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N - R - 9 - R ' - D e c a h y d r o a c r i d i n e s ,  which a r e  f o rmed  as a r e su l t  of the reac t ion  of al icycl ic  1,5- 
diketones with p r i m a r y  aliphatic amines ,  sp l i t  out a subst i tuent  f rom the ni t rogen a tom and 
a hydrogen a tom f r o m  the 9 posi t ion to give 9 - R ' - s y m - o c t a h y d r o a c r i d i n e s .  On the basis  of 
the IR s p e c t r a ,  i t  was concluded that  the N - ~  -hyd roxye thy l ) -9 -R ' -decahyd roac r id ine s  cyc l ize .  

The l i t e r a t u r e  data on the r eac t ion  of 1,5-diketones with p r i m a r y  aliphatic amines  a re  m e a g e r  [2, 3]. 
In pa r t i cu l a r ,  it is indicated that  2 ,2 ' -methylenedicyc lohexanone  (I) fo rms  the cor responding  N-a lky ldeca -  
hydroacr id ines  with methy lamine  and its homologs [3]. 

We se l ec t ed  I and the product  of i n t r amolecu l a r  aldolization of 2 ,2 ' -benzyl idenedicyclohexanone - 
4 -pheny l -2 ,3 - t e t r amethy leneb icyc lo [3 .3 .1 ]nonan-2-o l -9 -one  (II) - as the diketones for  our s tudy.  The p r i m -  
a r y  amines  used  were  methy lamine  (IIIa), e thanolamine (nIb), benzylamine  {IIIc), and glycine ethyl e s t e r  
(Hid). 

A tendency for  spl i t t ing out of subst i tuents  f r o m  the ni t rogen a tom and a hydrogen a tom f r o m  the 9 
posi t ion of the resul t ing  N - R - 9 - R ' - d e c a h y d r o a c r i d i n e s  (IV, V) was obse rved  when the reac t ion  was c a r r i e d  
out in a nonpolar  so lvent  (benzene, m-xy lene) ;  this leads to the co r respond ing  s y m - o c t a h y d r o a c r i d i n e  
der iva t ives  (Via, b).  

R' 

R' tl / R - - H +  

II R 

VII a-C, VIII b-d 

IV, V, VII, VIII a R=CH3; b R=CH2CH2OH; C R=CH2C6Hs; d R=CH2COOC2Hs, |V,Vll R'=H; 

V,VII! R'=E6tts; VI a R'=H; b R'=C6H s 

The ease  of a romat i za t ion  depends on the reac t ion  t e m p e r a t u r e  (the reac t ion  proceeds  to a g r e a t e r  ex-  
tent  in xylene than in benzene) and on the nature  of group R, and the ease  of c leavage  dec rea se s  in the o rde r  
CH2COOC2H 5 > CH2C6H ~ > CH~ > CH2CH2OH. Thus only oc tahydroacr id ine  Via is obtained in the reac t ion  
of ketone I with amine  IIId even in benzene .  Compounds IVc, Vc, and Vd a re  fo rmed  in a mix tu re  with 
a r o m a t i z e d  Via  or ,  r e spec t ive ly ,  VIb. Compound IVa contains only a s m a l l  amount of Via; IVb and Vb a re  
f o rmed  without contaminat ion by  Via or  Vlb.  Ketot II and IIIa do not f o r m  products  of the hydroacr id ine  
s e r i e s ;  in this case ,  9-phenyloctahydroxanthene was isola ted [4]. All IV and V a r e  smoothly  conver ted  to 

* See [1] for  communica t ion  IX. 
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Via or,  respect ively ,  VIb on heating to 240-280 ~ The same resul t  is observed in the thermolys is  of N-R-  
9 -R ' - l l , 14 -d i cyanope rhyd roac r id ine s  VII and VIII. 

There are  no data on aromat izat ion proceeding with splitting out of an alkyl group f rom the nitrogen 
atom of dihydropyridine in the review l i te ra ture  [5]. Only a single case  of this s o r t  of react ion is descr ibed 
[2]; an assumption regarding the possibi l i ty of aromat izat ion of N-methyldecahydroacr idine  is s tated in [6]. 
A compar i son  of the data that we obtained with the previously  detected exceptionally facile aromat izat ion of 
N-aminodecahydroacr id ine  derivat ives rl] makes it possible to conclude that aromat izat ion is quite general  
in the decahydroacr idine  s e r i e s .  

