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The cor responding  4-ketohydroxanthenes ,  which undergo methyla t ion  and dehydrat ion,  a re  
fo rmed  in the condensat ion of eyc lohexane- l ,2 -d ione  with 2 -d imethy laminomethy leye lohexa-  
none, 2-benzyl ideneeyclo-hexanone,  and 2,6-dibenzyl idenecyelohexanone.  10a -Hydroxy- l , 2 ,  
3 ,4 ,5 ,6 ,7 ,8 ,Sa ,10a-decahydro-4-xanthenone ex i s t s  in t au tomer i e  re la t ionships  with 2,2v,3 - 
t r ike toperhydrod iphenylmethane .  

It  was recen t ly  shown that  the in te rmedia te  1,5-diketone fo rmed  in the Michael  condensat ion of eyc lo-  
hexanone with 2,6-dibenzyl idenecyclohexanone i s o m e r i z e s  to hydroxydeeahydroxanthene during the syn-  
thes i s  [1]. It  s eemed  of in te res t  to examine o ther  examples  of this cyel izat ion.  F o r  this,  we s tudiedthe  
addition of cyc lohexane- l ,2 -d tone  (I), which contains a conjugated carbonyl  group, to me thy lenecyc iohexa-  
none (Ha) [this was obtained d i rec t ly  in the reac t ion  mix ture  f rom the Mannich base (HI)I, 2 -benzyl idene-  
cyelohexanone (IIb), and ketone(IIc) .  In te rmedia te  IV, which is enolized to V, is apparent ly  obtained init ial ly 
during the react ion,  and V then eyc l izes  to xanthenone VI. 

The s t ruc tu re  of  VI was conf i rmed  by chemica l  reac t ions  and spec t r a l  data.  
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Absorpt ion of a conjugated earbonyl  group appea r s  at 1680 cm - I  in the IR s p e c t r a  of the compounds.  The 
p re sence  of an ethylene bond follows f rom the absorp t ion  at 1640 em -1. A hydroxyl  group band is obse rved  

* See [1] for  communica t ionIX.  
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TABLE I. 4-Ketohydroxanthenes 

Compound 

V l a  a 

VI b 

VI 

VIla c 

vlIb d 

VIIc 

V l l l  b 

VIII c 

rap, ~C (crystalliza- 
tion solvent) 

1 1 4 - - 1 1 4 , 5  
(Deazcne) 

202--203 
(Aqueous alcohol) 

205--206 
(Ethyl acetam) 

130--131 
(Ethyl acetate) 

134--135 
(Alcohol) 

138--139 
(Alcohol) 

|54--155 
(Alcohol) 

151--152 
(Alcohol) 

Empirical 
formula 

C~3H,sO~ 

ClgU72Oa 

C26HmO3 

C)4H2oOs 

C~ol-I~4Os 

C27H2sO3 

C,~H2oO2 

C~6H~402 

Found,% 

c H 

70,0 8,2 

76,3 7,6 

80,6 6,8 

71,0 8,6 

76,9 8,2 

81,3 7,1 

81,3 7,5 

84,6 7,3 

Calc.. % 
c H 

70,2 

76,5 

80,8 

71,2 

76,9 

81.0 

81,4 

84,8 

Yield, ~ 

72 

74 

78 

77 

78 

96 

54 

96 

aThe phenylhydrazone had mp 104-106~ (from alcohol). Found: N 
9.3%. C19H24N202. Calculated: N 9.0%. The t r i tosylhydrazone had 
mp 109-110~ (from methanol). Found: N 11.7%. C~4H42N6OsS a. 
Calculated: N 11.6%. bThe tosylhydrazone had mp 172-173~ (de- 
comp.,  f rom aqueous dioxane). Found: N 6.4%. C26H31N203S. Cal- 
culated: N 6.0%. CCH30: Found: 13.3%. Calculated 13.1%. dCH30: 
Found: 10.0%. Calculated: 9.9%~ eThe tosylhydrazone had mp 201- 
202~ (decomp., f rom ch lo ro fo rm-me thano l ) .  Found: N 5.7%. 
C33H32N203S. Calculated: N 5.2%. 

at 3400-3600 em -i. The benzyl proton in the PMR spectrum of product Vlb gives a doublet centered at 3.18 
ppm (J=ll  IIz). 

