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INTRODUCTION

A review of ths chemiocal literature has shown that
alectro-organloc methoda compare favorably with purely
chemiocal msthods for certain ayntheses belonging to the
following general oclasses of reactions: coupling, oxid-
ation, reactions with halogens, and reductilona., Flectro-
organic mathods have been used wost successfully in syn-
thosls by reduction., Tho chlef advantage in using
elaoctrolytio reduction in prefaerence to a chemical one is
that it offers a more exact control of conditions, and
consequontly should give a higher yleld and a purer
product.

The advantuges of this moans of reduction asuggested
an investigation of its usse in the synthesis of hydrogen-
ated products of pyrrole, an unsaturated heterocyclio
ring coumpound,

Two possible reduction produota might result: a B~5
dihydro pyrrole (pyrroline), and a tetra hydropyrrole
(pyrrolidine), both of which ars known and have been char-
acterized. They have beoen produced by ohemical and
catalytic reduction in low ylelds from pyrrole,

The variable gonditiona to bo atudied in thies investl-
gation will inolude cemposition of the catholyte, cathode
materlal, current density, tiue of electrolysis and

temperaturoe.



REVIEW OF THE PREVIOUS “ORK

In 1883 Ciamician and Dennatodt(l)

reported the re-~
duction of pyrrole using zinec and acetic aoid. The hydro-
genated pyrrole was a great deal more basic than the
parent subatance, 1t was a colorless, water soluble oll
of specific gravity 0.S097, boiling nt 90-91° (748 mnm, ).
It was almso reported as fuming readily in moiast alr and
absorbing carbon dloxide from the air,

By analysis, the investigatoras showed that the new

product was a dihydrogenated pyrrole (pyrroline) presum-

ably having the formula

HG —=—= CH
HeC CHg
N
H

No oonolusive proof of this structure was offered,

The hydrochlorioc acid salt, (CgHoN)HCl, and the
chloroplatinioc acid malt, (CqH7N)gHaPtCle, wers prepared
as derivatives, melting at 173-174° and i82° with decompo-
sition reapeotively. The asubatance was further character-
ized and shown to be a secondary amine giving a character-
istioc addition compound with methyl iodide, and a nitroso
compound with nitrous acid,

The yield of base by this method was not at all

(1) Ciamician, L, and Dennatedt, M, Berichte Vol. 18,
p. 1538 (1883)



satisfactory. Pyrrolipe wes obtained in very smell ylalds
and in 2n lapure form. Durlng the reduction and isoclation
of products r great deel of emmonie wee given off end most
of the pyrrole wes chenged to & resin, Lt was observed
that 1f the proportion of reusctants to oune another an¢ the
duration of the reductlon were varied, no noteworshy
inorease in yleld was obtalned. Resinificotion and evolu-
tion of asmmonia was inoreansed with ncid cnnoentyrsticsn and
with duration of the reduction.

Knorr and Rabe(z) lo ter attempted to improve on the
mothod of Clamioian mnd Dennatedt by using mineral aclids
and metals for the reductlion mixture. Better ylelds of
pyrroline werc obteined and the nmoethod found tn be
applloable to the reduction of homologuea of pyrrole as
well. An 18 percent yleléd of pyrroline wzs the best
reported - homologues of pyrrole gave better yields,
sinoce they were less sensitive t han pyrrole to resini-
fieation,

In 1902 s patent waa issusd to Sennstedt(a) on the
electrolytie reduction of pyrrole to pyrroline. Almost
quantitative reduotion wess cleimed. A suspension of 40

grams of pyrrole iu 80 ml. of 1-50 Hg804 weas oleaetrolysed

(2) Knorr, L. end Babe, P. Berlehte 7Vol. 34, p. 3491
(1801)
(3) Dennstedt, . Deutsches Reich Patentgerift, Ho, 127-

086 (1p02)



et a current denslty of 0.0l amperes per 8q. cm. Lead
elsctrodes were used and the anolyte was separated froa
the catholyte by a porous clay cell. The patent stmted
it was not necvessary to add acld tc the catholyte during
the run to replace that whieh was neutrulized by the
base produced, aince the reduction proceeded as well 1n
batile as 1n acid solution. The method of isolating the
reduction product was not clearly stated, nor was any
mention made or 1ts ideatifioation,.

After the reduction, X0l was added to the catholyte
in exo0es8, acd the mlxture was steam Adistilled. The
dintillate wus treated with Fl0l and avaporated Lo dryness.
The ¥ield was raported to be 30 grams of pyrroline hydro-
ohloride. The free base was recovered from the HCl salt
by adding l-1 KOH solution and extracting with ether.

An allusion to tha time of sleotrolysis was made by
atating that the- reduction wans continued for a few hours
arter the cathode solution hed becoms basla.

Next in sequence we rinf the mttentlion of the jinves-
tigating chexmists turned towsrd the catalytic reduction of
pyrrole. Putoohincé) reported using nickel as a catalyst
at 200°. During the hydrogenation, ammonia was evolved,
indicating a good deal of decomposition. The produot
resulting {n this case was pyrrolidine (tetra hydropyrrole)

{4) Putochin, . J. Borichte 55 p. 8742 (1923)



haviag the formula

R
H

Like pyrroline, this compound was quite basic and
gave the characteristic reactlons of a secondary amine.
It was a water soluble oil of specific gravity 0.8520 at
20°C. The yields by this method were very poor.
Zelinaixi and Iuriev‘s) carried out the reduction of
pyrrole to pyrrolidine by passing pyrrole vapors slowly
through a Pd asbestos catalyst ag 1600. Agsin the ylelds
reported were insignificant. HN-methyl Pyrrole, in con-
trast, was hydrogenated quite easily under these conditions.

%When he used m platinum oxlde cutalyst, Putoohin(e)
olaimsd ylelds of 70-754 pyvrrolidins. 7This reduction
took place undar pressure, at room temperatura, in a asol-
vant of a mixture of acetlio acid and ethyl aloohol. After
the firat rapid absorption of hydrogen ceased, some HOL
was added, and the reduction thaen resumed %o oompletion.

Putochin's work could not be dAuplicated by Signaige

(6) 2elinski, ¥. D. and Imriev, I. K. Berichte Vol. 62
p. 2589-90 (1929)
(8) Putochin, N. J. Chemlcal Abstracts Vol. 85 p. 3995
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and Adkins‘ ), or by Cramer(a). Thelr Yeat reasults were

obtalned by using a nfokel-kisselguhr catalyst at 200°
with pressures of about 200 atmospheres. A 30 percant
yield of pyrrolldine was reported. It was stated that
pyrroles were more resistant to hydrogenution than any
other unsaturated ring system euncountsraed in their labor-
atory.

Sakurai(g) reported reducling pyrrole electrolytiocally
to pyrrolidine In 13 percent yields. Raney nickel and
platinus bleock were used as catalysts by suspending them
in the cathode soluticn. Ths reduction wua carried out
1n a mixture uf equal volumes of 10 percent sulfurle acid
and aloohol. Lead and copper cathodes waere used and the
pame ylalds rsported for each. The yleld & the reduoc-
tion product cgould not be increassd above a certalm limitv
by luncreasing ths time of elasctrolysis.

Sakurai'a roeductlons waere mace &t 20-24°C., with a

current density of 0.1 amperes per square acontiacter.

(7} 8ignalgo, ¥. and Adking, H. J. Am. Cheu. Soc. Vol.
88 p. 708-717 {1930)

(8) Cramer, H. and Adkins, H. J. Aa. Chem. Soe. Vol. 8B
De 4349-4348 (1930)

(9) Sakurai, B. Bull. Chem. 80c¢. of Japan Vol. 1l

p. 374-375  (1936)



fwo grams of pyrrole dlssolved in 100 cc. of electrolyte
vas alacirolyzed itor O hours.

Froos thet a £,5 dinydvé pyrrole and sot a 2,3 som-
pound resulted from the reduction of pyrrole wav coaclu=-
aively bLrougut out by Treibs and Dinolli(lo). vzonf{zation
followed by oxidution with hydrogen peroslde produced

Infno diacatic aclid aa Tellows:

0
/ N 0 0
e 1 o
+ Oa——' 2 19) 3
H,Q\u/ou, n,o\u/cx8 * an\ﬁ/pu,
H i1 I
HooT COOH
HgaO |
—8 E.G\N Hg
o

The imiao dlmacetls acld was identified as the ICl
palt maeiting at 235-837°C, and further &B uhe dielthyl
ester melting sharply at 78%90.

