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The Highly Activated Carbonyl Group: Dimesityl Triketone 

BY REYNOLD C. FUSON, J. F. MATUSZESKI AND ARZY R. GRAY 

Highly activated carbonyl groups in linear 
polycarbonyl compounds can be singled out for 
study by suppressing the reactivity of adjacent 
carbonyl groups through the introduction of steric 
hindrance. Thus the relative inertness of a ketone 
group attached to a mesityl radical as in dimesityl 
ketone (I), dimesityl diketone (II)1 and mesityl-
glyoxal (V)2 appears to be equally marked in di­
mesityl tetraketone (IV).3 

C8H1ICOC9Hn I 
C9H11COCOC9Hn I I 
C9HnCOCOCOC9Hii I I I 
C9HnCOCOCOCOC9Hn IV 
C9H11COCOH V 

That such hindered carbonyl groups retain their 
activating influence upon adjoining groups is 
evident from the highly active character of the 
aldehyde group in V and of the intermediate 
ketone groups in IV. These considerations lead 
to the prediction that the medial carbonyl group 
in dimesityl triketone (III) would exhibit en­
hanced activity whereas the terminal ketone 
groups would show little tendency to participate 
directly in the reactions of the molecule. 

The synthesis of the triketone has been ac­
complished by oxidation of di-(#-isoduryloyl)-
methane (VI). Indirect methods proved unavail­
ing. The dibromide (VII) when heated with 
potassium acetate gave the monobromide; with 
nitrous acid the methane gave a compound whose 
analysis corresponded to that of the expected 
oxime (VIII), but this compound resisted hy­
drolysis. Direct oxidation with lead tetraacetate 
gave no crystalline products. The triketone was 
finally obtained by oxidation of the methane with 
selenium dioxide. 

C9Hi1COCH2COC9Hn VI 
C9H11COCOCOC9Hn I I I 
C9H11COCBr2COC9Hn VII 
C9HnCOCCOC9H11 VIII 

NOH 

The triketone, prepared in this way, was a 
bright orange solid melting at 111-112.5°; it 
proved to be identical with the compound, mentioned 
earlier,3 resulting from the action of alkali on the 

(1) Kohler and Baltzly, THIS JOURNAL, 54, 4024 (1932). 
(2) Gray and Fuson, ibid., 56, 739 (1934). 
(3) Gray and Fuson, ibid., 56, 1367 (1934). 

tetraketone (IV). Investigation showed that the 
triketone was also a by-product in the oxidation 
of the formoin (C9HnCOCOCH(OH)COC9Hn) by 
nitric acid. This suggested that the transforma­
tion of the tetraketone into the triketone was in­
dependent of the reagent. Accordingly, the 
tetraketone was subjected to heat in a neutral 
solvent, ethanol; similarly, it was heated with 
glacial acetic acid. In both cases the triketone 
was produced. Indeed, the latter method proved 
to be the most suitable one for preparing the com­
pound. 

The Action of Alkali.—The triketone is 
rapidly decomposed by the action of sodium 
hydroxide; the decomposition presents an al­
most complete analogy to that of the tetrake­
tone. In the light of the present work, the 
latter process may be summarized as follows 

C H I I C O C O C O C O C J H H 

I 
C9H11CHCO2H + C9HnCOCO2H 

I 
OH 

+ CO2 + CHuCOCOCOCiHii 

The triketone gives rise to carbon dioxide, /3-
isodurylic acid, mesitylglycolic acid and dimesityl 
diketone 

CH11COCOCOC9H11 

OH 
I 

C9HnCOOH + C9HnCHCOOH 
+ CO2 + C9HnCOCOC9Hu 

The analogy is incomplete with respect to the 
point in the process at which the ketone appears. 
In the decomposition of the tetraketone, the tri­
ketone is not formed until the reaction mixture is 
acidified, The diketone, on the other hand, forms 
from the triketone in the alkaline solution. 

