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The dinitrobenzoate was purified by crystallization from
alcohol and obtained as small leaflets, m. p. 101-103°;
yield about 0.1 g. Anal. Caled. for CyHuOeNs: C,
65.24; H, 8.85. Caled. for ngHaoOgsz C, 6552, H,
8.46. Calcd. for C25H4005N2! C, 6463, H, 868 Found:
C, 64.74, 64.55; H, 8.77, 8.91.

Summary

1. The thermal decomposition of a-tocopherol,
leading to the formation of durohydroquinone and
an unsaturated, aliphatic hydrocarbon, has been
described.

2. Astudy of the degradation products obtained
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by oxidation with chromic acid has been reported.

These degradation products, isolated as such or
in form of derivatives, are: acetone, diacetyl,
dimethylmaleic acid, an acid CyjsHyO,, a lactone
C21H4002, a ketone ClsHssO.

3. A structural formula is proposed for o-
tocopherol derived from these degradation experi-
ments,

a-Tocopherol is regarded as a substituted 6-
hydroxychromane with a long aliphatic side chain
attached to the pyran ring.
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1,4-Dimesityl-1,2,4-butanetrione Enol and its Reduction Products

By RoBerT E. LuTz AND JOHN L. WoOD

Tu the light of recent work on the tautomerism
of the 1,2,4-triketones and their reactions as open
chain enols or as hydroxyfuranones, it seemed of
interest to extend the studies on dimesitylbutane-
trione enol, particularly because one would expect
a marked influence of the mesityl groups not only
on the reactivity of the systems involved but also
o1 the tendency or ability to undergo cyclization.

Dimesitylbutanetrione enol, I, may be prepared
either by the action of alcoholic alkali on di-(tri-
methylbenzoyl)-dibromoethane! (II) or by re-
arrangement of di-(trimethylbenzoyl)-ethylene
oxide.? The ketonic form of this compound is
at present uitknowit.? The enol reacts rapidly
with bromine, diazomethane and ferric chloride,
and is a relatively strong acid as shown by the
fact that the sodium salt is precipitated when a
petroleum ether solution is shaken with aqueous
sodium carbonate. In contrast with the diphenyl
analog it is not etherified with alcohol and acids,
and there is at present no evidence to indicate
that it can undergo cyclization to a hydroxyfura-
uone type. It does not undergo the quinoxaline
reaction but it reacts readily with ketone reagents
and gives a monoxime, a semicarbazone, and a
2,4-dinitrophenylhydrazone. The eunol is con-
verted by acetyl chloride and pyridine into an enol
acetate in contrast with the diphenyl analog
which gives the acetoxyfuranone under these

(1) Lutz, THis JournaL, (a) 48, 2905 (1926); (b) 86, 1590 (1934).

(2) Lutz and Wood, sbid., 60, 229 (1938).

(3) The supposed keto form previously reported,!* prepared by
the action of sodium acetatz on di:(trimethylbenzoyl)-dibromo.
etllane, is in reality the enol acetate 111 (see experimental part).

conditions. The structure of the enol acetate is
evident from analysis and acetyl determination,
synthesis by the action of sodium acetate on di-
(trimethylbenzoyl)-dibromoethane, II,** and
catalytic reduction to the acetate of di-(trimethyl-
benzoyl)-hydroxyethane, IV.

AcCl
C.H11COC=CH(”‘,C9H11 - —— CDH[[COCchCOCQH]]

NaOH
I OH---0 COCH; 111
NaOH AcONa Pt—H,
CH,,COCHBrCHBrCOCGH;; CyHuCOCHCH,;COC,H),
11 OCOCH;, v

We have for convenience written the structure
of the enol as I since reaction occurs largely in this
sense upon acylation or on methylation with di-
azomethane. The latter reaction gives chiefly
the yellow #rans-di-(trimethylbenzoyl)-methoxy-
ethylene, from which the colorless ¢is isomer has
beenn made.”® However, on repetition of the ex-
periments with diazomethane, two new yellow
methyl ethers have been isolated in small amounts.
These are evidently a stereoisomeric pair since the
higher melting of the two (the labile and probably
cis form) can be converted practically quantita-
tively into the lower melting, stable (and presum-
ably trans) form by heating with alcoholic potas-
sium hydroxide, exposing to sunlight in alcohol
solution, or distilling ## vacuo. The two new ethers
are structurally isomeric with the two previously
known ethers, and must be derivatives of the
tautomeric enol form V. This was proved by
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establishing the 4-position of the methoxyl groups
through synthesis of the low melting isomer by
oxidation of dimesityl-4-hydroxy-1,3-butanedione
enol methyl ether, X, the structure of the latter
being established by ozonization to trimethyl-
benzoic methyl ester. These relationships and
the probable configurations are shown in the dia-
gram.

CH;,CO H CH,;,CO
bk c<H CH
ol Se—CHy == of Ne/
H.....-.O/ ‘\H____.__O/
I v \%
CH:N: l
CHLCO H CgHuCOCO—(I)—H r\
VI = At CHaO_C_CgHu
[ ] VIII
CH,0 COCyHn
(a) NaOH—CszoH
sunlight NaOH N (b) Sunlight
(c¢) Vac. distil
C9H11CO OCgHu
CiHy COCO—C—H
VII C==C
C¢H;;—C—OCH;
CH,;0 H
NaOCH; IX oxidation

CgHuCOCHBI‘CHBTCOCgHu
II X OH

CgHuCHCOCH:CCgHu
OCHj;

The stereoisomeric relationships are of interest
and may be of some significance. Methylation
would be expected to give only frans products
since the arrangement of groups about the double
bond in the parent enol is presumably fixed by the
chelate ring involved. Methylation at the 4-
oxygen {which occurs only to a limited extent)
apparently produces both cis and trans products.

Reduction of dimesitylbutanetrione enol with
the iodine—phosphorus—acetic acid reagent gives
as the sole product di-(trimethylbenzoyl)-ethane,
XII. Possibly the elimination of the hydroxyl
occurs directly or from an intermediate such as
XV or di-(trimethylbenzoyl)-hydroxyethane, XI,
which is itself reduced to di-(trimethylbenzoyl)-
ethane under these conditions.

