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ABSTRACT 

The synthesis and electrolysis of a series of o-chloro- and o-bromo-phenyl-substituted acids 
with two to five carbon chain lengths have been studied. The main products, under the experi- 
mental coilditions used, were the Icolbe dimers. A complete isolation and identification of all 
of the important by-products is recorded. Methanol and methanol-pyridine were the solvents 
for electrolysis. 

This work represents the first study of the behavior of aromatic halogen substituents 
during the Icolbe electrolysis. In contrast to many reactions involving aliphatic halogen sub- 
stituents, no free halogen was produced and no products were obtained, even in trace amounts, 
where halogen had been lost from the aromatic nucleus. During this investigation, 18 pre- 
viously unreported compounds were synthesized and their properties were determined. 

Recently, there has been an increase in interest in the electrolysis reactions of aryI- 
substituted aliphatic acids (refs. 1-4 and articles cited therein). In part, this interest 
has involved efforts to observe other than normal Icolbe coupling reactions, and in partic- 
ular to study phenyl migration in free radicals and hoinolytic cyclization of the radicals 
involved. No studies \\.ere undertake11 xvith halogeilated aromatic rings. 

Past worl; (5, 6) has sho\\.n that halogen is readily lost during electrolysis of sollle 
a-halogenated aliphatic acids. I t  \ \as expected that  halogen ivould be inore stable and 
thus less easily lost from an aromatic ring than from an aliphatic chain. I-Iouever, because 
of the coinplete laclc of work in this area, i t  \\.as felt 11 orthy of investigation. As a start ,  
efforts \\.ere concentrated on o-chloro- and o-broino-phenyl-substituted acids of two to 
five carbon chain lengths. I t  was hoped to learil something of the radicals produced, 
their reactions, and to \ \hat  extent this class of organic acids might be used in the 
synthesis of I<olbe-type halogenated hydrocarbons. 

I t  is difficult to produce and separate large quantities of pure ortho isomers from the 
ortho-para mixture obLained on direct halogenation of an arolnatic ring. T~ILIS, the 
acids used were all synthesized from starting materials it11 the halogen substituent 
aIready on the ring. 

TI, o ne\\- acils ere prepared: 4-o-l~roi~~opl~ei1)-lbutai1oic acid and 5-o-bromophei~\~I- 
pelltalloic acid. All other acids had been synthesized previously. Misra and Shulcla (7) 
prepared o-halogenated phenylacetic acids b\. reacting o-halogenated benz>rI broluide 
and chloride 11 it11 sodium cyanide; hydrolysis gave the desired acids. This method \I as  
used to prepare the necessary substituted acetic acids and extended to produce the 
I~alogenopl~enylb~~tai~oic acids. 
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Various workers (S-11) have synthesized o-halogenophenylpropanoic acids from the 
corresponding o-halobenzyl halides and diethyl malonate, although not on the scale of 
reaction used in the present work. Granger (12) extended the method to prepare 5-0- 
chlorophenylpentanoic acid, but  gave no experimental details. The necessary propanoic 
and pentanoic acids were prepared by this route. 

The  o-l~alogenophenyl-substituted acids were electrolyzed in methanol and methanol- 
pyridine solution. The products are illustrated in Reaction Scheme 1, and the yields 
are described in Table I. 

Dirner 

Monomeric 
Hydrocarbon 

Ester 

Ether Alcohol 

Aldehyde 
n= l only 

5 -~a~ogenote t ra l in  
n = 4  only 

Previous electrolyses of o-substituted phenylacetic acids have indicated that the size 
of the ortho substituent is a very iinportailt factor in dimer formation. If the group is 
small, considerable dimer is formed; if the group is large, little or no dimer is formed. 
The  best yield of dimer from the electrolysis of phenylacetic acid itself (i.e. when the 
ortho substituent is hydrogen) was 55% in methanol solvent (13) and 59% in dimethyl- 
formamide (4). 34esitylacetic acid (i.e. two o-methyl groups) gives (4) 44% dimer, and 
2,4,6-triisopropylphenylacetic acid (i.e. two o-isopropyl groups) gives only 31% dimer 
(4). Wladislalv (2) found that the bulky nitro substituent in Znitrophenylacetic acid 
suppressed dinler format io~~ completely; this was also true \\it11 nitro groups in the 
2,4-positions, but  with a 4-nitro substituent alone, 33y0 dimer was produced. Ho~vever, 
this effect inay not be entirely a steric one, since a 3-nitro substituent also suppresses 
diiner forination completely (Wladislaw concluded that  more information was needed 
to justify any general discussion of how substituents influence the electrolysis products 
froin substituted phenylacetic acids). In our work, an o-bromo substituent, which is 
relatively large, but  still smaller dlan nitro, suppresses dimer formation but  does not 
coinpletely eliminate it. An o-chloro substituent, which is considerably smaller, allows 
illore dimer formation, bu t  still less than that ~vi th unsubstituted phe~lylacetic acid. Any 
steric hindrance vanishes once the chain length of the acid is increased by one carbon 
or inore; this is borne out in most cases by the increased yields of dinler for the other 
o-halogenophenyl-substituted acids studied. 

