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The Synthesis of cis and frans 17-Equilenone

By W. E. BACEMANN AND A. L. WiLDs!

Recently we described the synthesis of d-
and J-equilenin and the diastereoisomers d- and
l-isoequilenin.? Of the four optically active
stereoisomers, only the d-equilenin (the natural
hormone) possesses appreciable estrogenic ac-
tivity. It appeared of interest to determine the
effect of removing the hydroxyl group from the
molecule. Accordingly, we have synthesized
desoxyequilenin and desoxyisoequilenin, both in
the racemic forms.

As a matter of convenience in naming the de-
rivatives of equilenin, we propose the following
system of nomenclature. The hydrocarbon I is
called equilenane, and the sterol system of num-
bering the positions is retained. The hydrocar-
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bon can exist in ¢is and trans forms, each of which
is resolvable into optically active isomers, in
virtue of the asymmetric carbon atoms at posi-
tions 13 and 14. On this basis the sex hormone
equilenin (II) is either ¢is or trans d-3-hydroxy-17-
equilenone, the exact configuration not being
known definitely. The desoxy compound III
is called 17-equilenone and can exist in the four
forms: c¢is d- and /-equilenone and frans d- and
l-equilenone. This system of nomenclature will
be particularly useful in naming homologs of
equilenin and isoequilenin and also isomers of
equilenin in which the hydroxyl group has been
shifted to various positions in the molecule,
compounds which have been synthesized already
in this Laboratory.

Although we have synthesized the cis and
trans forms of 17-equilenone, nothing definite is
known concerning their configurations or even
their relation to equilenin and isoequilenin.
Until such information is forthcoming, the com-
pounds are called o-17-equilenone and pB-17-

(1) From part of the Ph.D. dissertation of A, L. Wilds.
(2) Bachmann, Cole and Wilds, THIS JoURNAL, 62, 824 (1940).

equilenone, it being understood that one of them
is cts-dl-17-equilenone and the other trans-di-
17-equilenone. If one can assume that the
hydrocarbon obtained by Marker and Rohrmann?
from natural sources is the equilenane correspond-
ing to equilenin and not to the diastereoisomer,
then it should be possible to determine which of
the forms of 17-equilenone is related to the
natural hormone by resolution of the racemic
mixtures and reduction of the optically active
forms to the hydrocarbons. This is now under
investigation.

The synthesis of the 17-equilenones was ac-
complished by the same series of reactions which
was employed to prepare equilenin and isoequi-
lenin, the starting material in the present synthesis
being the readily available 1-keto-1,2,3,4-tetra-

hydrophenanthrene (IV). Inasmuch as the
CH;
(\ /COOCH3
J=O /=CHCOOH
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formulas of the intermediates are identical in the
two series, except for a methoxyl group, the
formulas are not reproduced in this paper. One
point seems worthy of further mention. On
dehydration of the hydroxy ester, produced
through the Reformatsky reaction from 2-methyl-
2-carbomethoxy-1-keto-1,2,3,4-tetrahydrophenan-
threne and methyl bromoacetate, a mixture of
two unsaturated acids (corresponding to the di-
carboxylic acid of V) is formed, one of them readily
forming an anhydride. On reduction each un-
saturated acid gives a mixture of the same two
reduced acids. This fact is considered proof that
in the process of dehydration no migration of the
methyl group from the 2- to the 1l-position takes
place. Complete confirmation of the structure
of the unsaturated acids was obtained by oxidiz-
ing the mono methyl ester (V) of one of them to
2 - methyl - 2 - carbomethoxy - 1 - keto - 1,2,3,4-
tetrahydrophenanthrene. A similar result was
(3) Marker and Rohrmann, ibid., 61, 3314 (1939).
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obtained with the 7-methoxy unsaturated acid
which is an intermediate in the synthesis of
equilenin. In view of these results, there can be
no doubt concerning the structures of the steroids
which have been synthesized.

