WD 97/ 26389 PCT/ US97/ 00658 PROCESS FOR
THE PREPARATI ON OF TETRAALKYL 1, 2, 3, 4- BUTANETETRACARBOXYLATES

BACKGROUND OF THE | NVENTI ON 1. Field of the invention 5
This invention relates to an electrolytic process for the preparation
of tetraal kyl 1, 2,3, 4- but anet et racar boxyl ates from di al kyl nal eat es.
The prodwas wesse useful as precursors of the correspond S97/00658 . oo
acid, 1,2, 3,4-butanetetracarboxylic acid. Con-1-10 version of the

tetraal kyl 1,2, 3, 4- but anet etracar boxyl ates |nto the correspondl ng
free acid can be ef f @ROS REEDEALEMN 44 oo nmonl y
assigned U S. Patent No. 5, 298 6.3 g 4 _ .

i ncorporated by reference. 15 The correspondlng free aci d,
1,2,3,4- but anet et r acar boxyBACKGRG B T VENBID®Y the U. S.-
Departrrent of Agriculture to be an effectlve per manent press agent for

pol yester-cotton blend fabriks, aRdeld of the doventigBe in |arge quantities
for such purposg. 20 ACCO&‘HiEIgiﬂvemcﬁf fieliates pooarssldaurdllyeic

f_the f b
pr EparAaﬁ ggﬂl Cement Oglfé%ﬁ%,s rteocrh%%e B&éggﬁﬁﬁf&’n 'Eigmé(:;%ﬁik{ff %6‘2 ai“h use

ful st
produce a product ehmnanqanyaseebesxbaées fr°m(x§h§1kﬁérﬂéiﬁiﬂﬁ% pﬂ@ﬁertles

as this is a criti Cﬁfodx?&s faael aseffQl asipréilisors @Ff PRE NBOErdspURiing
agents. F:F/%e C%%:.‘fcr I Bt EOQVBLtéﬁgteﬁeJ@atr%%xy‘ﬂé acid. Con-

El ectrol ytic reduct §'of
10 version of the tetraalkyl 1,2,3,4-

butanetetracarboxylates into the corresponding free
acid can be effected as described and claimed in com-
monly assigned U.S. Patent No. 5,298,653. This refer-
ence is herein incorporated by reference.

15 The corresponding free acid, 1,2,3,4-
butanetetracarboxylic acid, has been found by the U.S.
Department of Agriculture to be an effective permanent
press agent for polyester-cotton blend fabrics, and
could find use in large quantities for such purpose.

20 Accordingly, an efficient process for the preparation
of the free acid is deemed highly desirable and use-
ful. A requirement of any such process, however, is
that it must produce a product exhibiting acceptable
color performance properties, as this is a critical

25 factor for suitability for permanent press agents.

2. Description of the Related Axt

Electrolytié reductive couplings of various
activated olefins have been investigated and reported
in the art. Much of this work involved aqueous sys-

30 tems in a divided cell, and often with a supporting
electrolyte. salt with a very negative discharge poten-
tial, such as a guaternary ammonium salt. In addi-
tion, however, to the desired reductive coupling reac-
tion, other undesired side reactions such as, for

35 example, simple reduction and polymerization frequent-
ly occur. Various parameters of such reactions have
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activated ol efi ns have been I nvestigated and reported in the art.

Much of this work involved aqueous sys- 30 tens in a divided cell, and
often with a supporting el ectrolyte salt with a very negative

di scharge poten- tial, such as a quaternary ammoniumsalt. In addi-
tion, however, to the desired reductive coupling reac- tion, other
undesired sig@oBsgsi ons such as, for 35 exanple, sinple pewivssioesss and
pol ymeri zati on frequent- |y occur. Varius paraneters of such
reacti ons have WD 97/ 26389

PCT/ US97/ 00658  peen discussed, including the use Bf variouleglpgbselssed,

I ncl udi ng the use, of v rlouggagﬂgor%ee &ﬁgﬂéﬁﬂdﬁhﬁﬁﬁﬁﬁ%§$§§FrﬁgeE ganlc
Electrochenlstry, ai Zer er, Inc.
New York, N. #’d, aggger mnd dpadsc8dos Mareel dakkeatoe Incor New exanpl e,
it is stated that YUPR| ViLded, colds ant pREgeases of diis Welflerkbhee! epbsi Ctions

that (i) the qlefin_an yeactl u stantlall oxi di zed
at the a%odeexaﬁﬂff1 5t1: e %%t%gheéggléﬁ%#uﬁdéﬁice ﬁ §d8*Fn°P efa- aqueous
syst ens not pronnbéeunaék|¢hﬁﬂ¥95§ﬂ@§t#@a§ that (%) ohe olefinaandtion, at

pages 669 and 672res@f bR ¥oduct not EBdBubﬁtﬁhﬁﬁlléﬁtdxqaxQEddbét B

mal eate and t he effec f..al [ i I e |ncre sing the rate
of dinerization of® 3ﬂ?b {llﬁl tlf’% °xgs£§ evgfve% g H

hydrod|nerlzat|onaquﬁg%ﬁrsxﬂﬁﬁmﬁjnPS progote %ﬂ%ﬁﬁ#ﬂﬂhﬂ@r@dﬂ#ereaatlon of
di ethyl nalegpe hgsons. bEERdERIGNGdabYpEges s £tard ,svéOU&eaéreﬁcéhe
El ectro- is made to dimerization of diethyl maleate and the
effect of alkali metal cations in increasing the rate
of dimerization of anion radicals.
Electrolytic hydrodimerization, alsoc referred
15 to as electrohydrodimerization, of diethyl maleate has

been reported by Baizer et al, Journal of the Electro-
chemical Society, 114(10), 1024-1025 (1967). 1In ac-
cordance with the described procedures, the electroly-
ses were carried out using a catholyte of water and
20 dimethylformamide in a divided electrolysis cell. The
reference further indicated that, all other conditions
being equal, more hydrodimerization occurs in the
presence of tetraethylammonium ion than of sodium ion.
The electrolyses wexre carried cut for three {3) hours,
25 generally resulting in about 50% conversions, and
specified amounts of hydrodimer, and other products.
Methanol has been employed as a solvent for
the study of reduction mechanisms. In Sazou et al,
coll R £ C hos] kia Chemical C . . '
30 %2, 2132-2141 (1957}, cyclic voltammograms of dilute
methanol solutions -- for example, 0.0025 or 0.005
mole/liter -- of maleic acid and fumaric acid with
various supporting electrolytes, employing a hanging
mercury electrode, are presented, and reduction mecha-
35 nisms discussed. The reference postulates that the
double bond reduction of the corresponding dimethyl
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chem cal Society, 114(10), 1024-1025 (1967). 1In ac- cordance with

the described procedures, the electroly- ses were carried out using a
cat holyte of water and 20 di ret hyl formam de in a divided el ectrolysis
cell. The reference further indicated that, all other conditions
bei ng equal, nore hydrodi nerization.occurs in the presence of

t et r aet hyl amywpiowasagen t han of sodi um i on. The el ect r ol BESHUSHFDPES8
carried out for three (3) hours, 25 generakBy resulting in about 50%
conversi ons, and speci fied amounts of hydrodimer, and other products.
Met hanol has been espdxsy af amlaicoacidtand rfumarict Hsldtgqqutﬁ ¥eding i on
mechani sns. I n Sazg&b t al, Col | ections of CZechosIovakla Chemi cal

Conmmuni cat i ons, 2 21 214 57 clic v ne _of dilute
met hanol solutlons -~ for giﬁ %Pé%;Wﬁgﬁ§ gﬁ 8. 36 fﬁnﬂﬁﬁ%lﬁﬁffgrl§- of
mal ei'c acid and f Ucmowre :arcltdhewat'h In U8 RatenipPort Bn2e4l 48 s @ yt es,

enpl oying a haggi ocessfi%ra%}ér%eatfsﬂ%@reqe%%wegé ré’:ﬁ@ciﬁﬁ&lc“on
mecha- 35 ni sne dl scusse

nce postul.ates doubl e
bond r eduction of ??ﬂ?%&ﬂ§w9§p5ﬁ6iﬁ§deﬂ§ &'to Yle&g te:raaik;i

- 3- esters df, m.a-wmtandaéammamd o&ouascordamee with st ep.
EleCtrOhyd'nErlzaIéﬂglﬁyod@§¥ kEhe”Eiéééféhié%odlmerﬁaﬁﬂﬁohnlér@hfgledI nus.
Pat ent No. 5, 244,546, process i s scrlag he electrohytlc
reductive - coURH?rRY<ﬂ“§%%&F&9? ﬁﬁl S §¢? E?r%ﬁﬁ@ﬁ&s

10 substantial concentration of the dialkyl maleate in a
substantially anhydrous alkancl, and a supporting
electrolyte to electrolysis in an undivided electroly-
sis cell. The reaction reportedly results in good
yields of tetraalkyl 1,2,3,4-butanetetracarboxylates.

1s In many instances, however, particularly in a
commercial scale process, a small percent increase in
the yiel& of the desired product, relative to known
processes, represents a tremendous economic advantage.
Accordingiy. research efforts are continually being

20 made to define new or improved processes for preparing
new and old desired products. The discovery of the
process of the instant invention, therefore, is be-
lieved to constitute a decided advance in the
electrohydrodimerization art.

