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brown crystals. The acid was purified by dissolving in boiling water, decolorizing 
with charcoal and recrystallizing by adding one-fourth the volume of hydrochloric acid. 
The free acid separated as colorless crystals which decomposed without melting when 
heated; yield, 50-55%. A sample, recrystallized from water, was dried at 98°. 

Anal. Subs., 0.2043, 0.2043: 29.0, 29.3 cc. of 0.0490 N I soln. Calcd. for C8H7-
O7As: As, 25.86. Found: 25.61,25.85. 

The NEUTRAL TRISODIUM SALT was prepared by dissolving 2,3-dicarboxy-phenyl-
arsonic acid in the calculated amount of 0.5 N sodium hydroxide solution and filtering 
into absolute alcohol. The salt separated as an oil and was crystallized under reduced 
pressure. 

Anal. Subs, (dried at 120° for five hours), 0.1990, 0.2047: 23.3, 23.9 cc. of 0.0483 
2VI soln. Calcd. for C8H4O7AsNa3: As, 21.07. Found: 21.14, 21.13. 

The ANHYDRIDE of 2,3-dicarboxy-phenylarsonic acid was prepared by heating the 
free acid for one week at 200 °. 

Anal. Subs., 0.2050, 0.2090: 31.1, 32 cc. of 0.0483 N I soln. Calcd. for C8H6-
O6As: As, 27.57. Found: 27.53, 27.78. 

Summary 

2,3-Dicarboxy-phenylarsonic acid has been made and studied, and its 
neutral sodium salt and anhydride have been prepared. A further s tudy 
of the dicarboxy-phenylarsonic acids and their derivatives is now being 
carried out in this Laboratory. 
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The halogenated ethers resemble the alkyl halides in their reactivity 
to such reagents as metals, alcoholic and aqueous potassium hydroxide, 
lime and sodium ethylate. But the reactions of the alkyl halides, as shown 
by Nef,1 vary remarkably with temperature, concentration and the na
ture of the solvent, poor yields and a mixture of products being obtained. 
The reagent may remove two atoms of the halogen or the halogen acid; 
unsaturated products may be formed or addition products. An investi
gation of the behavior of zinc with alcoholic solutions of the halogenated 
ethers discussed in this paper and others to follow has shown tha t these 
compounds are much better suited to a s tudy of the mechanism of the 
reactions of organic compounds of the halogens since the metal may have 
an entirely selective action and remove halogen or halogen acid, exclusively. 
A general mechanism for this selective action has been found by an ex
amination of tetra-, tri-, di- and monochlorodiethyl ethers and some new 
bromo and bromochloro ethers. 

1 Nef, Ann., 298, 330 (1897). 
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The reactions of the halogenated ethers are more readily interpreted 
in terms of electron displacement than are those of the alkyl halides and 
unsaturated hydrocarbons, since the negative alkoxy groups affect the 
mobilities of both the halogen and the hydrogen atoms of the alkyl radical. 
Also, there is a sharp differentiation in properties between two isomeric 
halogenated ethers depending upon the location of halogens on a or /3 
carbon atoms. One may be very unstable and active, the other extremely 
stable and of very low reactivity. 

a,j3,0,£-Tetrachlorodiethyl Ether.—Neher and Foster2 found that an 
alcoholic solution of this ether reacts with granulated zinc to give a quanti
tative yield of (3,0-dichlorovinyl-ethyl ether; CCI3CHCIOC2H6 + Zn = 
CCl2: CHOC2H6 + ZnCl2. No hydrogen is liberated and none of the alco
hol adds to the vinyl ether unless the solution is heated. Six molecular 
proportions of alcohol were used, the mixture cooled under the tap and al
lowed to stand overnight. Later experiments, the results of which have 
not been published, showed that dichloro-acetal is the chief product when 
the mixture is heated for several hours on the steam-bath. 

