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4, 5-Dihydroxy-, 4, 5-diacetoxy-, 4, 5-dichloro-, and 4-hydroxy- 5- 
oxo- sym- octahydtoacridines and the N- oxides of 1,2, 3, 4, 7, 8- 
hexahydroacridine and of 4, 5- dihydroxy- sym- octahydroacridine have 
been synthesized. The dehydration of 4,5-dihydroxy-sym-octahydro- 
acridine has led to 1,2, 7,8-tetrahydroacridine. The latter adds two 
molecules of hydrogen to the double bonds and also one molecule of 
acetoacetic ester with the formation of, respectively, sym-octahydro- 
acridine and 3- [acetyl(ethoxycarbonyl)methyl]- 1, 2, 8, 4, 7, 8-hex ahy- 
droacridine. 

It h a s  b e e n  r e p o r t e d  p r e v i o u s l y  [1] t h a t  s y m - o c t a h y -  
d r o a c r i d i n - 4 - o l  N - o x i d e  (l'I) i s  f o r m e d  b y  t he  o x i d a t i o n  
of t h e  c o r r e s p o n d i n g  a m i n o a l c o h o l - - s y m - o c t a h y d r o -  

a c r i d i n - 4 - o l - - w i t h  h y d r o g e n  p e r o x i d e  i n  a c e t i c  ac id .  
We h a v e  found  [2] t h a t  t h e  s a m e  c o m p o u n d  II c a n  b e  
o b t a i n e d  d i r e c t l y  f r o m  4 - a c e t o x y - s y m - o c t a h y d r o -  
a c r i d i n e  (I) in h i g h e r  y i e ld .  Such  N - o x i d a t i o n  a c c o m -  
p a n i e d  by  h y d r o l y s i s  h a s  b e e n  r e p o r t e d  p r e v i o u s l y  in  
the  o x i d a t i o n  of p y r i d - 4 - y l m e t h y l  a c e t a t e  [3]. 

The  d e h y d r a t i o n  of  t h e  ox ide  II b y  h e a t i n g  w i t h p o l y -  
p h o s p h o r i c  ac id  l ed  to  1, 2, 3, 4, 7 , 8 - h e x a h y d r o a c r i d i n e  
N - o x i d e  (III) w h i c h ,  in  c o n t r a s t  to  t h e  c o r r e s p o n d i n g  
b a s e  IV [4], i s  a c r y s t a l l i n e  s u b s t a n c e .  T h e  h y d r o -  
g e n a t i o n  of t h e  N - o x i d e  III w i t h  h y d r o g e n  o v e r  p l a t i n u m  
o v e r  e t h a n o l  l ed  to t h e  known s y m - o c t a h y d r o a e r i d i n e  
N - o x i d e  (V) [5]; h y d r o g e n a t i o n  in  a c e t i c  a c i d  g ives  
m a i n l y  c o m p o u n d  V and ,  j u d g i n g  f r o m  a c h r o m a t o g r a m ,  

t r a c e s  of s y m - o c t a h y d r o a c r i d i n e  (XII).  T h e  r e m o v a l  
of t h e  N - o x i d e  oxygen  is  r e a d i l y  a c h i e v e d  by  r e d u c i n g  
t he  ox ide  III w i t h  i r o n  in  a c e t i c  a c i d  u n d e r  t he  c o n d i t i o n s  

t h a t  we h a v e  d e s c r i b e d  p r e v i o u s l y  [5]. 
The  r e a c t i o n  of  t h e  ox ide  II w i t h  a c e t i c  a n h y d r i d e  

l ed  to 4 , 5 - d i a c e t o x y - s y m - o c t a h y d r o a c r i d i n e  (VI),  w h i c h  
i s  c o m p l e t e l y  c h a r a c t e r i s t i c  f o r  a ,  a V - d i a l k y l p y r i d i n e s  
[6]. T h e  o x i d a t i o n  of t h e  d i a c e t a t e  VI  w i th  p e r a c e t i e  
a c i d  l ed  to  s y m - o c t a h y d r o a e r i d i n e - 4 ,  5 - d i o l  N - o x i d e  

