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triene conjugation in linolenate as shown by the
long induction period in the rise of the 2700 band
(Fig. 3) and the much more rapid increase of the
oxygen compounds sensitive to alkali (Figs. 1, 2
and 9). From this it may be concluded that there
is little evidence in these data that a 9,16-di-
hydroperoxide is formed in more than traces
from linolenate. That monohydroperoxides are
the chief primary oxidation products of the
linolenate and arachidonate is indicated by the
fact that the maximum chromophore intensity
is at 2350 A.

These speculations at first seem to contradict
earlier findings that peroxides were not respon-
sible for the absorption band near 2300 A% It
should be pointed out that extinction at this wave
length is proportional to peroxide content only in
the early stages of oxidation or when the oxidizing

conditions are not conducive to peroxide destruc-

tion. Destruction of the peroxides leads to com-
pounds which still absorb strongly at 2300 A.
These observations do not refute the contention
that the conjugation observed in oxidized fats is
formed through the conjugated hydroperoxide.
After this paper went to press the authors read
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a contribution by Sune Bergstrém in which similar
results were reported.!?

Summary

1. The rates of development of the various
chromophores appearing during the oxidation of
ethyl linolate, ethyl linolenate and methyl ara-
chidonate have been followed and related to the
oxygen absorbed.

2. At 37° oxidation of linolenate, and possibly
arachidonate, is accompanied by the formation
of chromophores which exhibit fine structure in
the spectra of their alcoholic and alkaline solu-
tions. This was not observed with ethyl linolate.

3. The rate of formation of chromophores
absorbing at 2325 A. in oxidizing linolate and the
rate of oxygen uptake agrees with the postulated
formation of a conjugated monohydroperoxide as
suggested by Bolland and Koch.

4. The development of color or of ultraviolet
chromophores cannot be taken as a measure of
oxygen uptake (degree of oxidation) unless the
composition of the fatty acid mixture is known.

(12) Bergstrom, Arkiv f6r Kemi, Mineralogi och Geologi, 214,
No. 14 (1945).
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Absorption Spectra.

III.

Cyclic g-Diketones

By ELxaN R. BLouT, VIRGINIA W. EAGER AND DoOROTHY C. SILVERMAN

Continuing our studies on the relationship be-
tween structure and absorption spectra of mo-
lecules,! we have investigated the spectra of
several simple pB-diketones and the effect of
bromine substitution upon the fundamental di-
ketonic spectrum. Although previous investi-
gators?? have mentioned the influence of bromine
atoms adjacent to carbonyl groups upon absorp-
tion, no extensive study of this phenomenon has
been reported.

The acidic nature of cyclic B-diketones is
ascribable to the fact that upon enolization of
one of the hydrogen atoms between the carbonyl
groups a grouping is formed which has all the
properties of, and is vinylogous with, a carboxylic
acid. This acidic form (Ib) of a typical cyclic
3-diketone, 5,5-dimethylcyclohexanedione-1,3, is
one of the possible formulas (I) which may be
written for such a compound.

HO. /OH

o, (\;,0 0. (\/OH \] (\]
i
—_ ! — | ; I
oy \cH, cHy NCH, CH,
(a) (b) (c)

(1) Blout anii Gofstein, THis JoUrRNaAL, 67, 13 (1945); Blout and
Eager, tbid., 67, 1315 (1945).

(2) Graham and Macbeth, J. Chem. Soc., 121, 2601 (1922).

(3) Woodward, THIS JOURNAL, 63, 1123 (1941).
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The present work shows that form Ib, with con-
tributions of forms such as those shown in IT

O, N /OH g\\+ \OH
N/
cH \CH,

CH; CH;

s H 5 OH
NV A
N !

CHy” \CH, cHy \CH,
and their dissociated or ionic forms, 111

O A/

i <

s 8
\/ /’0
! ; 111
N4 N/

cHy \CH, CHy \CH,

are responsible for many of the light absorptive
properties associated with such compounds.