In the past, the Kolbe reaction of an acid RCOOI-I has been regarded usually as a 
relatively simple free-radical process involving the production, a t  the anode, of radicals 
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'TABLE I 
Electrolysis products from o-halogenophenyl-substituted acids 

2 
Product yields (%)* 0 

0 
t- 
';1 

Monomeric 5-Halogeno- Unidentified 
Acid used Solventt Dimer hydrocarbon Ester Ether Alcohol Aldehyde tetralin polymer1 IJ 

M - - - 3. 
o-Bromophenylacetic acid 3 . 4  6.1 10.0 7.S Z 
o-Chlorophenylacetic acid M 15.1 - 1l .S  13.8 - Trace - 40 29 t, 
3-o-Bromophe~lylpropanoic acid M 23.6 8 .0  6 .  8 12.9 Trace - - 32 w t- 
3-o-Chlorophenylpropanoic acid M 25.2 10.3 7.4  17.0 - - - 21 z 

- - 4-o-Bromophenylbutanoic acid M 14.0 10.5 15.0 9 .4  1 .3  27 
M - - 

n 
40-Chlorophenylbutanoic acid 24.0 13.0 10.0 6.2 3.0 t- 
5-o-Bromophenylpentanoic acid M 11.2 10.7 13.0 1.9 1.4 - 4.06 

30 tq 
0 

5-o-Bromophenylpenta~loic acid M-P 22.6 10.9 8 .3  6.2 1 .8  - 6.28 45 22 * 
5-o-Chlorophenylpentai~oic acid M 10.2 9.8 9.0 4.6 4 .7  - 7.08 

- 
31 

5-o-Chlorophenylpentailoic acid M-P 28. 8 12.8 6 .7  2.1 0 .9  3.58 20 2 
"Calculated in theusualmanner based on t l l ea~uount  of acid reacting. The yields of unidentilied polymeric fractions are based on a weight ratio exclusively (i.e. weight polylner/weight acid 

reacting) and hence cannot be resarded as accurate; they do give :r good indication of the extent of polymer formation. 
t M  = methanol; M-P = metllanol-pyridine. 
$The term polyn~er is used for convenience. The  fraction consists of ether-insoluble ~naterial  that  settles on the electrodes during electrolysis r~lus the Iligh-boiling, tarry residue left when 

tile total neutral product is first distilled. Sodiu~n fusion tests and infrared spectra slion~erl the presellce of halogen and ortho aromatic substitution in both components, bu t  no further 
identification was made. ~- ~ - - -  ~~- ~- . 

§No trace of unsubstitutetl tetralin was found. 
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RCOO' and R. and their subsequent reaction. In metl~anol solvent, oxidation of CI-130- 
or CI130I-I to CI-130' has been an aclditional factor assunled to be important in product 
formation and subsecluently confirmed (e.g. ref. 14 and articles contained therein). I-IOU- 
ever, recent studies indicate that the IColbe reaction is often a much more co~nplicated 
process, or a t  least i t  has the potential to be so under the experimental conditions used. 
Where R' is a nornlal prinlary allcyl radical, the formation of products call be reconciled 
with radical intermediates; except under strong all~aline conclitions (the I-Iofer-AIIoest 
reaction, \\;here alcohol production is the major process), there is little experimental 
evidence to suggest appreciable further oxidation of suc11 a primary radical to R+. Where 
R' is secondary, tertiary, allylic, or benzylic, there is considerable evidence to suggest 
that further oxidation to R+ is an important factor in a t  least some of the product 
forinations (for an excellent suinmary of possible reaction paths, see ref. 4). Eberson 
(1.5, 1G) and others (17, IS) have also sho\vn that, under the usual Kolbe conditions, not 
only RCOO- and solvent but also un-ionized RCOOI-I and adcled substrate such as 
aromatic rings, as well as primary R',  can be oxidized easily to R+. These latter pro- 
cesses do not alu-ays occur to a n~arlted extent even though the experimentally applied 
voltage is sufficient. I-Io\vever, solnetinles they can be important. For example, in the 
acetosylation of aromatic substrates under Iiolbe conditions (15, 17, IS), instead of a 
sinzple radical attack of CI-13COO' on ArI-I, the reaction involves a txvo-electron transfer 
fro111 4rI-I to the anocle, giving ArI-I", \\-hich reacts with acetate ion to give ArOCOCI-I3 
and I-I+. 