(L0) Treibs, A, end Dinelli, D. Liebigs Aanalen Vol.
817 p. 170-173 (1935)



THEORY AND VARIABLES INVOLVED

The slsctrolytio reduction of an organio compound
oconsists of two stepa! (1) the formation of atomic
hydrogen at the cathoda; and (2} the intderaction of the
aotive hydrogen with the reduclbdla substance with whioch
it ecomes 1n oontaot(lz).

Holeoular lLiydrogen has very little rmsducing power,
and conseqgueitly the reducing power of a cathode must be
aBeribed to the uydrogen liberated on it while lu the
nsgoeant state. Accordling to the Xass Actlon Law, the re-
duocing power of nascent hydrogen 18 proporilonal to its
cuncentration. The potential differeance between iLhe
cathode und the solution is also dependent on the concen-
tration of the nascent Lydrogen as can be shown as follows:

The potential of the Dydrogen elecirode 1s given by the

aquatlon

(1) e = RQI log P
pni

Py, = eleotrolytic solublon preasure

Pyr = the osmotic presaure of tha bhydrogen lons in solu-
tion. HKowaver, P = k3p, 1o whioh k; 13 e oconstant and p
is the pressure of the gaseous hydrogen ia uvontact with the
eléctrode and aolutiontls).

By Henry's Law, p musat he proportlional to the concen-

(12) Creighton, K. The EBleatrochemiocal Redustion of Sugars
Trans. of the Blectrochemlcal Soc., Vol. LXXV p. 890 (1939)
(13) Le Blano Tleotro chemistry p. 183 ({1907)



tration c, of the molecular hydrogen in solution immedi-
2.

ately on the eleotrode. The concentration of the molecular
hydrogen must, in turn, be proportional to the squere of
the concentration of the nascent hydrogen on the oleotrode(l4)
8ince the reaction is 2B=Hp, and by the Mass Action Law,
for equilibrium,

(6 )B = kpcug
The electrolytic solution pressure is, therefore, propor-
tional to the concentration of the nascent hydrogen on
the ocathode, since

—8 —
pHg = KiP = kgo g = Kao0y

Substituting in equation (1) the value of Pug
1
(1) e = RT log (g,}/’g,, or e =RT log Koy
o

eyt
which shows that the potential of the cathode is a measure
of its reducing power, slince 1t is datermined by the coan-
centration of the nascent hydrogen, assuming that ¢, r,
the concentration of the hydrogen ions, is constant,
Variations of the cathode potential may dbe obtalnad
in a numbar of ways. One method of changing the reducing
power of a cathode is to vary the current density on it.
The inecrease ln potential alfference that oan be obtained
1n this way is not very great. This can bs shown by the
followling table, in which ere given the current densitlies

(14) Thompson, M. Applied Electro chemlatry p. 68-70
(1911)
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and corresponding potentials of cathodes of dlfferant
netuls which refer to the normal hydrogen slectrode as

zero}ls)(lﬁ)

TABLE I

Cathode Potaentials of Metala at Different Current Densities

Amperes per Kercury Copper Tin Niokel
Square Cm.
0.01 1.19 0.57 0.87 0.5%5
0.05 1.26 0.70 1.11 0.67
0.11 1,30 0.77 1.16 0.73
0.15H 1.32 0.82 1.18 0.76

It can be seen that the potentirl differsnce bstween
electrode and solution does not increase greatly with in-
oreasing current density; however, for a given current
dengity this difference varies greatly with the metal used.
This variation %8 due to the overvoltage for the partioular
netal in question. The reducing power of a cathode can,
therefore, be greatly varied by using diffarent metals as
cathodes. Por sudbastances whioch reduce with difficulty,
metals having high overvoltages should be most applicable.

(15) Thompson, M. Applied Flectro chemiatry p.70 (1911)
(18) Tafel, J. Zeitschrift fur physikallache chemle
Vol. 80 p. 710 (1906)
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Beoause the oonditions of measurensent are diffiocult
to standardige, the various values of overveltuges which
have been detsermined for the metals are not at all con-
sistent. The following table will give some idea of the

(17)
ralative values for the different metals,

TABLE II

Overvoltages of Metals at Varying Current Densities
Amp. per an Cd Cu Pp Hg

84. om.

0.001 0.718 0.981 0.479 | —-=~===- 0.92

0.010 0.746 1.134 0.584 1,090 1.08

0.050 0,928 1.811 | ----- 1,188 1,08

0. 100 1,084 l.21¢0 0.801 1.179 1,07

0.200 | ---=- 1.228 | 0,988 | -===- | =--=

0.300 1,168 | ===e= | ~===- 1.217 1.10

Other inveatigatora have lfiated the above metals

in the deoreasing order of their nverveoltages as: Bg,

b, Zn, Cd, Cu. (18)

{17) In.-...avional Critical Tables Vol., VI p, 339
(18) Wetts, O,P. Lab, Course in Electro ohellstry
p. 121 HoGraw-Rill  (1914)
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Another luportant factor 1in sleotrolytic reduction i=s
the catalytic effect of the matal composing the cathode.
As a reasult of this affeot, a subatanoe may be more easlly
reduced on one cathode than another, even though the over—
voltage is the same for both ecathodes. Thus ¥. K. Bradt(19)
reported Cu as heing very effeoctive in the reduction of
p~nitrophenetole, giving results as good as P4 or Zn elev~
trodesd which have overvoltages oconsiderably above Cu,

Physical struoture of the cathede material imfluences
the amount of reduotion; roughsned cathodes usually giving
bettar resulta than amooth ones, (20)

feiuporature likewlase hes 1ts erffect, It is obvious
that a zlae in tsmperature should increase the rate ol re-
actlon between the aotive hydrogen and the organic depol-
ariger. Of course there ias the opposite effect in regard
to overvoltage—--a risge in temperature bheing generally
concedsd to lower the overvoliagoe of the particular metal
in question,

It is already svident from equation (2), cited earlier,

(19) Brads, ¥, E. and Eriokison, A, ¥, Elsotrochemical
Reduction of p~nitrophenatole. Trans, Zlec. Chem. Soec,
Vol. 75 p. 401 (1939)

(20) S8wann, Sherlock Jr. Industrial Possibilities of
Electro-organic Reduction, Ind. and Eng. Chem. Vol. 29
p. 1339 - 1341 (Dec. 1937)
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thet the ooncentration of the eleatrolyte will affect the
rate of reduation by changing the value of the o, term.
Indeed, the ecldity or alkalinity of the solution will
deterrine tho oourse of the reduotion end the point to

which 1t wlll procecd.
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DESIGN OF THX APPARATUS

In carrylng out an electrolytic reduction it is of
foremost importancc to prevent the vnodic oxidctlon both
of the starting nateriasl and of the rsduction produot.
hAocordingly, the use of a divided cell {3 neoessary.

The reductlion took place in o 600 ml., tall type
beaker (see rigure 1) in whioh were suspended an anode
ohamber, the oathode, a glaess atirrer, and a thermometer.

The enode chamboer consisted of a porous cup (slze
5.5 x 18 em.) which oontained the gnode and snolyte.
Through the anode cup waa extended o pyrex tube (1 om.
internal diasmetar) through which extended a glass stirr-
rer having a propeller blade 2 inaches in diesmeter.

The anode consisted of e eylindricel lead sheet of
the same aros as the oathode used.

A voltmeter nond ammeter were oonnected (Flgure 2)
in suech 2 menner that the ocurremnt or the voltage droyp
across the cell oould be measured. The desired current
wag regulated by meens of a variable resistance conneot-

od In series with the cell.
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Figure 1 Reduction Cell
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This cell wes used exactly es drawn for c¢athodes of
lead, zino, and copper. In all cuses, the leads to the
cathode were of the same metal as the cathode, and were
fusad to the ocathode proper rather than soldered, to avolad
introduoing asny fnrelgn metals,

Where codmiom wos used, the oell was the same, with
the exception that atlck cathodes were utilized by suspend-
Ing two of them in the ortholyte on opposite slides of the
beaker.

A layer of mereuyry in the bottom of the boaker served
as the cathode 1n the meroury runs. Connection to the
cathode was mede by meens of e glass tube closed at one
ond and filled with mercury. A platinum wire sealed in
the closed end served as the oontact.

