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Studies in Imidazoles. 1.

Imidazo(b)quinoxalines'?

By EpGAR SCHIPPER® AND ALLAN R. Day

The synthesis of imidazo(b)quinoxalines was undertaken in the hope that these compounds would act as antagonists to

certain structurally related essential metabolites.

The imidazo(b )quinoxaline ring system was prepared by the interaction
of 2,3- dla.mmoqumoxalmes with aldehydes, acyl halides, acld anhydrides, formic acid, orthoesters and urea.

In contrast

to most other fused ring imidazoles, the imidazole moiety in imidazo(b)quinoxalines is easxly hydrolyzed in the presence of

acid or base.

In recent years numerous examples of growth
inhibitors of microérganisms by chemical analogs of
essential nutrilites have appeared in the literature.*

The configuration (A) is incorporated in the ring
systems of a number of substances which are indis-
pensable for normal metabolic functions. Thus
this grouping is found in the isoalloxazine ring of
riboflavin, in the pterin structure of folic acid and in
purines.
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The configuration (B) containing the oxamidine
structure is not found in nature and has received
little attention in chemical investigations. The
present work was prompted by the idea that the
oxamidine configuration, as a part of an appropriate
ring system, may provide by its close structural
relationship to configuration (A) a suitable com-
petitor for the latter in biological systems. One of
the ring systems selected for this study was imi-
dazo(b)quinoxaline (I) whose preparation and
characterization is described in this paper.

H, alkyl or aryl
H. CH; or Cl
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Of the imidazo(b)quinoxalines only a few pos-
sessing a 2-aryl substituent had been reported pre-
viously.®* These compounds had been prepared by
condensing equimolecular quantities of 2,3-diam-
inoquinoxaline with aromatic aldehydes.

The 2-phenyl and 2-§-phenylvinyl derivatives
were prepared during the present investigation
from benzaldehyde and cinnamaldehyde, respec-
tively. This method failed with aliphatic alde-
hydes which had reactive a-hydrogen atoms, as
only self-condensation or polymerization of the al-
dehydes occurred under the conditions used.
However, with 2-ethylhexanal and 2-ethylbutanal

(1) Prom a thesis submitted in February, 1951, by E, Schipper to
the Department of Chemistry and Chemical Engineering of the
University of Pennsylvania in partial fulfillment of the requirements
for the degree of Doctor of Philosophy.

(2) Presented in part at the 118th Meeting of the American Chemical
Society in Chicago, September 8, 1950.

(3) National Institute of Health Predoctoral Research Fellow 1949~
1950.

(4) R. O. Roblin, Chem, Revs..
Physiol. Revs.. 37, 308 (1947).

¢(5) A. C. Sircar and I. B. Pal, J. Ind. Chem. Soc., 9. 527 (1932).

38, 255 (1946): D. W. Wooley.

(aldehydes with relatively inert «-positions) the
desired reaction took place and the corresponding
2-(1-ethylpentyl)- and 2-(1-ethylpropyl)-imidazo-
(b)quinoxalines were formed.

The Phillips procedure® for the preparation of
benzimidazoles from o-phenylene diamines cannot
be applied to 2,3-diaminoquinoxaline since the lat-
ter is rapidly hydrolyzed by mineral acids to 2-hy-
droxy-3-aminoquinoxaline.’

With the exception of formic acid, organic acids
did not react with 2,3-diaminoquinoxaline to form
imidazo(b)quinoxalines. Reaction of the diamine
with formic acid gave the unsubstituted imidazo(b)-
quinoxaline in rather poor yield.

Ortho esters, in a few cases, have been used to
effect intramolecular amidine formation with di-
amines.® No investigation of the reaction of ortho
esters with o-diamines has been reported. It was
found that when 2,3-diaminoquinoxaline was heated
with ethyl orthoformate an excellent yield of imi-
dazo(b)quinoxaline was obtained. When ethyl
orthoacetate was used, 2-methylimidazo(b)quin-
oxaline was obtained but in lower yields.

