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ABSTRAC

The purpose of this investigation was as follows:

To determine the optimum eonditlions for the elestrolytic
reduction of orthoebromobensole acid and to test the
sultability of these eonditions for the preparation of
other substituted benzyl aleohols.

Forty=nine experiments were carried out in the following
manner: The oloetrolytic cell was assembled, the acid So
be rt#ucod wes placed in the catholyte and a eurrent
passed for a specified period of times At the end of the
sxperiment the bensyl aloohol wes separated from any
unreacted bensgole acid and the two eompounds purified by
conventional methods. The detailed eonditions used and
the results obtained in these experiments are listed in
tabular form in this thesis.

The most sultadble conditions for the reduction appear
to be 2 lead dioxide cathode, an aloocholesulfurie acid
catholyte and a high current density. The porous cups
(which contain the anolyte)} should be thoroughly oleaned
before use in order to remove any iron salts present as
impurities.

Electrolytic reduction of the correspondinz acid was
found to be a desirable method of preparation for the
mono chloro~ and dbromo=bensyl alcohols. 7This method of

redustion appears to be of limited application for the
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preparation of iodo- and aichloro=-benzyl alcohols
because of the relative insolubility of the corresponding
acids in an alcoholesulfuric acid catholyte. In general,
the more solubtle the substituted benzolc acid, the better
the yield of the corresponding benzyl alcohol and the
greater the current efficiencye

Para-bromo=, para-iodo=, and 2,6edichloro=bensyl
alcohols have been prepared for the first time by
electrolytic reduction of the corresponding acids. The
latter alcohol (2,6«dichlorobenzyl) is previously unre-

ported in the literature.
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INTRODUCTION

Halogen substituted bentyl alcohols are not available
commercially, and the synthesis of some of these alcohols,
for example the ortho bromo isomer, by the usual organie
‘chemical methods is not too satisfactory. Since many
halogen substituted aromatiec acids are either commercially
available or easily aynthesized from available substances,
electrolytie reduction of such bensoie acids would be a
convenient method for the synthesis of halobenzyl slcohols.

Fichter (1) lists many examples of aromatic acids
which have been successfully reduced to the corresponding
alcohols in excellent yleldsa. Many of these reductions
were carried out by Mettler (2) (3) (4), but attempts
by Wu (5) in this laboratory to prepare oebromobenzyl
alecohol by the method of Mettler were not too successful.

The purpose of this investization was as follows:
Mettler's wrk with o~bromobenzoic acid was to be repeated,
different condl tions leading to variations in ylelds of
the o=bromobenzyl sleochol were to be investigated, and
finally other alcohols were to be prepared using the
technique developed for the preparation of the o-bromodbenzyl

alcohol.



HISTORICAL BACKGROUND

The first electrolytioc preparation of benzyl alcohol
was accomplished, not by the reduction of benzoic acid,
but by the reduction of esters of dbenzoic acids, In 1904«
19085 Mettler reported (8) (7) that by usi ng a lead cathode
and an nlcoholio_onlrurio acid catholyte ethyl benzoate

could be electrolytically reduced to bentyl alcohol.

5’-3-0335 FaEd a0l # Hg0
CHg=OH # CoHgOH

However slong with the alcohol benzyl ethyl ether
was also farmed. MNettler obtained similar results with
methyl bensgoate as well as with esters of o-chloro-
mechloro-, and me=bromobenzolc acids. Since the ylelds
of the ethers were hi.her than the ylelds of the alcohols
this was not a very satisfactory method for the preparation
of bensyl alcohols.s

Tafel and Friedrichs (8) also reported that the ethyl
and methyl esters of benzeic acid msy be reduced to the
corresponding benzyl ethers, but they did not mention
the production of any benzyl alcohols They used a lead

cathode at a temperature of 12°C. and a current density

of 10 ampa. per sq. dm.






Mettler (3) (4) was the first investigator to
-hoeolltully reduse aromatie acids to the eorresponding
~ aleohols. By working with a lead sathode and an nicoholie
sulfuric soid easholyte he was sble to bring about the
reduction of numerous aromatie acids. |

Ar-CO0H /£ 4[H] —— Ar-CHgOH ¢ HgO

" Some of the acids he reduced were densoie acid, the
throo mono-chlorodbenzoie aeids, and me-bromobensoic seid.
Mestler reported that the concentration of sulfurie acid
had no influence upon she chemical yield of the alechol
or the eurrent efficieney. |

The prosess was carried out at room temperature by
cooling with a water bath, because there was danger of
esterification at higher temperatures. A cathode area
of 1 aq. dm. and a current density of 6-12 amps./sq. dm.
were used., The eatholyte was eomposed of 30 grams of
sulfurie asid, 70 grams of aleohol, and £0 grams of
the acid to be reduced:. 1% was possible to replace some
aloohol with water in order $0 increase the conductivisy
of the eatholyte. Mettler found that, in the reduction
of bensoic acid, it was possidble to substitute water for
one half of the al echol in the catholyte, use a temperature
of 50-600C., and add the bensocic aeid portionwise.