To establish the various conditions under which the dichlorovinyl 
ether may be formed, the work was repeated. I t was found that good 
yields of the unsaturated ether could be obtained with various concentra
tions of the alcohol solution and at temperatures from about 10° to 50°. 
Under a wide range of conditions the action of zinc was found to be entirely 
selective and only chlorine was removed. The removal of hydrogen 
chloride from the tetrachloro ether would have yielded either trichloro-
vinyl ether or trichloro-acetal (by the addition of alcohol to the vinyl 
ether), but there was no indication of the formation of either compound. 
This reaction of the saturated ether, in which two atoms of chlorine are 
removed and no hydrogen chloride, is unlike the reactions of the alkyl 
halides in which zinc usually removes the halogen acid. 

a,/3,/3-Trichlorodiethyl Ether.—This ether was prepared by the addi
tion of dry hydrogen chloride to /3,jS-dichlorovinyl ether; CCl2: CHOC2H6 + 
HCl = C H C I 2 C H C I O C 2 H 6 . A very pure product was obtained by this 
method since no by-products were formed; no decomposition occurred 
during the saturation and samples showed only slight coloration after 
standing for several months. This compound was found to be more re
active toward zinc than the tetrachloro ether. It was thought that this 
ether would react with zinc to form either the dichlorovinyl ether, CCl2:-
CHOC2H5, or the chlorovinyl ether, CHCl: CHOC2H6, depending upon the 
removal of hydrogen chloride or two atoms of chlorine by the zinc. Ex
periments showed, however, that neither is obtained. Zinc removed 
hydrogen chloride, exclusively, under all conditions and never two atoms of 
chlorine, but dichlorovinyl ether could not be obtained, although over 20 

2 Neher and Foster, THIS JOURNAL, 31, 413 (1909). 
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different combinations of solvents, concentrations and temperatures were 
tried with the trichloro ether. In all experiments in which the zinc re
acted with the ether alone, or dissolved in indifferent solvents such as car
bon tetrachloride, ligroin, toluene or acetone, the reactions were violent, 
and rapid decomposition could not be prevented by cooling the mixtures 
to 0°. The resulting products were chiefly tarry masses and no definite 
compounds could be isolated. When the trichloro ether was dissolved 
in six molecular proportions of alcohol, however, good yields of dichloro 
acetal were obtained, hydrogen being evolved throughout the experiments. 
CHCI2CHCIOC2H6 + 1A Zn + C2H6OH = CHC12CH(0C2H6)2 + V2 ZnCl2 +

 1A H2 

The solution of the tetrachloro ether used by Neher and Foster contained 
six molecular proportions of alcohol, also, and was allowed to react at room 
temperatures. They obtained no dichloro-acetal under these conditions 
but did get good yields of the dichlorovinyl ether. When the trichloro 
ether loses hydrogen chloride the same dichlorovinyl ether is released that 
is formed by the removal of two chlorine atoms from this tetrachloro ether, 
but the formation of dichloro-acetal by alcohol addition could not be pre
vented even by cooling the solution with an ice-and-salt freezing mixture 
and adding the zinc very gradually. 

The Formation of Vinyl Ethers and Acetals.—In an attempt to find 
a general mechanism for the selective removal of the halogen or the halogen 
acid from halogenated ethers and to explain the conditions under which 
vinyl ethers or acetals are formed, this reaction has been applied to a num
ber of halogenated ethers containing from one to four halogen atoms in the 
alkyl radical. The following general facts have been determined. (1) 
Zinc will remove halogen atoms from both carbon atoms only when there 
are three atoms of the halogen on the beta carbon atom of the halogenated 
diethyl ether and one or more on the alpha carbon. In alcoholic solution, 
good yields of vinyl ethers are obtained by this action. (2) The halogen 
acid will be removed if an alpha carbon atom carries a halogen atom and there 
are one or more hydrogen atoms on the beta carbon atom. This has been 
found true for ethers carrying one, two and three hydrogen atoms on the 
beta carbon atom and one halogen atom on the alpha carbon atom. The 
product, however, is always an acetal instead of a vinyl ether when the 
saturated ether loses the halogen acid in the presence of alcohol. (3) A 
hydrogen atom on an alpha carbon atom is never removed by zinc if there is 
halogen on this carbon. If there is hydrogen on the beta carbon atom, 
however, it is always removed with the halogen of the alpha carbon atom, 
although the beta carbon may carry one or two atoms of the halogen. 

