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Two-r ing 1,5-diketones of the benzylidenedicyclohexanone type are capable of existing in 
equil ibr [ urn with 4a-hydr oxy- 1,2,3,4,4a, 5,6,7,8,9a-de cahydroxanthenes,  the pos ition of which 
depends on the s t ruc ture  of the 1,5-diketone. 

1,5-Dtketones (A), which have an active methylene group in the 6 position relat ive to the carbonyl 
group, are converted to cycloketols (B) under the influence of bases [2]. The r e v e r s e  t ransformat ion  of the 
cycloketols to 1,5-diketones was also observed when they were heated [3] and in a number of react ions [4, 
5]. The other possibi l i ty of cyclo tsomer iza t ion  of 1,5-diketones - conversion to hydroxydihydropyrans (C) - 
was f i rs t  observed for benzylidenebenzaldicyclohexanone [6]. In the crystal l ine fo rm it exists as the stable 
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cyclohemiacetal ,  but equil ibrium A ~ C  is establ ished in solution, as confirmed by the ability of this com-  
pound to reac t  with hydroxylamine to give a dioxime D']. We later  observed the same equil ibrium in the 
case of benzylidenedicyclohexanone [8]. 

We examined the effect of substituent R in the l inear group of a 1,5-diketone connecting two rings on its 
convers ion to a cyclohemiacetal .  For  this, we obtained 1,5-d[ketones Ia-d,  for which we used thermal  de- 
cyclization of 8-R-t r icyclo[7 .3 .1 .02 '7] t r idecan-2-ol-13-ones  (IIIa-d?).  When I I Ia-c  are  melted, mixtures of 
diketones Ia -c  and hydroxydecahydroxanthenes I Ia-c ,  respect ively ,  are  obtained. We were able to separa te  
the mixtures of Ia, b-IIa,  b by fract ional  crystal l izat ion.  Compound IIc was isolated f rom the melt of ketol 
IItc. 

The IR spec t ra  of crysta l l ine  substances Ia, b contain a band at 1710 cm -1 (C =O), whereas the ab- 
sorpt ion bands of a hydroxyl group and a double bond are  absent. However, the absorption of a carbonyl 
group is absent in the spec t ra  of I Ia-c ,  whereas there are bands at 3400 and 3300 (OH) and 1620 cm -I  (C = 
C). The I:R spec t ra  of solutions of Ia, b and IIa, b correspond to mixtures of 1,5-diketones and hydroxydeca-  
hydroxanthenes.  The IR spec t ra  of solutions of Ia, b and IIc contain bands at 3600 (OH), 1710 (C=O), and 
!620 cm -~ (C =C). The IR spec t ra  of f reshly p repared  solutions of Ib and IIb are  close to the spec t ra  of the 
s tar t ing crysta l l ine  samples ,  but after 70 h they become identical and correspond to a mixture of both tauto-  
mer ic  forms.  

*See [1] for communication XV. 
+ These compounds were obtained by condensation of cyclohexanone with the appropriate  aldehydes via the 
scheme of the diketone condensation [9]. Ketol IIIb has not been previously  described;  its s t ruc ture  follows 
f rom the method used to synthesize it and is confirmed by the IR spect rum,  which contains bands at 3400 
(OH) and 1710 cm -1 (C =O), and also by its ability to give a monosemicarbazone.  
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The action of a methanol solution of HC1 on a 1,5-diketones In-c ,  hydroxydecahydroxanthenes  I I a -c ,  
or  mix tures  of t hem gives methoxy der iva t ives  IVa-c  in the s a m e  yie lds .*  The s t ruc tu re  of methoxy de- 
r iva t ives  IVa-c  is conf i rmed  by their  LR s p e c t r a ,  in which there  a re  bands at 2840 and 1110 cm -1 (CH30) , 
whereas  absorpt ion of hydroxyl  and carbonyl  groups is absent .  Compound IVb gives two s inglets  (two CH30 
groups,  6H) at 3.2-3.5 p p m  in its PMR s p e c t r u m ,  whereas  the PMR s p e c t r u m  of IVc contains one singlet  
(one CH30 group, 3H). Compounds Ia and IIa a re  dehydrated to octahydroxanthene Va under the influence of 
p- to luenesulfonic  acid in benzene [8]. The reac t ions  enumera t ed  above co r re spond  to the cyclic  f o r m  of 
the compounds under considerat ion.  

