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Pyrolysis of 2,6-diphenyl-1,7-diacetoxyheptane gives a high yield of a-methylstyrene and 2-phenyl-1,3-butadiene. Pyrol-
ysis of 2,6-diphenyl-1,6-heptadiene under the same conditions gives the same cleavage products.

The diolefin, 2,6-diphenylheptadiene-1,6 (V)
was desired in connection with the study of the
formation of cyclic units during polymerization,
which is being carried on in this laboratory.?
The simplest synthesis seemed to be the pyrolysis
of 2,6-diphenyl-1,7-diacetoxyheptane (IV). This
ester was synthesized by the reactions shown below.
On pyrolysis of the diacetate the expected diene
(V) was not obtained. Iustead, the products iso-
lated in good yield were a-methylstyrene (VI) and
the dimer of 2-phenyl-1,3-butadiene (VII). The

CO.C:H;  CO.C.H:
7% H

as shown below, was subjected to the same condi-
tions of pyrolysis as was the diacetate (IV), the
isolated products were again a-methylstyrene (VI)
and the dimer of 2-phenyl-1,3-butadiene (VIII).
This result indicates that the initial product of
the pyrolysis of the diacetate (IV) is the diene (V),
which then further cleaves to give the isolated
products.

The cleavage of 2,6-diphenylheptadiene-1,6 to
give a-methylstyrene (VI) and 2-phenyl-1,3-
butadiene (VII) is in accord with recent results

CGH5~é-(CH2)3—(|J—CSH5 —> CeH;—CH—(CH; );y—CH—CH;

OzCsz
I

0,C.H;

CO.H CO.H

II
l LiAlH,

CH,COCI

CeH;—CH—(CH, );—CH—CH;

H,0COCH; (L}HgocoCHa
v

l 550°

€ CsHs—CH—( CHz )3——CH—"CQH5

H,0H
II1

H,0H

liCaHr—?*(cHz)g—-lC—Ceﬂa] —_— CsH5~C"—CH3 + \7 CeH{, }
H2 CHQ-——CH—C"‘CHo

H2 HZ
A%

L PaC «c
a0
CeH;

latter was characterized by conversion to p-
terphenyl (IX) as reported by Alder and Haydn.4

When the diene (V), prepared from 1,3-diben-
zoylpropane (X) by means of the Wittig reaction,®

(1) This work was ecarried out under the sponsorship of
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duced for any purpose of the United States Government.
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reported by Bailey and Lieske® on the cleavage of
a-olefins substituted at the 2 and 4 positions at
temperatures as low as 500°.

(6) W. J. Bailey and C. N. Lieske, Abstr. Am. Chem.
Soce. Meeting, Chicago, Ill., September 7-12, 1958, 83 pp.
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EXPERIMENTAL

(All m.p.’s are uncorrected. )

Tetraethyl 1,6-diphenyl-1,1,6,5-pentanetetracarbozylate (1).
A two-liter, three-necked, round-bottomed flask was fitted
with a reflux condenser with calcium chloride drying tube
attached, a mechanical stirrer with a strong variable motor,
and nitrogen inlet tube. The system was dried by heating
with a free flame while passing dry nitrogen through it, and
then flushing with nitrogen for about 2 hr. Anhydrous ¢-
butanol (750 ml.), previously dried by refluxing over sodium
and distilling, was introduced into the flask, followed by the
careful addition, in portions, of freshly-cut potassium metal
(49 g., 1.25 moles). The mixture was heated under gentle
reflux for about 2 hr., was allowed to cool, and redistilled
diethyl phenylmalonate (295 g., 1.25 moles) was added in
a steady stream with stirring. When the addition was about
a third complete, a voluminous white solid precipitated,
rendering stirring difficult. The mixture was diluted with 250
ml. of anhydrous t-butanol, and the rate of stirring was
increased. After all the malonate had been added, the mix-
ture was rapidly stirred and heated under reflux for about 30
min. Freshly distilled 1,3-dibromopropane (101 g., 0.5 mole)
was then added dropwise over a period of 45 min. The
resulting mixture was stirred and heated under reflux over-
night.