CH1COC=CHCC,Hu CH,;,COCH,CH,COCHn

A
I OH XII
I,-P
CH COCHCH,COC;Hu
H XI

In marked centrast with the above result, re-
ductions of the enol with metal combinations
such as zinc-ethanol-ammonium chloride, and
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with catalytic hydrogen, using Raney nickel,
platinum, or palladium on barium sulfate, give
high yields of a dihydre compound together with
relatively small amounts of di-(trimethylbenzoyl)-
ethane, XII. The new reduction product evi-
dently has the structure XIII. Acetic anhydride
and sulfuric acid convert it into acetoxydimesi-
tylfuran, XIV. It behaves like a 3-diketone enol
and gives a deep red color with ferric chloride.
It is acidic and forms a difficultly soluble sodium
salt when a petroleum ether solution of the com-
pound is shaken with aqueous sodium hydroxide,
but it is less acidic than dimesitylbutanetrione enol
since it does not react with sodium carbonate
solution. It reacts with diazomethane readily
and practically exclusively in the phase indicated
in formula XIII, giving the enol ether X, the
location of the methoxyl group being proved by
ozonization to trimethylbenzoic methyl ester.

CH;N,

H
I‘"ﬂ-’ CsHy CH—CCH=CC,H,,
€ ]

O OH O-.-HO

XIII

86, CsHy CHCOCH—CCyHy,

H—C——C—0COCH; X OH l OCH,

‘1 X1V O;

CH,—C C—CyHu
{C.HuCOOH
o CHL,COOCH;

Oxidation of the dihydro compound XIII by
air or oxygen takes place readily in alkaline solu-
tion or at elevated temperature, with regeneration
of dimesitylbutanetrione enol, I. Dispropor-
tionation occurs at 200° in an inert atmosphere,
giving di-(trimethylbenzoyl)-ethane, XII, and
dimesitylbutanetrione enol, I. The mechanism
of these reactions probably involves an equilib-
rium between XIII, di-(trimethylbenzoyl)-hy-
droxyethane, XI, and the hypothetical diene-
triol XV, as suggested in the preceding paper.?
The diene-triol XV, like ascorbic acid, should react
readily with oxygen to give the triketone enol I.
In the absence of air the compound itself in some
form must act as the oxidizing agent and it seems
likely that the hydroxy-1,4-diketone XI, assumed
to be in equilibrium, is dihydrated to the un-
saturated 1,4-diketone XVI which then could
act as the acceptor for hydrogen and would be
reduced in the process to di-(trimethylbenzoyl)-
ethane, XII. The oxidizing action of di-(tri-
methylbenzoyl)-ethylene, XVI, on XIII was
demonstrated in separate experiment, but the
result was not completely satisfactory because
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CoHnCH-—ﬁlCH=CC.Hu o o [CoHu(g=
H

OH O-----HO

XI1I 2007-air |

200°-absence of air
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CCH==CCyHn ] = C.HuCO(fHCH:COC.Hu
H H

OH
XV XI

v

A

CyH,COC=CHCC;H\, + CuHuCOCHzCHzCOC.Hu\ [CgHnCOCH=CHCOC;Hy1

I H.----0 XI1

the yield of di-(trimethylbenzoyl)-ethane, XII,
was not as high as could be desired and because
considerable amounts of this latter product might
have come from the disproportionation of XIII.
By using di-(bromotrimethylbenzoyl)-ethylene,
XVII,* as the oxidizing agent, however, good
vields of the enol I and of di-(bromotrimethyl-
benzoyl)-ethane, XVIII, were obtained and no
di-(trimethylbenzoyl)-ethane, XII, thus proving
the point beyond question. )
XIII + BrCyH . COCH=CHCOC;H;Br —>
XVII - I + BrCH, . COCH,CH,COC;H,:Br
XVIII
The enol methyl ether X, like the enol XIII, is
oxidized easily, in this case to the enol ether VIII,
presumably the #rams form. Since the linkages
responsible for the configurations are mnot in-
volved in the oxidation, it is reasonable to sup-
pose that the ether X corresponds in configuration
and also is frans, and that the methylation of the
enol XIII has proceeded in the expected stereo-
chemical sense.

Xv1

which was shown by ozonization to mesitylacetic
acid and trimethylbenzoic methyl ester. Thus,
like the dihydro compound XIII, and in contrast
with dimesitylbutanetrione enol, I, the tetra-
hydro compound reacts largely in the sense of
XIX, i. e., the form involving enolization at the
carbonyl next to the mesityl group.

The different ways in which the three enols I,
XIII, and XIX react on methylation with di-
azomethane is in accord with expectation. In
the latter two cases (XIII and XIX) the -
diketone system is flanked by mesityl and tri-
methylbenzoyl, the latter of course having the
greater influence and promoting reaction at the
adjacent position; on the other hand, in I, the
B-diketone system is flanked by mesityl and tri-
methylbenzoyl, the latter having the dominant
influence, and the combined effect resulting in
increased acidity.

The mechanism of reduction of dimesitylbu-
tanetrione enol to the dihydro compound XIII is
of interest because typical conjugated systems

Zn
X111 o CoHnCH,C—CH=CC;Hy; ———» CH;CH;COCH==C,CHy

H:N.