Compounds Vl readily undergo Helferich methylation to give methoxy derivatives VII. A band at 2845 
cm -i, which can be assigned to the vibrations of C-H bonds of a methoxy group [2], appears in their IR 
spectra in place of hydroxyl group absorption. The absorption of the carbonyl group and of the double bond 
does not change in character. A singlet at 3.05 ppm, which corresponds to a CII30 group, appears in the 
PMR spectra of VII. 

The ease of dehydration increases in the order Vla-c. Compound Vie is converted almost quantitat- 
ively to 9-phenyl-5-benzylidene-l,2,3,4,5,6,7,8-octahydro-4-xanthenone (VIIIc) on refluxing In benzene for 
I h in the presence of catalytic amounts of p-toluenesulfonic acid. Compound Vlb is converted to 9-phenyl- 
1,2,3,4,5,6,7,8-octahydro-4-xanthenone (VIIIb) (50%) in 4 h; water is not isolated from Via under similar 
conditions. 

Compounds Via and IVa are apparently tautomers. In fact, while the IR spectrum of a KBr pellet of 
the compound corresponds to structure Via, an intense band at 1710 cm -i of an unconjugated carbonyl group 
of open structure IVa appears in the spectrum of a solution in chloroform along with the frequencies enum- 
erated above. The UV spectra of a eyclohexane solution has one maximum at 262 nm. This also corres- 
ponds to structure IVa, inasmuch as the cyclic form should absorb like acetal ViIa, the UV spectrum of 
which contains a single maximum at 217 nm. Compound Via reacts with 3 mole of tosylhydrazlne and forms 
a tritosylhydrazone. Although a few spots (in addition to the spots of the starting substances), which ap- 
parently correspond to intermediate products, are detected during thin-layer chromatography (TLC) of 
a mixture of Via with tosylhydrazine, only chromatographically individual tritosylhydrazone crystallizes 
out from the mixture. This also indicates equilibrium Via ~-~IVa; several mono- and ditosylhydrazones 
can be formed from the latter compound, but they are apparently quite soluble in methanol. The reaction 
therefore goes to completion, and the insoluble tritosylhydrazone crystallizes out. 

Ketol Vib forms the expected monotosylhydrazone. The reaction of Vie with tosylhydrazine is ac- 
companied by dehydration to give the tosylhydrazone of VIIIc (confirmed by alternative synthesis from 
VIIIc). 

For  proof  of the s t ructure  of VIIIc, its tosylhydrazone was reduced with sodium borohydride to give 
9-phenyl-4-benzyl idene- l ,2 ,3 ,4 ,5 ,6 ,7 ,8-octahydroxanthene {IXc) which was identical to a previously  syn-  
thesized sample [1]. 
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E X P E R I M E N T A L  

The I1R spec t r a  were  r eco rded  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  solutions of the c o m -  
pounds in deu te roch lo ro fo rm were  r eco rded  with a ZKI~-60 s p e c t r o m e t e r  (on the 5 scale  with r e spec t  to 
t e t r ame thy l s i l ane ) .  The UV s p e c t r a  of 0.001% solutions of  the compounds in cyclohexane were  r eco rded  
with a Specord spec t ropho t om e t e r  ( layer  th ickness  1 cm).  The identical  c h a r a c t e r  of the compounds ob-  
ta ined and of genuine s amples  we re  es tab l i shed  f rom the absence  of a depress ion  during mel t ing  of m i x t u r e s  
of  the s amp le s  and f rom the ident ical  c h a r a c t e r  of  the IR spec t r a .  Data on the synthes ized  compounds are  
p re sen ted  in Table  1. 

.10a-Hydroxy- l ,2 ,3 ,4 ,5 ,6 ,7 ,8 ,8a ,10a-decahydro-4-xanthenone  (Via). A 56-g (0.5 mole) sample  of 
ketone I was mixed with 40 ml  of  6 N NaOH and with a heated (up to the boiling point) solution of 24 g (0.125 
mole)  of hydrochlor ide  HI in 250 ml  of alcohol,  and the mix tu re  was then ref luxed for  20 min,  cooled with 
ice,  and neut ra l ized  to pH 7 with concent ra ted  HCL The alcohol was r emoved  by dist i l lat ion,  and the r e s i -  
due was diluted with 200 ml  of wa te r  and acidif ied to pH 5 with HC1. The resu l t ing  oil was ex t r ac t ed  with 
benzene,  and the ex t r ac t  was washed with wate r ,  dr ied with Dr ie r i t e ,  and evapora ted  to half  its or ig ina l  
vo lume.  A tota l  of 20 g of  Via c rys t a l l i zed  out f rom the solution. 

