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The methylation of bis(l,3-diketo-2-cyalohexyl)methanes with diazomethane gives 
cyclic monomethyl esters. 

It is known that bis(1,3-diketo-2-cyclohexyl)methanes exist in two forms -- in a che- 
late form (open from I) and a cyclic hemiketal form (ring form II) [1, 2]. The conversion 
of one form to the other, which apparently proceeds through momoanions III and IV, has been 

established. 

In order to study the reactivities of bis(l,3-diketo-2-cyclohexyl)methanes we methyl- 
ated them with diazomethane in a solution of absolute ether at room temperature. We were 
able to isolate cyclic monomethyl ethers -- 4a-methoxy-l,2,3,4,4a,5,6,7,8,9a-decahydroxan- 
thene-l,8-diones (Va-j) -- from the reaction mixture. 

Compounds Va-j are colorless or light-yellow crystalline substances (Table i) and 
their structures were confirmed by their IR, UV, and PMR spectra (Table 2). 

Absorption bands of a cyclohexane carbonyl group at 1710-1728 cm -I, of a conjugated 
carbonyl group at 1648-1670 cm -I, and a double bond at 1621-1641 cm -z are observed in the 
IR spectra of Va-j, but the stretching vibrations of a hydroxyl group at 2500-3500 cm -~ are 
absent. The pattern of the IR spectrum is retained in the case of a dioxane solution (Table 
2). 

The possibility of the presence of the open ~-diketone structure [3] for Va-j is ex- 
cluded by the absence of splitting of the carbonyl absorption at 1710-1728 cm -x. 

A maximum that attests to the presence of one chromophore system appears in the UV 
spectrum of a 50% ethanol solution of the product at ~ 258-260 nm. Signals for the 

max 

TABLE i. 4a-Methoxy-l,2,3,4,4a,5,6,7,8,9a-decahydroxanthene- 
i, 8-diones (Va-j) 

Com- 
pound 

H 
H 
H 
C6H5 
CGHs 
C6Hs 
CH3 
p-CH3OCsH4 
p-CIC~H4 
p- (NCCH~CH2) ~NCGH4 

V a 
Vb 
VC 
V d 
Ve 
vf  
vh 

Vj 

R, 

H 
H 
CH~ 

CH3 

mp 
R., 

(dec.), 
~ 

-I 156--158 
:H3 1800181 

:H3:H3 199--201 
:Hz 176--178 
-I 255--257 
;H3 173--174 
:H3 ! 151 
:H~ 16,5--166 
:H~ 142--144 

Found, 

Empirical % 
formula I 

} C H 

Cj4HIsO4 7,5 7,5 
C1~H2204 [69,0 8,1 
C18H2604 170,9 8,8 
C24H3oO4 175,8 8.0 
C22H2604 [ 74,5 7,3 
C2oH2204 [ 74,3 7,0 
C17H2404 I 70,3 8,4 
C~3H2805 1 71,9 7.5 
C22H2504CI* 68,4 6.3 
C3oH370~Na** 72,0 7,7 

Calculated: CI 9.12%. 
Calculated: N 8.34%. 

*Found: CI 9.30%. 
#Found: N 8.35%. 

C a l c . ,  !$  

c H i 

67,2 7,3 49 
8,0 

69,0 8.3 40 70,6 8,6 56 
75,4 7,9 79 
74,6 7,4 32 
73,6 6,8 41 
69,8 28 
71,9 7,3 37 
680 31 
71,5 7:3 
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protons of only one methoxy group appear in the PMR spectrum, and the signal of a proton 
of an enol hydroxyl group is not observed. 

The rate of the reaction of aliphatic diazo compounds with protic acids is proportional 
to the pH of the reaction medium. The open form (I) of bis(l,3-diketo-2-cyclohexyl)methanes 
is methylated more rapidly by diazomethane than ring-form II. This is associated with the 
different acidities of forms I and II. Ring-form II is ionized to a lesser extent. The 
ionization and tautomeric transformation can be depicted by the following scheme: 

o R o 

| I| 

_H+[[+H * -H+II +H+ 
O R O 

HQ-.-R'-'O .+ I I J,~ ~ 1 1  II 

",',/ &\J"-A \/~' ~,-~ I I II I 
R 2 /~O+~  _ 0~,~/ /"R~ R 2 / ~ O -  ~ \ R 2  

III IV 

e,\l 1 It i/e, ~ e,-..l II JJ J/~, 
.e.- j ~ e~/'"/l~/~/"R2oc"~ e / ~ / \ o '  ~ / te~  

v a-j  V! 
I, II, Va R=R,=R~.=H; b R=RI=H, R.,=CH3; c R=H, RI=R.,=CH3; d R=CoHs, RI=R2= 
=CHs; e R=C6Hs, RI=H, R2=CH3; f R=C6Hs, RI=R2=H; h R=R2=CH~. Ri=H; 
g R=p-CHsOC6H4, R]=H, R2=CH3; i R=n-CIC6H4, RI=H, R==CH3; j R= 

=p-(NCCH2CH~,) ~NCeH4, RI=R~.=CH3 

o R o O - . H O - -  0 

O C H  3 

VII a - c ,  e VIII a , b  ix 

VII a R=Rz=R2=H; b R=RI=H, R,=CHs; c R=H, RI=R2=CH3; e R=CeHs, RI=H, 
R2=CH3; VIII a R=RI=R2=H; b R=H, Rt=R.:.=CH3; IX R~=R2=CHs 

All of the structural changes as a result of which the nucleophilicity of the oxygen 
atom of the OH group or the electrophilicity of the carbon atom of the C=O group are in- 
creased stabilize the ring forms and shift the equilibrium in its favor [4]. The spatial 
drawing together of the reacting groups is very important. Electronic effects with oppos- 
ing influences stabilize the open form. In monoanion III the electrophilic center for 
intramolecular addition is the carbon atom of the carbonyl group of the undissociated enol 
form, in which the electronic shift is less pronounced than in the dissociated form (~ > 
~'~). 