Mettler was unable to reduce bensoic acid suspended



in ¢0ld aqueous sulfuric acid of various concentrations.

In the reduction of these aromatic acids Mettler used
what is known as a "prepered® lead cathode. This type of
electrode 1; made by Tafel's method, 1.e., electrolytie
oxidation of the lead in a 20% sulfuric seid solution (9).
According to Tafel (10) the surfece film of lead dioxide
which is formed has a higher overvolta:e and is more active
than a plain lesad ocathodes

Both Mettler (2) and Tafel (9) found that the porous
cups used in electrolytic organiec reduétions had ¢to be
cleaned with NaOH and HCl in order to remove iron salts
which were present as lmpurities.

Mettler later reported (6) the recuction of more
eromatic acids by the same method. In this article he
mentioned that o=bromobenzoic acid can be successfully
reduced to o=bromobentyl alcohol, and although no yields
of specific alcohols were given, he stated that in general
ylelds of 60-85% may be expected. In the reduction of
meiodobenzolic acid, bengyl alcohol is formed along with
the expected me~lodobenzyl alcohol, and with o-iodobensoic
acid only bengyl alcohol is formed.

Much of the later work on electroytic reduction of
aromatic acids was carried out with benzolic acids Inoue
(11) repeated Mettler's work with benzoic acid and obtained
a 78% yleld of bensyl slcohol.



Lecans and Dufour (12) carried out the reduction of
bengoic acid with a lead eathode, but in contrast to
Mettler they used bolling uqueoﬁa sulfuric acid (60%)
as the catholyte, and added the bensoic acid a little
at a time (this minimized esterfication)e They found
e cathode density of 12-13 amps./sq. dm« to be optimum
current density. Besides the bentyl alcohol (78-80%),
some dibenzyl ether (CgHg-CHy)o0 (16+20%), 1so-hydro=
bensoin CgHg=CH(OH)=CH(OH)<CgHg (1=2%), and tar (3%)
were obtained. Although bensaldehyde was not detected
they believed that the production of isohydrobensoin
was evidence of bengaldehyde as an intermediate in the
reductione

Baur and Muller (13) earried out the reduction of
bensoic acid using a lead cathode, a dilute alcoholic
odlfurio acid eatholyte, and a low current density
(2 ampse/aqe dme)s In addition to benzyl alecohol they
obtained a product with the empirical formula 06H80
which they c¢laimed was AF-cyclohexononc. However
Somlo (14) pointed out thas this compound had the
properties of the ethyl ester of ‘Al’aodihydrobnnzoie
acid which would be formed by hydrogenation of the ring.

Fiohter and Stein (15) also repeated Mettler's
work and obtained an 80% yleld of bensyl aleohol. They
believed that hydrogenation of the ring as observed by
Baur and Muller was due to the very low current density

that the latter used.






Swann and Lucker (16) studied the reduction of bensoic
acid by the Mettler method at cathodes of caeadmium, tin,
lead, merocury, zinc, aluminum, nickel, copper and irone
They reported that good ylelds of benzyl alcohol were
obtained only with lesad snd cadmium electrodes. According
to them the physical structure of the cathode surface
was an lmportant factor in controlling the yleld.

They also found thet a lead cathode will lose its
activity after prolonged usee This loss of activity
was accompanied by excessive formation of lead sulfate
on the surface and severel days of "preparation® by the
Tafel method would not bring sbout a resumption in
aoctivity of the lead cathodes When using cadmium
cathodes they found that the yleld of alcochol was
dependent upon the ability of the cathode to undergo a
macro-etch of its surface, end that the yleld of alcohol
was proportional to the extent of such etchings Little
or no yleld resulted when the surface would not undergo
an etche Yields at other common metal electrodes were
not improved by stching the surfaces.

Nithack (17) was able to reduce benzoic acid to
bensaldehyde by the use of graphite electrodes and 20%
sulfurio acid.

