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then increases again to ca. 0.055 in 12 N HCl. 
E N i  on the other hand was found to be ca. 2.5 
throughout the whole acid range. The difference 
in the adsorption behavior of the two elements is 
sufficient to permit excellent separation. Since 
as discussed earlier3 E = l/(i + 0) where i is the 
fractional interstitial space and D the distribution 
coefficient (amount per ml.. of resin/amount per ml. 
of solutions), small values of E indicate good ad- 
sorption. Furthermore, E will reach a maximum 
value (Emax = l/i) when D becomes zero. Using 
sodium and potassium tracers and assuming that 
their ions are not adsorbed Emax = ca. 2.5 was 
found for these columns. Hence there is negligible 
adsorption of nickel in the range 0.5 to 12 M HC1 
and of cobalt in the range 0.5 to 3 M. 
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earlier conclusions. Additional evidence for the 
reasonably general applicability of this rule comes 
from the observation that gallium (probably as 
GaC14-) is adsorbed quantitatively similarly to iron 
(FeC14-) .e One might thus tentatively assume 
that FeCl4- and CoCla- are also approximately 
equally strongly adsorbed. On this basis the frac- 
tion of cobalt as CoCla- can be estimated to be con- 
siderably less than 1% even in 9 M BC1, the ad- 
sorption maximum. 

Since in concentrated HC1 a negatively charged 
complex of cobalt almost certainly exists in con- 
siderable c o f i c e n t r a t i ~ n ~ ~ ~ ~ ~  one can conclude that 
it is not strongly adsorbed. Since this ion probably 
has a charge of minus two (C0Cl4-)~1* this relatively 
poor adsorption in concentrated HCl is in general 
agreement with the earlier conclusion that in this 
medium only singly negatively charged complexes 
are extremely strongly adsorbed. 

The non-adsorbability of Ni(I1) by the resin 
suggests very strongly that negatively charged 
complexes of this element are not formed in appreci- 
able concentration even in concentrated hydro- 
chloric acid. 

(6) K. A. Kraus, F. Nelson and G. W. Gtnith, unpublished results. 
(7) M. Bobtelsky and E. 9. Spirglw, J .  Chcm. Sac., 142 (1849). 
(8) N. V. Sidgwick, “Thr Chemicel Elements and Their Com- 

pounds,” Vot. XI, Clntendon Prer, Oxford, 1950. 
(9) According to recent paper elwfxalnigration work cobalt begihs 

to migrate toward the anode In ca. 8 M Ha; R. A. Kmur and 0. W. 
Smith, unpublished results; fot  technique see T H f s  JOWRNAL, ?a, 4529 
(1850). 
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Ethyl a,a-Dibromoy,y,y-trifluoroacetoacetate 
BY WILLIAM L. MOSEY 

AIthough the preparation of ethyl y,y,y-tri- 
fluoroacetoacetate was described some time ago,l 
little seems to be known of ita a-halogenated deriva- 
tives. The preparation and properties of ethyl 
a-chloro-y, y, y-trifluoroacetoacetate are described 
by Hill, Towne and Dickey.2 The bromination 
of ethyl y,y,y-trifluoroacetoacetate is mentioned by 
Heme and Mencher,* but no details are given. 

Ethyl a,a-dibromo-y,y,y-tuoroacetoacetate 
has been prepared by the bromination of ethyl 
y, y! y-trifluoroacetoacetate in the preaence of 
pyndine, using (a) bromine itself, and (b) pyridine 
perbromide hydr~bromide.~ Both methods gave 
essentially the same rather low yield of product. 
In view of the facile chlorination of ethyl y,?,y- 
trifluoroacetoacetate,2 perhaps the simpler direct 
treatment of the ester with bromine would be 
effective, but as no further work on this compound 
is contemplated, our data are presented now. The 
considerable fore-run obtained in the distillations 
probably represents products formed by cleavage 
of the ester. Ethyl a,a-dibromo-r,y, y-trifluoro- 
acetoacetate is a colorless, mobile liquid, with a 
slight, but not unpleasant, odor (in contrast to 

(1) F. Swarts, Bwll. Sci. Acad. Ror. Balg., 151 13, 679 (1950). 
(2) H. M. Hill, E. B. Towne and J. B. Dickey, THIS JOURNAL, 72, 

(3) A. L. Henne and L. Mencher, Abstracts of Papers, 118th Meet- 

(4) C.  Djerassi and C. R Scholz, THIS J O U R N A L ,  70, 417 (1948) 

3289 (1950). 
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ethyl a-chloro-y,y,y.-trifluoroacetoacetate).2 As 
would be expected, it fails to form a chelate com- 
pound with copper salts. 

