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2 , 3 - T e t r a m e t h y l e n e - 4 - R - b i c y e l o [ 3 . 3 . 1 ] n o n a n - 9 - o n - 2 - o l s  r e a c t  w i th  a n i l i n e  and,  d e p e n d i n g  on 

t h e  c o n d i t i o n s ,  g i v e  9 - R - 1 0 - p h e n y l d e c a h y d r o a c r i d i n e s ,  9 - R - 1 0 - p h e n y l - A  l l  ( 12 ) -dodecahydro -  

a c r i d i n e s ,  and 9 - R - 1 0 - p h e n y l - s y m - o c t a h y d r o a c r i d i n i u m  s a I t s .  

10-R-Hydroacridines are formed in the reaction of 2,2'-methylenedicyclohexanonewith primary amines 
under various conditions [2]. The reaction of the products of aldol seLf-condensation of 1,5-diketones - 
2,3-tetramethylene-4-R-btcyclo[3.3.1]nonan-9-on-2-ols (I) - with primary amines would be a convenient 
preparative method for the production of 9,10-disubstituted hydroacridines, since compounds of the I type 
are considerably more accessible than the corresponding alkylidene(arylidene)bis-2,2f-cyclohexanones. It 
is known that in a number of cases compounds I react like the corresponding 1,5-diketones, apparently un- 

dergoing prior retroaldol cleavage [3]. 

In the present paper we have studied the reaction of ketols ia-d with aniline (If). 

I a R=It; b R=Clta; 
! a -d  c R=C6t%; d R ~ a - f u r y l  

* S e e  [1] f o r  c o m m u n i c a t i o n  VI. 
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88 
54 
35 

70 

27 
30 
40 
40 

45 
35 
20 
25 
32 
35 

* T h e  y i e l d s  of  V - V I I I  a r e  p r e s e n t e d  f o r  the  r e a c t i o n  of k e t o l s  I b - d  

w i t h  a n i l i n e  in  a c e t i c  a c id .  
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When the reaction was car r ied  out in xylene, 9-R-10-phenyldecahydroacr id ines  (IIIc, d ) w e r e  isolated 
in the case of Ic,d. The react ion also proceeds  in the case  of Ia,b, but the corresponding decahydroacr idines  
could not be isolated because of their  low stabilities. The react ion for  the formation of III proceeds  in the 
presence  of catalytic amounts of p-toluenesulfonic acid. 

R R 

II ~6H6 66H5 

I I I  c,d IVc, d 

Two peaks, which are  charac te r i s t i c  for decahydroacr idines  [1], a re  observed at 1670 cm -1 and 1700 
cm -~ in the IR spect ra  of IIIc,d. There  is a one-proton singlet at 6 3.35 (H in the 9 position) in the PMR 
spectrum of KIc. Compounds IIc,d add two molecules  of HCN to give dinitri les IVc,d. The IR spec t ra  of 
the lat ter  do not contain the peaks mentioned above, but a band appears at 2240 cm -i  (C-= N). 

The react ion of ketols Ia-d with aniline in acetic acid proceeds only on heating; this is probably neces-  
sa ry  for the decyclizat ion of the ketches.  

R R 

Acotic  acid 
la-d + II - § 

~61t 5 1 X- C~H s 

va-d v l a - d ,  v l l lc ,  d 

NC I 
C6H s 

wla-d X=CIO 4, Ylllc,d X=! vlla-d 

Compounds V were isolated in the fo rm of products of the addition of HCN to t h e m -  V]IIa-d; Vb, c 
themselves  were  also isolated. The octahydroacridinium salts were isolated in the form of the perchlora tes  
(Via-d) and iodides (VIIIc,d). Compounds Via and Vl~a were identical to the products  of the react ion of 2 ,2 ' -  
methylenedicyclohexanone with aniline in acetic acid [2]. The s t ruc tures  of the products  of the react ion of 
ketols Ib-d were confirmed by the IR spectra:  the spect ra  of Vb, c contain the absorption charac ter i s t ic  for 
dodecahydroacridines  at 1700 cm -1 in the fo rm of a single peak [2]. This peak vanishes for  ni tr i les VII, and 
a peak appears at 2240 cm -I (C ~- N). When nitri le VHb is refluxed with 60% sulfuric acid, HCN is split out 
and Vb is formed.  Perch lo ra tes  VI have intense absorption at 1100cm -1 (C104). Products  Vc and VIc a re  
also formed during disproport ionation of IIIc in acetic acid. 