The racemic cts and ¢rans forms of 17-equilenone
failed to induce estrus in ovariectomized rats
when injected in amounts as high as 500 «
(Dr. J. T. Bradbury). This precludes any omne
optically active form from being active in doses
less than 250 «, provided that the activity of one
antipode is not affected by the presence of the
other. Since one of the forms present in the race-
mic mixtures possesses the configuration of d-
equilenin, which is active in 30 v doses under the
same conditions of testing, it is apparent that
removal of the 3-hydroxyl group from the equi-
lenin molecule has resulted in loss of estrogenic
activity. This result, taken in conjunction
with the lack of activity of the stereoisomers of
equilenin, demonstrates the importance of the
hydroxyl group as well as the configuration for
estrogenic activity of the equilenin molecule.

Experimental

Methyl 1 - Keto - 1,2,3,4 - tetrahydrophenanthrene - 2-
glyoxalate.—Certain improvements were made in the
preparation of 1-ketotetrahydrophenanthrene whereby the
compound was obtained in higher yields than have been
reported previously. Twenty cc. of absolute alcohol was
added to a mixture of 5.6 g. of sodium and 20 cc. of benzene.
When the vigorous reaction had subsided, 50 cc. of diethyl
malonate was added and the mixture was refluxed until a
clear solution was obtained. To the chilled solution was
added 38.5 g. of 8-(1-naphthyl)-ethyl bromide* in 50 cc. of
benzene and the mixture was refluxed for twelve hours,
after which it was worked up in the usual manner. The
v-(1-naphthyl)-butyric acid obtained by decarboxylation
of the substituted malonic acid was purified by distillation
under reduced pressure followed by recrystallization from
benzene-petroleum ether; m. p. 109-110°; vyield, 33 g.
(94%). A sample purified by sublimation under reduced
pressure and recrystallization melted at 110.5-112° a
value higher than any that has been reported.

A mixture of 13 g. of the aforementioned acid, 25 cc. of
ether, 2 drops of pyridine and 8 cc. of thionyl chloride was
allowed to stand at room temperature for one-half hour and
then warmed for ten minutes. The ether and excess of
thionyl chloride were removed under reduced pressure, a
few cc. of benzene was added and the solvent again re-
moved under reduced pressure, finally at 1 mm. in order
to remove traces of thionyl chloride. A solution of the
acid chloride in 60 cc. of benzene was cooled in ice and water
until partial solidification took place, when a solution of 15
cc. of stannic chloride in 15 cc. of benzene was added.
After being swirled for five minutes at 5°, the mixture was

(4) Hoch, Bull. soc. chim., [5] 5, 264 (1938).
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hydrolyzed with ice and 50 cc. of concentrated hydrochloric
acid; alittle ether was added in order to break up the emul-
sion which formed. The 1-ketotetrahydrophenanthrene
was distilled under reduced pressure and then recrystallized
from methanol; m. p. 94-96°; yield, 11.0-11.2 g. (92~
949%,). Haworth® obtained this ketone in 70-75%, yield
by cyclizing the acid by means of 85%, sulfuric acid, and
Hoch* obtained a 709, yield by interaction of the free acid
and stannic chloride.

The glyoxalate was obtained in 95%, yield from 1-keto-
tetrahydrophenanthrene (19.6 g.), methyl oxalate (23.6 g.)
and sodium methoxide (from 4.6 g. of sodium) in benzene -
(150 cc.) in a nitrogen atmosphere according to the proce-
dure described for the corresponding 7-methoxy derivative.?
An 859, yield was obtained when the condensation was
carried out in air. The glyoxalate (26.9 g.) crystallized
from methanol in light-yellow prisms; m. p. 106-108°.
The solid formed on cooling the melt remelted at 90-91°;
seeding at 95° caused the melt to solidify slowly, the solid
remelting at 106-108°. A red-brown color is formed when
the glyoxalate is treated with an alcoholic solution of ferric
chloride or with concentrated sulfuric acid.

