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14-Cyano-Al~ the product of the partial dehy- 
drocyanation of ll,14-dicyanoperhydroacridine, has been obtained. 
The behavior of this substance to acids and alkalies and also its hydro- 
cyanation, autooxidation, dispropordonation, and hydrogenation reac- 
tions have been studied. On the basis of IR spectral data, the hypothe- 
sis has been put forward that this substance exhibits imine-enamine 
tautomerism. 

We have a l ready  repor ted  that the hydro lys i s  o f  
11 ,14-dicyanoperhydroacr id ine  (I) with s t rong so lu-  
t ions of acids  at e levated t e m p e r a t u r e s  gives the 5- 
oxazolidone der iva t ive  IV; hydro lys i s  of the dicyanide 
I with alcoholic a lka l i  gives the 5- imidazol idone de-  
r iva t ive  V. In both c a s e s ,  14-cyano-Ai~ - 
ac r id ine  (II) was r ega rded  as an in te rmedia te  [1]. 
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We have now found that if the dicyanide I is  t r ea t ed  
with a mix ture  of concentra ted HC1 and e ther  at 5 0 -  
55 ~ C, the p r o c e s s  stops at the format ion of the cyan-  

omide 17. 
The s t ruc tu re  of the compound obtained is con- 

f i rmed by its reac t ions .  Under the action of acetone 
cyanohydrin ,  it r ead i ly  adds one molecule  of hydrogen 
cyanide and is conver ted into the ini t ia l  dicyanide I. 
On being boiled with 67% sulfur ic  acid,  it  is converted 
into the oxazolidone IV. Under the action of a 4% 
aqueous ethanolic solution of po ta s s ium hydroxide and, 
p a r t i c u l a r l y ,  under  the action of concentra ted HzSO~, 
it gives the imidazol idone V. Even on standing in the 
a i r ,  solut ions of compound II r ead i ly  undergo autooxi-  
datinn with the format ion  of 1 2 - h y d r o p e r o x y - 1 4 - c y a -  
no_Ai~ (VI), behav io r  c h a r a c t e r -  
i s t ic  for  a number  of de r iva t ives  of A i - t e t r a h y d r o p y r  - 

idine [2, 3]. 
When a solution of the cyanomide II in 50% acet ic  

acid is allowed to s tand,  the dicyanide I g radua l ly  
s e p a r a t e s  out. F r o m  the r e s idue  a f te r  the e l iminat ion 

of I we have i so la ted  s y m - o c t a h y d r o a c r i d i n e  VII. This 
r e s u l t  can be explained only by the occu r r ence  of a 

pecu l i a r  fo rm of d ispropor t ionat ion ,  the in t ramolecu-  
l a r  r ed i s t r ibu t ion  of hydrocyanic acid. The same 
t r ans fo rma t ion  takes  place when compound 17 is melted 
and when an at tempt  is made to r e c r y s t a l l i z e  it f rom 
aqueous ethanol in an a tmosphere  of CO2. 

When substance II was hydrogenated over  PtO2 in 
ethanol or  dioxane,  hard ly  any hydrogen was absorbed.  
Hydrogenation took place in acet ic  acid,  the hydrogen-  
ation product  being the known f l -perhydroacr id ine  
(VIII) [4]. In addit ion,  the dicyanide I was isolated 
f rom the mixture  af ter  hydrogenation. It is obvious 
that  this  r e su l t  is the consequence of the d i s p r o p o r -  
t ionation of the cyanoimide 17, which p recedes  hydro-  
genation. The dicyanide I i t se l f  slowly hydrogenates  
under the same conditions with the format ion of the 
same compound VIII. Thus, the ra t io  of compounds 
VIII and I depends on the t ime of hydrogenation of the 
cyanoimide II. 
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The IR spec t rum of compound 17, taken in CClt,  
contains a med ium- in tens i ty  band at  1650 cln - i ,  a 
f a i r l y  weak band at 1690 cm - i ,  and a ve ry  weak band 
at 3400 cm -1. In the spec t rum taken in KBr,  the bands 
at 1690 and 3400 cm -1 appear  fa r  more  c l ea r ly .  The 
IR spec t rum of the hydrochlor ide  of II is the typ ica l  
spec t rum of an imine sa l t  and contains a band at 1665 
cm -1 (C=~) .  This p e r m i t s  the band at 1650 cm - i  in 
the spec t rum of compound iI i t se l f  to be ass igned to 
the v ibra t ions  of the C------N bond, s ince it is known that 
on sa l t  format ion  the v ibra t ions  of this  bond a re  shi f t -  
ed to higher  f requencies  [5]. The appearance  in the 
spec t rum of compound II of bands at 1690 and 3400 
cm -1 can be explained,  in our opinion, by the ex i s -  
tence of the t au tomer i c  enamine fo rm of the cyanoim-  

ide II; they co r r e spond ,  r e spec t i ve ly ,  to the abso rp -  
tion of C----C and N--H. 

