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diluted with a small volume of water and the resulting mix-
ture acidified with concentrated hydrochloric acid. An oil
separated, which solidified upon strong cooling of the mix-
ture. The solid was collected by filtration and recrystallized
from boiling water, of which about 2 1. were required.
Several more recrystallizations from water yielded 6.5 g.
(7.3%) of white, flaky crystals of Acid A, m.p. 110-113°.
The combined mother liquors were extracted with benzene.
The benzene extract was concentrated under reduced pres-
sure, petroleum ether (b.p. 30-60°) added, and the result-
ing mixture permitted to stand in the refrigerator. The
crystals which formed were recrystallized several times from
water to give 3.0 g. (3.49%,) of white crystals of Acid B, m.p.
134-137°. Repeated crystallization from water gave the
analytically pure acids: Aecid A, m.p. 113-113.7°; Acid B,
m.p. 135-137°. )

Anal. Caled. for CpH;0s: C, 67.42; H, 5.65. Found:
(for Acid A): C, 67.35; H, 5.67. (For Acid B): C, 67.58;
H, 5.69.

Acid A in carbon tetrachloride did not decolorize 59
bromine in carbon tetrachloride. In acetone solution, Acid
A gave no decoloration with a 29 solution of potassium per-
manganate. Acid B gave similar results with the preceding
reagents. Phenylvinyl ether gave instantaneous decoloriza-
tion with both reagents.

A 1-g. quantity of Acid A, m.p. 110-114°, was heated in
11.35 g. of polyphosphoric acid at 70-80° for 2 hr. with
mechanical stirring and exclusion of moisture. The reaction
mixture was poured into cold water and the resulting mix-
ture extracted with benzene. The benzene solution was
washed with 59 sodium bicarbonate and dried over anhydr.
magnesium sulfate. Removal of the benzene revealed neither
solid nor liguid residue. Acid B gave similar results with
polyphosphorie acid.

Acknowledgment. The financial support of this
investigation by the Research Corporation of New
York is gratefully acknowledged.

AvVERY LABORATORY

TuaE UNIVERSITY OF NEBRASEA
LincoLN, NEB.

2,2-Diaryl-p-dioxanes

R. K. SumMEeERBELL, JaMmEs P. SgErrie, anp MATHILDE
Kranp-ENGLISH

Recetved January 6, 1958

Two recent publications from our laboratory’?
have made use of 2,2-diphenyl-p-dioxane as the
reference compound in proving structures. This
note details the original synthesis of this and other
2,2-diaryl-p-dioxanes.

Treatment of p-dioxanone with the appropriate
Grignard reagent resulted in the formation of fair
vields of «,a-diphenyldiethylene glycol, la, a,a-
di-p-chlorophenyldiethylene glycol, Ib, and «,a-
di-p-tolyldiethylene glycol, Ic. These glycols were
converted to dioxanes by treatment in benzene
solution with anhydrous hydrogen chloride and
caleium chloride at room temperature.
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The ease of formation of the dioxane rings eon-
trasts with the difficulty of closing similar 4-
methylmorpholine rings with acid,® presumably
because in the latter case the carbonium ion
corresponding to II would have two positive
charges. As would be expected from the proposed
carbonium ion mechanism, Ib was not converted
to the dioxane as easily as Ia or Ic. On the other
hand, Id was not even isolated. Either the dioxane
IIId was formed in solvent evaporation or under
the extremely mild acid conditions of the hydrolysis
of the Grignard reaction product with agqueous
ammonium chloride, or it was a direct product
formed before hydrolysis. Such direet formation of
ethers from aliphatic lactones by treatment with
Grignard reagents seems to be rare.*

When a butyl Grignard reagent was treated with
p-dioxanone, a compound of correct composition
for the expected glycol resulted, but starting ma-
terial was recovered when ring closure to the
dioxane was attempted by the method successfully
employed for aromatic derivatives,

EXPERIMENTAL

p-Dioxanone. Small yields of this compound were ob-
tained by each of the methods attempted.’~7 None was
satisfactory, and our modifications did not improve matters
importantly. The compound was always distilled immedi-
ately before use in order to be certain that it was in the
monomeric form. A convenient method for the laboratory
preparation of this compound was found later in our labora-
tory, and has now been published.?
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a,a-Diphenyldiethylene glycol, Ia. To the Grignard solu-
tion resulting from the treatment of 12.2 g. (0.5 mole) of
magnesium with 78.5 g. (0.5 mole) of bromobenzene in 200
ce. of ether was added with vigorous stirring, 15.2 g. (0.15
mole) of monomeric p-dioxanone dissolved in 50 ec. of dry
benzene. The rate of addition was such as to cause gentle
reflux. The reaction mixture was hydrolyzed with ice and
aqueous ammonium chloride, and the product extracted
with ether which was evaporated to yield 40.9 g. of crude
product. Repeated recrystallization from water-ethanol gave
19.9 g. (51% yield) of a pure product, m.p. 109.0-109.2°,

Anal. Caled. for C;gHy50;: C, 74.39; H, 7.02; mol. wt. 258.
Found: C, 74.63; H, 7.29; mol. wt., ebullioscopic in benzene,
250.

a,a-Di-p-chlorophenyldiethylene glycol, Ib. Prepared as
above from Grignard reagent from 0.15 mole of p-bromo-
chlorobenzene and 0.07 mole of p-dioxanone. Product re-
crystallized from ethanol-water weighed 6.2 g. (0.019 mole),
vield 279, m.p. 108.5-109°.