In contrast to isolated carbonyl groups which
absorb only very weakly in the ultraviolet (log
¢ 1 — 2, N max. 270-300 myu), G-diketones are
characterized by intense absorption.245 The

(4) Grossmann, Z. physik, Chem., 109, 305 (1924).
(5) Woodward and Blout, THIS JoURNAL, 65, 562 (1943).
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spectrum of 5,5-dimethylcyclohexanedione-1,3 has
been reported to have an absorption maximum at
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solution being measured. These anomalies ob-
served with the substitution products led us to

undertake a complete investigation of the spec-
trum of the parent diketone.

Figure 1 shows the absorption spectra of 5,5-
dimethylcyclohexanedione-1,3 in absolute ethanol

258 mp? and at 282 mu? by different investigators.
In the cowse of our work we noted that the ab-
sorption peak of some of the bromine substituted
compounds varied with the concentration of the
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Figs. 1,4, 5, 6, 7, 8, 9.—Ethanol solutions—concentrations: A =5 X 1078 M; B =10 X 1078 M; C =20 X 1075 .

Fig. 2.—Ethanol solutions—concentrations: A; = 5§ X 1078 M HCI; - C; = 20 X 1078 M HCl; A, = 5 X 1073 ¢
NaOH; C; = 20 X 1078 M NaOH.
=5 X 107% M in water; B = 10 X 1075 M in water; C = 5, and 10 and 20 X 1078 M in
ether.
50 X 1078 M; D = 2,2-dibromo-5,5-dimethylcyclohexanedione-1,3;
2,2,4,6-tetrabromo-

Fig. 3.—Concentrations: A

Fig. 10.—Ethanol solutions—concentrations:
E = 2,24 6-tetrabromo-5,5-dimethylcyclohexanedione-1,3 measured 15 minutes after solution; F =
5.5-dimethylcyclohexanedione-1,.3 measured 60 minutes after solution.
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TasLE I
20 X 107 M 10 X 1078 M 5 X 107 M
M\ max, A max, M max.
Compound Figure Solvent in mp Log e in mp Tog ¢ in mu Loge
1 Abs, ethanol 258 4.10 260 4,10 282 4.25
. . 2 Acidic abs. ethanol 255 4.22 255 4.23
B, Dmethyleyclohexanedione 1 5 Basic abs. ethanol 282 4.42 283 4.43
’ 3 Water 262 4.13 279 4,22
3 Ether 243 4.14 245 4.13 245 4.14
Cyclohexanedione-1,3 Ethanol 255 4.20 280° 4,30
2-Ethyl-4-n-propylcyclo-
pentanedione-1,3 4 Abs. ethanol 252 4.16 258 4.13 272 4,32
Acetylacet Abs. ethanol 273k 3.90 273 3.91 273 3.90
ylacetone Aqueous alkali 289.8°  4.38
Ethanol 310.5 4.14
Benzoylacetone? Basic ethanol 325 4.23
Piperidine 333.5° 4.15

8 Data from Bastron, Davis and Butz (ref. 7).
1.58 X 108 M.
not stated.

solution in three different concentrations.® It is
apparent there is a large shift in the position of the
absorption peak, from 258 to 282 mg, as the solu-
tion is diluted. In a recent paper? a similar shift
in the absorption spectrum of cyclohexanedione-
1,3 1s described, and the conjecture is raised
whether this behavior may be attributed to a
larger amount of the dienolic form (corresponding
to Ic) in the more dilute solution. It is quite cer-
tain that the foregoing explanation is incorrect
since the per cent. enol in tautomeric systems is
dependent on the nature of the solvent® and not
on the molality of the solution. The dissociation
of weak acids, however, is dependent upon con-
centration and the observed shift.in the absorption
of cyclic B-diketones upon dilution may be
attributed to increasing ionization.? Confirma-
tion of this hypothesis is found in the spectra of
5,5-dimethylcyclohexanedione-1,3 in acidic and
basic solutions (Fig. 2). When one equivalent of
hydrochloric acid is included in either the most
dilute solution (6 X 10~% M) or the most con-
centrated solution (20 X 10~% M) the ionization of
the cyclic 8-diketone is completely repressed and
the absorption spectrum (Fig. 2a and b) closely
approximates that of the concentrated solution
of the non-acidified g-diketone (Fig. 1c). On the

