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PROCESS FOR THE PREPARATI ON OF  TETRAALKYL - 1.2.3.4

- BUTANETETRA®SRPASIATES BACKAGROUND  OF POTAUSIWEA0D ON
1. Field of the Invention 5 This invention relates to an

el ectrolytic pro-. cess for the preparation of tetraal kyl 1,2, 3, 4-

but anet et racar boxyl ates from di al kyl nal eates. The .~ products are

useful as precursors of thé correspondi ng -1free acid,

1,2,3,4-butanetetracarboxylic acid. Con- 10 version of the tetraalkyl
1, 2,3, 4- but anet et r pgotROX VFORE PREPARA DF '

aC|d can be effected as descriped and clal e "_ L. . v nIy assi gned
U.S. Patent No. 5,298, 653. Thia-feftehiiil S rdhisdaEncor por at ed by

reference. 15 The corresp ' free_acid -

but anet etracar boxylic acid, has 8UIJ;8%’L & %ﬂgzﬁfigﬁ ‘Depart nent of
Agriculture to be an eE&ggbLég;Egﬁgiaﬁghsign press agent for

pol yest er-cotton blénd could find use in |arge

quantities forSsuch pur ks iEntionrEehates bR aRfeLEERFOPYEAEsSDEO- t he
preparation ebskhechs eﬁeaﬁképh&a@qw@fhlt@ﬂﬁéaie@r alblze Bl use-

ful. A requirenent of any suc roc mever that it nust
produce a product PREPBFFFﬁﬁaSEEg gpées r°Wxﬂqiéiﬁ¥% HHERELSDr opEREi es,
as this is a crl ti ﬁﬁbduass aractsefhior awptra-.tasdnstqrs‘ wf ﬂ:ﬂ'remiﬂﬁfﬁeéﬁ&sélng

agents. scrl f St Qe R Art trolytic
reductive coupli ngl:g)g g(‘)ug Q §ut | v%[ ee&:ra ave ’é‘% éc\’/
i nvesti gat ed a0d repnsueo of thej petiraadkyl Nu@h3ﬁ41his wor k i nvol ved

agueous sys- 30 bﬁﬁgﬁekaﬁ»a@h&wi@lﬁ%’és’ 130 UHeLLdbd t §r5¢

electrolyte salt wth a ver% negat 1 ve di scharge poten- 'such as
a quaternary anmonP@ifssen. FnegéﬁFFe 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-

' bﬁtanetetracafboxylic 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 ac;d is ‘deemed highly desirable and use-
ful. A requzrement ‘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.

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

30 tems in a divided cell, and often with a supporting

' electrolyte salt with a very negative discharge poten-
tial, such as a quaternary 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 polymérization freguent-
ly occur. Various parameters of such reactions have



tion, however, to the desired reductive coupling reac- . tion, other
undesired side reactions such as, for 35 exanpl e, sinple reduction and

pol ymeri z £quent - | y occur. Various paraneter

reacti ons%@%yg WD 97/ 25452 ' i'c‘i';lls?%&oo
PCT/ US97/ 00400 - 2- been

di scussed, including the use of various support- I ng el ectrol ytes.
See Organic Electrochenlstry, 2nd ed,”43ai zer and Lund, Ed., Marcel

Dekker., Inc 69 of thIS reference

for 5 exanphﬁbe?? ?Esg?ﬁf%% tﬁ%?lﬁaﬁ?Qlﬁéé gﬁglg AV BT JBRFaSUPPOTE - ¢
-wi th the restricingneledurolytese oSeé|ngad;;_nleggza;hgmmsnrgduchcnot be
substantlally OXéglzgglgértQ§a Lind a€gde,M§?gei B;kgge oxygen ﬁ¥olved at

the anode in aqueous systens h € undesirabl € side reac-
tions. I n addi¥e®h, MiYpagt88P69 %ﬁd’m 668refchbis refergpcemdéoro

di meri zati ong of gl ghbyé nlat eiié es@é‘@eah@hat und&vigel eélﬁékéi-é E@'a-

cations in |ncrea5|ng the neri zat| on: of  anion rggl cal s.

El ectrolytic kme%ﬁhY&ﬁ?zéﬁ?oﬁes%F§6t+%$%rF%ﬂtt&1)15heaglef1n and
el ect rohydr odi neréeaet ion, peddudtet iyt BQJ3@59t5n51ally oheemzéepatteﬁeby

Pooac 1095 (100 ARGk, Sha' LB F 66 Sgen EUBTVER aBOERS! Haads!tick s oo,
the el ectroly- aqueo@%ssvsﬂgm%ammteurqmmtmsun@ealtabhelgiéeoreaater and

20 dlﬁEth catggﬂsﬂitlnaﬁn fdefors! 65t roA éé56§§|%nd 399 _rfferEﬁLgrence

further condi tion
hydrod|nerlzatlohﬁcm%%ﬂst? %Wﬁflzat1°%r%%eﬁé%t671t@F?ﬁé?ﬁyﬁaﬁnﬁhﬁun1|on

than of sodium I@ﬂfecc of dika®i Qﬁétﬂiygsfﬁnwﬁéelﬁaiﬁt?éaﬁﬂhgf ghet Bage (3)
hours, 25 gener éy resultin i\ abodit 59 % conver si ons, and
speC|f|ed anobunts- o ﬂ Bt g gnﬁ“ﬁﬁﬂe¥ %%Bﬁgﬁts “ Met hano
has been enpl oyed as Elsckweﬁwtﬁ@rhmdeodlmerxaamgpnﬁ alayote ey et hani sns.
I'n Sazou etyal, égﬂelectrohyarodlmerlzatlon, of diethyl maleate has
been reported by Baizer et al, Jgnznal_g._;hg_zlg;;_g_
g:ghgm;gal_SQQ;ggx a4 (10}, 1024 1025 . (1967) In ac-
- cordance with the described procedures, the electroly-
~ ses were carried. out us;ng a catholyte of water and
.20 dlmethylformamlde in a d1v1ded electrolysis cell. The
reference further 1nd1cated that, all ocher conditions
being equal, more hydrodlmerlzatlon occurs in the
presence of tetraethylammenium ion than of sodium ion.
The electrolyses were carried out_for_three (3) hours,
25 generally resultiné'in aboot 50%'conversiohs, and
_spec;fled amounts of hydrodzmer, and other products.
Methanol has been employed as a solvent for the
study of reductlon mechanxsms. InTSazou et al, Col-
) ; . £ ¢ hos] 'l' chemical ¢ . . '
30 52, 2132-2141 (1957), cyclic voltammograms of dilute
methanol solutlons --'for example, 0. 0025 or 0.005
fmole/llter -~- of male;c ‘acid and fumaric acid with
. varlous supportlng electrolytes. employzng a hanging
| mercury electrode, are presented, and reduction mecha-
35 nisms discussed. The reference postuletee that the
~double bond reductioh,o§ the_oorresponging dimethyl




| ecti ons of Czechosl ovaki a Cheni cal Communi cati ons, 30 52, 2132-2141

(19p7), cyclic voltamogranms of dilute nmet hanol sol utions.-- for
exanpl'e, 0. O0Q&emas4s2 005 nmole/liter -- of maleic acid anBCT/ASRI0400
acid wth various supporting electrolytes, enploying a hanging
mercury el ectrode, are presented, and reduction necha- 35 nisns

di scussed. The reference postul ates that the doubl'e bond reduction
of the correspondi ng di net hyl WD 97/ 25452

PCT/ US97/ 00400 esters of

mal ei ¢ acid and f G#RFe%S RF MBLeiF safhdonrd fuma§?§paCld Occurs in one

El ect rohydi neri zatgwwp of dial kyl naleates is known in the art. In U S.