Other investigators have found that the reduction
of salieylic acid at mercury electrodes in boric acid

solution can be stopped at the nldehydo‘ntago if some



method of removing thesalicylaldehyde is used. Weil

(18) used para~toluidine to form a Schiff's base with the
saliocylaldenyde and prevent further reductione Mettler
(19) found that, if benzene wers added to the catholyte
and the system stirred vigorously, the aldehyde would
dissolve in the bsngens phase and be protected from
further electrolytic actiones The best results were
obtained by Tesh and Lowy (20) who fixed the aldehyde

as soon as formed by means of sodium bisulfite and then
recovered the salicylaldehyde by means of acid hydrolysis
end Gistillatione Their best yileld was 55%.

Kutovskil and Korolev (21) repeated Tesh and Lowy's
work but obtained yields of only 34%. They also found
that o-hﬁdroxybenzyl alcochol was the main product when
benzene &nd magnesium butyrate were used in the catholyte.

In acid solution at lead electrodes Mettler (19) and
Somlo (22) reported that the expocted oehydroxybenzyl
8lcohol was formed.

Electrolytic reduction of oebromobenzoic acid by Wu
(5) in this laborstory was not too satisfactory. Five
experiments resulted in ylelds of 40%, 30%, 15%, 0%, and
0%Z o=bromobentyl alcohole The conditions used were
similar to those cescribed by Mettler (2) (3) except that
a current density of 5«6 ampse/sqe dme., and a plain lead

cathode were used.



Olivier (23) attempted to prepare 2,6-dibromobensyl
alechol from 2,6-dibromobensoie¢ acid by the Mettler
method. However he found that one bromine atom was
eliminated as hydrogen bromide and o-bromobensyl slechol
was formed. He stated that the second bromine in position
6 increases the mobility br bromine in position R

On the other hand Mettler (2) has successfully reduced
3,5-d1bromosalicylie aeid to S,5-dibromosslieyl slechol.
He has also (R) reduced 3,85-dichlorosalieylic acid and
5.sodiohloronc-h:draxybinloic acid to the corresponding
aleochols.

A number dr other investsigators have successfully
used the method of Mettler for the roduetién of aromatie
s0lds, Olivier (24) has prepared petolyl carbinol from
petoluie acid; Mayer and English (25) have reduced
S~ethylbensoic acid to the corresponding aleohol, and
Mayer, Schafer, and Rosenbaeh (26) have redused a series
of substituted anthranilie acids. Detaliled instructions
for the reducsion of anthranilie acid are given by
Coleman and Johnson (27) in "Organie Syntheses™. They
used essentially the same eonditions as Mettler, the
catholyte being aqueocus sulfuric aeid since anthranilie
" aeld is fairly soluble in aqueous sulfurie ecid.

8ide chain acids have been successfully reduced at
a lead cathode in sulfurie aeid solution. Kling (28)

(89) reporss the redustion of orsho, meta, and para



tolylacetis acids to the corresponding ethyl aleohols
using thess conditions. Marie and Marquis (30) were
able to obtain beta~phenylethyl alcohol by the reduction
of phenyl agetic acid at lead electrodes. However they
found that elesctrolysis at 609C., using an aleoholie
sulfurie asid catholyte, resulted in the formation of
the ethyl ester of phenylacetio acid. V¥hen they used
agueocus sulfuric acid (60«70%) some beta=phenylethyl
ester was formed along with the bata-phanylethanol,
and the yleld of elcohol never excesded 33%. The use
of a benzene sulfonlie ac1d catholyte did not increase
the yield of aloohol. |
Compounds such as bengene sulfonioc acid are known

a3 hydrotropes because, in agueous solutions, they have
a "salting-in" effect on added solutes. XoKee and
Heard (351) found that sodium benzene sulfonate exhibited
hydrotropic properties toward denzyl aleohol. With a
saturated sodium bensens sulfonate solution as the
anolyte they were adble to oxidise successfully bensyl
nlcgyol to benzois aeid at nickel eleatrodes.

Aiiphatlc acids are much more difficult to reduce
than aromatie acids. NMasuno et al. (32) found that
the best yield of dutyl aleohol from butvric acld was
8.5% in 80% sulfuric acid and 17% in dilute sodium
hydroxide.



Apparatup

I. Cell Design
Figure 1 shows the type of eell used for the first

eighteen experimenta. The set-up was about the same for
all eighteen experiments except for the type of cathode
(see following section).

Figure 8 1llustrates the type of cell used in experiments
19 to 22 inelusive. With a soluble asid, e.g., o~bromobensois,
1% was not necessary to have the catholyte stirred, however
this eell proved unsultable for the more insoludble ascids
where a stirrer was nesded to keep the depolariser in
eontaet with the eathode.

