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For the most part ,  reaction rates were compared on the basis 
of half-life, the time required for completion of approximately 
one-half of the reaction as determined by hydrogen absorption. 
The total gas absorption was about 5 p s i . ,  and the half-life for 
an uninhibited reduction of p-nitrotoluene to p-toluidine was 
about 9 i. 1 min., with the rate roughly zero order with respect 
to p-nitrotoluene. Since there was no attempt to control tem- 
perature, the results are semiquantitative. Severtheless, gross 
diff erences in rate were reproducible and meaningful. 
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Controlled potential electrolysis has been established 
as a useful technique in synt'hetic organic chemistry, 
especially when t,he desired product is itself easily 
oxidized or r e d u ~ e d . ~ a ~ b ~ ~  The efficacy of this approach 
to synt,hesis problems is well illustrated by the work of 
Lingane, Swain, and Fields who successfully reduced 
9-(o-iodophenyl)acridine to the dihydro derivative.4 
Theory and techniques of controlled potential elec- 
trolysis have been adequately discussed by L i ~ ~ g a n e . ~  
Most controlled potential electrolytic syntheses have 
utilized direct electrolysis of the starting material a t  the 
working electrode to produce the desired product, 
alt'hough so-called substitution techniques also have 
been used.',2 

Recent voltammetric studies of aromatic hydrocar- 
bons is acetonitrile solution have suggested that  the 
anodic waves of these compounds are due to the re- 
moval of a-electrons. The ion radicals formed are 
very reactive species and in the case of naphthalene 
polymerize rapidly to coat the anode and cause a 
rapid decrease of the electrolysis current.6 Lund 
also showed that  pyridine in an  electrolysis solut,ion of 
ant'hracene in acetonitrile reacted with the 9,10- 
dihydroanthracinum radical ion to form the dipyri- 
diiiium salt. The present work was undertaken in an 
attempt to extend the technique to the use of other 
nucleophiles which might produce useful derivatives 
of anthracene. Ethanol was selected with the expec- 
tation that the 9,lO-diethyl ether derivative of anthra- 
cene would be obtain<>d. The electrolytic addition of 
ethoxy groups to furan using the constant current 
technique has been report'ed.' 

Electrolysis of a saturated acetonitrile solution of 
anthracene which contained supporting electrolyte and 
was 0.45 )I/ in absolute ethanol produced a white com- 
pound which was partially soluble (the remainder was 
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recovered by adding water). The electrolysis product 
was shown to be bianthrone (I) (lO,lO'-bianthroiiyl). 

Based on the observed formation of the dipyridiiiium 
perchlorate salt and on the amount of electricity con- 
sumed, Lund stated that the electrolytic oxidation of 
anthracene resulted in the loss of two a-electrons.6 
The production of bianthrone, however, would indi- 
cate that the anode reaction occurring in the present 
system involved the loss of only one a-electron from 
each anthracene molecule to form the free radical ion 
species (11) which then dimerized. The additional 
oxidation of any 9,9'-bianthryl formed was in fact 
predicted by 
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The following considerations would account for the 
observed peaks in the mass spectra and for the failure 
to observe a peak a t  m ' e  386. Cleavage of the labile 
10-10' bond in bianthrone would likely occur upoii 
electron impact and could produce the benzylically 
stabilized 10-anthrone radical and the highly stahle 
aromatic fragment (111) with m e 193. The pcak at  
m / e  165 would appear upon loss of CO (twenty-eight 
mass units) from 111 in a nianner analogous to that 
reported for anthraquinone.* 

I11 

Experimental 

Reagents and  Solutions.---I.:astnlan (Practical) acetonitrile 
was distilled from phosphorus perltoside and used to prepare :dl 
solutions. Cliemic:tlly pure sodiurll perchlorate ( h i e n d  Drug 
and Chemical Co. ) ,  dried a t  150" for  21 h r .  and stored over 
phosphorus pentoside in a vacuum desicc:itor, was used to  
prepare the supporting electrolyte. .inyhydrous silver perchlo- 
rate was used on special order from Fisher Scientific Co.  Other 
chemicals were reagent grade quality. 