Anal. Caled. for C7HuOs: C, 72.3; H, 5.0. Found:
C, 72.3; H, 5.1

Methyl Ester of 1-Keto-1,2,3,4-tetrahydro-2-phenan-
throic Acid.—Ten grams of the glyoxalate and 5 g. of
powdered soft glass were heated at 180-200° for forty-five
minutes with occasional stirring. Frequently the glyoxa-
late could be decarbonylated without the use of glass., A
solution of the product in acetone was treated with Norit,
filtered, concentrated and treated with methanol. The
total yield of product melting at 85-90° was 8.1-8.4 g.
(90-93%,). At times the crude product melted at 70-90°,
but this also gave excellent results in the next step. A
sample of the compound sublimed at 0.5 mm. and then re-
crystallized from methanol formed colorless plates or
needles melting at 88-90° with previous softening. Alco-
holic ferric chloride slowly gives a deep blue-green color
with the pure ester, while concentrated sulfuric acid gives
a light orange color.

Amnal. Caled. for CigH40s:
C, 75.7; H, 5.4.

2 - Methyl - 2 - carbomethoxy - 1 - keto - 1,2,3,4 - tetra-
hydrophenanthrene.—To a solution of sodium methoxide
prepared from 10 g. of sodium and 150 cc. of methanol was
added 25.4 g. of the aforementioned keto ester and 90 cc.
of benzene. After being refluxed for thirty minutes, the
mixture was chilled, treated with 15 cc. of methyl iodide
and allowed to stand at room temperature for forty-five
minutes, A second 15-cc. portion of methyl iodide was
added, the mixture allowed to stand at room temperature
for thirty minutes and then refluxed for the same length of
time. The product, isolated in the usual manner, crystal-
lized from methanol in colorless prisms; m. p. 79-80.5°%;
yield, 25.3 g. (949%). A sample purified by sublimation
and recrystallization melted at 79.5-80.5°. The compound
gave no color with alcoholic ferric chloride solution; with
concentrated sulfuric acid a light orange color was produced.

Amnal. Caled. for CiyH1603: C, 76.1; H 6.0. Found:
C, 76.0; H, 6.0.

(5) Haworth, J. Chem. Soc., 1130 (1932).

C, 75.6; H, 5.5. Found:
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When the compound was warmed with 409 potassium
hydroxide solution a good yield of 1-keto-2-methyl-1,2,3,4-
tetrahydrophenanthrene was obtained.

Dimethyl Ester of 1-Hydroxy-2-methyl-2-carboxy-
1,2,3,4-tetrahydrophenanthrene-1-acetic Acid.—The Re-
formatsky reaction using the aforementioned methyl keto
ester was carried out in the manner described.? A color-
less crystalline addition compound was formed in the reac-
tion. From 2 g. of methyl keto ester 2.32 g. (819,) of
the Reformatsky ester was formed which melted at 127~
131°. On a 13.4-g. run, the first crop of product weighed
14.5 g. (85%); by re-treating the oil in the mother liquor
with zinc and methyl bromoacetate the yield was raised
to 939%.
methanol in colorless prisms melting at 131-133°. When a
few crystals were dropped into sulfuric acid, they acquired
a transient blue color, changing to green, and finally an
orange solution resulted.

Anal. Caled. for CyeH3z:0s:
C,69.9;, H,6.2

Warming 0.1 g. of the hydroxy ester with 409, potassium
hydroxide gave 0.04 g. of l-keto-2-methyl-1,2,3,4-tetra-
hydrophenanthrene.

Dehydration of the Reformatsky Ester.—This process
was carried out in the manner described.? The mixture of
anti unsaturated acid and sy»n unsaturated acid anhydride
(0.52 g.) from 0.68 g. of hydroxy ester was dissolved in hot
acetone, boiled with Norit, filtered and evaporated to a
small volume; on adding alcohol and cooling there crystal-
lized 0.07 g. of cream-colored, heavy needles of the an-
hydride of syn-2-methyl-2-carboxy-1,2,3,4-tetrahydrophen-
anthrylidene-1-acetic acid; m. p. 188.5-189.5°.

