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drostatic pressure difference which develops we 
are afforded a ready means of measuring the accu
mulated salt. 

The cell is constructed of Pyrex glass, and con
sists of two vertical compartments connected 
through two horizontal tubes, one above the other. 
The upper of these is a piece of 2.5-mm. capillary 
tubing. The lower contains the membrane which 
is to separate the compartments. For this purpose 
we have found fritted glass disks of "ultrafine" por
osity to be the most suitable. The compartments 
themselves are large tubes near the bottom, which 
taper rapidly up to the level of the capillary. Above 
this point each side consists of uniform tubing of 
6-mm. inside diameter flared sharply at the top to 
permit easy introduction of material. Through 
the bottom of each compartment is sealed a piece 
of tungsten wire. 

In operation the electrodes consist of pools of 
molten lead which cover the tungsten wires. 
Above this the cell is filled with molten lead chloride 
in such a way that an air bubble is trapped in the 
capillary. The difference in levels which develops 
on electrolysis is most readily equalized by flow 
through the capillary, so that the displacement of 
the bubble provides an accurate measure of the 
volume changes occurring. The cell is most con
veniently used as a null instrument by adding a 
weighed quantity of powdered PbCl2 to one com
partment and measuring the number of coulombs 
required to return the bubble to its original posi
tion. 

Assuming the only current carrying species to 
be Pb++ and Cl - , it can be shown readily that the 
transport number of the negative ion is given by 
the equation 
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the positive sign being used in this case since the 
bubble moves toward the cathode during electroly
sis. Using the data of Lorenz, et al.,8 and that of 
Pascal and Jouniaux4 for the densities of lead chlo
ride and lead, we find the value of t- at 565° to be 
0.758 ± 0.014 (average deviation for 20 experi
ments). Substantially the same result was ob
tained using a plug of tightly packed asbestos as a 
membrane, but "fine" and "medium" porosity 
fritted disks permitted enough backflow to intro
duce appreciable errors. 

(3) R. Lorenz, H. Frei and A. Jabs, Z. physik. Chem., 61, 468 (1907). 
(4) P. Pascal and A. Jouniaux, Compt. rend., 158, 414 (1914). 

INSTITUTE FOR ATOMIC RESEARCH 
DEPARTMENT OF CHEMISTRY 
IOWA STATE COLLEGE 
AMES, IOWA 

RECEIVED J U N E 30, 1954 

FREDERICK R. D U K E 
RICHARD LAITY 

AMINOETHYL DIARYLBORINATES; ISOLATION 
OF A STABLE UNSYMMETRICAL 

ORGANOBORON COMPOUND 
Sir: 

The development of the chemistry of the diaryl-
borinic acids has been hampered seriously by the 
lack of adequate methods for their isolation and 

characterization. Several arylborinic acids have 
been reported, but in no case was the yield specified 
and in some cases considerable doubt exists about 
the identity of the compounds described.1-4 

We recently observed that these compounds 
readily could be isolated and characterized as their 
aminoethyl esters. The acids were prepared by the 
reaction of two mole equivalents of the appropriate 
Grignard reagent with one mole equivalent of bu-
tylethylene borate or butyl borate, followed by 
hydrolysis with dilute hydrochloric acid. Diphen-
ylborinic acid in the form of the butyl ester was 
separated from triphenylborine, another reaction 
product, by distillation and from butyl benzene-
boronate by precipitation from ether with ammonia. 
The relatively unstable ammonia complex (m.p. 
64-67°), isolated in 48% yield (based on the phen-
ylmagnesium bromide), was then converted (80-
90%) to aminoethyl diphenylborinate (m.p. 189-
190°. Calcd. for C14H16ONB: B, 4.807; C, 74.70; 
H, 7.16; N, 6.23; neut. eq., 225. Found: B, 
4.795, 4.807; C, 74.02; H, 7.11; N, 6.47; neut. 
eq., 225) by reaction with ethanolamine in an alco
hol-water solution. In the case of aminoethyl di-
a-naphthylborinate, it was convenient to precipi
tate the ester directly from a toluene solution of the 
reaction products without prior distillation and 
ammonia precipitation. Purification was accom
plished in this case by reprecipitating the amino
ethyl ester from alcohol and water, followed by re-
crystallization (yield based on butyl borate, 45%; 
m.p. 192-193.5°; calcd. for C22H20ON13: B, 3.33; 
neut. eq., 325. Found: B, 3.30; 3.20; neut. eq., 
328). Acid hydrolysis of these esters yielded the 
free diphenylborinic acid as an oil which did not 
crystallize, and the a-naphthylborinic acid as a 

solid, m.p. 105-106°; neut. eq., 290 (calcd. 
neut. eq., 282). 