25 ' SUMMARY OF THE INVENTION

The instant invention is directed to an elec-
trolytic hydrodimerization preparative process for
tetraalkyl 1,2,3,4-butanetetracarboxylates. Accord-
ingly, the primary object of the instant invention is

30 to provide an improved electrohydrodimerization pro-
cess for the electrolytic hydrodimeric coupling of
dialkyl maleates in an alkanol-containing liquid elec-
trolysis medium.

This and other objects, aspects, and advantag-

35 es of the instant invention will become apparent to
those skilled in the art from the accompanying de-
scription and claims.
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1, 2,3, 4-butanetetracarboxyl ates. In accordance with the process, the
el ectrohydrodi neri zation is carried out by subjecting an electrolysis
nedi um conprising a 10 substantial concentration of the dial kyl nal eate
in a substantial |l y anhydrous al kanol, and a supporting

el ectrolyte to electrolysis in an undivided el ectroly- sis cell. The
reaction repgiple9dbigeresults in good yi el ds of tetraal kyerrusorooess

1, 2, 3, 4-but anetetracar boxyl ates. 15 _a. N many instances, however,
particularly in a comercial scale process, a small percent increase

i n the vield of the des uegud @6ive BEdcifevc B Ehe prodUddfesses.

represents a tremegdo S econoni ¢, adva ccord % [, research

efforts are contifl iﬂﬁ?ﬁfﬁuinvqﬂﬁdgntHhaﬁkl?ﬁmﬂﬁh§Q§' IPGYEBI pR ocesses
for preparing suheva%mmhlixianhmdeQSpimducdselé&&rqmyamsvae§1uﬁ t he

process of the 'nébﬁﬂ&;ﬁih@”ﬁ'dﬁblk&heh@ﬁ@EEe,'éht%?kanol sblﬁﬁ?g kaa-
constitute a %eckgthgg%fnce Q )1 te el ectroh y rodi mer, zatlon art. 25
SUMVARY OF TH acetate/quateypary ammeniym, ketraflupzoborateed t o
an el ec- t r oinjxed syppoxtiing eisctynlytepbo tleatymlysdssifioan

tetraal kyl 1,2, 3, 410e¢2005Hd %@ﬁb‘iﬁfhéaeﬁitﬁc&%phne ahBQleyan&@ primary

obj ect of the |nstant j.nhventi % giOVI
el ect r ohydr odi mer P23RR4 (ffaRhode t°c§§§eF5r ?ﬁF¥9Q¥?§QQ1VFFézﬂ?ﬁ?%d?ﬁer|c
coupl i ng of thel dialkiel ewleatientanyiaekdnohe coovraspondihgqui d el ec-

trolysis medpgm tetraalkyl 1, 2TR14- BﬂgaﬂE@§£r£¢H{¥3%?ld%§peCtS and

advantag- 35 es of the stant i nyention Wl ar ent to
those skilled in the art Snf? Ea Rricn -a@tanetetgigqng

cl ai ns. obtained in th@UB?ﬁbEHEEoSFEEE’(ﬂiﬂdﬁtZ&hventlon can
be readily recovered by any of a number of convention-

al and well-known recovery procedures known in the

15 art. Worthy of particular note are procedures de-
scribed in commonly assigned U.S. Patent No.
5,248,396, which reference is herein incorporated by
reference.

20 Electro;ytic hydrodimeric coupling of dialkyl
maleates in alkancl solutions containing an alkanol-
soluble alkali metal acetdte/quaternary ammonium
tetrafluoroborate mixed supporting electrolyte pro-
vides excellent selectivities to, and yields of,

25 tetraalkyl 1,2,3,4-butanetetracarboxylates. In accor-
dance therewith, an electric current is passed through
a substantially anhydrous liquid electrolysis medium
containing the dialkyl maleate, an alkanol correspond-
ing to the alkyl groups of the dialkyl maleate, and an

30 alkanol-soluble alkali metal acetate/quaternary ammo-
nium tetrafluorcborate mixed supporting electrolyte
contained in an electrolysis cell fitted with a graph-
ite anode and a graphite cathode to cause hydrodimeric
coupling of the dialkyl maleate to yield the corre-

35 sponding tetraalkyl 1,2,3,4-butanetetracarboxylate.
The process generally inveolves use of a liguid elec-
trolysis medium having a very substantial concentra-
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-4- The above objects are achieved by the process of
the instant invention which conprises subjecting a substantial ly
anhydrous liquid electrolysis nmedium containing a dial kyl nmal eate, an
al kanol -soluble alka- 5 |i netal acetate/quaternary anmoni um

tetrafl uorobonaderresss i xed supporting electrolyte to el ect PERUSPHOEI an
el ectrolysis cell fitted with a graphite anodesand a gr aphi te cat hode
to effect el ectrohydrodinerization of the dial kyl maleate to yield the

corresponding 10  tiomeef Kiie @ialRyld-baleakn geastanboapdause of fairly
TpetL et _raalt kylt 1, 2,&?65Mﬁ@t %&Eéﬁﬁié&%g&ﬁﬁt in tﬂgt élé‘@@réi&];éi]é%, p:ﬂc;cess
0 e instant invention can, e _readi]y recover any of a nunber
of convention- a’é‘? ‘%fft?’\fﬂ'lnp ﬁﬁgﬁﬁa’?%’c%i/eﬁnﬁf §c& qué ‘R?%VW‘?‘?P‘{I‘H@ 15
art. - Worthy of partetxaalkylotls2aBe4 phutaneretyratarboxylase rphadhatn icommonl y

assigned U S. Patenfeddbnable raaéfPon%imeVhi ch reference is herein
i ncor porated by refere O . THE PREFERRED
a

e. DESCRTPTI ON .
EMBODI MENTS 20 El gﬁ? rRFSR%E RFaFEGi ABFERRT &IPSR O8 SaRaPRy
mal eat es i n al kanol condugtieshwitbndiabkyl maledtiesndn- generakol Bute, ddkal i

metal acet at e/ quat 5 Ees HTMRBhE Terat i | Arl140ERROG 8L By XRdh stROr ti ng
el ectrol yte pro- w.dez_ﬁegx%g‘%gnt sel ecté vities to, and yiel clst of, 25
a

tetraal kyl 1,2, 3,4- xGTRYRE Of the,gsfpr funct ies

therewith, an ®¢ectare lnwercailkylsgposped fdr exghple, abkylimmtoups afl

- anhydrous liquid elgstd Ua¥Pon HBSRMare 10@14AKBI B8 bhes i #idadml eate,

- an al kanol correspond- |q tQ.the al kyl qgrqQups of the dialkyl maleate,

and an 30  al kanol *¥F 5% al ga?gd?'r'é’t?ﬂ‘ a%tet"’g‘tlg/ gﬁa?‘é??\ ryPafmfEnce
there are two alkyl groups contained in the ester
functionalities of the dialkyl maleates, the alkyl

15 groups can be the same or different. But, again for
practical considerations, it is preferred that both
such alkyl group be the same. In such manner, the
choice of a suitable alkanol solvent is resolved with-
out undue additional considerations.

20 Among the dialkyl maleates, dimethyl maleate
is the preferred reactant, and is used herein to exem-
plify the process of the instant invention. However,
diethyl maleate, di-n-propyl maleate, diisopropyl
maleate, di-n-butyl {and isomers thereof) maleate, di-

25 n-pentyl (and isomers thereof) maleate, and di-n-hexyl
{and isomers thereof) maleate are also suitable for
use in the process of the instant invention. It is
recognized, however, that electrical resistance tends
to increase with increasing alkyl size, whether in the

30 ester or in the alkanol solvent, thereby making elec-
trical power usage less efficient. A further disad-
vantage of high molecular weight alkanols is that they
tend to be solids at ambient temperatures, thereby
requiring elevated temperatures to provide a liquid

35 electrolysis medium. |

' The term "and isomers thereof® following the
names of various alkyl groups of the ester functional-
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ni um tetrafl uoroborate nixed supporting el ectrol yte contained in an

electrolysis cell fitted wwth a graph- Ite anode and a graphite

cat hode to cause hydrodi nmeric coupling of the dialkyl nmaleate to yield
the corre- 35 spondi ng tetraal kyl 1,2, 3, 4-but anet et racarboxyl at e.

The process generally involves use of a liquid elec- trolysis nmedi um
having a verguﬁwg&hgntial concentr a- WO 97/ 26389 PCT/USY7/00658

PCT/ US97/ 00658 tion of the dialkyl mlgate reactant and use of
fairly substantial electrical current in the electrolysis, and

obt ai ni ng subst antitaesasButhe @ialiil amleatpsnisngnployed derednkyb

1,2,3,4-butanetet%@%§é?§§¥lgﬁg f%égggg Jf"tﬁe grec%é?ﬁﬁﬂﬁﬁgfiw%?%%hion time.