The reaction of the trichloro ether mentioned above is typical of all 
other halogenated diethyl ethers that lose the halogen acid and form 
acetals in the presence of alcohol. The following examples are similar to 
the tetrachloro ether reaction and they show that vinyl ethers may be 
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formed in the presence of alcohol if they are released by the removal of 
two halogen atoms instead of the halogen acid. 

a-Chloro-/3,/3,/3-tribromodiethyl Ether.—This compound was made 
by the action of phosphorus pentachloride on bromal alcoholate in ether 
solution; CBr3CH(OH)OC2H6 + PCl6 = CBr3CHClOC2H6 + POCl3 + 
HCl. An attempt had been made to prepare the corresponding tetra-
bromo ether by the action of phosphorus pentabromide on the bromal 
alcoholate, but with no success. The chief product was bromoform in
stead of the tetrabromo ether. The latter was finally prepared by con
verting the chlorotribromo ether into dibromovinyl ether by the zinc re
action and adding bromine to the unsaturated ether. 

/3,/3-Dibromovinyl-ethyl Ether.—An alcoholic solution of the chloro
tribromo ether, prepared as described above, reacted with zinc to form di-
bromovinyl-ethyl ether. No hydrogen was evolved; this indicated that 
only halogen atoms were removed by the zinc and not the halogen acid; 
there was no evidence of alcohol addition to form an acetal. CBr3CH-
ClOC2H5 + Zn = CBr2:CHOC2H5 + ZnClBr. 

a,/3,/3,/3-Tetrabromodiethyl Ether.—This ether was prepared by carry
ing bromine vapor into the cold dibromovinyl ether with a stream of car
bon dioxide, the bromine adding as calculated; CBr2: CHOC2H6 + Br2 = 
CBr3CHBrOC2H6. The tetrabromo ether is much less stable than the 
corresponding tetrachloro ether and there is considerabledecom position 
when it is distilled at reduced pressure. An alcoholic solution of this ether 
reacted with granulated zinc to form the vinyl ether; as in the case of the 
tetrachloro ether, two halogen atoms were removed by the zinc and no 
hydrogen bromide. No hydrogen was evolved and no acetal formation 
was detected; CBr3CHBrOC2H5 + Zn = CBr2: CHOC2H6 + ZnBr2. 

a-Bromo-zS-bromo-jS^S-dichlorodiethyl Ether.—By the addition of 
bromine to dichlorovinyl ether, this dibromodichloro ether was obtained 
and its reactivity to zinc tested; CCl2: CHOC2H6 + Br2 = CCl2BrCHBrO-
C2H5. The compound reacted with zinc at room temperature to form an 
unsaturated product that was found to be chiefly CCl2: CHOC2H6 mixed 
with a small amount of CClBr: CHOC2H6, but the lack of hydrogen forma
tion and the properties of the product showed that the zinc had removed 
two halogen atoms and not a halogen acid. 