9-Phenyldecahydroxanthene (IX) was also isolated along with Vc and VIc in the react ion of ketol Ic 
with aniline in acetic acid [4]. The formation of decahydroxanthenes was also observed in the case of sev- 
eral  other al icycl ic  1,5-diketones [5]. Compound IX was also obtained by heating ketol Ic in acetic acid in 
the absence of aniline. The format ion of IX can be represented  by the following scheme: 

.u HO J IX 

In the case of I I Ic, it was shown that the ketols can react with anil ine in benzene or alcohol in the pres-  
ence of CC14 to give a 9,10-diphenyloctahydroacridinium salt (VIc). A necessary condition for  the success- 
~1 occurrence of the reaction is the presence of a catalytic amount of p-toluenesulfonic acid and r e f l ~ i n g  
of the reaction mixture. Decahydroacridine Hie is oxidized by CC14 to give salt Vic both at room tempera- 
ture and on heating. 

EXPERIMENTA L 

9-R-10-Phenyldecahydroacr id ines  (IHc,d). A mixture of 0.02 mole of Ic,d and 0.02 mole of II in 80ml  
of xylene was refluxed in the presence  of 15-20 mg of p- to luenesul fonioacid  with a Dean -S t a rk  t rap under 
argon for 4-6 h until the water  had separated completely (0.7 ml). The solvent was removed by vacuum dis-  
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tillation in a s t ream of argon. Alcohol (25 ml) was added to the residue,  and the precipitated IIIc, d were 
removed by filtration, washed with alcohol, and crysta l l ized f rom alcohol. Compounds lrIc,d were white 
crystal l ine substances that were readily soluble in chloroform, acetone, and dioxane and only slightly sol-  
uble in alcohol (Table 1). 

9 -R-10-Pheny l - l l , 14 -d ieyanoperhydroac r id ines  (IVe, d). A 1-g sample of I[Ib or lIIc was added with 
s t i r r ing  to a solution of 1 g of NaCN in 20 ml of acetic acid, and the mixture was allowed to stand overnight. 
The precipi ta te  was removed by filtration, washed with water,  and crysta l l ized f rom alcohol. 

Reaction of Ketols Ia-d with Aniline in Acetic Acid. A solution of 0.02 mole of Ia-d and 0.02 mole of 
II in 40 ml of acetic acid was reflaxed for 2 h, af ter  which it was allowed to stand overnight. In the case of 
Ic, IX precipi tated and was removed by filtration. The react ion mixture was worked up by one of the follow- 
ing methods: A) The mixture was cooled with water,  and 0.02 mole of NaCN in 5 ml of water was added with 
s t i r r ing.  The precipitated ni tr i les  (VIIa-d) were removed by filtration, washed with water, and crystal l ized 
f rom alcohol. The fi l trate was made alkaline to pH 9 with sodium carbonate solution, and the slightly turbid 
mixture  was extracted with ether. A solution of NH4C104 or NaI was added to the aqueous layer,  and the 
precipi tated VIa-d or VIIIc,d were  removed by filtration, washed with water, and crystal l ized f rom water.  
B) (in the case of Ib, c) The react ion mixture was diluted with water  and extracted with petroleum ether, and 
the aqueous layer  was made alkaline to pH 9 with sodium carbonate solution. The result ing oil was ex- 
t racted with ether, and VIc, d were  isolated f rom the aqueous layer  as indicated in method A. The ether ex- 
t r ac t  was dried with magnesium sulfate, the ether was removed by distillation, and the residue was c r y s -  
tall ized f rom alcohol to give Vb, c (Table 1). Compound IX was purified by crystal l izat ion f rom alcohol to 
g iveaproduc twi th  mp 97--98 ~ imp 96-98 ~ [4]) in 26% yield. IR spec t rum (in CHCI~): 1670, 1700 cm -1 (dihy- 
dropyran  ring). Found: C 85.3; H 8.2%. C19H22 O. Calculated: C 85.7; H 8.3%. 

Disproport ionation of IIIc. A solution of 0.01 mole of m e  in 20 ml of acetic acid was refluxed for  2 h 
and then worked up via method A (see above). Compounds VIc and VIIc were identical to the products  ob- 
tained in the preceding experiment.  

Dehydrocyanation of VIIb. A 0.5-g sample of nitrile VIIb was refluxed for  2 h with 15 ml of 60% s u n  
fur ie  acid, af ter  which the mixture  was diluted with water  and made alkaline with ammonia. The precipi -  
tated Vb, which was identical to a genuine sample, was removed by filtration. 

Reaction of Ic with Aniline in the Presence  of CC14. A mixture of 0.005 mole of Ic, 0.005 mole of II, 
0.05 mole of CC14, and a few mi l l ig rams  of p-toluenesulfonic acid in 30 ml of alcohol or  benzene was r e -  
fluxed for 2 h, after  which it was diluted with water  and extracted with ether.  A solution of NH4C104 was 
added to the aqueous layer ,  and the precipi tated VIc (50%) was removed by filtration. 

I~ 

2. 
3. 
4. 
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