Figure 3 shows the type of ¢ell used in experiments
23-47. An extra wide elot in the sathode nexts $o the
stirrer was used to give more room for rotation of the

ssirrer.
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XIl. Electrodes

The anode used in all experiments was standard quality
sheet lead, 7 cm. W de and 20 cms, long, bent to form a
hollow cylinder. %7 cme in circumference w:ich would fit
inside a porous cupe.

In experiments 1 and 2 the sheet lead cathode shown
in Figure 4-A was used. A nickel gauze cathode was used
in experiment 3. The sheet lead cathode shown in Figzure
4-B was used in experiments 4-18. This type of cathode
was bent part way around the outside of the cup in order
to decrease the internal resistance of the cell. Figure
4-C shows the type of sheet lead cathode used for experie
ments 19-47. This type of cathode was bent to fit almost
completely around the ouﬁaido of the porous cup and was
slotted in order to secure better circulation of the
catholyte.

The lead cathodes used in experiments 5§ and 10-47
were pmepared according to the method of Swann (33) dy
oxidizing them in sulfuric acid solution so that a layer
of lpéngy lead dioxide was formed on the surface of

the electrode.

-13-






IXe us C

For the first eighteen experiments the cups were
sleaned by sucking 208 sodium hydroxide through the walls
until the oup was almost half full, emptying out the
hydroxide, and then repeating the process with 80%
sulfuric acid. From experiment 19 on the cups were
cleaned by allowing them %0 remain immersed in successive
portions of 20% sulfuriec aeid. This latter treatment is
recommended by Swann (33). These cupe were cleaned in
order to remove iron impurities which were present.

In experiment 23 and thereafter the wash sulfurie
acid was tested for ferrie 1ron by adding potassium
Shioccyanate. If the test waes positive the cups were again
immersed in sulfurie aeid and the treatment continued

until a negative test was obtained.

- 15 -



Laboratory Frocedurs
I. Preparzstio Aclds

The acids used in experiments 8 to 10, 12, 17, 21 to
39, and 42 to 49 wers obtained from Fastman XKodak. All
vore "Eastman White Lahel®™ chsmicals with the exception
of the 3,4~dichlorobenzoie acid whieh was "Practicel®™ grade.
The ortho=bromobenzoie acid (m.p. 1509C) used in
experiments 1 to 7, 15 and 18 was prepared in this
laboratory by a Sandmeyer resction similar to that used
by Hodzson and Walker (35). Cuprous chloride used in
the Sandmeyer reaction was made by the method of
Xarvel and MocElvain (36). The orthoebromobensoie acid
used in experiments 11, 13 and 16 was mede by the same
method as avove, however, a variation in the purifiostion
of the acid was used. Instesd of filtering the acidified
reaction mixture at once to recover the aeclid, the system
was first diluted by adding it slowly (with constant
stirring) to three parts of water. The system was then
¢00led with an ige-bath and the orude acid filtered off
and purified by the usual methods. \
Pars-bromobensoic seid (meps 251°C) for use in experiment
14 was prepared by the potassium permanganate oxidation of
para-bromotoluene.s The method was that of Clarke and
Taylor (37)e This same method was utilized to make the
ortho-chlorobensoic acid (me.pe 142°C) used in experiment

193 however, in purifying the acid the usual method was

-16-



changed and the reaction mixture was not concentrated
before filk retion.

The para-chlorobensoie acid used in experiment 20
was & student preparation obtained from the stoekroom.
Its method of preparation was unknown but it was
recrystallised from a 50% alcoholewater mediwm and had
& m.p. of 243°C.

The 2,6-dichlorobensoic acid (m.p. 143~144°C) for
experiments 40 and 41 was made from 2,8-d1ch1orotoluono
by the method of Lehmatadt and Schrader (38).

o 17 »



11, Electrolytic Reduction Of Acids

The porous cup was cleaned, as previously deacribed,
filled with the snolyte, and let stand so that the anolyte
would permeate the porea of the cupe In the meantime, the
cathode and catholyte were prepared. If alcohol was used
in the catholyte 1t weas found best to dissolve the substituted
benzole acid in the alecohol and then cautlously acdd the
sulfuric acid (with cooling) to the slcoholic solutione

The ¢ paratus was assemblsd, the electrodes connected
to the switchboard (15 volt line) and the variable résistance
adjusted to obtain the desired current. Often when a fairly
large current (around 10 amps) was used with an alooholie
catholyte, (with nc added water) it was possible to pass
only 7 or 8 amps w thout excessive heating of the system.
However in ten or fifteen minutes the current could
often be increased to 10 amps without having the temperature
g0 above 35°C, The reaction was stopped when about three
times the theoretical (based on cne Faraday per equivalent
welght of acid) amount of current had been passed or when

inereased evolution of hydrogen was noticed.

