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N-R-Decahydroacr id ines ,  formed by the react ion of 2 ,2 ' -methylenedicyclohexanone with 
p r i m a r y  amines ,  d ispropor t ionate  in acet ic  acid to fo rm N-R-All( lZ)-dodecahydroacrid-  
ines and N-R-sym-oc tahydroac r id in inm sal ts .  14-Cyano-N-R-Ali(12)-dodecahydroacrid-  
ines,  obtained by par t ia l  dehydrocyanat ion of 11 ,14-d icyano-N-R-perhydroacr id ines ,  
undergo in t e rmolecu la r  redis t r ibut ion of hydrogen cyanide under  the same conditions. 

We prev ious ly  r epor t ed  that 2 ,2 ' -methylenedieyelohexanone (I) r eac t s  with aniline in acet ic  acid to 
give N-phenyl-Ail(12)-dodecahydroacridine and an N-phenyl - sym-oc tahydroacr id in ium salt ,  and we ex- 
p r e s s e d  our  assumption that this is the resu l t  of disproport ionat ion of the in te rmedia te ly  formed N-phenyl-  
decahydroacr id ine  (A) [1]. We subsequently obtained the l a t t e r  [2]. We subjected A to t rea tment  with 
acet ic  acid and obtained the above- indicated dispropor t ionat ion products ,  which confi rmed our  assumption.  
We subsequently reac ted  a number  of o ther  p r i m a r y  amines with I. In so doing, it was found that a romat ic  
amines which do not contain e l e c t ron -accep to r  substi tuents reac t  with I v e r y  readi ly  at room t empera tu re  
in 98% acet ic  acid, and the reac t ion  p roceeds  like the react ion with aniline. The N -R- sy m -o c t ah y d roac r id -  
inium sal ts  were  isolated as the pe rch lo ra t e s .  P repa ra t i ve ly  speaking, it was more  convenient to isolate 
the Products  of addition of hydrogen cyanide to the N-R-Ail( lZ)-dodecahydroacridines (II), v iz . ,  l l - c y a n o -  
N-R-perhydroac r id ines  (IV), r a t h e r  than the 1I themse lves .  Compounds IV, which were  usual ly sa t i s fac-  
to r i ly  c rys ta l l i zed  products ,  a re  isola ted if aqueous NaCN is added af te r  the reac t ion  of the diketone with 
the amine.  According to th in - l aye r  chromatography,  cyano compounds IV are  pure  substances,  which 
se rves  as an indication of the s te reospec i f ic i ty  of the disproport ionat ion.  The IR spec t ra  of IV contain a 
peak at 2240 cm -I (C ~ N) but do not contain peaks in the double-bond absorpt ion region.  Hydrogen cyan-  
ide is split out to fo rm the corresponding II when the cyano compounds are  ref luxed with 60% H2SO 4. A 
peak at 1675-1680 cm -I (C ~ C) appears  in the IR spec t rum of II. The posit ion of the double bond was es tab-  
l ished (in the case  of IIa, b) by the NMR spec t ra ,  in which vinyl proton signals are  absent.  The s t ruc tu re  
of IIa was also proved by hydrogenat ion to the known N-phenylperhydroacr id ine  [1]. 

In the reac t ion  of benzylamine with I, d isproport ionat ion occurs  only on heating on a wate r  bath. P e r -  
chlorate  IIIe and n i t r i le  IVe were  also isolated he re .  The reac t ion  of I with methylamine and ethanolamine 
gives appreciable  amounts of the corresponding oe tahydroacr id in inm sal ts  (IIIf, g) only on prolonged re f lux-  
ing. However ,  II o r  IV could not be isolated in these cases  since mix tu res  of products  are  fo rmed,  and 
res in i f ica t ion oc cu r r ed  on a t tempts  to separa te  them by chromatography on A1203. 

In our  opinion, the more  facile reac t ion  with a romat ic  amines is  explained by the inc reased  stabil i ty 
of the N- a r y l - sym-oe t ahyd roae r id in ium cation. However,  p-ni t roani l ine  r eac t s  only with grea t  difficulty 
with I, apparent ly  due to i ts low basici ty .  (See scheme,  top of page 1436.) 

Several  cases  of d ispropor t ionat ion of ni t rogen-unsubst i tu ted 1,4-dihydropyridine der iva t ives  to 
pyridine and te t rahydropyr id ine  der iva t ives  are  known [3]. This sor t  of disproport ionat ion was also noted 
for  the reac t ion  of I with ammonium acetate  [4]. According to our  data, such t rans format ions  have not. 
been descr ibed  for  N-subst i tuted 1,4-dihydropyridine der iva t ives .  As for  the mechanism of the d i spropor -  
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aR=c6Hs;bR=~-CloHT,'c R=[~-c]0HT;d R=p-CHaOC6H4;~ R=CH2Ph;fR~CI%; ~ R= HOCH2CH2. 

t ionation obse rved  by us,  we a s s um e  that ,  he re ,  a hydride ion is  t r a n s f e r r e d  f r o m  the unprotonated f o r m  
of the N-R-decahydroacr id ine  to the protonated form.  

