REACTIONS OF 1,5~-DIKETONES
VIL* REACTION OF 2,3-TETRAMETHYLENE-4-R~
BICYCLO[3.3.1]NONAN~9-ON-2~0LS WITH ANILINE
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and M. N. Tilichenko

2,3-Tetramethylene~4-R-bicyclo[3.3.1]nonan-9-on-2-0ls react with aniline and, depending on
the conditions, give 9-R-10-phenyldecahydroacridines, 9-R-10-phenyl-Al! (2) _godecahydro-
acridines, and 9-R-10-phenyl-sym-octahydroacridinium salts.

10~-R~Hydroacridines are formed in the reaction of 2,2'-methylenedicyclohexanone with primary amines
under various conditions [2]. The reaction of the products of aldol self-condensation of 1,5-diketones —
2,3-tetramethylene-4-R-bicyclo[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-2,2'-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 (II).

HQ
R 1 a R=H; b R=CHy;
1a=d ¢ R=CHy; d R=a-furyl

* See [1] for communication VI,

TABLE 1. 9-R-10-Phenylhydroacridines

Coma R mp, °C "Empirical Found, % Calc., % Yield,
poun | formulzi c i H j N c ‘ H 1 N %
|

lilc| CeH; 96—97 | CosHmN 883 | 80 | 45 (8,0 ;79| 41| 8.
lld| a-Furyl 71-~73 | CoHpsNO  |83,5 | 7,9 | 44 1834 |76 | 42 | 54

IVe| C.Hs %30—%31 CoHasNy 81,6 | 79 [10,6 | 82,0 | 7,8 {106 | 36

ec,
Ivd| o-Furyl ?32~)233 CxHuNsO [ 778 | 74 |11,1 | 77,9 | 7,0 1109 | 70
dec,

Vb! CHs 79—74 | CoHuN 850 1100 | 51 1854 |96 50| 97

Ve | CgHs 109111 | CysHaoN 87,9 |87 | 37 85 85| 41| 30
VIb| CH, 185—187 | CyoHaNCIO, | 63,4 | 66 | 3,7 | 635 | 64 | 38| 40
Vic| GCsHs 260—?63 CosHosNCIO, | 68,0 | 6,3 | 3,4 (682 | 60| 3,2 40

- (dec.

vid| a-Furyl |240(dec.) | CpHpNCIOs| 640 | 59 | 37 [643 |55 33| 45
VIIb| CHs 169—171 | CoiHosNs 80,8190 98!81,8/91]91] 35
VIIC| CH; 156—157 | CasH3oN, 839 | 8573|843 (81| 76| 2
VI | g-Furyl 165—166 | CoHpgN:O | 79,4 | 7,7 | 84 {800 | 781 7.8 | 25
Ville| CeHs 270(dec.) CasHasIN 64,1 | 58 | 32 | 642 (561 30| 32
VIIId| a-Furyl |216(dec.) | CasHulINO 59,9 | 55 | 3,7 1604 (53| 31| 35

* The yields of V-VII are presented for the reaction of ketols Ib-d
with aniline in acetic acid.
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When the reaction was carried out in xylene, 9-R~10-phenyldecahydroacridines (Ilc, d) were isolated
in the case of Ic,d. The reaction also proceeds in the case of Ia,b, but the corresponding decahydroacridines
could not be isolated because of their low stabilities. The reaction for the formation of Il proceeds in the
presence of catalytic amounts of p-toluenesulfonic acid.

Xylene .
Ic, d+ CGHNH, L —
N
I NC | CN
sHs CgH;

i c,d ive, d

Two peaks, which are characteristic for decahydroacridines [1], are observed at 1670 cm™! and 1700
em™ in the IR spectra of IIc,d. There is a one-proton singlet at 6 3.35 (H in the 9 position) in the PMR
spectrum of IIc. Compounds Ic,d add two molecules of HCN to give dinitriles IVe,d. The IR spectra of
the latter do not contain the peaks mentioned above, but a band appears at 2240 cm™! (C=N).

The reaction of ketols Ia-d with aniline in acetic acid proceeds only on heating; this is probably neces-
sary for the decyclization of the ketones.