In the present \\.orl; involving electrolysis of o-l~alogenophenyl-substituted acids, the 
products are those that have been explained traditionally by free-radical intermediates, 
e.y. Ar(C1-Iz),COO' attack on illethanol to give methyl esters, and, by decarboxylation, 
production of Ar(CI-IJ,L-,CI-I?', \vhich reacts with an identical species to give diiner, 
with methanol to give monomeric hydrocarbon' by h>-drogen abstraction, and \\.it11 
CI-130', froill the oxidation of methanol, to give methyl ether. For the acids other than 
the substituted phenylacetic acids, there is no evidence to suspect any major involve- 
ment of carbonium ions, although the! cannot be ruled out conlpletely. We could 
postulate ether formation by Ar(CI-I?),,-lCI-I?+ attack on methanol, or tetralin forillation 
I3y cyclization of Ar(CI-12),l-1CI-12+, but this \\-ould involve oxidation of primary radicals to 
carbonium ions. 'The reactions are more probably radical coinbination of Ar(CI-12),l-~CI~s' 
and CI-I3Oe, and radical cyclization of Ar(CI-Is),,-lCI-12' to give the substituted tetralin. 
Bunyan and Hey (I)  found that unsubstituted 5-phenylpei~tanoic acid, on electrolysis, 
gave snzall aillounts (3.8-4.5yo) of tetralin, and postulated radical cyclization in its 
production. We isolated similar lo\\- yields (3.5-7.0%) of the corresponding 5-halogeno- 
tetr a 1' ~ n s .  

'The formation of alcohols Ivas small, ~\rllicl~ is in accord \I-it11 past \\-orlt. In an acid 
medium, alcohol fornlation is rare117 pronounced and appears to coille froin reaction 
with the small ainounts of 11-ater, either present in the methanol solvent or else often added 
to decrease cell resistance and improve current flolv. Aldehyde products have only been 
iinportant wllen aryl-substituted acetic acids were used ; this n7as explained (19) on the 
basis of peroxide forination from the inore stable benzyl-type radicals produced. o-Bromo- 
and o-chloro-pllenylacetic acids both gave aldehyde products in a low yield (only a 
trace from o-cl~lorophen~~lacetic acid), and 110 aldehydes \\ere detected in any of the 
other reactions. 

'The electrolysis products from the o-halogei1opl1ei~~:1i1cetic acids were similar to those 

I C o t ~ ~ ~ i ~ o ? ~ l y  used to desciibe tlris b ~ - p r o d ~ ~ c t  a?zd used here l o  i~ldiccile the cl~c~rclcter of tlre side c h a i ? ~  er'e?z. tl~oicglr 
a /lalogen szrbstitzient i s  lircsc?rt o n  tlre ri?~,;. 
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from the longer chain acids and can be explained by purely radical processes. I-Io~vever, 
electrolytically generated benzyl radicals appear to be oxidized to carbonium ions with 
great ease; hence, carbonium ion intermediates should not be ruled out, especially in 
ether formation. I t  should be noted that we did not isolate, as have other worlters n-it11 
substituted phenylacetic acids, products ~vhich clearly are not derived from radical 
processes. 

In all of our electrolyses, ester formation \vas small ; although control reactions indicate 
ester formation to be minor in the absence of the passage of current, it could possibly 
ta lx  place by attraction of the un-ionized acid to the anode and reaction there wit11 
methanol. Other n-orlters (1, 2) have encountered polymer formation during electrolysis, 
although our yields of polymer were never as high as have been reported (up to 90%). 
Polymer formation seeins to occur readily when phenyl substitution is present. Our 
results and those of other \\-orlters could possibly involve oxidation of the aroinatic ring, 
leading to high-boiling, polymeric products. This is only speculation, however, and 
further comment must await a more detailed analysis of the polynleric fractions ob- 
tained. No other products were isolated where oxidation of the aromatic ring was involved. 