(6) Our choire of concentrations (5 X 107§, 10 X 1075, and 20 X
107% M) was made with two criteria in mind., First, to use solutions
having as wide a range of concentrations as possible which would
show the highly intense absorption maxima of all the cyclic 8-
diketones and secondly, to remain within the limits of the optimum
extinction coefficients for the Beckman spectrophotometer used in
these determinations. Vandenbelt, Forsyth and Garrett, Ind. Eng.
Chem. Anal. Ed., 17, 235 (1945), have shown that optimum extinction
coefficients were obtained with instrument densities of 0.5 to 1.9.
All our meastirements were made in this range, although in some cases
it was necessary to vary the length of the cell containing the solution.

(7) Bastron, Davis and Butz, J. Org. Chem., 8, 515 (1943).

(8) Baker, "‘Tautomerism,” D. Van Nostrand Co., New York,
N. Y., 1934, pp. 5758, 113-114.

(9) 5.5-Dimethylcyclohexanedione-1,3 is a fairly weak acid.
Schilling and Vorlander, Anx., 308, 193 (1899), report K2° = 0.71 X
10”8, Scharzenbach and Lutz, Hels. Chim. Acta, 28, 1147, 1162
(1940). give pK at 25° = 5.253.

b Grossman (ref. 4) reports 272.5 mu and log € 4.02.
4 Data from Morton, Hassan and Calloway (ref. 13).

Most concentrated solution, 1.58 X 10~* M; most dilute solution,

¢ Data from Grossman, (ref. 4). Concentration

¢ Concentration 1 X 1073 M.

other hand, if one or more equivalents of sodium
hydroxide are dissolved in the dilute and con-
centrated solutions, the ionization of the g-di-
ketone is complete and the spectra are identical
with that of the dilute neutral solution of the §-
diketone (¢f- Fig. 2a; and 2c¢, with Fig. 1a). Thus
it is evident that the spectrum observed in con-
centrated solution (20 X 10~ M or greater) is that
of the un-ionized molecule (II); while the spec-
trum obtained in dilute solution (5 X 10-% M or
less) is essentially due to ionic forms (III) of the
compound.

Upon investigation of the spectrum of 5,5-di-
methyleyclohexanedione-1,3 in aqueous solution
we noted that the compound absorbs at approxi-
mately the same wave lengths as in alcoholic
solution (Table I, Fig. 3). This means in effect
that the compound is dissociated to approxi-
mately the same degree in both of these hydroxylic
solvents. Unfortunately, its solubility in a
hydrocarbon solvent such as hexane is so low!?
that measurement of the spectrum in the desired
concentrations is impossible. However, it is
sufficiently soluble in diethyl ether to aliow spec-
tral determinations (Fig. 3). The maximum at
243 mpu is probably indicative of transitions to
higher energy levels which involve absorption at
correspondingly shorter wave lengths. The
greater energy necessary to effect the transition
is in turn due to the environment; that is, the
lower dielectric constant of ether as compared.
with water or alcohol. The fact that there is no
shift in absorption upon dilution indicates that
clissociation is repressed more in ethereal solution
than in hydroxylic solvents.

By analogy it is reasonable to assume that
1,3-cyclopentanediones will show similar effects.
A member of this class of compounds, 2-ethyl-4-
n-propylcyclopentanedione-1,3, does indeed show
the typical shift in absorption spectrum upon

(10) The solubility ot 5,5-dimethylcyclohexanedione-1,3 in hexane
is less than 1 X 107% M.
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cilution (Fig. 4). We assume that this phenome-
non of increasing dissociation upon dilution and
the related shift in absorption is typical of all cyclic
B-diketones having at least one enolizable hydro-
gen on the carbon between the carbonyl groups.