Patent No. 5,244,546, a i .C y
reductive coupl i ngE&Fc&%%&%%r?a eéa%fet}sg o yi e%jl)&fr aaf%éf'gg E‘
1, 2, 3, 4- but anet et eewioky | thesart n atnoPd8nc2akent No. Sbﬁé4pﬁdéess; t he
eIectrohydroménylﬁggééggl§ CQbtbefbeqd fogughgyegggtgquggga qggrégy3|s

medi um conprising“a 10 su stantlal concentration qof mal eat e

in a substamﬁQNF¥ﬂ%&h9ﬁr€h§ KykamBiteasrg 5os¥iss qﬁ}raa

electrolyte to el eptzoiy@tsutaneﬂeﬂﬁdcarﬂedyeheehrol ¥n accoﬁa%dée'v}ith'rhe
reaction reportedl s .of tetraalk

results I
1,2,3,4-butanetetﬁéﬂ%f%ﬁ???ﬁ?ESgRiSeleCtrghVﬂrﬁgﬁV FAZEEACES 15, SRFrded
~particularly in aout byosubjectingcaheeprcteedysd ssmediure compriisiaigase

'n he AP0 Apdienfeat EnfLREyGlohebE' LKE W AN maleadld 43P 9PCS:
represents a tTemendous econom c researc
efforts are contlrﬁnb$9a@éiﬁblzoanhﬁéﬁopé aékenelneandr #wwmm&@iﬂﬁbcesses

for preparing ei@a\e@aﬁyeédtéeéléeérawé%t S.n meudﬂdwivs@a/ dAfeddoly-
process of the instant vention, thereforfe, % eved to
constitute a deC|d%H5aﬁ%g%ce Thetpgaction reporte ly results in good

yields of tetraalkyl 1,2,3,4- butanetetracarboxylateé.
15 In hany instances, however, particularly in a
commercial scale process, a small percent increase in
the yield of the desired product, relative to known
processes, represents a tremendous economic advantage.
Accordingly, 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 electro-
lytic 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 advantages
35 of the instant invention will become apparent to those
skilled in the art from the accompanying description
and claims. '



el ectrohydrodi neri zation art. 25 : SUMMARY OF THE | NVENTI ON
The instant invention is directed to an electro- lytic

hydr odi preparative process for t et raal kyl
-butane?&%#g@%hggxylates. Accord- ingly, the prinaryégéyégﬁmgp t he
i nstant invention is 30 to provide an inproved el ectrohydrodi nerization
pr o- cess for the electrolytic hydrodinmeric coupling of di al kyl
mal eates in an al kanol -containing liquid elgc trolysis medi um

This and ot her objects, aspects, and advantages 35 of the instant

i nvention w ||l beconfheppboset cbjedtassare aclulevdd by thdgprsdeds ontt he

acconpanyi ng de3el i Alidihe invalMiShAUMEen conpr!BesfiBTiRRing o

above obj ects @ubsfEnwiaklyyankivdpeescbiqeid electrnéysngt mediument i on
whi ch conpri se%oaéaﬁﬁﬁ@ga ddialkyl Sﬁbféélﬂé' aéhyaﬁﬂaxéiogélhbgw d1ka-

eIectronS|s cong al k mal eat e, an al kanol - soluble

n
alka- 5 I:niﬁﬂﬂﬂtéﬂléﬁﬁ?ﬁﬁéﬁé gﬁ%?? GR¥UM  tetrafl uoroborate
m xed supporti r@:@mu@&w@ﬁ@e mxedeé@ﬂw@tyﬁgsaeceﬂo@yeet kel ysis cell

fitted th t d hi t hode ,t fect
el ect 1 ohydr odi PRSI TP Rt STRGTERRr AT ceehl “FBEERY) Hifhes
correspondi ng tetapduite/|arode 3and a’ graphiteneathodeatborffete.

The tetraal kyl ehebrkdhfult ool 2681 byt athe ~diealﬁcg?bingi9§q e! Bothe

process of the instant Invention can recovered By any of a
nunber of 1@onv&HElsh-the Forresperding | tereanlkrtobe?y3pfocedur es known in

t he art. ﬁaﬁaﬂatéﬁrgﬁﬁﬁbdxyfutgote are procedures de- scri bed

n nl n P. 24 whi.ch referen
Lerg?gn?ncgrng;?egdggestetggga&yl 1,2,3,4 g%taéiéﬁ%%acaéééxyf;éeg ce is

obtalned in the process of the instant invention can
" be readlly recovered by any of a number of convention-
15 al and well-known recovery procedures known in the
. art. Worthy of particular note are proéedures de-
; scribed'in=commonly assigned U.S. Patent No.
5,248,396, which reference is” herein incorporated by
‘' reference. - :
20 - ~DESCRIPTION OF THE PREFERRED EMBODIMENTS
' - BElectrolytic hydfodimericECOupling'of'dialkyl
maleates in alkanol solutions containing an alkanol-
‘soluble alkali metal alkoxide/gQuaternary ammonium
tetrafluoroborate mixed supporting electrolyte pro-

25 vides excellent selectivities to, and yields of,
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;.

30 " ing to the alkyl groups of the dialkyl maleate, and an
alkanocl-soluble alkali metal elkoxide/quaternary'ammo-

"nium tetrafluoroborate mixed supporting electrolyte
contained in an electrolysis cell fitted with a graph-
ite anode and a graphite cathode to cause hydrodimeric

35 coupling of the dialkyl maleate to yield the corre-
sponding tetraalkyl 1,2,3,4-butanetetracarboxylate.
The process generally involves use of ‘a liquid elec-




reference. 20 DESRI PTI ON OF THE PREFERRED EMBCDI MENTS

El ectrol ytic hydrodimeric coupling of dialkyl mal eat es i n al kanol
sol'utions cevgeimsesy an al kanol - sol ubl e al kali netal PCT/US97/00400
al koxi de/ quat er nary ammoni um tetrafl uoroborate m xed supporting

el ectrolyte pro- 25 vi des excellent selectivities to, and yields of,
tetraal kyl 1,2, 3, 4-butanetetracarboxylates. [In accor- dance _
therewith, an electric current is passed throggh - a substantially
anhydrous liquid electrolysis nmedium contai ning the dial kyl mal eate,

an al kanol_corr espgigs; s3heds LRI nadihle alerly Gupishariiidhecshebitta-

al eate, and an bl é aI kali nmetal al ko | de/ terna
amm-  niuntiepr of] G@S‘Fogéﬁi?‘é('ul L& FEASHRS el '?%F Faiely
contained in an gpgthakiails eertrfxbtaued:umrtdm:a:graqu electrcnly:sasode and

a graphite cathode to ausemgysugsgngw& %?n ur$ U@q Qg,,eofcglbleegg,g,l,gygg

mal eate to yiel d2PRe°®, St '
1, 2, 3, 4- but aBet eteacacldwnll at,e.,3,4- butmmw%m yTredetvesnuge of

a I|qU|d el ec-
PCT/ US97/ 00400 reaso\QQb%.y %‘ré%%%lon ‘time.. . 5. rol s rredl um

havi ng a very substantThe poecess raf the ingpant %HEeBF&PEyFaﬁa
react ant and UsecBBdB%'tréd/wnh 4RI i1 Rl rnpegergéfgpnt Bﬁtthcor