Anal. Caled. for CsH4Os: C, 77.7; H, 5.0. Found:
C,77.6; H, 4.8.

Dilution of the acetone-alcohol filtrate with water pre-
cipitated a solid which on recrystallization from benzene-
ligroin yielded 0.33 g. of the anti 2-methyl-2-carboxy-
1,2,3,4 - tetrahydrophenanthrylidene - 1 - aceticacid. The
pure acid crystallized in colorless square plates melting at
220-221°,

Anal. Caled. for C;,H6O4:
C, 72.8; H, 5.3.

From the filtrate an additional 0.04 g. of the anhydride
was isolated.

The dimethyl ester of the an#i unsaturated acid, pre-
pared by means of diazomethane, crystallized from meth-
anol in colorless plates; m. p. 110-111°,

Anal. Caled. for Coed2004: C, 74.1; H, 6.2.
C, 74.1; H, 5.9.

Ozxidation of the Unsaturated Acid.—For the oxidation
we used the monomethyl ester (V) of the an# unsaturated
acid in the form of its water soluble sodium salt; as the
neutral ketone was formed on-oxidation it was extracted
by benzene and thus escaped the further action of the
oxidizing agent. The monomethyl ester was prepared by
refluxing a mixture of 1.25 g. of the dimethyl ester of the
anti-unsaturated acid, 4.3 cc. of N sodiun hydroxide and
20 cc. of methanol for two hours  After two recrystalliza-
tions from methanol the monomethyl ester (1.17 g.)
formed colorless prisms which melted at 197-199°. A
solution of 0.31 g. of the compound in 30 ce. of water con-

C,70.2; H, 6.4. Found:

C, 73.0; H, 5.4. Found:

Found:
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taining 1.5 cc. of N sodium hydroxide was covered with 10
cc. of benzene. A few drops of a solution of 0.31 g. of
potassium permanganate in 50 cc. of water were added,
and when the color had disappeared (warming if necessary)
the solution was cooled to 0° and the remaining perman-
ganate solution was added in portions during fifteen min-
utes, allowing each portion to decolorize before more was
added. After three hours at 0°, the mixture was diluted
and made acid to congo red. Some ether was added to the
mixture, the organic layer was separated, washed with
water and sodium bicarbonate solution and evaporated.
Sublimation of the residue at 180-200° at 0.4 mm. followed
by recrystallization yielded 0.15 g. of 2-methyl-2-carbo-
methoxy-1-keto-1,2,3,4-tetrahydrophenanthrene. The oxi-
dation of the 7-methoxy derivative was carried out in
a similar manner.

¢is and trans 2-Methyl-2-carboxy-1,2,3,4-tetrahydro-
phenanthrene-1-acetic Acid.—A warm aqueous solution of
the potassium salt from 0.3 g. of the anf unsaturated acid
was shaken with 10 g. of 29, sodium amalgam for fifteen
minutes. The reduced acids were dried and dissolved in a
mixture of 1.2 cc. of acetic acid and 1.8 cc. of xylene by
heating. On cooling, 0.20 g. of «-2-methyl-2-carboxy-
1,2,3,4-tetrahydrophenanthrene-1-acetic acid crystallized
in colorless needles. After a recrystallization from ben-
zene-acetic acid the acid melted at 228-229°. It can be
sublimed at 240° under reduced pressure without decoms-
position. In contrast to the unsaturated acid, it gave
no color with concentrated sulfuric acid.

Anal, Caled. for CsHis04: C, 72.5; H, 6.0, Found:
C, 72.6; H, 6.5.

The dimethyl ester of this acid, prepared in 959, yield
by means of diazomethane, crystallized from methanol-
acetone in colorless prisms; m. p. 106-107°.

Anal. Caled. for C;H3,04: C, 73.7; H, 6.7.
C, 73.3; H, 6.5.

