2154

The infrared spectrum of suberoin was similar to that of
sebacoin® showing strong absorption at 2.92 and 5.90 u, OIL
and CO stretching, respectively.

Anal. Caled. for CgH14O,: C, 67.57; H, 9.92,
C, 67.55, 67.39; H, 9.88, 10.01.

Suberoin semicarbazone, m.p. 179.5-180°, was obtained
in 709% yield after two recrystallizationus from ethanol.

Anal. Caled. for CgHpiyO,N;: C, 54.25; H, 8.60; N,
21.00. Found: C, 54.23, 54.50; H, 8.53, 8.62; N, 21.02,
21.06. .

Suberoin p-phenylazobenzoate after purification by cliro-
matographing and recrystallizing showed m.p. 128.5-129°.

Anal. Caled. for CyHuO3Ny: C, 71.99; H, 6.33; N,
7.99. Found: C, 72.01, 72.03; H, 6.36, 6.40; N, 8.08,
8.10.

Suberil (1,2-Cyclobctanedione).—This a-diketone was
obtained in approximately the same yield by the oxidation
of suberoin using either of two reagents. Oxidation of 21.3
g. (0.15 mole) of suberoin using 60 g. (0.30 mole) of cupric
acetate nionohydrate in 10 ml. of methanol and 150 nl. of
509% acetic acid® gave 64-709, of crude suberil showing b.p.
65.5-77° (3 mm.). Oxidation of 21.3 g. (0.15 mole) of su-
beroin using 28 g. (0.06 mole) of bismuth oxide in 75 ml. of
acetic acid® gave a 629, yield of suberil. Upon redistilla-
tion the pure diketone showed b.p. 68.8-69.5° (3 mm.).
Freezing point determinations of the solid diketone after
four redistillations were unsatisfactory.

The infrared spectrum of suberil was similar to those of
sebacil® and 1,2-cyclononanedione! showing very strong
absorption at 5.86 u, CO stretching, and weak absorption
at 2.90-2.98 u, OH stretching.

Anal. Caled. for CsH;O:: C, 68.54; H, 8.63.
C, 68.65, 68.85; H, 8.65, 8.78.

The quinoxaline derivative of suberil was prepared by
the method of Leonard and Mader.® It was obtained in
759, yield after recrystallizations from ethanol; m.p. 120.2—
120.7°.

Anal. Caled. for CHiNy: C, 79.20; H, 7.60; N,
13.20. Found: C, 79.06, 79.00; H, 7.62, 7.60; N, 13.20.

(8) P. Ruggli and P. Zeller, Helo, Chim. Acta, 28, 741 (1945).

(8) W. Rigby, J. Chem. Soc., 783 (1951).

(10) N. J. Leonard and P. M. Mader, THis JourNnar, T2, 5388
(1950).
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Oxidation of suberil with periodic acid afforded suberic
acid, m.p. 140-141°, in 599 yield. A mixed m.p. deter-
mination with an authentic specimen of suberic acid showed
no depression.

The cdihydrazone of suberil was prepared following the
method deseribed for sebacil dihydrazone.® The crude di-
hydrazone, m.p. 103-104.5°, was obtained in 939, yield.
Carcful recrystallization from benzene, keeping the temn-
peratureobciow 60°, gave the pure hydrazone (69%), m.p.
105-106°.

Anal. Caled. for ColTigNa: C, 57.11; H, 9.59; N, 33.30.
Found: C, 57.40, 57.12; H, 0.46, 9.58; N, 33.00.

Cyclodctyne.—The preparation and purification proce-
dures were similar to those for cyclononyne! with the
following modifications. The reaction mixture was heated
at 80° with a water-bath, length of heating was reduced to
5-8 hr. depending upon cessation of evolution of nitrogen,
and all distillations were carried out under nitrogen.

The impure distilled acetylene was obtained in 9.3%
vield. After purification by chromatographing, the pure
acetylene showed b.p. 157.5-158° (740 mm.) (micro
method}, #®p 1.4850 and d%; 0.868 (1nicro method).

The infrared spectrum of cycloéctyne was similar to those
of cyclononyne and cyclodecyne® showing weak absorption
at 4.53 p characteristic of C==C stretching.

Anal. Caled. for CgHy: C, 88.82; H, 11.18. Found:
C, 88.83, 89.00; I, 10.93, 11.09.

Quantitative reduction in acetic acid using Adams cata-
lyst required 1029, of two inolar equivalents of hydrogen.

Ozouolysis of 0.4 g. of cyclodetyne following the proce-
dure used for cyclononyne! gave 0.43 g. of an acidic product
which showed a m.p. of 138.5-140° after two recrystalliza-
tious. When this acidic product was mixed with an au-
thentic speciinen of suberic acid the m.p. was not depressed.

Hydration of 0.2 g. of cycloSctyne using the procedure
cescribed for cyclononyue! gave 0.2 g. of an oil of camphor-
like odor. This oil was converted to a semicarbazone hav-
ing m.p. 170-171°. The m.p. of a mixture of this semi-
carbazone and authentic cyclodctanone semicarbazone was
not depressed.