On the other hand, I and IIa,  I and lib, and IIc a re  conver ted  by the action of alcoholic alkal i  to the 
cor responding  br idged ketols I I I a - e  via the scheme  typical  for 1,5-diketones.  Dioximes were  a lso  obtained 
for I and I Ia  and I and lib. 

We de te rmined  the posi t ions  of the equi l ibr ia  in solution (Ia-~lia and I c ~ I I c )  by means of the PMR 
spec t r a .  The s p e c t r u m  of a solution of an equi l ibr ium mix ture  of Ia and l ia contains s ignals  in the f o r m  of 
a doublet ( J=7  Hz) at 3.60 ppm,  which co r re spond  to f o r m  IIa,  and of a t r ip le t  (J =8.5 Hz) at 3.96 ppm,  
which cor responds  to f o r m  In, The r a t io  of the a reas  of these  s ignals ,  which is equal to the ra t io  of IIa to 
Ia,  is 1 : 4 [8]. The r a t i o  of f o r m  IIc to Ic with r e s p e c t  to the doublet (J =7 Hz) at 3.70 p p m  and the t r ip le t  
(J=7.5  Hz) at 4.03 p p m  is 1 : 9. Thus the equi l ibr ium in solutions of these compounds is shifted to favor  the 
diketone, which is the only product  that  is f o rmed  when ketol llId is melted.  The ]:R s p e c t r u m  of the melt  
of this ketol contained only carbonyl  absorpt ion (1705 cm-1),  and absorpt ion  of a hydroxyl  group and of a 
double bond is absent .  The action of a methanol  solution of HC1 on diketone Id brought  about aldol - c r o t o n i c  
condensation to give ketol  Hid and its dehydrat ion product ,  whereas  aceta l  Vd was not formed.  

R R R ] 
O CHR O(:H 3 CHR 

VI a - c  Vll a - c  Viii a - c  Ix a,b 

The introduction of an aryl idene group into the 5 posi t ion of the hydroxydeeahydroxanthene molecule  
i nc reases  its s tabi l i ty .  Compound Villa in solution and in the c rys ta l l ine  s ta te  gives an IR s p e c t r u m  in 
which carbonyl  absorpt ion is absent  [5]. A s imi l a r  pa t t e rn  is a lso  obse rved  in the IR s p e c t r a  of the d imers  
of 2-(p-methoxybenzyl idene)cyclohexanone (VIb) and 2-furfuryl idenecyclohexanone (VIc): carbonyl  ab-  
sorpt ion  is absent  in them,  but there  a re  bands of a hydroxyl  group (3480 cm-1)  and of a double bond (1640 
cm-1). This makes  it poss ib le  to ass ign hydroxyhydroxanthene fo rmulas  VIIb and VIIc, r e spec t ive ly ,  to the 
d imers  r a t h e r  than 1,5-diketone fo rmulas  VIIb, c. Compound VIIIb is conver ted  to 4 a - m e t h o x y - 9 - ( p - m e -  
thoxyphenyl) -5-benzyl idene- l ,2 ,3 ,4 ,4a ,5 ,6 ,7 ,8 ,9a-decahydroxar l thene  (IXb) under the influence of a methanol  
solution of HC1. 

The addition of 2-benzyl idenecyclohexanone Via to 2 ,6-dibenzyl idenecyclohexanone X leads (appar-  
ently through a s tep involving the format ion  of 1,5-diketone XI) to Xli. The s t ruc tu re  of this compound is 
conf i rmed by its IR s p e c t r u m ,  in which a band is p r e s e n t  at 3400 cm -~ (OH), whereas  absorpt ion at 1700 
cm -1 (C =O) is absent ,  and also by methylat ion to 4a -methoxy-9-pheny l -4 ,5 -d ibenzy l idene- l ,2 ,3 ,4 ,4a ,5 ,6 ,7 ,  
8 ,9a-decahydroxanthene (XIII) and dehydrat ion to octahydroxanthene XIV. We obtained diketone XVI by r e -  

* See a lso  [8]. 
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act ion of ketone Via with the hydroch lor ide  of Mannich base  XV. This compound forms  a dioxime but is not 
methyla ted  in methanol  containing HC1 and is not dehydra ted  by the act ion of p- to luenest t t fonic  ac id  in ben-  
zene. The IR s p e c t r a  of the so l id  subs tance  and solut ions of it contain a band at 1680 cm - I  (conjugated c a r -  
bony] group), whereas  absorp t ion  at 3200-3500 cm -1 is absent .  