XIX  O-----HO _ OCH;
Oy 0,
{ CyH,,CH,COOH { CsH;CH,COOH
CyHy COOH CyH,,COOCH,

Further reduction of the dihydro compound
XIII with zinc and hydrochloric acid or by means
of the iodine-phosphorus reagent brings about
elimination of the alcoholic hydroxyl group with
formation of the B-diketone enol, dimesityl-1,3-
butanedione enol, XIX. The new enol is acidic,
gives a typical color reaction with ferric chloride,
and gives a monoxime (with some difficulty).
Ozonization produces mesitylacetic and trimethyl-
benzoic acids, showing that one terminal carbon
of the chain is stripped of oxygen. Methyla-
tion with diazomethane gives a mixture consisting
largely of the enol ether XX the structure of

(4) Lutz, Johnson and Wood, THIs JournaL, 60, 718 (1938),

ending in carbonyl oxygens are involved. Un-
doubtedly, to a certain extent at least, hydrogen
adds 1,4 or 1,6 to carbonyl oxygens of V or I with
formation in either case of the intermediate diene-
triol XV which then undergoes rearrangement to
XIIL®

I +2H [C9H110=CCH=CC9H11 - XIII
v “2m Lxv om om H <

Evidence for this mechanism of reduction was
found in the observation that catalytic hydro-
genation produced a solution which very evi-

(5) Cf. Lutz, Tmis JournNavL, 51, 3008 (1929); Lutz and Palmer,
ibid., 87, 1953, 1957 (1935); Kohler ind Thompson, ibid., 69, 887
(1937), .
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dently contained large amounts of the interme-
diate diene-triol since like ascorbic acid and related
compounds it absorbed oxygen of the air readily,
losing two ene-diol or diene-diol hydrogens (1,4 or
1,6) and regenerating the yellow triketone enol I
which was recovered. In the absence of air the

intermediate changed slowly to the end-product”

XIII which is relatively stable and could then be
isolated. The change was followed semi-quan-
titatively by titration under nitrogen with iodine
for the amount of diene-triol present, 509, being
found in a typical experiment 30 minutes after
initiation of reduction.

In preliminary catalytic hydrogenations of the
two new stereoisomeric enol ethers VIII and IX,
one molecule of hydrogen was absorbed in each
case giving colorless solutions which readily ab-
sorbed oxygen from the air, regenerating the two
yellow triketone enol ethers which were recovered
in typical experiments. Iodine titrations made
thirty minutes after initiation of reduction indi-
cated the presence of at least 70-809% of inter-
mediate ene-diols of the type

CyHy, C==C—CH=—==CCyH\,.

OH OH OCH, XXI

These must exist in two stable stereoisomeric
forms since the solutions on oxidation regenerate,
respectively, the two stereoisomeric ethers VIII
and IX. Investigations in this field are being
continued.

In this connection it is perhaps worth noting
that the reduction of dimesitylbutanetrione enol,
I, under many different conditions leads to di-
mesityl-4-hydroxy-1,2-butanedione enol and ulti-
mately to dimesityl-1,3-butanedione enol, instead
of giving the saturated 1,4-diketone XII and the
corresponding diaroylhydroxyethane, XI, as hap-
pens in the reduction of diphenyl-1,2,4-butane-
trione enol. The carbonyl next to a mesityl
group has undergone preferential reduction as
happens in other analogous cases, notably mesityl-
phenyl diketone, C;H;;COCOCeH;,* and mesityl-
benzyl diketone, CgH;;COCOCH:CeH,.

Reduction under certain conditions of dime-
sitylbutanetrione enol, I, and the dihydro com-
pound XIII leads to the formation of dimesityl-
butanone-2, XXII, which is described in the
following paper.® The reductions of the dihydro
compound which are of particular interest in this

(6) Weinstock and Fuson, THIs JoUrRNAL, 58, 1233 (1936).
(7) Barnes, bid., 5T, 937 (1935).
(8) Lutz and Wood, ibid., 80, 713 (1938).
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connection are summarized in the following dia-

Zn—HCT C’H“CH_CCH_CC’H“ Sn—HCl
$oemtrd
XIII
L + P

C.HuCH,CCH—CC.Hu "N C4Hy, CH,COCH,CH,CyHy,

XX - - --HO XXII

Zinc and hydrochloric acid produced the g-di-
ketone enol XIX exclusively, tin and hydro-
chloric acid gave chiefly the monoketone XXII,
and the jodine-phosphorus-acetic acid reagent
gave a mixture of XIX and XXII. Di-(tri-
methylbenzoyl)-ethane, XII, was not obtained in
these reductions of XIII as it was in the reduc-
tions of the parent triketone enol I. The -
diketone enol XIX and the monoketone XXII are
both stable and are not acted on further by pro-
longed contact with these reducing agents. They
are therefore independent end-products. The
formation of the S-diketone enol XIX obviously
involves a simple reductive elimination of the
alcoholic a-hydroxyl group directly or by a 1,4-
reduction. The formation of the monoketone,
however, since it cannot involve the S-diketone
enol as an intermediate step, must take place
through reduction at the end carbonyl (or enol)
oxygen before or simultaneously with elimination
of the alcoliolic hydroxyl.

Dimesitylbutanetrione enol, I, with zinc or tin
and hydrochloric acid also gives, respectively, the
B-diketone enol XIX and the monoketone XXII,
obviously in both cases through primary forma-
tion of the hydroxy-g-diketone enol XIII which
itself gives these products under the same condi-
tions. However, in the reductions of I consider-
able amounts of di-(trimethylbenzoyl)-ethane,
XTI, are produced consistently in addition, and in
the iodine-phosphorus reduction the latter, XII, is
the dominant product.

C.HHCOCI:=CHCC,II-IH
I OH----

C,HuCHgCCH=CC9H11

| za-mcH $0---HO xIx

| 1P
i -

CyH1CH,COCH,CH,CsHy CyH,;COCH,CH,COCyHy,
XXII XII

Sn-HCl

The formation of the saturated 1,4-diketone in
these reductions cannot involve the hydroxydi-
ketoue enol XIII because the latter should not
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be, and is not, reducible to di-(trimethylbenzoyl)-
ethane, XII, under these conditions, and must
take place through direct elimination of the 2-
hydroxyl from I, or through some other and less
obvious mechanism,

Experimental Part

The Preparation of 1,4-Dimesityl-1,2,4-butanetrione
Enol, I.—A solution of di-(trimethylbenzoyl)-ethylene
(25 g.) in 125 cc. of hot concd. acetic acid was cooled
quickly with stirring to produce fine crystals. A solution
of 13 g. of bromine in 25 cc. of concd. acetic acid was then
added slowly with stirring and cooling; the yellow crys-
tals dissolved and a white crystalline precipitate appeared
which was filtered by suction and washed with cold solvent.
The thoroughly dried dibromide was suspended in 500 cc.
of 809, methanol containing 18 g. of sodium hydroxide
(a large excess). The mixture was boiled until complete
solution resulted, and then for ten minutes longer. The
sodium salt of the enol usually precipitated during this
procedure. The mixture was then acidified with concd.
hydrochloric acid, decanted from resinous material, and
allowed to cool slowly. The enol separated almost pure
as yellow crystals in yields of 60-6857%,.