When treated with phenyl azide, according to the pro-
cedure of Ziegler and Wilms,? cyclodctyne reacted explo-
sively forming a viscous liquid product which was not char-
acterized.

ItHAca, N. Y.
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Some Reactions of 1,2-Diethoxyethylene and its Bromo Derivatives
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The bromination product (II) of 1,2-diethoxyethylene (1) has been converted to bromodiethoxyethylene (II1), which is

found to add either ethanol or water in both possible directions.
product from the addition of hydrogen bromide to ethoxyketene acetal, is found to be too unstable to isolate.
reconverted to I via the lithium derivative or to the dibromo derivative (VIII) of 1.

The intermediate addition product (IV), identical with the
III may be
The distinctive pyrolysis behaviors of

11, 111 and VIII are described. Acyl halides and phthalic anhydride promote the polymerization of I, but maleic anhydride

produces a 1:1 copolymer which retains the functional groups of the monomers.

Benzoyl peroxide adds stoichiometrically

to I to yield the two stereoisomeric 1,2-dibenzoyloxy-1,2-diethoxyethanes (XI).

In an earlier paper? describing the preparation
and properties of 1,2-diethoxyethylene (I), a few
of the reactions that were used to establish its
structure were indicated. The present paper re-
ports a further study of the reactions of this com-
pound, particularly the preparation and properties
of its bromo derivatives.

The addition of bromine to I was found in the
earlier experiments to occur rapidly at 0-10°, but

(1) Wisconsin Alumni Research Foundation Research Assistant,
1051-1952.

(2) S. M. McElvain and C. H, Stammer, TH1s JoURNAL, 78, 915
(1951).

attempts to isolate the dibromo compound (II)
were unsuccessful because of its rapid decomposi-
tion into hydrogen bromide and an intractable tar;
however, II could be immediately hydrolyzed to
glyoxal in high yield.? A further study of this
bromination reaction has shown that II separates
as a white solid when a petroleum ether solution of
I is treated with bromine at —20°. This product
is unstable at room temperature and attempts to
purify it by recrystallization gave material of
variable melting point. II reacts with ethanol to
yield glyoxal tetraethylacetal® (929,); with potas-
(3) C7. R. C. Schreyer, ibid., 73, 2962 (1051).
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sium ¢-butoxide at 0° it is converted to bromo-
diethoxyethylene (III) in 809, yield.

Br
CH,0CH—CHOC,H, —>
1

KOCH,(t)
C,H:OCHBrCHBrOC,Hy —— >

b3
C2H50CH=CBI'OC2H5

III

The bromo compound III was resistant to further
dehydrobromination by potassium -butoxide and
other strong bases. The reaction of III with
ethanol was of considerable interest because one of
the possible addition products (IV) would have the
structure of an intermediate postulated for the
addition of hydrogen bromide to an ethoxyketene
acetal. It was found that ethanol containing a
trace of acid added to III in both possible direc-
tions (a) to form ethyl ethoxyacetate (V) and (b)
to form the bromoether acetal (VI). Compared
to I the reaction of III with ethanol is quite slow,
requiring about 3 hours for completion. If the
reaction mixture were titrated to neutrality with
alcoholic sodium ethoxide after the alcohol addi-
tion was complete, the ethoxy ester (V) and glyoxal
tetraethylacetal (VII) were obtained in 61 and 35%,
yields, respectively. Apparently the intermediate

“(IV), in contrast to VI, which may be separated
from the reaction mixture if the sodium ethoxide
is not used, does not exist for sufficient time to
react with the sodium ethoxide to form the expected
orthoester. This observation indicates that an
unstable intermediate of the type of IV could be
formed when hydrogen bromide adds to a ketone
acetal.*

C,H;0H
H+

61% v

35% VI

By more indirect evidence it was shown that
water was added to III in a manner similar to etha-
nol. After refluxing ITI with water for an hour, titra-
tion of the homogeneous solution for both acidity and
bromide ion showed the presence of two moles of
acid for each bromide ion. From a similar run a
179 vield of glyoxal 2,4-dinitrophenylhydrazone
was isolated from the acueous solution. It ap-
pears therefore that water adds to III mainly va
(a) to yield ethoxyacetic acid, ethanol and hydrogen
bromide and to a small extent wa (b) to yield
glyoxal, which titrates as glycolic acid with base,
ethanol and hydrogen bromide.

Bromodiethoxyethylene (III) reacts with lithium
butyl to give a lithium compound that is converted

(4) An alternative intermediate in the reactions of hydrogen bro-
D
mide with the ketene acetal is the onium ion C:HsOCH:2C (OCaoHj;): <>

@
CsHsOCHC(OCsHs)==0C:Hs, which would be converted by Br-
to V and ethyl bromide, A comparable intermediate could con-
ceivably be formed in the reaction of III with acidic ethanol, e.g.,

@ @D
CsHsOCH:CBrOCeHs <+ C;H;OCH:C(Br)=0C:Hs. but the reaction
of this onium ion with ethanol should yield either IV or diethyl ether,
neither of which was observed.
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(a)
——> [C;H,0CH,C(OCH;),Br] —> C,H;0CH,COOC;H; + C,H;Br