A more general method for preparing 2-alkyl-sub-
stituted imidazo(b)quinoxalines was developed us-
ing acyl chlorides or anhydrides as acylating rea-
gents in pyridine or xylene as the solvent. The
yields decreased as the chain length of the acylating
agent increased. Aromatic acyl chlorides failed to
give any of the desired imidazoles; however, furoyl
chloride gave a low yield of 2-(2'-furyl)-imidazo(b)-
quinoxaline. With succinic anhydride the expected
2-8- 1m1dazo(b)qumoxahne propionic acid was ob-
tained—a reaction which finds an analogy in the
benzimidazole series.® The acid chlorides of dibasic
acids (such as succinic and adipic) reacted vigorously
with the diaminoquinoxaline to give unidentifiable
tars instead of the expected bis-imidazoles. Oxalyl
chloride, however, gave 2-hydroxyimidazo(b)quin-
oxaline, identical with that obtained from the fusion
of 2,3-diaminoquinoxaline with urea. Itisinterest-
ing to note that fusion of the thiourea, in contrast to
the benzimidazole series,* did not produce the cor-
responding thiol derivative.

To achieve a closer structural relationship to the
isoalloxazine structure of riboflavin, two compounds
(11, 1II) were prepared in the imidazo(b)quinoxaline
series in which the quinoxaline nitrogen was substi-

(6) M. A. Phillips. J. Chem. Soc.. 2393 (1928).

(7) J. A. Bladin, Ber., 18, 666 (1885).

(8) T. Curtius and K. Heidenreich. ibid., 37, 2684 (1894): R. V.
Walther and R. Bamberg, J. prakt, Chem., 68, 464 (1906); E. C. Wag-
ner, J. Org. Chem., 8, 133 (1940); A. H. Cook and E, Smith, J. Chem.
Soc., 2320 (1949).

(9) B. Chatterjee, #bid., 29065 (1929).
(10) O. Kym, J. prakt. Chem., T8, 323 (1907).
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TasLe I
IMIDAZO(b )QUINOXALINES
Analyses, %
Yield, Reagent used for M.p., Carbon Hydrogen Nitrogen (Dumas)
R R’ % ring closure °c.e Caled. Found Caled Found Caled. Found
H H 41 HCOOH 286 63.52 63.60 3.55 3.63 32.93 32.96
86 HC(OCH; )
CH, H 30 CH,;C(OCsHs)s 322 65.20 65.41 4.38 4.50 30.43 30.43
86 CH,COClI
96 (CH,;CO)»0
C:H, H 77 RCOCI 313 66.65 66.77 5.09 5.14 28.26 28.32
61 (RCO)0
n-C;Hy H 68 RCOC1 286 67.90 68.21 5.70 5.63 26.40 26.52
n-C.Hs H 60 RCOC1 250 69.00 68.93 6.24 6.07 24.76 24 .87
n-CyHn H 47 RCOC1 242 69.97 70.07 6.71 6.56 23.32 23.15
(C.H;).CH H 37 RCOC1 246 69.97 70.00 6.71 6.58 23.32 23.43
(CH,;),CHCH,;CH, H 43 RCOCI 223 69.97 70.18 6.71 6.59 23.32 23.45
C,H,CH(C.Hjy) H 42 RCHO 221 71.61 71.52 7.51 7.28 20.88 20.69
CH;0CH, H 56 RCOCI 233 61.66 61.55 4.71 4.90 26.16 26.00
CeH;;CH, H 60 RCOCI 324 72.15 72.25 6.81 6.63 21.04 21.09
CsH;CH;, H 52 RCOC1 276 73.81 74.07 4.56 4.53 21.54 21.71
CeH;CH=CH H 32 ArCHO 311 74.97 74.76 4.45 4.31 20.58 20.70
65 ArCOCl1
CeH, H 58 ArCHO 324} 73.17 73.26 4.07 3.98 22.76 22.63
HOOCCH,CH, H 87 (RCO),0 284 59.50 59.53 4.16 4.25 23.13 23.27
OH H 65 (COCQ1), 447 58.07 58.13 3.22 3.31 30.11 30.28
86 Urea
H CH, 74 HC(OCHs)s 246 65.20 65.13 4.38 4.53 30.43 30.40
CH, CH, 84 (CH,CO)0 305 66.65 66.54 5.09 5.26 28.26 28.11
C.H, CH, 67 RCOCI 273 67.90 68.24 5.70 5.83 26.40 26.55
n-C;H; CH, 88 RCOCI 271 69.00 69.19 6.24 6.31 24.76 24.71
1-CyHy CH, 54 RCOC1 250 69.00 69.31 6.24 6.20 24.76 24.95
n-CyHy CH, 55 RCOCI 224 70.80 71.07 7.13 7.20 22.07 21.92
(C.H;).CH CH, 52 RCOCI 247 70.80 70.70 7.13 7.11 22.07 21.93
HOOCCH,CH, CH, 65 (CH:.COX0 283 60.92 60.98 4.74 4.68 21.87 21.40
OH CH, 96 Urea 400 59.99 59.93 4.03 4.18 27.99 28.18
CH; Cl 77 (CH,;C0).0 344 54.92 55.11 3.23 3.13 25.63 25.69
OH Cl 65 Urea 362 48.99 49.06 2.26 2.17 25.40 25.56

