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proceeds from the start , there precipitates out of the con
ductance vessel a white, crystalline solid with a composition 
corresponding to Al2CIe-SaCIj.9 After the molar ratio 
(S2CI2/AICI3) of 0.5 is reached, this compound ceases to pre
cipitate and no further change in the solution is apparent. 
A brief summary of the data corresponding to Fig. 2 is given 
in Table I I . 

Cl. Calcd.: 13.48% (9) Found for Al2CIeS2Ch: 13.3% Al, 70.4<J 
Al, 70.89% Cl. 
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The condensation of y-butyrolactone with ben
zene in the presence of aluminum chloride has been 
reported by Christian.1 We have independently 
studied this reaction and observed several differ
ences. A higher yield of 7-phenylbutyric acid was 
realized and a-tetralone was obtained as a product. 
The relative amounts of the two products can be 
greatly altered by varying the amount of aluminum 
chloride as shown in Table I. 

Molar ratio 
AlCla/lactone 

1.25 
1.67 
2.50 

TABLE I 

Yield of 
a-tetralone, % 

11 
32 
66 

Yield of 
7-phenylbutyric acid 

% 
73 
43 

The formation of a ketone by the condensation 
of a lactone with benzene does not appear to have 
been reported previously. It is submitte'd as a 
convenient preparation of 7-tetralone and possibly 
it could be extended to the preparation of related 
cyclic ketones. 

The following steps and intermediates for the 
reaction are suggested. 
C6H6 + (CH,)3C02 + AlCl3 — > 

C6H5(CH2)SCO2AlCl2 + HCl 

^OAlCl3O 
C6H6(CH,)3COoAlCl2 + AlCl3 

0 

C6Hs(CH2 

(OAlCIo)2 

)3C< 
OAlCl2 

-HCl 

Recent work by Birch and co-workers,2 and later 
by Snyder and Werber,3 in which 7-phenylbutyric 
acid was condensed to a-tetralone with various 
strong acids, lends support to the above proposal. 

Experimental 
The three reactions described below were carried out in a 

500-ml., three-neck, round-bottom flask equipped with a 
reflux condenser (capped with a drying tube), mechanically-
driven, sealed stirrer and a 125-ml. erlenmeyer flask con
nected to the reaction flask by flexible tubing. 

(i) R. V. Christian, jr. , T H I S JOURNAL, U, 1591 (1952). 
(2) A. J. Birch, R. jaeger and R. Robinson, / . Chem. Soc, 582 

U 945). 
(3) II. R, Snytlef snd F, X, Wefbwi TBlB JOITRHAT,, 7«, 2966 (19S0), 

Reaction No. 1.—To a well-stirred solution of beazene 
(200 ml . , 176 g., dried over CaHV}aud ?4«ityrolaetfine (2Q.8 
g., 0.24 mole), C p . anhydrous aluminum chloride (4GJ2 gv, 
0.3 mole) was added a t a rate that kept the solution refluxing 
(about one hour). The solution was heated a t reflux tem
perature until the evolution of hydrogen chloride had nearly 
ceased (about four hours). 

The mixture was cooled to room temperature and poured 
over 200 g. of ice drenched in concentrated hydrochloric 
acid. The organic layer was separated and washed twice 
with water. The aqueous par t was combined with the 
washings, washed twice with ether and discarded. The 
ether washings and the organic layer were combined, dried 
and distilled under reduced pressure. The first product 
was a colorless liquid, a-tetralone; b .p . 120-124'* (IQ mm.) 
(lit.* 128° ( 1 2 m m . » ; »*>D 1.5891, (lit.* 1.5688); serafcarba-
zone, m.p. 214-216° (lit.3 216°), and yield 4.0 g. (11%) . 
The second product was a waxy crystalline solid, 7-phenyl
butyric acid, b .p . 148-155° (10 mm.) (lit.1 120-125° (1 
mm.)), m.p. 47-48° (Ut.1 48-49°), and yield 28.5 g. (73%). 

Reaction No. 2.—The same amounts of benzene and y-
butyrolactone were used as in Reaction No. 1 with 53.6 g. 
(0.4 mole) of aluminum chloride and under the same condi
tions. The yield of a-tetralone was 11.1 g. (32%) and the 
yield of 7-phenylbutyric acid was 17.0 g. (43.3%). 

Reaction No, 3.—Following the same procedure but using 
80 g. (0.6 mole) of aluminum chloride, the yield of a-tetra
lone was 23.2 g. (66%). No phenylbutyric acid was isolated 
from the brown residue in the distilling flask. 