(b) NaOC2H5
— <C2H50)2CHCHBI'OC2H5 e <C2H50)2CHCH<OC2H5)2
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by ethanol to a diethoxyethylene with essentially
the same physical properties as those of the original
sample of I from which III was prepared. This
series of reactions, I = II — III — I, should have
produced the other stereoisomer of I if the original
sample of I was a single compound,® and #trans
addition and #rems elimination in the first and
second reactions of the series is assumed. The
identity of these two samples of I indicates either
that the properties of the cis and frans forms of I
are essentially the same or that I as produced from
the dealcoholation of ethoxyacetal is a mixture of
approximately equal parts of these stereoisomers.®

Bromodiethoxyethylene (III) absorbs bromine
quantitatively at —20° to yield the tribromo com-
pound (VIII), which, in contrast to the dibromo
compound (II), gave no evidence of decomposition
at room temperature. Potassium ¢-butoxide con-
verted VIII to dibromodiethoxyethylene (IX)
in 749, vield. The structure of IX was shown by
hydrolysis to ethyl glyoxalate (X), a reaction re-
quiring somewhat more strenuous conditions than
the hydrolysis of III.

Br, KOCH,
Il —> CgHaOCHBI’CBI’QOCsz
VIII
H.0
CgHsOCBf=CBI’OC2H5 —_— OCHCOOC2H5
IX X

Both III and IX are enol ethers of acyl bromides
and as such bear a formal relationship to the ketene
acetals, which are enol ethers of esters. The addi-
tion reactions of IIT and IX with ethanol and water,
while similar, differ in degree. In the case of the
unsymmetrical structure (III) the bromo sub-
stituent is not able to completely control the
direction of addition as
does the ethoxyl substit-
v uent of a ketene acetal.

The bromo compounds
11,111 and IX showed dis-
VII tinctive behaviors when

subjected to pyrolysis.
The most unstable compound (II) rapidly pyrolyzed
at 150° although decomposition began much below
that temperature. The reaction products were
hydrogen bromide (45%), ethyl bromide (77%)
and V (189,). The relatively high yield of hydro-
gen bromide indicates the intermediate formation
of III." The pyrolysis of the latter compound
occurred at 150-170° and yielded ethylene (159),
ethyl bromide (749%,), V (26%,) and a large amount
of polymeric tar. The presence of ethylene among
the pyrolysis products indicates a pyrolysis of III
in the manner of vinyl ethyl ether” into ethylene

(58) Cf. D.Y. Curtin and E, E, Harris, THIS JourNaL, T8, 4519 (1951).

(6) Samples of I from the dealcoholation of ethoxyacetal had a b.p.
130~133° and »%p 1.4185-1.4210. The inconstancy of these properties
indicated a mixture of ¢is and {rans isomers. A sample #%p 1.4209
was fractionated through an all-glass 92-plate concentric tube column
and two fractions boiling within the range 182-133° collected; the
n%p of these fractions were 1,4172 and 1.4218. The infrared spectra
of these fractions showed significant differences in the 11 and 13.6
regions, ~ Jones (THis JourNwavr, 72, 5322 (1850)) points out that
trans-ethylene structures characteristically absorb in the 10.4 u
region while the cis structures absorb in the 14.8 u region.

(7) A. T. Blades and G. W, Murphy, THIS JoURNAL, 74, 1039
(1852), report data to indicate that the pyrolysis of this ether into ethyl-
ene and acetaldehyde is an intramolecular decomposition.
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and ethoxyacetyl bromide. This acyl halide then
promotes the polymerization of III as other acyl
halides cause the polymerization of I (see below);
the ethanol eliminated from the polymer converts
the ethoxyacetyl bromide to the ester V. The
dibromodiethoxyethylene (IX) underwent pyrol-
ysis at 170-180° to yield ethylene (319,), bromo-
ethoxyacetyl bromide (C,H;OCHBrCOBr) (53%)
and ethyl bromide (509,). The first two products
result from the same type of decomposition noted
above for III. The yield of ethyl bromide indi-
cates that about half of IX must have decomposed
into this halide and bromoethoxyketene C.Hs-
OCBr==C==0, the polymerization of which would
account for the tarry residue from this pyrolysis.

As a further comparison of the properties of
diethoxyethylene (I) with those of its unsym-
metrical isomer, ketene diethylacetal, the reaction
of I with certain acyl halides and acid anhydrides
was studied. Benzoyl chloride, which was found®
to react with ketene acetal at 100°, does not react
with I below the reflux temperature of the mixture.
The reaction products from a 1:1 reaction mixture
were ethyl benzoate (799), ethyl chloride (43%),
hydrogen chloride (99;) and benzoic acid (4%).
The remainder of the reaction mixture was a poly-
meric tar. The course of reaction appears to be a
catalytic polymerization of I by the acyl chloride
followed by the reaction of the main portion of the
acyl chloride with the ethanol eliminated from the
polymer. The hydrogen chloride formed in this
reaction then converts a portion of the ethoxyl
groups of the polymer or of I to ethyl chloride.
This reaction course is substantiated by the prod-
ucts obtained from the reaction of I and benzoyl
chloride in a 20:1 ratio: I (409;), ethanol (697),
ethoxyacetal (99,), and polymer representing un-
recovered I. Acetyl chloride showed a similar
reaction pattern with I. Only ethanol and tar
were produced from the reaction of phthalic an-
hydride with I; in this case the ethanol evolved
from the polymer yields a non-volatile acid ester
with the anhydride.