e All. m.p.’s corrected. ® Sircar and Pal reported 290°, ref. 5.
tuted. The synthesis of these isoimidazo(b)quin-
oxalines was accomplished by heating 1-methyl-2-
imino-3-amino-1,2-dihydroquinoxaline (IV) with
ethyl orthoformate and urea, respectively.

the imidazo(b)quinoxalines. Insoluble hydrochlo-
rides and picrates may be precipitated from alcohol
solutions, With aqueous sodium hydroxide salts
are formed which are not too soluble in cold water

cH, CH, and hence can be recrystallized from this medium.
I'\I NH | N Replacement of the hydrogen atom in position two
X N ith a methyl group produces an appreciable de-
Y wi yl group p PP
O/ \‘/ 7 I/ \)/ crease in acidity. Increasing the bulk of the 2-
, N alkyl substituent does not produce corresponding
\N/ \NHQ \ \.\'/ decreases in acidity. The following pK, values are
v 11 for 509, ethanol solutions: imidazo(b)quinoxaline
CH, CH; 9.5; 2-methylimidazo(b)quinoxaline 9.9; 2-n-bu-
IL | !:ylimida(zo(b)quinoxaline 10.1; 2-(3'-methylbutyl)-
N\ =0 NN imidazo(b)quinoxaline 10.0. The high melting
NN CH“/ \‘/ \(':=O points of the imidazo(b)quinoxalines indicate that
NH CH,— NH they are strongly associated. This is confirmed by
pS4 ’ NN the fact that the nitrogen substituted imidazo(b)-
i quinoxalines have markedly lower melting points,
I Jumicib ﬂO. The imidazole ring in the imidazoquinoxaline is
umiribonavin

The types of imidazoquinoxalines synthesized in
this study and the method of preparation are listed

in Table I.

Physical and Chemical Properties.—With the
exception of the 2-aryl derivatives, the imidazo(b)-

quinoxalines are colorless compounds.

Dilute

acetic acid is the best recrystallizing medium for

very susceptible to hydrolysis. With hot dilute hy-
drochloric the hydrolysis proceeds very rapidly to
2-hydroxy-3-aminoquinoxaline. With dilute so-
dium hydroxide solution, hydrolysis becomes ap-
preciable after one hour of refluxing, 2,3-diamino-
quinoxaline being formed. In view of this ease of
hydrolysis it was surprising to find that imidazo(b)
quinoxaline was not attacked by benzoyl chloride
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under the conditions of the Schotten~-Baumann re-
action. The latter reaction proceeds readily in the
benzimidazole and imidazole series causing the
cleavage of the imidazole ring.

Theoretically the imidazo(b)quinoxalines are
capable of existing in two tautoneric forms (in addi-
tion to the tautomerism within the imidazole ring)
which may be designated as ‘‘normal” and ‘“iso”
forms.  No evidence could he obtained for the iso
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form. Acetylation of 2,3-diaminoquinoxaline with
excess acetic anhydride gave the same N-acetyl-2-
methylimidazo(b)quinoxaline as that obtained by
the direct acetylation of 2-methylimidazo(b)quinox-
aline. Since only one N-acetyl derivative is formed
it seems probable that imidazo(b)quinoxaline re-
acts in only one of the two forms. That the reac-
tive tautomer is best represented by the normal
structure is indicated from a comparison of the
physical properties of imidazo(b)quinoxaline (1),
N-acetyl-2-methylimidazo(b)quinoxaline (V) and
4-methyl isoimidazo(b)quinoxaline (II). Both (I)
and (V) are colorless, stable compounds. How-
ever, (IT) darkens perceptibly on standing in air and
light, melts with vigorous decomposition and most
important of all is a colored compound.