The Action of Semicarbazide.—It has not 
been possible to form a normal semicarbazone 
from either the tetraketone or the triketone; 
in the latter case the product obtained is the semi­
carbazone of mesitylglyoxal (C9Hi1COCH=NNH-
CONH2). Thus it would appear that mesityl­
glyoxal is a primary cleavage product not only 
in the case of decomposition with alkali but also 
in the presence of semicarbazide. This appears 
to be true for both the tri- and the tetraketone. 
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Experimental 
The Action of Sodium Acetate on Di-(/3-isoduryloyl)-

dibromomethane (VII).—A mixture of 0.9 g. of VII, 0.4 g. 
of fused sodium acetate and 30 cc. of glacial acetic acid 
was refluxed for ten hours; dilution of the resulting solu­
tion with water gave a product which, after three recrystal-
lizations from alcohol, melted a t 164-165°. A mixture 
of this compound with the monobromide of VI showed no 
depression of the melting point. 

The Action of Various Reagents on Di-(/S-isoduryloyl)-
methane (VI) 

(a) ^-Chlorobenzaldehyde.—A solution of VI and the 
aldehyde in aqueous alcohol, containing sodium hydroxide, 
was heated to boiling and allowed to stand overnight; 
the methane (VI) was recovered unchanged. 

(b) Lead Tetraacetate.—-A sample of VI was added 
to a suspension of lead tetraacetate in glacial acetic acid 
and the mixture was heated for two hours and allowed to 
stand for two days. No solid product could be obtained. 

(c) Nitrous Acid.—Gradual and simultaneous intro­
duction of hydrogen chloride and re-butyl nitrite to an 
ether solution of 5 g. of VI gave a colored solution which 
was allowed to stand overnight and was then repeatedly 
extracted with aqueous sodium hydroxide solution. Addi­
tion of the resulting deeply colored solution to a mixture 
of concentrated hydrochloric acid and ice gave a white 
flocculent precipitate which when dried weighed 4 g. 
After recrystallization from alcohol the compound melted 
a t 153-154°. 

Anal. Calcd. for C21H33NO3: C, 74.7; H, 6.8. Found: 
C, 74.4; H, 6.9. 

The compound was not affected by long treatment 
with alcoholic solutions of sulfuric and hydrochloric acids. 

(d) Selenium Dioxide.—A mixture of 5 g. of VI, 2 g. 
of selenium dioxide and 75 cc. of dioxane was refluxed for 
five and one-half hours. Removal of selenium and dioxane 
in the usual way left an oil which crystallized difficultly 
from an ether-petroleum ether solution. Fractional 
crystallization from petroleum ether gave some unchanged 
VI and two yellow products, melting at 201-202° and 
111-112°. The high-melting compound was insoluble in 
alkali; it was not investigated further. 

The low-melting solid, when mixed with the bright 
yellow solid previously obtained by Gray and Fuson by 
the action of alkali on dimesityl tetraketone,3 showed no 
lowering of the melting point. This compound, evidently 
dimesityl triketone, was also identified as a by-product in 
the oxidation of the formoin, C8HnCOCOCH(OH)CO-
CsHn, by nitric acid. 

Anal. Calcd. for C2IH22O3: C, 78.3; H, 6.8. Found: 
C, 78.3; H, 6.9. 

Conversion of Dimesityl Tetraketone (IV) into Dimesityl 
Triketone (III) 

(a) In Alcohol.—One gram of IV was dissolved in a 
mixture of 50 cc, of alcohol and 20 cc. of water, and the 
solution was boiled for sixty-six hours. After removal of 
the solvent the residue was crystallized from petroleum 
ether; it melted a t 111-112.5° and when mixed with the 
specimen of I I I obtained above by selenium dioxide 
oxidation did not depress the melting point. 