In favor  of this  hypothesis  i s ,  in p a r t i c u l a r ,  the 
fact  that when a solution of the hydrochlor ide  of corn- 
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p o u n d  II  i s  m a d e  a l k a l i n e ,  a b a s e  i s  l i b e r a t e d  w h o s e  

l:R s p e c t r u m  i s  p r a c t i c a l l y  i d e n t i c a l  w i t h  t h a t  o f  t h e  

i n i t i a l  s u b s t a n c e .  A l t h o u g h  t h e  a b s o r p t i o n  o f  t h e  C = C  

b o n d  o f  t h e  m a j o r i t y  o f  e n a m i n e s  i s  f o u n d  a t  a b o u t  

1 6 5 0  c m  -1  [6] ,  h i g h e r  f r e q u e n c i e s  u p  t o  1 6 9 0  c m  -1  [7] 

h a v e  b e e n  o b s e r v e d  f o r  s o m e  s i m p l e  e n a m i n e s ,  F u r -  

t h e r m o r e ,  f o r  t h e  t a u t o m e r i c  e n a m i n e  f o r m  o f  t h e  c y -  

c l o h e x y l i m i n e  d e r i v a t i v e  o f  a c e t o p h e n o n e ,  a b a n d  a t  

1 6 9 3  c m  - i  i s  a s s i g n e d  t o  t h e  v i b r a t i o n s  o f  t h e  C:=C 

b o n d  [8].  In  t h e  1 , 4 - d i h y d r o p y r i d i n e  r e c e n t l y  s y n t h e -  

s i z e d ,  a b a n d  i s  f o u n d  a t  1 6 8 0  c m  -1  [9].  

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

14-Cyano-A1~ (II), A mixture of 20 g of I, 
200 ml of ether, and 400 ml of concentrated HC1 was heated in the 
water bath at 50-55 ~ C for 10 hr. Then 300 ml of water was added and 
the mixture was neutralized with solid (NH4)~COs to pH 5-6 .  The so- 
lution was filtered and a saturated solution of (NH@2COs was added to 
the clear filtrate until the reaction was alkaline. After several hours, 
a crystaI1ine precipitate formed. Yield 13 g (78%). Mp 84-89 ~ C. For 
purification from contamination with the initial dicyanide I, the prod- 
uct was treated with 10% H2SO4 solution, the insoluble I was filtered 
off, and the filtrate was neutralized with (NH4)2CO s, (The presence or 
absence of contamination with the dicyanide I was checked by chro- 
matography on a thin layer of A1203). Further purification was carried 
out by freezing a saturated solution of the substance in acetone with 
dry ice. In this way it was possible to exclude both the oxidation and 
the disproportionation of the product. After two such recrystallizatinns, 
we obtained a sample with mp 95 ,100  ~ C. Melting was accompanied 
by a change in the substance: a chromatogram of the mel t  in a thin 
layer of A12Os showed spots corresponding to the dicyanide I and to oc- 
tahydroacridine (VII). The chromatogram of a sample before melt ing 
did not show these spots. The substance was soluble in benzene, car- 
bon tetrachloride, chloroform, acetone, acetic acid, and dioxane, 
Iess readily in ethanol and ether, sparingly in heptane,  and insoluble 
in water. Found, %0: C 77.57, 77.87; H 9.45, 9.45; N 13.27, 13.17%; 
Mol. Wt. 226-235 (in benzene). Calculated for C14H20N2, %: C 77.78; 
H 9.26; N 12.96; Moi. Wt. 216. IR spectrum (in CC14), c m - l :  1650 
(C=N),  1690 (C=C),  2250 ( C -  = N), 3400 (N--H). 

Hydrochloride, The base II was dissolved in benzene saturated with 
gaseous hydrochloric acid; when the solution was diluted with heptane 
the hydrochl0ride precipitated. Mp 150-152 ~ C. Found, %: C1 14.4. 
Calculated for C14H20N 2 �9 HC1, %: C1 14.1. IR spectrum (in KBr), 
c m ' l :  2700-2300, 1900-2000, 1665 (C=2}). 

Hydrogenation of the eyanotmtde IL A mixture of  0.49 g of II, 1 g 
of acetone cyanohydrin, and 3 ml of a saturated solution of K2COs in 
methanol  was kept at room temperature for 48 hr. Then it was diluted 
with water and the precipitate that deposited was separated off. Yield 
0.47 g (86%). Mp 168-170 ~ C (from ethanol). The product was shown 
to be identical with the dieyanide I by a mixed melt ing point with a 
reference sample. 