%&fter allowing the mixture to cool, most of the excess ¢-
butanol was removed by distillation, and, with stirring, 500
ml. of a 2% aqueous sulfuric acid solution was added, caus-
ing the salt to dissolve and producing two layers. The or-
ganic layer was diluted with diethyl ether, was separated,
and was washed well with water. The aqueous layer was
extracted with three 250-ml. portions of diethyl ether, the
ether extracts were combined with the organic layer, and
the ethereal solution was dried over anhydrous magnesium
sulfate. The solvent was removed from the dried solution by
distillation, and the resulting viscous, red liquid was dis-
tilled through a small heated Vigreux column under reduced
pressure. There was obtained 196.6 g. (76.5% of theory,
based on 1,3-dibromopropane) of orange-colored liquid, b.p.
210-220°/0.2-0.3 mm., n% 1.5190. A small sample was
redistilled, b.p. 164°/0.07 mm., n%’ 1.5178.

Anal. Caled. for CosHO4: C, 67.95; H, 7.08. Found:? C,
68.04; H, 7.39.

When this condensation of malonic ester with 1,3-di-
bromopropane was carried out under the usual conditions
with sodium ethoxide, the yields were less than 40%.

a,a’-Diphenylpimelic acid (II). In a three-liter, three-
necked, round-bottomed flask, fitted with a mechanical
stirrer (Hershberg) and modified Dean-Stark trap, was
placed 350 g. (0.683 mole) of tetraethyl 1,5-dipheny}-1,1,5,5-
pentanetetracarboxylate. Hydriodic acid (47%; 1120 g.; 4.1
moles of acid) was added, and the mixture was stirred and
heated under reflux until no more ethyl iodide was collected
(almost 5 days). During this time 204.1 g. (1.3 moles) of
ethyl iodide was collected. The mixture was allowed to cool,
and enough 25% aqueous sodium hydroxide was added to
render the mixture basic to litmus. The red-colored basic
solution was extracted with two 500-ml. portions of diethyl
ether, and was acidified with cold, concentrated sulfuric
acid. Ethyl acetate was added to dissolve the red oil ob-
tained, and the agueous layer was separated. The organic
solution was washed well with aqueous sodium thiosulfate
to remove the red color, and was dried over anhydrous
magnesium sulfate. The dried solution was concentrated to
about 750 ml. and petroleum ether (b.p. 30-60°) was added
until the hot solution became cloudy. Enough ethyl acetate
was added to render the solution clear, and, upon cooling,

(7) The microanalyses were performed by Mr. Jozsef
Nemeth, Mrs. F. Ju, Miss Claire Higham, and Miss Jane
Liu, University of Illinois.
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there was obtained 54.3 g. of a white solid, m.p. 150-155°.
Concentration of the mother liquor resulted in the isolation
of 103 g. or more of crude di-acid. A third crop of erystals
was obtained by evaporating the remaining solution to dry-
ness and crystallizing the resultant oil from benzene-low-
boiling petroleum ether. The yellow-colored solid obtained
weighed 64.9 g. and had m.p. 150-160°. Total yield of ecrude
acid was 222.2 g. A small sample was purified further by
recrystallization from benzene-low-boiling petroleum ether
three times to yield a white, crystalline solid, m.p. 136-138°.
Infrared analysis® was in agreement with the structure of
the di-acid.

Anal. Caled. for CisHyO4: C; 73.06; H, 6:45. Found:
C, 73.90; H, 6.72.

Because of difficulties in crystallization, this crude acid
was not purified further.

2,6-Diphenylhepiondiol-1,7 (III). In a two-liter, three-
necked, round-bottomed flask fitted with reflux condenser,
mechanical stirrer, and dropping funnel was placed a slurry
of finely-powdered lithium aluminum hydride (7.6 g., 0.2
mole) in 700 ml. of dry diethy! ether. «,a’-Diphenylpimelic
acid (16.0 g.; 0.051 mole), dissolved in 300 ml. of dry diethyl
ether, was added dropwise by means of the dropping funnel
with stirring at such a rate so as to maintain gentle reflux.
When the addition was complete, stirring and heating were
continued overnight.

After allowing the mixture to cool, 50 ml. of water was
cautiously added with stirring while the flask was cooled
in an ice water bath; this was followed by the addition of
150 ml. of 109, aqueous sulfuric acid, again while the flask
was cooled in an ice water bath. When it was certain that
the excess lithium aluminum hydride had been decomposed,
the mixture was transferred to a separatory funnel, and the
aqueous layer was separated. The organic layer was washed
with 150 ml. of 109, aqueous sodium carbonate and then
with 150 ml. of water. The aqueous layer was extracted with
diethyl ether, and the extract was washed, first with 109,
aqueous sodium carbonate and then with water. The com-
bined ether solutions were dried overnight over anhydrous
magnesium sulfate.