(b) In Glacial Acetic Acid.—A solution of 30 g. of IV 
in 250 cc. of glacial acetic acid was refluxed for sixty-seven 
hours. The acetic acid was then removed by steam 
distillation. The oil remaining was taken up in ether 
and the solution was dried over sodium sulfate. The oil 
which remained after the ether was removed was dissolved 
in alcohol, and this solution was seeded with crystals of 
I I I . About 9 g. of impure I I I was obtained accompanied 
by a small amount of unidentified colorless solid. The 
residual oil could not be induced to solidify. 

Reactions of Dimesityl Triketone (III) 

(a) Hydroxylamine.—By the usual procedure a com­
pound was isolated which was soluble in alkali and melted 
at 180-181°. I t appeared to be isomeric with the oxime 
of mesitylglyoxal (m. p. 138.5-139 °).2 

Anal. Calcd. for CnHi3O2N: N, 7.3. Found: N 
7.5. 

(b) Phenylhydrazine and 2,4-dinitrophenylhydrazine 
in acidic media failed to react with I I I ; in all cases the 
latter was recovered. 

(c) Semicarbazide.—The semicarbazone melted at 
207°. A mixed melting point with a sample of the semi­
carbazone of mesitylglyoxal showed no depression. 

(d) Alkali.—Ten per cent, sodium hydroxide solution 
was used in the reaction. A sample of 1.085 g. of dimesityl 
triketone was added to 20 cc. of the alkali and heated to 
boiling. The solution was then allowed to stand for two 
and one-half hours. I t was then filtered; a yellow pre­
cipitate separated. This was washed several times with 
distilled water; yield of the yellow compound when dried, 
0.043 g.; m. p. 117-119°. A mixed melting point with 
an authentic sample of dimesityl diketone showed no de­
pression. 

The filtrate from the above was placed in a closed 
system which was so arranged that any gas generated 
would be bubbled through a calcium hydroxide solution. 
The filtrate was acidified with concentrated sulfuric acid. 
No gas was generated. When the acidified solution was 
heated almost to boiling, the lime water turned milky 
and a precipitate separated. I t is probable that the 
small amount of carbon dioxide which formed during 
the reaction was held in solution until it was driven out 
by heating. 

The acidified solution of the products of decomposition 
was then transferred to a beaker, made alkaline with 
solid sodium hydroxide, and extracted with ether. Very 
little residue was left when the ether in these extracts 
was evaporated. 

The solution was then acidified with hydrochloric acid 
and extracted several times with ether. The product 
obtained from the ether extracts weighed 0.974 g. when 
it was dried, and melted at 110-115°. Fractional re-
crystallization in petroleum ether (mixtures of high- and 
low-boiling petroleum ether) revealed two compounds, 
one melting at 152-153°, the other at 151-152°. Separa­
tion was possible since the compound melting at 151-152° 
was much less soluble than the other. 

A mixed melting point with an authentic sample identi­
fied the compound melting at 151-152° as mesitylglycolic 
acid (m. p. 152-153°). Similarly, that which melted at 
152-153° was shown to be /S-isodurylic acid. 
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Summary 

Dimesityl triketone (CjHnCOCOCOCjHu) has 
been prepared by the oxidation of di-(/3-isoduryl-
oyl) -methane with selenium dioxide, and by the 
action of heat or of alkali on dimesityl tetraketone 
(C9HuCOCOCOCOC9Hii). 

The preparation of aliphatic &>,«'-dicarboxylic 
acids with a long chain containing more than ten 
carbon atoms became an interesting problem as 
the investigations of Ruzicka and co-workers1 on 
the constitution and synthesis of natural musk 
revealed the structural relationships between this 
substance, which is a ketone containing a ring 
system of fifteen carbon atoms, with the w-hexa-
decane-w,w '-dicarboxylic acid. Since Ruzicka dem­
onstrated that by dry distillation of different 
metal salts of this acid and of other long-chain 
aliphatic co,w'-dicarboxylic acids, ketones of olfac-
tive character could be obtained, the problem of a 
better method for the preparation of acids of this 
kind became important. Ruzicka and his co­
workers prepared the acids used in their investiga­
tions by the reaction of aliphatic co.co'-dihalides 
with sodium malonic acid esters, saponification 
and subsequent splitting off of two carboxylic 
groups from the resulting bis-malonic acids. 
This way of synthesis is a very long one because 
the above-mentioned dihalides must be prepared 
step by step from a shorter chain dibasic acid. 