The process of the Invent] on can be ] 1 di al kyl

mal eat es i n gener £Pr ¥ampley "and igomerscsherenf! gkolkawing "@irp-t he

ggalkyl n?leateslbutylnhﬂéeig?iiuhEﬂdqﬁen@bohﬁﬁyvfgf&&pé*ﬁdﬂhe&uﬁﬁhh0n2|itieS
are |l owerg a L oups: .0 to

carbon atons, arel£ %kgfgy?%s%%qéﬁjggnq%qafxgkfyguéﬂ ?é&%ﬁ%ﬁg%ylrnsﬁﬁaition,

it will be noted bHEY1lsiard tert-hwqe afBusywothe Kserm rslipa-butyii ned in

the ester f unahdopsbhéreStidrddt Gadkkyb" "@esigmited M -alkukyis

Qonsl derat i ons, | PEreRed SLLsEhRYY naldeee? 8 Soacloyeyy wiuBRke) Cand

same. In such nanfdrterkebutyl malRat®.of a suitable al kanol solvent is

resolved wtho Alkanols suitable for use in the process of
the instant invention are those which contain an alkyl
group corresponding to the alkyl group of the dialkyl
maleate. This requirement avoids the difficulty asso-
ciated with ester interchange with the dialkyl

15 maleates. For practical reasons, however, as with the
dialkyl maleates, only alkanols wherein the alkyl
group is a lower alkyl group, for example, alkyl
groups of 1 to 6 carbon atoms, are likely to be of
significant interest. Exemplary of suitable alkanols

20 are methanol, ethanol, l-propanol, 2-propancl (isopro-
pyl alcohol), 1-butanol, 2-butanol (sec-butyl alco-
hol), 2-methyl-l-propanol (isobutyl alcohol), 2-meth-
yl-2-propanol (tert-butyl alcohol), 1-pentanol, 2-
pentancl (sec-amyl alcchol), 3-pentanol, 3-methyl-1-

25 butancl, 3-methyl-2-butanol, 2-methyl-Z-butanol, 2,2-
dimethyl-l-propanol, and the like. Among these alco-
hols, methanol is generally preferred in that it (a)
has the highest dielectric constant of the simple
alcohols, (b) is the least expensive of the simple

30 alcohols, (c) gives higher current efficiencies than
do the higher simple alcochols, (d) is a liquid at
ambient temperatures and thereby readily provides a
ligquid electrolysis medium, (f) facilitates the use of
dimethyl maleate as the dialkyl maleate of choice, and

35 (f) is relatively easily separated from the desired
tetraalkyl 1,2,3,4-butanetetracarboxylate product,
tetramethyl 1,2,3,4-butanetetracarboxylate.
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out undue additional considerations. 20 Anong t he di al kyl

mal eat es, di nethyl mal eate Is the preferred reactant, and is used
hérein to exem plify the process of the instant invention. Fbwever

_ diethyl maleate, di-n-propyl maleate, diisopropyl mal eat e, - n- butyI

" (and isoners thereof) naleate, di- 25 n-pentyl (and isoners thereofg

. mal eate, and diveniiesy| {and i somers thereof) nal eate aﬂ@“&?

- suitable for use in the process of the in%tant invention.

- recogni zed, however, that electrical resistance tends to |ncrease W th

- increasing al kyl size, whet A8rPrevionsly) noted ip 5F°|$P?¥Q¥Qﬂﬂéﬂﬂﬁ thel vent ,
- thereby making el eCinventidd, @@l iRpBEtant agse | RAs tetraalkpl . 1/2f3154her

sad: e i 205 0L G M0l cRUlof aYEl ke AVAIU:S LopblBLibheve

tend to be solids a I ng el evat ed
tenperatures to prolu%Iédﬁbmtssracyb%wbﬂ%/sﬁcs‘dneuh&ﬁh- “in turn,

The term "and i gonefnddaitaQfityl k! a1i effédeive permameatopryssi Ayental kyl

groups of the ester_functional - 6389
PCT/ US97/ 00658 for polyester-cotton ble&g)é) .~ Por FPfeép%ﬁp?§ﬁ!

di al kyl nal eat es isth#nﬁkﬂn&ﬁsﬁeﬁétﬂrtotEtrﬂmwﬁd§ﬂgﬁa?e3tﬁe i somers of the
precedi ng al kyl gr%@tanetetr'i%&rﬁisﬂ afe, "@éldvéss Swkil®r 804" id Qd W Ng

oy et e e e L ow (ofge Har 51, (e
~tert-butyl. Thyg, the neasen’ ¢p.ghgg§9|o:her tetraalkyl esters as inter-
mediates for the same product. :

. While not desiring to be bound by the theory
of the instant invention, or to limit the invention in
any way, it is believed that Reactions (1)}, (2), and

15 {3) show the reactions involved, the reaction of di-
methyl maleate in methanol to prepare tetramethyl -
1,2,3,4-butanetetracarboxylate being used for purposes

of illustration.
(1) Cathode Reaction:
20 (o) 8]
" ”n
2CH,-O-C-CH=CH-C-0-CH, + 2¢ + 2H' -
o] o}
25 . " "
c;~1;,-o-c-ca-c|u-c-o-cx-l3
CH,-0-C-CH CH-C-0-CH,
" ”"
30 0 o]
{2) Anode Reaction:

2CH,0H - 2¢ -~ 2H' « CH,0CH,OH
35
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(and isoners thereof) maleate" designates di-n-butyl mal eat e,

di i sobutyl naleate, di-sec-butyl maleate, and di-tert-butyl naleate.
10 Al kanol s suitable for use in the process of t he instant

i hvention are those which contain an al kyl group corresponding to the
al kyl group of the dialkyl mal eate. This requirenent avoids the
difficulty agefmnsge Ciated with ester interchange wth thpcTiuss7iopess 15

mal eates. For practical reasons, however, ag-with the di al kyl

mal eates, only al kanol s wherein the al kyl group is a |ower alkyl

group, for exanple, alByl sum ofjrRegrtichsl (10 &Sndafdpn atons, are likely to
be of significant interest. Exenplary of suitable al kanols 20 are
nmet hanol , et hanol, 1-propanol, leropan@I (|sopro- pyl al cohol),

1- but anol , 2-butanol (sec-butyl "al co- hol ), .2-net hyl - 1- pr opanol

(i sobutyl al ®hol), 2-nmetHH %C‘%'Cz'“p‘?‘c%'ﬂsﬁ(?%‘i’:fmbutyl al cohol ),

1- pentanol, 2- pentanol (sec-anyl al ghol), § pentanol, 3-nethyl-1- 25
but anol, 3-nethyl - 2- but anol, 2-nethyl - 2- buwt anol , 2-

di met hyl - 1- propanol, and the |ike. Amgg).td'm,e.cﬂ-coo-qq + le#d,6cromt hanol is
generally pregerred in that it (a) has |t h¢ hi ghest diel ectric constant
of the sinple al cohols, (b) is CHg-0-€xCH SHEROFTH, of the sinple 30

al cohol's, (c) gives higher current eff|C|énC|es t han do t he hi gher
simpl e al cohols, (d) is a liquid at &nbi ent Penperatures and thereby

(220 1Y PTOULSS 2 o WA kR ek e Chal RS oL SRL  Uoe
relatively easil atsé&ber anedef r bs thﬁa hemiiacettal of formakddédde. The
1,2, 3, 4- but anet etgyacanbexpkaE8rRi DiBI}de in theCprafBEYVhixture has
1,2,3, 4-butanet etbr &2 p:%éy atg but it may be formed by the disassoci-
ation of methoxymethanol. Additional possible inter-

20 mediates include °*CH,OH and °CH,0H in the anode reac-
tion, and acetic acid from protons and acetate ion
{employed as a component of the supporting electro-
lyte} and alkanol from protons and alkoxide ion (when
employed as a component of the supporting electrolyte |

25 {see, for example, Comparative Example 6)]. Also,
alkoxides, e.g., methoxide (CH,0" or MeO"), can be
produced from reaction of alkanol, e.g., CH;OH or MeOH,
at the cathode.

The presence of ‘CH,0H as a lz.kely intermedi-

30 ate at the anode presents the possibility for the
addition of such intermediate at the double bond of
the dialkyl maleate to cause production of undesired
by-products, thereby possibly causing considerable
loss in selectivity to the desired hydrodimer,

35 tetraalkyl 1,2,3,4-butanetetracarboxylate, particular-
ly when an undivided electrolysis cell is used. How-
ever, such undesired side reaction does not occur to
any significant and/or substantial extent in that good
results, i.e., good selectivities and yields of the

40 desired hydrodimer, are obtained in the preferred
undivided electrolysis cell. In fact, it is believed
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-7- As previously noted in the Background of the

“Invention, an inportant use for tetraal kyl 1,2, 3, 4-

but anet etracar boxyl ates involves its conversion to

1, 2, 3, 4-but anet etracar boxylic acid, which, in turn, 5 finds utility as an

ef fective per Wan638r ess agent for pol yester-cotton bl BRHUPHMO6E s
For this purpose, the sinplest ester, tetPanethyl 1,2, 3, 4-
but anet etracar boxyl ate, serves very well and is gener- ally preferred.

As a result, there Wrat Wieliuser cfyapeundiviged elestredyehnpoeell is
other.tetraal kyl esaé¥sntfyediisgl as it pethite prictionkhgefi@rEred G Ghe

Whi | t desiri b e [ t i nst ant_.i_nventi-on,
or 1o 1init the | et o WEvePVelh e b0ER) Ynroughthe Phe! (R Ao AR |
(1), (2), and 15 '(‘%‘}1%67\9 PRrotrpate| ¥l e g, .t Methexide oriasts di -

met hyl nal eate $n ngpdrderaded dnpespsunct b aniith\the hydrodimerization at

1, 2, 3, 4- but anet et r agGal e ' S <. OfilJustration.
(1) Cathode Reacti on: 38 Hoe RRERODY fﬁhiﬁyndﬂﬁ%ggggfe 1“te;f°r%%5 Anode
Reacti on: reactions of the alkoxide ions and polymerization.