R R
Acetic acid =
1a-d+ I ——————— ] + N [
N |?|+ ~
é6H5 *

CSHS
va-d via-d, viie, d

900

NC |
CeHy

via-d X=cio,, vittc,d X =1 vita-d

Compounds V were isolated in the form of products of the addition of HCN to them — VIIa-d; Vb,c
themselves were also isolated. The octahydroacridinium salts were isolated in the form of the perchlorates
(VIa-d) and iodides (VIIc,d). Compounds VIa and VIIa were identical to the products of the reaction of 2,2'-
methylenedicyclohexanone with aniline in acetic acid [2]. The structures of the products of the reaction of
ketols Th-d were confirmed by the IR spectra: the spectra of Vb,c contain the absorption characteristic for
dodecahydroacridines at 1700 em™ in the form of a single peak [2]. This peak vanishes for nitriles VII, and
a peak appears at 2240 cm™! (C=N). When nitrile VIIb is refluxed with 60% sulfuric acid, HCN is split out
and Vb is formed. Perchlorates VI have intense absorption at 1100 em™? (C104). Products Vc and VIc are
also formed during disproportionation of Illc in acetic acid.

9-~Phenyldecahydroxanthene (IX) was also isolated along with Ve and Ve in the reaction of ketol Ic
with aniline in acetic acid [4]. The formation of decahydroxanthenes was also observed in the case of sev-
eral other alicyclic 1,5-diketones [5]. Compound IX was also obtained by heating ketol Ic in acetic acid in
the absence of aniline. The formation of IX can be represented by the following scheme:

sH5 5“5 C6H5 aH5
e = N nm - | !
0 O
0 O HO HO

X

In the case of Illc, it was shown that the ketols can react with aniline in benzene or alcoholinthe pres-
ence of CCl to give a 9,10-diphenyloctahydroacridinium salt (VIc). A necessary condition for the success-
ful occurrence of the reaction is the presence of a catalytic amount of p~toluenesulfonic acid and refluxing
of the reaction mixture. Decahydroacridine Ilc is oxidized by CCl, to give salt VIc both at room tempera-
ture and on heating.

EXPERIMENTAL

9-R-10-Phenyldecahydroacridines (lc,d). A mixture of 0.02 mole of Ic,d and 0.02 mole of IT in 80ml
of xylene was refluxed in the presence of 15-20 mg of p-toluenesulfonic-acid with a Dean—Stark trap 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 stream of argon. Alcohol 25 ml) was added to the residue, and the precipitated Illc,d were
removed by filtration, washed with alcohol, and crystallized from alcohol. Compounds IIIc,d were white
crystalline substances that were readily soluble in chloroform, acetone, and dioxane and only slightly sol-
uble in alcohol (Table 1),

9-R-10-Phenyl-11,14~dicyanoperhydroacridines (IVc,d). A 1-g sample of IIlb or Ilc was added with
stirring to a solution of 1 g of NaCN in 20 ml of acetic acid, and the mixture was allowed to stand overnight.
The precipitate was removed by filtration, washed with water, and crystallized from alcohol.

Reaction of Ketols Ia-d with Anilipe in Acetic Acid. A solution of 0.02 mole of Ta-d and 0.02 mole of
IIin 40 ml of acetic acid was refluxed for 2 h, after which it was allowed to stand overnight. In the case of
Ic, IX precipitated and was removed by filtration. The reaction 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
stirring. The precipitated nitriles (VOa-d) were removed by filtration, washed with water, and crystallized
from alcohol. The filtrate was made alkaline to pH 9 with sodium carbonate solution, and the slightly turbid
mixture was extracted with ether. A solution of NH,C10, or Nal was added to the aqueous layer, and the
precipitated VIa-d or VIllc,d were removed by filiration, washed with water, and crystallized from water.
B) (in the case of Ib,c) The reaction 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 resulting oil was ex~
tracted with ether, and Vlc,d were isolated from the aqueous layer as indicated in method A. The ether ex-
tract was dried with magnesium sulfate, the ether was removed by distillation, and the residue was crys-
tallized from alcohol to give Vb,c (Table 1). Compound IX was purified by crystallization from alcohol to
give aproductwith mp 97-98° (mp 96-98° [4]) in 26% yield. IR spectrum (in CHCly): 1670, 1700 em™ dihy-
dropyran ring). Found: C 85.3; H 8.2%. CyyHypO. Calculated: C 85.7; H 8.3%.

Disproportionation of Mllc. A solution of 0.01 mole of Illc in 20 ml of acetic acid was refluxed for 2 h
and then worked up via method A (see above). Compounds VIc and VIc¢ 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% sul-
furic acid, after 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 CCl,, A mixture of 0,005 mole of Ic, 0,005 mole of II,
0.65 mole of CCl,, and a few milligrams of p-toluenesulfonic acid in 30 ml of aleohol or benzene was re-
fluxed for 2 h, after which it was diluted with water and extracted with ether. A solution of NH,ClO, was
added to the aqueous layer, and the precipitated VIc (50%) was removed by filtration,
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