Mealeic anhydride, which yields 3,5-diethoxy-1,6-
dihydrophthalic anhydride with ketene acetal,®
reacts with I in ether solution to form an amorphous
solid polymer in 829 yield. This polymer was
slowly soluble in 0.1 N alkali; ethoxyl content
indicated that it contained a 1:1 ratio of I and
maleic anhydride as in XI, but the saponification
equivalent indicated only 1.5 carboxyl groups per
polymer unit, which suggests a more complex
structure than XI. The molecular weight (Rast),
of this polymer was approximately 1500.

—(’IH C",H CH—CH—
[ OCH,  OCH, ,C\ /C\ol
X1

The polymerization of I by acyl halides prompted
a study of its reaction with benzoyl peroxide.
When I was heated with catalytic amounts of this
reagent, there was no evidence of polymerization.
However, when equimolecular quantities of these

(8) S. M. McElvain and D. Kundiger, THIS JOURNAL, 64, 254 (1942).
9) 8. M. McFRlvain and H, Cohen, ibid., 64, 260 (1942).
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reactants were mixed in benzene solution, an exo-
thermic reaction occurred. From this reaction was
isolated the two stereoisomeric forms of XII.
One of these forms, a solid, m.p. 65-68°, was ob-
tained in 679, yield, while the other was an oil and
amounted to a 229, yield. Each of these com-
pounds had the same ethoxyl content and yielded
approximately the same amounts of benzoic acid
and glyoxal on hydrolysis.

I + (CeH;CO0); —>
.

H;O
C;H;0CH(OCOCH;)CH(OC:H;)0COCH; ——>
XII

2C,H;0H + 2CH;COOH + OCHCHO

The solid isomer could be distilled without de-

composition at 171-176° (0.2 mm.). However,

when heated at atmospheric pressure, it pyrolyzed

at 275-300° to ethyl ethoxyacetate (71%,), benzoic

anhydride (679), ethyl benzoate (22%) and ben-

zoic acid (279%,). The formation of these products
may be rationalized by the reactions

H

“ |
C,H;OCH——COC,H;

A N
0) {0 —> CH,0CH,COOCH; +
N S (CsHCO),0
C5H5C=O (‘:CQHE, \,’v
)
XII

OC.H;
XIT —> | CH;COOH + C2H50CH=C<
OCOCsH;

’

tar <— [C,H;0CH=C=0] + CH;COOC,H;

In contrast to the solid isomer the liquid isomer
of XII decomposed when heated to 100°. The °
only products separated from this decomposition
in sufficient quantities to identify were benzoic
acid (37%) and 149, of the solid form of XII,
which probably was dissolved in the liquid isomer
before its pyrolysis.

Experimentalr

1,2-Dibromo-1,2-diethoxyethane (II).—A solution of 2 g.
of diethoxyethylene? (I) in 10 ml. of petroleum ether (b.p.
40-60°) was placed in a 6" sample tube fitted with a rubber
stopper holding a microburet and calcium chloride tube.
The solution was cooled in a Dry Ice-acetone-bath main-
tained at —20° and one equivalent of bromine was added
slowly from the buret. After removal of the supernatant
liquid through a filter stick, the extremely hygroscopic white
crystalline dibromide weighed 4.12 g. (86.8%), m.p. 32-40°
(melting points were taken in rapidly filled and sealed capil-
laries). After three recrystallizations from 5:2 petroleum
ether (b.p. 40-60°)~ether, it weighed 0.97 g., m.p. 43-48°.

Anal. Caled. for C¢H,20:Br;: Br, 57.9. Found: Br,
56.7.

Other attempts at purification of this compound led to
material melting in the range of 37-56°.

Reactions of II. (a) Ethanolysis.—To a solution of 10 g.
(0.086 mole) of I in 75 ml. of dry ether stirred in a 250-ml.
3-necked round-bottomed flask fitted with a condenser
(attached to a 30-cm. calcium chloride tube at the top) and
microburet and cooled to —20° in a Dry Ice-acetone-bath
was added 4.2 ml. (95%) of bromine. The Dry Ice-ace-
tone-bath was replaced by an ice-bath and 20 ml. (0.34 mole)
of dry ethanol was added over a period of 20 minutes to the
reaction mixture. After 25 minutes at 0°, the solution was
refluxed 10 minutes and, after cooling, was neutralized to



May 5, 1953

phenolphthalein by adding a dilute sodium ethoxide solu-
tion. Distillation of this solution through a 25-cm. Pod-
bielniak column afforded 15.9 g. (0.077 mole, 92.29%,) of
the tetraethylacetal of glyoxal, b.p. 71-73° (7 mm.), #%D
1.4040.