Apparatus.--=\ Sargent 3Iodel XI. polwograph was used to 
record current-voltage curve?. A modifiedg Iielley, JoneP, arid 
Fisher controlled potenti:al coulometric titrator10 was used as a 
potentiostat for all elertrol\-eea and also to deterniine the esact 
working electrode potenti:als for the electrol>-ser :LS described 
later. Utrnviolet ahsorption spectr:t were recorded on a Beck- 
man AIodel DR-2 spectrophotometer, infrared spectrlt on a 
Baird-.itonlie LIodel R l I - I  spectropliotonleter, :ind 1n:iss spectra 
on a Eendiv Time of Flight and on :i Conso1id:tted lIodel 21-103C 
mass spectrometer. 

(8) J. H. Beynon,  ">lass Spectrometry and  I t s  -1pplications to Organlc  
Chemistry,"  Van Nostrand Publishing Co.. Pr inceton,  N. .J . ,  19fi0, pp .  2 7 1 ,  
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A platinum electrode was the anode; for voltammetric studies 
a wire with an  exposed surface area of about 0.15 cm.2 was used 
and a foil electrode (surface area about 6 cm.2) was used for 
electrolyses. A silver wire coiled in a helix of ca. 1.3-cm. di- 
ameter and immersed in a solution of silver perchlorate and so- 
dium perchlorate in acetonitrile served as the reference electrode 
and as the cathode. I t  was necessary to isolate the silver elec- 
trode from the anthracene solution during electrolysis by  means 
of a cylinder fitted with a fine porosity fritted disk to avoid re- 
duction of the electrolysis products to the starting material. 
All solutions were deaerated for a t  least 30 min. by bubbling 
with nitrogen which had been passed through vanadous chloride 
solution, concentrated sulfuric acid, and finally acetonitrile. 
.In atmosphere of nitrogen was maintained above the solution 
during electrolysis. 

Current-Voltage Curves.--An approximate current-voltage 
curve (uncorrected for the iR-drop in the cell) a-as recorded on 
each electrolysis solution over the voltage range: 0 to f 3  
v.  (m. .L\g/-Ig-). The exact position of the anodic wave 
w s  then determined point by  point using the potentiostat by 
setting the platinum electrode potential manually and observing 
the current. Electrolyses were performed with the anode 
potential set to a value about 0.1 v .  more positive than the half- 
wave potential determined from the latter current-voltage curve, 
which was corrected for the  iR-drop in the cell. The electrolysis 
was allowed to proceed until the current decreased to  a constant 
value. lIagnet,ic stirring continued throughout the electrolysis. 

-In :xetonitrile solution 0.5 AY in sodium perchlorate and 0.1 Y 
in silver perchlorate and a solution of ethanol in acetonitrile plus 
supporting electrolyte showed no appreciable current a t  poten- 
tials less anodic than +1.2 v .  (es. Ag/Ag+). *Inthracene in this 
solvent is oxidized a t  potentials more anodic than about +0.88 v .  

Properties of the Electrolysis Product .-The compound was not 
appreciably soluble in absolute ethanol, ether, water, benzene, 
or chloroform, hut could be recrystallized from acetone. On 
heating it turned brown slowly near 250' and melted to a dark 
brown liquid a t  about 275".  .Iddition of concentrated sulfuric 
acid to tlie product caused the formation of a green color; upon 
standing for less than 1 min. the color became a ruby red. S o  
color change was observed upon heating a solution of the electro- 
lysis product in benzonitrile, anisole, or xylene. 

The results of direct elemental analyses for C, H, and 0 were 
87.24, 4.80, and 8.22' L, ,  respectively, and are in excellent agree- 

e calculated for bianthrone: C, 87.02; H, 4.70; 
. Duplicate molecular weight determinations 

lenzene) of 319 and 329 were reported; the low 
results are attrihuted to  experimental error. 

The ultraviolet absorption spectrum of the electrolysis product 
in ahsolute ethanol solution showed a peak a t  267 mp (log E 

4.:3W, a shoulder a t  300 mp (log E 3.9), and a minimurn a t  242 mp 
(log e 4.07) .  The  infrared absorption spectrum (potassium 
broniide pellet) showed strong peaks a t  1320 c m . 2 ,  1660 cm.? 
(conjugated carbonyl), and peaks of moderate intensity a t  1580 
cm-1, 600 c m - 1 ,  $130 cm.-l, and 790 c m . 3 .  

l Iass  spectra were obtained by introducing the sample directly 
into the electron beam of the mass spectrometer" and showed, 
petiks a t  w e  193 and 165; a t  the sample pressures used no 
peaks were evident a t  higher mle vahes .  