(VIII).  T h e  a c i d  h y d r o l y s i s  of t he  d i a e e t a t e  VI  l ed  to  
s y m - o c t a h y d r o a c r i d i n e - 4 , 5 - d i o l  (VII).  T r e a t m e n t  of 
t he  l a t t e r  w i t h  t h i o n y l  c h l o r i d e  in  c h l o r o f o r m  g a v e  
4, 5 - d i c h l o r o - s y m - o c t a h y d r o a c r i d i n e  (IX); t h e  r e a c t i o n  
t a k e s  p l a c e  w i th  a f a i r l y  good y i e l d  on ly  w h e n  a c o n -  
s i d e r a b l e  e x c e s s  of  t h e  c h l o r i n a t i n g  a g e n t  i s  used .  T h e  
a c e t y l a t i o n  of t h e  g lyco l  VII  w i t h  a c e t i c  a n h y d r i d e  l ed  
to t h e  d i a c e t a t e  VI w h i c h ,  a s  s h o w n  a b o v e ,  is  a l s o  
f o r m e d  b y  t h e  r e a c t i o n  of t h e  ox ide  I I w i t h t h i s  r e a g e n t .  

The  d e h y d r a t i o n  of  t h e  g lyco l  VII  by  h e a t i n g  in  p o l y -  
p h o s p h o r i c  ac id  l ed  to  1, 2, 7, 8 - t e t r a h y d r o a c r i d i n e  
(XI), w h i c h ,  in  c o n t r a s t  to  1, 2, 3 , 4 - t e t r a h y d r o a e r i d i n e  
[7] i s  a l i qu id .  C o m p o u n d  XI  i s  a p e c u l i a r  a n a l o g  of 
2, 6 - d i v i n y l p y r i d i n e .  It r e a d i l y  adds  two  m o l e c u l e s  of 
h y d r o g e n ,  w i th  t he  f o r m a t i o n  of XII,  and  one  m o l e c u l e  

F o r  p a r t  IV, s e e  [121. 

of a e e t o a c e t i c  e s t e r  to  g ive  3 - [ a c e t y l ( e t h o x y c a r b o n y l )  
m e t h y l ] -  1, 2, 3, 4, 7 , 8 - h e x a h y d r o a c  r i d i n e  (XIII).  

The  a c t i o n  of  a c t i v e  m a n g a n e s e  d iox ide  o n t h e  g lyco l  
VII  l ed  to  t h e  o x i d a t i o n  of one  a l c o h o l  g r o u p .  The  IR 
s p e c t r u m  of t he  4 - h y d r o x y - s y m - o c t a h y d r o a c r i d i n - 5 -  
one  (X) o b t a i n e d  s h o w s  a b s o r p t i o n  b a n d s  c h a r a c t e r i s t i c  
f o r  t he  c a r b o n y l  and  h y d r o x y  g r o u p s .  
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EX P E R I M E  NTA L 

The IR spectra were obtained on a UR-10 spectrophotometer with 
NaC1 and LiF prisms. The UV spectra were obtained on an SF-4 spec- 
trophotometer in absolute ethanol. Alumina of activity II was used 
for the thin-layer chromatograms. The picrates were prepared by 
mixing alcoholic solutions of the substances and picric acid; in the 
case of compound VII the mixture was diluted with water. The hydro- 
chlorides were obtained by passing dry HC1 into solutions of the sub- 
stances into absolute ethanol (in the case of compound VII, in a mix- 
ture of benzene and ether). 

sym-Oetahydroacridln-4-01 N-oxide (II}, A mixture of 8.6 g of 
I, 28 ml of glacial acetic acid, and 7 ml of 28% H202 was heated at 
75 ~ C for 9 hr, and then 6 ml of H~O2 was added, and it was heated 
for another 12 hr. After cooling, the mixture was made aikaline with 
an aqueous solution of potassium carbonate and extracted with chloro- 
form (3 X 30 ml). Evaporation of the solvent left 6.8 g (88o]0) of crystals 
of the oxide II with mp 117 = C, identical with the compound obtained 
previously [1]. UV spectrum, kma x" 265 nm (log e 3.48). IR spectrum 
(in CC14): VOH 3300-3500 cm-1 (broad band). 
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1, 2, 3 ,4 ,  7, 8- Hexahydroacrldine N-oxide  (III). With stirring, 10,1 g 
of the oxide II in 60 g of polyphosphoric acid was gradual ly  hea ted  to 
180 ~ C over 2 hr and was then poured onto 120 g of ice  and m a d e  
a lka l ine  with 40% NaOH solution. The oi l  that  separated out was 
extracted with benzene (3 x 70 ml) .  Evaporation of the solvent y ie lded 
8.8 g (94%) of crystals of the oxide III. Light yel low needles,  readi ly  
soluble in polar solvents and less readi ly  in petroleum ether .  Mp 99-  
99.5 ~ C (from heptane) .  Found, %: C 77.91, 77.69; H 7.58, 7.59; 