On compar ing  the facts  p r e s e n t e d  above,  one may conclude that the p r e s e n c e  of a group (phenyl, sub-  
s t i tu ted  phenyl,  furyl) a t tached to the methane carbon a tom l inking the two r ings  in the 1,5-diketone mo le -  
cule p romotes  i s o m e r i z a t i o n  of the l a t t e r  to a hydroxydecahydroxanthene .  If the molecule  addi t ional ly  con- 
ta ins  an a ry l idene  group conjugated with the carbonyl  group, the cycl iza t ion  goes to complet ion.  However,  
if t he re  is no subst i tuent  a t tached to the methane carbon a tom linking the two r i ngs ,  cyc l iza t ion  is not ob-  
s e r v e d  even when there  is an a ry l idene  group in the r ing.  

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

The IR s p e c t r a  of m ine ra l  oil suspens ions  and 0.15 M solut ions  of the compounds in CHC13 were  r e -  
corded with a UR-20 s p e c t r o m e t e r .  The PMR s p e c t r a  of 0.5 M solut ions of the compounds in deu te roch lo -  
r o f o r m  were  r e c o r d e d  with a ZKR-60 s p e c t r o m e t e r  at 25 ~ The chemica l  shif ts  a r e  given on the 5 sca l e .  

8-(p-  Methoxyphenyl) t r icyclo  [7.3.1.02 J ] t r i d e c a n - 2 - o l -  13 (IIIb). A total  of 40 ml of 1 N a lcohol ic  KOH 
was added at 80 ~ to 490 g (5 mole) of cyclohexanone,  a f te r  which a solution of 68 g (0.5 mole) of p - m e t h o x y -  
benzaldehyde in 50 mI of ethanol was added with s t i r r i n g  in the course  of 2.5 h. The solut ion was then 
heated for another  4 h, af ter  which it was cooled,  and the r e su l t ing  p r e c i p i t a t e  was r e m o v e a  by f i l t ra t ion  to 
give 113 g of IIIb. Informat ion  on this and the other  subs tances  is p r e s e n t e d  in Table 1. 

Fusion of Ketols IEa-d .  A weighed sample  of the ketol was mel ted  in an argon a tmosphe re  and main -  
tained at 190-200 ~ for 40-70 rain. The cooled mel t  was then t r i t u r a t e d  with a f ivefold volume of e ther .  The 
e the r - i n so lub l e  m a t e r i a l  was the s t a r t i ng  ketol (~ 15-20% of the s t a r t i ng  quanti ty,  ident if ied by a mixed-  
mel t ing-po in t  de te rmina t ion  with an authentic sample) .  On more  p ro longed  heating,  the amount of r e -  
covered  s t a r t i n g  ketol did not change. The e ther  solut ion was evapora ted ,  and the r e s i due  (~ 80% of the 
s t a r t i n g  mass)  was t r i t u r a t e d  in w a r m  p e t r o l e u m  e ther .  The p e t r o l e u m  ether  ex t rac t  was cooled to p r e -  
c ipi ta te  c r y s t a l l i n e  benzyl idenedicyclohexanone  (Ia) (from ketol IIIa) or p -me thoxybenzy l idened icyc lohexa -  
none (Ib) (from ketol IIIb), which was s e p a r a t e d  and fur ther  pur i f i ed  by r e c r y s t a l l i z a t i o n  f rom p e t r o l e u m  
e ther  or alcohol.  The f i l t r a te  obtained af ter  s e pa r a t i on  of the 1,5-diketone was vacuum evapora ted ,  and the 
r e s idue  was t r i t u r a t e d  with alcohol .  The a lcohol - inso lub le  so l id  was IIa (from ketol IIIa), 9 - (p -me thoxy-  
pheny l ) - l , 2 ,3 ,4 ,4a ,5 ,6 ,7 ,8 ,ga -decahydro -4a -xan theno l  IIb (from ketol IIIb), or 9 - (~- fur~ : l ) - l ,2 ,3 ,4 ,4a ,5 ,6 ,7 , -  
8 ,9a -decahydro -4a -xan theno l  (from ketol IIIc). This so l id  was s e p a r a t e d  by f i l t ra t ion  and fu r the r  pu r i f i ed  
by r e c r y s t a l l i z a t i o n  f rom alcohol .  The f i l t r a t e  was evapora ted ,  and the r e s i due  (judging f rom t h i n - l a y e r  
chromatogTaphy and the IR spec t rum)  was found to be a mix ture  of 1 ,5-diketone I and hydroxydecahydrox-  
anthene II. The y ie lds  of l-b, IIb, and IIc in Table 1 a r e  based  on the pure  desmot ropes .  