R R R ~ ~ R 

r CHaC oo& 

The capacity of 1,4-dLhydropyridine derivatives for hydride-ion transfer from the 4 position is well 
known [5]. In the given case, one earl, for example, draw an analogy with reduction of c~,/9-unsaturated 
ketone s by 1 ,4-dihydropyridine de r iva t ives  [6], where  hydr ide- ion  t r a n s f e r  is r ea l i zed  in the fi posi t ion 
with r e spec t  to the carbonyl  group.  

Another t r ans fo rma t ion  d i scovered  by us - d i s p r o p o r t i o n a t i o n  of 14-cyano-N-R-Att (12)-dodecahydro-  
acr id ines  (VI) - is  assoc ia ted  with the above-examined  reac t ion .  Compounds VI a re  obtained during p a r -  
tial dehydrocyanat ion of l l , 1 4 - d i c y a n o - N - R - p e r h y d r o a c r i d i n e s  (V) by the action of HC1 in e ther .  I n t e r -  
mo lecu l a r  red is t r ibu t ion  of HCN occur s  on t r ea tmen t  of VI with acet ic  acid. The reac t ion  products  a r e  
the cor responding  dini t r i les  (V) and N-R-deeahydroac r id ines ,  which, under the reac t ion  conditions,  slowly 
d ispropor t iona te  as  indicated above,  so that II  o r  IV and pe rch lo ra t e  III  a re  i so la ted  f r o m  the reac t ion  m i x -  
ture .  Thus,  the d ispropor t ionat ion reac t ion  desc r ibed  for  14 -eyano-Al~  [7] also 
appl ies  to i ts  N-subst i tu ted  der iva t ives .  The reac t ion  p robab ly  p r o c e e d s  by cyanide- ion t r a n s f e r  f r o m  the 
unprotonated f o r m  (VI) to the protonated fo rm.  
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Dispropor t ionat ion of Via a lso  occu r s  in aqueous alcoholic HC1, during which diketone I and aniline 
a re  fo rmed  along with dicyano compound Va; this  i s  apparen t ly  the r e su l t  of hydro lys i s  of the N-phenyl -  
deeahydroacr id ine .  

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

Dispropor t ionat ion of N-Phenyldeeahydroacr id ine  (A). Compound A (3.2 g) was  dissolved at 45 ~ in 
20 ml  of 98% acet ic  acid, and the solution was  cooled and held at 20 ~ for  2 h. It was  then care fu l ly  neu t r a l -  
ized with sa tu ra ted  sodium carbonate  solution to pH 9, and the resu l t ing  oil was  ex t rac ted  with e ther .  The 
e ther  ex t rac t  was  evapora ted ,  the res idue  was drenched with alcohol,  and 0.9 g (56%) of c rys t a l l i zed  I Ia  
separa ted  out a f t e r  1 day. Saturated NH4C104 solution was  added to the aqueous l aye r  a f te r  the ext rac t ion,  
and 2 g (91%) of IIIa separa ted  out. The I Ia  and IIIa  obtained were  identical  to known samp le s  (mixed m e l t -  
ing-point test) .  

React ion of 2 ,2 ' -Methylenedicyclohexanone (I) with P r i m a r y  Amines .  Solutions of 0.025 mole  of I in 
10 ml  of acet ic  acid and 0.030 mole  of amine in 10 ml  of acet ic  acid were  mixed.  Spontaneous heating of 
the mix tu re  up to 10 to 15 ~ was  obse rved  with a roma t i c  amines ,  and up to 2 to 3 ~ with benzylamine ,  while 
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TABLE 1. N-R-Hydroacr id ines  and Cyano-N-R-hydroacr id ines  (II-VI) 

o # 
o 

III: 
II, 
I1, 

III 
III: 
IV a 
Iu 
Iu c 

IV 
u 

Vla 
YIe 

e,'CloHz 
$-C,oHz 
p-CHsOC6H4 
CHs 
HOCH2CH2 
C~H5 
r 
[3"C~oH7 
p-C~OC6H4 
C6HsCH2 
C6H~CH2 
CsH5 
C~H~CH~ 

Mp, ~ c 

1'13~-114 
230--240 (0,1) * 
224 (0,1)* 
124-~12%5 

1~,5L-109 
lrl2~113 
160--1B1 
191--192 
130--T31 
119--1~0 
189---190 
75---76 
89--90 

Empirical 
formula 

Found 

C H 

C2zH27N 87,1 8,7 
C23H~TN 87,1 8,7 
C20H~sNO 79,3 9,4 
C,4H20C1NO4 55,8 6,5 
C,sH~2CINO~ -- -- 
C~0H26N2 81,8 8,8 
C~4HssN2 84,0 8,3 
C24H2sN2 83,7 8,5 
C~IH~sN20 77,8 8,7 
C21H28N2 81,9 9,3 
C~H~7Ns 79,1 8,3 
C~oH24N2 82,3 8,3 
C21H26N2 82,6 8,6 

% Calc. % ~. 