Theoretical Part 

Four examples have been given of the conversion of halogenated ethers 
into vinyl ethers by the removal of two halogen atoms by zinc. Other 
halogenated ethers, such as trichloro ether, dichloro ether and monochloro 
ether, lose the halogen acid under similar conditions and in alcoholic solu
tion, but the products are acetals. The preparation of dichlorovinyl ether 
from tetrachloro ether and dichloro-acetal from trichloro ether may be 
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taken as typical of the two reactions. Possible explanations are as follows. 
(1) The formation of the dichloro-acetal may be due to a direct action be
tween the alpha chlorine atom of the trichloro ether and alcohol in which hy
drogen chloride is removed. This reaction is not probable since the alpha 
chlorine atoms of both trichloro ether and tetrachloro ether show the same 
degree of reactivity and a direct action with alcohol at a low temperature 
would not be expected in the one case when it does not occur in the other 
even at a much higher temperature. Trichloro ether3 and tetrachloro 
ether4 do not react with alcohol at room temperatures, but both ethers form 
acetals if boiled for several "hours with alcohol. When tetrachloro ether 
reacts with zinc and alcohol, however, no trichloro-acetal is formed. 
The formation of the acetal in the one case and not in the other could not 
be due to the catalytic action of zinc or zinc chloride since these substances 
were present in both reactions. (2) Since zinc removes chlorine from one 
ether and hydrogen chloride from the other, the halogen acid may act as 
a condensing agent in the acetal formation; but no evidence for this con
densing action could be found. The evolution of hydrogen throughout 
the experiments with trichloro ether indicated that, if any free hydrogen 
chloride was formed, the amount was very small. Also, hydrogen chloride 
is absorbed readily by dichlorovinyl ether at room temperatures and alcohol 
is not. Various tests were made to determine whether or not the presence 
of hydrogen chloride could cause alcohol addition to the vinyl ether. An 
alcoholic solution of tetrachloro ether was treated with zinc by the method 
already described and the solution of dichlorovinyl ether and zinc chloride 
separated from the zinc. Dry hydrogen chloride was run into samples 
of this solution and the amounts absorbed, determined by weighings. The 
quantities absorbed varied from about 5 to 50% of that calculated for 
the saturation of the dichlorovinyl ether present. If the conversion of 
the trichloro ether into dichloro-acetal was due to a condensation produced 
by the hydrogen chloride that might have been present, then the dichloro
vinyl ether solutions should have converted entirely in to the acetal. 
But all the samples tested contained unchanged vinyl ether, the amounts 
depending upon the quantities of hydrogen chloride that had been run in. 
The hydrogen chloride had merely added to form trichloro-ether. (3) 
The acetal formation may be explained by the electronic condition of the 
vinyl ether at the instant it is released by the removal of hydrogen chloride 
from a saturated ether. 

Reactions of the Double Bonds of Vinyl Ethers.—W. H. Carothers5 

pointed out that the reactions of the double bond could be accounted for by 
assuming a displacement of electrons to produce parts more or less polar, 

3 Oddo and Mameli, Gaz. Mm. UaI, [ii] 33, 412 (1903). 
4 Wurtz and Vogt, Z. Chem., 7, 680 (1871). 
5 Carothers, T H I S JOURNAL, 46, 2226 (1924). 
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applying a more general idea proposed by Lewis, Lowry, Noyes6 and others. 

He represents active propylene as CH3—CH—CH2, the starred carbon 
being the "deficient" or positive carbon to which the bromine of hydrogen 
bromide will attach. The hydrogen of the halogen acid is then drawn to 
the free electron pair of the negative carbon. A similar addition would be 
expected if the active propylene molecules are assumed to have the elec
tronic structure CH3: C: C: H, using the Lewis notation. 

H H 
If such a state of polarization precedes the addition of a polar molecule, 

such as hydrogen bromide, to a double bond, then the removal of a halo
gen acid from a compound should leave the unsaturated product, momen
tarily, highly polarized. A double bond produced in this manner should 
be less stable and more likely to form addition products with other polar 
molecules at the instant it is released than if the unsaturated compound 
were formed by the removal of two negative atoms. The electronic states 
of dichlorovinyl ether when formed by the removal of chlorine and hydro
gen chloride, respectively, from two chlorinated ethers may be indicated 
as follows. 