The preparation from di-(trimethylbenzoyl)-ethylene
oxide has been described in the preceding paper.?

Anal? Caled. for C;3HauOs: C, 78.5; H, 7.2. Found:
C,781; H,7.0.

1,4 - Dimesityl- 2 - acetoxy - 2 - butenedione - 1,4 (Di - (tri-
methylbenzoyl)-acetoxyethylene), III.—The supposed 1,-
4-dimesityl-1,2,4-butanetrione, reported in a previous
paper,'® and prepared by the action of alcoholic sodium
acetate on di-(trimethylbenzoyl)-dibromoethane, II, is in
reality the acetate of the above described enol. The
analyses reported (namely, C, 76.2, 76.4; H, 7.2, 7.1) are
in good agreement with the values calculated for the ace-
tate (calcd. for CoHyO4: C,76.2; H, 6.9). Thecompound
does not react with the ketone reagents, hydroxylamine or
semicarbazide, a fact which would appear to exclude the
triketone formulation. Acetyl determination shows one
acetyl, .

This acetate has now been prepared directly from the
enol I by allowing a mixture of 0.3 g., 3 cc. of pyridine, and
1 cc. of acetyl chloride to stand for eighteen hours. The
mixture was decomposed in ice and hydrochloric acid and
the product crystallized from ligroin: m. p. 144.5-145°
(corr.); yield 0.27 g. It was shown to be identical with
the product obtained by the action of sodium acetate on
di-(trimethylbenzoyl)-dibromoethane by mixed melting
points.

Anal. Caled. for CyHzO(: COCH;, 114, Found: CO-
CH,, 10.9.

Catalytic reduction of 2.5 g. of the above enol acetate
in 13 cc. of ethanol with 0.03 g. of platinum oxide showed
absorption of approximately one molecule of hydrogen.
Concentration of the solvent gave an oil from which small
amounts of the enol acetate were recovered, formed pre-
sumably by air oxidation of some intermediate diene-diol.
The oil finally crystallized, giving 0.29 g. of nearly pure di-
(trimethylbenzoyl)-hydroxyethane.

(9) The analysis previously reported is erroneous.2®
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In another experiment, a sample of the oil remaining was
allowed to stand for two years. When treated with lig-
roin, di-(trimethylbenzoyl)-ethylene was isolated and iden-
tified, formed presumably by slow loss of acetic acid from
the acetate.

Reactions of 1,4-Dimesityl-1,2,4-butanetrione Enol.—
The semicarbazone was prepared in the usual way and
crystallized from ethanol: m. p. 204° (corr.).

Anal. Caled. for C3aHyOsNs: N, 10.7. Found: N, 10.7.

The oxime was prepared by the action of hydroxylamine
hydrochloride in pyridine, heating for two and one-half
hours. It crystallized from 609, ethanol and melted at
170.5~-171° (corr.).

Aﬂdl Calcd. for ngHuOgNI N, 4.0, Found: N, 3.7.

The 2,4-dinitrophenylhydrazone was prepared by the
action of 2,4-dinitrophenylhydrazine in ethanol containing
a little acetic acid. It was yellow and crystallized from
chloroform-methanol mixtures or from butanone; m. p.
234-235° (corr.).

Anal. Caled. for CiHzaOsNy:
11.0.

The quinoxaline reaction failed, even after four days of
heating in ethanol with o-phenylenediamine. Methanolic
hydrogen chloride was without effect on the enol, a sample
being recovered quantitatively after standing for nine days
in solution in this reagent. Dry hydrogen chloride was
passed into a boiling alcohol solution of the enol without
effect. Acetyl chloride with a trace of sulfuric acid was
without effect on the enol. Attempts at oxidation with
nitric acid gave a small amount of a colorless non-enolic
compound; crystallized from benzene; m. p. 177-180°.
It has not yet been investigated. The enol was recovered
after attempted hydrolysis by refluxing for five days in a
mixture of 10 cc. of concd. acetic acid, 15 cc. of concd.
hydrochloric acid and § cc. of toluene.

Reduction of the enol with zinc dust and concd. acetic
acid at 30, at 80, and at 100°, gave products which largely
consisted of a zinc derivative which on acidification with
hydrochloric acid gave 1,4-dimesityl-4-hydroxy-1,3-bu-
tanedione enol. From the reaction at 100° a 259, yield
of di-(trimethylbenzoyl)-ethane was isolated also, sepa-
rated from the enol by shaking out the latter from a
ligroin solution by means of sodium hydroxide.

Reduction with Zinc-Ethanol-Ammonium Chloride.—A
mixture of 27 g. of the enol, 4.5 g. of ammonium chloride,
an excess of zinc dust, and 250 cc. of 809, ethanol was
stirred for one hour, the temperature being maintained at
40-50°, The solution was filtered and acidified with
hydrochloric acid. The product, the dihydro enol XIII,
was then extracted with ether and obtained nearly pure on
crystallization from ethanol; yield 88%,.

Reduction with zinc and hydrochloric acid was carried
out as follows: a stream of hydrogen chloride gas was bub-
bled for five hours through a refluxing mixture of 32 ce. of
78%, ethanol, 3 g. of the enol and 4 g. of 30-mesh granu-
lated zinc. The solution was filtered and poured into
water and the precipitated material allowed to coagulate
and settle out. The product was then taken up in ligroin
and shaken with agueous sodium hydroxide, the sodium
enolate of 1,4-dimesityl-1,3-butanedione precipitating.
The enol, liberated therefrom on acidification, weighed 0.7

N, 10.9. Found: N,
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g. and melted at 100~101°. From the ligroin solution on
evaporation 1.25 g. of di-(trimethylbenzoyl)-ethane was
isolated and identified.