In accordance with the process of the instant
invention it has been discovered that electrolytic
10 hydrodimerization reaction is carried out effectively
and efficiently with a mixed supporting electrolyte.
Indeed, it has been discovered that the employment of
the mixed supporting electrolyte in accordance with
the process of the instant invention results in unex-
15 pectedly high selectivities to, and yields of, the
desired hydrodimer, tetraalkyl 1,2,3,4-
butanetetracarboxylate.
' It will be apparent to those having ordinary
skill in the art that the alkanol-based electrolysis
20  medium must have sufficient conductivity to conduct
the required electric current. And although media of
less than ideal conductivity can be employed, it is
preferred from an economic viewpoint not to have too
high a resistance, thereby avoiding substantial inef-
25 ficiencies in electric current usage. Having in mind
the desire to minimize inefficiencies in electric
usage, the conductivity of the electrolysis medium is
enhanced by the addition of suitable supporting elec-
trolytes, e.g., electrolyte salts having sufficiently
30 high discharge potentials, to the alkanol-based elec-
trolysis medium.

The term "supporting electrolyte" is employed
herein to mean an electrolyte capable of carrying
electric current but not discharging under electroly-

35 sis conditions. It will be recognized, however, that
discharge potentials will vary with electrode materi-
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2CH err]OH - 2e - 2Herr] + CH err]OCH err] OH 35 WO 97/ 26389

PCT/ US97/ 00658 - 8- (3) Sum of
Reactions (1) and (2): [err] 15 Met hoxynet hanol , the
presuned reaction product at the anode, is the hem acetal of

f or mal dehyde. The presence of formal dehyde in the product m xture has
been confirnegoopiésgét may be formed by the di sassoci - PCT/USY7/00658

met hoxymet hanol . Addi ti onal possible inter- .3@.- nmedi ates include

[err]CH err]OH and [err]CH err]OH in the anode reac- tion, and acetic

aci d from protons i andethesri surface domdiitdpad andavaeigoenitegfialse
supporting el ectrq; the eh&&@%ofiﬁk $§q¥ym'fron1protons and al koxi de ion
i ne of

(when enpl oyed as a co e _supporting electrolyte
The term "salt" is employe in its generally

recognized sense to mean a compound composed of a
5 cation and an anion, e.g., the reaction product of an
acid and a base.

.An alkanol-soluble mixed supporting electro-
lyte is employed in the process of the instant inveh-
tion to enhance the conductivity of the electrolysis

10 medium. In accordance with the present process, the
mixed supporting electrolyte comprises an alkali metal
acetate and a quaternary ammonium tetrafluoroborate.
The alkali metal acetate/quaternary ammonium
tetrafluoroborate mol ratio is between about 40/1 to

15 about 200/1, with a mol ratioc of from about 60/1 to
about 180/1 being preferred, and a mol ratio between
about 80/1 and about 160/1 being most preferred.

Among the alkali metal acetates, suitable
cations include lithium, sodium, potassium, rubidium,

20 and cesium, with lithium, sodium, and potassium being
preferred, and sodium generally being most preferred.

Non-limiting examples of suitable guaternary
ammonium cations of the quaternary ammonium
tetrafluorocborates include the tetraalkylammonium

25 cations, e.g., tetramethylammonium, tetraethylammoni-
um, tetra-n-propylammoﬁium, tetraisopropylammonium,
tetra-n-butylammonium, tetraisobutylammoniuum, tetra-
tert-butylammonium, and the like, heterocyclic and
alkylarylammonium cations, e.g., .

30 phenyltriethylammonium and the like, with the
tetraalkylammonium cations being generally preferred
in that the guaternary ammonium tetrafluoroborates
exhibit good solubility and conductivity in the elec-
trolysis medium and are difficultly reduced.

35 The term "quaternary ammonium® is employed in
its generally recognized sense to mean a cation having
four organic groups substituted on the nitrogen.
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25 (see, for exanple, Conparative Exanple 6))- Al so, al koxi des,
e.g., nethoxide (CHerr]0O or MeO), can be produced from reacti on of
al kanol, e.g., CHerr]OH or MeOH, at the cathode. The
presence of [err]CH err]OH as a likely intermedi- 30 ate at the anode
presents the possibility for the addi tion of such internediate at the
dotbl e bond oWwoernressphe di al kyl nml eate to cause producti on BET/USRTEEESE ed

by- products, thereby possibly causing consi dexabl e loss in selectivity
to the desired hydrodiner, 35 tetraal kyl 1,2, 3, 4-but anet etracar boxyl at e,
particul ar - |y when adnuadterdrnre|widhr shesprocess ofs theednskant

ever, such undesirggvéntior catel eledfe61P@is GG Wark@ed out aWesSigni ficant
and/ or substanti al b@xt%n}al n trélat gogd . _res .%s . e, g&g&
selectivities and JTRIUS BTG RE FHCTHRAYT dPREr i8¢ %ithed in
the preferred wifelixaAngs] of| strengyhs o cigplied fiectric duerimiti=ved
WO 97/26389 5 and current densities at the eleckedabS?7/ PR3P rocess

advant ageous, as 11° R L S SREY oEe etk Yepatles. ' Siguas o move
very freely througtrsa than & sdidldappexes per sguarencent pretenatsd/Amipxi de,
i o o G SR 0O OO WL U 15 it be
Py Ao Ter 2211 O Seognsned bbb IR MBI SR
| n accor dancelf t rgersipr eopdoyed ineco¥dmn &t maximize electrolysis
cell utilization. At the same time, however, this
factor favoring high current densities must be bal-
anced against the resultant high electrolysis cell
voltage and resistance and heat generation which, in
15 turn, add to costs. Preferred current densities will
generally be in the range of from about 15 mA/cm?® to
about 50 mA/cm®, with current densities of from about
20 mA/cm’ to about 25 mA/cm® being most preferred.
The process of the instant invention can be
20 carried out over a broad range of concentrations for
the components of the electrolysis medium. The con-
centration of the dialkyl maleate, for example, is not
narrowly critical; it is limited only by the solubili-
ty of the dialkyl maleate in the alkanol of the elec-
25 trolysis medium. It is recognized, however, that the
electrical resistance of the electrolysis medium tends
to increase with increasing concentrations of compo-
nents contained in the electrolysis medium. Thus,
concentrations of dialkyl maleate from less than about
30 5% by weight to more than 50% by weight are suitable
and result in high selectivities to, and yields of,
the desired hydrodimeric product, -tetraalkyl 1,2,3,4-
butanetetracarboxylate. Preferred concentrations of
dialkyl maleate, however, are from at least about 15%
35 by weight to about 40% by weight of the electrolysis
medium. Concentrations in the same range of the re-
sultant hydrodimeric product (upon completion of the
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invention it has been di scovered that electrolytic 10 hydrodinerization

reaction is carried out effectively and efficiently with a m xed
supporting el ectrol yte. | ndeed, it has been discovered that the

enpl oynent of

the m xed supporting electrolyte in accordance with

t he process of the instant invention results in unex- 15 pectedly high

sel ectivitiggol

d yields of, the desi red hydrodi nepcTostnesas ky|

1,2,3,4- but anet et r acar boxyl at e. -12- It will be apparent to
t hose havi ng ordinary skill in the art that the al kanol - based
el ectrol ysis 20 nesliegnyulyttikanydsofinerbntcoupidmet reatyidn) calmtGre

the required electgdfiéqﬂgw%$a ?QgeQQEQOUQh medi a of | ess than i deal

conductivity can be e

referred froman econom c

vi ewpoi nt not to have too ' The °¢Riﬂﬁ%¥49é9PsPSnEBe pixed BPRRASTdNgg

sgbzt anti al hl nef - a’fac:ﬂdl@tenﬁseaotn?ffmly Cravicant ahdagen vdlyigwa n
t
o ° A AR e IE] A S BEECHE o ppedT

conductivity

sui tabl e supporti PR && have wmorg| (haR d’el‘tf'e %@PFEP?%@%&Q% 4R ng
dicgtivditychanggheet eﬁﬁd:éﬁt&aﬁl@ﬂsh widh Kk enor o\k@&%d&icec -

sufficiently 30
trolysis nedium

medi um nhané

enpl oyéd ! her &1 10 'Rk gﬁggﬁ:é’%f%%] é)t‘):Fg 8% @5 ﬁy‘??g suit-

electric current Rilendordusenangrhg E#RE&SQH
It will be rec®gniizedenkearyearet 6t very stlubler 98 Alk&bislse wWHd vary

t he
of

the| jnsgant Xiventdedist i ons.

wi th el ectrode mitt?;p'e suitable for use in the procgggs-or{réﬂ_g 1ns|%ant:( RULE 26)

15

20

25

30

35

invention. And there is no advantage in employing
amounts of supporting electrolytes in excess of their
solubility in the alkanol of choice. Suitable concen-
trations of the mixed supporting electrolyte will
often be in the range of from about 0.5% by weight to
about 5% by weight of the electrolysis medium, prefer-
ably from about 1.0% by weight to about 3.5% by
weight, all at the previously noted alkali metal ace-
tate/quaternary ammonium tetrafluoroborate mol ratio
of from about 40/1 to about 200/1.

The indicated concentration ranges for the
dialkyl maleate reactant are, in general, initial
concentrations, as the concentration will change dur-
ing the electrolysis process, which will generally be
conducted as a batch reaction, or a series of batch
reactions, although the process is not limited only to
such batch reaction(s) and can be conducted in a con-
tinuous mode.
| A continuous mode of operation can involve
recirculation of a flowing electrolyte stream between
the electrodes, with continuous or intermittent sam-
pling of the stream for product removal. At the same
time, the electrolysis medium can be augmented by
replenishing depleted components continuously or in-
termittently, as appropriate, to maintain the desired
concentrations of such components.
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-10- als and their surface conditions and various materials ~in

the el ectrolysis medi um The term"salt" is enployed in its

general ly recogni zed sense to nean a conpound conposed of a 5 cation
and an anion, e.g., the reaction product of an acid and a base.