On the other hand, the spectra of non-cyclic
B-diketones do not show this same effect, which is
consistent with the fact that these compounds are
considerably weaker acids.!! For example, we
have reéxamined the spectrum of acetylacetone at
three different concentrations and found in each
case that the curves were identical, all having
maxima at 273 mu (Table I). This is theoretically
explicable upon consideration of the intramolecu-
lar hydrogen bonding that exists in open-chain 8-
diketones,!? but which cannot exist in cyclic 8-
diketones due to the fixed spatial arrangement of
the carbon—carbon bonds. Because of this hydro-
gen bonding, increasing ionization of acetyl-
acetone does not occur upon dilution and, hence,
there is no change in the spectrum. Strong alkali,
however, will ionize even a hydrogen-bonded @-
diketone, and the ionic forms show the typical
shift in absorption observed with the cyclic com-
pounds (Table I). Further support for this argu-
ment may be adduced from the work of Morton!?
upon benzoylacetone where completely analogous
effects were noted. It should be emphasized that
our results show that the shift in absorption is
due to ionization of the compound and not to
chelation as postulated by Morton, ef al.

Several bromo derivatives of 5,5-dimethyl-
cyclohexanedione-1,3 have been described!* and
the spectra of the 2-bromo and the 2,2-dibromo
compounds have been measured.? During the
present investigation the bromo derivatives noted
in Table II were prepared and their absorption
spectra determined.

TABLE 11

Cyclohexane-

dione-1,3 Fig-20 X 107¢M 10X 1075M 55X 105 M

derivative® ure Amax Loge Mmax Loge Mmax Loge
2-Bromo-5,5-

dimethyl- 5 273 4.06 287 4.08 293 4.34
4-Bromo-5,5-

dimethyl- 6 268 3.96 270 3.88 300 4.03
2,4-Dibromo-5,5- 7 282 3.87 282 3.72 297 3.45

dimethyl- 240 3.77
4,6-Dibromo-5,5-

dimethyl- 8 270 3.95 278 3.82 308 4.09
2,4,6-Tribromo-

5,5-dimethyl- 9 290 3.93 295 3.87 320 3.77

¢ All compounds measured in absolute ethanol.

It should be noted that all the "derivatives
which are not dibrominated in the 2-position,
1. ¢., those capable of forming systems vinylogous

(11) Scharzenbach and Lutz (ref. 9) report for acetylacetone pK =
8.94 which is, of course, equivalent to stating that it is morethan 1000
times a weaker acid thau 5,5-dimethylcyclohexangdione-1,3.

(12) Pauling, ‘“The Mature of the Chemical Bond,” 2nd ed,,
Cornell University Press, Ithaca, N, Y., 1942, p, 318,

(13) Morton, Hassan and Calloway, J. Chem. Soc., 883 (1934).

(14) Voitila, Ann. Acad. Sci. Fennicae, A49, 7 (1838).
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with carboxylic acids (vide supra), show the same
type of shift in absorption maximum upon dilution
as that of parent B-diketone. In all cases the
shift due to increasing dissociation is toward
longer wave lengths. It is also apparent that the
spectral shift upon bromination cannot be cor-
related at this time with the position of the sub-
stituent; for example, the spectrum of the 2-
bromo compound shifts more in concentrated and
less in dilute solution than does its non-centrally
brominated isomer, 4-bromo-3,5-dimethylcyclo-
hexanedione-1,3. In general, increasing the num-
ber of bromine atoms in the molecule shifts the
maximal absorption toward longer wave lengths.

In a previous paper,® attention was called to
the facile oxidative decomposition of centrally C-
alkylated cyclic B-diketones. This decomposition
was postulated as a consequence of the high electron
density induced in the unsaturated system by the
electron repelling alkyl group. It would therefore
be expected that centrally C-halogen substituted
cyclic B-diketones would be stable under the same
conditions because of the electron-attracting
properties of halogen atoms. We have found this
to be the case with all of the above-noted deriva-
tives of 5,5-dimethylcyclohexanedione-1,3 having
one bromine in the 2-position.