N7.06,  7.00. Calcula ted  for ClaHlr, NO, %: C 77.52; H 7.52; N6.97.  
IR spectrum (in CC14): uNO 1350 and 1320 cm-~(sp l i t  band). UVspee-  
trum, ) 'max:  290 and 250 nm (log a 3.26 and 3.51). P i c r a t e - y e l l o w -  
green needles with mp  137 ~ C (from methanol) .  Found, %: N 12.94, 
12.92. Calcula ted  for C13HI.sNO �9 C sH2~NaOT, :~o: N 13.01. Hydrochlo- 
r i d e - l i g h t  yel low prisms readi ly  soluble in water,  with mp 152-153~  
(from dioxane).  Found, %: C1 14.65. Ca lcu la ted  for C13H~NO �9 HC1, 
%: C1 14.92. 

Reduction of the oxide III. A mix ture  of 0.6 g of the hydrochloride 
of III, 6 m l  of 98% ace t ic  acid and 0.7 g of reduced iron was boi led 

for 2 hr. The cooled mixture  was f i l tered and neutra l ized with satu- 
rated potassium carbonate solution, and the base IV was extracted with 
benzene and was ident i f ied in the form of the p ic ra te  [1]. Yield 77%. 

Hydrogenation of the  oxide IIL A 0.3114 g quanti ty of the oxide 
III in 20 ml  of e thanol  was hydrogenated over 0.0592 g of PrO2 pre- 

pared by a published method [8]. After 25 rain,  the  theore t ica l  amount 
of hydrogen had been absorbed�9 Hydrogen number: found 113.2; ca lcu-  
la ted for one double bond 111.2. The catalyst  was f i l tered off, the 

ethanol  was evaporated off, and the residue was recrys ta l l ized  from 
heptane to g ive  the oxide V with mp  142-143 ~ C. According to the 

l i tera ture ,  mp 144-145 ~ C [9]; 140-142 ~ C [10]. A mix ture  with a 

reference sample  of the oxide V had mp 142-143 ~ C. Rf 0.73 (ethyl  
acetate) ;  for the reference sample ,  R~ 0.73 (ethyl  aceta te) .  

4, 5 -Diace toxy-sym-oc tahydroaer id ine  (VI). a) A suspension of 
22 g of the  oxide II in 120 ml  of ace t ic  anhydride was added over 
ha l f  an hour to 20 ml  of boi l ing ace t ic  anhydride, and the mixture  

wa s boiled for another I hr 30 mln .  The solvent was dis t i l led off, and 
the residue was made  a lka l ine  with potassium carbonate;  the pre- 
c ip i t a te  that  deposited was washed with water  and dried. Yield was 
30 g (~100%).  

b) A mixture  of 5.1 g of the glycol  VII and 25 ml  of ace t ic  anhy- 
dride was boiled for 3 hr. After the mixture  had been made  a lka l ine  
with potassium carbonate,  6.4 g (91%) of the d iace ta te  VI was ob- 
ta ined.  Colorless rods with mp 127.5-128.5 ~ C (from hexane) .  Found, 
%: C 67.22; 67.32; H 7.35, 7,33 ; N 4.45, 4.53. Calculated for 

C17H21NO 4, %: C 67,30; H 6.99; N 4.62. IR spectrum (in CC14): 
1760 and 1260 cm "i (ester bonds). P ic ra te - - lemon ye l low plates with 
mp 180-180.5  ~ C (decomp. ,  from methanol) .  Found, %: N 10.44, 

10.41. Calcuia ted  for C~TH21NO 4 �9 C6HsNaO 7, %: N 10.52. Hydro- 
chloride--colorless  rods, insoluble in water,  with mp 139-179.5 ~ C 
(from dioxane).  Found, %: C1 9.96, 10.52. Calcula ted  for C17H=INO 4 �9 
�9 HCI, %= C1 10.43. 