Arr al kanol - sowaksi7263sp xed supporting el ectro- lyte i s enPFEYEOPG8t he

process of the instant inven- tion to edBance the conductivity of the

electrolysis 10 nmedium |In accordance with the pre t procesi t he
ni xed supporting el ectrol yTle @asitrodysaf EF?{%’H"’H& ordingzii¥i Beand a
quat ernary anmoni ubrddictaid uer eR0F By chigh conVeesibls) |eng91 Algreater

acet at e/ quat er nar yt}gaéln'r(;rg’![y gg]arxers}_%}]rgg ltlﬁ%r %'Egiﬁ& eddd 'k?eé[ et ween

about 40/1 to 15 rom abo /1 to
abouf 180/ 1 bei ng 3RlEc&ivasy BRdthe ARsized bﬁﬁ?ﬂk@hﬂc Pro®¥ik 380/ 1 and
about 160/ 1 bed ng vexst goodf atr Righ conversions. Alnngddieicn kdighret al

e Sp a0 SonversiBhbOfiol £ liddstil Nt e B! WA PSS Sd 4

rubi dium 20 and cesi hirum so
preferred, and socﬁ’ﬂ%ﬁ”@@néf‘a???a’é%ﬂﬁﬁ ﬁﬁ‘ﬂeaﬁFSfieT‘%% vl maleate Erom
Non-1imting exanmiirs hyldredimebie produrmndcy recycBeNDInE gdfeired the

quat er nary ammnl :.meh‘?.t rg AU&@M&%&Q 96! Udgalltad &l aldeuhagoni um
25 cations, i anmoni um_-t et r aet hyl anmoni - um
tetra-n- propyl‘hmrd‘iﬁlmﬁtet §PFH¢§%’¢ﬁ’b;ﬂﬁ AnfoFearersion pthighrxhyt itanmoni um

t et rai sobutyl anmdrHidsliBeeneEband, howdwed,- ltliay! ashoimwed elebddsilee,

e e ot B A AL R A% e fing plheges, 15 oo

cations being genélﬁq'—fc’ﬂﬁ’é\‘-ﬁr?‘%‘éllum results in .increased electrode
degradation.

15 It will be noted that undesired side reactions
can occur. For example, it has been found that there
is a competing chemical side reaction which produces
dimethyl 2-methoxysuccinate [or simply dimethyl
methoxysuccinate (MeODMS)]. The extent of the occur-

20 rence of this reaction, in general, is dependent upon

the time of exposure of the dialkyl maleate reactant
to the components of the electrolysis medium or reac-
tion system. As such, it may be desirable to conduct
the electrolysis as a series of batch reactions, with
25 a relatively low initial dialkyl maleate concentration
and addition of additional dialkyl maleate in subse-
quent batches of the series. In such a series of
batch reactions, the last batch could then be taken to
high conversion prior to product separation. Another
30 approach to minimizing dialkyl maleate contact time is
to use an electrolysis cell which is large, particu-
larly with respect to electrode surface area, compared
to the amount of material in the reaction system and
dialkyl maleate reactant. Still another approach is
35 to employ a constant stirred tank reactor with a con-
tinuous feed and discharge where the dialkyl maleate
concentration is maintained low to diminish the chemi-
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in that the guat ernary anmoni um tetrafl uoroborates exhi bit good

solubility and conductivity in the elec- trolysis nmedium and are
difficultly reduced. 35 The term "quaternary ammoni uni' is
enpl oyed in its generally recogni zed sense to nean a cation having
four organic groups substituted on the nitrogen. WO 97/ 26389
PCT/ US97/ 00%—,,2 9 -11- PCT/USS7/00658 | N
accordance wth fﬁ% process of the instant_j,. i nvention, the

el ectrolysis is carried out over a broad range of electrolysis

condi tions, inclgglngriving fortiedEotranie Ghdedi¥udidsmpet ingPthédichectric
currents 5 and.ggr;egg densities at the electrodes. The process

i s operabl e at vgfy | W St P ent densities, such as | ess than 5
m|lianmperes per square Fbst captsel (efyrefasicn) time canoermmxpresEed 00 or

200 mMVcenferr]. if genfd Af dllectricalecurrent IAKRAN.Zednbhabntbsbi&alr I ent

densities arg advant a-__10. eousl oyed..in aorder .to maxi m ze
electrolysisg géc%j?aﬁﬁﬁﬁq tF@ﬁ&ng?B#héléiﬁi;tW ACROREFEF ATt hi s
factor favoring reguixes riemonyesdending munber afilampere-hgured(dgerhst t he

resul tant high ebgcéumterti,s 3@ lkhe tim¥otdogeciflatesaskragaessrd heat
generation which, i,n 15

Wil gener YT 45 AR gl SFeFPRniimit R R R Y o
about 50 mA cni esk3nging rheucuarengecand/orsths Mumberabyusize of 2the
mAVcnferr] 19 abeléctIPiEcR11](shei i PRSthedIfRSRgo8dg in mind, it  The
process of the '&gﬁfuge'435§¥gn nt%agngehaving ordinary skill in the
art that if the same electric current is involved, a
multiple-cell, e.g., 16-cell, aggregate wili accumu-
late A-hr at a rate equivalent to a corresponding
15 multiple of a lesser cell aggregate. For example, a
16-cell aggregate will accumulate A-hr at a rate twice
that of an eight (8)-cell aggregate. At the same
time, it is recognized that the greater the number of
- electrolysis cells contained in the multiple-cell
20 aggregate, the higher will be the voltage required to
attain equivalent current.
The particular type of electrolysis cell
employed in the process of the instant invention is
not critical. The electrolysis cell can consist of a
25 glass container having one or more anodes and cathodes
connected to a source of direct electrical current.
The electrolysis cell also can consist of the two
electrodes separated by an insulator such as a rubber
or other non-conducting gasket or spacer. In such an
30 electrolysis cell, which is conveﬂiently described as
a *"sandwich-type" electrolysis cell, the electrolysis
medium is preferably flowed past the (two) parallel
electrodes {cathode and anode) in a recirculating
system. Such an arrangement allows large volumes of
a5 the electrolysis medium to be effectively subjected to
electrolysis in a relatively small electrolysis cell
having preferred closely-spaced electrode surfaces.
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20 carried out over a broad range of concentrations for t he

components of the electrolysis nmedium The con- centration of the
~dial kyl nal eate, for exanple, is not narrowmy critical; it is limted

only by the solubili- ty of the dialkyl nmaleate in the al kanol of the

elec- 25 trolysis nedium It is recognized, however, that the

el ectrical redQ@¥M638 of the el ectrolysis medi umtends FOTUSY08

wi th increasing concentrations of conpo- -15;rents contained in the

el ectrol ysis nmedi um Thus, concentrations of dialkyl maleate fromless

than about 30 5% by wei gFterbredyeis (a1 L50%&PEy 1aEPghecake pradussiion
and result in hi ghasel esnidedpliatedt as asingist deadt, 5 A, ahlcofiesnt Atks

hydr odi ' d , [aalkyl , 4= . | at e.
P of orr od concent 10| Bnaa A Thedng, fce consldeBAESEh 6T BRI,

| east’ about 15% 353109 RERRETyQE F&eﬁﬁﬁﬂilyﬂ%)%wlxﬁei%ﬁ%ﬁdt hehe| ngganysi s
medi um Concensr atpxorsess willd szdtnazily wde (ixrremt and dsdlkylimale--

hydr odi neri ¢ prod A t t / 89
PCT/ USO7/ 00658 %'_Ee( SOBUCR bl O ‘e thap, 100 YEhd] foP e ytic
hydrodi neri ¢ coupl HtHeaoBlsaFeafts BFesent pex gelinfe and preferahily

The concentration Désd hrhan 50dgsuppopdssiply evercllesbr thyhe2s sgnot narrow y
Crnece, ¢ ALY\ e SN Sttt o GG 1S
ductivity. HiYher %%ﬁfdéht%ﬂ'ﬁaﬁstwﬂw'wp‘mfe%éﬁéu&- amperes, and is
equivalent to ampere-hours per hour [(A-hr)/hr].
The electrolytic process of the instant inven-
tion is effected using graphite (plate, felt, rods,
Zibers, and the like) electrodes, i.e., both cathode
is and anode, with graphite plate and felt being particu-
larly advantageous for flow-through sandwich-type
electrolysis cell configurations. Additional advan-
tages which are realized from the use of graphite as
the electrodes of choice includes high conversions of
20 the dialkyl maleate reactant, as well as high
selectivities to, and high yields of, the desired
hydrodimeric coupled product,  tetraalkyl 1,2,3,4-
butanetetracarboxylate. Moreover, graphite is much
less expensive than many other known and commonly used
25 electrode materials, such as platinum or even lead or
cadmium electrodes and it does not add heavy metals to
the electrolysis medium via corrosion.
The temperature at which the process of the
instant invention is conducted is not narrowly criti-
30 cal. However, it may be desirable to avoid excessive-
ly high or elevated temperatures in that increased
production of undesirable by-products may result.
Also, it may be desirable to avoid elevated tempera-
tures when a volatile alkanol, e.g., methanol, is
35  employed as a solvent in the electrolysis medium in
order to avoid loss of such materials, and various
cooling means can be used for this purpose. Cooling
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‘tivity, but supporting electrolytes of the type suit- able for use in