The solvent was removed from the dried solution by dis-
tillation under reduced pressure, yielding 14.5 g. (989 yield)
of a clear viscous oil, which crystallized upon cooling. This
waxy solid was purified by recrystallization from methanol.
An accurate melting point could not be obtained on the
resulting waxy solid. Analytical data, however, were in
agreement with the structure of 2,6-diphenylheptandiol-1,7.

Anal. Caled. for C,sH,0,: C, 80.20; H, 8.51. Found:
C, 79.95; H, 8.71.

2,6-Diphenyl-1,7-diacetoxyheptane (IV). In a 300-ml,
three-necked, round-bottomed flask, fitted with reflux con-
denser with calcium chloride drying tube attached, stirrer,
and dropping funnel, was placed a solution of 2,6-diphenyl-
heptandiol-1,7 (19.3 g.; 0.067 mole) in 100 ml. of anhydrous
ether. With stirring, acetyl chloride (20.4 g.; 0.26 mole)
was added dropwise at room temperature. When the addi-
tion was complete (15 min.), the mixture was stirred and
heated under gentle reflux overnight.

The solvent and excess acetyl chloride were removed by
distillation under reduced pressure, and the viscous liquid
obtained was distilled under vacuum. There was obtained
22.9 g. (939 yield) of a clear, viscous liquid, b.p. 172-
176°/0.08 mm., n2° 1.5273.

Anal. Caled. for CesHasO4: C, 74.97; H, 7.66. Found: C,
75.05; H, 7.67.

Pyrolysis of 2,6-diphenyl-1,7-diacetoxyheptane. The various
pyrolyses were carried out in the following way: The liquid
diacetate was dropped at the rate of about 50 drops/min.
through a vertical, 20 X 250 ¢m. Vycor glass combustion
tube packed with /1 inch glass helices. The tube was con-

(8) The infrared spectra were determined by Mr. P. E.
MecMahon and Miss Mary DeMott, University of Illinios.
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tinuously swept out with dry, oxygen-free nitrogen, and was
heated externally at temperatures varying between 540 and
560° with a 12-inch Hoskins electric furnace.

A typical pyrolysis was as follows: At the rate given
above, 145 g. (0.394 mole) of 2,6-diphenyl-1,7-diacetoxy-
heptane was dropped through the column, heated to 555~
560°. The pyrolysate was collected in a receiver immersed
in a Dry Ice—acetone bath. At the completion of the pyrol-
ysis, the pyrolyzate was diluted with diethyl ether, and
was washed well with 109, aqueous sodium carbonate and
then with water. After drying over anhydrous sodium sul-
fate, the solvent was removed from the solution by distilla-
tion under reduced pressure, and the red-colored liquid
residue was distilled through an 8-inch Vigreux column
under reduced pressure. The water-white liquid (30.8 g.)
boiling between 60 and 75°/17 mm. was collected. The
residue from this distillation was allowed to cool and was
subjected to pyrolysis once again at 555-565°. After the
usual work-up and distillation, there was obtained 21.8 g.
more of colorless liquid, b.p. 60-80°/19-20 mm.

In the manner described above 344 g. (0.934 mole) of
diacetate was pyrolyzed to give 125.1 g. of colorless liquid,
b.p. 60-80°/17-20 mm. After two distillations of this
liquid (inhibited with 1,3,5-trinitrobenzene) in a dry nitro-
gen atmosphere there was obtained 43.7 g. of colorless
ligquid, b.p. 70°/26 mm., n3}’ 1.5360. The infrared and nuclear
magnetic resonance spectra® of this liquid were identical
with those of an authentic sample of a-methylstyrene. A
vapor-phase chromatogram obtained from a 1:1 mixture
of this distillate with pure o-methylstyrene showed only
one peak. In addition to this pure fraction, there was ob-
tained a slightly lower-boiling fraction (14.4 g.), b.p. 65—
68°/26 mm., n% 1.5350, which was shown by vapor phase
chromatography to be largely a-methylstyrene contaminated
with a small amount of lower-boiling liquid.