Before a new porous cley cup was used in any run {t
was firsat cleaned by soaking in 10% sodium hydroxide for
eight houras, water for eight hours, 10% sulfuric acid
for elight hours, water for elght houra, and finally
washing with distilled water,

The temperature of the run was controlled by immers-
ing the reduoction cell in a tank through whlch cold water
flowed. It wea poasslble by this method to keep the temp-
erature within e five degree range during the course of
the run.

The cathode and enode solutlons were keyt at tle same
levels. Since electrophoresls mccounts for an lnorsase in

the volume of the catholyte, water muast be added to the
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anode Bolutlon during the run to keep the levels egual.
This increase in volume of ceatholyte amounted to about 10~
15 ml. during an expsriment of six hours.

The only direct ourrent source avellable was a B20
volt line. ''he following olrcuits were used in obtaining

experimental data.

220 volt line

(=) F*) voltmeter
~$#%##J

anneter

| W
FEFT ¥ vy
12 bulb lamp bank 23 ohm rheostat
(4 amp. capacity) osll

Figure £ Cireuit for Low Current Densitles

220 volt 1line
(") o)

anmeter
D O ey
(12 emp. capacity) ~
39 ohm resistance 12 ohnm rheostat

(8 emp. oapaclity) (4 emp. capacity)

volt

2 |

Filgure 3 Circult for High Current Densities



EXPERIMLNTAL PROCEDURE

4. Preparation of Pyrrole
The pyrrole used in the following runs was prepared
by the dry distlllation of emmonium mucate in the presence
of glycerin econrding to Gilmon{2l) The fractinn distilling

over st 128 - 131“C. waa taken.

B, Ianletinn of the Reduetion Produots

At the ooncluslon nf the run, the snaode oup was
removed and the outslde surface weshed well with distlll-
ed water; the rinsings being added to the c=ztholyte.
80l1d4 KOH was then sdded slowly in exocess to the oath-
odle aolution. To insure agesinst lose of products by vol-
atilization, the temperature during this operation was
kept below 30, ‘the mixture which now had g8 volume of
about 250 ml. wss steam dlastilled until 200 ml. of dist~
1llete wes obtained. The volume of the resldue in the
flesk wes allowed to decremzse to about 100 ml. durlng the
distillatfon to insure getting the concentration of alkalf
high enough to cause any volatile base to dlstill over.

The distlillete was now made aold to mothyl orange
with 1-1 HCl. This stap convertsed eny pyrroline or
pyrrolldine present to hydroochlorides, since they ere

more basias than pyrrole.

(21) GCilman, H. Organio Syntheses Collective Vol. I
pP. 481 Wiley (1932)
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On oxtracting with two 30 ml. portions of ether, any
pyrrole not reduced or resinified durlng the run was re-
noved. The ether extract was dried over KON and dlstilled
to reriove the pyrrole.

The aold wnater layer frnm the above extraction
proness wns evaporoted to dryness on the steam beath. ‘I'he
remalning brown residue was treated with 25 mli. of 1l-1
KOH and steam dfstilled until 15 ml. of dlastlllete wus
oollected. S0)lld XOH wga added oerafully tn this d4lstill-
ate to cause any organic base presant to separate as an
oily layer. The oil was removed by extracting twice with
10 ml. portions of ether Aand then coaverted to the
hydrochloride selt by shaking with 1-4 HCl. After evap-
oration on the water bath snd reeryetallizetion from an
ethanol-ether mixture, the sslt wes oven~-dried at 105°
and welghad rapldly.

This method of recovery of the reduction produet
was usaed in all the experiments performed ln this invest-
igation.

The author believes that it offers a distinct advan-
tege over the methnds used by other lnvestigators. It
ensbles one to recover sny unchenged pyrrole from the
reduetion mixture and & pure hydroochloride salt is isolet-
ed whose melting point immediately serves to ldontify the

parent reduction product,
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C. Identification of the Maln Heduotlon Product
and rreparation of Derivatives

‘the ohlef reduction product fron all experimenta waa
180 lated a8 the hydroohloride salt. This white deliques-
cant srlt, after rerrystellizstion from an alcohol~ether
mixture, gave s melting point of 173-17400., which 1s given
in the lliterature ss the melting poiant of pyrroline hydro-

(22)

chloride- 1t was cnpncluded, becsuse of the sharp melting

range, that there was no poscsibllity of the salt belng s
mixture of pyrroline asnd pyrrolicine hydrochlorides.

After enough of the hydrochloride had hesn Aaccumuleted,
the free base was generated by neutraelizing & wnter solutian
of the hydrochloride with 1-1 KOH sné distilling off the

oll which seperated. After peing dried over K,00z this oll

gave a boiling polint of 90-91°, 1n agreement with the value
for pyrrolina(as) glven 1n the literature.

Fine)l and oconclusive proof thet pyrroline was the sub-
stance resulting from the reducstion was esteblished by the
preparation of the following derivatives whioh gave the

listed melting polints:

(22) Heilbron, I. . Diotionary of Orgenle Compounds
Vol., IIXI p. 564 Oxford University Preas (1938)

(23) BReilstein, T. Handbuch der Organischen Chemle

3rd Fdition Vol. IV P. 47-48 (1899)



1. The CSp derivative(24)

0.1 g@. of pyrroline 1n 1.5 ml. of CCly was treated with
0.16 g, of CSp in 1.5 ml, of CCly. Crystallization of the
dithiocarbamate occurs nt nnee in quentitetive yleld.

MG —CH oC—CH

i H?v— G5 1

RC— C \ch— CH
The derivative wes washaed wlth CCl, end aloohol, and re-
cryatallived from ethanol In the form of white leaves that
sublime on heatlng and melted in a olosed tuba at 201°.

2. The pioric aciad derivatlve(zs)

0.1l @. of the hydrochlorlde salt of pyrroline in 1 ml. of
water was trested with a caloulsted excess of ssturated
aqueous solution of ploric acid and ovaporated to dryness. To
free the salt of excess ploric asoid, the crystalline residue
wag washed with about & ml. of cold water ond flltersd. The
easlly water-psoluble plorate {s in the filtrate, while the
ploric aoid Goes not dissolve. Xveporation and extrection
egain eliminetes the lest traces of pioric asid. The
plornte thus prepared ia in the form of yellow prisms and
melts at 156°.

(24¢) Treibs, A. ond Dinelli, Dino Lieblgs Annalen Vol. 517
P. 170-173 [19838)
(25) Anderlini, T. Berichte Vol. 22 p. £3513-2615 (1099)



3, The ohloroplatinio acid derivative(86)

0.1 g. or the hydrochloride salt of pyrroline dissolved
in @} ml, of watex was treated with the caloulated
quantity of 10% aqueous solution of chloroplatinic acid
(HePtClg). The ohloroplatinate orystallizes out slowly,
The orystals were filtered, wasghed with 1 ml, of cold
water, reorystallized frow a small volume of hot water
and drled on a porous plate. Orange orystals result:

m,p. - 182° with decomposition.

(268) Mulliken, S. P. The Identification of Pure Organio
Oompounds Vel. 11 p, B8 Wiley (1918)

22
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PRELIMINARY EXPRRIMENTS

A. Reduotion of Pyrrole in 2% Hp804 8t Low
Current Density

The initial runs were mnde with the &im of proving
or disproving the velldity of the results reported inm
the patent issued to Dennstedt!z7) Theso results were
questioned beoguse (1) 1t is well known that pyrrole 1s
very reslstent to reduotion; (2) 3Sakural reperted only
a 15% yleld of pyrrolidine and no pyrroline from an
electrolytic reduction in the presennse of a nlckel oata-
lyat; (3) the method of 1solating the rsduection product
was vague; (4) no mention was made of the purity of the
HCl salt whioh he isoleted; (5) there was no evidence

that the redustion produst wes ocharacterized.

8., Experiment 1 - Tlectrolysis for 9 Hours

A eylindricel esthode of 100 sq. ocm. surface area
{both sildea) was prepared from commeroial lesd sheet of
990.9 purity, and etched in dilute nitrie acide before use
to give 1t a rough surface. A sinllar oethods of lead of
the same surfece arees served as the anode. 1-50 sulfurle
acid (2% by welght) wes used as an eleotrolyte. The

average stirring rate was 750 revolutions per minute.