Cl Cl 
Cl2C: CHOC2H6 + Zn = ZnCl2 + Cl2C: CHOC2H6 = Cl2C:: CHOC2H6 (1) 

H Cl 
Cl2C:CHOC2H6 + 1A Zn = 1A ZnCl2 + H + Cl2C=CHOC2H6 (2) 

H OC2H6 

Cl2C=CHOC2H6 + H: OC2H6 = CI2CJCHOC2H6 

In Reaction 1 the vinyl ether would not be released in a condition favor
able to alcohol addition unless heated; in Reaction 2 its electronic condition 
would make it more unstable and more reactive to other polar molecules. 
These reactions illustrate the general mechanism by which zinc removes the 
halogen or halogen acid from such compounds. The alpha hydrogen atoms 
never are removed by the metal if there is a halogen atom on this carbon; 
but beta carbon atoms lose hydrogen, although there may be available 
halogen atoms present, as in the case of the trichloro ether shown above. 
The beta hydrogen atoms, therefore, must be nearer the ionic condition and 
will be released more readily by the transfer of an electron from the zinc. 
This will leave the hydrogen-bonding pair on the beta carbon atom, as 
shown above, and the mechanism of alcohol addition will be similar to the 
addition of a halogen acid to a polarized molecule of an unsaturated hydro
carbon. 

Experimental Part 
The Action of Zinc on a,0,0,/3-Tetrachlorodiethyl Ether.—To test the 

Neher and Foster reaction, in which zinc removed two chlorine atoms and 
> (a) Lewis, T H I S JOURNAL, 38, 762 (1916). (b) Lowry, J. Chem. Soc, 123, 822 

(1923). (c) Noyes, T H I S JOURNAL, 45, 2959 (1923). 
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no hydrogen from this tetrachloro ether, the work was repeated at different 
temperatures and concentrations. Alcohol concentrations varied from two 
to six molecular proportions and temperatures from 20° to 75°. The solu
tions were allowed to stand overnight, water was added, the product dis
tilled with steam, dried and redistilled; b. p., 144°. No hydrogen was 
evolved, showing that no trichlorovinyl ether was formed. The yields 
ranged from 70 to 90%, the higher yields being obtained with about 
six molecular proportions of alcohol. The method was later adopted by 
a manufacturing chemist for preparing dichlorovinyl ether in quantity. 

Preparation and Properties of a,/3,/3-Trichlorodiethyl Ether.—This 
ether has been prepared by the chlorination of ether,3,7 by the addition of 
chlorine to /3-chlorovinyl ether8 and by heating dichloro-acetal with phos
phorus pentachloride.9 

This ether was prepared in a very pure state by running hydrogen chloride into di
chlorovinyl ether until a sample tested with bromine showed that saturation was 
complete. In one experiment, 95 g. of the unsaturated ether required seven hours' 
running of the hydrogen chloride for saturation. The temperature rose to 35° and re
mained near this point until saturation was complete. Carbon dioxide was passed 
through the product until the odor of hydrogen chloride was no longer noticeable. The 
ether had a rather pleasant odor, similar to that of tetrachloro ether, and was perfectly 
clear. One hundred and seventeen g. of the trichloro ether was obtained before dis
tillation, the calculated amount being only 115 g. This indicated that the hydrogen 
chloride had added quantitatively, the extra 2 g. being hydrogen chloride still in solu
tion and not removed by the carbon dioxide. The ether distilled at 77-80 ° (32-34 mm.); 
at atmospheric pressure it boiled at 173-175°, chiefly near 174°. In the preparations 
referred to, Oddo and Mameli obtained a boiling point of 170-175°, Krey found 167° 
and Godefroy only 157°. The last boiling point indicates that Godefroy may have had 
the isomer, C H 2 C I C C I 2 O C 2 H O , since the a-substituted ethers show lower boiling points 
than the /3. A density (25°/4°) of 1.3116 was found. Oddo and Mameli found 1.3303 
at 14°. 

Anal.1" Subs., 0.1439: Calcd. for C4H7OCl3: C, 27.06; H, 3.97; Cl, 59.94. Found: 
C, 27.19; H, 4.15; Cl, 59.81. 