1,4-Diphenyl-4~vinylcyclohexene (2-phenylbutadiene dimer)
(VIII). The pot residues from the distillations which gave
a-methylstyrene as described above were combined and
heated at 160° in an oil bath for 1 hr. The mixture was then
distilled under vacuum to give 21.7 g. of a yellow oil, b.p.
140-175°/1.0-1.5 mm. This oil was dissolved in enough
boiling methanol to render it completely soluble, and, after
cooling overnight, there was obtained from this solution 14.1
g. of a white crystalline solid, m.p. 59.5-61.0°. (Alder*
reports the melting point of 2-phenylbutadiene dimer as
60°.) A small sample of this solid was recrystallized twice
from methanol to give colorless needles, m.p. 63.5-64.0°.
Infrared analysis was in agreement with the structure of 1,4-
diphenyl-4-vinyleyclohexene (the structure of the dimer as
reported by Alder?).

Anal. Caled. for CypHy: C, 92.26; H, 7.74. Found: C,
92.35; H, 8.00.

Dehydrogenation of 2-phenylbuladiene dimer. The pure
dimer (3.0 g.) was mixed thoroughly with 2.0 g. of 109,
palladium on charcoal catalyst in a 50-ml., round-bottomed
flask. The mixture was heated by means of a Wood’s metal
bath to 320° for 16 hr. in a dry nitrogen atmosphere. After
cooling, the mixture was extracted several times with hot
ethyl acetate. From this solution was isolated 0.61 g. of shiny
leaflets, m.p. 211-212.5°. (Lit." m.p. of p-terphenyl, 209°.)

2,6-Diphenylheptadiene-1,6 (V). 1,3-Dibenzoylpropane was
prepared without difficulty from glutaryl chloride and ben-
zene in 869, yield by following a procedure analogous to
that for the preparation of 1,4-dibenzoylbutane.*

Methyl triphenylphosphonium bromide was typically
prepared in the following manner: Triphenylphosphine

(9) The nuclear magnetic resonance spectrum was deter-
mined by Mr. B. A. Shoulders, University of Illinois.

(10) J. V. Braun, Ber., 60, 1180 (1927).

(11) Org. Syntheses, Coll, Vol II, 169, (1943).
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(65.6 g.; 0.25 mole) dissolved in benzene (150 ml.) was com-
bined with methyl bromide (40 g.; 0.42 mole) in a one-liter
centrifuge bottle cooled in a Dry Ice-acetone bath. The
bottle was stoppered while cold by wiring a rubber stopper
in the opening, and the mixture was allowed to stand at
room temperature for 2 days. At the end of this time the
bottle was cooled in an ice bath, and was carefully opened.
The white crystalline salt was isolated by filtration on a
Biichner funnel, and was washed well with benzene. The
amount of dried salt obtained was 87.5 g. (98%); m.p.
229-230°. (Wittig® reports m.p. 227-229°.)

The phosphonium salt (121 g.; 0.338 mole) was dispersed
in 500 ml. of anhydrous ethylene glycol dimethyl ether con-
tained in a two-liter, three-necked, round-bottomed flask
equipped with a mechanical stirrer, dropping funnel, reflux
condenser, and nitrogen inlet tube. The system was swept
with dry nitrogen while a solution of 0.37 mole of phenyl-
lithium in diethyl ether was added over a period of approxi-
mately 45 min. Practically all of the solid dissolved, giving
a red-colored solution. A solution of 40 g. (0.158 mole) of
1,3-dibenzoylpropane in 200 ml. of dry ethylene glycol
dimethyl ether was then added dropwise to the stirred mix-
ture over a period of about 1 hr., and the mixture was
stirred and heated under gentle reflux for 19 hr. The solvents
were then evaporated to near dryness, and about 700 ml. of
dry diethyl ether was added. The dark red oil which formed
was thoroughly shaken with the solvent, and the ethereal
solution was decanted into a three-liter separatory funnel.
After washing well with water, the ether solution was dried
over anhydrous sodium sulfate overnight, and the solvent
wag then removed under vacuum, leaving 43.0 g. of dark
red oil. This oil, inhibited with a small amount of 4-t-
butylpyrocatechol, was distilled under vacuum by means of
a small Vigreux column to give 18.3 g. (46.7%) of water~
white liquid, b.p. 113-117°/0.02-0.04 mm. Hg, n%’ 1.5795.
The infrared spectrum of a chloroform solution showed
absorption peaks at 890 em.”! (CR,R;=CH,), 1490 and
1595 em.~! (CeHs), 1570 em.™! (conjugated CeHs—), and
1625 em.~! (CeHs— conjugated —(I3=IO——).