Two conclusions regarding the effect of the o-halogen substituent on electrolysis 
reactions of phenyl-substituted acids can be made. First, the halogen substituent is 
perfectly stable during electrolysis; no products, even in trace amounts, were found in 
~vhich either chlorine or bromine was displaced from the aroinatic ring. Even in the 
case of the substituted peiltanoic acids, where internal cyclization of the alltyl radical 
occurs to give small yields of tetralins, it was al~vays hydrogen which was displaced, 
never halogen. This stability is not surprising, but  it is the first time it has been deinon- 
strated by experiinental worlc. Secondly, there is a more-uniform spread of yields among 
all of the normal by-products than other workers have usually found during Kolbe-type 
electrolyses, where often only one by-product (usually the ester) predominates. This 
spread of products is possibly due to the increase in the inolecular n~eight of the acids 
used when a halogen substituent is present. The acid therefore moves through the 
solution to  the electrodes more slo~vly and the electrolysis is less efficient. The  solvent 
carries inore than its normal share of the current. hltethoxy radical concentration, and 
hence ether formation, increases. Also, a decrease in the allryl radical concentration a t  
the electrode occurs and attack on the solvent taltes place more readily, with a resultant 
decrease in diiner formation. However, with the o-halogenophenylacetic acids, the 
stability of the benzyl-type radical or carbonium ion may be a inore important factor 
in determining the products. 

The  work described herein represents the first detailed study of the electrolyses of a 
series of o-halogenophenyl-substituted acids. The  low yields and spread of products 
probably mean that the reactions should not be regarded as good synthetic ones for 
the production of the appropriate Kolbe dimers. In some individual cases, ho~vever, 
since other synthetic methods for these compounds do not exist presently, the reactions 
might be used conveniently for small-scale preparations. 

Ph>.sical constants and analytical data for new compounds are given in 'Table 11. i?Ieltig points were 
determined on a Leitz hot stage and are corrected; boiling points are uncorrected. Analyses were per- 
formed by Schwarzkopf Mircoanalytical 1-aboratory, Woodside, New Yorlc. Infrared spectra were taken 
with Beclanan IR-5 and IR-9 infrared spectrophotometers. -4n rlerograph Autoprep model 700 gas chromat- 
ograph \\-as used with either a 10 or 20 ft  X 2 inch c o l u m ~ ~  of 30% SE-30 silicone gum rubber on 60-80 
mesh Chromosorb I\:; separated components were collected by means of the fraction collector, with external 
coolirig. 
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Syntheses of o-Halogenoplzenyl-St~bstitzrted Acids 
o-Halogenoplienyl-Substz'hited Acetic and Propanoic Acids 
o-Bromo- and o-chloro-phenylacetic acids, prepared according t o  the procedure o f  Misra (7 ) ,  had ineltir~g 

points o f  104-105.5" and 94-95', respectively. Misra found melting poiilts o f  104-105.5" and 93-94". T h e  
malonate procedure (9 ,  10) gave 3-o-bromophenylpropanoic acid, m.p. 96-98" (lit. m.p. 97-98' ( 9 ) ) ,  and 
3-o-chlorophenylpropanoic acid, m.p. 95-96.5' (lit. n1.p. 95-96" (10)) .  

4-o-Bromoplre?zylbutclnoic Acid 
3-o-Bromophenylpropyl bromide (94.0 g, 0.34 mole),  prepared b y  the  procedure o f  Beeby and Ma1111 

(20),  was added t o  sodium cyanide (20.0 g ,  0.40 mole) in 40 ml o f  hot water and 100 ml o f  ethanol over 
30 min. T h e  mixture was heated under reflux for 5 h ,  cooled, and filtered. Ethanol was distilled under 
vacuum, giving crude 4-o-bromophenylbutanonitrile, which was heated under reflux wi th  a solution o f  
equal volumes (80 ml each) o f  concentrated sulfuric acid, acetic acid, and water for 12 h ,  and set aside 
overnight. A n  oily layer separated after addition o f  1 000 ml o f  water. This  layer and two ethereal extracts 
o f  the  aqueous layer were dried over magnesium sulfate. Distillation gave a colorless liquid, b.p. 124-130' 
a t  1.5 m m ,  which solidified when allowed t o  stand. Purified 4-o-bromophenylbutanoic acid (67.2 g, S l y o )  
was obtained b y  recrystallization from carbon tetrachloride (Table 11). 