sym-Oc tahydroae r id ine -4 ,5 -d io l  (VII). a) k solution of 9 g of 
the d iace ta te  VI in 60 ml  of HC1 (1 : 3) was hea ted  at ~100 ~ C for 
2 hr. After a lka l in iza t ion  with potassium carbonate,  5.9 g (90%) of 
the diol VII was obtained.  

b) A mix tu re  of 8.2 g of the ester I ,  20 ml  of 98% CH3COOH and 
5 ml  of 28% H202 was hea ted  at 70-80"  C for 10 hr, and then 4 ml  of 
H202 was added and the mixture  heated for another 13 hr. Thesolvent  
was evaporated off, and the residue was dissolved in 15 ml  of ace t ic  
anhydride; the result ing solution was added dropwise to 10 ml  of boil-  

ing ace t ic  anhydride over 1 hr 80 rain,  and the mixture  was boiled for 
another ha l f  hour. The solvent was dis t i l led  off under reduced pres- 
sure; the residue was dissolved in 40 ml  of 10% HC1, and the solution 
was heated in the boi l ing water bath for 2 hr. Then it  was made  a lka-  
l ine with 10% K~CO a, and 6 g (83%) of crystals of the glycol  VII 
ident ica l  with the ma te r i a l  obtained by method (a) was f i l tered off. 
Long needles very sparingly soluble in petroleum ether and ether,  
readi ly  soluble in polar solvents. Mp 156.5-158 ~ C (from a mixture  
of benzene and heptane,  1 : 2). Found, %: C 71.76, 71.53;  H 7.85, 

7.89; N 6.69, 6.51. Ca lcu la ted  for CtsH17NO 2, %: C 71.22; H 7.81; 
N 6.39%. IR spectrum (in CCI,I): uOH 3600-8500 cm -1 (broad band).  

UV spectrum, kmax:  276 nm (log e 4.33). P i c r a t e - y e l l o w  plates with 
mp 135-136 ~ C (from water).  Found, %: N 12.23, 12.39. Calcula ted  

for CIaHITNO 2 �9 C6H3N307, %: N 12.50. Hydroehloride--pale  yel low 
rods, soluble in water,  with mp 202-203 ~ C (decomp.,  from dioxane).  

Found, %: CI 13.60, 13.82. Calcula ted  for ClsH17NO 2 �9 HC1, %0:C1 
13.88. The dibenzoate  was obtained by the Schotten-Baumann ben- 
zoylat ion of the glycol  VII with benzoyI chloride.  Pointed rods with 
mp 163-165 ~ C (from a mixture  of heptane and benzene,  3 : 1). 
Found, %: C 75.15; 75.06; H 6.21, 6.30. Calcula ted  for C27H2sNO a, 
%: C 75.84; H 5.89. IR spectrum (in KBr): 1740 and 1290 cm "1 
(ester bonds). 

sym-Octahydroacr id ine-4 ,  5-diol  N-oxide (VIII). A mixture  of 6 g 
of the  d iace ta te  VI, 15 mt  of 98% of CHsCOOH, and 3 ml  of 30% 

H202 was heated at 70-80  ~ C for 9 hr, and then 2 ml  of HzO2 was 
added and the mixture  hea ted  for another 13 hr. After being made 
a lka l ine  with potassium carbonate,  the mixture  was extracted with 
benzene.  Evaporation of the dried benzene extract  gave a vitreous 
m ass, the t rea tment  of which with absolute ethanol  y ie lded 1.3 g (28%) 
of the  oxide VIII. Pointed rods with mp 172-173 ~ C (from a mixture  
of heptane and benzene,  5 : 2). Found, %; C 65.66, 65.57, H 7.35, 
7.39; N 5.64, 5.83. Ca lcu la ted  for CtaHIvNO s, %; C 66.36, H 7.29; 
N 5.96. IR spectrum (in CC14): YOH 3520-3400 cm -1 (broad band); 
VNO 1320 and 1300 cm -1 (split band). 