The lack of discrete absorption of centrally
disubstituted B-diketones has been described.?1?
The two centrally dibrominated diketones in-
vestigated by us showed similar spectral char-
acteristics (Fig. 10) in that no high intensity
bands were observed. In addition, both these
compounds are unstable to ultraviolet radiation in
alcoholic solution. In fact, unless the spectrum
of 2,2,4,6-tetrabromo-5,5-dimethylcyclohexanedi-
one-1,3 was run immediately upon solution, the
spectrum obtained was similar to that of the sym-
metrical tribromo compound (¢f. Fig. 9 and 10).
After this observation was made, a solution of the
tetrabromo compound in a Vycor tube was found
to give 2,4,6-tribromo-5,5-dimethylcyclohexane-
dione-1,3 in 65% yield upon irradiation with a
high intensity ultraviolet source for five minutes.
Further irradiation yielded only uncrystallizable
oils. Similarly, an alcoholic solution of the 2,2-
dibromo compound upon irradiation for one hour
gave a good yield of 2-bromo-5,5-dimethylcyclo-
hexanedione-1,3. Evidently this reaction repre-
sents photochemical reduction of the labile 2,2-
dibromo compounds with the ethanol serving as a
source of hydrogen.

Acknowledgment.—The authors wish to thank
Dr. R. B. Woodward for his continued interest
in this work, and Miss Adelaide Sutton and Mr,
W. A. Davis for their aid in the determination of
many of the absorption spectra.

Experimental®

5,5-Dimethylcyclohexanedione-1,3.—Commercial grade
material (Eastman Kodak Co. dimethyldihydroresorcinol

(15) All melting points are corrected. Elementary analyses by
Dr. Carl Tiedcke.
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was used as starting material for the bromination reactions.
The spectral sample was recrystallized twice from 209,
ethanol and melted at 148.5~149°,
2-Ethyl-4-n-propyl-cyclopentanedione-1,3.—This di-
ketone was prepared by the method of Woodward and
Blout.f The sample used for the spectral determination
was recrystallized once from water, once from ethyl
a;%t%)ge—petroleum ether, and had a melting point 120~
120.5°.
Acetylacetone.—The material used had a boiling point of
135-135.5° (760 mm.); n®%2 1.44676.
2-Bromo-35,5-dimethylcyclohexanedione-1,3.—This com-
pound was prepared by the method of Voitila!® in 719,
vield. A pure sample was observed to melt at 175.0° with
no decomposition. The same yield was obtained when
the reaction was carried out at room temperature using 2
moles of bromine, 2.2 moles of potassium acetate for 1 mole
of 5,5-dimethylcyclohexanedione-1,3.
4-Bromo-5,5-dimethylcyclohexanedione-1,3.—To 3.25
g. (0.01082 mole) of 2,4-dibromo-5,5-dimethylcyclohexane-
dione-1,3 dissolved in cold 957, alcohol were added 1.80 g.
(0.01082 mules) of potassium iodide dissolved in the least
amount of cold water and 0.87 cc. (0.01082 moles) of
concentrated hydrochloric acid. The solution became
colored with iodine and potassmm bromide precipitated
on addition of the hydrochloric acid. The iodine was
taken up by dropwise addition of cold, saturated sodium
thiosulfate solution, the potassium bromide was filtered off,
and the solvent evaporated at room temperature by a
stream of air. The residue was a yellow oil which set to
2.25 g. (919%) of a yellow solid on cooling. After two re-
crystallizations from 5%, ethanol saturated with the com-
pound at 60-70°, long white needles, melting point 149.5~
150°, were obtamed In spite of its relatively high melt-
ing point, this compound shows a marked tendency to oil
out of concentrated solutions when impure. The pure
compound gives a reddish-purple color with ferric chloride
in water. Calculated for CgH;1O:Br: C, 43.85; H, 5.06.
Found: C, 43.67; H, 5.15.
2,2-Dibromo-5,5-dimethylcyclohexanedione-1,3.—This
compound was prepared in 509, yield (¢f. Voitilal?) by us-
ing 4 moles of bromine and 4 moles of potassium acetate
for 1 mole of 5,5-dimethylcyclohexanedione-1,3. (When
only 2 moles of bromine were used for 2.2 moles of potas-
sium acetate and 1 mole of 5,5-dimethylcyclohexanedione-
1,3, the monobromo derivative was isolated.) The 2,2-
dibromo derivative was formed in 587, yield when 2 moles
of bromine, 1.1 moles of potassium acetate, and 1 mole of
5,5-dimethyvlcyclohexanedione-1,3 were used, and the
reaction mixture worked up at once. On recrystallization
from 409, ethanol, it gave flat white plates, melting point
150.5-151° It gave a negative ferric chloride test in
water. Calculated for CgHyO.Bry: C, 32.24; H, 3.38.
Found: C, 82.35; H, 3.56.
2,4-Dibromo-5,5-dimethylcyclohexanedione-1,3.—This
derivative was postulated by Voitila as a necessary inter-
mediate in the known rearrangemeunt reactions. Five
grams (0.0357 mole) of 5,5-dimethylcyclohexanedione-1,3,
3.85 g. (1.1 X 0.0357 mole) of potassiym acetate were dis-
solved in 345 cc. of cold glacial acetic acid and 442 cc. of
0.322 N bromine—glacial acetic acid (2 X 0.0357 mole,
11.42 g.) were added in fifteen minutes with stirring and
cooling. The solution became orange after about one
third of the bromine had been added. After standing
eighteen hours the potassium bromide was precipitated
with ether, and the solvent evaporated at reduced pressure.
The residual green oil set on cooling to 1.66 g. (269,) of a
light green solid. On recrystallization from 409, ethanol,
it oiled and solidified, but after several recrystallizations
from 209, alcohol, it gave long white needles, melting
point 149-150.5°. An aqueous solution gave a reddish-
purple color with ferric chloride solution. A mixed melt-
ing point with the 2,2-dibromo derivative (melting point
149-149.5°) melted at 122°, When the reaction mixture
was worketl up after standing only one hour, 589, yield of
the 2,2-dibromo derivative was isolated, showmg that the
2,4-dibromo derivative is indeed produced by a rearrange-
ment reaction which requires some time to take place.
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The 2,4-dibromo derivative is quite soluble in water and
cannot be precipitated from the glacial acetic acid-ether
solution by adding a large amount of water. Calculated
for 3C§é-lmOgBrg' C, 82.24; H, 3.38. Found: C, 32.35;
H,