Cetran kol L 2, SPRASHARHL SORRARARICHS Froduabs A lerl ‘Peigshes e @
reagbL?gdt :Mitah df"?ffemnﬁf aﬂn@:le:gamfps heef it a-n::e:nvémetnnonah:aees
2823| der ati ons, 3ﬁley>it°ne di 3153331 %cﬁ‘?%eegéofo%ﬁvﬁ]meé er’n glrgf{;hgrgoﬁgs ot
the ester functi Gealé tdagson atcmse |agnee 1L ideady g?ckﬁ)stf%%g%k #BRBE al kyl
groups of 1 zk‘ie‘i'e(éaé.borirﬁtﬁ&tl%rﬁ, ikt i1 Y bdendted! GRaE! S2fike
there are two alkyl groups contained in the ester
15 functionalities of the dialkyl maleates, the alkyl
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-
20 out undue additional considerations.

Among the dialkyl maleates, dimethyl maleate is
the preferred reactant, and is used herein to exempli-
fy the process of the instant invention. However,
diethyl maleate, di-n-propyl maleate, diisopropyl

25 maleate, di-n-butyl (and isomers thereof) maleate, di-
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
30 to increase with increasing alkyl size, whether in the
ester or in the alkanol solvent, thereby making elec-
trical power usage less'.ef.ficient. A further disad-
- vantage of high molecular weight alkanols is that they
- tend to be solids at ambient temperatures, thereby
35 requiring elevated temperatufes_to provide a liquid
electrolysis medium. :



interest. In addition, it will be noted that since there are two al kyl
groups contained in the ester 15 functionalities of the dialkyl maleates,

the al kyl Qd,0UpPS can be the same or different. But, aga QP&'
practical“g%%glgerations, it is preferred that both Sg@hﬂl @Fmbroup
be the sanme. In such manner, the choi ce of a suitable al kanol solvent
Is resolved with- 20 out undue additional considerations. Anong

t he di al kyl mal eates, dimethyl naleate is the preferred reactant, and
is used herein to exenpli - fy the pro&%és of the instant invention.

However, . diethy, e..db-N-propyl .l eate, .di|sopropyl 25
-mal eate, di-n-butyl %#Eﬁ%%ﬁwmﬁégtﬂ%§%%$¥ ﬁ%?%%?%?ﬂﬁ?ii°wgn9ngﬁéntyl (and

i somers t her eohpmesl’ oft ¥aripusdialkylegrioups of( ahe iesmeer Surerienisl 1l eat e
are al so suit abk o] Ryt BE TR SS &0 | 1S invention. It
1 O acognisag s oPE, She, W1RUG HA1RAREEDT o0 eniplbyddl rbEe DT | O

i ncrease wit h-ARELGREER LRk jEOREFS OfhdhrePrefedi®ag alkydsiamouw. in the

al kanol - sopvenFort kxamplenaktand Gkomers theleb#al fRARNi%sATR 1 §SS |
efficient. A fgr%h L, ggsad- c .van%&qengf hhgh_nnlecular mekﬁg;balkanols
is that they °“Y-Yten§®f3IBRTES AAS™SE 1GnBRENE BZRNPEat(Qrder by 35
requi ri ng el evahedexprpesdyunemetonpbatyldé, ashchuiag isobuthact rsalaisis:

medi um 1/ 2 2 . _ . " rhe A i
PCT/USQ?/OO400¥EE?‘f afia ;er; butyl. Thus, the terpB_d1fn-butyl The term
"and i soners tkBREoiSOMEFEokRGePRd maleapgftedestignatiesudiamicputyloups of

the esterzpunchabeate,; diisbbue§10hatbardi ahk)&ke@’ibﬁ%gﬁsmhie%g@,‘?é%% herein
to de5|gn$te t he bsongrs 9 the preceding al kyl group. or
exanpl e, "and P$ohEFE PHEYEoPRLeAERrowing ™ di-n-° - butyl" designates

i someric butyl groupdkantdier. duittable ‘fdha:RXHEIN prodskH-Htitphd, such
as isobutyl, Sgfarant invention are those which contain an alkyl
- group corresponding to the alkyl group of the dialkyl
15 -maleate. " This requirement avoids the difficul:sy asso-
~ciated with ester interchange with the dialkyl
:maleates. For practical reasons,'hcwever,.as_with-the
dialkyl maleates, ohly alkanols wherein the alkyl
' group is a lower alkyl group, for example, alkyl -
20 groups of 1 to 6 carbon atoms, are likely to be of
: . significant interest. Exemplary of suitable alkanols
are methanol, -ethanocl, .1-propanol, 2-propanol  (isopro-
Pyl alcohol), l-butanol, 2-butanol (sec-butyl alco-
hol), 2-methyl-1l-propanol (isobutyl alcohol), 2-meth-
25 = yl-2-propancl (tert-butyl alcohol), 1-pentanol, 2-
- pentanol (sec-amyl alcohol), 3-pentanol, 3-methyl-1-
‘butanol, B-ﬁechyl-z-butanol, 2-methyl-2-butancl, 2,2-
.- dimethyl-l-propanol, and the like. Among these alco-
hols, methanol is generally preferred in that it (a)
30 has the highest dielectric constant of the simple
alcohols, (b) is the least expensive of the simple
- alcohols, (c) gives higher current efficiencies than
do the higher simple alcohols, (d) is a liquid at
- ambient temperatures and thereby readily provides a
35 liquid electrolysis medium, (f) facilitates the use of
dimethyl maleate as the dialkyl maleate of choice, and
(£} is relatively easily separated from the desired




butyl, and tert-butyl. Thus, the term "di-n-butyl (and i soners
thereof) mal eat e" deS|gnates di -n-butyl 10 numleate, diisobutyl naleate,

di - sec- but yhygoiesase, and di-tert-butyl naleate. PCT/HSH904005
suitable for use in the process of the i nstant invention are those
whi ch contain an al kyl group corresponding to the al kyl group of the
dial kyl 15 nmaleate. This requirenent avoids the difficulty asso-

ciated with ester interchange with the dialky._ mal eat es. For practi cal
reasons, however, as with the di al kyl nal edtes, only al kanol s wherein

the alkyl gfogt%cfam 234+ ag%?té%a@é@sakflaeék&o@ o 1 OUPS

of 1 to 6 carbon are |7%Kel I cant eredt
Exenpl ary of SU|ta&Q;amﬁGhKisi.2 3.%nbpﬁﬁ§¢ﬁ@@¢a6é¥hennlate1 propano

2- propanol (i sopro- Asp?Ee@ESQQQ )no%eauhﬁn@he %ﬁaﬁg%aﬂ dssxzéugyl
al co- hol), 2-meth pr opano | sobut aIc

yl 2-propanol (t erfRRASACY @hAMPOREIRN S I foy. tetr;abéxggﬁop ezéc- anyl
al cohol ), 3- peﬂtamﬂtaﬁbﬁﬁﬂfa&aﬂboxylatéwtﬁmmblvésnrtbyboﬁvénkabﬁ|to