Kondrat'eva and co-workers [5] isolated the monomethyl ether (Vlllb) of the open struc- 
ture and the dimethyl ether (IX) of bis(l,3-diketo-5,5-dimethyl-2-cyclohexyl)methane with 
mp 94-95 and 125-125 ~ , respectively. We carried out a similar experiment in a solution of 
absolute ether and isolated a mixture of products with mp 107-190 ~ . We assume that the 
mixture consists of monomethyl ether Vlllb, the starting bisdiketone, and cyclic ether Vc 
(synthesized for the first time), which was obtained by treatment of Ic with diazomethane 

for 48 h. 

Kondrat'eva and co-workers [5] also described a monomethyl ether of bis(l,3-diketo- 
2-cyclohexyl)methanewith open structure Villa and mp 156-158~ this product has only the 
band of a conjugated carbonyl group in its IR spectra. The product that we obtained by 
methylation of bis(l,3-diketo-2-cyclohexyl)methane (Va) has the same melting point, but 
bands of unconjugated (1720 cm -I) and conjugated (1654 cm -I) carbonyl groups are observed 
in its IR spectrum. It might therefore by supposed that product Va has a cyclic structure. 
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We isolated only cyclic monomethyl ethers 
of bis(l,3-diketo-2-cyclohexyl)methane. For ex- 
ample, only cyclic monomethyl ether Vj was ob- 
tained by diazomethane methylation of open-form 
lj and cyclic form llj of p-[N,N-bis(B-cyano- 
ethyl)aminophenyl]bis(l,3-diketo-5,5-dimethyl-2- 
cyclohexyl)methane [6]. In all likelihood the 
electronic effect of the methyl group, which in- 
creases the nucleophilicity of the oxygen atom in 
the methoxy group, promotes the formation of 
cyclic form V, and this stabilizes the cyclic 
form or shifts the equilibrium in its favor. 

When cyclic monomethyl ethers V are heated 
to their melting points methanol is split out and 
octahydroxanthene-l,8-diones (VI) are formed. The 
starting bis(l,3-diketo-2-cyclohexyl)methanes (I 
and II) also form octahydroxanthene-l,8-dione 
derivatives [i, 6]. 

The cyclic monomethyl ethers have interest- 
ing behavior in alkali solution. Characteristic 
(for octahydroxanthene-l,8-dones) absorption maxima 
at 236 and 296 nm [7] are observed in the UV spec- 
tra of Ve obtained from cyclic bis(l,3-diketo-2- 
cyclohexyl)methane (lle). The pyran ring under- 
goes cleavage after some time to give dianion Vlle, 
which has only one intense maximum at 292-294 nm 
[8, 9]. Cyclic monoethers Va-c, obtained from 
open bis(l,3-diketo-2-cyclohexyl)methanes la-c, 
do not form octahydroxanthene-l,8-diones in alka- 
line media but undergo saponification with cleav- 
age of the pyran ring to give the corresponding 
dianions (Vlla-c). 

Methylation with methanol in acidic media 
[i0, ii] is not suitable for the preparation of 
methyl ethers of bis(l,3-diketo-2-cyclohexyl)- 
methanes. In this case, a water molecule is 
split out from I and II, and this leads to octa- 
hydroxanthene-l,8-diones. We were also unable 
to obtain methyl ethers of bis(l,3-diketo-2- 
cyclohexyl)methanes by methylation with dimethyl 
sulfate and methyl iodide in alkaline media. 

EXPERIMENTAL 

The IR spectra were recorded with an IKF-14 
spectrometer. The UV spectra of 50% ethanol solu- 
tions of the compounds were recorded with a Specord 
UV-vis spectrophotometer. The PMR spectra of 
CDCI3 solutions were obtained with a Perkin--Elmer 
RI2A spectrometer with an operating frequency of 
60 MHz at 37 ~ with tetramethylsilane as the inter- 
nai standard. 

4a-Methoxy-l,2,3,4,4a,5,6,7,8,9a-decahydro- 
xanthene-l,8-diones (Va-j). A 0.005-mole sample 
of bis(l,3-diketo-2-cyclohexyl)methanes (I or II) 
was treated at 20 ~ with a solution of 0.4-0.9 g 
(0.01-0.02 mole) of diazomethane in 20-40 ml of 
absolute ether. The mixture was allowed to stand 
at room temperature for 48 h, after which the 
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precipitates were removed by filtration, and Va-j were recrystallized from benzeneJneptane 
(Table I). The filtrate was evaporated to dryness, and the residue was recrystallized to 
give another 5-15% of Va-j. 

Octahydroxanthene-l,8-dione Derivatives (VI). A 0.3-0.5-g sample of Vb,c,f-i was 
heated in a small flask with a gas-outlet tube on an oil bath at the compound's melting 
point for 10-15 min. The evolved vapors were passed into a test tube containing cold water, 
and the presence of methanol was proved by the Eegriwe reaction [12]. The corresponding 
octahydrozanthene-l,8-diones, which were identified from their melting points and-IR spectra 
[i], remained in the flask. 
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