No differentiation between the normal and iso
structures was possible on the basis of the spectra of
(I) and (V) in the ultraviolet region (Fig. 1). This
is not surprising, however, since it has been shown
that alloxazine and riboflavin (with its isoalloxazine
structure) exhibit similar absorptions.!! The ultra-
violet absorption of the imidazo(b)quinoxalines, as
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(11} R. Knhn and F. Bar, Ber, 67, 898 (1934).
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a group, resembles that of quinoxaline.!! The ob-
servation that the imidazole unit apparently contrib-
utes little to the ultraviolet spectrum is in agree-
ment with the findings of Cavalieri and co-workers
on the spectra of purines.!?

Imidazo(b)quinoxalines are 1ot attacked by po-
tassium permanganate at room temperature. Thus
the double bond in the side chain of 2-8-phenyl-
vinylimidazo(b)quinoxaline can be oxidized to give
imidazo(b)quinoxaline, the intermediate acid ap-
parently undergoing spontaneous decarboxylatiomn.

Similar to many other aromatic nitrogen bases
including benzimidazoles, the methyl group in 2-
methylimidazo(b)quinoxaline possesses consider-
able active methylene character. When this com-
pound is refluxed with benzaldehyde in the presence
of piperidine, 2-8-phenylvinylimidazo(b)quinoxa-
line is formed.

Experimental

2,3-Diaminoquinoxaline.—This compound was prepared
by the procedure of Hinsberg and Schwantes.!® It was
noted that the presence of a few drops of water was necessary
for the reaction to take place. Better yields were obtained
when 1 cc. of 10% sodium hydroxide was added for each
100 cc. of methanol used; yield 489, m.p. 331°.

2,3-Diamino-6-methylquinoxaline.—The above procedure
was applied to 1,2-diamino-4-methylbenzene; yield 40%,
m.p. 249° (Bladin’ reported m.p. 242-244°).

2,3-Diamino-6-chloroquinoxaline.—In this case the modi-
fied Hinsberg-Schwantes procedure was applied to 1,2-di-
amino-4-chlorobenzene; yield 35%, m.p. 286°. A sample
was prepared for analysis by recrystallization from pyridine
followed by sublimation at 200° and 1 mm.

Anal. Caled. for CH;N,Cl: C, 49.36; H, 3.63; N,
28.80. Found: C, 49.43; H, 3.67; N, 29.08.

1-Methyl-2-imino-3-amino-1,2-dihydroquinoxaline.—The
above procedure was applied to N-methyl-o-phenylenedi-
amine; yield 269, m.p. 203-204°. A sample was sub-
limed at 150° for analysis.

Anal. Caled. for CHyoNy: C, 62.05; H, 5.78; N, 32.17.
Found: C, 61.90; H, 5.85; XN, 32.21.

Imidazo(b)quinoxalines. Reaction of the Diamine with
Aldehydes.—Two grams of 2,3-diaminoquinoxaline, 1.4 g.
of benzaldehyde, 25 ml. of pyridine, 1.5 ml. of 409, sodium
hydroxide and 75 ml. of ammonium hydroxide were re-
fluxed for 3 hours.!* The solvent was removed under re-
duced pressure and the residue dissolved in boiling 1 N so-
dium hydroxide. The hot solution was filtered and the
filtrate neutralized with acetic acid. The crude product
was recrystallized from dilute acetic acid. The same proce-
dure was used for the preparation of 2-3-phenylvinylimidazo-
(b)quinoxaline.

This method cannot be used with aliphatic aldehydes
which have active methylene groups because of the tendency
for the occurrence of self-addition. The procedure, how-
ever, gives good results with 2-substituted aldehydes.
However, it had to be modified in order to obtain the de-
sired product. Two grams of 2,3-diaminoquinoxaline, 2 g.
of 2-ethylhexanal, 3 ml. of aqueous Triton B (40%) and
25 ml. of pyridine were allowed to stand at room tempera-
ture for five days. The product which separated during
that time was recrystallized from dilute acetic acid using
Darco as the decolorizing agent.

Reaction of the Diamine with Formic Acid.—2,3-Di-
aminoquinoxaline was heated for 4 hours, just below the re-
fluxing temperature, with ten equivalents of pure formic
acid. The excess formic acid was removed under reduced
pressure, the residue extracted with boiling 109 sodium
hydroxide, filtered and the filtrate neutralized with acetic
acid. The crude product so obtained was recrystallized
from dilute acetic using Darco as the decolorizing agent.