Chemical Synthesis of Bianthrone.-Bianthrone was prepared 
cllemically by the x t i o n  of concentrated nitric acid on a suspen- 
sion of mthracene in glacial acetic acid.l2 The  melting point 
and infrared and ultraviolet spectra of this preparation were 
identic:rl to those of the electrol product. The  reactivities 
with the reagents previously mentioned were also the same for 
the two preparations. The  mass spectrum of this compound 
when injected directly into the electron beam was identical 
with that ot)t:iined from the electrolysis product. 

(us. Ag/Ag+). 
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Oxime esters readily undergo the Beckmann re- 
and references to literature on this 

subject are available in recent papers.4,5 
A brief study of the rearrangement of the p-toluene- 

sulfonates (I) of five pheiiylglyoxylonitrile oximes is 
reported here. Characterization of these oxime tosyl- 
ates, prepared from the sodium salt of the correspond- 
ing phenylglyoxylonitrile oxime6 and tosyl chloride, is 
summarized in Table I.' 

TABLE I 
OXIME TOSYLATES (I)  Ar-C-CS 

M.P., Yield, 

135 64 Phenyl 
p-Chlorophenyl 154 66 
p-Nltrophenyl 146 34 
p-Methoxy- 

phenyl 141 55 
Mesityl 152 86 

I. A r  OC. 70 

I__-_ Anal.----- 7 - -- Calcd. -- -- Found --- 
C H X C H N  

59.98 4 .03  9 33 60 .12  4 .09  9 01 
53.81  3 . 3 1  8.37 53.74 3 . 4 0  8 . 1 8  
52 .17  3 .21  12.27 52.11  3 . 1 1  11 98 

58 .18  4 .27  8 48 58.07 4 43 8 . 3 2  
63.14 5 30 8 18 62.99 5 47 8 14 

The a-cyano tosyl esters (I) appeared to be much 
more stable than ordinary oxime tosylates.2s4 They 
did not undergo solvolysis in refluxing ethanol, and could 
be recovered unchanged either after a three-hour period 
of refluxing in benzene containing an equiralrnt of 
aniline or after a pyridine solution mas warmed on the 
steam bath for two hours.8 

When treated with excess sodium ethoxide in ethanol 
or with ethanolic potassium hydroxide, the first four 
tosylates listed in Table I were converted to diethyl 

(1) This  research was supported b y  the  Advanced Research Projects 

(2) P. Oxley and  W. F. Short ,  J .  Chem. Soc.. 1,514 (1948); TV. Z, Heldt ,  

(3) J. C. Craig and  A .  R. S a i k ,  zb id . ,  84, 3410 (1902). 
(1) W. Z. Heldt, J .  O r g .  Chem., 26,  109.7 (1901). 
( 5 )  J .  P. Freeman,  zbid. .  26, 3507 ( IYf i l ) .  
(6) X I .  R. Zimmerniann. J .  prakt. Chem.. (2)  66, 3.53 (19021. 
(7) . ilthough both syn and  anti forms of all the  oximes apparent ly  exist.6 

isomeric tosylates were isolated only in  the mesityl case (see Experimental) .  
The  anti configuration of the oxime tosylates indicated in  Table  I and  in 
the discussion following cannot  be considered to  have been established; 
a s y n  configuration also could explain the results obtained here. Since the  
type of migration observed here corresponds t o  t h a t  usually associated with 
an  anti configuration. these oximes tosylates are n-ritten in  the anta con- 
figuration. 

(8) With  I ,  h r  = p-chlorophenyl, some rearrangement probably occurred 
during chromatography o n  a n  alumina colu1nn3 for only 75% recovery 
of tosylate was possible. character izat ion of any  rearrangement product 
was not  a t tenipted.  Rearrangement  of phenylglyoxylonitrile oxime to  K- 
phenyloxaniide b y  phosphorus pentachloride in  ether. followed b y  hydrolysis. 
has been reported.6 b u t  t he  p-nitro-, p-chloro-, and  o -ch lo ro l~ l~~ny lg lyoxy lo -  
nitrile oximes ne re  reported to be unaffected by this t reatnwnt .  l ye  have 
observed t h a t  both the  phenyl and p-chlorophenyl ouiines and  Iihosr~ilorlls 
pentachloride in e ther  o r  nrethylene chloride yield not only some oxamide. 
bu t  also significant amounts  (15-30Ct) of the ol-cliloroirtiinoarylacrtonitril~, 
The  results of this s tudy  ivill be  reported later 
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