(27) Dennstedt, op. cit.
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fen co. of pyrrole was introduced into 200 cc. of
the electrolyte rpnd stirred well hefore any current was
paased through the ocell., It was observed that the pyrrole
8issolved slowly In this concentration of aeeid, and after
15 minutes wes totelly dissolved. The eleatrolysis was
carried out at & ourrent denslity of 0.0l smperes per sq.
em, and a temperature of 03-25%, A fairly vigorous
evolution or Hydrogen was noticed during the experiments.
The potential drop aeross the cell mountsad slowly from
an initidl volue of 5.2 volts to 5.5 at the end of 9
hours, at vhioh time the run was concluded. The eatho~
lyte had not becouws basalo as had been expeotsd, snd the
odor orf pyrrole was avident.

Reduotion prroducts were sought by the method desoribed
previously. ¥hen KOH was added to the solution after the
reduction, 1t wes observed that e brownish, stlcky oil
came to the surface. During the subsequent etesm disiil-
lation most of this oll wsus ohanged to an amorXpheus,
reddish~brown resin which did not dlstill over. It was
concluded thnt the eforementioned oil was pyrrole which
had been partlelly resinifled during the run by the passage
of the current and the acid present. Subsequent bolling
ocomplatad the reslnification.

The dlstillate secured from the first stesm distilla-
tion wes mnde aeaoid with HCl and extracted wlth other. Three

and one~half ml. of oll boiling et 1268.8-122° wes reaovered
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from this ether extract. A splinter of soft plne sogked
In HC1l becume red 6t onoe when held 1n the vepors rising
from s mixture of one drop of this oil and 1 ml. of

water, Also ) drop mixed with ) ¢rop of HCL (sp. gr. 1.2)
resated vigorously, glving & red-brown resin which beocanme
hard on oooling. Turther, 1l drop mixed with 1 drop of
saturated aqueous lsatin solution a&nd 1 drnp of dilute
Hg804 8ave eu indiqo blue precipitate, soluble in glasisl
acstle acld and insoludle in ethar!ag) These observations
provad the oil to be uanchanged pyrrole recovered from the
reduction mixture,

Evaporation of the ecld water leyer, from whioh the
pyrrole had bean extracted, gave & small smount of red-
brown residue which ylelded no reduwotion products of pyr—
role on further treatment. This brown residue probedbly

resulted from the resinification of pyrrole whlich was not

completely extracted.

(28) Mulliken, 3. P. The Identification of Pure Organio
Compounds Vol, II p. 228 (1o16)



b. Experiment 2 - Electrolysis for 19 Hours

The seconé¢ run was mace under the sams conditions a8
the initiel one, exocept that the time of eleetrolysis was
lengthened to 19 hours, After 1l hours, the voltage
acraoss the cell had incressed to 5.0, and the cathode
solution wes basio to litmus. Two hours later, the
ocathode solutlion wos bssicec to phenoclphthalein - 4 hours
later it was bssio to thymol hlue end the voltage had
mounted to 11.0. Sixteen hours after the beginning of the
run, the voltege value was 30.0. The temperature now rosse
to 33° and a smsll amount of resinificstion wes apparent
in the eetholyte. During the next three hours the tempera-
ture rose to 40? making 1t neceseary to copolude the run
in order to avoid excessive polymerization (pyrrole poly-
marizes easily in hot dilute minersl solds). The odor
of pyrrole wes still noticeable at the end of the reduction,

A 10 ml. aliquot of the cothodic solution was titrated
agelnst .04921 N HCl using methyl orange as an indicator.

The purpose here was to find approximstely how much base

wae presemt. Assuming oll the basloity wes due to pyrroline
formed, 1t was calouleted that 2,04 grams of base was present
in the total volume of ostholyte.

The usual method of reoovery yielded 2.3 ml. of un~
ochangeé pyrrole and on eveporation of the acidloc water
layer the familianr red-brown residue was produced. %Yhen
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1-1 KOH wee cdded slowly to thils residue, the odor of
ammonla wae evident. &Gteam distilletion of this wmixture
produced 15 ml. ol aqueoud solution having & paculliar
emine-1ike odor. In the flesk wca left considerablse solid
residue of realinous neture.

Upon further treatment, the agquenus distlillate gave
an oll fuming In molst air, from which was prepered o.32
grams of hydroahlorlde salt melting sherply et 174° - the
melting point llgted for the hydroohloride pyrrolins.
Further substantiation of this ocenolusion wna reallzed by
preparing the derivatives of chloropletinic selid and C3p.

These melted respectively at 183°d. enc 201°.
Since the yleld of pyrrolins did not compare with

thet calculated from the titration with KCl, it wes con-
aluded that a8 good deel of the baslelty of the cathods
gsolution was due to smronia resulting from the decompo-
sition and resinlfiontion of pyrrole during the reduction
prooedure., Yhus no weight cen be pleced on sny value of
yvioeld based on titration of the reduction solution.

The results obtalned {rom Experiments 1l and 2 (reduec-
tion at .0l amp. per sq. cm.) show thet the cathode
aolution does not become basiec uatil it has been electiro-
lyzed for 11 hours. ‘The petent 1assuad to Dennstedt claslmed
thet 1t became besla after a few hours.

continustion of the reduction for 8 hours sfter the

solution had become busic (totnl time of electrolysis - 19
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hours) resulted in s 2.18 peroent ylelé of pyrroline. The
petent issued to Dennstedt cleimed an almnst quantitntive
yieli of pyrroline when the reductlon was contlnued for e

few hours after the solution hnd become basio.

B. Reduction of Pyrrole at Very l.ow Acid

Concentration and Low Current Demsity

Slnoce a detter ylelc¢ of pyrrolire was obtained in
Preliminary Lxperiment No. 2 then in Treliminery Experiment
Ho. ), and because pyrrole is soluble in escid and not 1In &
basic solution, lt wes thought that the reduction wes tak-
ing plcoe when the ectholyte was Jugt barely on the aeld
side.

Experiment No. 3 wes thus carried forvurd with e wiow
to determining the ocorrectness of this hypothnsis. Tie
cathode area, ourrent denslty, and pyrrole concentration
vere kept the same. The acld concentration wans raduced
to 2 ml. 1n 500 ml. of water (1-1300 by welght). All the
pyrrole dld not go into solution at this seld strength. The
cathode solutlon rescted basic to litmus after 7-1/2 hours;
the voltage inoreaese was slighti. During the remsinder of
the run, dilute Hp80, was added to keep the voltage at 25-30.
At this potential the liquor in the cell was just barely aoid,

The run wag continued for 13 hours; five ml. of un-
changed pyrrole was reasoversed, and 03 grams of the hydrochlor-

ide of pyrrollne faoleted {0.2% yleld of pyrroline).
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A comperison of tho ylelds obtained in Experiments No.
2 nnd No. 3 led the investigotor to bslieve that gl)l the
reduction in Ixperiment No. 2 mey hsve oonrurred after the
anlution hed becoms basiae. ‘Un determine the vallidity of
thia sasumption, the next experiment wasg carried out in »

slightly beslo eleotrolyte.

C. Reduation of Pyrrole ln a 3ssic Xlectro~

lyte st Low Cwurrent Lensity

Experinent to. 4 wes carried out by starting at s very
low acld eoncentration (2 drops in S00 ml. of water). :fter
4 hours, the solutinn tested basle tn phenolphthalein ond
the voltage rend 55~60. rcld wes ndded during the remain-
der of the run to keep this voltage fairly aonstant. The
solution wss tested from time to time with Bogen's !lni-
versal [ndlcetor, and showed 8 pl{ velue of 7-8. Temperature
wag kept between 23-26° throughout the reduction. Pive ml,
of pyrrole was rescovered. No evidence of any reduction
produot wes found, The conolusion wes reaéhod thet no
reduotion wes posslble {in bssio solution.

A cotmparison of the results of Experiments 2 and 3eith
the rasults from LExperiment 4 shows that the reductlon needs
to be aarrled out in a definltely scld solution. Pyrrole
was found to be quite soluble in dilute reld solution,
very slightly snluble in & neutrsl solution, and insoluble
in baaic solution. &Sinee the success of the reduction would

depend on an intimsate rontact of pyrrole with the nascent



hydrogen procducecd at the esthode, reduction is more
probesble to ocour when the pyrrole (s dissolved in the
eleatrolyte thasn when 1t is in auspension., The prntent
issued Dennstecdt oclelimed that the reduction proceeded well
in either nseld or basic medium.

D, DPossibility of Using Other Acids mg Eleatrnlytes

Sinee pyrrole has sBuch n pgrest tendenay to resiniry
in the prescnoce of minerel =c0ids, o¢n Investigntion of the
posalbllity of using en organloc aecld ap an eleetrolyte
seened necessary.