The Action of Zinc on a,/3,/3-Trichlorodiethyl Ether.—Granulated zinc was added 
to the pure ether at room temperature. There was an immediate reaction followed by 
rapid decomposition and an evolution of hydrogen gas. The liberation of hydrogen 
gas indicated the removal of hydrogen chloride by the zinc, but the dichlorovinyl ether, 
if formed, was decomposed. Tarry masses were left even when the experiments were 
repeated a t 0° and with a gradual addition of the zinc. The results were the same 
when the ether was dissolved in 6 molecular proportions of diethyl ether, acetone, ligroin 
and carbon disulfide and the solutions allowed to react with zinc at room temperatures 
and at 0 °. When the trichloro ether was dissolved in absolute alcohol, however, good 
yields of dichloro-acetal were obtained. In one experiment, 33 g. of trichloro-ether 
was dissolved in 48 g. (6 molecular proportions) of alcohol, the flask was cooled in ice 

7 Jacobsen, Ber., 4, 217 (1871). 
8 Godefroy, Jahresber., 188(5, 1173. 
9 Krey, ibid., 1876, 475. 

10 In the analyses of these halogenated ethers, carbon, hydrogen and chlorine were 
obtained simultaneously by a modification of the Dennstedt method to be reported later. 
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water and 43 g. of zinc added. The mixture was kept at about 5° until the action had 
subsided and then left overnight at room temperature. The alcohol was washed out 
with water and 27 g. of dried oil obtained. A vacuum distillation at 18-20 mm. gave 
4.5 g. at 64-76°, the remainder distilling at 76-79°. The main fraction boiled at 181-
184° at atmospheric pressure, this temperature agreeing with the boiling point of di-
chloro-acetal; yield, 78%. 

Anal. Calcd. for C6Hi2O2Cl2: C, 38.62; H, 6.41; Cl, 37.60. Found: C, 38.02; 
H, 6.47; Cl, 37.91. 

Preparation of a-Chloro-/3,/3,S-tribromodiethyl Ether.—One hundred and fifteen 
g. of bromal alcoholate, prepared by the addition of alcohol to bromal, was dissolved in 
150 cc. of absolute ether. Eighty-five g. of phosphorus pentachloride was cooled with 
a freezing mixture, washed twice with cold ether and covered with 100 cc. of ether. The 
ethereal solution of the bromal alcoholate was then run in slowly from a dropping 
funnel. The flask was shaken continually and the temperature kept below 15°. Only 
a slight bromine coloration was noticed at the end of the reaction. The mixture was 
poured from the excess of phosphorus pentachloride into 1000 g. of crushed ice and stirred 
until most of the ice had melted. The crude ethereal solution was separated, washed 
several times with large volumes of water and dried with fused calcium chloride. The 
diethyl ester still present was distilled and the heavy oil fractionated at reduced pressure. 
Ninety-seven g. of the chlorotribromo ether, b. p. 117-122° (13-14 mm.), was obtained; 
yield, 80%. The ether boiled at 120-121.5° (corr.) (14 mm.) at atmospheric pressure, 
it decomposed below the boiling point; d25'5, 2.2069. The molecular weight was de
termined by the cryoscopic method, using benzene as a solvent. 

Anal. Calcd. for C4H6OBr3Cl: Hal., 79.74. Found: 79.87. 
MoI. wt. Calcd. for C4H6OBr3Cl: 345.5. Found: 330. 

Preparation of (3,/3-Dibromovinylethyl Ether.—Fifty-nine g. of the chlorotri
bromo ether, prepared as described above, was dissolved in absolute alcohol (6 molecular 
proportions) and 59 g. of granulated zinc added. The reaction began at room tempera
ture and was kept below 30° by cooling under the tap. No gas was evolved and the 
solution remained entirely colorless. The mixture was allowed to stand for several 
hours at room temperature, a liter of water was added, the product distilled with steam, 
dried over calcium chloride and redistilled at reduced pressure. At 14.5-15 mm., 5 
g. was obtained at 69-73° and 26 g. at 73-75°; yield, 78%. The product decomposed 
when heated at atmospheric pressure; b. p., 73-75° (corr.) (15 mm. ); d1!'6, 1.7697. 