The decahydroacr idines  that we isolated in the individual state (IVb, Vb, and Vc) add two molecules 
of HCN to give dicyanides VIIb, VIIIb, and VIIIc. Dicyanides VIIa, VIIc, and VIIId, respect ively,  were i so-  
lated by t rea tment  with HCN of mixtures  of IVa and IVc with Via and of a mixture of Vd with VIb. The ab- 
sorpt ion of an OH group at 3050-3700 cm -1 is absent in the IR spec t ra  of N-(fl -hydroxyethyl)decahydro-  
acridines IVb and Vb. In place of the two bands at 1670-1700 cm -t that are  charac te r i s t i c  for decahydro-  
acridines [7] {this so r t  of doublet is observed in the spec t rum of Vc), there is only one peak at 1670 cm-1; 
this is cha rac te r i s t i c  for dodecahydroacr idines  [8]. At the same  time, the IR spec t ra  of dicyanides VIIb 
and VIIIb contain the absorption band of an OH group at 3600 cm - l .  This makes it possible to assume r e -  
vers ib le  cycl izat ion of IVb and Vb of the type involving nucleophilic addition to 1 ,4-dihydropyridines:  

1" 1'  

/ , 
CH 2 OH 

As previously  establ ished [9], ca r ry ing  out of the react ion of diketone I with p r ima ry  aliphatic amines 
in the presence  of CC14 leads to a sym-oc tahydroac r id in ium sal t  only in the case  of amine IIIc. However, 
when a more  active oxidizing agent - b romoform - was used, we were  able to obtain N - R - s y m - o c t a h y d r o -  
ac r id in ium salts  with amines IIIb and IIId (but not with IIIa). The react ion of diketone I with amine Bib is 
accompanied by rep lacement  of the OH group by bromine under the influence Of the HBr formed during the 
decomposit ion of b romoform;  the react ion product  is an N- ( f i -b romoethy l ) - sym-oc tahydroaer id in ium salt  
(IX). An N-methy l - sym-oc tahydroac r id in ium sal t  (X) is formed in the react ion of diketone I with amine IIId 
in the presence  of b romoform.  This is apparently the resul t  of hydrolysis  of the es te r  group by the water  
l iberated in the condensation of I and IIId with subs equent decarboxylat ion of the N-ea rboxymethy l - sym-  
octahydroac ridinium sal t .  

~ X P g R I M ~  N T A L  

The IR spec t ra  of minera l  oil suspensions of the compounds were recorded  with a UR-20 s p e c t r o m -  
e te r .  In all cases ,  Via and VIb were identical to genuine samples [10, 11J according to the results  of thin- 
layer  chromatography  (TLC) [activity II A12Oi, in e t h e r - e t h y l  acetate (7 . ! )  ; R f  0.7 for Via and 0.4 for VIb]. 
The pierate  of Via and base VIb did not depress  the melting points of genuine samples .  

Reaction of Diketones I and II with P r i m a r y  Aliphatic Amines .  A mixture of 0.02 mole of I or  II and 
0.02 mole of amine in 30-40 ml of benzene or  m-xylene  was refluxed with a D e a n - S t a r k  trap until water  
l iberation ceased  (4-6 h) ; in the reac t ion  with 1I, the catalyt ic  addition of p-toluenesulfonic acid was neces -  
s a r y .  The solvent was then vacuf~m evaporated.  

Reaction of Diketone I with Amine IIId (I + IIId). The residue consis ted a lmost  ent irely of octahydro-  
acridine Via. 

I + I I I c .  When the react ion was ca r r i ed  out in xylene, the residue was ' a  mixture of decahydroacr idine 
IVc and oetahydroacr idine Via with predominance of the lat ter  (according to TLC). When the reac t ion  was 
ca r r i ed  out in benzene, when IVc > Via, the mixture was t reated with a solution of KCN in acetic acid, and 
N-benzy l - l l , 14 -d icyanoperhydroac r id ine  (V]Ic) (52~c yield) was removed  by fi l t rat ion after  2 h; it was 
identical to a genuine sample  [81 according to the IR spec t rum.  Aromat iza t ion  of IVe occur red  during 
vacuum disti l lat ion of the mixture of IVc and Via, and pure Via,  with bp 125-127 ~ (2 ram), was obtained in 
the dist i l late.  