Reduction with tin and hydrochloric acid, carried out by
subjecting the enol for ten hours to the action of a boiling
mixture of equal parts of concd. acetic and hydrochloric
acids and 20 mesh granular tin, gave crude mixtures from
which yields of 20409, of nearly pure dimesitylbutanone-2
and 5%, of nearly pure di-(trimethylbenzoyl)-ethane were
isolated. Considerable amounts of oils were recovered
which could not be crystallized.

Reduction with Iodine and Phosphorus.—A mixture of
1 g. of enol, 25 cc. of 959, acetic acid, 0.5 g. each of red
phosphorus, and iodine was refluxed for two hours, filtered,
poured into dilute sodium bisulfite solution, and the
product extracted into ether. The oil obtained on evapo-
ration of the solvent crystallized from ethanol, giving 0.25
g. of nearly pure di-(trimethylbenzoyl)-ethane.

Catalytic Reduction.—Hydrogenations using palladium
on barium sulfate, platinum, or Raney nickel, in 95%
ethanol, proceeded rapidly with the absorption of one
molecule of hydrogen, and gave 1,4-dimesityl-4-hydroxy-
1,3-butanedione enol in yields as high as 80-859%,. If the
solutions were not allowed to stand a sufficiently long time
before removing from the atmosphere of hydrogen, some
dimesityl-1,2,4-butanetrione enol was formed by oxida-
tion of the intermediate diene-triol. Occasionally traces of
di-(trimethylbenzoyl)-ethane were isolated, and there al-
ways remained some oily by-product which failed to crys-
tallize.

Several reductions were carried out using ethanol as sol-
vent with platinum catalyst, and titrating the resulting
colorless solution with standard iodine solution under an
atmosphere of hydrogen within thirty minutes after ini-
tiation of hydrogenation, 42-499, of two equivalents of
iodine being used up. Very considerable amounts of the
triketone enol I could then be isolated from the solution.
Another experiment, in which the acidified solution was
allowed to stand for two days before titrating, showed a
negligible reaction with iodine and the dihydro compound
XIII was isolated in good yield.

Methylation of 23 g. of the enol I with an excess of
diazomethane in ether solution took place rapidly with
vigorous evolution of nitrogen. The yellow product was
crystallized repeatedly from ethanol, methanol, and lig-
roin, and gave as the main product the yellow trans-
di-(trimethylbenzoyl)-methoxyethylene, VI, as square
yellow plates melting at 113-114°. The residues were
subjected to an extemsive fractional crystallization from
‘ethanol, and from ligroin, and yielded 2.7 g. of a yellow
structural isomer melting at 145° (irregular hexagonal
crystals), which proved to be 1,4-dimesityl-4-methoxy-3-
butene-1,2-dione, IX, and was named isomer-A., Still
another yellow and more soluble isomer was obtained in
varying amounts, which crystallized as short rods melting
at 127-128° and which proved to be the stereoisomer,
VIII, and was therefore called isomer-B. The latter
was best prepared, however, by oxidation of the methyl
ether of 1,4-dimesityl-4-hydroxyl-1,3-butanedione enol, X,
as described below,

1,4-Dimesityl-4-methoxy-3-butene-1,2-dione-A (Cis?),
IX, isolated as described above, was purified by repeated
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crystallization from alcohol and melted at 151-152°
(corr.).

Anal. Caled. for C;Hy05: C, 78.8; H, 7.5; OCH;, 8.9.
Found: C, 78.7; H, 7.7; OCH;, 9.0.

When exposed to sunlight in ethanol for six hours, this
ether was transformed quantitatively into the lower
melting isomer-B. When a solution in 19, methanolic
potassium hydroxide was refluxed for five hours, the isomer-
B was obtained in good yield. This conversion was
effected also when the ether was distilled in the vacuum
oven at 150°.

Reduction of 0.3 g. in ethanol with platinum catalyst
showed rapid absorption of one molecule of hydrogen,
giving a colorless solution. This was titrated under hy-
drogen within thirty minutes after initiation of hydro-
genation with standard iodine solution and reacted with
719% of two equivalents. The solution when worked up
gave starting material in good yield, which was identified
by mixed melting point:

1,4-Dimesityl-4-methoxy-3-butene-1,2-dione-B (¢rans?),
VII,—The crude product from the methylation with
diazomethane of 3 g. of 1,4-dimesityl-4-hydroxy-1,3-
butanedione enol, XIII, was dissolved in methanolic
potassium hydroxide and oxygen bubbled through the
refluxing solution for forty-five minutes. The yellow
solution was then acidified, and deposited 0.8 g. of nearly
pure product melting at 127°. It was purified by repeated
crystallization from alcohol; m. p. 127-128° (corr.).

Anal. Caled. for CsHyO;3: C, 78.8; H, 7.5; OCH,,
8.9. Found: C, 79.1; H, 7.4; OCHS,, 8.9.

The ether was recovered unchanged after long refluxing
in 809 or pure methanol and potassium hydroxide, or
sodium1 methylate solution. Apparently the ethers with
the alkoxyl adjacent to the mesityl group are extraordi-
narily difficult to hydrolyze under these conditions. Di-
(trimethylbenzoyl)-methoxyethylene is  hydrolyzable,
though not rapidly under these conditions, whereas di-
benzoylmethoxyethylene is hydrolyzed rapidly.

Reduction of 1 g. with zinc—ammonium chloride-
dilute methanol gave an oil from which 0.4 g. of di-(tri.
methylbenzoyl)-ethane was isolated. Reduction of 0.5 g.
of the ether-B in ethanol with platinum catalyst showed a
rapid absorption of one mol of hydrogen, the solution
becoming colorless. Titration within thirty minutes of
initiation of hydrogenation with standard iodine solution
showed 78-809, of ene-diol to be present, and subsequently
the isomer-B was recovered in good yield and identified.

1,4-Dimesityl-4-hydroxy-1,3-butanedione enol, XIII,
was best prepared by either the zinc—alcohol-ammonium
chloride or the catalytic reductions of the triketone enol,
I, as described above. It was obtained after repeated crys-
tallization from ethanol as fine colorless needles melting
at 104.5-105.5° (corr.). It could be distilled without
change in the vacuum oven.