N C H N 

4,7 87,1 8.51 4,4 72 
4,6 87,I 8.51 4,49,7 84 4,61 80,1 9.11 4,7 78 
4,6 55,6 6.61 4,6 68 
4,3 54,3 b.41 4,2 70 
0,0 81,9 8,5] 96 
8,0 83,7 8,21 8,1 93 
8,0 83,7 8,21 8,1 93 
8,7 77,8 8.61 8,6 84 
9,4 81,8 9.1 I 9,1 80 
2,7 79,3 tS.1 112,6 70 
97 82,2 8.21 96 81 
914 82,4 8.61 9',2 74 

*bp (ram). 

no spontaneous heating was observed with methylamine and ethanolamine. The mixture containing the 
aromat ic  amines was allowed to stand for 2 h at room tempera tu re ,  that containing benzylamine was 
heated for 3 h on a water  bath, while that containing methylamine or  ethanolamine was refluxed for 10 h. 
A solution of 0.03 mole of NaCN in 7-8 ml of water  was then added dropwise with water  cooling and s t i r -  
ring. The precipi ta ted n i t r i les  {IVa-d) were  f i l tered,  washed with water ,  dried,  and rec rys ta l l i zed  f rom al-  
cohol. IVe was isolated in the fo rm of an oil; it was extracted with ether ,  HC1 was passed through the solu- 
tion, and the resul t ing precipi ta te  of IVe hydrochlor ide  was separated and dissolved in water ,  during which 
IVe crys ta l l ized  out. IVa-e are  white crys ta l l ine  substances that are  soluble in acetone and chloroform 
and slightly soluble in cold alcohol (Table 1). The fi l trate af ter  separat ion of ni t r i les  IVa-e was made al-  
kaline with sodium carbonate to pH 9, the slightly turbid mixture was extracted with ether,  and an ammoni-  
um perchlora te  solution was added to the aqueous layer .  The slowly formed precipi ta tes  of perch lora tes  
I I Ia-e  [8] were  f i l tered,  washed with cold water ,  and dried.  The yields were  80-90%. In the case of methyl -  
amine and ethanolamine, where the ni t r i les  do not precipi ta te ,  the entire react ion mixture was made alkal-  
ine with sodium carbonate,  and IIIf, g (Table 1) were  s imi la r ly  isolated. Pe rch lo ra t e s  I I Ia-g  are  white, 
crys ta l l ine  substances that are  soluble in ch loroform and acetone, less  soluble in alcohol, and slightly sol-  
uble in water .  

N-R-Atl(12)-Dodecahydroacridines (IIa-d). Compound IVa-d (1 g) were refluxed with 20 ml of 60% 
hydrochlor ic  acid for  2 h, the solution was cooled, the precipi ta te  of nitrfle was extracted with ether ,  and 
the aqueous l ayer  was careful ly  neutral ized with ammonia.  Compound IIa, b c rys ta l l ized  out in the p ro -  
cess  and was f i l tered and r ec rys t a l l i zed  f rom alcohol. The yield of IIa (R = Ph) was 96%. Compounds 
IIc, d precipi tated in the form of oils; these were  extracted with e ther  and purified by vacuum distillation. 
They are  v iscous ,  uncrys ta l l izable  syrups  that give one spot on a th in- layer  ch romatogram (Table 1). 

14-Cyano-N-R-Ail(12)-dodecahydroacridines  (Via, e) (Table 1). The start ing dinitr i les (Va, e) were  
obtained according to [2]. A mixture of 20 g of Va or  Ve, 100 ml of ether,  and 200 ml of concentrated HC1 
was refluxed for  5 h, 200 ml of water  was added, and the mixture was neutra l ized with ammonium carbon-  
ate. The aqueous layer  was decanted and the oil was drenched with 30-40 ml of alcohol. The solidified 
product  was f i l tered and c rys ta l l i zed  f rom alcohol. Compounds Via and Vie are  white, crysta l l ine  sub- 
s tances that are  quite soluble in the usual organic solvents (except alcohol) and insoluble in water .  The IR 
spec t ra  (in CC14) contained peaks at 2240 (C----- N) and 1675 cm -I  (C = C). 

Disproportionation of Via and Vie. Weighed samples  of Va and Ve were drenched with 2.5 wt. pa r t s  
of 98% acet ic  acid, and the mixtures  were heated for  40 rain at 70-75 ~ and cooled (a precipi tate  formed).  A 
double volume of water  was added, and Va (73%) or  Ve (95%) was f i l tered.  The fi l trate was neutral ized 
with sodium carbonate to pH 9, extracted with ether,  and the ether was removed.  The residue,  in the case 
of Via, was drenched with alcohol,  and crysta l l ine  Ha (55%) was separated.  In the case of Vie, IVe (60%) 
was isolated when the mixture  was t reated with sodium cyanide in acetic acid. Compounds IIa and IVe are  
identical to known samples (mixed melting-point test).  A saturated ammonium perchlora te  solution was 
added to the aqueous l aye r  af ter  extract ion to give perch lora tes  IIIa (90%) or  IIIe (72%). 
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