In an all-glass apparatus, protected from moisture by a 
calcium chloride tube, a solution of 45 g. (0.245 M) of ethyl 
r,r,ytrifluoroacetoacetate in 100 ml. of dry chloroform was 
stirred and cooled to about -78' in a Dry Iceacetone-bath. 
A solution of 45 g. (0.570 M) of dry pyridine and 78.5 g. 
(0.490 M )  of dry bromine in 200 ml. of dry chloroform was 
added dropwise. When all of the bromine solution had been 
added, the reaction was allowed gradually to warm to room 
temperature, with gentle stirring for 12 hours, then stirred 
four hours at 55-60'. The bulk of the chloroform was re- 
moved in vacuo, and the orange residue warmed and stirred 
with 400 ml. of dry petroleum ether (b.p. 20-40'). The 
mixture was filtered, the crystals washed well with more pe- 
troleum ether, and the filtrate stripped of solvent in vacuo. 
Vacuum distillation of the residue gave 49.7 g.  of orange 
liquid, b.p. 37-81' (9 mm.). This was redistilled through a 
small Widmer column from a trace of zinc dust, giving 28.3 
g. (3497,) of ethyl a,a-dibromo-y,y,ytrifluoroacetoacetate, 
b.p. 74-5' (9 mm.), n% 1.4420. 

A n d .  Calcd. for C&OaF3Br2: C, 21.03; H, 1.45; F ,  
16.67; Br, 46.8. Found: C, 21.04; H, 1.46; F ,  14.44; Br, 
17.4. 
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The Dipole Moment of Ethylgermanium Tri- 
chloride 

BY ROBERT C. OSTHOFF~ AND EUGENE G. ROCHOW 

Ten years ago Smyth2 determined the dipole 
moments af some trialkylgermanium halides, but 
the dipole moment of ethylgermanium trichloride 
was not included. Since ethyl- and diethylger- 
manium chlorides may now be prepared quite 
readily and conveniently by the direct synthesis, 
the authors have determined the electric moment of 
ethyl germanium trichloride and have further 
characterized this material. 

Experimental 
Ethylgermanium Trichloride.-Ethylgermanium trichlo- 

ride was prepared by the direct reaction of ethyl chloride 
with mixed copper and germanium powders a t  317' in the 
manner that has previously been de~cribed.~ The desired 
compound was isolated from the reaction mixture by frac- 
tional distillation. The fraction boiling at  140.0' and 763 
mm. was collected as ethylgermanium trichloride. 

The purity of the ethylgermanium trichloride was es- 
tablished by cryoscopic measurement of its molecular weight 
in anhydrous benzene and by the determination of the molar 
refraction of the compound. In a typical experiment, a 
0.57% solution in benzene showed a depression of the freez- 
ing point corresponding to a molecular weight of 202 (calcd., 
207.9). At 25.0" the refractive index of the pure ethyl- 
germanium trichloride was found to be 1.4719. By em- 
ployment of a dilatometric pycnometer the density of this 
liquid was found to  be 1.5953 g . / ~ m . ~  at  25.0'. These 
physical constants lead to a value of the molar refraction, 
R Z 5 ~ ,  of 36.50 ~ m . ~ .  If the bond refraction of the Ge-C 
bond is assumed to be 4.13 ~ m . ~  and the bond refraction of 
the Ge-C1 bond is taken as 7.89 these values in com- 
bination with the bond refractivities of Denbighs lead to a 
calculated molar refraction of 36.1 

Benzene.-Merck and Co., Inc., Reagent Grade benzene 
was further purified by drying over phosphorus pentoxide 

for several weeks. The anhydrous benzene then was frac- 
tionated, and the portion boiling at 80.1' a t  765 mm. was 
collected; n% 1.49825 (previously published value, ~ S D  
1 .49821e). 