the process of the instant invention, 10 I n general, are not very
-sol ubl e in al kanol s of the type suitable for use in the process of

t he instant i nvention. And there is no advantage in enpl oying
anounts of supporting electrolytes in excess of their solubility in
the al kanolyw@hb75438 ce. Suitable concen- 15 trations of RORUSHINSSS
supporting electrolyte wll often be-hg-the range of from about 0.5%
by weight to about 5% by wei ght of the electrolysis nmedium prefer-

ably from about 1n0%mbieneigémp¢xauunus:is fénbyally suffdicjlemt,abutat the
previously noted ;3 @L;&rgﬁt a'l:erf'?ﬁ@ratu?:%s &eg/ Hya echaly; gggﬁté%]olﬁ

tetrafluoroborate 119} from a t 40 l11to

The i ndi cat ed corﬁ‘!&’r??&ijl Bﬁ 1%?@&3 f"c?‘re ggsire ofimaric, compd ingact ant
are, in general, reactiah occurs aaitlereaabnablie GSfiéEhnnyncemb&abbnn wil |
g O o 52 yendnble ELRSLIAINYS 1B 258 2andl) Slbntiatloud®BEEa LY e
conduct ed as "a bat reacti o seri es of reacti ons,

al t hough the pro@e$EWPETABRTE BRY HP SHcFef the b°1¥&Rﬂ1Hiiﬂ§h°Fe5@F|ons and
can be conduct ed alkanotoemployed ds mheusolwednt #0) the electroldyedsti nuous

Tode of Oper at | Ofefitil NVELY exampie.” SHehcHbEhAM s Fid Whhod! a0l vt e

stream bet ween t he el ectrodes, continuous or Intermttent sam
pling of the str&RRLFEr BreomYeniaRipPaximip taEPAEARITE is appPRE, 6fhe
eIectrolysuacnedrcn1cnu|gyhamwgnehbedvby,SEEmpénaﬂu&stbfngrdﬁpﬁﬁaﬁﬂ 15

e The hes e bl o e SRR e SN e L0
from about 20 c:to about 40 °C bezng most preferred.
The process of the instant invention can be
conducted at atmospheric pressure, superatmospheric
1s pressures, and subatmospheric pressures. However, for
practical reasons and reasons of economy and construc-
tion of equipment, it is preferred to conduct the
instant process at approximately atmospheric pressure.
The process of the instant invention can be
20 carried out effectively and efficiently with an
alkanol, e.g., methanol, as the only material employed
as carrier for the dialkyl maleate reactant and mixed
supporting electrolyte. Ordinary industrial grades of
the alkanol of choice which are substantially water-
25 free, are very suitable for use. Traces of water
picked up from contact with the atmosphere will not
ordinarily be sufficient to adversely affect results.
For example, 2000 parts per million (ppm) of water in
the electrolysis medium has negligible effect. How-
30 ever, the presence of more than traces of water will
preferably be avoided, as even a small percentage of
water can cause a decline in selectivity, and the
presence of more than, say 5% by weight, of water is
very undesirable. If desired, co-solvents can be
35 employed along with the alkanol, particularly such
aprotic solvents as dimethylformamide, dimethyl sulf-
oxide, acetonitrile, and mixtures thereof. It is
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-13- The el ectrolysis reaction will ordinarily be
conducted at fairly high conversions, e.g., greater than 75%
conversion of the dialkyl naleate because selectivity to the desired

" hydrodineric product is 5 very good at high conversions. In addition, high
conver si ons awo s/agsseecessary steps, handling, and expe REB/USH/00658

. separating unreacted dial kyl naleate from =-17the hydrodi neric product for
recycle. In a preferred enbodi ment, the electrolysis is conducted at a

dial kyl 10 nmal ealetednvBewevRr oft Iy thenieesPErcorsdiivemes. generally -has
3ee|nkf f)undi hOWe\t;e!im'.llhﬁbtCBé\tcilé‘émmleQChﬂ.Qhﬁﬁbﬁ there \Haly bel g:takeileﬁ- no

I al Ky mal eat e bel N S1 .S U results In
i ncreased el ectrodélgg gig%'g'g%%%él%%mfg sghﬁgﬁﬂyl# vcv’lrzlq%rb?aﬁg?’é’ﬁ t hat
undesired side rea¥epddsmake the g Qf corgplesats|worthwhide padnadound

- that there 5 | Svaneagpeas Ng chem cal side reaction which produces

- di met hyl 2-net hoxysucci nat of o mgglgﬁn&g I"Qﬂe lteﬁltgg?g%%l‘sﬁ:el nate

(MeODVB)]. The extent of the occur- rence o in
general , is depend&gtrapbiyl 1,2, hd-butangtetxpearhaxylatenhprodurkyisnal eat e

react ant Ats 0 tbeeseﬂvomr&aﬁidxhaglelwet EDEYErSLYEIE H@dﬁ.hmr. FéQ?.,l _
tion system such, i r £ . the elecirolysis
as a series of bat% ?‘e%l% ] o%ésfaév%n‘%?% 0355029%?2%&5%}’3\/\/ i EFF?XFWi al kyl
mal eat e concerld®r at Pénthe tetwrpldadi i.@n30f -hutaRetRtwacirhokylatel Exom in

subse- quent bakcEBsctfoly s aiddiam B effécted ¥y @®olling thebatch
feact s, e Tao, Gai e eQUILNEN eclabed euce ) SlogbtverSion i o

to product separation, i ipproach To mnimZl
contact tine is tallpzakion R RasSiblesPs ehe|tepwasikyd RaRge,4parti cu-

larly with respectbhpagéesirasariayylate produceONfsliRed by bephbhst fe@unt
of material iEstheb§e€§$ﬂ£§hiaﬁﬂﬁgfla@Qown in the art, e.g., filtration,
centrifugation, and the like. In the case of
tetramethyl 1,2,3,4-butanetetracarboxylate, the crys-
tallization is effected by cooling the resultant reac-
tion mixture, e.g., to less than 0 °C, usually between
20 about 0 °C and -10 °C. The precipitated crystals are
separated from the supernatant liquid by filtration,
washed, preferably with the alkanol of choice employed
as the solvent for the electrolysis medium, and dried.
Recrystallization, if desired, can be effected from a
25 suitable solvent, e.g., the same alkanol of choice.

The separation of the tetraalkyl 1,2,3,4-
butanetetracarboxylate product from the resultant
reaction mixture effectively separates the product
from residual dialkyl maleate reactant and undesirable

30 by-products, e.g., dialkyl succinate and dialkyl 2-
alkoxysuccinate.

It will be apparent to those skilled in the
art that since the desired tetraalkyl 1,2,3,4-
butanetetracarboxylate is a tetraestexr, it can be

35 subjected to hydrolysis and purification procedures to
prepare the corresponding 1,2,3,4-butanetetracarbox-
ylic acid suitable for permanent press use, as de-
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di al kyl mal eate reactant. Still another approach is 35 to enploy a

constant stirred tank reactor with a con- ti nuous feed and di scharge
where the dial kyl mal eate concentration is maintained | ow to dimnish
t he chem - WO 97/ 26389

PCT/ US97/ 00658 -14- cal driving force
for the undesys ¢mhesgnpeti ng chem cal si de reaction. PCT/US97/00658 The

control of reaction tinme can be expressed _3gdn ternms of electrical
current supply. The conversion 5 of a particular anmount of dial kyl naleate
react ant r equidrddbed andr eladmeld nin reonaenly’ aaknghed oLs s Hakdit)
of current, and thg t is@"zs‘a?sg’s‘cumﬂéﬂer%féz%‘l}ées,i %% revié\%&ﬁr SHedy 1 10
an el ectrol ysis can bé ‘vari'ed by changing 't he BOFYER D he
nunber or size of Jﬁélemmeneeemp%ﬁ%dé@rm#)%renm-h the foregoing in
mnd, it will be appariantfdilowinghapetytde dexaipl «Kiilllustrhigng art
that I the st GhChidst CHELERELYScldUPpdl of pracefMAL Al GG € 0
16-cel |, aggregate w [ accunu- ate A-hr at”a rat e equrvalent to a
correspondi ng 15 ShANL jr¥eprign| axe deseniped dnedarail fmroxdenpie, a
16-cel | aggregat e fddill izgacendl 6l €ar-irideristanding bl €Re inverddidn Of 1@n
eight (8)-cell ag e time,.LL LS. recogni zed that the
greater the nurrt)egrm};%'%ﬁrd beA{e‘f‘é%??%i S sh?(‘:"eﬁvlelg ’cgﬁ?gi %@% ‘%‘lt%%de expo-
mul tiple-cell 20 sd§3rB§arE, tbﬁeamié#ﬁtmﬂ efh&hehinventigre vivdiered to
attain equi valent igidicalting preferred embodiments, are given by way of
illustration only and are not to be construed as lim-
iting the invention since various changes and modifi-
cations within the spirit of the invention will become
apparent to those skilled in the art from this de-
15 tailed description.
EXAMPLE 1
Electrolyses were conducted in a sandwich-type
undivided electrolysis flow cell of parallel plate
design fitted with graphite plate electrodes, both
20 cathode and anode, having a surface area for each
electrode of 114.75 cm?, and with a gap between the
electrodes of about 1 millimeter (mm). The electroly-
sis cell fluid volume capacity was approximately 11.5
em® and its flow rate was approximately 0.762 me-
25 ter/second (m/s: 2.5 feet/second (ft/s)]. The elec-
trolysis cell was connected to a circulating pump and
a jacketed, refrigerated reservoir maintained at about
20 °C. The chilled reservoir was charged with the
desired quantities of dimethyl maleate (DMM), metha-
30 nol, and supporting electrolyte. The resultant solu-
tion was chilled to about 20 °C and subjected to elec-
trolysis while maintaining the temperature at the
initial 20 °C. The results and parameters are tabulat-
ed in Table 1.
35 ' In Table 1, the formulas and abbreviations
'employed, except as otherwise specified, represent
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The particular type of electrolysis cell enpl oyed in the process of the

