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Electrolytic Oxidation of Quinoline and 3-Picoline 
Bs 'PIIARSHALL KULKA 

Nicotinic acid is made available by the oxida- 
tion of nicotine,' anabasine2 and 3-p i~ol ine .~  I t  
is also produced from quinolinic acid which is the 
oxidation product of quinoline4 substituted or un- 
Substituted in the benzene ring. 

Yokoyama:' describes the electrolytic oxidation 
of 3-picoline and nicotine by means of a lead cli- 
oxide anode in dilute sulfuric acid but  there docs 
not seem to be any record in the literature of the 
electrolytic oxidation of quinoline. This paper 
now reports an investigation into an electrolytic 
process for the conversion of quinoline to quino- 
linic acid. The effects of anolyte, current density, 
temperature, anodic materials, oxygen carriers 
and voltage on the oxidation of quiiioline were 
studied. 

The most suitable anolyte was aqueous sulfuric 
acid arid the concentration of the acid had :L 
marked effect on the oxictation. B 
obtained by employing 7.5 to S.? 
sulfuric acid. In 5V'& sulfuric aci 
tion product was formed from which very little 
quinolinic acid could be isolated and in more di- 
lute acid solutions no oxidation took place. The 
current density a t  the anode was studi<d over a 
range of 0.04 to 0.1 ampere per sq. cm. and i t  did 
not appear to have any appreciable effect on the 
oxidation. 'The reaction proceeded with best 
yields and highest current efiiciency a t  a tempera- 
ture of 70 to !)O" a t  a platinum anode and 6.5 to 
70' a t  :t lead dioxide anode. 

The choice of anodic materials was limited to 
platinum and lead because other metals and gra- 
phite d i s i n t e p t e d  quickly in the strongly acid 
anolyte. platinum and lead were not entirely re- 
sistant and considerable amounts also dissolved 
during the dectrolysis (approximately one-half 
mg. of platinum per hour of oxidation). Platinum 
proved to be a better anode material than lead, 
10 to 1.5: ;. higher yields of quiriolinic acid being 
obtained with the former. The most suitable 
form of platinum was a fine gauze or better still 
gauze coated electrolytically with a thin layer of 
platinum black. ' In order to find the most active 
oxygen carrier, the effects of inanganese tlioxitle, 
potassii.llli fiuozircon:ite, ceric sulfate, a n i ~ n o n i u ~ ~ i  
niolybclatt., acetic acid, chroiiiiuiii trioxide, se- 
lenium diosiirle and vanadium pen tosirle on thc 
oxidation we;re noted. It was found that  the ad- 
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dition of small amounts of chromiuni trioxide, se- 
lenium dioxide and vanadium pentoside to the 
anolyte resulted in increased yields of 5, S and 18% 
of quiiiolinic acid, respectively, the other com- 
pounds having no effect on the reaction. 1-oltage 
was an important factor in this oxidation. Best 
yiclcls of quinolinic acid cwuld be obtained when a 
voltage of three to four W;~S  maintainecl between 
thc elcctrodes. Operation a t  higher 1-oltages re- 
cluccd thc yicltl co:isiderably. Filially when the 
optirtiuiii conditiolis employed in the elec- 
trolytic osiclation, a T yield of cliiiiriolinic acid 
cleti.riiiinetl as the cop kilt tvas obtained. 

In tlie electro1:-tic oxidation of ::-picoline the 
optiniuni conditions were foxiid somewhat dif- 
ferent from those required for quinoline. They 
arc described in the esperinieiital. 

Experimental 
Electrolytic Oxidation of Quinoline: -A porous cup 2 

inches in diameter was wrapped \vith a X-inesh 3 by i j  
inches fine platinum gauze (coated electrolytically with 
a thin layer of p la t inux  black), tied with fine strands of 
platinuiii \Tire anti placed inside an  8UO-cc. beaker. A 3 by 
5 inches, 52-mesh piece of platinum gauze \vas introduced 
into the interior of the p ~ r o u r  cup .  The anolyte consisting 
of quinoliiie (150 g.'l, 7<jr;  (by weight) sulfuric acid (225 
cc.) and vanadium pentoxide (0.1 g . )  was iiitroduced into 
the beaker, arid the catholyte, 20'>& sulfuric acid, into the 
porous CUI) so that the levels of the liquids inside and out- 
side the porous cup \\-ere thc same. The platirium gauze 
oii the exterior of tlie porous c u p  was 111 
that on the iiiicl-ior the cathode by  COI 
cnr griierator the specti of which was regulated so tha t  it 
tlclivcrctl a voltage of 3.2 to i3 .3  across the electrodes. The 
anolpte was stii-rctl mechaiiicaily anti the tcinperature 
inaintaiiiecl a t  YO t 3  SO" by external heat application. The  
vigorous es-oluti:in of hydrogen a t  the cathode vaporized 
a considerable amount of the catholyte. I t  was replace 
by dropnise atitlition of 5('; sulfuric acid. During the 
electrolysis the curreiit flowing through the  circuit varied 
from 4 to  .J.5 aiiipcres and after one-huntit-eti and sixty- 
eight hours tlic oxidation \vas coinplete a i  s h o w ~ l  by a 
change in appearance of the reaction ini\-turc from dark 
ti~):i-trarisl)are:it t o  a clear aniber so1utiLiti. Tlie reaction 
iiiiuture was then tlilurerl with i\-;ttcr ailti the clecti-otles and 
porous cup iraslictl \vel1 iit order to re inow adsorbed 
quiiiuliiiic acid. The  conibi:ied reactib:i mixture and 
\\-ashitips nere  treated Ivith 30c sot1iu:n hydi oxide soliltion 
unt i l  just acid to  coiig;) red and the precipitatetl browi 
rc.~iiious niatei i d  filtered oil. The filtrate \vas heated to 
O i i "  a:itl a hot aqueous solritioi? of iwppci- sulfate penta- 
hytli-ate (:iS,j E.) adrletl. Xftcr heatiiig o i l  