9- (p- Methoxyphenyl)-5-  (p- methoxybenzyl idene) -  1 ,2 ,3 ,4 ,4a,5,6 ,7 ,8 ,9a-  de cahydr  o-  4a-xanthenol  (VIIIb). 
A total  of 5 ml of 40% KOH solut ion was added with s t i r r i n g  to a solut ion of 7 g (0.03 mole) of 2 - ( p - m e t h -  
oxybenzyIidene)cyclohexanone in 30 ml of ethanol,  and af te r  24 h, 5.7 g of vIIrb was r e m ove d  f rom the mix -  
ture  by f i l t ra t ion .  Another  1.2 g of VIIIb p r e c i p i t a t e d  f rom the f i l t r a t e  on standing.  
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TABLE 1. C h a r a c t e r i s t i c s  of the Compounds  Obta ined  

C o m -  

pound 

ib b 
IIb c 
II c d 

IIl b 
Ivb 
IVc 

VIIIb 
IXb 

XII 
XIII 
XIV 
XVI e 

rap, degC a 

197--109 
121--122 
154--.1,55 
2.29--230 
145--M6 
92--93 

187--.188 
138o5--139,5 

140--142 
96--07 

164--166 
ll9-M20 

Empirical 
formula 

C2oH2603 
C2oH26Os 
C17H2203 
C2oH~80~ 
C21H~O3 
CIsH24Os 
C28H3204 
C29Ha40~ 
C33H3202 
C34H3402 
C33H330 
C27H2802 

Found, % Calc., ~ 
C II 

76,1 8,3 
75,6 8,5 
74,1 8,5 
76,2 9,1 
76,6 8,6 
74,6 8,3 
78,0 7,3 
77.9 7,8 
851,8 7,6 
86,8 7,6 
89,8 6,9 
8r 7,6 

C H 

76,4 8,3 
76,4 8,3 
74,4 8,0 
76,4 9,1 
76,8 8,6 
75,0 8,4 
77,8 7,4 
782 7,6 
863 6,9 
86, l 7,2 
89,5 6,8 
84~4 7,3 

Yield,~c 

38 
8 

14 
72 
90 
81 
98 
87 
87 
92 
58 
71 

aCompound IIIb was rec rys ta l l i zed  f rom dioxane, VIIIb was r e c r y s -  
tal l ized f rom benzene, and the remaining compounds were r e c r y s -  
tal l ized f rom alcohol. 
bThe dioxime had mp 236-237 ~ (dec., f rom dioxane). Foand:N 7.9%~ 
C20H28N203. Calculated: N 8.1%. 
CThe dioxime had nap 198-200 ~ (dec., f rom alcohol). Found:N 9.0%. 
Cl?H24N20 3. Calculated: N 9.2%. 
dThe semicarbazone  had rap 214-215 ~ (dec., f rom aqueous dioxane). 
Found: N 11.3%. C21H29N30 3. Calculated: N 11.3%. 
eThe dioxime had mp 187-189 ~ (dec., alcohol-dioxane). Found: N 
6.4%. C27H32N202. Calculated: N6.7%. 