These techniques made possible the isola
tion of a stable, unsymmetrical diarylbori-

Of the previous attempts to isolate organo
boron compounds with two different groups attached 
to the boron atom5-8 success has been had only with 
the alkenylmethylborines.8 Even these substances 
disproportionated slowly at room temperature. We 
isolated from a reaction of 0.049 mole of naphthyl-
magnesium bromide and 0.05 mole of butyl benzene-
boronate in ether at —60°, 10.1 g. (75%) of amino
ethyl phenyl-a-naphthylborinate (m.p. 228-229°; 
calcd. for C18H18ONB: B, 3.93; neut. eq., 275. 
Found: B, 3.93, 3.74; neut. eq., 275). This 
compound is stable and shows no sign of undergoing 
disproportionation under normal conditions. From 
degradation experiments with hydrogen peroxide, 
zinc chloride and bromine were isolated naphthol, 
naphthalene and bromobenzene (characterized by 
conversion to benzoic acid) and bromonaphthalene, 
respectively. 

(1) A. Michaelis, Ber., 27, 244 (1894). 
(2) A. Michaelis and E. Richter, Ann., 318, 26 (1901). 
(3) W. Kdng and W. Scharrnbeck, J. prakl. Chem., 126, 153 (1930). 
(4) N. N. Mel'nikov and Robilsbaya, J. Gen. Chem., USSR, 6, 
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(7) J, R. Johnson, H. R. Snyder and M. G. Van Campen, THIS 
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The B analyses were made by J. Thoburn ; the 
C, H and N by H. Beck and V. Stryker. 
DEPARTMENT OF CHEMISTRY ROBERT L. LETSINGER 
NORTHWESTERN UNIVERSITY IVAN SKOOG 
EVANSTON, ILLINOIS NATHANIEL REMES 
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THE DEGRADATION OF CHOLESTEROL BY 
MAMMALIAN TISSUE EXTRACTS 

Sir: 
As par t of a s tudy concerned with the metabolic 

degradation of cholesterol and its conversion to bile 
acids, we have successfully prepared aqueous par
ticle-free extracts of mammalian tissue which are 
capable of degrading the side-chain of cholesterol. 
The major product, obtained in yields up to 5%, has 
been isolated and identified as isocaproic acid. Ac
tive enzyme preparations have been obtained from 
beef adrenals, ovary, testis and ra t liver. Extracts 
of the first three tissues were obtained by horno-
genization in 0.3 M sucrose followed by high speed 
centrifugation (85,000 G) at 0° for 30 minutes to re
move the particulate fraction. The sedimented 
material was essentially inactive. The aqueous 
phase required only adenosine tr iphosphate and 
diphosphopyridine nucleotide for activity. This 
was demonstrated by precipitation of the active 
enzymes by half saturation with (NH4) 2S04 , fol
lowed by dialysis of the precipitate for 24 hours 
against cold water. The resulting solution, which 
was rendered inactive by stirring for a few minutes 
with charcoal, was restored to activity by the addi
tion of the above cofactors. In most instances the 
enzyme preparations were incubated for three hours 
a t 37° under oxygen or air at a pR of 8.3 (0.07 M 
tr is-(hydroxymethyl)-aminomethane buffer). The 
substrate was an albumin stabilized emulsion1 of 
cholesterol-26-C14.2 

The radioactive isocaproic acid was isolated by 
steam distillation of the acidified extracts followed 
by paper chromatography3 (diethylamine-butanol; 
Rt 0.67). After elution from the papers and subse
quent addition of carrier isocaproic acid, the anilide 
(m.p. 110°) and the ^-bromophenacyl ester (m.p. 
76-77°) were prepared. The specific activity of 
these derivatives remained constant despite re
peated recrystallizations. Although small amounts 
of radioactivity could be detected in other acids, 
the isocaproic acid invariably contained the great
est radioactivity. 