(b) Pyrolysis.—After bromination of 10 g. of I at —20°
in 35 ml. of dry ether, the solution was transferred to a 25-
ml. pear-shaped flask and the solvent removed under a mild
vacuum. The white crystalline residue was then heated
for one hour at 125-145° in an oil-bath under a reflux con-
denser attached through a Dry Ice-acetone cold trap to a
water trap. After this heating period, the reflux condenser
was replaced by a 25-cm. Podbielniak column attached
through a still head to the same cold trap-water trap system.
Distillation afforded 6.86 g. (77.29%) of ethyl bromide, 1.96
g. (18.1%,) of ethyl ethoxyacetate and tar. Titration of the
water trap solution showed the presence of 2.98 ¢. (45.3%)
of hydrogen bromide.

1-Brotno-1,2-diethoxyethylene (III).—In a 3-necked 500
ml. round-bottomed flask fitted with stirrer, condenser
holding a calcium chloride tube, and 50-ml. buret was placed
a solution of 80 g. of I in 60 ml. of dry ether. After cooling
the stirred solution in a Dry Ice-acetone-bath maintained
at —25°, 32.1 ml. (919%) of bromine was added over a pe-
riod of 1.5 hours. Under these conditions a considerable
amount of the product precipitated as a white solid. The
mixture became homogeneous when 100 ml. of dry benzene
was added and the temperature was allowed to rise to 0° by
placing it in an ice-bath. This solution was then drawn by
reduced pressure into a stirred slurry of 107.5 g. (0.96 mole)
of vacuum-dried potassium i-butoxide in 300 ml. of benzene
over a period of 1 hour. The reaction mixture was then
allowed to stand for 1.5 hours at 0°. The solution was then
concentrated under diminished pressure at 40~50° to approxi-
mately 350 ml. and transferred to a 500-ml. round-bottomed
flask without removal of the precipitated potassium bro-
mide. After removal of the remaining solvent the product
was distilled through a 25-cm. Podbielniak column. The
product III boiled at 56-58° (7 mm.), %D 1.4609, d24
1.278, and weighed 98.5 g. (80.9%); M, caled. 40.492,
M, found 41.781.

Anal. Caled. for CgH,10:Br:
Found: C;H;0, 47.2; Br, 40.1.

Reactions of III. (a) With Ethanol.—In a flame-dried
100-ml. round-bottomed flask fitted with a coil condenser
(attached at the top to a 30-cm. calcium chloride tube) and
having two side arms, one containing a thermometer and the
other an inlet tube for hydrogen chloride, was placed ex-
actly 30 ml. of anhydrous ethanol. Hydrogen chloride was
passed into the ethanol until it contained 0.13 g. as deter-
mined by the removal and titration of a l-ml. aliquot.
Addition of 35 g. (0.18 mole) of III to this solution caused
no increase in the temperature until 1.5 hours later when it
rose abruptly to 60° and was prevented from ingreasing
further only by cooling the flask in an ice-bath., When the
reaction mixture had cooled spontaneously to room tem-
perature (total time, 2.3 hours), it was neutralized to a
phenolphthalein end-point by addition of 30.2 ml. of 2.22
N sodium ethoxide-ethanol solution (68 meq., 37.29).
Distillation of this solution through a 25-cm. Helipak column
‘afforded 10.32 g. (52.7%) of ethyl bromide, 14.84 g. (61.5%)
of ethyl ethoxyacetate and 13.04 g. (35.6%) of glyoxal
tetraethylacetal, b.p. 71-73° (7 mm.), n25p 1.4034,

(b) With Water (i).—When 0.137 g. of III was refluxed
with 15 ml. of distilled water for one hour, titration of the
solution to a phenolphthalein end-point required 11.2 ml.
of 0.0958 N sodium hydroxide solution (1529 of one equiva-
lent). Titration by the Volhard method showed the pres-
.ence of 0.54 meq. (76%) of bromide ion. (ii) After reflux-
ing a mixture of 0.5 g. of III with 10 ml. of distilled water
for 2 hours, the cooled solution was added to a boiling solu-
tion of 1.0 g. of 2,4-dinitrophenylhydrazine and 2 ml. of
concentrated hydrochloric acid in 20 ml. of absolute ethanol.
The mixture was refluxed for 45 minutes and cooled, where-
upon 0.18 g. (16.7%,) of glyoxal bis-2,4-dinitrophenylhydra-
zone, m.p. 306-308°, separated and was collected on a filter.
After recrystallization from pyridine, it melted at 315-316°.

(c) Pyrolysis.—To a 50-ml. round-bottomed flask at-
tached through a 25-cm. Podbielniak column and still head
to a series of three 15-cm. test-tubes cooled in a water-bath
to 10° and each containing about 2 ml. of bromine and 5 ml.
of water was added 41.4 g. of III. The flask was heated
in an oil-bath at 150~175° until distitlation of ethyl bromide

C2H50, 463, BI’, 40.6.
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(18.0 g., 77.4%) stopped (3 hours). Fractionation of the
residue through the column gave 7.49 g. (26.6%) of ethyl
ethoxyacetate and a black intractable tar. When the
bromine trap contents were washed with 109, sodium hy-
droxide solution, dried over anhydrous magnesium sulfate
and distilled, 6.0 g. (159%) of ethylene dibromide, b.p.
129-131°, #2p 1.5330, was obtained.

