Ia-c  were  obtained as yel lowish c rys ta l l ine  subs tances .  In the case  of IIc, Vc was 
also obtained and was s e p a r a t e d  f r o m  VIIIc by ch roma tog raphy  with a column filled with A1203 by gradient  
elution ( ace tone -e t hy l  ace ta te) .  The yield of Vc was 30%. 

]3. At f i r s t ,  the method desc r ibed  above was repea ted ,  but 0.05 mole  of CH3COOH was added af ter  
ref luxing for  2 h, upon which the mix tu re  e f f e rvesced  violently.  It was ref luxed for  another  hour and was 
then t r ea t ed  as in va r i an t  A. The products  we re  identified with authentic s amples  of Va-c  by th in - l aye r  
c h r o m a t o g r a p h y  and f r o m  the IR s pec t r a .  

React ion of Octahydroxanthyl ium P e r c h l o r a t e  with Diamines .  A. A 0.001-mole sample  of diamine 
I I I a -c  was added to 0.003 mole  of octahydroxanthyl ium sal t  in 10 ml  of ethanol,  and the mix tu re  was r e -  
fluxed for  2 h. It was then cooled,  and the prec ip i ta ted  pe rch io ra t e s  were  sepa ra t ed .  In the case  of IIa, 
only VIIIa was obtained.  Mixtures  of VIIIb,c and Vb,c were  obtained in the case  of IIb,c.  Identif ication 
with genuine s amp l e s  was c a r r i e d  out by th in - l aye r  ch roma tog raphy  and, in the case  of VIIIa,  also f r o m  the 
tR s p e c t r a .  

B_B. The mix tu re  obtained a f t e r  ref luxing in exper imen t  A was t r ea t ed  with 0.003 mole  of CH3COOH , 
ref luxed for  1 h, and cooled to give Va-c ,  which were  identified with known samp le s .  

React ion of Diketone I with Diamines  and Monoamines in the P r e s e n c e  of HC104. A total  of 0.03 mole  
of 70% HC104 was added with s t i r r i ng  to a solution of 0.03 mole  of I and 0.01 mole  of diamine I I a - c  in 35 
ml  of benzene,  the mix tu re  was s t i r r e d  at r oom t e m p e r a t u r e  for  2 h, and the pe rch lo ra t e s  were  separa ted .  
In the case  of diamine IIa, c~ly Va was formed,  while VIIb,c were  also p re sen t  in the case  of IIb,c.  N-  
Ary loc tahydroac r id in ium p e r c h i o r a t e s  were  obtained in the reac t ion  with monoamines .  The yields of p e r -  
ch lo ra t e s  with the monoamines  were  90% with aniline, 90% with o:-naphthylamine,  72% with fi -naphthyl -  
amine,  84% with p-anis id ine ,  and 65% with p-n i t roani l ine .  The yields with the d iamines  were  98% with Va, 
50% with Vb, and 80% with Vc. 
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