The xylene-acetic acid filtrate from the «-acid was
evaporated and the residue crystallized from benzene; in
this manner 0.08 g. of the 8-acid was obtained; m. p. 160~
165° with gas evolution (solvent). A sample of the acid
was prepared in a pure condition, free from solvent of
crystallization, by hydrolysis of its pure monomethyl ester
(preparation given below); from dilute acetic acid the
B-2-methyl-2-carboxy-1,2,3,4-tetrahydrophenanthrene-1-
acetic acid crystallized in clusters of colorless plates; m. p.
182-183°.

Anal. Caled. for CisH;50,:
C, 72.4; H,6.2.

The dimethyl ester of the B-acid was not obtained
crystalline. For this reason the isomeric acids may also
be separated readily through their dimethyl esters.

Reduction of the salt obtained from the anhydride of syn
unsaturated acid gave the same reduced acids in essentially
the same proportions. In view of this result we usually re-
duced the mixture of the salts of the unsaturated acids as
they were obtained in the dehydration reaction of the Refor-
matsky ester, without isolation of the free unsaturated acids.
This was carried out on 5 to 6 g. quantities of Reformatsky
ester as was done with the 7-methoxy derivative.?

a - 2 - Methyl - 2 - carbomethoxy - 1,2,3,4 - tetrahydro-
phenanthrene-l-acetic Acid.—A mixture of 3.26 g. of the

Found:

C, 72.5; H, 6.0. Found:
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dimethyl ester (m. p. 106°) of the a-acid, 10.5 cc. of ¥
sodium hydroxide and 50 cc. of methanol was refluxed for
two hours. After removal of the methanol, the residue
was dissolved in water. On acidification of the solution the
acid ester precipitated in crystalline form, which was suit-
able for the next step, The acid can be recrystallized by
dissolving it in aqueous acetone and allowing the acetone
to-evaporate slowly. In this manner the compound was
obtained in stout, gleaming, colorless needles; m. p. 133~
134°; vyield, practically quantitative.

Anal. Caled. for CgHzQs: C, 73.1; H, 6.4,
C,725; H, 6.2.

Arndt-Eistert Reaction on the a-Acid Ester..—The re-
action was carried out in the manner described for the 7-
methoxy derivative.? From 1.56 g. of the acid ester 1.53
g. (909%) of the dimethyl ester of a-2-methyl-2-carboxy-
1,2,3,4-tetrahydrophenanthrene-1-propionic acid (m. p.
92-97 °) was obtained which was sufficiently pure for cycli-
zation. A sample purified by sublimation under reduced
pressure crystallized from methanol in colorless cubes;
m. p. 98-99°,

Anal. Caled. for CyHz4O4:
C, 73.9; H, 7.0.

The free dicarboxylic acid obtained by hydrolysis of the
ester by a concentrated solution of potassium hydroxide in
methanol crystallized from xylene-acetic acid in broad,
colorless needles; m. p. 213-213.5°.

Anal. Caled. for CgH2Os: C, 73.1; H, 6.4.
C, 72.8; H, 6.5.

a-dl-16-Carbomethoxy-17-equilenone.—The cyclization
of the aforementioned dimethyl ester was accomplished by
means of sodium methoxide in benzene in an atmosphere of
nitrogen in the manner described.? From 0.2 g. of the
dimethyl ester of the substituted propionic acid 0.16 g.
(889, of the cyclized product was obtained in crystalline
form., A sample after sublimation at 200° at 0.4 mm.
crystallized from methanol-acetone in colorless needle-
like prisms; m. p. 124-125°. 1t gave a bluish-purple color
with an alcoholic ferric chloride solution.