Following incubation of the adrenal extracts 
with cholesterol-4-C14 4 several radioactive steroids 
have been isolated by standard chromatographic 
procedures.6 Surprisingly, neither progesterone 
nor pregnenolone were found to be radioactive; 
negative results were obtained regardless of whether 
these two steroids were added as carrier prior to 
or following incubation. 

(1) C. B. Anflnsen and M. G. Horning, T H I S JOURNAL, 75, 1511 
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(2) W. G. Dauben and H. L. Bradlow, ibid., 72, 4248 (1950). 
(3) A. R. Jones, E. J. Dowling and W. J. Skraba, Anal. Chem., 25, 

394 (1953). 
(4) R. B. Turner, T H I S JOURNAL, 72, 579 (1950); R. D. H. Heard 

and P. Ziegler, ibid., 73, 4036 (1951); W. G. Dauben and J. F. East-
ham, ibid., 73, 4463 (1951). 

(5) A. Zaffaroni and R. B. Burton, J. Biol. Chem., 193, 749 (19Bl); 
R. Xaher and A. W«tt»t«io, UiIv. Chitn. Ada, Sf, 876 (19S2). 

The active system in ra t liver was found to be 
localized in the particulate fraction which could be 
extracted by stirring with water to obtain a soluble 
preparation. In this tissue the original cytoplas
mic supernatant fluid was found to be inhibitory 
unless the proteins were denatured by boiling and 
subsequently removed by centrifugation. 

I t is hoped tha t a more extensive report of this 
s tudy will be published shortly. 
DEPARTMENT OF PHYSIOLOGICAL CHEMISTRY 
SCHOOL OF MEDICINE WILLIAM S. LYNN, JR. 
UNIVERSITY OF PENNSYLVANIA EZRA STAPLE 
PHILADELPHIA 4, PA. SAMUEL GURIN 
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THE ACONITE ALKALOIDS. XXVI. OXONITINE 
AND OXOACONITINE 

Sir: 

Permanganate oxidation of aconitine,1 C34H4--
N O u , furnishes two neutral products, oxonitine2 '3 ' ' 
and oxoaconitine.3 '4 The nature and formulation 
of the former has long been in doubt . 2 4 How
ever, the formula C32H41NO12 based in par t on an 
oxidative scission of the N-ethyl group is still ac
cepted by some.1'5 Because of the important rela
tionship these substances bear to a correct inter
pretation of the structure of aconitine, we wish to 
present evidence showing t ha t oxidation of aconi
tine to oxonitine as well as to oxoaconitine proceeds 
without the loss of carbon atoms. 

I t appears tha t the use of acetic acid or chloro
form to recrystallize oxonitine has led to incorrect 
formulations due to retention of solvent. When re-
crystallized from ethanol, benzene or acetone, the 
data obtained clearly support a C34H45NO12 formula
tion. Calcd. for 034H46NO12: C, 61.90; H, 6.87. 
Found: (EtOH) C, 61.73, 61.66; H, 6.65, 6.S6; 
(benzene) C, 61.83, 61.81; H, 6.74, 6.90; (acetone) 
C, 61.88, 62.10; H, 6.76, 6.73; (pyridine-acetone) 
C, 62.08; H, 6.64. Oxonitine from CHCl3 or CH2-
Cl2 gave consistently low carbon values and showed 
the presence of several per cent, chlorine. Our 
oxonitine melted a t 279-284° though occasionally 
288-293° was noted apparently due to dimorphism. 
[a]27D —49° (c 0.25 in chf.). Oxonitine in contrast 
to oxoaconitine did not form an oxime. 

The formulation of oxoaconitine has now been 
revised to C34H43NO12; m.p. 266-272.5°, H 2 7 D 
- 1 0 0 ° (c 0.3 in chf.). Calcd. for C34H43NO12: 
C, 62.09; H, 6.59. Found: C, 61.90; H, 6.57. 
Oxime, m.p. 282-285.5°. Calcd. for C34H44N2O12; 
C, 60.70; H, 6.59, N, 4.17. Found: C, 60.59; H, 
6.67; N, 4.37. 

The formation of oxonitine and oxoaconitine 
from aconitine appears to involve oxidation of an 
N-ethyl group to N-acetyl. Their behavior toward 
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