(12) L. F. Cavalieri, A, Bendich, F. Tinker and G. B. Brown, THis
JourNar, 70, 3875 (1948).

(13) O. Hinsberg and E. Schwantes, Ber., 36. 4039 (1903).

(14) Sircar and Pal’ did not use a hase catalyst in their procedure.
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Reaction of the Diamine with Orthoesters.—2,3-Di-
aminoquinoxaline was suspended in five equivalents of
ethyl orthoformate. The mixture was heated in an oil-bath
maintained at 140-145° for six hours, with stirring. At this
temperature a slow distillation of ethyl orthoformate took
place. The volume was kept constant by a dropwise addi-
tion of fresh orthoformate. At the end of the reaction pe-
riod the excess of ethyl orthoformate was removed under re-
duced pressure and the residue worked up in the manner
described above for the formic acid method.

2-Methylimidazo(b)quinoxaline was prepared in a similar
way using ethyl orthoacetate in place of ethyl orthoformate.

Reaction of the Diamine with Acyl Halides.—The follow-
ing example illustrates the general method. Three grams of
acetyl chloride was added to 25 ml. of cold pyridine. Then
5 g. of 2,3-diaminoquinoxaline was added with stirring and
the mixture slowly heated on a steam-bath until most of the
solid had gone into solution. The reaction mixture was
heated at 100° for three hours and the excess solvent then
removed under reduced pressure. The residues were worked
up according to the directions given under ‘‘Reaction of the
Diamine with Formic Acid.”

Minor modifications were made in the above method for
certain acyl halides. Where methoxyacetyl chloride was
used, a trace of concentrated sulfuric acid was added to the
reaction mixture. With phenylacetyl and furoyl chlorides,
xylene proved to be a better solvent than pyridine.

With aromatic acyl chlorides, products were obtained
which were consistently high in carbon. This problem has
not been resolved successfully up to now.

Reaction of the Diamine with Acid Anhydrides.—2,3-Di-
aminoquinoxaline was refluxed for one hour with six equiva-
lents of acetic anhydride. Crude l-acetyl-2-methylimida-
zo(b)quinoxaline separated on standing overnight. It was
recrystallized from dry ethanol using Darco as the decolor-
izing agent; yield 729, m.p. 158-159°.

Anal. Caled. for CyH3ON,: C, 63.70; H, 4.45; N,
24.77. Found: C, 63.54; H, 4.28; N, 24.88.

The 1-acetyl derivative is converted to 2-methylimidazo-
(b)quinoxaline by boiling for a few minutes with dilute so-
dium hydroxide solution.

The reaction of the diamine with succinic anhydride was
carried out in pyridine solution as described for the acyl
chlorides. The crude 2-3-imidazo(b)quinoxaline propionic
acid so obtained was recrystallized from 709, ethanol.

Fusion of the Diamine with Urea.—A mixture of 2,3-di-
aminoquinoxaline with two moles of urea was heated at
180° until no more ammonia evolved. The residue was
broken up and washed with alcohol. The product was
then dissolved in hot concentrated ammonium hydroxide,
decolerized with Darco and filtered. Neutralization of
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the filtrate with acetic acid precipitated the imidazolone.

Preparation of 4-Methylisoimidazoquinoxaline.—1-Meth-
yl-2-imino-3-amino-1,2-dihydroquinoxaline was heated with
ethyl orthoformate as previously described for 2,3-diamino-
quinoxaline. After removal of the ethyl orthoformate, the
residue was dissolved in a minimum amount of butanol-2,
decolorized with Darco and filtered. The filtrate was di-
luted with an equal volume of dry ether and kept at 0° for
24 hours; yield 66%, m.p. 210-213° dec.

Anal. Caled. for CoHsO4: C, 65.20; H, 4.38; N, 30.43.
Found: C, 65.33; H, 4.09; N, 30.20.

Preparation of 2-Hydroxy-4-methylisoimidazoquinoxa-
line.—1-Methyl-2-imino-3 - amino - 1,2 - dihydroquinoxaline
was fused with urea by the procedure previously described.
él‘he° fusion temperature was 150-155°; yield 619%, m.p.

55°.