10a-Hydroxy-9-pheny l - l ,2 ,3 ,4 ,5 ,6 ,7 ,8 ,8a ,  10a-decahydro-4-xan thenone  (VIb). A 3 .4-g  (0.03 mole) 
sample  of ketone I and 5.6 g (0.03 mole) of IIIb were  ref luxed in 30 ml  of 0.15 N alcoholic KOH for  6 h. 
The VIb that  p rec ip i t a ted  on cooling of the mix tu re  was r emoved  by f i l t ra t ion.  Compound Vib was s i m i l a r l y  
obtained when the mix tu re  was re  fluxed for  45 rain. 

10a-Methoxy- l ,2 ,3 ,4 ,5 ,6 ,7 ,8 ,8a ,10a-decahydro-4-xan thenone  (VIIa). A 1.0-g sample  of Via was mixed  
with 10 ml  of  0.25% HC1 in absolute methanol ,  and the mix tu re  was re fluxed for  1.5 h. It was then cooled 
and neu t ra l i zed  (at 0 ~ with sodium bicarbonate  solution to p rec ip i t a te  0.35 g of  ace ta l  VIIa.  The f i l t ra te  
remain ing  a f t e r  separa t ion  of the p rec ip i ta te  was ex t r ac t ed  with e ther ,  and the ex t r ac t  was dr ied with 
Or ie r i t e  and evapora t ed  to give an addit ional 0.5 g VIIa.  Compounds VIIb, c were  s i m i l a r l y  obtained. 

9 -Pheny l - l ,2 ,3 ,4 ,5 ,6 ,7 ,8 -oc tahydro-4 -xan thenone  (ViIIb). A mix tu re  of  4.0 g of xanthene Vib, 100 ml  
of benzene,  and 70 mg  of p - t o h e n e s u l f o n i c  acid was ref iuxed in a f lask equipped with a Dean-S ta rk  t r a p  
for  4 h, during which 0.18 ml  of  wa te r  (calculated value 0.24 ml) s epa ra t ed .  A to ta l  of 1.8 g of the s t a r t ing  
ketol  c rys t a l l i zed  out when the mix tu re  was cooled.  The f i l t ra te  was washed with sodium bicarbonate  so lu-  
t ion and water ,  85 ml  of benzene was r emoved  by dist i l lat ion,  and 2.0 g of VIIIb c rys t a l l i zed  out f rom the 
res idue .  Compound VIIIc was s i m i l a r l y  obtained. 

Tosy lhydrazones .  The tosy lhydrazones  were  obtained by mixing  methanol  solutions of the compounds 
and tosy lhydraz ine .  The reac t ion  products  c rys t a l l i zed  out while the mix tu r e s  were  allowed to stand. 

9- Phenyl -4-benzyl idene-1 ,2 ,3 ,4 ,5 ,6 ,7 ,8-oc tahydroxanthe  ne (IXc). A 1.0-g sample  of to sy lhydrazone  
of ViIIc and 2.0 g of sodium borohydride  were  ref luxed in 50 ml  of methanol  for  15 h, a f t e r  which the m i x -  
tu re  was acidif ied with dilute HC1, and the p rec ip i ta te  was r emoved  by f i l t ra t ion and washed with methanol .  
The f i l t ra te  was evapora ted ,  and the res idue  (0.6 g) was purif ied by ch roma tog raphy  on a plate containing 
A1203 (activity II) in pe t ro leum e t h e r - e t h y l  aceta te  (7 : 1) to give 0.09 of IXc with mp 111-113 ~ (from alcohol) 
(mp 111-113 ~ [11). 

The authors  thank the c o - w o r k e r s  of the Pacif ic  Inst i tute of Bioorganic  C h e m i s t r y  L.  I .  Glebko, V. 
A. Stonik, and V. V. I sakov for  the analyt ical  and spec t r a l  me a s u r e m e n t s .  
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