(d) With z-Butyllithium.—To an unfiltered solution of
approximately 0.24 mole of #-butyllithium dissolved in 100
ml. of ether and stirred in a 250-ml. 3-necked round-bot-
tomed flask fitted with calcium chloride tube and dropping
funnel and cooled in a Dry Ice-acetone-bath to —35° was
added a solution of 15 g. (0.077 mole) of III in 20 ml. of dry
ether over a period of 20 minutes. After another 5 minutes,
10 ml. of dry ethanol was added slowly and the solution was
allowed to come to room temperature. It was washed with
two 50-ml. portions of water and the organic layer dried
over anhydrous magnesium sulfate. After removal of the
solvent, fractionation of the residue through a 25-cm. Pod-
bielniak column afforded 5.1 g. (679%) of I, b.p. 130-131°,
n2p 1.4208. :

(e) With Bromine.—A solution of 2.057 g. (10.6 milli-
moles) of III in 10 ml. of petroleum ether (b.p. 40-60°) was
cooled to —20° in a Dry Ice-acetone-bath and 13.1 ml. of
an 0.8 M bromine solution (999%) in carbon tetrachloride
added over a period of 0.5 hour. The product did not pre-
cipitate from the solution. When the solution was allowed
to come to room temperature there was no discoloration
and no fuming.

1,2-Dibromo-1,2-diethoxyethylene (IX).—A solution of
42.1 g. (0.217 mole) of bromodiethoxyethylene (III) in 50
ml. of dry ether was prepared in a 250-ml. 3-necked round-
bottomed flask fitted with condenser carrying a 10-cm. cal-
cium chloride tube, stirrer and buret. After cooling the
flask in a Dry Ice-acetorre-bath maintained at —20°, 10.5
ml. (94.5%) of bromine was added from the buret to the
solution over a period of 45 minutes. This solution was
added to a slurry of 24.3 g. of potassium ¢-butoxide in 100
ml. of dry benzene over a 45-minute period. The mixture
was warmed to 60° for 15 minutes and then the solvent was
removed at 50-80° under diminished pressure. Distillation
of the residue afforded 44 g. (74.5%) of IX, b.p. 80° (7
mm.), #2p 1.4973, 25, 1.6313; M, caled. 48.257, M, found
49.353.

Anal. Caled. for CsHypO:Brs:
Found: Br, 58.2; C,H;0, 32.4.

Reactions of IX. (a) Hydrolysis.—A mixture of 1.0 g.
of IX and 2 ml. of 2 N sulfuric acid was refluxed for 80 min-
utes. The homogeneous solution was added to a solution
of 0.73 g. of 2,4-dinitrophenylhydrazine and 2 ml. of con-
centrated sulfuric acid in 15 ml. of absolute ethanol and,
after refluxing for 30 minutes, the solution was concentrated
to approximately 15 ml. and cooled. The yellow plates of
ethyl glyoxylate 2,4-dinitrophenylhydrazone which precipi-
tated were collected on a filter; yield 0.96 g. (92.8%), m.p.
115-120°. Two recrystallizations of this solid from ethanol
containing two drops of concentrated sulfuric acid changed
the melting point to 124.5-125.5° (lit.10 123-124°).

(b) Pyrolysis.—The pyrolysis system consisted of a 25-
ml. pear-shaped flask containing a thermometer attached
through a 25-cm. Podbielniak column, still-head and Dry
Ice~acetone cold trap to a series of four 15-cm. test-tubes
each containing approximately 2 ml. of bromine and 5 ml.
of water. A 24.8-g. sample of IX was placed in the flask,
which was heated in an oil-bath at 180-185° for two hours;
during this time the material became black. The contents
of the tubes containing bromine were combined and washed
with four 25-ml. portions of 109, sodium hydroxide solution;
distillation of the remaining organic layer afforded 5.28 g.
(30.9%,) of ethylene dibromide, b.p. 129-130°, »2%p 1.5331.
About 2.5 g. (25.3%,) of ethyl bromide was collected in the
Dry Ice-acetone cold trap. Distillation of the residue
through the 25-cm. Podbielniak column yielded 11.8 g.
(52.7%) of a-bromo-a-ethoxyacetyl bromide, b.p. 70° (7
mm.), #2p 1.5080, along with small amounts of lower and
higher boiling liquids.

Anal. Caled. for C,HgO:Brs:
Found: Br, 65.0; C:H;O, 19.0.

Alcoholysis of 1.0 g. of this acyl bromide in the presence
of 1.0 g. of 2,4-dinitrophenylhydrazine gave 1.10 g. (71.5%)
of the ethyl glyoxylate 2,4-dinitrophenylhydrazone, m.p.

(10) C. W. Crane, ef al., J. Chem. Soc., 827 (1946).

Br, 58.6; C.H:O, 33.0.