Dipole Moment .-Dielectric constants of dilute solutions 
in benzene were measured with a modified heterodynebeat 
apparatus which was similar to  that which has been de- 
scribed by Stranathan.' By employment of the method of 
calculation which has been described by Smyths, the dipole 
moment of ethylgermanium trichloride was evaluated. In  
the calculation of the electric moment the dielectric con- 
stant of benzene was taken as 2.273s at 25.0". 

In  Table I are presented the observed data which were 
used in the calculation of the dipole moment. 

TABLE I 
Total molar 

Mole fraction Dielectric orientation 
of solute Density constant polarization 

ca d, g./cm.a E Pk Cm.8 

0.011649 0.88386 2,422 217.83 
.007887 .8795g 2.373 217.44 
.004905 .87615 2.328 196.98 
.002150 .87332 2,294 169.11 

P2m = 145.0 

In this table Pfm represents the total molar orientation at  
infinite dilution (obtained by graphical extrapolation). If 
the sum of the electronic and atomic polarizations is taken 
as 1.05 R*~D,  L e . ,  38.35 ~ m . ~ ,  the dipole moment of ethyl- 
germanium trichloride is calculated to  be 2.28 f 0.09 D. 
This value is about 10% higher than those of most alkyl 
chlorides, and compares with 2.06 D for 1,l-dichIoropropane 
and 2.0% for %-propyl chloride.'O No value for l,l,l-tri- 
chloropropane is available.Io 

(6) K. Matsuno and K. Han, Bull. Chcm. Suc. Japon, 11, 321 

(7) J. Stranathan, Rcu. Sci. Instrumcnfs, 5 ,  334 (1934). 
(8) C. P. Smyth, "Dielectric Constant and Molecular Structure," 

(Chemical Catalog Co.), Reinhold Publ. Corp., New York, N. Y., 1931. 
(9) J. Hanard, Corn#;. rend., 204, 1234 (1937). 
(10) L. G. Wesson, "Tables of Electric Dipole Moments," Tech- 

(1936). 

nology Press, Cambridge, Mass., 1948. 
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Preparation and Polymerization of Aryl Meth- 
acrylates and N-Arylmethacrylamides 

BY S. PATAI, M. BENTOV AND M. E. REICHMANN 

In contradistinction with aliphatic esters and 
amides of methacrylic acid and with aralkyl meth- 
acrylates,' only very few aryl methacrylates and 
N-arylmethacrylamides have been described. 

In the framework of a larger investigation, the 
preparation of the polymers of aryl methacrylates 
and of N-arylmethacrylamides was desired. The 
normal method of transesterification of methyl 
methacrylate failed, when applied to the prepara- 
tion of the aryl methacrylates; good results were 
achieved, when methacrylyl chloride was treated 
with the appropriate sodium phenoxides. In the 

(1) C. E. Barnes, U. S. Patent 2,404,267 (1946); C. A , ,  10, 6296 
(1946); C. W. Mac Mullen, U. S. Patent 2,401,261 (1946); C. A . ,  40, 
5071 (1948), E. 0. Ramler, U. S. Patent 2.456,318 (1948); C. A . ,  48, 
4512 (1949); H. A. Bruson and G. E. Butler, U. S. Patent 2,407,131 
(1946); C. A . ,  41, 288 (1947). 

(1) Procter and Gamble Fellow in Chemistry, Harvard University, 
Research Laboratory, General Electric Company, Schenatndy, 

(2) Anon., Ind. Eng. Chcm., 28, 1161 (1936); Ch. Wdzmonn, M. 
Sulzbacher and E. Bergmann, THIS JOURNAL, 70, 1167 (1948); E. M. 
Filachione, el al., ibid., 'f2, 839 (1950); Norton Co., British Patent 
528,438 (1940), (C. A . ,  85, 7418 (1941)); R. A. Jacobson, Tms JOUR- 
NAL, 67, 1998 (1945); J. Heyboer and A. J. Stavermmn, Rcc. trav. 
chim., 69, 787 (1950); W. M. D. Bryant and J. Mitchell, THIS JOUR- 
NAL, 60, 2748 (1938); P. Bieber, Compf .  rend., PSl, 291 (1960). 

1951. 
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(2) C. P. Smyth, J. Org. Chcm., 6, 421 (1941). 
(3) E. G. Rochow, THIS JOURNAL, 69, 1729 (1947). 
(4) E. G. Rochow, ibid., 72, 198 (1950). 
(5) K. G. Denhigh, Trans. Faraday SOC., 86, 936 (1940). 