Chose ol co UM £ F g bt TR AN R R OPER g s 8O RE, | ER; PR

has t he highest1MﬁﬂndsrutnlxﬁwtasnamfefﬁQCS1ngpermaneatcphebs a@gkenti s the
| east expensive of es h u
eff|C|en£|es thanfégniéﬁyg%ﬁéﬁuc tEbf B ﬁdaf ﬁgFg #9 Ehlg pﬁ?pgse,

er sinp

anbi ent tenperatuﬁ&?aﬁ*ﬂR#ﬁﬁ%ﬁﬁs?ﬁﬁdlF?‘ﬁ#@ﬁ?bﬁ% a3 bﬁQUld electroly5|s
medi um (f) ﬁﬁpl“Hﬁﬁéﬁ%ﬂé&té&&tﬁ&xylateﬂl§@f0¥b Gak?a&ela8ahhe1§|§bh§&-

ml eate of cholce and oo eeffdals £8'SLEELY SR RhLY 55021 hed  fron e
-7- tetraaHnd ﬁeébéhzténnhmmsetoaharbneyta&kkploéscbrs as inter-
mediates for the same product.
| while not desiring to be bound by the theory of
15 the instant inventioh, or'to limit the invention in
any way, it is believed that Reactions (1), (2), and
{3} show the reactions 1nvolved the reaction of di-
methyl maleate in methanol_to prepare tetramethyl
1L2,3,4-butanetetraca;boxylate being used for purposes
20 of illustration. h
(1) Cathode Reaction:

o] o]
n nw
'2CH;-0-C-CH=CH-C-0O-CH,; + 2e&  + 2H" -
25 .
o] o]
» 1]
ca,-o-c-cn-c‘n-c-o-cn,
|
30 | S - . CH,-0-C-CH CH-C-0-CH,
A ”" L1} )
0 e
- (2) Anode Reaction:
35 _ =
2CH,0H - 2e° - 2H" + CH,OCH,OH
i ' (3) Sum of Reactions (1) and (2):
40 o, o

2CH,-0-C-CH=CH-C-0-CH, + 2CH,0H -



t et ranet hy

1, 2, 3, 4- but anet et r acar boxyl at e. As previously noted

I n the Background of the I nvention, an inportant use for tetraal kyl
1,2,-3,4- ﬁ“ﬁﬁ@#& net et racar boxyl at es i nvol ves its conversian to

1,2,3,4-b

acarboxyllc acid, which, in turn, f|¢EEm§ﬂﬂ$ﬂpy as

an effectlve per manent press agent for polyester-cotton bl end fabrics.
For this purpose, the sinplest ester, tetramethyl 1,2,3,4- 10
but anet etracar boxyl ate, serves very wel |l and is gener - ally preferred.

As a result,

tetraal kyl

there will ordinarily be -Bo reason to choose ot her
esters as inter- medi ates for the sane pr oduct .

- Wil e not desiring to be bound by the theory = t e |nﬁtant I nventi on,
or tolimt the invention in any b d t hat Reactions
(1), (2), and (3) show the reactl Sl'égd%ht Efe r&&at T oRHACHPH

met hyl mal

1,2, 3, 4-butanet etracarboxyl ate bei ng use 3for,,p
i Iustratlon_
(2) Anode Reaction: 35 2CH err]

ate in nethanol to prepare te g

bp8§e§ O568: of

(1) Cathode Reacti on; _ o lerr]
Eii - 2Herr] +

CH err]OCH err]OH  MethoxymethahoBymtae Bﬁeshmeasr@&ta%* Troduce [€rr]
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at the anode, is the hemiacetal of formaldehyde The
presence of formaldehyde 1n the product mlxture has

been confirmed, but it may be formed by the dlsassocl-
ation of methoxymethanol ' Addltlonal p0351ble inter-

mediates include °"CH,OH and ‘CH,0H in the anode reac-

tion, and methanoi'from protons and methoxide ion
(employed as a component of the supportlng electro-

" lyte). Also, alkoxides, e. g, methoxide (CH,O" or
- MeO- ), can be produced from reaction of alkanol e.g.,
“CH,OH or MeOH, -at the cathode.

The presence of *CH,OH as a likely intermediate

‘at the anode presents the possibility for the addition

of such intermediate at the double bond of the dialkyl
maleate to cause production of“dndesiredlby-products,
thereby possibly causing considerable loss in selec-
tivity to the desired hydrodimer, tetraalkyl 1,2,3,4-
butanetetracarboxylate, particularly when an undivided
electrolysis cell is used. However, 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 desired hydrodimer,
are obtained in the preferred undivided electrolysis
cell. In fact, it is believed that the use of an
undivided electrolysis cell is advantageous, as it
permits protons generated at the anode to move very

freely throughouc the electrolys;s medium to protonate

alkoxide, e.g., methoxide, ions generated in conjunc-
tion with the hydrodimerization at the cathode, there-
by avoiding possible interfering reactions of the
alkoxide ions and polymerization.
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=8, ., [err] Met-hoxynet hanol , the presuned reactlon ﬁmﬁduct

10 at the woet2s452s the hem acetal of formal dehyde. The

formal dehyde in the product m xture has been confirmed, but |t may be

formed by the disassoci- ation of nethoxynethanol. Additional possible
.inter- medi ates include CH err]OH and CHerr]OH in the anode reac- 15
tion, and nethanol from protons and net hoxi de ion (enmpl oyed as a

conponent of the Supportxh“%c@o%ta&&e with Iaﬁ@) roé‘éé@ ofl KR¥i d@scadey.
met hoxi de (CHerr]O or VeQ) ro ucg FIgrom eacti n of
t

can
al kanol , e.g. 13VQ§H¥99]¥34Q§ REED g%ﬁ Prere gt e chro yticre
presence of [err] wid et Pratidn k’ﬁéayctﬂbﬁrﬁsdcarmed ouat etfrfearmnhaly

doubl 6 EOES%P‘??@% A0t 1Y B 4 °"#o==%%u§§£§ o STeER RS, "
by- products, s mdassckbyupdm heen disagveveadi 8 a&bltbel mhqyrmrecgf 25
tivity to the degijfe %ﬁ%mﬁﬁé5¥¥oixge3n accordance with

butanetetracarboxlfate part| en an_unhdi vi el ectrolysis
cell is used. Hovttsh@rIJJ'-":z‘Ja%$1s u‘hﬁie%h? egnstang, Hévﬁéﬁéi’ﬂoﬁeéé’ééfhétn OHIH - to

any significant anadaly hﬁéﬁbsééliléct@iv%iégt tb) hRd! ydeqds &Fl ttthe i .
good 30 selectivities ds of the de d_h d |ner are
obtained in the g# %ﬁ%ﬁ?éthAEﬁé+ eF%EF?Bibgi 14,3 In fact, it is
bel i eved tfﬁﬂotfmbuﬁﬁhéﬁefwacarbumﬂlatded electroly5|s ceII i s

advant ageous, as it N It will be apparent to those having ordinary
Sklll in the art that the alkanol-based electroly51s
medium must have sufficient conduct1v1ty to conduct
the required electric current. And although media of

15 less than ideal conductivity can be employed, it is
preferred from an economic viewpoint not to have too
high a teéistahce,.thereby avoiding substantial inef-
ficiencies in electric current usage. Having in mind
the desire to_minimi;e inefficiencies in electric