Anal. Caled. for CisHy: C, 91.88; H, 8.12. Found: C,
91.71; H, 8.32.

We are indebted to Dr. N. Field for permission to use his
method for the synthesis of this hydrocarbon.

Pyrolysis of %,6-diphenylheptadienc-1,6. By means of the
apparatus and in an analogous manner to that described
above for the pyrolysis of 2,6-diphenyl-1,7-diacetoxyhep-
tane, 10.0 g. (0.04 mole) of 2,6-diphenylheptadiene-1,6 was
pyrolyzed at 540-550°. At the completion of the pyrolysis,
the column was washed with diethyl ether, and the washings
were combined with the pyrolyzate. After the solvent was
removed under vacuum, the red-colored liquid residue (8 g.),
inhibited with a small amount of hydroquinone, was dis-
tilled under reduced pressure by means of a 10-inch spin-
ning-band column. There were collected three fractions:
I, 0.66 g., b.p. 45-50°/12 mm., n2® 1.5324; II, 2.19 g., b.p.
49-50°/11 mm., n}’ 1.5369; III, 0.31 g, b.p. 54-58°/11
mm., n} 1.5438. The infrared spectra of fractions I and II
in carbon tetrachloride were identical with the spectrum of
an authentic sample of a~-methylstyrene in the same solvent.
The spectrum of III was that to be expected of 2-phenyl-
1,3-butadiene, slightly contaminated with a-methylstyrene.
This spectrum showed the following important absorption
maxima: 895 cm. ! (CR;Re==CHa,), 915 cm.! (CH, out-of-
plane deformation of the —CH=CH, grouping), 990 cm.™!
(CH out-of-plane deformation of the —CH=CH, group-
ing), 1497 and 1595 cm.™! (CsHs—), 1630 (CdHs— con-
jugated —C=C—), in addition to a weak absorption at

1375 ¢m. ™! (C—CHs;).

The residue from the above distillation was heated under
reflux at 150-160° for about 2 hr. It was then distilled under
vacuum to yield 1.6 g. of an orange oil, b.p. 130-140°/0.02
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mm. It was not possible to crystallize this oil from meth-
anol, even after attempted purification of an n-pentane solu-
tion on an activated alumina column. The infrared spec-
trum of this oil dissolved in chloroform, however, was con-
sistent with that to be expected of the impure dimer of
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2-phenyl-1,3-butadiene. A broad absorption maximum in
the region of 900 em.~! (CR;Ry==CH,) seems to indicate
that dimerization was not complete.
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Eight hydroxamic acids, of which five are new compounds, were synthesized and tested for reactivity with the nerve gas
GB, isopropyl methylphosphonofluoridate. The compounds were designed to sterically increase the reactivity of hydroxamic
acids with GB. The reactivity however, was found to be not appreciably different from that predicted from well-established
relationships of pKa and reaction rate with other hydroxamic acids.

Several papers®—5 have appeared since the publi-
cation of Hackley et al.® reporting on various aspects
of the reaction between hydroxamic acids and the
nerve gas GB (isopropyl methylphosphonofluori-
date). In connection with our program to find non-
protein substances which react more rapidly with
GB in aqueous solution at neutral pH than the
compounds studied in the previous publications, we
have synthesized and tested several hydroxamic
acids. Table I contains data on the dissociation con-
stants, rate constants for their reaction with GB and
the moles of hydrogen ion released per mole of GB
at infinite time for hexanehydroxamic acid, glu-
conohydroxamic acid, three long-chain hydroxamic
acids derived from sebacic acid and three carboxy-
bhydroxamic acids. The results of our kinetic
studies indicate that none of the compounds is
significantly more or less active than would be pre-
dicted from the relationship of the reactivity with
the basic strength of the hydroxamic acid anion
reported in previous publications® (e.g. see Fig. 1)
and hence offer no clues as to the means of increas-
ing the reactivity between hydroxamic acids and
GB.

The hydroxamic acids reported herein represent
an unsuccessful attempt to increase the reactivity
of these materials by steric effects. Some success has
been achieved by pursuing this line of approach
with the hydroxylated benzenes,”® and ortho substi-
tuted hydroxybenzyl amines.?
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Fig. 1. Relationship between log k (second order rate

constant 1 mole~* sec.”!) and pKa of various hydroxamic
acids. @ Data of present publication. O, Data of Swidler
et al. (see ref. no. 7 of ref, 4)
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