instant invention is not critical. The electrolysis cell can consist of
a 25 glass container having one or nore anodes and cat hodes connect ed
to a source of direct electrical current. The electrolysis cell also
can consi st of the two el ectrodes separated by an insulator such as a
r ubber OoWOOrR@8? non- conducti ng gasket or_spacer. In su

eI ectrol ysis cel I which is conveniently dest:*?‘bed as a

"sandwi ch-type" ctrol Js cell e el ect Sjs med,umi s
preferably fl owed §§§%9'E‘ MRS ﬁ&&'gf’?"ﬁf Bu, B I’e?:tq'qﬁf@?“(:é’g?ﬁﬁﬂﬁlﬁ'ﬂd

anode) in a reci rcuéaraffgzorobomm,em Such an arrangenent allows | arge

volumes of 35 the electrg &ﬁdﬁ’"&dét%ﬂ@ ected to
electrolysis in a relatlvel I electrolz IS ce aV|ng preferred
cl osel y- spaced el ect rode s 515 tetraeth

PCT/ US97/ 006585 I(Hco, is potassium formatl&

Electrolysis cells for |arggpfcae édeQHC%éQPafluordyo‘iFE%m enpl ated as

using at least 5 A and oftentfrres into
consi deration the anper ageN éﬁo‘?ﬁ&%rdlﬂ‘ﬁtm’éc?\‘%’fﬁ%e'cel | s enpl oyed,
the instant 5 process w | NadCdj riax islodivmefommaeei and di al kyl nmal e-

ate amounts such that no ”ﬁﬁﬂeﬁ?é‘fbﬂ@ougrs@ﬁuﬁlg)neeﬁ(yala%%tég@é&l ;mal eat e

are present per cell-A and Rr era , | ess or pOSSI bly
even | ess thah®25 g. 0, is S'Pﬂé“f“e??ﬁ' TRE®1 - anpere” (cell-A) is
enpl oyed 10 herein to neanNafdacnisherdioim acektats; anperes, and is -

NaOMe is sodium methoxide; and
Ni{OAc), is nickel acetate.
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equi val ent to anpere-hours per hour [(A-hr)/hr]. The

el ectrolytic process of the instant inven- tion is effected using
graphite (plate, felt, rods, fibers, and the like) electrodes, i.e.,
bot h cat hode 15 and anode, with graphite plate and felt being particu-

| arly advant ageous for flowthrough sandw ch-type el ectrol ysis cel
configurations. Additional advan- tages which are realized fromthe
use of graphivw@onzs3se the el ectrodes_ of ch0|ce |ncludes hmghnmmnumﬂslons

of 20 the di Al k] iRl Cal el SRl e . :
and high yielg i hej desir ¢d " hydr ddi 1
tetraal kyl 1, % byt apet ¢t r acafboyyl 4
| ess expensivg th ) ofher khayh afdg qon
materi al s, su@qs @ nuinpl eyenil eqdsqdr ~
does not add femgy s 1& 3 lhe ¢lBqtrd
The t enper at ufre— cirtfre—protesTot
conducted is é”_wyé: i- %@a ad |  Hiom
to avoi d exce S|§e-, a9 G Vat] el
producti on of fundesifff &b} & byt profiut{s* re )
desirable to fvoid @ evhtefl t £npfr.a tures jwhgn g vdl at) [ ef al'’kanol ,
l i . .
e.g., methanof, ms b3 [ enpldbyed| &ia $dhyent &1 tHedql eqtgd gs| g frediumin
order to avoi Ioss;oﬂ Fucﬁ.hute i-all s, |adhq ver&gus - dogl|i gl wehns can
be used for this pufpo et ) VO-4746389
-~ | o
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to anbient tenperatures is generally sufficient, but, I f desired,

tenperatures down to O [err]C or |ower can be enpl oyed so | ong as the
desired hydrodi nmeric coupling reaction occurs with reasonabl e
efficiency. For con- 5 venience, tenperatures in the range from about O
[err]C to a tenperature not to exceed the boiling point of the

al kanol enpl owexbrasssdhe sol vent in the e._b_f.ct rolysis e BET/RSI7108658

exanpl e, when nethanol is the alkanol_ of chai ce _a conveni ent maxi mum
temperature is aboufl 60 f0 [drr}Cl Iy ,  how te pef at ures of
from about 15 E‘..IGI“’ C 2 | |50 Bd et W thi
t enper at ures of ahug Zt) [ ef B] i) hej g nost
preferred. | HNar: nvF sslof A hn be
conducted at atnosp erlcoﬂre< u’e, Su $urfes, and
subat nospheri c pres{ ur? F pnd reasons
of econony and consru I [ fejrell to
conduct the lstantr- f essur e
The process of the Hnstant] | pff petively
and efficiently witf af } h_eq_nymaterlal
enpl oyed as cirrler“ M xed
supporting el ectrol |yt g " | kanol of
choi ce which are sulisBangi| aple for use.
Traces of water | ?g d rre will not
ordinarily be suffi i @nt t pxanpl e,
2000 parts per nillifoq { py edi um has
negligible effect. E. g 3 es of
water w | pr 4 f r ablf age of
wat er can cause a ddg ic I ne [ jof nore
than, say 5% by wei ¢h o Off et @l & gi¢si red,
co- sol vent s san be 35 erfphdys( sijouflarly such
aprotic sol wnts as |di ret H+Horfemiie =
1 1
t cl&ll €] o glel sl s
\ l |
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t 8 B:lzlz “ il st
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6xide; acetonitrile, and m xtures thereof. It is

PCT/ US97/ 00658

that the use of co-solvents generally
| ar circunstances where solubility or other

there may be parti cu-

factors
vant ageous.
t et raal kyl

1w£ ’37f22‘1"1"But anet

solution in the electrolysis nedium e.g.,

'25% by wei ght .

Recovery 10

1, 2,3, 4-butanet etracar boxyl ate from
effected by cooling the

conpl ete crys-

tallization as possible of the tetraalkyl

resul t ant

Wil |

of the tetraal kyl

- 17_
not be desirabl e,

i's

woul d make the use of co-solvents worthwhile and ad-

Upon conpl etionzef the el ectrolysperwbsmosss
et racar boxyl at e product

WO 97/ 26389
not ed, however,
al t hough

5

present in

at a concentrati on of about

the electrolysis nediumis

reaction m xture to i nduce as

1, 2,3, 4-

but anet etracar boxyl ate product, followed by separation 15 by techni ques
well known in the art, e.qg., filtration, centrifugation, and the I|ike.
In the case @i § fetrla y . B, utangteyr agar o , the crys-
tallization ifs effgcfled jby fcoo] i ng the tesyltgnt {redc- th on m xture,
e.g., to lesy ORferlr] G ual | y} befween 20 abboug Ojf[ergr] C and -10
[err]C. The ¢ t§ted criysthl s| ar separ ated ffom|t hg super nat ant
liquid by fil ipnf 8 wWashed] Spfef erabl yiwth gigtal Ha®dl of choice
enpl oyed ; hellseljvent »flor | Rej el petfol ysi $ dé gm |ac dried.
Recrystal lizdtion,ji{~dgstTed;T el frefreg——yomra
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25 suitabl e solvent, e.g., the sane al kanol of choi ce. The

separation of the tetraal kyl 1,2, 3, 4- but anet et r acar boxyl at e product
fromthe resultant reaction m xture effectively separates the product
fromresidual dialkyl nmaleate reactant and undesirable 30 by- product s,
e.g., dialkyl succinate and dial kyl 2- al koxysucci nat e.

It will be ap¥@o#dB?o those skilled in_she art that siHcUPHRO6ERS red
tetraal kyl 1,2, 3, 4- but anet etracarbOXxyl ate is a tetraester, it can be
35 subj ected to hydrolysis and purification procedures to prepare the
correspondi ng 1, 2, 3, 4- but anet et r acar box- ylic acid suitable for

per manent press use, as de- WO 97/ 26389 '

PCT/ US97/ 00658 - 18- scri bed and
claimed in commonly assigned U S. Patent No. 5,298, 653, which
reference, as previously noted, is herein incorporated by reference.
The foll ow ng spe n y- known
node of practicin - hnt {i nyenti on arfe descrilbed injdetail in
order to fac Iitat - updef st andifng Jof [t hgq i nvgntifon.} It

he (let i | ¢d ¢4xpg- qitijpns of the

t
application of th 2 ol o I NdiTatifge greferfreq enpodi nent s,
&h

are given by way F Ghly argljare nqt~to |be fconptrued as
lim iting the ingentCah sl fck A ous|chdngds™ dntl ngdP i -
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cations within the spirit of the invention will becone apparent to
those skilled in the art fromthis de- 15 tailed description.