\vas CO!l- \\-:tslictl aiitl tirietl a t  l ( i ( J o .  The c~~i)!)c'1~ 
wrtecl to quinoliiiic acid iii the usual maniie 
ill hot w ~ t c r  and treating with hyclrogcii sulfitle. The 
quiiioliiiic aciti so obtaiticci was tlccarbosyhted in  boiling 
cyclohexaiiol to  iiicotiaic acid i i i  flu'; yield. 

Electrolytic Oxidation of 3-Picoline.---.-\ 1 l i i i i  pcrforated 

iiitroduced into tlie interior of the porous cup. X current 



01 3.ii to J.0 ani1)ercs f l o ~ c t l  through the  circuit a t  a voltage 
of 3.8 to  4.0, T h e  tcrniwi-attire of the aiiolyte was inain- linic with a of 77cj,. 
tainetl at 40 t o  45’. At the eriti of eight hours the oxida- 
t ion  ‘I,.as col,il,~ctc, The  rcact.ion Inixture  ,rorketl ul, 2. Nicotinic acid has been obtained by de- 
as in  thc. case of the qiiinolitie oxidation arid copper nico- 
ciliate (0 ti g .  UT tW‘ , j \vas c;Ltaiiied. nnd also by the electrolytic oxidation of 3-picoline 

a t  a platinum anode in ycj5’, sulfuric acid to quina- 

carbo tiori of quinolinic acid in cyclohexanol 

Summary a t  a lead anode. 
I . {~iiinoline has been oxidized electrolytically ~,CI ; I ,PFT,  OS’rARIII RECEIVED J U N E  17. 1 9 4 O  
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A Synthetic Ferroporphyrin Complex that is Passive to Oxygen1 
BY ,ILSOPH 1-1. CORWIN 

Hemoglobin possesses remarkable chemical 
properties other than its ability to combine revers- 
ibly with molecular oxygen. One of these is its 
passivity to oxygen, a property which has not 
been reported heretofore in ferroporphyr In coni- 
plexes of known structure. Hemoglobin is a fer- 
rous coniplex, potentially susceptible to oxidation, 
yet capable of combining with a i i t l  transporting 
oxygen without being oxidized to the fcrric state. 
An eluciclation of the conditions under which 1x1s- 
sivity to oxygen may be expected slioultl provide 
one of the specifications for the synthesis of coni- 
pounds paralleling the chemical behavior of hemo- 
globin. The first step in a program with this ob- 
jective would be the preparation o f  solutions of 
hemes, ‘free From reducing agents, suitable for 
oxidation studies. This paper reports experimen- 
tal conditions under which this objective may be 
attained. In  the course of this work, conditions 
were disco\-crId under which a ferroporphyrin 
complex coupled with pj’ridine is passive to at-  
mospheric oxygen. 7’1s riecessary reactions have 
been follmvect and the preparations analyzetl spec- 
troscopically. 

Preparation of pure ferroporphyritis, or hemes, 
has prove(? tlil’ficult, due to  their extreme scnsi- 
tivity to oxidation. So far an absorption spec- 
trum for o m  of these substances in ;i non-coiirtli- 
nating solwrit h is  not been reported. Fischer, 
’Treibs a n d  Zeile:’ prepared crystalline hemes for 
the first time. They report powder spectra oi’ 
three bands somewh:it resenibling the ferric, por- 
phyrin chlorid~~s or hemins. I’owtlcr spcctra are 
coniplica tctl b? strong itiolccular intcr:ictions a t i t 1  
by selective. i.cattt.riii;: of the prticles.  

Spectra ol)t~i,ine(l by the addition of reducing 
agents such :is hyiruint ,  1iytlr:ite or sodium hy- 
drosulfite to solutions oi the ferric porphyrins i n  
alkaline ~ t q u c o ~ i s  media or in nitrogen bases such 
as pyritli ne :ire complicated by the tendency of 
the iron to form coniplcxes through its two reriiain- 
ing coiird .nate ,;alencit-s. I n  the presence of large 
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amounts of nitrogen bases the formation of the 
complex, or hemochromogen, is accompanied by a 
shift from para- to diamagnetism and the forma- 
tion of a characteristic spectrum. I n  aqueous so- 
lutions the spectrum is spread out into a broad 
hump through partial complex formation with 
either water or the reducing agent which usually 
must be present in large excess. 

Knowledge of the nature of the binding in the 
ferroporphyrins and their complexes is vital to 
our understanding of their action in living sys- 
tems. The original purpose of the present work 
was to prepare a crystalline heme, to devise means 
fu r  determining the spectrum in a non-coordinat- 
ing solvent, and finally to  examine its stability 
w.th respect to oxidation, both with and without 
a coijrdinating base. These objectives were at-  
tained by the use of special apparatus designed to 
exclude atmospheric oxygen during the nianipu- 
lations. ’ 

llesoherne IX dimethyl ester, I ,  crystallized 
in red needles which possessed a peculiar golden 
lustre unlike any of  the other iron compounds of 
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