Pyrrole was found to be easily soluble in glaasisl
acatle eald and dild not reainify umtil heated very strong-
ly. The oonductence of the cel)l using this elesetrolyte
was, however, found to bo too low to meke aay runs possible.

Sodium sceoteste—-gleciaol ancetle acld solutions dissolved
pyrrole eraily, but they 2lso geve the cell a resistunce
too high to moke their use possible. scetlio acld-water
nixtures wers elso found to possess a fair solvent power for
pyrrole, but here sgeln they ocould not be used beceuse of
their resistance to ocurrent flow. Attention wes next turned
to acetle acld-HpS04 solutions, but this posaibllity bad to
be abandoned becruse these solutions cmused pyrrole to
reslnify more esaily than dld HpSO4-weter solutlons.

Bectuse of these observations 1t wes declided to use
HoS04 @8 the eloctrolyte In determlning the effeot of other

varlables.
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E. IExperiments to Determine the Change in Conpentration

of Electrolyte During Electrolyels

It 18 rn wcknowledged frot that the scid ooncentration
will ohange cduring electrolysis if & dlvided ceoll 1s used.
The catholyte deoroanseB in acid ooncentration dve to a
migration of HpuLU4 through the porous clay cup {nto the
enolyte, which, in turn, becomes moroc concentrated.

In order to keep the aocld conecentration approximetely
oonstant during a run, eold will thus have to be acdded to
the ocutholyte nt a known rante to nffaet the dearease due
to migration.

tooordingly, the next runs were mnde by electrolysis
of sulfuriec ecld solutions alone, at 20-26°% to determine
the decrease 1ln acld concentretlion per unit of time. The
seme apparatus was used, but current density, cathode narea,
and eoid concentretion were varled, and these effeots were
evalunted. At half-hour intervels durings the eleatrolysis,
8 ml. aliquots were withdrn¥vn from the catholyte end ti-
trated sgainst 0.1 normal sodélum carbonete. Differences in
auocessive values geve the corresponding decrecsse in con-
cédntration per 30 minute intervals. To make sure that
donditions were normal, the first rliquot was wlthdrawn
15~30 minutes after the run had started. Totel weight of
sulfuriec acid present in cutholyte wes celoulated aa follows:

(ml. base)(N., of base)(wm.e. wt, of Ha304) = wt. Hp80,

(wht. HpB804) (vol, cathode solution) = total wt. 0,50,
volume of aliquot
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The initial volume of catholyte taken was 200 ml.,
therefors, each alliquot removed desrsased this volume by 5
ml. Volume change due to electrophoresis was dlsregarded,
slnce 1t amounted to only approximately 10 ml. over a
period of slix hours.

Experiments B and 6 were carried out to determine
the rate of ohange of rold councentrarion with current
denslty. Two percent HpS04 was electrolyzed at a lsad
osthode of 100 8qQq., om. area and a temperature of 20-25°,
In Experiment No. b a ourrent density of 0.025 emperes
per s8q. cm, wss used; in Experlment No. 6 a current
density of 0.05 amperes per sq. om.

A comparison of the results from these two experi-
ments (see Table III) shows that doubling the current
density also dnrublea tha rate at which the acld eoncen-
tration of the catholyte deoreases.

Experiments 7 and 8 were run at a sulfuric aeid
concentration of 27 and 4% respectively. The elsotroly-
Bls was carried out using a lead cathode of 50 eq. om.
ares and a current denasity eof 0.1 amperes per sSq. om.
The results show that the initiel concentiratien of HpS04
does not effect the migration rate (aee Teble III).

The ratio of current densities in Experlments 6 and
? 1s 1:2, while the ratio of the cathode areas is 2:1.
The rate of ohange of the scld enncentration in the

oatholyte In these two experiments was the same. Since
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it was alrsady proved that doubling the current density
doubled the rats of change in ageld oconcentration, it was
goneluded that deoreasing the oathode area by ons~half
chunges the rate of migration by the some awmounv. Thus
in Sxperiaents 6 and 7 thesoe two raesults cancel sach

other, and the results are ldentlcal.



TABLE IXI
CHANGES IN ACIT) CONCEWTRATION OF 'fHZ CATHOLYTE

DURINO ELECTROLYSIS

Five ml. sgsamples withdrawn at 30 minute intervals;
Pemperaturs: 20-26°C,: Catholyte solubien: 200 nl.
M3S04.

Cathode | Current Initial| Timse | Total Loss of
area density acid (min) | acld acid in
(8q.cem. )| (amp/eal) cono, pragont| catholyte
ixporiment No., H

0 3.88 g.
30 3,18 0.51 g.
80 3,64 0.48
100 0.02% 2% 90 2.18 0.46
120 1.72 0.48
150 1.27 0.45
Experiment No, 6
0 3.14 g.
100 0.050 2% 30 8.12 1.0 g.
80 1.20 0.92
20 0.27 0.93
Expariment Ko. 7?7
0 3.88 g,
30 3.87 0.99 g.
50 .10 8% 60 1,93 0.94
90 1.03 0,90
120 0.15 0.88
Experimant No. 8
0 B.18 g.
30 | 72.07 1.1} g.
80 0.10 &t 80 6.13 0.%4
90 5.12 1.01
120 4.18 0.94
150 3.24 0.94

>4



TOPHRI'ERT8 TO DETERMINE THE EFFECT OP
CURRENT DERBITY

Agusous sulfuric acid solution of oconcentration 2%
by woight wan omployed as tho electrolyte, Ton ml, of
pyrrole disasolvaed in 800 ml. of this solution was electro-
lyzed for aix hours while beling stirred at a rate of 750
revolutions por minuto, The cathodes were prepared from
comasroinal lead sheet and had a oylindrical form, The
temporuture of the catholyte was kept betwesn BO-83°C,

The aoid ocoroontration was held approximately conatant
during the runs by adding 1-2 HzB804 at a caloulated

rate by means of a burette, The data for caloulating the
rate of addition were taken from the preceding experiments
on ohange of acld oonosntration during electrolysis,

The ylolds of reduction produst were calculated from
the amount of hydrochloxide salt obtuined., 8ince this salt
melted sharply at 174°C. , it was assumed to be the
hydroohlorids of pyrrolins, The piorate and C3z derivatives
melting at 1858° and BOl® respooctivnly, definitely estabdlisbed
thia assuwaption as true,

A conpsideration of Table IV and Pigure 4 will show that
the yleld of pyrroline varies with the ourrent density., The
highest yleld of pyrroline was ssoured when a current density
of 0,1 ampsres pexr sq. on. was used. The evolution of hydro-

gen was evident in all these runa, but at a aursent density



of 0.2 smuporeer per sq, om, 1t was especially vigorous, A
reddlsh~-brown resin was obtained in every reduction
during the isolavion of the products, Due to the fact
that 5 amporea was the maximum current that could be
run throupgh the oircuit, the higher osurrent demsities had
to be obtained by changing cathode areas,

In order to determine if this change of cathode
arsa has any offect on the reduction, Experiments 10 and
1l were ruh at the same ocurrent density using cathodes
100 B8q. om, and BO Bq. ou. arca respoectively, Examination
of Table IV and contents shows the result to be the sane
within ezperlnental error. A change in the area of the cath
ode was thereforoe concluded to hauve no effect en the raduct-
tion. Cuathode area, thus, cannot be sonsidered a variable
in these exporiments, and all the results shown in Tabls
IV are coumparadbls.

Duplisate runs made at ourrent deansities of 0.1 and
0.2 amperes per sq. om, showsd the yields to be capable

of ropitliction,



TABLE IV

EFFECT OF CURRENT DENSITY
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Cathode solution: 10 ml. pyrrole + 200 ml, 8% HpSO04;

Anode solution: 2% HpSO4;

Cathode and anode:

lead sheet;

Time: 6 hours: Temperature: 20-25°C,:; Stirring: 750 r.p.m.