4 ,5 -Dich loro-sym-oe tahydroacr id ine  (IX). With stirring, 15 ml  
of thionyI chloride in 15 ml  of dry CHCls was added dropwise to 6.6 g 
of the dioI VII in 25 ml  of dry chloroform, and the mixture  was stirred 
at room tempera ture  for 7 hr and boiled for I hr, after which the 
solvent was evaporated off and the residue was t reated with dry ether.  
The solid residue was t reated with potassium carbonate and chloro- 

form. After evaporat ion of the solvent,  4.2 g (55%) of the base IX 
was obtained.  Yellow rods with m p 1 4 7 - 1 4 9  ~ C (f romheptane) .  Found, 
%: C 61.09, 61.16; H 6.59, 6.45; CI 27.52, 27.55. Calcula ted  for 

CIaHIsCI2N, ~ C 60.95; H 5.91; CI 27.68. IR spectrum (in KBr): 

u C _ C I  700 and 675 cm - I .  
4 -Hydroxy-sym-oc tahydroacr id in-5-one  (X). A mixture  of 3.3 g 

of the glycol  VII, 11 g of ac t ive  manganese  dioxide [11], and 250 ml  

of dry benzene was stirred at room tempera ture  for 15 hr. The MnO~ 
was f i l tered off and washed with C6H6; after evaporation in vacuum,  
1.9 g (58%) of the  ketoalcohol  X was obtained.  Orange yel low pointed 
plates with mp 143-144 ~ C (from a mixture  of heptane and benzene,  

2 : i), Found, %: C 72.46, 72.30; H 7.47, 7.37, Calculated for 

C13HIr, NO 2, %: C 71.86; H 6.97. IR spectrum (inKBr): uCO1720 cm-l; 

UOH 3340 cm -1. 
1, 2, 7, 8-Tetrahydroacr idine  (XI). This was obtained in a s imi lar  

manner  to the oxide III by heat ing 15.3 g of the glycol  VII in 153 g of 
polyphosphoric acid to 180 ~ C. Yield was 8.7 g (68%). Almost odorless 
colorless mob i l e  l iquid; bp 86-87 ~ C (0.01 mm);  n}~ 1.635; d~ ~ 1.086. 
Found, %: C 85.35. 85.23; H 7.44, 7.43; N 8.04, 8.03. Calcula ted  
for C13HIsN, %: C 85.19; H 7.15; N 7.64. IR spectrum (in CCIa): 

3060 and 3030 cm -1 (e thylene  bonds). P i c r a t e - y e l l o w  rods with mp 
198" C (decomp. ,  from a mixture  of n-propanol  and dioxane, 1 : 1). 
Found, %: N 13.52, 18.54. Calcula ted  for C,~tl3N �9 C6HCNsO 7, %: 

N 18.53. Hydrochloride_--cream-colored water-soluble  rods with mp 
202-203 ~ C (decomp. ,  from dioxan~). Found, %: CI 16.21, 15.79. 
Calcula ted  for CI~HlcN " HC1, %: C1 16.14. 

The hydrogenat ion of the base XI was carried out under the con- 
ditions described for the oxide III; the solvent was ace t ic  acid.  Hydro- 

gen number: found 252.3, 245.0. Calcula ted  for two double bonds 
244.5. After the evaporat ion of the solvent and a lka l in iza t ion ,  com- 
pound XII was obtained.  Yield 93%. Mp 67 ~ C. A mixture  with a 
reference sample  of sym-octahydroacr id ine  had mp 66 ~ C. 

3- [Acetyl(e thoxycarbonyl)methyl]-  1, 2, 3, 4, 7 ,8 -hexahydroacr id ine  
(XIII), In portions, 0.3 g of Na and then 4.1 g of the tetrahydroacridin~ 
XI were added to 25 ml  of ace toace t i c  ester. The react ion mixture  
was boiled for 5 hr 30 rain,  evaporated under reduced pressure, ac idi -  
fied with 20 ml  of HC1 (1 : 2), and extracted with ether (2 x 20 ml); 
the aqueous layer was made  a lka l ine  with di lute  KOH solution and 
extracted with CHC13 (2 X 20 rot). The residue after the evaporat ion 
of the solvent was dis t i l led in vacuum to give 4.4 g (58%) of a frac- 
t ion boil ing at 160-180 ~ C (0 .04-0 .08  mm);  n ~  1.559. Found, %: 

C 72.52, 72.38; H 7.43, 7.44; N 4.11, 4.08,, Calcu la ted  for C~9H~cNO s, 
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~o: C 72.80; H 7.40; N 4.47. IR spectrum (in CC14): 1750 and 1250 
cm -1 (ester bonds); 3060 and 3020 crn -1 (ethylene bond). 
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