-18-



III. Conditions For Electrolytiec Reductions

Forty=nine experiments were carried out using varying
conditions of current density, catholyte composition, etoc.
The conditions used for each experiment are listed in the
tables which follows These tables are arranged so that
acids which behave similarly in electrolytic reductions
are llsted togethers In this way eomparisons of the
influence of different prepnrativo conditions are

facilitated,

19 -
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IVe Purification Of Alcohols

Ammonium hydroxide (1 part concentrated NHLOH to 1
part water) was added to the catholyte until basiec to
litmus, after which 10 ml.were added to insure an excess.
The system divided into two liquid phases and was placed
in a separatory funnele The bottom layer (aqueous) was
then drawn off and 400 ml. of water added, sfter which
1t was acidified with 10% sulfuric acid until blue to
Congo red paper. Any unreduced acid precipitated and
was recovered by suction filtration.

Water was slowly added to the top (alcoholic) layer,
with stirring, until the cloud point was reached. The
system was then set aside overnight to let the alcohol
crystallize. When most of the elcohol appesred to have
orystallized, 300 ml. of water was added, the mixture
¢ooled in an ice bath and filtered by suction while c¢old.
The precipitate was washed with 150 ml. of 104 sodium
hydroxide to remove any acid impurities, filtered and
then recrystallized from an alcoholewater (50X) medium.

If the substituted bensyl aloohol being isolated was
2 liquid at room temperature it settled out when the
top alcoholle layer of the original two phase system was
diluted with water and let stand overnight. The crude
alecohol was then removed by a separatory funnel,
anhydrous sodium sulfate added, and the alcohol dried

overnizshts The dried alcohol was then vacuum distilled

-27-



using conventional equipmcni.

A different scheme of purifiecation was employed in the
sxperiments where solutions of sodium xylene sulfonete
were used &3 cathclytes. This was necessary because the
hydrotropie ("esalting 4in") properties of the sodlum xylene
sulfonate would nake isolation of the alcohol difficult by
the ususl method.

In experipent 6 the reaction mixture was diluted with
two parts of water, 107 NaOH added until alkallne, and
extracted with petroleum ether. Low-temperature evaporation
of petroleum ether left no residues Upon acidification of
the aqueous solution & white precipitate A" separated,
was removed by filtration, and aried. Ihe filtrate was
evaporated at room temperature to one liter, make elkaline
wita NaOd, end then NaCl added until the solution was
saturated. On stirring for six hours & volun’' nous precipe
itate separated. Water (400 ml.) end £5 grems of laCKE
wore added to the precipitate and tne mixture steam
distilled. There was no evidence of any ortho-bromobensgyl
alcohol in the distillate. The precipitate "A"™ (found to
be bensois acid) was dissolved in NaCH solution, the system
acidified, filtered and the residue driede The bensoic
acid was then recrystallized from an alcoholewater (50%)
medium. Tone descoriptions of the mathods of purificaticn

used in experiments 7, 8, and 9 are omitted as the



procedures were very long, resulted in no isolated
substance which melted below 3500°C, and were abandoned

after benszolc acid was isolated from the catholyte used

in experiment 6.
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RESULTS

The results of the verious experiments are listed
in the tables which follow. The experiments sre grouped
in these tables the same as they were grouped in the
tables giving the conditions for electrolytic reductions.

It was found that when the yield of alecohol is small
& large portion of the unreacted ascid was usually recovered.
In the cases where the amount of recovered acid was listed
in the record book, the number of grams is given in the
tnbloa.'

The carbon, hydrogen, and halogen determinations of
the various benzyl alcohols were made by the Clsark

Mieroanalytical Laboratory, Urbana, Illinois.
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TABLE VII

RESULTS OF ORTLO=ERONOe
AND ORTHO«CHLOROBENZOIC ACILS
USING ETHYL ALCOHOL CATHOLYTES

All experiments were carried out with ortho~bromobenzoic
acid except experiments 19 and 31 which were carried
out with ortho~chlorobenzolc acid

Literature m.pe. of ortho=-bromobenzyl alcohol is E£0°C
Literature m.ps of orthoechloro is 74°C

Yield
Of Alcohol Current mepe Of |Recovered
In Chemical | Efficiency}Alcohol| Acia