Anal. Caled. for CpeHz0Os: C, 77.9; H, 6.5. Found:
C,77.8; H, 6.5.

a-dl-17-Equilenone.—A suspension of 0.6 g. of «-dl-16-
carbomethoxy-17-equilenone in 15 cc. of acetic acid, 6 cc. of
concentrated hydrochloric acid and 1.2 cc. of water was
refluxed in an atmosphere of nitrogen for one hour. The
solution was boiled with charcoal, filtered and evaporated
to dryness under reduced pressure. A benzene solution of
the residue was shaken with sodium bicarbonate solution,
the benzene was evaporated, the residue dissolved in alco-
hol, the solution heated with charcoal, filtered, and concen-
trated. From the solution a total of 0.46 g. (94%,) of the
a-dl-17-equilenone was obtained in the form of colorless
plates. The purest sample, obtained by sublimation under
reduced pressure and crystallization from methanol-ace-
tone, melted at 100-101°,

Anal. Caled. for CsH1sO: C, 86.4; H, 7.2.
C, 8.1; H, 7.2.

The same ketone was obtained, although in poorer yields,
by heating the free dicarboxylic acid with acetic anhydride
and subliming the residue under reduced pressure.

Found:

C, 74.1; H, 7.1, Found:

Found:

Found:
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Pyrolysis of the lead salt likewise yielded the cyclic
ketone.

The picrate of «-dl-17-equilenone crystallized from alco-
hol in fine, yellow needles; m. p. 109.5-110.5°.

Anal. Caled. for CsHisO-CsH;0O:N;: N, 8.77. Found:
N, 8.76.

A portion of the cyclic ketone was converted to 1,2-
cyclopentenophenanthrene by reduction and dehydrogena-
tion. A mixture of 0.175 g. of the ketone and 10 g. of
amalgamated zinc in 2.5 cc. of water, 15 cc. of concentrated
hydrochloric acid, 2.5 cc. of acetic acid and 1 cc. of toluene
was refluxed for twenty-four hours. The product was sub-
limed under reduced pressure and then heated with 0.1 g.
of palladium-charcoal catalyst at 330° for one and one-
half hours. The product obtained by extraction with
acetone was sublimed and then recrystallized from alcohol
and from acetic acid, yielding 15 mg. of pure 1,2-cyclopen-
tenophenanthrene,

8 - 2 - Methyl - 2 - carbomethoxy - 1,2,3,4 - tetrahydro-
phenanthrene-l-acetic Acid.—The crude g-acid (m. p.
160-165°) (1.6 g.) was treated with diazomethane in ether.
The dimethyl ester, which did not crystallize, was con-
verted to the acid ester by partial hydrolysis exactly as
described for the isomer. The acid ester crystallized from
ether in large, stout, colorless needles; m. p. 155-157.5°;
yield, 1.0 g. Recrystallization of a sample from acetone
raised the melting point to 156-158°,

Anal. Caled. for C;gHOs: C, 73.1; H, 6.4.
C,73.0; H, 6.4.

B-dl-17-Equilenone.—The Arndt—Eistert reaction was
carried out on 1.2 g. of the aforementioned acid ester.
The product after sublimation at 200° at 0.5 mm. was an
oil which did not crystallize, It was cyclized by one hour
of heating with sodium methoxide (from 0.125 g. of so-
dium) in benzene (10 cc.) in an atmosphere of nitrogen.
The 8-dil-16-carbomethoxy-17-equilenone crystallized from
methanol in colorless plates (0.75 g.). When it was dis-
solved in hot acetone, the solution concentrated and treated
with methanol, fine thread-like crystals and a few plates
crystallized. When the mixture was warmed, the fine
crystals dissolved and on cooling the solution only stout
colorless plates precipitated; m. p. 131.5-133.5° (vac.).
A sample recrystallized repeatedly melted at 134-134.5°

Found:

(vac.). The compound gives a blue color with alcoholic
ferric chloride.
Anal. Caled. for CooHgOs: C, 77.9; H, 6.5. Found:

C, 78.0; H, 6.5.

A mixture of 0.44 g. of the B-dl-16-carbomethoxy-17-
equilenone, 12 cc. of acetic acid, 4 cc. of concentrated
hydrochloric acid and 1 cc. of water was refluxed in an
atmosphere of nitrogen for one hour. On being cooled,
the solution deposited the $-dl-17-equilenone in practically
quantitative yield. After sublimation under reduced
pressure it crystallized from acetone-alcohol in colorless
plates; m. p. 188.5-189.5° (vac.). It failed to form a
crystalline picrate in alcohol and in benzene solution.