El ectrol yses were conducted in a sandw ch-type undi vi ded el ectrol ysis
flow cell of parallel plate design fitted with graphite plate

el ectrodes, both 20 cat hode and anode, having a surface area for each

el ectrode ofyddfhesme cnlerr], and wth azgap between the rCTAISETOGSEdes oOf

about 1 mllinmeter (m). The el ectroly- " sis cell fluid volune capacity
was approxinmately 11.5 cnB and its flow rate was approximately 0. 762
me- 25 ter/second [nm's; 2.5 feet/second (ft/s)]. The elec- trolysis
cell was connected to a circul ating punp and a jacketed, refrigerated
reservoi r mai ntai ned at about 20 [err]C. The chilled reservoir was
charged with the desired quantities of dinethyl nmaleate (DVW), netha-
30 nol, and supporting electrolyte. The resultant sol u- tion was
chilled to about 20 Jerr]C and subjected to el ec- trolysis while

mai ntaining the te mrefatqeng gnitial 20 [err]C. The results and
paraneters are tabgl at - § i Tablegl. 35 In Table 1, the

i-loye except as otherw se specified,

r epr esent SUBST E SHEET (RULE 26)

Conv., mol
81.26
92.80

99.65

5 Rx Time

'Concentration of indicated supporting electrolyte in millimoles per 100.00 g of

‘Concentration of total supporting electrolyte in sclution in weight t.

SCurrent density in milliamperes/cm’ (mA/cm?).
Comparative example per mol ratio of mixed supporting electrolyte.

‘payload in ¢ by weight dimethyl maleate (DMM) in solution.
‘Dimethyl 2-methoxysuccinate; or simply diméthyl methoxysuccinate.

‘vield in mol % normalized to 100% conversion of DMM.
Tetramethyl 1,2,3,4-butanetetracarboxylate.
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-19- designations as follows: Bu[err]NBF[err] is tetrabutyl anmoni um
tetrafl uoroborate; Bu[err] NOAc is tetrabutylannonium

acet at e; Et[err]NBr is tetraethyl ammoni um brom de;

KHCO err] is potassiumfornate; NaBF[err] is 38@#%@%“

t et r af | uor obO¥@9H26389 NaDVS i s sodi um di net hyl &

NaHCJ err] is sodium fornate; Rém@AcetCAc i s sodium

nmet hyl acet oacetate; 10 NaNO3 i s s iLtrate

NaQAc is sodium acetate; Thus, it 1s ap a§o&%uﬁ$ %?mﬁﬁ%ﬁa and

Ni (OAc) 2 is nickepreegfiede.in accordance wmgwemant invention, a

- 20- process that fully satiBE{LLSHE WiPRkrs bABM hdvantag-

es set forth hereinabove. While the invention has
5 been described with respect to various specific exam-

ples and embodiments thereof, it is understood that
the invention is not limited thereto and many alterna-
tives, modifications, and variations will be apparent
to those skilled in the art im light of the foregoing

10 description. Accordingly, it is intended to embrace
all such alternatives, modifications, and variations
as fall within the spirit and broad scope of the in-
vention.
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WHAT IS CLAIMED 1S:

1. A process for the preparation of tetraalkyl
1,2,3,4-butanetetracarboxylate, which process compris-
es subjecting a substantially anhydrous liquid elec-
trolysis medium containing a dialkyl maleate, an
alkanol corresponding to the alkyl groups of the
dialkyl maleate, and an alkanol-soluble alkali metal
acetate/quaternary ammonium tetrafluoroborate support-
ing electrolyte to electrolysis in an electrolysis
cell, using a graphite anode and a graphite cathode,
to effect electrohydrodimerization of the dialkyl
maleate to yield the tetraalkyl 1,2,3,4-
butanetetracarboxylate.

2. The process of Claim 1 wherein the dialkyl
maleate is present in the electrolysis medium in an
initial concentration of from about 5% by weight up to
greater than 50% by.weight.

3. The process of Claim 2 wherein the initial
concentration of the dialkyl maleate in the electroly-
sis medium is at least about 15% by weight.

4. The process of Claim 3 wherein the initial
concentration of the dialkyl maleate in the electroly-
sis medium is from about 15% by weight up to about 40%
by weight. _ ) ‘

5. The process of Claim 1 wherein the dialkyl
maleate is dimethyl maleate, the alkanol is methanol,
and the tetraalkyl 1,2,3,4-butanetetracarboxylate is
tetramethyl 1,2,3,4-butanetetracarboxylate.

€. The process of Claim 1 wherein the alkali
metal acetate/gquaternary ammonium tetrafluoroborate
supporting electrolyte is sodium ace-
tate/tetrabutylammonium tetrafluoroborate.

7. The process of Claim 1 wherein the alkali
metal acetate/quaternary ammonium tetrafluoroborate
supporting electrolyte mol ratio is between about 40/1
and about 200/1.
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8. The process of Claim 7 wherein the alkali
metal acetate/quaternary ammonium tetrafluoroborate
supporting electrolyte mol ratio is between about 60/1
and about 180D/1.

s 9. The process of Claim 8 wherein the alkali
metal acetate/guaternary ammonium tetrafluoroborate
supporting electrolyte mol ratio is between about 80/1
and about 160/1. '

10. The process of Claim 1 wherein the support-

10 ing electrolyte is present in the electrolysis medium
at a concentration of from about 0.5% by weight to
about 5.0% by weight.

11. The process of Claim 10 wherein the concen-
tration of the supporting electrolyte in the electxrol-

15 ysis medium is from about 1.0% by weight percent to
about 3.5% by weight.

12. The process of Claim 1 wherein the electrol-
ysis is conducted at a temperature less than the boil-
ing point of the alkanol. _

20 13. The process of Claim 12 wherein the tempera-
ture is from about 15 °C to about 50 °C. _

14. The process of Claim 13 wherein the tempera-
ture is. from about 20 °C to about 40 °C.

15. The process of Claim 1 wherein the electrol-

25 ¥ysis is continued until at least about 75% of the
‘dialkyl maleate has reacted.

16. The process of Claim 1 wherein the electrol-
ysis is conducted at current densities of at least
about 15 mA/cm®.

30 17. The process of Claim 16 wherein the current
densities are in the range from about 15 mA/cm® to
about 100 mA/cm?.

18. The process of Claim 1 wherein the
tetraalkyl 1,2,3,4-butanetetracarboxylate is recovered

35 from the electrolysis medium by cooling to induce
'crystallization, followed by separation.
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[err]
PCT/ u597/ mlm U 25-
I s appa eresnas been provi ded, in ad

|nstant i nventi on, process that fully satisfies |t .

advant ag- es set forth hereinabove. Wile the invention has 5
been descri kpgovhdslle respect to various specific exam PQI/EE9 708648
enbodi nents thereof, it is understood that 8- the invention is not
limted thereto and nany alterna- . tives, nodifications, and
variations will be appalenthe procdss Hpmaihd hbednéredd 1 tsé?&r‘a' _ght of
the foregoing 1Q description Accaordin , S | nded enbr ace
al | such al ter nat94f&s 25 SEFFFﬁ? B ﬁfd"%'ﬁ'i atsﬂ)ﬁgt °“é1§}¥eal | within

the spirit and brgmllmmpelstingeot rEiltratiopeandogentrifugation.
20. The process of Claim 19 wherein the separa-
-] tion is effected by filtration.
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WHAT IS CLAIMED IS:

1. A process for the preparation of tetraalkyl
1,2,3,4-butanetetracarboxylate, which process compris-
‘es subjecting a substantially anhydrous ligquid elec-
trolysis medium containing a dialkyl maleate, an
alkanol corresponding to the alkyl groups of the
dialkyl maleate, and an alkanol-soluble alkali metal
acetate/quaternary ammonium tetrafluoroborate support-
ing electrolyte to electrolysis in an electrolysis
cell, using'a graphite anode and a graphite cathode,
to effect electrohydrodimerization of the dialkyl
maleate to yield the tetraalkyl 1,2,3,4-
butanetetracarboxylate, and wherein the alkali metal

acetate/quaternary ammonium tetrafluoroborate

supporting electrolyte mole ratio is between about 40/1
and about 200/1.

2. The process of Claim 1 wherein the dialkyl
maleate 'is presénz in the electrolysis medium in an

initial concentration of from about 5% by weight up to
greater than 50% by weight.

3. The process of Claim 2 wherein the initial
concentration of the dialkyl maleate in the electroly-
sis medium is at least about 15% by weight.

4. The process of Claim 3 wherein the initial
concentration of the dialkyl maleate in the electroly-
sis medium is from about 15% by weight up to about 40%
by weight. '

§. The process of Claim 1 wherein the diaikyl
maleate is dimethyl maleate, the alkanecl is methanol,
and the tetraalkyl 1,2,3,4-butanetetracarboxylate is
tecramethyl. 1,2, 3, 4-butanetetracarboxylate.

6. The process of Claim 1 wherein the alkali
mezal acetate/guaternary ammonium tetrafluoroborate
supporting eleczrolyte is sodium ace-
tate/tetrabutylammon:um tetrafluorcborate.
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1. A process for the preparation of tetraal kyl - i =
1,2,3; 4Hmnﬂﬂuﬁluﬂmﬂmyl ate, which process- COWREPLACEME%{EJSJ&IEEJ; a
subst ant Wi quid elec- - trolysis medi um containing a .
di al kyl nal €ate, an ° al kanol corresponding to the al kyl groups of the
di al kyl mal eate, and an al kanol -sol ubl e al kali netal

acet at e/ quat ¥PAHPIE moni um t et r af | uor obor at e support - PCTPRY73%t r ol yt e
to electrolysis in an electrolysis - celd7- using a graphite anode and a
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about 100 mA/cm®.
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tetraalkyl 1,2,3,4-butanetetracarboxylate is recovered
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crystallization, followed by separation.
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