Anal. Caled. for CgHs0:Cly: C, 58.73; H, 4.93. Found:
C, 58.95; H, 4.80.

a,a-Di-p-tolyldiethylene glycol, Ic. Use of the Grignard
reagent from p-bromotoluene as above gave a 269, yield of
product recrystallized from water-ethanol, then from
petroleum ether, m.p. 91-91.5°.

Anal. Caled. for CisHpOs: C, 75.51; H, 7.74. Found: C,
75.48; H, 7.88.

2,2-Diphenyl-p-diozane, IIla. A solution of 0.903 g.
(0.0035 mole) of Ia dissolved in 50 ce. of dry benzene to
which 3 g. of anhydrous calcium chloride had been added
was saturated with anhydrous hydrogen chloride and
allowed to stand for 24 hr. The solvent was removed by
agpirator and the product recrystallized from petroleum
ether to give 0.251 g. (0.00105 mole) of white crystals, m.p.
119.5-120. Yield 309%.

Anal, Caled. for CisHi60q: C, 79.97; H, 6.71. Found: C,
79.77; H, 6.65.

A melting point of 121° has been reported for 1,1-diphenyl-
ethylene glycol® & conceivable product of this reaction.
The latter was prepared and shown to be different from
IITa by mixed melting point.

2,2-Di-p-chlorophenyl-p-diozane, 11Ib. The product was
recrystallized from absolute ethanol, m.p., 78-79°. Yield,
129%,. Unchanged starting material recovered by evapora-
tion of the solvent amounted to 779.

Anal. Caled. for CisH140:Cla: C, 62.2; H, 4.53. Found:
C, 61.49; H, 4.77.

2,2-Di-p-tolyl-p-diozane,
30%.

Anal. Caled. for CiHyO,: C, 80.6; H, 7.46. Found: C,
80.42; H, 7.55.

2,2-Di-p-anisyl-p-dioxane, 11Id. When the preparation of
2,2-di-p-anisyldiethylene glycol from p-dioxanone and p-
anisylmagnesium bromide was attempted, the product had
a carbon content quite different from that of the glyeol,
but close to that of the corresponding dioxane. The yield
was 549%. Repeated crystallization from ethanol, methanol,
and petroleum ether gave a product of fair purity. A satis-
factory analytical sample, obtained by sublimation, melted
at 106.5-107.2°.

Anal. Caled. for CiH204: C, 72.0; H, 6.67. Found: C,
72.30; H, 6.90.

IITe. M.p., 94.2-95.5; yield,
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Unsaturated Fatty Acids. V. Preparation of
a- and y-Linolenic~1-C!* Acids!
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The decarboxylation-reconstitution technique de-
veloped? in this laboratory and employed®+ in the
synthesis of oleic- and linoleic-1-C!4 acids has now
been applied to the problem of labeling two trienoic
acids, a- (or the common) linolenic (all-c7s-9,12,15-
octadecatrienoic) and y-linolenic (all-czs-6,9,12-0c-
tadecatrienoic), with C* in the carboxyl group.
Use of these labeled substances in studies of in vive
interconversions of polyunsaturated fatty acids has
been described elsewhere.®

EXPERIMENTAL

All melting points are corrected. Reported trans-contents
of olefinie substances, based on infrared absorption at 10.3g,
are considered to be within 5%, of actual values.

Ultimate analyses were performed by Dr. A. Elek (Elek
Micro Analytical Laboratories, Los Angeles) and infrared
absorption analyses by Mr. Paul Kratz. Radioactivities
were determined by Dr. J. F. Mead and by Mr. W, H.
Slaton, Jr.

9,10,12,13,15,16-Hexabromostearic acid (o-I), m.p. 182.8-
183.4°, was prepared by bromination of linseed oil fatty
acids (kindly supplied by the Archer-Daniels-Midland Co.)
essentially as described by MecCutcheon,?® except that buta-
none (16.5 ml. per g.) was found to be superior to dioxane
as a crystallization solvent. Treating o-I in tetrahydrofuran
with diazomethane in benzene gave methyl 9,10,12,13,15,16-
hexabromostearate, m.p. 154.2-155.3° (recrystallized from
butanone).

Anal. Caled. for CysHy.BrsO,: C, 29.56; H, 4.18; Br, 62.12.
Found: C, 29.68; H, 4.16; Br, 62.18.

6,7,9,10,12,13-Hexabromostearic acid (v-1) was obtained
by bromination of the mixture of fatty acids produced by
saponification of the oil extracted from seeds of the evening
primrose, Oenothere Lamarckiona,” using a procedure de-
veloped by Dr. James F. Mead. In batches of about 300 g.
each, 5 Ibs. of dry seed (Vaughan Seed Co., Chicago) was
crushed by shaking mechanically with porcelain balls (0.5—
1 inch dia.) in 3 (dia.) by 10 inch tin cans for 3 hr. (Ball-
mill treatment of the seeds was ineffective.) The crushed
seeds were then steeped 48 hr. in 4 1. of light petroleum ether
(30-60° or 60-70°), the mixture was filtered, and the dried
filter cake was recrushed and reextracted twice. Evapora-
tion of the combined yellow extracts (in vacuo under nitro-
gen) left 541 g. (23.8% by weight) of oil, which was refluxed
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