4,6-Dibromo-5,5- dimethylcyclohexanedione 1 ,3.—This
bromo derivative was prepared in 749, yield by the satne
method used for the 4-bromo-3,5- dimethylcyclohexanedi-
one-1,3. On recrystallization from 209 7% ethanol it gave
white prisms, melting point 146-146. 5° Mixed melting
point with 2,2-dibromo derivative (melting point 150.5_,
151°) gave 120°+4. Mixed melting point with 24-di-
bromo derivative (melting point 149.5-150°) 125°+. In
water solution it gives a reddish-purple color with ferric
chloride. This compound decomposes unless it is isolated
from a cold reaction solution. It shows a tendency to
form an oil. Calculated for CgHyO:Br,: C, 32.24; H,
3.38. Found: C, 32.41; H, 3.63.

2,4,6-Tribromo-5,5-dimethylcyclohexanedione-1,3.-~By
the rearrangement of 2,2-dibromo-5,5-dimethylcyclohex-
anedione-1,3 in glacial acetic acid-hydrogen bromide,
189, yield of impure 2,4,6-tribromo-5,5-dimethylcyclo-
hexanedione-1,3 was obtained. Direct bromination of
5,5-dimethylcyclohexanedione-1,3 with 6 gram-atoms of
bromine gave 557, yield after nine days. Eighty-five per
cent. yield was obtained on direct bromination with 9
gram-atoms of bromine after two days by frequently
breaking up the slushy clumps of 2,2-dibromo derivative.
Recrystallization from 40% ethanol produced either fine
white grains or chunky prisms, melting point 172-173°
(dec.). The melting point of a well-purified sample may
vary from 170-175° depending on the rate of heating.
Voitila!? reports a melting point of 175° (dec.). The pure
compound gives a reddish-purple ferric chloride test in
aqueous solution.

2,2,4,6-Tetrabromo-5,5-dimethylcyclohexanedione-1,3.