Exp. No.| Current |Cathode|Voltage fPyrrele lG(HyN.HC1| Yield
denglty.| area across rrecever of
amp, /o cell ad CqHoN

100 5,5-7.0| 8.5 ml.| 0,41 g. |2.78%
10 0.050 | 100 8.0-8,0| 3.0 ml.| 0.50 g, |3,40%
11 0.050 50 8.0-8,0| 3.1 ml, 0,52 g. |8.60%
12 0.10 50 10 - 12| 2.0 ml.| 0.89 g. |4.89%
13 0.1b 50 10 -~ 12| 1.5 ml.| 0.685 g. |4.41%
14 0.15 33 12 - 14| 1.0 ml,[ 0.87 g. |8.55%
15 0.20 25 16 - 19| 8,0 ml,[ 0,00 g, | 0,00%
16 0.20 £5 16 - 19| 3,0 ml,| 0.06 g. |0,41%




EXPERIMENTS TO DETERMINE THE EFFECT
OF ACID CONCENTRATION

An investigatinn of the effact of variastion of the
conoentratlon of the sulfuric acid was conduoted at the
previously determined optimum current density and at the
same time and temperature. Aclc was added to the cathode
solution durlng the runs to keep the oconcentration con-
stent. The chemloal procedure used wes that of the prev-
icus experiments.

In adélstion to the ususl ldentiricuation of the pro-
ducts as the CS, and plorate derlvatives, a bolling point
was £lso determined and found to bes 90-91°C. at 744 mn.

Examinstion of Table V and Flgure % shows that an
acld concentration of 5/ by welight gave the highesat
material yleld of pyrroline. Increasing the ooncentration
bayondé this point hed e negative aeffeot which was esorlib-
ed to ilnoreased resinification during the redustion.

This sonclusion is borne out by the faoct that less pyrrole
was recovered when the sulfurlc aacid eoncentration was
inocreased, and more resin was noted to ve present during

the recovery or the reduced products.
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TABLE V
EFFECT OF ACID CONCENTRATIOW

Cathode wolutions 10 ml, pyrrole + 200 ml, HeSO04 (see
oolumn l): Anode solution: H;S04 of same oconcentration
as oatholyte: Cathode and anode: commerclal lead sheet

50 3q, om. area; Time: six hours: Tempsrature: 80-25°
Stifging: 750 r,p.m,; Current dansgtyP 5?1 amp, per Og?

% HaS804| E. M, F. | Pyrrole CqH7N.HC1 [ Yield of
by wt, ACTORS recovered CsH7N
cell

2,0 10 - 12 2,0 ml, 0.69 g, 4,69%
2.0 10 - 12 1,4 ml. 0.85 g, 4,41%
3,5 8 -9 1,0 ml, 0.83 g. 4.28%
3.5 8 - 9 1,0 ml. 0.89 g. 4,69%
5.0 6.5 - 8 l.0 nml, 1.40 g, 9.50%
5.0 6.5 -~ B 1.0 ml1, 1.82 g, 9.00%
8,5 8.5 - 2 0.5 ml. 0.78 g. 5.18%
10 5.5 -8.0 rone 0.88 g, 4. 82%
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RAPERIMENTS TO DETERMINE TIIF EFFEC? OF
TTMPRERATURE

Exanination of Table VI shows the effect obtailned by
varying temperature conditions, ‘fhe low tompsraturs run
(4-5°C:) was oarriel out by placing the reduction vessel
in an ice-palt mixture» the length of the run was six
hours. Acid concontration was again held constant
during the reduction. At the oconclusion of the run, the
cathods polu%tion was clsar and colorless. Adalitlon of
86l1i1d KOH caused the appearance of some gticky gum and
oil whioch, on luater boiling, gave the usual resin,

The high temperaturs run, made by heating the cell
with a water bath arrangewment, hard to be discouatinued
after 1 and a half hours had elapsed. A great dsal of res
In precipitated and forued 4 heavy foam whioh the hydro-
gen forced out of the cell in ooplous amounts. Treatment
o the cathods sclution following reduotion resulted in
moro renaln being formsad,

Those reaults show that a temperaturs of 20-25°1s
moat suitable, Higher teuperatures result in more resin-
ification: lewer temperatures deorsase the activity of
one oxr the othexr of the reactants, It 1s likely that
the ahility of pyrrole to react with the hydrogen is
inpaired.



Cathode solutlon:

EFFECT OF TEMPERATURE

TABLE VI

42

10 ml., pyrrole + 200 ml, 5% HpS304!

Anode solution: 5% H2804; Cathode and anode: lead

sheet 50 8sq.

om, Aarea;

3q, om.; 3tirring: 750 r.p.m,

Current denslity: 0.1 amp, per

Tenp. Time E. M, F, | Pyrrole C4HoN,HC1 | Yield of
vc. {hrs.)| aocross recover- CeH9N
oall ed
4 - §° e 8 - 10 S.5 ml, 0.14 g. 0,95%
20-88¢ 6 6.5- 8 1.0 ml. 1036 8. 9025%
45-50° 1.5 8 - 14 0.5 ml, 0.27 g. L.83%




EXPERIIEENTS TO DETERMINE (HE EFPECT OF
VARIATION OF TIME

An invagtigatlon of the a3ffeot of time on the reduot-
ion of pyrrole provec very lnteresting. The experimients
were oarried on at the previously dstermined optimum
conditions,

It will bo seeu (Tabls VII and Figurs 6) that the
yield of pyrroline increases with time until a nax-
imun 1s reached at slx hours, Purther ipncrease 1in tiwe of
the raeduoction does not increase the uaterial yield. The
small decreune in yield of pyrroline after the six hour
puriod can probably be attributed to physical factors
Buch an lossg by absorptior in the porous oup or by
ocolusion 1in the resin formed from pyrrole, Alsc increas-
ed time of rsduction was observed to result in an licrease

of tho roesiniflecation of pyrrole,



TABLE VII
E¥FECT OF VARIATION OF TIME

Cathode soluuion: 10 ml, pyrrole + E00 ul, 5% HaSU,
Cathode and anode: lead shesot 50 sq, om, erea;
Current density: 0.1 amp. per sq, om,; Teuperature:
20 - 25°C.: Stirring 750 r.p.nm.

Time E: M. F., [Pyrrole C¢H7N.HC1 Yield of

(nxrs, ) across reooversad CeHoN
cell
3 7.5 - 8,%5| 8,0 ml, 0.79 =z. 5, 36

4,3 7.0 - 9,0 1,5 ml, 0.92 g. 8.25%

8 8.5 - 8 1.0 ml, 1.36 g. 9.25%

8 8.5 - 8.5 1.0 ml. 1.29 g. 8.75%

12 8.0 - 9.0| 0.5 ml. 1.21 g. 8.22%
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EXPERIVENTSE TO DETERMINE THY EFFECT OF
PURITY OF PYRROLF

The affent of the purity of pyrrole on its subsequent
reduotion seemed worthy of investigation, sinece there
have been cases In which eleotrolytic recuetion hﬁs feliled
because of the presence of smell amounts of impurlties.

Accordingly, & very pure pyrrole was prepared from
the pyrrole bolling at 128-131° by means of the potaa-
sium selt{29) Pyrrole with an excess of five times the
caloulated quantlty of coecrsely powdered KOH was hested
in a flesk wlth a reflux condenser at & tvemperature of
80-100" for 18 hours and finally under the full fleme
of a bunsen pburner for L hour. The reflux anndenser was
then replaced by a horizontal ocondenser end all volatlle
matter wes distilled off. Tho melted mess wes allowed to
cool and water was added. Due to hydrolysis of the potas-
sium salt, 8 pleasant smolling oll separated out. This
oll was separated by distillertion, drised over NaOH, and
agaln distilled. 4 boiling range of 128-129° wes obaerved.

The pyrrole thus prepored was dissolvad in 200 ml.
of 2% sulfuric anid end subjected to the regular electiro~
lytioc reduction procedure at a Pb ocathode of 100 sg. om.

end a ocurrent density of 0.0l empures per sg. om., [OT

{20) Anderson, L- Liebles Aunnalen 7Vol. 105 p. 382
(1a868)
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nine hoursa. Tregtment of the cathodic solution in the
usual way showed that no reduction had takecn plece. The
axperiuentnl evldence w¥ss in agreemsent wlth that odbtain-
84 frow Prollminary Experiment No. L (sse page 27).

Anothor reduction uslny this purifled pyrrole was
made at a Po cathode B0 sq. om. in area, a: a current
density of 0.1 amperas per sq. om., using 5% sulfurio
acld as the electrolyte. Time of electrolysls was alx
hours, Thls run ylelded 1.28 grams of pyrroline hydro-
chloride; on the baslis of pyrrolino, s nercaentage ylelad
of 8.704.

This investigntlon Bhnwed thut the results obtain-
8l by using pyrrole with a bholling range of 128-131° are
reliable becausa they aro ln agreement with thnse obtaln~-

ed when a purified is used.