Anal. Calcd. for C4H6OBr2: Br, 69.57. Found: 69.03. 

Preparation and Properties of a,/3,0,/3-Tetrabromodiethyl Ether.—Twenty-five 
g. of the dibromovinyl ether described above was cooled in a U-tube surrounded by 
a freezing mixture. This tube was connected to another U-tube containing cold brom
ine. Bromine vapor was driven into the vinyl ether by a stream of carbon dioxide 
until a slight coloration indicated an excess of the bromine, this excess being absorbed 
by adding two or three drops more of the vinyl ether; 41.5 g. of the tetrabromo ether 
was obtained, the calculated amount being 42.4 g. This indicated that the bromine 
had added quantitatively, the slight loss in weight being due to the evaporation of some 
of the liquid by the rapid stream of carbon dioxide. 

The ether decomposed rapidly when attempts were made to determine its boiling 
point. At 16 mm. it distilled at 130-140°, the distillate smelling strongly of hydrogen 
bromide and showing traces of an unsaturated compound. Since no solvent was used 
in the preparation of the ether, no by-products were formed and the bromine added 
quantitatively; a sample before distillation was considered as more suited to an accurate 
density determination and to te ts with zinc; d " 6, 2.2432. 
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Action with Zinc.—An alcoholic solution of the tetrabromo ether was tested with 
zinc in exactly the same manner as that described for the chlorotribromo ether. Twenty 
g. of the ether gave 8 g. of an unsaturated compound boiling at 76-80° (17-18.5 mm.). 
This indicated the formation of dibromovinyl ether, whose boiling point had been found 
to be 73-75° (14.5-15 mm.). Since the properties of dibromovinyl ether had been de
termined in the former preparation, a molecular-weight determination was made to be 
sure that the unsaturated compound was not tribromovinyl ether formed by the removal 
of hydrogen bromide by the zinc. A molecular weight of 219 was found by the cryo-
scopic method, using benzene as a solvent; calcd. for dibromovinyl ether, 230; for tri
bromovinyl ether, 309. Also, if the tribromovinyl ether had been formed the boiling 
point would have been much higher than that found. 

Preparation and Properties of a-Bromo-/3-bromo-j3,3-dichlorodiethyl Ether.— 
Oddo and Mameli3 prepared this ether by adding a chloroform solution of bromine to 
dichlorovinyl ether. Since the dichlorovinyl ether is very stable it was thought that a 
purer product, free of solvent and by-products, could be formed by the direct addition 
of bromine. Seventy g. of the vinyl ether was placed in a oOOcc. flask and the bromine 
added through a dropping funnel. The cork carried also a thermometer, a calcium 
chloride tube and a tube for running in carbon dioxide. The ether was stirred by a rapid 
stream of carbon dioxide while the bromine was being added and the temperature was 
kept between 8° and 15°. A slight coloration, which indicated saturation, was removed 
by the addition of two or three drops of the vinyl ether. The product weighed 148 g., 
the calculated yield being 149.5. Distillation at 16-16.5 mm. gave 9 g. below 107° 
and the remainder distilled at 107-108° with only slight decomposition; yield, 93%. 
Decomposition was rapid when the ether was boiled at atmospheric pressure, the dis
tillate fumed in air and decolorized a carbon tetrachloride solution of bromine. The 
ether boiled at 106.5-108° (corr.) (16 mm.), with little decomposition; d :£ 5, 1.8249. 
Oddo and Mameli found a boiling point of 124-129° (25-30 mm.). 

Anal. Calcd. for C4H6OBr2Cl2: H, 2.02; C, 15.9; Hal., 76.74. Found: H, 2.21; 
C, 15.9; Hal., 76.6. 