—This compound was prepared in 359, yield by the
method of Voitila.1* On fractional precipitation from the
reaction inixture by the addition of water the first fraction
was almost the entire product. This material had the -
highest melting point, 109.5~111°, and gave a negative
ferric chloride test in cold water or in dilute cold alcohol.
This compound readily decomposes to the 2,4,6-tribromo
derivative and cannot be purified by recrystallization.

Photochemical Decomposition of 2,2-Dibromo-5,5-
dimethylcyclohexanedione-1,3.—A solution of 0.50 g. of
2,2-dibromo-3,5-dimethylcyclohexanedione-1,3 in 20 cc. of
absolute ethanol was placed in a stoppered Vycor test
tube and irradiated two hours one foot away from a Luxor
S mercury arc made by the Hanovia Chemical and Mfg.
Co. At the end of this time the solution was faintly
yellow. The solvent was evaporated by an air stream,
leaving a yellow oil which set to 0.20 g. (55%,) of yellow
crystals, melting point 138-142°, After two recrystalliza-
tions from 409, ethanol, there were formed white plates,
melting point 169-170°. A mixed melting point with an
authentic sample of 2-bromo-5,5-dimethylcyclohexane-
dione-1,3 (melting point 175°) melted at 171-172°,

Photochemical Decomposition of 2,2,4,6-Tetrabromo-
§,5-dimethylcyclohexanedione-1,3.—A solution of 1.00 g.
of 2,2,4,6-tetrabromo-5,5-dimethylcyclohexanedione-1,3 in
25 cc. of absolute ethanol was irradiated five niinutes. On
evaporation of the solvent, there was formed a yellow oil
which set to 0.55 g. (669, yieId) of yellow crystals; m. p.,
110-120° {dec,). One recrysta,llization from 40¢} ethanol
gave white grains, melting point 173° (dec.). A rmxed melt-
ing point with 2,4,6-tribromo-5,5- dimetliylcyclohexanc—
dione-1,3 (melting point 173° dec.) melted at 172° (dec.).

All absorption spectra were measured on Beckman
quartz spectrophotometer, maodel DU, with a hydrogen
tube as an ultraviolet source, using 1 and 0.5 cm. quartz
cells. All measurements were made upon absolute
ethanolic solutions unless otherwise noted under the
figures.

Summary

The absorption spectra of solutions of non-
centrally disubstituted g-diketones have been
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shown to be dependent upon enolization and the
dissociation of enolic forms. Increasing disso-
ciation occurs upon dilution for cyclic f-diketones,
but does not occur for non-cyclic B-diketones.
In both cases, however, dissociation does take
place upon the addition of alkali and the absorp-
tion spectra are shifted toward longer wave
lengths.

EXPERIMENTS WITH 2-ETHYLBIPHENYL: CYCLODEHYDROGENATION
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The spectra of several bromo derivatives of 5,3-
dimethylcyclohexanedione-1,3 have been deter-
mined. Photochemical reduction of 2,2-dibromo
derivatives of 5,5-dimethylcyclohexanedione-1,3
has been shown to occur with the formation of the
corresponding 2-monobromo compounds.
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Aromatic Cyclodehydrogenation.

III.

Experiments with 2-Ethylbiphenyl!

By MiLToN ORCHIN?

Previous communications® have dealt with the
cyclodehydrogenation of 2-methylbiphenyl and
2,2’-dimethylbiphenyl and their conversion to
the fluorene nucleus by vapor-phase treatment
with a palladium catalyst. It was of interest to
determine the fate of 2-ethylbiphenyl (I) under
the same conditions. If cyclodehydrogenation
proceeded without the loss of a carbon atom,
either 9-methylfluorene (II) or phenanthrene
(ITI) or both could be formed.

0.0 0

—CH; <— + 2H,
11

0" 0

2-Ethylbiphenyl was synthesized by the reac-
tion of ethylmagnesium bromide with 2-phenyl-
cyclohexanone. The gas evolved in this reaction
corresponded to about 109, enolization which is
considerably less than the 509, reported* for this
ketone in the Reformatsky reaction. The crude
carbinol isolated from the Grignard reaction
was dehydrated to 2-ethyltetrahydrobiphenyl
(IV), and IV dehydrogenated to I by treatment
with sulfur.