Br, 65.0; C,H;O, 18.3.
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124-125° after recrystallization from ethanol. A mixed
melting point of this derivative with that formed from the
hydrolysis product of IX showed no depression.

Reactions of I with Acyl Halides and Acid Anhydrides.
(a) Benzoyl Chloride.—(i) A mixture of 10 g. (0.086 mole)
of I and 12.26 g. (0.086 mole) of benzoyl chloride was heated
to reflux for 4.5 hours under a condenser attached through
a Dry Ice-acetone cold trap to a water trap. At the end
of this time, 2.39 g. (439%) of ethyl chloride had collected in
the cold trap and 0.28 g. (9%) of hydrogen chloride had
collected in the water trap. When distilled, the reaction
mixture afforded 10.2 g. (799,) of ethyl benzoate, b.p. 113~
117° (30 mm.), %D 1.4988, and 1.7 g. of a fraction, b.p.
106-135° (10 mm.), which crystallized. A black tarry
residue (3.8 g.) remained. When the solid fraction was re-
crystallized from petroleum ether (b.p. 40-60°), 0.40 g.
(3.8%) of benzoic acid, m.p. 121-122°, was obtained. (ii)
When a mixture of 20 g. (0.172 mole) of T and 1.21 g. (0.0086
1mole) of benzoyl chloride was refluxed in tlie same apparatus
as used above for 4.5 hours, about 0.1 g. of ethyl chloride
appeared in the cold trap and no hydrogen chloride was col-
lected in the water trap. The black solution was distilled
through a 25-cm. Podbielniak column to afford 8.0 g. (40%)
of unchanged I, together with lower and higher boiling frac-
tions. These fractions on redistillation yielded 0.28 g.
(5.9%) of ethanol, 1.59 g. (9.5%) of ethoxyacetal, b.p.
164-168°, and a residue smelling strongly of ethyl benzoate.
From the reaction residue weighing 3.95 g. was distilled
0.97 g., b.p. 150-167° (9 mm.), of a yellow viscous oil con-
taining 58.9% ethoxyl.

(b) With Acetyl Chloride.—When 10 g. (0.086 mole) of
I and 6.75 g. (0.086 mole) of acetyl chloride were refluxed
for 4.5 hours in the same apparatus as used above, no ethyl
chloride or hydrogen chloride was evolved. Distillation of
the black reaction mixture through a 25-cm. Podbielniak
column gave 3.2 g. (47%) of unchanged acetyl chloride and
4.03 g. (53.1%) of ethyl acetate. The residue was tar
weighing 8.27 g.

(c¢) With Phthalic Anhydride.—In a 25-ml. distilling
flask were placed 8.0 g. (0.068 mole) of I and 10.0 g. (0.068
mole) of powdered phthalic anhydride. After heating in an
oil-bath at 110-120° for 1 hour, distillation of the mixture
yielded 3.86 g. of distillate, b.p. 80-129°, and 14.12 g. of a
black tarry residue from which no phthalic anhydride was
obtained when heated under diminished pressure. Re-
distillation of the distillate gave the following fractious:
(a) 1.86 g., b.p. 69-79°, »25p 1.3641; (b) 1.17 g., b.p. 79~
150°, %D 1.4062. When 0.25 g. of fraction (a) was treated
with 0.65 g. of phenyl isocyanate, heat was evolved and 0.5
g. (565.59,) of ethyl N-phenylcarbamate, m.p. 45-48°, was
extracted from the mixture with boiling petroleum ether
(b.p. 90~100°). After recrystallization from 50% ethanol,
it melted 50-51°; a mixed melting point with an authentic
sample showed no depression. Three drops of fraction (b)
absorbed about one-third as much bromine as did a similar
amount of I, indicating that fraction was a mixture of eth-
anol and I.

(d) With Maleic Anhydride.—To a stirred solution of
8.44 g. (0.086 mole) of maleic anhydride in 100 ml. of dry
ether was added 10 g. (0.086 mole) of I. A yellow color
appeared immediately and a white precipitate began to form
in 25 minutes. After 16 hours at room temperature, 15.2
g. (82.49,) of the white solid was collected on a filter and
washed with ether. The filtrate when distilled afforded only
ether and 3.05 g. of dark semi-solid residue. The white
product had the following properties: it changed to a brown
translucent solid at 175-185° without melting; it showed
a molecular weight (Rast) of 1500; it gave a saponification
equivalent of 163 (caled. for the polymer unit X, 107);
acidification of the titrated solution from the saponification
equivalent determination gave an acid which had a neutral
equivalent of 210 and a molecular weight (Rast) of 2000.

Anal. Caled. for Ci o405 (polymeric anhydride):
C,H;0, 42.0. Found: C;H;0, 40.2. Caled. for C;oH;Os
(polymeric acid): C.H;0, 38.18. Found: C.H;0, 37.3.