Expe! Grams Yield (%) (%) °c ( gm) Note

1 9 28 9 799 18.5

2 7 £2 7 80° 18
_S 0 0 0 - 16
4 | 4.7 15 6 79° 12.8

3 9 28 9 799 12.8

10 |22.8 70 s1 79° 10

11 j22.6 68 44 80° 5
13_j19 59 25 79.5% | -
15 | o 0 0 - 1}.8
16 | 6.9 21 14 80° -
18 | o 0 0 - 16.8

19 |12.3 68 -4 719 - 1
28 112.5 87 22 80° -
s1 {10 55 22 710720 o
42 |13.4 72 23 809 -

43 | 0o 0 1) - -

o 31 -



TABLE VII « CONTINUED

toluene $0 a constant m.pe of 72°C,

2.

alcoholewater (50%) to a constant m.p. of 80°C,

o 32 o

Yield Current mepe Of |[Recovered
Of Alcohol [Chemical | Efficiency|Alcohol} Acid
Expe| In Grams 1eld (%) (%) o¢c ( gm) Note
44 7.5 40 10 800 - 2
47 0 0 0 - -
ls A sample of this alcohol was recrystellized from

A sample of this alcohol wes recrystellisged from



TABLE VIII

RESULTS OF OhTiI0«BRCNO ANL: ORT.LO=CHIL.CRCRBEIZOIC
ACILS USING CATHOLYTES OTHER TUAN ETEYL ALCOHOL

All experimenta were carrisad out with ortho=bromobenzoic
a0id except experiment 45 which was carried out with

orthoechlorotenzoic acid

Yield Current mepe Of
Of Alcohol | Chemical Efficiency | Alcohol
Expe]In Grams Yield (%) (X) S Note
(] Q %) 0 - 1
7 0o 0 0 -
8 0 0 0 -
9 0 0 0 -
38 0 0 0 -
45 2.8 24 12 719
l¢ Dehalogenation occurred and benszoic acid (mepe 119

120°C, 1it. =« 120°C) was 1isolated.

This was proved to

be benscic aclid by the msethod of mlixed melting pointse
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TARLE IX

RESULTS OF NMETAe AND PARA«HALORENZOIC
(217 M) ANC CHLORO) ACILS

Literature m.p. of parasbrorobenzyl alcohol is 779

Literature m.ps of para-chlorobengyl alcohol is 75°C

Literature b.ps of meta-bromobenzyl alcohol is 252253° at 711 m.m.
Iiterature b.pe of mataechlorobenzvl alcohol i1s 2349C at 760 m.m.

Yield Current mepe OF
0f Alcoholl Chemical { Efficiency] Alcohol

Expe| Acid In Crams | Yield (%) (%) 9 Not e

14 | p~broro 0 0 0 - 1l

20 p=chloro 0 0 0 - 2

21 | p=bromo 4.4 24 9 77«77.5% 3

22 | n=chloro N 3 1 71-729

23 | pechloro] 1.8 (] 4 72-73°

24 p=chloro 3.8 21 7 71.59
Depe

£5 | mebrowmo 7.6 41 14 (11 mme)
131-3°

26 | pechloro| 9.5 62 13 720 4
b.po

27 |mechlorc| 8.7 48 20 (10 mm.) |5
114-8°

29 |pebromo | 12.3 66 18 77=-78°
bopo )

30 |mebromo | 12.8 67 20 (2 m.) |6
110-2°

46 | p~bromo 3 3 2 77°

le Acid rscovered m 35 grams
2. Acid recovered s 1545 grams
3¢ Acld recovered s B.6 grsms. A sample of this alcohol

was recrystallized from alcoholewater (50%) to a constant
_ mepe Of 77.85°C,
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TABLE IX « CONTINIED

4. A sample of this aleohol was recrystallized
from toluens to a constaent me.ps of 73°9C,

S+ A sample of this alcohol analyzed 21.8% chlorine
(Calculated » R24.8%)¢ The product was them redistilled
(bepe 110°C at 4 mme) and a sample of this purified
alcohol analyzed 24.7% chlorine.