Action of 67% sulfuric acid on the cyanofmide (II). 0.5 g of II was 
boiled for 20 rain with a mixture of  2.5 ml of concentrated H2SO 4 and 
2.5 ml of water. The cooled mixture was carefully neutralized 
with concentrated NH s to pH 9 and the reaction product that had sepa- 
rated was extracted with chloroform; after the el imination of the sol- 
vent from the extract,  0.4 g (74%) of reaction product was obtained. 
Mp 127-128 ~ C (from heptane). The product was shown to be identical 
with the oxazolidone IV by a mixed mel t ing point with a reference 

sample. 
Action of aqueous alcoholic alkali on the cyanolmide IX, 0.5 g of 

II was boiled with a mixture of 7 ml of ethanol, 0.8 ml of water, and 

0.25 g of KOH for 6 hr. Then the mixture was diluted with 5 volumes 
of water and extracted with chloroform, the extract was evaporated, 
and the residue treated with heptane. The part insoluble in heptane, 
0.21 g (39%), formed a substance with mp 208-209 ~ C [from chloro- 
form-heptane (1;2)]. A mixture with a reference sample of the im-  
idazolidone V gave no depression of the melt ing point, 

Action of concentrated sulfuric acid on the cyanolmide II. 0.5 g of 
II was dissolved in 4 ml of concentrated H2SO4 at 0 ~ C. After 18 hours' 
standing at room temperature,  the mixture was heated at 50-60 ~ C for 
1 hr. The cooled mixture was poured onto ice and neutralized with so- 
dinm carbonate to give 0.43 g (83%) of substance V (identification as 
described above). 

Dt~properttonation of the eyanoimide IL 1.06 g of II was dissolved 
in 4 ml of glacial  acetic acid, 4 ml of water was added, and the mix-  
ture was left at room temperature for four days. After this t ime,  the 
crystals that had deposited were separated off. Yield 0.55 g (92%0). 
The product was shown to be identical with the dicyanide I by a mixed 
melt ing point with a reference sample. The filtrate after the removal 
of the ! was acidified with NaOH and extracted with heptane; after e-  
vaporation of the extract, 0.33 g (70.6%) of an incompletely crystal- 
l izing mass was obtained. This gave a picrate with mp 199-200 ~ C. A 
mixture with the picrate of sym-octahydr0acridine gave no depression 
of the melt ing point. By treatment  with NaOH solution, the picrate 
yielded the base, mp 69 ~ C, shown to he identical with sym-octahy-  
droacridine by a mixed melt ing point with a reference sample. 

Hydrogenation of the cyanoimide IL 0.8 g of II was hydrogenated 
over 0.065 g of PtO2 in 12 ml  of dioxane. 8 ml of hydrogen was ab- 
sorbed, after which its absorption ceased. After the addition of 12 ml  
of acetic acid, the absorption of hydrogen began again at the rate of 
4 -5  m l / m i n  and then more slowly, about 0.5 mI /min .  After 3 hr, 125 
ml of hydrogen had been absorbed. The catalyst was filtered off, the 
solution was neutralized with sodium carbonate, and the precipitate 
formed was separated off. Yield 0.34 g. The product was shown to be 
identical with the dicyanide I by a mixed melt ing point. The filtrate 
after the  separation of the I was made strongly alkaline with KOH so- 
lution and the crystals that deposited were separated off; in this way 
0.35 g of a product with mp 46-48 ~ C was obtained. For purification, 
the substance was converted into the hydroehloride and the latter was 
recrystallized from d ioxane-e thano l  (3:1) and the base was freed. 
After purification, mp 50-51 ~ C. A mixture with a reference sample 
of B-perhydroacridine gave no depression of the melt ing point. The 
picrate of the hydrogenation product had mp 149-151 ~ C and was iden- 
t ical  with the picrate of g-perhydroacridine according to a mixed 
mel t ing point test with a reference sample. 

Hydrogenation of the dicyanide I. 0.95 g of I was hydrogenated 
over 0.1 g of PtO2 in a mixture of 15 ml of acetic acM and 15 ml of 
dioxane. At room temperature,  hydrogen was absorbed at the rate of 
0.3 ml /min .  At 45 ~ C, the rate of absorption was 1 -1 .2  m t /m in .  After 
8 hr, 300 ml  of hydrogen had been absorbed. In the same way as described 
above, 0.55 g of the initial dicyanide I and 0.32 g of VIII were isolated. 

12-Hydroperoxy-14-cyano-A1~ (Vl). a) A so- 
lution of 0.49 g of the cyanoimide II in 4.5 ml of benzene was treated 
with 4.5 ml  of  heptane. After standing at room temperature 48 hours, 
0.43 g (76~ of the hydroperoxide VI separated. 

b) A solution of 1.66 g of the  cyanoimide II in 20 ml of CC14was 
stirred at 46 ~ C in a flask connected with a burette filled with oxygen. 
In the first 3 rain, 90 ml of O2 was absorbed, and then the rate gradu- 
ally fell and the oxidation was complete  in 20 min. The amount  of 
oxidation was complete  in 20 min. The amount of oxygen absorbed 
was 140 ml (81.5%). This gave 1.46 g (77%) of the hydroperoxide VI, 
which crystallized in the form of white rods; soluble in ethanol, chlo- 
roform, and acetone, less readily in dioxane, sparingly in benzene, 
very sparingly in heptane and carbon tetrachloride, insoluble in water. 
Mp 119 ~ C (decomp, from benzene). Found, %: C 68.05~ 67.81; H 
8.29, 8.08; N 11.31, 11.29; Oact 6.11. Calculated for C14H20N202, 
%: C 67.75; H 8.06; N 11.29; Oact 6,45. IRspec tmm (in KBr), am'X: 
1670 (C=N), 2240 (C---N), 3180 (OH, hydrogen bond). 
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