EXPERIMENTS TO DETERMINE THE EFFRCT OF
ELZCTROLE MATERIAL

A study of the efreot of dlfferent cuthode netals
wes oconducted nt the previously determined optimum
current cdensity, scid concentrstion s#nd temperasture. The
me tele chosen, wlith the exception of enpper, were those
possessing high overvoltages (sce Tuble II, page 10).

Meroury used na cathode wmeterinl was purified auf-
flolently by belng allowed to fell in s fine spray through
a quantity of 104 KOR solution and then through 15% nitrioe
acld. 4 3-foot length of l~lneh gless tubing fused et
the bottom to & smell U~type exit tube wes uwsed to contaln
the veid and basse solutions. To produce the spray, the
stem of & glass funnel was drawn cdown 8o g8 to leave only
& oepillery opening through which the mercury flowed.
After being pessed through the bmse and acld solutions o
number of times, the mercury wos ellowved to fell throngh
distilled water to remove any selts formed.

Coémium electrodes were made from stlek cedmium of
the following meximum limit of {mpurity: arsenic, 0.000%;
copper, 0.000%; iron, 0.005%; lead, 0.01%; zine, 0.08%,

A coprer cothode was out from pure Cu sheet that had
been well =sndpepered and then etched in nitrie ecid.

A 2ino eleoctrode wes muGe from a well clesned zine
shest and was etched with nitric svid to give it = rough

surface.
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A consideration of Teble VIII reveals that the beat
ylelds of pyrroline rcre obtalned with zine and lead cathodes;
Cd and Hg glve ylelds somewhat lower; Cu (of much lower
overvoltege) gave no pyrroline &t ell. The expected corre-
lation between overvoltages and msterial ylels {3 very
evident when the yislds from b &nd 7n are compared to Cu.

The difference between results with Ln and I'b cathodes and
those obtalned with Cd are more difficult to explesin. However,
1t is well to remember that tho velues of these overvoltages
ere highly questioneble, and some investigators do list
Pb and “n zbove Cd4 1ln the serioa.(so)
¥eroury, which 1ls generczlly considered to have an
overvoltage comparable to Pb and %4n gave surpriasingly low
yields of pyrrolins. A cheock run wes rmede in this lnstance.
Poesslbly the effect noted wos due to physloel nature of

the surfase slnce sl) saolid metal cathodes used were etched

before use.

(80) Wwatts, 0.P, Leboratory Course in Electrochemistry

p. 281 (1914) ¥oCGraw Hi{l) 3ook Compnny



TABLE VIII

EXFICT OF CAUIODE MATERIAL

Cathode solution: 10 mi, pyrrole + 200ml, 8% HpSO4:

Anode solution: 5% 1,804: Anods; lsad shest B0 aq. onm.
area: Cathode arxrea: S50 ey. on,

Currant density: 0.1

amp. ior 81. owm,; ‘femperature: 20-28°C,: Time: 8 hrs,
S8tirxring: 750 x».p.m.
Hetal B, K. ¥, Fyrrols CaH7N.HC1l | Yield of
agronas reoover- C4li7R
gell ed
Lead 8.3 - 8 1.0 wml, 1.36 g. 9,25%
4ino .0 - 7,5 0.5 ml, 1.10 g. 7 .48%
Cadzoju | 6,0 = 7.0 1.8 mi, 0.92 g. 8.28%
Meroury | 8.0 - 2.0 | 1.2 ml, 0.83 g, 4.41%
Meroury | 8.0 - 9.0 1.2 mi, 0.71 &. 4.0R%
Copper 8.0 - 7.0 2.0 ml, nope none

50
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BXPERIMENTS TO DETREI'MINE THE RNTVECT OF
PYSRROLE CONCHENTRATION

Sinece the conesntration of the organlo dspolerizer
night hnve some offect on the yloldé of pyrroline, s re-
duction wes nede with the concentretion of pyrrole double
that used in forwer runs.

In thls experinmcnt the cetholyte sontained 20 ml. of
pyrrole in 200 ml. of 5% sulfuric cclild. ‘hen this amount
of pyrrole wes used, & portion of 1t rewrined undissolved.
The reduction run wuas meds at the previously determined
conditions for optimum yiold.

The results show (Table [X} no inorease in the yleld
of pyrroline. Instead there was & slight deorezse in the
amount of reduetlon produet obtaluned. Hueh more resin was
present during the recovery procecure., ’'This unéue amount
of resin nay huavs oceluded £ good deel of pyrroline whieh
oould not be freed LDy stesm dlstillation. The low yleld
might thus ba acaounted for.

In this serles of experiments is also inecluded a re-
duction run 1n whioch the pyrrole wss added to the elesotro-
lyte oontinuously nt the rate of 2 ml. par hour. 7The
1nitial concentration of pyrrole was 1 1nii. in 300 ml. of
Sv: sulfurie scld. The pyrrole wes addsd under the surface
of the cetholyte by means oi' & burette with a eaplllery
stera, After 10 ml. of pyrrole hnd been udded {4-1 2 hours),

the run was continued 1-1 2 hours more. During the run there



was ovideroce that because of entruinment in ésouping bubbles
o hydrcgon, sovas prrrole was iont bwfore it dissuvlved o The

gslectrolyte,

An ldapuctlion of Table IX sbowy that the yleld of
pyrroline wus only 73;: lavz than obiained by the rogular
pothod, wnd wore unchanped pyrrole wan reuvcversd, The method

may offer a Siight su.ai.dage,
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TABLE IX
EFFECT OF PTRROLE CONCENTRATION

Cathode selution: pyrrole + 5% HpS04: Cathode and anode;
lead sheet S5O 8q. om, area: Tsemperature: 80-25°Qr Time:
6 hras.: Current density: 0.1 amp. per sq. en,; Stirring:
750 r.p.m.

Pyrrole E, M. ¥, | Pyrrole Cql?H . HC1 | Yield of
concuntra- aocross racoOver- CqM9N
ion cell ad

10 ml, +
BOO ml, | 6,5-8.0 | 1,0 ml, | 1.36 g. 9.85%
aocid

20 ml,+
200 ml. ?.0-§.0 1.7 ml, | 1.08 g. 7.00s%
agiad

1l ml,+
200 ml, 8.0-8,0 1.7 ml, | 1.25 g, 8,50%
initially:
9 ml.
addad




SULMMARY

The eleotrolytle reduction of pyrrole hes been studied
at various cathodesa; the effect of current density, time,
temperature; =scid concentrstion of the electrolyte, conrcen-
tretion of the depnlerlzer, and purity of the starting
product have been investigated.

The reduation product wus ocharscterlzed ss a 2-5
dihydrogeneted pyrrole (pyrroline). In eddition, & resin
was formed 4during the electrolysis.

The highest yleld (9.25%) was abtalned by eleatro-
lyzing a solution of pyrrole in 5% Hy804 for slx hours at
a lead oathode using & current density of .1 ampere per
8q. om,

A zinc cathode was found %0 give slmost the same ylelds
of pyrroline ez lead. Cadmium and mercury aasthodea gave
lower yields. No reduction ooccurred whonr & coppsr cgothode
vas used.

The great tendency of pyrrole to resinify in dilute
mineral aoid was found to prevent the use of higher tem-
peratures in the reduction. Teumperatures below 20-258°
resulted in decreased ylelds of pyrrolime.

The reducilon was proved to take place only in an seid
solutlion,

The quantitetive reduction of pyrrole at very low
current densities olsimed, in a patent issued to Dennstedt,

aould not be duplliceted.
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The yleld of the reduetion produet could not be
incressed ecbove e certalm linit by inoreasing the time of
slectrolysls.

Phe yield of reduction product inereassed with &n
increese in sclé oconcentration up to 5% Hp30,. TFurther
incresse resulted in a smaller yleld 4us to inoressed
resinifiostion.

The ylield varled with current denaity until a maxi-
mum was raeached at .1 emperes per sq., om. Further inoreese

resulted {n smnller yields and nore resin.



BYIBLIOGRAPHY
1. Booka:

deflstein, . Handbueh der (rganischen Chemia.
3rd Zd. Leipzig, Voss, 1899. Vol. IV pp. 2-3;
47-483 63-88.

Brookwman, C. J. Eleotro-0rganic Chemistry.
N. Y., Wiley, 1928. 347 pp.

Gllmen, i. Orgunle Syntheals. Collective Volume
1. He Yo, Wiley, 1832. pp. 401-4628.