Treatment of ethylbiphenyl at about 480° with
palladium-charcoal gave both 9-methylfluorene
and phenanthrene, but the major product was
fluorene (V). Similar treatment of the tetra-
hydro derivative, IV, likewise gave all three con-
version products. Since both phenanthrene, III,
and fluorene, V, were isolated after similar cyclo-
dehydrogenation of 9-methylfluorene, there is a
possibility that the latter may be an intermediate
in the formation of III and V. Graebe® achieved

(1) Published by permission of the Director, Bureau of Mines,
U. 5. Department of the Interior. Not copyrighted.

(2) Organic chemist, Central Experiment Station, Bureau of
Mines, Pittsburgh, Pa.

(3) (a) Orchin and Woolfolk, THis Jour~aL, 67, 122 (1845);
(b) Orchin, ibid., 67, 499 (1945).

(4) Newman and Farbman, 7bid., 66, 1550 (1944).

(5) Graebe, Ber., 87, 4146 (1504).

the thermal conversion of 9-methylfluorene to
phenanthrene by’passing the former through a
glowing tube but made no mention of the loss of a
methyl group. The survival of 9-methylfluorene
under the conditions of the present experiments
and its presence in the conversion products from
ethylbiphenyl and the ethyl-tetrahydrobiphenyl
is probably a function of the contact time with
the catalyst, a factor which is difficult to control
with small quantities and the type of catalyst used
in these experimenfs. -

Experimental®

2-Ethyl-tetrahydrobiphenyl, IV.—To the Grignard solu-
tion prepared from 78 g. of ethyl bromide, 18 g. of mag-
nesium and 440 cc. of dry ether, there was added dropwise
with stirring, a solution of 118 g. of 2-phenyl-cyclohexan-
one* in 200 cc. of benzene and 50 cc. of ether. During
the addition about 1.3 liters (N. T. P.) of gas was liber-
ated. The mixture was refluxed eighteen hours. About
200 cc. of ether was then distilled from the mixture, where-
upon it was decomposed with ammonium chloride solution.
The organic fraction, on distillation through a Widmer
column, gave 117.4 g. (859,) 1-ethyl-2-phenylcyclohexanol,
b. p. 120-121° (5-6 mm.). The carbinol (101 g.) was re-
fluxed with 350 cc. of 909, formic acid for three and one-
half hours. The top layer was separated and combined
with a benzene extract of the aci¢ bottom layer. The
benzene solution was washed, dried and evaporated and
the residue distilled. There was obtained 65.6 g, (719,)
ethyl-tetrahydrobiphenyl, colorless liquid, b. p. 103-105°
(5-6 mm.). Analysis indicated the presence of a small
quantity of an oxygenated compound. A second treat-
ment with formic acid did not remove the oxygen. An
ethanol solution of the material was then treated with
semicarbazide hydrochloride and sodium acetate. The
material recovered after this treatment had b. p. 93-93.5°
(8-4 mm.), n2p 1.5417, 429 0.961. Anal. Calced. for
CuHs: C, 90.26; H, 9.74. Found: C, 90.1; H, 9.8
E\)?o attempt was made to prove the location of the double

ond.

2-Ethylbiphenyl, I.—A mixture of 14.7 g. of IV and 5.05

g. of sulfur was heated at 210-240° for one and one- half
hours and distilled ¢# zacuo. The crude distillate (8.1 g.)
was dissolved in petroleum ether and chromatographed
on alumina. The first portion to come through was re-
jected. The balance of the hydrocarbdn was recovered
from the petroleum ether by distillation whereupon there
was obtained 6.1 g. (429;) 2-ethylbiphenyl, b. p. 93-94°
(2-3 mm.), #2p 1.5808. Anal. Calced. for CiyHiu: C,
92.26; H, 7.74. Found™: C, 92.0; H, 8.0.

(6) All melting points corrected. Analyses by Dr. T.
versity of Chicago, unless otherwise noted.
(7) Bureau of Mines, Coal Analysis Section.
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