20 = usage, the conductivity of the electrolysis medium is
enhanced by the addition of suitable supporting elec-
trolytes, e.g. ,_electrolyte salts having sufficiently
high dlscharge potentlals, to the alkanol-based elec-
;roly51s medium. o '

25 The term "supporting electrolyte" is employeo
herein to mean an electrolyte capable of carrying
electric current but not discharging under electroly-
'sis conditions. It will be recognized, however, that
discharge potentials will vary with eIeccrode materi-

30 als and their surface conditions and various materials
in the electrolysis medium. _

The term "salt" is employed in its generally
recognized sense to mean a compound composed of a
. cation and an anion, e.g,; the reaction product of an

35 acid and a base. _

An alkanol- soluble mixed supporting electrolyte
is employed in the process of the instant invention to




permts protons generated at the anode to nove very 35 freely throughout
the electrolysis nediumto protonate al koxi de, e.g., nethoxide, ions

generated Lync- tion with the hydrodinerization ode,
wQgiis Sy

t her e- I di ng possible interfering reactions of the xi de

i ons and pol ynerizati on. WO 97/ 25452

PCT/ US97/ 00400 . -9- In
accordance with the process of the |nstant10- i nvention it has been:

di scovered that electrolytic hydrodi neri zation reaction is carried out

effectively enhandeethecrendhgtiwihyaofi xbe emepnrblpglsl metidalyte. 5
-Indeed, it hasipeg cskaaﬁxsr%@tgheﬁetgfeﬁéﬂt0%9§§és8f the m&?g?ntxed

supporting electro yte I n accordance f oCeSs.0of The instant

i nvention resufBRPPHRLEAExelectrobK¥te caPYPEiges sancalkaliivetad, and yiel ds
of, the dgskordabydnada nQﬁa:éthf\ﬁl kﬁt\oﬁlam%étréﬁluoroborac
butanetetr arent to those ﬁaV|ng

ordi nary lgcargﬁ ?f#ﬂlfh@eﬁ?} ?hﬁ?xf%%y%?iﬁﬁgFgggs%ﬂm%PEEwroIyS|s

“medi um nust hanetsafluorehoraOednollratyotnscb@dweén about hg. sggutped

electiic curr epbous 8ol LheHop B8 2aplolde algse |hempl sl peonduct v ty

can be enploye eferred Troman econo F® not to

have t oo ﬁﬁeﬁ reS|stance thereby avoi di ng substantial inef-

ficiencies in eIectrlgméngrgﬁg A6 ﬁéﬁajuhlﬂb%? Jgﬁéksire to
.mnimze '$eff|0|en0|es f Sle tric 20 i%g e COﬂéZCtIVI of the

el ectrol y? e 1R e sinclude ({ItRLMy, SOEEIB POFAHS M g F bR BUBuppOr t i ng

el ec- troewmeeeséug,,wethcliﬁhymm,ssédﬁuhavaﬂ@ pa&issi@mtﬁa;n hi gh

The torm " cuppbr i reratectis SpdfR adfertl & Being pokt el >

el ectrol yte Caﬁg&ﬂ@bt@ gbkoyiég anions include those containing
lower alkyl groups, for example, alkyl groups of 1-5
15 .carbon atoms. Exemplary of thé alkoxide anions are
- methoxide, ethoxide, n- -propoxide, 1sopropox1de, n-
butoxide (and isomers thereof), n-pentoxide (and iso-
mers thereof), and n-hexoxide (and isomers thereof) .
As a prac;iéal'ﬁefte' "however, it is preferred to
- 20 'employ an alkoxide anion whlch corresponds to the
alkanol solvent. ' -
In the manner noted in connectlon with the term
*and isomers thereof" followzng the names of various
alkyl groups of the ester functionalities of the
25 'dialkyl maleates, the term "and isomers thereof" fol-
) lowing the names :zf various alkoxide anions'of the
alkali metal alkoxide supportlng electrolyte is em-
ployed herein to des;gnate the isomers of the preced-
'ing alkoxide anion. For example, "and isomers there-
30 - of" following "n-butoxide" de51gnates isomeric
butoxide anions (other ‘than the expressly named n-
butoxide) , such as isobutoxide, sec- butoxlde, and
teru-butoxlde Thus, the term "n-butoxide (and iso-
mers thereof)" ‘designates n- butox1de, 1sobutoxlde,
35 sec-butoxide, and tert-butoxide. '
' Non-limiting examples-of suitable quaternary
ammonium cations of the quateérnary ammonium
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electric current but not discharging under electroly- sis conditions.
Ft will be recognized, however, that di scharge potentiats will var
with electrogponsssszi- 30 als and their surface conditi onsPERHYSYARL, s
materi al s in the electrolysis nedium The term"salt" is
enployed in its generally recogni zed sense to mean a conpound
conposed of a cation and an anion, e.g., the reaction product of an
35 acid and a base. An al kanol =5bt ubl e ni xed supporting

el ectrolyte is enployed in the process of the instant invention to
WO 97/25%52 tetraé?%oroborates iéélugg.the t¢ﬁﬁ§§§5¥+6@ggﬁlum

- 10- enhane@tiithe,onsllig! j idtrarfiet ingl shmohiwhy st ez raetbylammonikn
accordance with the present_ proce . xe, . ' ' Lectrol yte
conpri ses an aIk&M'rﬁﬁ%ﬁa'n’pr%RiEEW%éﬁgﬁ%'agﬁﬁﬁ?%?%§?§ﬁg%%§ﬁ?§%§&'

t et raf | uor obor at eetxa-n-etyl ampmoninmal tet kaksoby HYlaBRARE PUBIMBRT M-

tefrafl uor obqr at - | b€yé ivél her about gB@l ., with
a nol ratio of a%ﬁggiéqg*éh¢éFé§%ﬁ@q£?& errghﬁ ’ erocy Anong t he
al kali netal al k@ikiSArElAMRORTUM CAtE@BEon8-Fnel ude |ithium sodi.um

potassi um 1 ubi dighEny] ¢ ri SOy TATHA UM &Hd| £REI Vilke $OMiUH) thed potassium
bei ng prefefred,” and so |un1$enerall beinﬁ nost pre erred.
Sui t abl e al koxi d&ehFamskY FRTBIR IR SREL01E PRIHG FeneTaipX, PEPESFT§ oups,
for exanple, alkyn gisapstiné Gqustdinarygaamonitmnsetr&fduprabprateshe

al koxi de ani.gns are ... 0Xj . XL d8, Q- kde, LS (0] i~de, n-
but oxi de (ark? i s&%@?’sb%'fne%{’#) ,56%-9%%?{%% %gié‘éﬁﬁa{’gg?ﬁ% thoPHe %g)rélacgf ),
and n- hexoxi.de (ambiysisrwedhencand are dififiquprdyt redrCRBtter, however,

it is preferred to 20 ﬁ{@léyr@n.@dmggrﬁrgﬂﬁbm,gh coremppepda ia the
al kanol -sol vent its_generally'recognized sense to mean a cation having
four organic groups substituted on the nitrogen.
15 In accordance with the process of the instant
invention, the electrolysis is carried out over a
broad rénge of electrolysis.conditions,_including a
wide range of strengths of applied electric currents
and current densities at the electrodes. The process
20 .is operable at very low current densities, such as
less than S5 milliamperes per square centimeter (mA/cm?®)
to more than 100 or 200 mA/cm’. In general, it will be
recognized that high current densities are advanta-
geously employed in order to maximize electrolysis
25 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
turn, add to costs. Preferred current densities will
30 ' generally be in the range of from about 15 mA/cm® to
- . about 50 mA/cm®, with current densities of from about
| 20_m§/cnﬁ to about 25 mA/cm? being most preferred.
The process of the instant invention can be
carried out over a broad range of concentrations for
35 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-