Anal. Caled. for CisHisO: C, 864; H, 7.2,
C.86.3; H, 7.2

Found:

Summary
The synthesis of the cis and #rans forms of 17-
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equilenone (desoxyequilenin and desoxyisoequile-
nin) is described.
Neither compound has shown estrogenic ac-

RevNoLD C. FusoN anD C. H. McKEEVER
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tivity when injected into ovariectomized rats
in amounts up to 500 ~.

ANN ARBOR, MICHIGAN RECEIVED JUNE 19, 1940

[CoNTRIBUTION FROM THE NOYES CHEMICAL LABORATORY, UNIVERSITY OF ILLINO1S]

The Trimerization of Vinyl Mesityl Ketone

By ReyNoLD C. FusoN anD C. H. McKEEVER!

The polymerization of vinyl mesityl ketone was
attempted in order to study the effect of steric
hindrance on this type of reaction.

Vinyl mesityl ketone was prepared from me-
sitylene and B-chloropropionyl chloride by the
Friedel-Crafts method. Apparently the B-chlo-
ropropiomesitylene which might have been ex-
pected spontaneously lost hydrogen chloride.
The vinyl ketone absorbed bromine to give a di-
bromide from which it could be regained by treat-
ment with sodium iodide. It readily decolorized
a dilute solution of potassium permanganate.
Reduction using Raney nickel as catalyst yielded
propiomesitylene. The saturated ketone was
identified by comparison of its dinitro derivative
with an authentic sample.

The vinyl ketone is very stable. It can be dis-
tilled undecomposed and even after years’ stand-
ing exposed to the air shows no change. Poly-
condensation was induced, however, by heating in
the presence of methanol and anhydrous potas-
sium carbonate. The chief product was a trimer.
The formation of the trimer may be pictured in
the following way.

CyH,;;COCH=CH,; + CH;0H —>
CyH;;COCH:CH,OCH;
CgHuCOCHzCHzOCHs + CgHuCOCH:CHz —_—
CeH1COCH,CH,
C H;;COCHCHOCH;
CgHuCOCHzCIHz
CoHuCOCHCH,0CH; + CH;;COCH=CH, —>
CeH;;COCH,CH,
CeH;;COCHCH,
CyH;COCHCH,;OCH;,

Loss of a molecule of methanol from the trimo-
lecular condensation product would give the tri-
mer, I.

It appeared likely that the failure of the con-
densation to continue beyond the trimer stage
might be due to cyclization. The ring closure

(1) Rshm and Haas Research Assistant,

step would be similar in nature to the condensa-
tions proposed to explain the formation of the
linear products.

CHz CHZ
\ N
CH;;COCH, SCCOCH; CHuCOCH  CHCOGCHy
—>
CHZ CHZ CHz CHz
i i

CHCOCyH;, CHCOC,Hy;
I II

The cyclic structure (II) would also account for
the failure of the trimer to give tests for unsatura-
tion.

The highly hindered character of the triketone
complicated the problem of identification by
methods which involved degradation. Its syn-
thesis was therefore attempted. 1,3,5-Trimesit-
oyleyclohexane was made from trimesic acid by
the following sequence of reactions.

Hozc(\}\cozn CH0,¢7 c:ozc:Ha
g L)

COH COzCHa
111
CHz CHZ
AN N
CH;0,CCH CHCO,CH; HO.CCH CHCOH
—_ | —_
CHz CHz Hz CHZ

N Nca
doa

l
CO:CH;
v

CH,
N
ClIOCCH CHCOCI
CH, CH,
: H
cocl

The methyl hexahydrotrimesate (V) was obtained
by reducing methyl trimesate (IV) with Raney
nickel under pressure. The reduced ester was
purified and analyzed but the corresponding free

—> II