Anal. Caled. for CHsONy: C, 59.99; H, 4.03; N,
27.99. Found: C, 60.06; H, 4.16; N, 27.74.

Hydrolysis of Imidazo(b)quinoxaline. Acid Hydrolysis.
—One gram of imidazo(b)quinoxaline was refluxed for five
minutes with 20 ml. of 2.5 N hydrochloric acid. Neutrali-
zation of the solution with ammonium hydroxide precipi-
tated an almost quantitative yield of 2-hydroxy-3-amino-

quinoxaline. It proved to be identical with an authentic
sample.®
Anal. Caled. for CH;ON;: C, 59.58; H, 4.37; N,

26.08. Found: C, 59.69; H, 4.26; N, 25.99.

Basic Hydrolysis.—One gram of imidazo(b)quinoxaline
was refluxed for one hour with 100 ml. of 1 &V sodium hy-
droxide. After cooling a 659, yield of 2,3-diaminoquinoxa-
line was obtained.

Oxidation of 2-p-Phenylvinylimidazo(b)quinoxaline.—
Two grams of 2-8-phenylvinylimidazo(b)quinoxaline was
dissolved in 200 ml. of pyridine. With stirring, 612 ml. of
0.59, potassium permanganate was added gradually with
stirring. The mixture was allowed to stand overnight and
filtered. The filtrate was heated to boiling and again
filtered. Neutralization of the filtrate with acetic acid pre-
cipitated imidazo(b)quinoxaline, yield 35%.

Condensation of 2-Methylimidazo(b)quinoxaline with
Benzaldehyde.—One gram of 2-methylimidazo(b)quinoxa-
line was refluxed with 5 ml. of benzaldehyde and 0.5 ml. of
piperidine for two hours. The product obtained on cooling
was washed with ether, then dissolved in hot dilute sodium
hydroxide and reprecipitated by neutralizing with acetic
acid; yield of 2-B-phenylvinylimidazo(b)quinoxaline, 83%.

(15) J. R. Stevens, K. Pfister and J. Wolf, THis JournaL, 68, 1035
(1946).
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Reactions of N-Monoalkylhydroxylamines with Sulfur Dioxide, Sulfur Trioxide and
Phthalic Anhydride !

By AvucusT I. RvEr? AND G. B. L. SmrTH?

The erystalline N-monoalkylhydroxylamines (hydroxaminoalkanes), N-isopropylhydroxylamine (2-hydroxaminopropane),
N-(n-propyl)-hydroxylamine (1-hydroxaminopropane) and N-ethylhydroxylamine (hydroxaminoethane) have been isolated
in crystalline form and the oxalates of the first two have been prepared. These alkylhydroxylamines yield alkylsulfamic
acids with sulfur dioxide and N-alkylhydroxaminosulfonic acids (N-alkyl-N-hydroxysulfamic acids) with sulfur trioxide.
The N-monoalkylhydroxylamines with phthalic anhydride give N-alkyl-N-hydroxyphthalamic anhydrides rather than the
N-alkyl-N-hydroxyphthalamic acids although the copper salts of the latter were isolated as dihydrates.

Introduction

Although N-monoalkylhydroxylamines have
been known for over 50 years, few reactions of these
compounds have been studied. Early investiga-

(1) From the doctoral dissertation of August I, Ryer submitted to
the Faculty of the Graduate School of Polytechnic Institute of Brook-
lyn, in partial fulfillment of the requirements for the degree of Doc-
tor of Philosophy in June, 1946,

(2) Schering Corporation., Bloomfield, New Jersey.

(3) Chemistry Division, U. S. Naval Ordnance Test Station,
Inyokern, Post Office, China Lake, California.

tors* prepared the N-monoalkylhydroxylamines
by the reduction of the corresponding nitroparaffins.

The electrochemical reduction of the commercial
nitroparaffins was studied by Leeds and Smith®
who developed a simple process for the preparation
of the N-alkylhydroxylamines. They did not,

(4) E. Hoffman and Victor Meyer, Ber,, 34, 3528 (1891); A. Kirpal,
ibid., 28, 1714 (1892); E. Bamberger, bid. 27, 1347 (1894); P.
Pierron, Bull. soc. chim., 21, 780 (1899).

(5) M. W. Leeds and G. B. L. Smith, J. Electrochem. Soc., 98, 129
(1951).