In the manner noted in connection with the term "and isoners thereof”

follow ng the nanes of various al kyl groups of the ester

functlonak%$bﬁﬁugg t he 25 di al kyl nal eates, the term"and i somer s

t her eof " | ow ng the nanes of various al koxi de ani ;

al kali metal al koxi de supporting electrolyte is em pl oyed herein to

designate.the i somers of the preced- . i ng al koxi de ani on. For exanpl e,
"and isoners there- 30 of" follow ng " n- kut oxi de” designates isoneric
but oxi de ani ons (ot her than the expressly naned n- but oxi de), such as

i sobut oxi de, seg- Bet ehedeaaansh malefa%t tedd A8k Ul“buq t{}?e teerec-

- "n-but oxi de (an hereof )" deS|gnates n-
i sobut oxi de, (35r°i¥§&sbﬁF8}PB éﬁdlﬁeFFQQﬂﬂ%EQQa however, thatnﬁherntlng

exanpl es of suelebt21qaatreeaeyance amnﬂmalemeﬁﬂaAmyeiﬁ it éﬁﬁ?‘
amoni um 71 0040

48%yi:h i PCI/US9
tetrafluorobora%mé |nc? hB %efra5FQ§ﬁéﬁﬁﬂﬁ%ﬂﬁrat1°Q§ﬂ9§nﬁ9”&?g
tetranethy$ann%ﬁm9ﬁ]CP@PF&BFﬁyFanﬁbﬂ|electrodw&1ﬁeanhnmnromyh&ﬂnonlum

Letral sopropy! agaBehtFacions bE! BRalihd! Haa Wil W, n“itﬁrs% TR ANt uum
tetra- 5 terj-butyla nlu _and_the |Ik eteroc ic and:

aIkyIaryIannnn?ﬁﬁ?Xa £488L EOg more thag,sQ¥ IbN’@ﬁmﬂhﬁﬂﬂnﬂlﬂuxnablduaI i ke,

with the amaraehkytamnigm BalleeRivheiies &%ﬂeraﬁd d ¥ l@ﬁseg{ﬁd in

“th th t etr-af.l uor obor.at e

tso?fjbl I |6t 3ugn§£%%:%%%¥¥m ﬁqtgyﬁi% %ﬁ@eﬁﬁgcpr°d“°tt r(§le§§‘a§1|’Fé’d>| dmarid 4ar e
difficul t19 rceMmametetracarboxylahe.t ePrefeuaed anrentraitiishs ict enpl oyed
in its gqmgﬁﬁ*y &gfgggéze °§80?§ tgrge?go% %%u rlhaylnng&éﬁbfour

organic groups su Ituted on 't e wth
t he process of by weight 5@ about 40% by weight of the electrolysis

medium. Concentrations in the same range of the re-
suitant hydrodimeric product (upon completion of the
15 elec:rolytlc hydrodxmer:.c coupl:mg reac"z.on) also are
su*table and preferred ' '
. '~ The concentration of the'’ mixed supporting elec-
trolyte is not n a*rowly critical and can vary to a
'subetantial'aegree Usua’ly. however, it is unneces-
20 sary to have more than diiute ‘concentrations for con-
ductivity. Higher concentrations will improve conduc-
tivity, but suoporting*eiectrolytes of the type suit-
able for use in the process of the instant invention,
' in general, are not very soluble in alkanols of the
25 type suitable for use in the process of ‘the instant
- invention. And there is no advantage in employlng
amounts of supporting electrolytes in excess of their
"solublllty in the alkanol of choice. ‘Suitable concen-
trations of the mixed supporting electrolyte will
3¢ - often be in the range of from about 0.5% by weight to
'~ about 5% by weight of the electrolys;s med;um, prefer-
ably from about 1.0% by weight to about 3 5% by
weight, all at the prevzously noted alkall metal
alkoxide/quaternary ammonium tetrafluoroborate mol
35 ratio of from about 0.5/1 to about 5/1. |
The ‘indicated concentration ranges for the
dialkyl maleate reactant are, in general, initial




I nvention, the electrolysis is carried out over a broad range of

el ectrolysis conditions, including a wi de range of strengths of

appl i ed el eWOPH2H82 rent s and current densities at the eFETUSSYRUOO o
process 20 Is operable at very |low current densities, such as | ess
than 5 m|lianperes per square centineter (MY cnR) to nore than 100 or.
200 mMcnferr]. In general, it will be -1ecogni zed that high current
densities are advanta- geously enpl oyed in order to maxim ze -

el ectrolysis 25 coﬁeéht%thbﬁatlaa thét cblmtesﬁm:tmfe wirml/vemeancéhuav-
factor favoring gh curri E nust gﬁ&- nced agalnst t he
fesul tant hi gh eF-E t FBRy & §CE€P ysis® p\?&cteffe cl"l'és"f’s]t]ar%% Sha-heabe

generation whlchconaucted Bera, baddhtwaamﬂxnnJWuﬁearsnrxnsreﬁtbden8|t|es

will 30 general L

about 50 mA/ cn?, ﬁggt‘rgl’ ?th gﬁ ggafro %&A‘/fﬁ%é%g%ferﬁ to
about 25 mA Bni esnphbbanghrrsgscpmnélsﬁe@nd can be cond%ﬁﬁoé@sg gfnthe
instant inventiogy ﬁgBuQemode carried out over a broad range of
concentrations for he conponents .of the el ectrolysis nedlun1 The
con- centration of ERBLHR PR?ImRQFe e OPEA LI SR Invekye

narrowmy criticakechtcudakiibnt ed anifldwiddelsdutblyte streabOrwash52
PCT/ US97/ 00400 t he

di al kyl mal eate FRet RASSEESASE of i ffk CoRSEnuUOUS qx ’?“ztemlt%e‘t‘é gLV‘t i s
recogni zed, 1nomeménpgtbétthhestreameMQnrpnnﬂucmnxemqwmb of At hehe same

clectrolysis Mdiiflel Cofe electid1yiaeanf il marp%éaéwaeﬁeéﬁeabr ations

of conpo- nen contalne he el ect si's ned um
concentratlons oreahsnnfmlﬂﬁlé&@éQQQ§ﬂQQﬂEPQ¢ﬂ§$eﬁﬁﬁﬁlnuous§¥6°5y1%6|ght

to nore than 50%Rymiei: Qhkl§rea%wd§3¥dbr1a;eE”Ebrﬁéiﬁiaiﬁ th@hdesired
selectivities to, and | dS of , the deS|red hydrodlnerlc pr oduct ,
tetraal kyl 1,2, 3cgncen ratriong of suﬁh components
15 The electrolysis reaction will ordlnar11y be
conducted at fairly high conversions, e.g., greater
<han 75% conversion of the dialkyl maleate because
seiectivity to the desired hydrodimeric product is
very good at high'conversions. In addition, high
2C conversions avoid unnecessary steps, handling, and
expense in separating unreacted dialkyl maleate from
the hydrodimeric product for recycle. In a preferred
embodiment, the electrolysis is conducted at a dialkyl
maleate conversion of about 90% conversion or higher.
25 It has been found, however, that continued electroly-
sis with little cr no dialkyl maleate being present in
the electrolysis medium results in increased electrode
‘degradation. ' ' _
It will be noted that undesired side reactions
30 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)j. The extent of the occur-
rence of this reaction, in general, is dependenz upon
35 the time of exposure of the dialkyl maleate reactant
tc the components of the electrolysis medium or reac-
tion system. As such, it may be desirable tc conduc:t
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10 butanetetracarboxylate. Preferred concentrations of di al kyl

mal eate, however, are fromat |east about 15% by weight to about 40%
by wei ght |l ectrol ysis medi um  Concentrations pgefptidy@/0840C
rgnge gf Pﬁé’?%§$? sul tant hydrodi neric product (upon co ,?etlon of the
15 el ectrolytic hydrodimeric coupling reaction) also are sui tabl e
and preferred. The concentrati.ggof the m xed supporting el ec-
trolyte is not narrowWy critical and can vary to a substanti al degree.