Action with Zinc .—Thirty-nine g. of the dibromodichloro ether was dissolved in 
80 cc. of absolute alcohol and 40 g. of zinc added. The action was rapid and the flask 
was cooled under the tap to keep the temperature below 40°. After distilling with steam 
and drying the oil, 16.5 g. of an unsaturated product was obtained. This was redis
tilled at atmospheric pressure and 11 g. collected at 143-147° and 3 g. at 147-155°; 
both fractions absorbed bromine readily. A few drops of the 143-147° fraction were 
decomposed by molten sodium and a qualitative test indicated only chlorine. Also, 
the unsaturation of the product and its boiling point showed it to be chiefly dichloro
vinyl ether, CCl2: CHOC2H6; b. p., 144.2°. The removal of a halogen acid by the zinc 
would have produced either a vinyl ether or an acetal containing three halogen atoms 
and the boiling point would have been considerably higher than that of the fractions 
collected. The properties of the product showed that the zinc had removed two halogen 
atoms and not a halogen acid, which was the sole object of the test. 

S u m m a r y 

T h r e e n e w h a l o g e n a t e d d i e t h y l e t h e r s h a v e b e e n p r e p a r e d a n d t h e i r 

p r o p e r t i e s d e t e r m i n e d : a-chloro-/3, j8 , /3- t r ibromodiethyl e t h e r , (3,/3-di-

b r o m o v i n y l e t h y l e t h e r a n d a , j8 , /3 , /3- te t rabromodiethyl e t h e r . P u r e a -

bromo-/3-bromo-(3, /3-dichlorodiethyl e t h e r h a s b e e n p r e p a r e d b y a modif ica

t i o n of a n o lde r m e t h o d . N e w m e t h o d s for t h e p r e p a r a t i o n of a,p,P-tri-

c h l o r o d i e t h y l e t h e r a n d /3,/3-dichloro-acetal a r e g iven . 
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Typical examples of the reactions of alcoholic solutions of halogenated 
ethers with zinc are given. The action of zinc has been found to be en
tirely selective in the removal of two atoms of the halogen or the halogen 
acid from a given ether. The mechanisms of these reactions have been 
studied. Beta hydrogen atoms are removed by zinc more readily than 
beta halogen atoms, but alpha halogen atoms are much more reactive than 
alpha hydrogen atoms. 

The removal of two atoms of a halogen from halogenated ethers in alcohol 
solution results in the quantitative formation of vinyl ethers but, under 
the same conditions, the removal of the halogen acid from halogenated 
ethers containing one less halogen atom in each case does not result in the 
formation of the same vinyl ethers, as had been expected, but of the corre
sponding acetals. Various tests indicated that the acetal formation was 
due to the alcohol addition to the unsaturated ether after the removal of 
the halogen acid by the direct action of zinc on the saturated ether. The 
assumption is made, in explaining these facts, that the removal of the halo
gen acid leaves the double bond of the vinyl ether in a polarized condition 
that is more favorable to the addition of other polar molecules, such as 
alcohol, than if the vinyl ether were prepared by the removal of two halogen 
atoms. 
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In the first paper of this series1 it was shown that the reaction between 
methyl alcoholic potassium acetate and an a-bromo-7-nitro-ketone which 
had no hydrocarbon residue in the 7 position resulted mainly in the forma
tion of two substances. One of these substances was the expected nitrocy-
clopropane derivative; the other was regarded as a methyl alcohol addition 
product of an isoxazoline oxide. 

C6H6CH-CHCOC6H6 C6H6CHCHBrCOC6H5 C6H6CHCHCOC6H6 

\ / -«— I —+ ! >o 
HCNO2 CH2NO2 CH3OCHNOH 

Most of the properties of the second product that were known at the time 
were expressed satisfactorily by the isoxazolidine formula, but it was not 
easy to account for the action of bases which readily degraded the sub
stance into methyl alcohol, formic acid, phenylacetic acid and benzonitrile. 
This peculiar and unexpected reaction led to the present investigation. In 
order to avoid some of the difficulties encountered in the interpretation of 
the results of the earlier work it seemed advisable to employ, in place of 

1 Kohler, THIS JOURNAL, 46, 503 (1924). 