A c k n o w l e d g m e n t . — T h e a u t h o r s a r e g r a t e f u l t o 
t h e P r o c t e r a n d G a m b l e C o . for f inanc ia l s u p p o r t 
in t h i s w o r k . 

(4) H. Luther and C. WSchter, Chem. Ber., 82, 161 (1949). 
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Recently there has been renewed interest in 
what Tiselius1 has termed "Zone Electrophoresis." 
Electrophoresis on paper, particularly, has become 
a convenient and useful method for the separation 
of an ever increasing number of charged substances. 
Although considerable data had been amassed 
about the properties of non-aqueous solvent systems 
by Walden,2 a search of the recent literature un
covered no references to electrophoretic separations 
in non-aqueous solvents with the exception of a 
paper3 on the mobility of carbon black particles 
suspended in kerosene. 

A preliminary study on the application of non
aqueous systems to filter paper ionophoresis was 
undertaken in an attempt to effect resolution of 
mixtures of certain biological compounds which 
are insoluble in aqueous electrolytes, such as 
cholesterol, higher fatty acids and steroid hor
mones. 

The movement of dyes on filter paper was 
studied first because their migration is conveniently 
followed. Paper strips (30.X 1.5 cm.) cut from 
"Whatman 3 M M " filter paper were suspended 
in a glass and bakelite electrophoresis cell (apex 
height—13 cm.) similar to that previously described.4 

(1) A. Tiselius, Abstracts, XI I International Congress of Pure 
and Applied Chemistry, New York, N. Y., Sept., 1951, p. 67. 

(2) P. Walden, "Electrochemie Nichtwassriger Losungen," Barth. 
Leipzig, 1924. 

(3) M. Hayek, / . Phys. Colloid Chtm., I I , 162? (1961), 
(4) ft, L. OurruWt TtMe JottlMtAt>i Tl, SB48 (1980) • 
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A small drop of the dye mixture (dissolved in 
the solvent system used) was placed at the apex 
of the strips and after the ascending solvent fronts 
had coalesced at the apex, a potential was applied 
across the strips by means of platinum electrodes 
immersed in the electrode vessels. 

Figure 1 was prepared from a tracing of paper 
strips and illustrates the separation of an electro
positive dye (crystal violet) and an electronegative-
dye (Oil Red 0) . In this separation a mixture of 
nitromethane (9 vol.) and glacial acetic acid (1 
vol), was used. Similar separations have been 
effected in absolute ethyl alcohol, methanol and in 
pyridine-glacial acetic acid mixtures.5 Included 
in Fig. 1 is an ascending chromatogram6 in the 
same nitromethane-glacial acetic acid solvent where 
it will be noted no separation was achieved. 
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Fig. 1.—Separation of oil red O (vertical lines) and crystal 
violet (horizontal lines) in nitromethane-glacial acetic acid 
mixture. 

In Fig. 2 the separation of a mixture of four dyes 
in absolute ethyl alcohol is illustrated. 

Cholesterol, palmitic acid, 17-hydroxy-ll-de-
hydrocorticosterone and testosterone were found 
to migrate toward the anode in the ethyl alcohol 
or nitromethane-glacial acetic acid systems; how
ever, no separation of these mixtures of compounds 

(S) The most highly purified commercially available solvent* were 
employed; however, no effort was made to remove traces of moisture 
with which the solvents were in equilibrium, since the cell design did 
oot completely exclude atmospheric moisture. 

<8) R, J. Willi«B>»«od H, Kirhy, Slime, »9», 481 (!»•*«. 
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Fig. 2.—Separation of dye mixture in ethyl alcohol; 1000 

volts 60 micraomps, 50 min. 

was apparent over the short distances traversed. 
It is perhaps significant that separations were 
achieved only with ions containing strongly polar 
groups (the dyes). The migration of the biological 
substances mentioned may be a passive electro-
endosmotic effect; however it is possible that these 
less polar materials could be separated in experi
ments of longer duration. 

The separation of the dye mixtures on the filter 
paper establishes the feasibility of electrophoretic 
separations in non-aqueous solvent systems. It 
is possible that other solvent systems and experi
mental conditions may provide extension of this 
technique to a wider range of substances. 
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Franklin and Lumpkin2 have recently derived a 
value of 38.4(±5) kcal./mole for AHt(SH) from 
relevant thermochemical data and their measure
ments of appearance potentials of carbtinium ions 

(1) Post-doctoral fellow, 1951-1852. 
(2) J". I.. Fronlnlin and H. S. Lumpkin, T m . JoXmKM., T«, 1023 

t IS Oi). 