Anal. Caled. for CooHz05: C, 78.1; H, 7.75. Found:
C, 78.2, 78.0; H, 7.95, 7.9.

When the samples of the above contained small amounts
of di-(trimethylbenzoyl)-ethane, recrystallizations were
not sufficient to effect purification. In that case the crude
materials were dissolved in a 50-50 petroleum ether-
ligroin mixture and shaken out with strong sodium bhi-
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carbonate solution which caused the precipitation of the
yellow sodium salt of dimesityl-1,2,4-butanetrione enol
(small amounts were usually formed by oxidation of the
product or of intermediates in the reduction process).
After filtering, the ether-ligroin mixture was again shaken
out, this time with 59, sodium hydroxide solution, the
colorless sodium salt of the dihydro enol XIII being pre-
cipitated. The enols were recovered from the salts by
decomposing under ether with dilute hydrochloric acid,
care being taken in the case of the dihydro compound to
avoid undue exposure of the solutions to air. Evaporation
of the ether-ligroin solution remaining after precipitation
of the sodium enolates contained the di-(trimethylbenzoyl)-
ethane which could subsequently be isolated and crys-
tallized from: ethanol or ligroin.

The dihydro enol XIII gives a deep red color with ferric
chloride, decolorizes bromine in carbon tetrachloride in-
stantly, and forms a sodium salt readily (but does not dis-
solve) in aqueous sodium hydroxide solution.

Conversion into 3-acetoxy-2,5-dimesitylfuran was
effected by the action of acetic anhydride and a few drops
of concd. sulfuric acid at room temperature on the above
dihydro compound XIII. Attempts to prepare a 2,4-
dinitrophenylhydrazone by the interaction of 0.3 g. of
XIII and 0.3 g. of 2,4-dinitrophenylhydrazine in ethanol
and a few drops of concd. acetic acid (refluxing two hours)
gave, instead of the expected hydrazone, 0.22 g. of orange-
red crystals melting at 115-116° (corr.). (Anal.
N, 21.69%.) Attempts to make a semicarbazone and an
oxime failed. Acetyl chloride reacted to give an intractable
oil. Chromic acid oxidation did not give tractable prod-
ucts. Concd. nitric acid converted the compound into a
colorless non-enolic product melting at 152-159° which
was not further investigated. Attempts to bring about
rearrangemenl by heating with acetic acid, with and with-
out sodium acetate, failed, although in otie experiment
which could not be duplicated some di-(trimethylben-
zoyl)-hydroxyethane was produced.

Oxidation.—A stream of dry air was passed over a
sample of XIII at 200° for one and a half hours and the
products then vacuum distilled onto a cold finger condenser.
Crystallization of the distillate gave dimesityl-1,2,4-
butanetrione enol melting at 110-111°.

Disproportionation.—A sample of XIII was heated at
200-210° under nitrogen for one hour and then vacuum
distilled onto a cold finger condenser. The resulting mix-
ture was crystallized from ligroin, giving di-(trimethyl-
benzoyl)-ethane. The filtrate was treated successively
with sodium carbonate and sodium hydroxide solutions,
giving in succession the sodium salts of dimesityl-1,2,4-
butanetrione enol and unchanged XIII (identified by
acidification and recovery of the free enols). Evaporation
of the ligroin solution remaining gave more di-(trimethyl-
benzoyl)-ethane. Similar results were obtained when the
dihydro compound XIII was treated with 789, methanol
containing an excess of sodium hydroxide, the yield of XII
being larger when air was present during the reaction.
When boiling 109, sodium hydroxide was used, again
disproportionation occurred, but no hydrolytic splitting.

Ozxidation of 1,4-Dimesityl-4-hydroxy-1,3-butanedione
Enol by Unsaturated 1,4-Diketones.—A mixture of 1.5 g.
of XIII and 0.75 g. of di-(trimethylbenzoyl)-ethylene was
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heated at 200-210° under a stream of nitrogen for one
hour and the products worked up as described above;
0.72 g. of di-(trimethylbenzoyl)-ethane was recovered,
together with 1.14 g. of crude sodium salt of the triketone
enol (I). Pyrolysis under similar conditions of a mixture of
the triketone enol I and di-(trimethylbenzoyl)-ethylene
and the saturated 1,4-diketone XII was without effect on
these materials.

In a similar experiment, 0.2 g. of XIII and 0.28 g. of di-
(bromotrimethylbenzoyl)-ethylene gave 0.15 g. of di-
mesitylbutanetrione enol and 0.2 g. of di-(bromotrimethyl-
benzoyl)-ethane, the rest of the material being accounted
for largely as resinous by-products from which no di-
(trimethylbenzoyl)-ethane was isolated.

Reduction with iodine and phosphorus under a variety
of conditions gave varied and inconsistent results. In a
typical experiment, 8 g. of XIII was treated with 100 cc. of
969, acetic acid, and 4 g. each of iodine and red phosphorus,
the mixture being refluxed for one and a half hours. After
filtering and diluting with water 4 g. of crude product
was obtained. When taken up in ligroin and shaken with
sodium hydroxide solution a sodium salt precipitated and
gave on acidification dimesityl-1,3-butanedione enol.
From the ligroin solution which remained dimesitylbu-
tanone-2 was isolated and identified.

Reductions with tin and zinc and hydrochloric acid are
described under the preparation of the respective prod-
ucts obtained, namely, dimesitylbutanone-2 and di-
mesityl-1,3-butanedione enol.

1,4-Dimesityl-1-hydroxy-4-methoxy-3-butenone-2, X.
—The enol XIII, when treated with an excess of diazo-
methane in ether, gave an oil which finally solidified. It
crystallized from ethanol and from ligroin as colorless
rhombic prisms of m. p. 149-150° (corr.).

Anal. Caled. for CypHj0,: C, 78.4; H, 8.0; OCHs,,
8.8. Found: C, 78.4; H, 7.9; OCH,, 8.4.