I + i I i a  and I + IIIb. The res idue  was vacuum distil led to give, respect ively ,  decahydroacr idine  IVa 
[with a smal l  amount of octahydroacr id ine  Via (according to TLC)], with bp 140-154 ~ (2 mm), in 73~c yield 
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TABLE I. N-R-9-R ' -Decahydroac r id ines  (IV, V) and N'R-9-Phenyl- 
1 1,14-dic yanoperhydr oa'c ridines (VIII) 

Com- 
pound 

IVb 
yb 
ve 

Vlllb 
VIII c 
IIld 

mp, deg ~'C 

152--154 (2)* 
93--94 

101--102 
168--169 
233--234 
172--174 

Empirical 
formula 

CIsH23NO 
C21H27N0 
C26HmN 
C2~H29N~O 
C2sHsIN3 
C2~HsINs02 

Found, 

c H 

77,0 9,9 
81,l 9,3 
87.6 8,6 
76,8 8,5 
81,6 8,1 
74,0 8,5 

N C 

6,6 77,2 
5,0 81.6 
3,8 87,9 

11,2 76,0 
10,3 82,1 
9,8 74,1 

Calc., ~o 
H 

9,9 
8,7 
8,2 
7.9 
7,6 
7,6 

Yield, 
N I %  

6,0 70 
4,5 74 
3,9 60 

11,5 70 
10,3 70 
10.4 7G 

* This is the boiling point (nm, m e r c u r y  standard).  

(the product  could not be f reed f rom Via on repeated distillation) and pure IVb (see Table 1). N-Methy l - l l ,  
14-dicyanoperhydroacr id ine  (VIIa}, which was identical to a genuine sample  [12] according to the IR spec -  
t rum,  was s imi la r ly  obtained f rom the mixture of IVa and Via obtained by distil lation. 

II + I I I a  and II + IIIb. The res idue was t rea ted  with alcohol and removed by f i l t rat ion:  in the case  of 
IIIa, 9-phenyloctahydroxanthene (in 34% yield), which was identical to a genuine sample  [4] according to the 
IR spec t rum,  was obtained, while Vb (see Table 1) was isolated in the case  of IlIb. Trea tment  of Vb with 
KCN in acetic acid gave dicyanide VHIb. 

II + IIIb. The res idue was t rea ted  with acetone, the mixture was cooled to -50 ~ and Vb (Table 1) was 
removed by f i l t rat ion.  Dicyanide VIIIb was obtained f rom Vb. 

II + IIId. When the react ion was ca r r i ed  out in xylene, the res idue consis ted  p r imar i ly  of VIb; in ben-  
zene t}le res idue contained p r imar i ly  Vd, which could not be isolated. The residue was t reated with KCN in 
acetic acid, and dicyanide VIIId was removed by fi l trat ion.  IR spec t rum:  2230 (CN) and 1760 (ester  c a r -  
bonyl) cm -1 . 

Aromat iza t ion  of N-R-9 -R ' -Decahydroac r id ines  and N-R-9-R ' -11 ,14-Dicyanoperhydroac r id ines .  A 
0 ~2 g s ample of decahydroacr idine Vb or  Vc was heated at 240-250 ~ for 1 h to give pure octahydroacr idine 
VIb. Similarly,  Via containing s tar t ing IVb (according to TLC) was obtained f rom 1 g of IVb after 3 h at 
260-280 ~ . Des t ruc t ive  dist i l lat ion of 2.3 g of VIIc gave 0.6 g of Via. The volatile thermolys is  products 
were col lected in a t rap cooled with dry  ice; toluene was detected in the products by g a s - l i q u i d  ch rom-  
atography.  A 0.2 g sample  of VIIId was heated at 240 ~ for  1 h to give pure VIb. 

Reaction of IVb with Bromoform.  A solution of 1 g of IVb in 2 ml of b romoform was refluxed for 3 h, 
after  which it was diluted with 15 ml of water ,  shaken, and extracted with ether .  The aqueous layer  was 
t rea ted  with NH4C104 solution, and the mixture was fi l tered to give 0.8 g (47~c) of IX with mp 234 ~ . Found, %: 
C 45.9; H 5.7; Br 20.1; CI 8.9; N 4.0. C15H21BrCINO 4. Calculated, %: C 45.5; H 5.3; Br 20.3; CI 9.0; N 3.5. 
IR spec t rum:  1100 cm -i  (CIO4); no absorption at 3000-3700 cm - i .  

Reaction of I with [lib and [lid in Bromoform.  A mixture of 0.02 mole of I, 0.02 mole of IIIb or  [lid, 
and 0.04 mole of b romoform in 20 ml of benzene was refluxed for 4 h, af ter  which it was worked up as in 
the preceding method. In the case  of IIIb, IX was isolated in 47~c yield, while X, which was identical to a 
genuine s amp le  [8] according to the IR spect rum,  was isolated in 33% yield in the case  of IIId. 
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