4-0-Clzloroplzenylbz~tanoic Acid 
B y  a reaction similar t o  that  described above, 4-o-chlorophenylbuta~~oic acid, 1n.p. 92-93.So, was obtained 

(lit. m.p. 94-95' (21)) .  
6-o-Bromophenylpentanoic Acid 
T h e  malonate procedure described in refs. 9 and 10 was used, although on a larger scale, and gave 146 g 

(72%) o f  diethyl 3-o-bromophenylpropylmalonate (b.p. 186-201' at 1.5 m m )  from 190 g (0.68 mole) o f  
3-o-bromophenylpropyl bromide. I-Iydrolysis and decarboxylation o f  t he  crude malonic acid gave 5-0- 
bromophenylpentanoic acid, b.p. 146-162" a t  1.0 m m ,  m.p. 40-42'. Recrystallization from carbon tetra- 
chloride gave 74.6 g (61%) o f  pure acid (Table 11). 

6-0-Clilorophenylpentanoic Acid 
In a similar manner, 3-o-chlorophenylpropyl bromide (200 g, 0.86 mole) gave diethyl 3-o-chloropl~enyl- 

propylnlalonate (154 g, 58y0),  b.p. 185-190' a t  1.5 m m .  Hydrolysis and decarboxylation yielded S-o-chloro- 
phenylpentanoic acid, b.p. 155-160" a t  0.6 inm, m.p. 43-46". Recrystallization from carbon tetrachloride 
gave m.p. 45.5-46.5' (lit. m.p. 46O, b.p. 166-167" a t  1.0 m m  (12))  and a yield o f  73.4 g (61y0). 

Syntlzeses of Atithentic Rejere?tce Compozinds 
Esters of o-Halogenophenyl-Szibstitzited Acids 
Concentrated sulfuric acid (2  m l )  was added cautiously t o  1.5-2.0 g o f  the  appropriate acid in 15 ml o f  

methanol. Heating under reflux for 1 h and work-up in t he  usual manner gave the pure ester, on distillation, 
in yields o f  85-9070. Esters o f  all the  acids previously described were prepared. New con~pounds are listed 
in Table 11. 
4-o-Bromopl~nylbutan-1-01 
4-o-Bromophenylbutanoic acid (10 g, 0.041 mole) in 100 ml o f  anhydrous ether was added to  a stirred 

suspension o f  lithium alurninium hydride (2.5 g)  in 100 ml o f  anhydrous ether, maintaining gentle reflux. 
T h e  reaction mixture was heated under reflux for 1 h.  Af ter  re~noval o f  100 in1 o f  ether, the cooled reaction 
mixture was hydrolyzed with 20 rill o f  water, followed b y  50 1111 o f  lOYO sulfuric acid. After filtration, the  
ethereal layer was separated, washed wi th  lOyo sodium carbonate solution and then water, and dried 
over magnesium sulfate. Distillation gave 7.79 g (83y0) o f  pure 4-o-bromophenylbutan-1-1-01 ('Table 11). 

4-o-Clilorophe?aylbzrtan-1-01 
Preparation from 4-o-cl~lorophenylbuta~ioic acid, as described above, gave a colorless liquid, b.p. 113- 

115" at 0.9 m m ,  n ~ ~ V . 5 3 5 1  (lit. b p. 150-151" a t  12 min  (22) and b.p. 97-98" at 0.7 lnln (23)). 
5-o-Bromophenylpropyl Metlzyl Ether and 5-o-CRloropRenylpropyl Methyl Ether 
T h e  3-o-halophenylpropyl bromides were methylated with sodium lnethoxide (20). T h e  resultillg bromo- 

ether had b.p. 68-71" at 0.5 nlm, nDZ5 1.5334 (lit. b.p. 127-129" a t  15 nlln (20)) ,  and the chloroether is 
described in Table 11. 