.9-Phenyl-4 ,5-dibenzyl idene-I ,2 ,3 ,4 ,4a ,5 ,6 ,7 ,8 ,9a-decahydro-4a-xanthenol  (XII). A solution of 5.6 g 
of 2-benzylidenecyclohexanone in 15 ml of ethanol and 5 ml of 1070 alcohol KOH was added to a suspension 
of 8.2 g of dibenzylidenecyclohexanone in 200 ml of ether,  after which the mixture was s t i r r ed  for 2 h and 
then allowed to stand at r o o m  tempera ture  for 24 h. Ether (170 ml) was removed  by distillation, the residue 
was shaken with 100 ml of water ,  and the resul t ing crysta l l ine  precipi tate  was removed  by fi l tration and 
dried. 

2-Dimethylaminomethyl-6-benzyl idenecyclohexanone (XV) Hydrochloride. ,  A mixture of 18.6 g (0.1 
mole) of 2-benzylidenecyclohexanone,  3 g (0.1 mole) of paraformaldehyde,  and 8 g (0.1 mole) of dimethyl-  
amine hydrochloride in 40 ml of ethanol acidified with a few drops of concentrated HC1 was refluxed for 5 
h, after which it was cooled, and the resul t ing precipi ta te  was removed  by fi l tration to give 24 g (88%) of XV 
with mp 152-152.5 ~ (from a l coho l - e the r ) .  Found: C 68.2; H 8.1; N 5.3%. C16H22C1NO. Calculated: C 68.7; 
H 7.9; N 5.0%. IR spec t rum (mineral oil): 2400-2600 (ammonium band), 1680 (C =O), and 1620 cm -i  (C = C). 

Bis(6-benzylidene-2-cyclohexanonyl)methane (XVI). Solutions of 3.7 g (0.02 mole) of benzyl idenecy-  
clohexanone in 20 ml of ethanol, 5.6 g (0.02 mole) of XV in 30 ml of ethanol, and 8 ml of 6 N aqueous sodium 
hydroxide were mixed, and the mixture was s t i r red  for 17 h, cooled with ice, and acidified to pH 5 with con- 
centrated HC1. The resul t ing precipi ta te  was removed  by filtration, washed with water ,  and dried to give 
5.5 g of XVI. 

Action of a Methanol Solution of HC1 on In-d, I Ia-% VIHb and XII. A 2 .5-mmole  sample of the com-  
pound under investigation was s t i r r ed  with 15 ml of 0.25% HC1 solution in absolute methanol at room tem-  
pera tu re  for 1-36 h. The course  of the react ion was followed by means of TLC, and the react ion was ca r -  
r ied  out until the spot of the s tar t ing substance vanished on the chromatogram.  The react ion product c r y s -  
tal l ized out f rom the solution and was removed by fi l t rat ion and purif ied by recrys ta l l iza t ion .  

In the experiment with diketone Id, the precipi tate  obtained by the action of a methanol solution of HC1 
(exposure for 7 months) was found to be ketol IIId (19% yield, identified by a mixed-melt ing-point  de termin-  
ation with an authentic sample).  The fi l trate remaining after  separat ion of ketol IIId was poured into water ,  
and the mixture was neutral ized and extracted with ether.  The residue remaining after removal  of the ether 
by distillation was chromatographed on activity II A120 3. Cyclohexanone eluted t r icyc lo  [7.3.1.02'7]tridec- 
2(7)-en-13-one (14% yield, identified by means of compar ison of the th in- layer  chromatograms  and IR spec-  
t ra  of the product  and an authentic sample),  whereas cyc lohexane -e the r  (10 : 1) eluted the s tar t ing diketone 
(9%), and ch loroform eluted ketol IIId (16%). 
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9-Phenyl-4,5-dibenzylidene-l,2,3,4,5,6,7,8-octahydroxanthene (XIV). A mixtttre of 2.1 g of XII, 40 
ml of absolute benzene, and 50 mg of p-toluene-sulfonic acid was refluxed in a flask equipped with a Dean- 
Stark trap until water liberation ceased. The mixture was then washed with sodium bicarbonate solution 

and water, and the benzene layer was dried. The benzene was removed by evaporation, and the residue was 
recrystallized from dioxane-alcohol. 
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