From the mother liquors evidence of a second com-
pound was noted and a few crystals picked out by hand
(m. p. 135°).

Oxidation was effected by passing a stream of ait over
the fused ether at 200° for fifteen minutes. On subse-
quent distillation in the vacuum oven a yellow oil was ob-
tainied from which a pure sample of frans-1,4-dimesityl-4-
methoxy-3-butene-1,2-dione was isolated and identified by a
mixed melting point with the preparation described below.

Attempted hydrolysis and acylation with acetic an-
hydride and pyridine gave non-crystalline products.

Ozonization of 2.9 g. of the ether X in 20 cc. of dry
chloroform for four hours, with subsequent evaporation
of the solvent, hydrolysis with sodium bicarbonate, and
extraction with ether, gave a neutral fraction containing
considerable unreacted material which was again ozonized
for ten hours and worked up in the same way. The final
neutral oil was distilled, the first fraction boiling at 62-72°
at 3-5 mm. pressure. This was poured into fuming nitric
acid and the mixture decomposed in ice water. The di.
nitro compound solidified (yield 0.33 g.) and on one crys-
tallization from ethanol melted at 137.5-139° (identified
as dinitrotrimethylbenzoic methyl ester by mixed melting
point with an authentic sample prepared as described be-
low). A small sample of trimethylbenzoic acid was iso-
lated from the acid fractions and was identified.
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Obviously the difficulty of ozonization, as contrasted
with the ease with which di-(trimethylbenzoyl)-methoxy-
ethylene is attacked and split by this reagent, is due to the
steric effect of the mesityl group attached directly to the
enol ether double bond.

3,5-Dinitro-2,4,6-trimethylbenzoic methyl ester was
obtained by the action of diazomethane in ether on tri-
methylbenzoic acid followed by nitration with cold fuming
nitric acid. It was crystallized from ethanol or ligroin
and melted at 140.5-141° (corr.) (colorless).

Anal. Caled. for CuHi,0eN:: C, 49.3; H, 4.5. Found:
C, 49.1; H, 4.5.

1,4-Dimesityl-1,3-butanedione enol, XIX.—Dry hydro-
gen chloride was passed through a well-stirred mixture of
5 g. of dimesityl-4-hydroxyl-1,3-butanedione enol, 54
cc. of 889, ethanol, and 3 g. of zinc dust at refluxing tem-
perature for two hours. The solution was decanted,
poured into water, and the resulting oil extracted into lig-
roin from which the enol was precipitated as the sodium salt
by shaking with aqueous sodium hydroxide (yield 78%,).
The enol was obtained from the salt on acidification and
was crystallized from ligroin; m. p. 103.5-104.5° (corr.).

Anal. Caled. for C»H,0,: C, 81.9; H, 8.1. Found:
C,81.7; H,7.9.

The oxime was prepared by treating the enol with
hydroxylamine hydrochloride in pyridine and refluxing
for two and a half hours, It was crystallized from iso-
propyl ether; m. p. 125-125.5° (corr.).

Anal. Caled. for C2Hy;O;N: N, 4.0. Found: N, 4.1.

Attempts to prepare a semicarbazone and a 2,4-di-
nitrophenylhydrazone failed. Hydrolysis with boiling
barium or sodium hydroxide solutions did not have any
effect. Attempted reductions with iodine and phosphorus
and with tin and hydrochloric acid under the usual con-
ditions also were without effect, the compound being re-
covered nearly quaantitatively unchanged in each case
(checked in duplicate experiments).

Ozonization of 1.5 g. in 15 cc. of dry chloroform at 0°
for four hours, with subsequent evaporation of the sol-
vent, hydrolysis, and extraction with sodium bicarbonate
and ether, gave a neutral extract which appeared to con-
tain mesityl glyoxal, giving the characteristic red color
with sirupy phosphoric acid!® (this was not conclusively
proved, however). The sodium bicarbonate extract on
acidification gave 1.97 g. of solid which was esterified
by means of methanolic hydrogen chloride (standing over-
night). The préduct was then extracted with “sodium
carbonate to remove trimethylbenzoic acid (unaffected
by this treatment) which was subsequently isolated in a
yield of 0.18 g. (identified by mixed melting point with an
authentic sample prepared from bromomesitylene through
the action of carbon dioxide on the Grignard reagent).
The ether solution gave an oily ester which was hydrolyzed
by boiling with 12 cc. of 5% sodium hydroxide for half an
hour. Acidification of this solution gave a crystalline
acid which was recrystallized from water and melted at
163-164.5° (yield 0.16 g.). Further purification by crys-
tallization from ligroin gave a m. p. of 165.5-166.5°1
The mesitylacetic acid was further identified by conver-

(10) Gray and Fuson, THIS JOUrRNAL, 56, 739 (1934).
(11) Cf. Claus, J. prakt. Chem., [2] 41, 504 (1890).
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sion into the amide (1n. p. 210.5-211.5°) by the action of
thionyl chloride followed by ammonium hydroxide (crys-
tallized from dilute ethanol), and by conversion into di-
nitromesitylacetic acid by the action of fuming nitric acid
(m. p. 238-241° (corr.),!? and through subsequent es.
terification of this to the dinitro methy! ester melting at
140.5-141.5° (Meyer reported 140-141°12),

1,4-Dimesityl-4-methoxy-3-butanone-2, XX,—1,4-Dj-
mesityl-1,3-butanedione enol XIX (6 g.) was treated with
1.5 g. of diazommethane in ether solution. From the
white crystalline product 3.3 g. of nearly pure product
was obtained on crystallization from isopropyl ether.
It was recrystallized from chloroform-ligroin mixtures and
melted at 148.5-149.5° (corr.).

Anal. Caled. for CyHy0:: C, 82.1; H, 8.4; OCH;,
9.2. Found: C, 82.1; H, 8.4; OCH;, 9.0.

From the lower melting residues of the above procedure,
by a series of fractional crystallizations, we succeeded in
isolating a small amount of a second substance as long
colorless needles of m. p. 135-136.5° (corr.). This proved
to be an isomer but we did not have sufficient material
to prove its structure.