Heilbron, I. . Diectlonary ol Orgenie Compoundés.
N. Y., Oxford Unlverslty Press, 1938. Vol. III
Pp. H561-564,

Le 8lenec, . kEleetrochemiatry. N. Y., kec-
millan, 1010. p. 183

¥alliken, 3, P. Identificntion of Pure Orpganio
Compounds, Vol. Il. N. Y., Wiley, 1914 327 pp.

Rlionter, 7. Orgunio Chewlstry. frenslatlon from
the 11th Yd. Vol. Ilf. Philedelphia, Blakistons,
1923, pp. 26-38.

Thompaon, 4. 4pplied Electrochemistry. N. Y.,
Maomillan, 101ll. pp. 68-79,

}mtts, O. D. Laboratory Course in Fleclrochem
istry. !. Y., doCraw-HM1ll, 10l4. pp. 121-183,

8. Teriodiealsn:

Anderlini, I'. Properties of pyrrolin. Ber.
Vol. 22, pp. 2518-2B18 (1689?

Anderson, C. Products of dry distillation of
animal material. Liebigs Annmlen. Vol. 105,
pr. 1838-1846 (1883)

Bradt, %. E. and RErickson, 2. ¥. Rlectrochem-
fesl roduction of p~nltro phenetole. Klectrochen.
Soo. trans. Vol. 785, pp. 401-410 (1039).

Clamioian, G. sand Dennstedt, M. Reactlon of nas-
cent hydrogen upon pyrrole. gerichte der Deutschen
Ohemtschen (iesellsohesft., Vol. 16, pp. 1538-1843
(1883)



5?7

Cramer, H. and ‘ékins, H, Use of niockel as a
eatulyat for hydrogenetion. J. Am. Chem. $o00.
Vol. B2, pp. 4348-43498 (1930)

Crelighton, PR. The electrochemlorl reduction of
sugsrs. Llectrochem. &“oc. treanas. Vol. 75,
pp. 290-292 (1039).

Knorr, l.. an¢ Rehe, T. The trenaformation of
pyrroile into pyrroline. Ber. Vol. 44, pp.
34901-3502 (18Q01).

Putochin, N, J. Catelytlic reduvatlon af pyrrole.
Chen. Abstractas. Vel., 25, p. 3999 (1987}.

Saekural, BE. Klectrolytic reduction of pyrrole.
Bull. Cham. Soe. Jepean. Vol. II, pp. 374-3785,
(1938).

slgneigo, F. and Adkins, }1. The reesction of
hydrogen with derivstives of pyrrole. J. Am.
Chem. 300, Vol. 58, pp. 709-717 (1938).

Swann, herlock Jr. Elaotro~organic achemicel
preparations. Rlectrochem. Soc. treng. Vol. 69,
Pp. 3087=343 (19036).

Swann, Sherlosck Jr. Industrisl poseibilities
of eleotro-organiec redustion. Ind. and REng.
Chem. Vol. 29, pp. 1l33p~1341 (1937).

Tafel, J. Polarizatlon on copper, nickel, bismuth,
zino, gold, end platinum electrodes. Zeltsohrift
fur physikalisohs ohemia. Vol. 80, p. 710 (1903).

Treibs, A. and Dlnelll, D. The constitution of
pyrrolin. Liebigs Annalen. Vol. 817, pp. 170~
1758 (1935).

¥ilson, C. L. Analogies between electrolytic and
chenieal methods of redustion. Rlectrochem. Soe.
trans. Vol. 78, pp. 353-367 (1639).

Zelinskt, K. D. end Iuriev, I. K. Catalytic
reduction of n-methylpyrrole. Ber., Vol., 62,
Pp. ES589-20600 (1920).

Eneyolopedias:

Overvoltages on metel cathodes. Lnternational
oriticsl tsbles. Vol. VI, p. 330.



4, Peatents:

oenngtedt, M, FEleotrolytie reduntion of pyr-
role. Uerman Patent. 127-088, Yeb. 12, 190%.



INDEX

Acld concentretion
Effect on reduction of pyrrole
Rate of change of ecld oconcentration of
catholyte durlng electrolysis,
effect of initiael concentration on
8ffeat of cathode area on
effect of current density on

Apparatus
Current oircult, dlagram of
Electrodes material
Reduotion oell, dlagram of

Cathode material
Effect on reduction of pyrrole
Preparstion of
Relation of overvoltage to

Cathode potential
Of various metals
Variastions in

Circuits, electriecal
For high ocurrent densities
For low current densities

Current dansity
Effeat on reduction of pyrrole

Electrolytic reduction
Advanteges over chemliocal reduction
Feotors arffecting
Main steps in
Theory of

Electrolytic reduction of pyrrole
Apparatus for
At dlfferent cathodes

At low eold concentration and low current

density
At low current density in 8% HpB504
Condlitions for best reduction
In a basio electrolyte
Patent of Dennstedt'’s
Sakurel's work

Method of varying oathode potential

Overvoltage, veriance with current demsity

59

Page
38, 39, 40
31
32, B4
38, 34
32, 34
17
16, 17, 18
15
48, 49, 50
la, 48
]
10
9
17
17
35, 36, 40
1
9
8
8
15
48, 49, 50
28
23, 24, 25
b4
29
3, 4
6
9, 10
11



Ozonizatlon of pyrroline
Potasalum pyrrole
Potentiel of hydrogen elestrode

Preperation of oathodes
Cadmium
Copper
Lead
Meroury
Zinc

Procedure
Identification nf reduction products
Isolatlon of reduction products
Preparation of pyrrole

Pyrrole
Cataelytic hydrogenatlion of
Difficulty of reduction of
Eleotrolytic reduction of
Potasslum salt of
Preparetion of
Purification of
Reduotion with zinc and scetic aclad
Reductionrn with zino end HCl
Resinificetion of
Separation from pyrroline
Solubllity of
Tests for

Pyrrolidine

Pyrroline
Derivstives of
Proof of structure
Properties of

Pyrroline carbamste, prepasration of

Pyrroline ohloroplatinate, preparstion of

Pyrroline hydroohloride, preparation of
Pyrroline plorate, preparation of
Reduction products of pyrrole

Pyrrolidine
Pyrroline

60

Page

18,48

16,48

20,21, 22
?

2,20

21

22

19,20

21

fo &
G o



Solubility of pyrrole

Solventg for pyrrole
tcetic eoid
roetlic sold-water mixture
Minersl scids
Sodium acetete-poetic ncid mixture

Tempersture
Apparetus for control of
Effect on reduotion of pyrrole
Range during s Tun

Time
Effect on reduction of pyrrole

Variebles in elsesctrolytic reduction

61
Page
30
30
30

30
30

16

41,42

16

43,44 ,45

1,9



	A study of the electrolytic reduction of pyrrole
	Recommended Citation

	mtd1942003p0000a
	mtd1942003p0000b
	mtd1942003p0000c
	mtd1942003p0000d
	mtd1942003p0000e
	mtd1942003p0001
	mtd1942003p0002
	mtd1942003p0003
	mtd1942003p0004
	mtd1942003p0005
	mtd1942003p0006
	mtd1942003p0007
	mtd1942003p0008
	mtd1942003p0009
	mtd1942003p0010
	mtd1942003p0011
	mtd1942003p0012
	mtd1942003p0013
	mtd1942003p0014
	mtd1942003p0015
	mtd1942003p0016
	mtd1942003p0017
	mtd1942003p0018
	mtd1942003p0019
	mtd1942003p0020
	mtd1942003p0021
	mtd1942003p0022
	mtd1942003p0023
	mtd1942003p0024
	mtd1942003p0025
	mtd1942003p0026
	mtd1942003p0027
	mtd1942003p0028
	mtd1942003p0029
	mtd1942003p0030
	mtd1942003p0031
	mtd1942003p0032
	mtd1942003p0033
	mtd1942003p0034
	mtd1942003p0035
	mtd1942003p0036
	mtd1942003p0037
	mtd1942003p0038
	mtd1942003p0039
	mtd1942003p0040
	mtd1942003p0041
	mtd1942003p0042
	mtd1942003p0043
	mtd1942003p0044
	mtd1942003p0045
	mtd1942003p0046
	mtd1942003p0047
	mtd1942003p0048
	mtd1942003p0049
	mtd1942003p0050
	mtd1942003p0051
	mtd1942003p0052
	mtd1942003p0053
	mtd1942003p0054
	mtd1942003p0055
	mtd1942003p0056
	mtd1942003p0057
	mtd1942003p0058
	mtd1942003p0059
	mtd1942003p0060
	mtd1942003p0061