Usual Iy, howevehe idldctrslyatesas2@ sedes tcff Rt HIOF e d 41 £ |J|i':|§‘e:_~
Conaearrattons s Yeistivery 1iaiig d1AICH SR Yomnsrazion” °°
able for use |ﬁn@h@ qetiddess off add ticnadntdiiaddeylt inmleate in nsysseral , are
not very sol ublgent %éﬁ%’?@_ UsS i HE seried. ypﬁlhns‘édép' & Jeozfdlé‘ée in the

process of the I nst ant . inventriaon. ere1s no a vantage in
- enpl oying bév’fﬁ&i‘nf? Gt ion$yothien glaateaa.tafym ich therede dfakdrito
solubility in hhghdeNVﬂrsﬂbn:@wua& toS ﬁuamdQ @@@Eygtlop taatd s of the

m xed supporti I r te Wl n the range (ﬁQTron1about
0. 5% by wei ght Qggg oRe 36% Eﬂ‘ﬁ‘ gf "'Lal}& AN GIRART < ¥RRiidsn
pref er - . abbyurseomaledletc:roaysms weulghwnu@hatiwua%gea%d@r icu- weight,

et raf uor obor Ae Rol'i38 FesRefd So'Budicerpds, BSIArS iR e

t et raf | uor obor af
The i ndi c&Ped &EnE8AL RECHMBE PinFaserdrlt in. the reéiamitiiyin maisyatme arehct ant

are, in generakialRili daleate ré@cPan22453ci11 another approackh is
PCT/ US97/ 00400 concentratlons

as the concent F8t BBRIRY P Eﬁ&ﬁg@nﬁuﬁtlrredlﬁ@nﬁh€QQq§€brdF§§‘s'ﬁKHbess
whi ch will geneiabbusbéeed amdndisthdrge eheaeclhecdilalRyl @laidac i es of

bat ch feaCEbREéanELQBHQEstRslBEgiﬁéﬁ igwngo=dlmfﬂT%hO@dé A%eml-
315 cal driving force for the undesired competing chemical
. side reaction. : ,. :
The control  of reac*lon time can be expressed
in terms of ele-.r;cal:current:supply, The conversion
_ ;of a particular amount of dialkyl maleate reactant
20 regquires a corresponding number of_ampere-hdurs (A-hr)
o< current, and the time to accumulate a requisite
- number. of A-hr in an eleq;fplysis:can_bg.varied by
changing the current and/or the number or size of the
electrolysis cell(s). With the foregoing in mind, it
25 will be apparent to one having ordinary skill ir the
art that if the same electric current is involved, a
multiple-cell, e.g., 16-cell, aggregate will accumu-
late A-hr at a rate equivalent to a corresponding
multiple of a lesser cell aggregate. For example, a
- 30 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 gfeater the number of
. electrolysis cells contained in the multiple-cell
~-aggregate, the higher will be the voltage required to
35_._atta1n equivalent current.
The parulcular type of electrolysxs cell em-
pPloyed in the process of the instant invention is not




5 such batch reaction(s) and can be conducted in a con-

ti nuous node.

A conti nuous node of operation can involve recirculation of a flow ng
el ect'r ol yt e veo 9B2845Det ween the el ectrodes, with conti nuouBCHUSI/00400
intermttent sam 10 pling of the streamfor product renoval. At the sane

time, the electrolysis nedium can be augnmented_ by

repl eni shi ng

depl et ed conponents continuously or in- = ermttently, as appropriate,
to maintain the des oy o =Tai o ég% &f1 puehn goents¢ 15
The eIectronS|s reactlon\M?{ ordlmﬁﬁ* congﬁgteg at fairly high

conversions, e. @lagg gpnryainer 1!41‘6&?’9?B%&Wé?%?%naBPdFﬁeaBPaFﬁyP ISeat e
because Se'é&lrié/éié/d t@o tilesdl8§¢é esif hyiirecit n@léetﬁﬁ.admcbuﬁen" very

good at high co erS|ons
unnecessary stegﬁ‘
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I ncr eased electrode dat.i.on

be noted t hat

undesired si de MERIVHALS %ge Jo’écﬂ°we¢di’a%§(aﬁﬁ?e(q"?)hH§rl§ééﬁlf ound
that thereip dFectfod@s! (Cgruddei and shode) emtaOﬁeMrehlﬁFQeLgces

di net hyl 2- netho succin

UCCInate

(MeCDVB)]. The YT T %’&Lﬁppaxge‘“?’é‘hc%i%?"fh?é SR8 rPiENes pf
general, is depemhar&le,qmmlaﬁs:sstrtmiimmet@fbexqaﬁﬁecmuélyhsubnalclqalc el eat e
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pCT/U597/00400 having oreferrea closely-spaced elggtrode surfaces.

13 Electrolysis cells for large scale production
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are contemplated as using at least 5 A, and oftentimes
1C cr more A. Taking into consideration the amperage
and number of eiectrolysis celis employed, the instant
process will ordinarily use current and dialkyl male-
ate amounts such that nc more than 100 grams (g} of
dialkyl maleate are present per cell-A, and preferably
less than 50 g, or possibly even less than 25 g.

The term "cell-ampere” (cell-A) is employed
herein to mean the number of cells x amperes, and is
eguivalent to ampere-hours per hour [(A-hr)/hr].