4-o-Bro?nophenylbz~tyl Metlzyl Ether 
4-o-Bro~nophenylbutan-1-01 (3.0 g, 0.0014 mole) was dissolved in methyl iodide (20 ~ n l )  and stirred 

with silver oxide (6.0 g)  and anhydrous calcium sulfate (10 g)  for 24 h. T h e  crude product was cl~romato- 
graphed on silicic acid (2.5 X 20 cm) ,  with benzene as eluent. Evaporation o f  the first 50 rnl o f  eluent 
lef t  a colorless liquid, which was distilled t o  give 1.23 g (36%) o f  the  pure ether (Table 11). 

4-0- Clzlorophenylbzilyl 1liIetliy1 Etlter 
4-o-Chlorophenylbutan-1-01 was n~ethylated as described immediately above. Similar purification gave 

the ether (Table 11). 

Electrolysis of o-Ilalogenophenyl-Szibstituted Acids 
General iMetltod of Electrolysis 
T h e  cell used was fully described previously (6) .  T h e  acid was dissolved in methanol, along wi th  enough 

sodium to  produce 5Th neutralization. B y  using a D.C. supply o f  50-80 V, 0.5-1.0 A was passed for about 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

SO
U

T
H

 C
A

R
O

L
IN

A
 o

n 
11

/1
2/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



2790 C:\N:IDI.-IN JOURN.IL O F  CIIELIISTI<Y. VOL. 44. 19(iO 

3 times the theoretical. The temperature was liept below 40". During the electrolysis, insoluble, apparentl\- 
polyineric material deposited on the anode, causing the current to fall below the stated minimum periodi- 
cally. The current was stopped, the anode deposit re~noved, and the reaction started again. 

Isolation of products into acidic and neutral fractions was carried out as described before ( G ) ,  except 
that continuous ether extraction for 24 h gave the n e ~ ~ t r a l  con~ponent. Xegligible starting material was 
~ ~ s u a l l y  returned. The neutral fraction was distilled under vacuuln, giving four to five major fractions 
plus a lion-distillable, tarry residue. 

Isolation a12d IdentifLcation of Prodiicts 
Two general procedures were used to purify the crude distillation fractions from above. Gas-liquid 

chromatography (g.1.c.) indicated that the substituted acetic and propanoic acid products were fairly 
well separated by the first distillation. The first three fractions were redistilled and the fourth recrystallized 
or treated to column chron~atography. The o-bromophenylacetic acid reaction is described in detail a s  repre- 
sentative, and others similar to it iri only e11oug11 detail to show solne physical constants and important 
variations. The substituted butanoic and pentanoic acid products were not well separated by the first 
distillation, and chromatography was necessary, both column and g.1.c. with fraction collectio~l. The 
4-o-bromophe~iylbutanoic acid reaction is representative, and other similar ones are only briefly described. 
Percentage yields are found in Table I. In some cases, the yields were estimated from the relative peak 
areas of the g.1.c. chromatograms, but wherever possible, the actual weights of pure collected fractious 
were used. 

'The products were idelltilied by matching g.1.c. behavior, physic:~l constants, and infrared spectra \vith 
those of authentic samples as well as literature values. The infrared spectra were as expected and are not 
described. Sen, compounds were submitted for elemental analysis (see Table I1 for analysis ligures and 
physical constants). As an additional confirmation of the identity of the esters, small-scale hydrolysis to 
the free acids and niixed melting points were used. 

Electrolysis of o-FIalogenophe?~yl-Szibstitz~ted Acetic and Propanoic ilcids 
Electrolysis of 0-broinophenylacetic acid (20.0 g, 0.093 mole) in 150 ml methanol yielded four initial dis- 

tillation fractions: 1, 1.46g, b.p. 40-59"at 0.35 mm; 2, 1.34 g, b.p. 60-S5"at 0.35 nlm; 3, 1.05 g, b.p. !)5-115' 
a t  0.35 mm; 4, 0.55 g, b.p. 125-135" a t  0.35 mm. The tarry residue weighed 3.95 g, and 4.13 g (227;j of 
starting acid \\.as refurlied. Poly~neric material (2.35 g) deposited on the anode during the renction. Fraction 
1 was a mixture of o-bromobenz;~ldehyde (1.06 g) and methyl o-bro~nobenzyl ether (0.40 g),  as estimated 
by g.1.c. Redistillation of o-brornobenzaldehyde gave b.p. 49-50" a t  0.2 mm, no': l.5!)31 (lit. b.p. 118-110" 
a t  12 mm, 11i.p. '22" (24)). Gas-liquid chromatography indicated that fraction 2 was methyl o-bromobenzyl 
ether containing some ester. After the ester was re~noved by basic liydrolysis, the ether was redistilled, 
b.p. 65-66. a t  0.2 mm,  TI,^)?^ 1.5505, 1.08 g (lit. b.p. 106-107" a t  16 Inm (25)). Fraction 3 \vas mr~inl>- 
methyl o-bromophenylacetate, and redistillatiol~ gave 0.98 g. Fraction 4 was passed through a silicic acid 
chromatography colulnn (30 X 2.5 cin). Elution with 1 : l  n-hexane-benzene gave 2,2'-dibrom~dibenz~l 
(0.42 g), which, on recrystallization from ~nethanol, had 1n.p. 84-84.5' (lit. lll.p. 84.5'' (20)). 