6+ A sample of this alcohol analyzed 43.9% bromine
(Calculated g 42.8%). .

o 35 e



TAELE X
RESTLTS OF IOLO2ENZOLC ACITS

Experiments 33 and 48 were carried out with meiodobenzoic acid
Experiments 35 and 49 were oarried out wittz’hlodobonzoic acid
Literature be.pe of meta-iodobenzyl alcohol is 165°C at 16 mm.
'Literature m.p. of pasra~-iodobenzyl slcohol is 72+73°C,

Yield Current Mepe OF
Of Alcohol| Chemlcal | Efficlency| Alcohol
Expe |In Grams Yield (%) (%) o; Note
Depe
33 b.4 29 13 (6 mm.)
117220
38 7 4 1 71-729
48 4.5 23 S See Note 1
49 *6 4 1 7309 2

l. The orude product was distilled ueing a small
fractionating column and the followling fractions c¢ollected:

Frection 1 & 1 gue, up to 118°C at 3 mm.,
T @ 1.6630 at 279C
Fraction 2 g 1.9 gme, 115-124°C at 3 mm.,
I @ 1.5843 at 279
Fraction 3 g 2.4 gmy, 124°C at 3 mm.,
D & L6643 at 279C
Fot Kesidve w 4.2 gme
The refractive index (I’) of meta=iodobenzyl alconol oould
not be found in the literaturee.

The wel:hts of frections 2 and 3 were used in calculating
the yield of m=iodoberzyl alcohole The usual method of

purificetion did not yleld ary unreacted meta-iodobenzoiec
acid.

Analyeis of this proouct (fraction 3) gave S5l.7x
fodine (ocalculeted 5le.24).

2« The unreacted acid recovered in this experiment
weighed 841 gramse

o 36 =»






TABLE X1

RESULT3 OF DICHLOKRCO3LENZOIC ACIC3

Yield Current mepe OF
Acid Of Alcohol|Chemical | EfficiencyjAlcohol
Exp.| Used In Grams |Yield (i)} (%) oc
36 [2,4-dichloro 0 - - -
37 __]3,4-dichloro 0 - - -
39 |]3,4~dichloro 4] - - -
40 [2,6-dickloro 0 - - -
41% |2,6=dichloro o8 [ 2 102°

# The m.pe of
be found in the literature.
gave the following analysiss

Carbon = 47.6/% (calculated 47.5%)
Hydrogen = 8.53% (eelculated 3.853%)
Chlorine = 39.8% (calculeted 40,1%)

."37 -

2,6=dichlorobenzyl alcohol eould not
A ssmple of this product






TAELE 21X
KESULT CF PALA=TOLILC Aln, ANISIC LCILS

Iiteratura be.pe of anlsyl elcch.cl:127=130°C et 8 mmne

Yiald Current
' hcld Of AlcoholjCbemical ! Elficliency
Expef Used in Grema | Yield (%) (%) Note
12 |p=-toluie 0 - - 1
17 |petolulce 0 - - 2
32 anisie 2.7 15 (-] 3
54 |petolulc 0 - - 4

le Acid recovered s 32 srams.
2¢ Acid recovered s 23 zgramse
3¢ The bepe of the anisyl alcohcl is 124-6%Cat 9 mme

4. A crude yield of Z8 crars was obtalned but tuls
was lost uurlag purificetion cf the alcohole

o 38 »



LISCTISSION

The listtler method appears to be a satisfactory
procedure for the prepsasration of the monoechloro - and
mono=bromobenzoic acids. The best chemical yields and
current efficiencies are obtained with ortho=bromo « and
ortho=chlorobenzoic acids, probadly because the ortho
acids are more soluble in the usual alcohol=-sulfurie
acid catholyte than the meta and para isomers are. Since
the ortho=bromo = and ortho=chlorobenzyl alcohols are
the moat difficult of the mono isomers to prepare by
the usual organic chemical methods, electrolytic reduction
of the acids appears to be particularly desirable for
the synthesis of these alcoholse.

The chemical ylelds of the meta = and para~-monohalo=-
benzoic (bromo and chloro) aleohols sre slizhtly lower
than the chemical ylelds of the corresponding ortho
isomers. However the current efficiencies of the meta
and para alcohols are much lower than those obtainable
with the ortho isomers. 7The decreased solubility of the
meta and para acids in an alcoholesulfuric acid catholyte
is probably responsible for the great difference in current
efficienciess Since it 1s not possible to purify the
1iquid meta alcohols by the same method as the solid
ortho and para alecohols, it is difficult to compare the

yields of the three isomers.
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The usefulness of the Mettler method for the
preparation of meta « and paraejiodobenzyl alcohols is
limited by the relative insolubility of the 1odo acids,
persa=locdobenzolic acid being the moat insoluble of the
twos For example in experiment 356 the catholyte was so
viscous (due to undissolved para-iodobenzoic acid) that
1t was almost & gele This decreased solubility is
probably responsible for the low ylelds obtained with
the 10do aclds, the yield of the para isomer being
particularly poore.