In 1896 Baeyer and Oehler2 described a method 
for the preparation of the 2,6-dimethyl-3-octa-
none-1-carboxylic acid by the oxidation of 3-
menthone, and this reaction has often been used 
for the preparation of acids from other cyclo-
hexanones and the corresponding hexanols.3 As it 
seemed to be possible to reduce the ketone group 
in this acid by the Clemmenssen method, opening 
thus a way for the preparation of long-chain 
carbonic acids, the Baeyer method was applied 
to the l,6-di-(2-hydroxy-4-methylcyclohexyl)-hex-

(1) Ruzicka and co-workers, HeIv. CMm. Acta, 9, 230, 249, 715 
(1926); 10,695(1927). 

(2) Baeyer and Oehler, Ber., 27, 1914 (1894). 
(3) More'recently the same reaction has been utilized by Drs. 

Niederl and Smith for the synthesis of a long-chain monocarboxylic 
acid (paper presented before the Organic Division at the St. Peters­
burg meeting of the American Chemical Society, March, 1934). 
Also see R. Kuhn and H. Brockmann, Ber., 67, 885 (1934). 

The triketone reacts with semicarbazide to 
give the semicarbazone of mesitylglyoxal, and 
with alkali to give a mixture of dimesityl diketone, 
carbon dioxide, mesitylglycolic acid and /3-
isodurylic acid. 
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ane IV in which the two cyclohexane rings are 
connected through an aliphatic chain which is 
attached to each of the cyclohexane rings in the 
ortho position to the hydroxy groups. The 
oxidation of this compound through rupture of 
both of the rings gives the 2,15-dimethyl-5,12-
hexadecanedione-l,16-dicarboxylic acid V with a 
long aliphatic chain. The reduction of this diketo 
acid can be carried out easily by the Clemmenssen 
method and yields the 2,15-dimethylhexadecane-
1,16-dicarboxylic acid VI. 

The starting material can best be prepared by 
the hydrogenation of the corresponding diphenol 
III which, as other similar diphenols, is available 
by different methods. 

We used the Fries-Nencki rearrangement4 in 
the form given to it by Rosenmund and Schnurr,6 

starting with the phenol esters of appropriate 
aliphatic dicarboxylic acids with a shorter chain. 
Thus the hexane IV, which was used in our 
investigation, has been made from the correspond­
ing l,6-di-(2-hydroxy-4-methylphenyl)- hexane-
1,6-dione II, which was obtained by rearrangement 
of the adipic acid di-ester of w-cresol with alumi­
num chloride. The dione was reduced by the 
Clemmenssen method to the corresponding 1,6-di-
MeC6H4OCO(CH2)4COOC6H4Me I 

!rearrangement 
MeC6H3( OH) CO( CHa)4CO(OH) C6H3Me II 

!,reduction 
MeC6H3(OH)(CHi)6(OH)C(SH3Me III 

!hydrogenation 
MeC6H10(OH)(CHj)6(OH)CHuMe IV 

!oxidation 
HOOCCH2CH(CH3)CH3CHjCO( CHa)6COCH2CH2CH 

Reduction (CH3)CH2COOH V 

H O O C C H 2 C H ( C H 3 ) ( C H 2 ) I 2 C H ( C H 3 ) C H 2 C O O H VI 

(4) Fries, Nencki and Sieber, J. prakl. Chem., [2] 23, 149 (1881) ; 
Heller, Ber., 46, 418 (1912); Eykman, ibid., 34, 1798 (1901). 

(5) Rosenmund and Schnurr, Ann., 460, 79 (1927). 
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