The electrolyses of o-chlorophen)rlacetic, 3-o-broinophenylpropanoic, and 3-o-chlorophenylpropanoic 
acids were similar. The following variations in procedure or in physical constants are noteworthy: 2-0- 
bro~nophenylethyl methyl ether had nn2j 1.5429 (no literature value) and 1,4-di-o-(bromophenyl)-b~1t:~11e 
was chromatographed on neutral alumina with elution by hexane; ~nethyl  3-o-chlorophenylpropanolte 
had b.p. 65-66" a t  0.3 IilnL, nu2j 1.5170 (lit. b.p. 255" (26)), a i ~ d  no colulnn chromatography was necessary, 
only recrystallization, to give 1,4-di-(o-chlorophenyl)-b~1ta1ie, 1n.p. 5.3.5-54' (lit. m.p. 51-52" (27)). 

Electrolysis of o-FInloge~i.opl~elty1-Siibstitz~ted Butanoic and Penta7zoic Acids 
Electrolysis of 4-o-bromophenylbuta~~oic acid (15.0 g, 0.06'2 mole) in 130 1111 methanol yielded four 

initial distillation fractions: 1, 2.43 g, b.p. 40-80" a t  0.4 mm; 2, 1.53 g, b.p. 70-98" a t  0.3 lnln; 3, 1.84 g, 
b.p. 106-135' a t  0.3 m m ;  4, 1.92 g, b.p. 186-ZOO0 a t  0.3 mm. The tarry residue weighed 1.71 g to go with 
2.35 g deposited during electrolysis. Fraction 1 was chromatographed on the a lu~i l i~la  column previously 
described, and eluted with hexane to give o-bromo-n-propylbenzene, 0.95 g, b.p. 51-5"' a t  0.7 mm,  IL$ 

1.5405 (lit. b.p. 217-220°, n ~ "  5.5395 (28)), as well as 1.38 g of a yellow liquid, which appeared to be 
identical (by g.1.c.) with fraction 2 and was added to it. Fraction 2, now 3.23 g, was separated by g.1.c. 
with temperature programming from 200 to 300' on the 10 f t  column; the yields were estimated from the 
chromatogram. o-Bro~no-n-propylbenzene (0.35 g), 3-o-bro~nophenylpropyl lnethyl ether (1.33 g), 3-broino- 
phenylpropan-1-01 (0.17 g), and methyl 4-o-bro1nophenylb~1ta1ioate (0.74 g) plus a n  unidentilicd co~n-  
ponent (0.71 g) were obtained. 1;raction 3 was redistilled, giving 1.56 g of lnethyl4-o-bromophen~~lb~1ti~1io:~te. 
Fraction 4, on recrystallization fro111 methanol, gave 1.72 g of 1,6-di-(0-bromopheny1)-hexane. 

The electrolyses of 4-o-chlorophenylbutanoic, 5-o-bromophenylpentanoic, and 5-o-chlorophenylpe~~tanoic 
acids were similar, but, for the latter two acids, the g.1.c. separations were carried out on the 20 ft  colu~nn 
a t  250-320" and 200-300°, respectivcly. Significant variations in physical constants were: o-chloro-n- 
propylbenzene, b.p. 32-35" a t  0.5 mm, nus 1.5130 (lit. b.p. 79" a t  10 mm, no1= 1.5213 (29)), a ~ i d  o-chloro- 
n-butylbcnzcne, b.p. 3 8 4 0 "  a t  0.2 mm, noz5 1.5117 (lit. b.p. 53-54" a t  2 mm, ?Ln2".50S7 (30)). 
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