Anal, Caled. for CisH0,: C, 82.1; H,8.4; OCH;, 9.1.
Found: C, 82.0; H, 8.5; OCH;,, 8.8.

In addition to the above isomer, a trace of a third high
melting compound (m. p. 175-176°) was isolated, but not
in sufficient quantity for study.

Oxime.—A solution of 0.1 g. each of the ether XX and
hydroxylamine hydrochloride in pyridine was heated for
two hours and 0.08 g. of the oxime was obtained. It was
crystallized from butanone and melted at 182-186°,

Anal. Calcd. for CstngzNZ N, 40, OCHs,
Found: N, 3.7; OCH;, 8.3.

Ozonization,—A stream of ozonized oxygen was passed
for five hours through a dry chloroform solution (15 cc.)
of 2.9 g. of the ether XX (of m. p. 148.5°), the solvent sub-
sequently evaporated under reduced pressure and the resi-
due hydrolyzed with sodium bicarbonate and extracted
with ether. Since the reaction was evidently far from
complete the oil obtained from the ether solution was taken
up in chloroform (distilled partly to dry it) and again
ozonized for twelve hours with subsequent treatment as
before. Finally a third ozonization for five hours was
carried out. The final neutral oil obtained (0.89 g.) was
distilled, giving a fraction of 0.3 g. of b. p. 68-72° at 3-5
mm. pressure which showed a b. p. of 242-245° (corr.)
at 754 mm. (as compared with a b, p. of 242-244° (corr.)
reported for trimethylbenzoic methyl ester'®). This
material was further identified by conversion into the di-
nitro derivative which was identified by mixed melting
point with an authentic sample.

From the sodium bicarbonate extract upon acidification
and extraction with ether, a partly crystalline product
was obtained and washed with ether—petroleum ether mix-
tures, reprecipitated from ammoniacal solution by acids,
and repeatedly crystallized from ethanol and from ligroin.
Characteristic needle crystals of trimethylphenylacetic
acid were isolated (m. p. 166-167 °) and identified by mixed
melting point with the sample described above.

8.8.

(12) Cf. Meyer, Ber., 29, 1413 (1896).
(18) Feith and Davies, ibid., 24, 3546 (1891),
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The above ozonization proceeded with considerable
difficulty and again there appears to be marked steric hin-
drance due to the mesityl groups attached directly to the
enol ether double bond.

Summary

The preparation and reactions of dimesitylbu-
tanetrione enol are described, including the
formation of ketone derivatives and the enol
acetate. In the reaction with diazomethane a
new stereoisonteric pair of methyl ethers is re-
ported with discussion of the structures and
stereochemistry involved.

Reductions of the enol under a variety of con-
ditions are described.

The preparation and reactions of dimesityl-4-
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hydroxy-1,3-butanedione enol are discussed, in-
cluding dehydration to acetoxydimesitylfuran,
methylation with diazomethane, oxidation and
disproportionation. The mechanism of the latter
reaction is considered.

The proof of structure and reactions of di-
mesityl-1,3-butanedione enol are outlined, in-
cluding methylation and ozonization of the enol
and its ether.

The mechanisms of many of the reductions are
discussed, particularly the proof that, in the case
of the triketone enol and the two new enol ethers,
addition of hydrogen occurred at the ends of
conjugated systems ending in carbonyl groups.

CHARLOTTESVILLE, VA, RECEIVED JANUARY 18, 1938

{CONTRIBUTION FROM THE CoBB CHEMICAL LABORATORY, UNIVERSITY OF VIRGINIA |

The 1,4-Dimesitylbutanones

By Rosert E. Lutz AND JouN L. WooD

1,4-Dimesitylbutanones-1 and -2 were prepared
in the course of the studies on the reduction of
di-(trimethylbenzoyl)-ethylene oxide and di-
mesitylbutanetrione enol, which have been de-
scribed in two preceding papers.! One of these,
dimesitylbutanone-2, is of particular interest
because it is obtained in several instances as
a direct reduction product. The other, di- ;
mesitylbutanone-1, was made incidentally in
order to complete the preparation of the four
possible monoketo and monohydroxy deriva-
tives. These compounds were all inter- ppp
related and degraded finally to dimesityl-
butane in order to show beyond any ques-
tion that the chain remained intact through-
out all of the various transformations de- v
scribed.

Dimesitylbutanone-1, X, was prepared in-
directly from dimesityl-4-hydroxybutanone-1,
111, the latter compound being obtained from di-
(trimethylbenzoyl)-ethylene oxide, I, in two
steps as shown in the following diagram. The
structure of the hydroxy ketone III was estab-
lished by oxidation with chromic acid to di-
(trimethylbenzoyl)-ethane, 1V, and by reduction
with sodium and alcohol to dimesityl-1,4-dihy-
droxybutane, V, which was obtained in another
way by sodium and alcohol reduction of di-

(1) Lutz and Wood, THIs JOURNAL. 60, (a) 229, (b) 705 (1938).

CeH,,CHCH,CH,COCH;,

CH, CHCH,CH,CHCH,y
OH

(trimethylbenzoyl)-ethane, IV. The glycol V
in turn was reduced in steps by treatment first
with the iodine-phosphorus reagent and then
with sodium and ethanol, to dimesitylbutane,
VI, which is known.?

(:gHucocr17crlcoc.r1ll PtH:  ¢H,CHCH—CHCOGH,,
o) | OH © II
}
' NiH,
CrO.

—_2% CH,;COCH.CH,COCH,,

H Na-C:H;0H v

—_— CgHuCHgCHgCHzCHgCgHu
OH VI

The first attempts to prepare dimesitylbuta-
none-1 from the hydroxy ketone III through re-
ductive elimination of the alcoholic hydroxyl
group by heating with the iodine—phosphorus
reagent, brought about instead the elimination
of the elements of water to give an unsaturated
ketone (VII). This product was obtained also
by replacement of the hydroxyl of III with
chlorine, followed by elimination of hydrogen
chloride upon heating. An isomeric unsaturated
ketone (IX) was obtained from the chloro ketone

(2) Sorde, Compt. rend., 198, 247 (1932),