Experiments were carried out with three dichloroe
benzoio aclids, the 2,4, 3,4~ and 2,6-dichlorobenzolc
acids. These acids are less soluble than the mono acids
and this decreased solubility is again thought to ﬁo
responsible for the poor results obtained. It is
interesting to note that the only dichloro acid (2,6
isomer) which was luocoasfﬂlly reduced was the most solubdble
of the three dichloro acids used.

A lead dioxide cathode appears to be more suitable
for these reductions than a plain lead cathode, although
some reduction will take place with & plain lead cathodae.
A nickel cathode does not appear to be suitable for the
reduction of these benzoic aclds, probably becauss of

its lower overvoltaze.
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Iron salts in the porous cups ere known to retard (2)
the reduction of benzoic acldse These salts wers found to
be present in the cups used in this worke The cups were
washed in all experiments to remove the iron salts, how-
ever from experiment 23 on the washing was continued
until a negative test for ferric iron was obtained. It
seems probable that the better yields obtained from
experiment 23 on are due to the ecomplete removal of the
inhibiting iron salts.

Copper salts were added to the catholytes used in
experiments 17 and 18 in the hope that they migzht promote
the reduction of the acids. The presence of the copper
salts did not appear to help the reduction.

A high current density (1012 amps/8q.dm.) appears
to be the most sultable, although good ylelds of
alcohols were obtained in isolated cases with current
densities as low as 7 amps/sq.dm. and as high as 15 amps/
8q.dme At current densities below 6 amps/sq.dm. the
reduction proceeds very poorly and the ylelds are very
low. The usze of very high current densitlies appears to
be limited by the fact that excessive overheating of
the catholyte occurs with the lerze amount of current
used.

The influence of current density on the chemical

yield ¢an be seen in experiments 42, 43, and 44. These
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experiments were carried out under similar conditions,
the time of current passage being adjusted to give

approximetely the same number of ampere hours.

TABLE XIil
INFLUENCE OF CULRREAT ITEXNGITY ON CHERICAL YITLD COF ALCCIS

Current
Chemical Yield Densit
(3) (Aups/3q.an.)
Expe 42 72 12
EXR. 43 0 (-]

Expe 44 40

It 1s necessary to pass a large excess of current
in order to secure good ylelds of the alcohols. In the
cases where a small excess of current was used the
yields of alcohols were poor and a large excess of
current was used in all experiments where good ylelds
were obtained. The use of such a large excess of current
results in poor current efficiencies for this method
of electrolytic reductione In no instance was the
current efficiency better than 44% and in most cases
1t was considerably lowere.

The use of an ethanolesulfuric acid catholyte appears
to be the most satisfactorye. Higher alcohols and

"Methyl Cellosolve™ do not eppear to be suitsasble for

~ 42 =



this type of electrolytic rsduction. From the ctandpdint
of solubllity a sodium xylene sulfonate catholyte appears
to be satisfactory, however with this catholyte dehaloe
genation of the aromatic ring occurs and benzoic acid
18 obtalned.

It 18 not known why such poor results were obtalned
in experiments 46 and 47, slthouzh it 1s suspected that
excessive use of the cathode had resulted in a loss of
its activity. The cathode appeared to have a large
amount of lead sulfate formed on the surface and.aocording
to Swann and Lucker (16) this is one of the characteristics
of lesd cathodes which have lost thelr activity due to

prolonged usee.
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CORCLUSINS

1, High current densities ere necessary for the success-
ful electrolytic reduction of these substituted dbenzole
aclids.

. The most sultable cetholyts of tihoss tried is an
aleoholesulfuric acid mixture.

3. Vashing the porous cups with sulfuric acid untll tha
cups are free of iron impuritiss will improve tuo ylald
of substituted benzyl alcohol and increase the currant
efficiencys

4o The cheulcal ylelds cf the benzyl alcohols and curran$
efficloncies depand uvpon the rslative solubllity of tre

~ corresponding benzole 8cld in an aleohole-sulfuric scid
catholyte. In general, the more soluble the benzoic aclid,
the better the cnemical yield of the benzyl alcoinol and
the bigher the curreat efficliency.

Se Electrolytio reduction of the acld is a desiradle
method of preparation for the mono chloro and bromo
alcohols.

6 This method of reduction appears to be of liuited
spplication for the preparation of f0do and dichloreo
aleohols because of the relative insolubllity of the
acid in alcoholesulfuric acid cecatholyte.

7. Pars-bromo~ and para-iodobenzyl alcohol have been

prepared for the first time by elestrolytic reduction

... 44-



of the corresponding benzoic acids.
8¢ A new compound, 2,6-dichlorobenzyl aloohol has also

been prepared by electrolytioc reduction of the acid.
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