Reaction of I with Benzoyl Peroxide. (i) 5 Mole Per
Cent.—When 5 g. of I and 0.5 g. of benzoyl peroxide were
mixed in a 10-ml. flask, heat was evolved and the solution
became cloudy. After heating the mixture at 100° for oue
hour, distillation gave 3.61 g. (72.2%) of unchanged I.
The residue weighed 1.65 g. and was partially crystalline.
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(ii) 1:1 Molar Quantities.—To a stirred solution of 104.2
g. of benzoyl peroxide in 500 ml. of dry benzene in a 2-1. 3-
necked round-bottomed flask, fitted with a condenser
(through which was suspended a thermometer dipping into
the solution) and dropping funnel, was added 50 g. of I over
a 1-hour period. The flask was cooled by a water-bath and
the rate of addition of I was adjusted so that the inside
temperature did not exceed 35°. After 5 hours at room
temperature, the solution gave a negative peroxide test
(acetic acid, iodide ion, starch mixture) and the solvent was
removed at room temperature at water-pump pressure leav-
ing a waxy residue. This residie was stirred with 150 ml.
of petroleum ether (b.p. 40-60°) for 4 hours and the insol-
uble solid collected on a filter. The filtrate was evaporated
in a jet of air. This procedure was repeated twice using
100-ml. portionus of petroleum ether to extract the oil from
the solid. Iiinally there remained 84 g. of solid 1,2-diben-
zoyloxy-1,2-diethoxyethane (XII), m.p. 60.5-62°, and an
oil-solid slurry which afforded another 21.91 g. of solid and
34.40 g. (22.3%,) of oily XII. A mixture of oil and solid
weighing 7.0 g. was not further separated. Thus the total
yield of the solid XII was 105.9 g. (68.6%). Several re-
crystallizations of this solid from petroleum ether (b.p. 60—
68°) chauged its inelting point to 65-68°.

Anal. Caled. for CooH2Oq: C, 67.02; H, 6.19; C,H;0,
25.1. Found: C, 67.25; H, 6.43; C,H;0, 27.6.

Reactions of 1,2-Dibenzoyloxy-1,2-diethoxyethane (XII).
(a) Hydrolysis.—A mixture of 2.23 g. of 2,4-dinitrophenyl-
hydrazine, 5 ml. of concentrated hydrochloric acid and 40
ml. of absolute ethanol was refluxed until homogeneous
and 2.0 g. of XII, m.p. 65-68°, added. After the mixture
was refluxed for 1 hour, 2.31 g. (989) of glyoxal bis-2,4-
dinitrophenylhydrazone, m.p. 310-311°, was filtered from
the solution. Recrystallization of this solid from pyridine
raised the melting point to 315-316°. A mixed melting
point of this solid with an authentic sample of glyoxal bis-
2,4-dinitrophenylhydrazone showed no depression. The
hydrolysis filtrate was made basic with 209, sodium hy-
droxide solution and extracted with ether. The aqueous
solution was then acidified with concentrated hydrochloric
acid and 1.2 g. (87.89%,) of benzoic acid, m.p. 112-115°, was
collected on a filter. One recrystallization from water
raised the melting point to 120-121°. The same procedure
as used for the hydrolysis of the solid was used for the hy-
drolysis of 2 g. of the oil. Glyoxal-bis~2,4-dinitrophenyl-
hydrazone was isolated in 85.79, yield and benzoic acid was
found in 719, yield.

(b) Pyrolysis.—In a 125-ml. distilling flask attached
through a water-cooled 50-ml. round-bottomed flask to a
Dry Ice-acetone cold trap was added 63.0 g. of XII, m.p.
65-68°. The distilling flask was heated in a Woods metal-
bath at 275-300° for one hour during which time 25.1 g. of
distillate was collected leaving 35.7 g. of black residue.
Nothing was collected in the cold trap. Fractionation of
this distillate through a 25-cm. Podbielniak column yielded
16.6 g. (71.5%) of ethyl ethoxyacetate, b.p. 70-72° (30
mnm.), #2D 1.4012, and some higher boiling fractions, which,
when dissolved in 25 ml. of petroleum ether (b.p. 60-68°)
along with a fraction, b.p. 100-190° (30 mm.), obtained
from distillation of the pyrolysis residue, yielded 5.8 g.
(279%) of benzoic acid, m.p. 120~121°. Distillation of the
mother liquor from this crystallization gave 5.84 g. (22.19%,)
of ethyl benzoate. The highest boiling fraction, 26.5 g.
(66.7%), b.p. 133-135° (0.1 mm.), n2p 1.5808, distilled
from the pyrolysis residue, crystallized on seeding with ben-
zoic anliydride, m.p. 42-43.5°. A mixed melting point
with an authentic sample showed no depression.

In a 25-ml. distilling flask connected to a bell-shaped
fraction cutter containing six 8-cm. test-tubes was placed
14.7 g. of liquid XII. At (.2 mm. decomposition began at
an oil-bath temperature of 95° and six fractions were col-
lected ranging in boiling point from 52 to 170°. Two frac-
tions boiling between 93 and 130° yielded 2.0 g. (37.29%,) of
benzoic acid, m.p. 120-121°, on crystallization. The
highest boiling fraction yielded 1.94 g. (13.2%) of the solid
XTI on crystallization. A mixed melting point of this sample
with an authentic sample showed no depression. The re-
maining fractions showed no constancy of physical proper-
ties and were too sinall to purify further.
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