The electrolytic process of the instant inven-
tion is effected using graphite (plate, felt, rods,
fibers, and the like) electrodes, i.e., both cathode
and anode, with graphite plate and felt being particu-
iarly 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
the dialkyl maleate reactant, as well as high
selectivities tc, and high yields of, the desired
hydrodimeric coupled product, tetraalkyl 1,2,3,4-
butanetetracarboxylate. Moreover, graphite is much




the electrolysis as a series of batch reactions, with arelatively |ow
initial dialkyl mal eate concentration and addition of additional

di al kyl n%l.eate_jn subse- guent batches of the series. {,:g 9&’3
series of wégt’%ﬁ{sgh reactions, the last batch could then be® 42’3#7 60

hi gh conversion prior to product separation. Another approach to
mnimzing dialkyl mal eate contact tine is to use an el ectrolysis cell

which is large, particu- larly with reggect to electrode surface area,
conpared 10 to the anpbunt of material in the reaction system and

di al kyl mal eat e g £8Ccéapens el thanomaey rPedkhown and commRMRhOYised
"constant stirred tank reactor w gh a COS‘E . ti.nuous feed aa,delaél scharge
where the di al BAeRRFedEemateriplg.fuch a5, PLAtIRUR 2Fn &Y & ni sh
the chem - 15 cadhidmni elegtirodee had tilte doede siote ciddd eavynthecdn acal

side reaction. tlEe.etitrolTQ?sc&Qﬁﬁ%! %’;1 r%g:tzjo%tlog_.rre can be expressed

in ternms of elecCtrical current supply. The. conversion of a particular
anount of d#alkyl mal e tempenatuye asqwhieb theopPrespssdprfgthenmber of
anpere-hours (Afdgdant in9bn€4bheil cAmducRed LEe it JTHMIY @A diequisite
nunber of A-hr 1n an electrolysis can be vari %g by _ngan ing the
current and/ or §¥k- nuHBWRVEF  sPEeMY bfe desirablertp@ys) QeSHLVEeN t h

the foregoing iXynhibgh bk 8levatied tlempappatusels it ahathdvicreaded nary
skill in the ar hat _if . S [ L rrent js.inhval ved, a
~mul tiple-cell, _%’:’%&‘,’&E%?gef’r, “§§§F Se_‘gjagﬁpé%v\n?ﬁ &)g'%g&%}s ma;) i'legtu\é%A- hr at a
rate equi Vi entAlsoa &ormaypbadidegirablemtio iayicd dofeleviagede t epgieira-
aggregate. For ¢ 'spena-a%%a%?a@elalnégme,gfét.g.V,w etdamyIul ale A-hr at a
rate twce ~ that of an eight (8)-cell aggregate.. At the sane _
time, it is recypto¥adt gt at REIYEEE & the SdesEradysis megigdm ddl ysis
celI's contai nedoidetheonuivbifll 2osel bf suchig@tegddlsls.! Radiv@iaous | | be the
vol t age required tf-35 attain_equival %ntf- current . r c 'e[Lhe
particul ar typecP+EPECPFBPFsFERER UaRS toF e PYRBETe préfeddDr the

i nstant i M&ntitm asbheht temperatures is generally'sufficient, but,
. if desired, ‘temperatures down to 0 °C or lower can be
~-employed so long as the desired hydrodimeric coupling
reaction occurs with reasonable efficiency. ' For con-
venience, temperatures in the range from about 0 °C to
20 - a temperature not to eéxceed the boiling point of the
alkanol employed as the solvent in the electrolysis
medium. For example, when methanol is the alkancl of
' choice, a convenient maximum temperature is about 60
°c. 'In-genetal, however, temperatures of from about 15
25 °C to about 50 °C-are preferred, with temperatures of
" £rom about 20 °C toc about 40 °C being most preferred.
The process of the instant invention can be
conducted at’ atmospheric: pressure, superatmospheric
pressures, and subatmospheric pressures. However, for
30 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
carried out effectively and efficiently with: an
as alkanol, e.g., methancl, as the only material employed
as carrier for the dialkyl maleate reactant and mixed
supporting electrolyte. Ordinary industrial grades of
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-“15- . critical. The electrolysis cell can consist of a | ass
cont ai ner hANQ 8% or nore anodes and cat hodes connect BETUSIFH00480r ce
of direct electrical current. The el ectrolysis cell also can consi st
of the two 5 el ectrodes separated by an insyl,ator such as .a rubber

or ot her non-conducting gasket or spacer. |In such an eIectronS|s
cell, whichis c dgsc a ipﬁf -

el ectrolysis celqnm?ﬁifg%%%%rg é?gﬁée ahééﬁli?ﬁ S preferab I%ﬁéﬁ past
the (two) parall efrq@. aEPeEFFBdEBlEéHf’-ﬁoéé’rah’GeanodTB)a‘quF ane‘&?‘F%ul ating
system Such an Ses napt fabinoaentaegewi%um @fcmosphé:he wiBLthetysi s
medi umto be effectéyel¥ fubgecte% %é a relati er
smal | el ectrol ysiQrEERRTILY DRLFH glﬁﬁEPérFéh ﬁﬁ@% %IE%??

surfaces. 155 For é&ambleLyBDQOcphkssfperiau@drﬂnﬂépgmbdmttwmne* in are

contenpl at ed as u f&cL$§$§s sAmeggqu%ggﬁﬁ%ﬁ§¥%ﬁ}bl Of éf ?DolySIS

Taking into consi era ron T
cells enployed tﬂeernsthntPresen9909§39°maIthanmqnﬂ¢¢§'Q%GW%U¢¥eleénd

di al kyl mal e- r@f@réﬁ@?”hé §U§Edbhata@oé@EHESfBHhﬂi"béEéEﬁt ?é
di al kyl naleate é? resen | -A, .and preferably | ess Than 50 g,
or possibly even V%%%rtﬂéﬁ EBuﬁe a decline 1¥h@%ﬂﬁqﬁlv¥ﬁﬂd -3nshcklae
(cell-A) is gpl oyeélsence BEr Rbket @hERIN sl Berweiigoe) | 6F Xwatreer s:s, and

s 25 equivalent to anﬁere hou
o

per A-
el ectrol ytic proctssY nFﬁglFﬁé?S I% gﬁ e éitﬂ°r€?¥¥%ﬁ?%c?%ﬂ Bglng
graphite (plate, émployeddslong wzthb&hs adkarndle |pae)icibarlpdeschi.
bot h cat hode ode; a %&ﬁm%m@ | t pa ﬁGU- 30
larly advantageouég?gt§? %&}yﬁh&% ﬁgsgﬁgk%qyl éé:H%£§%@€§S|éEcel
configurations. ARRSLE€feondFeRADART e, angy 84 XFTEF frheyeef i zeltf#®m t he

use of graphige agored, hBeeobeG! tades tchfe @%@ F Id@é&ﬁkﬂg@eﬁ@ysnyons
of the dial kyl, Ieat actan || h 35 el ectivities
fo. and high yi el Wsthrnot,Beqderigable’” alfho @i Tare qUpY Joe hodbets-
tetraal kyl 1,2, 3,2Zar c;rcbmsaaatebrahathoxﬂbﬁhilﬂﬂyennnn;hgwaﬁhtterés much
would make the use of co-solvents worthwhile and
advantageous. '
20 Upon completion of the electrolysis, the
tetraalkyl 1,2,3,4-butanetetracarboxylate product is
present in solution in the electrolysis medium, e.g.,
a concentration of about 25% by weight. Recovery
the tetraalkyl 1,2,3, 4-butanetetracarboxylate from
he electrolysis medium is effected by cooling the
resultant reaction mixture to induce as complete crys-
tallization as possible of the tetraalkyl 1,2,3,4-
butanetetracarboxylate product, followed by separation
by techniques well known in the art, e.g., filtration,
30 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
about 0 °C and -10 °C. The precipitated crystals are

35 - separated from the supernatant liguid by filtration,
washed, preferably with the alkanocl of choice employed
as the solvent for the electrolysis medium, and dried.

N
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- 16- : | ess expensive than many ot her known and comonly used

el ectrode _patecial s, such as platinumor even | ead or - '

el ectrode‘!@hég does not add heavy netals to t he ellégﬁr@g?wgo medi um
via corrosion. = 5 The tenperature at which the process of the

I nstant invention is conducted is not narrowWy criti- cal . However, it
may be desirable to avoid excessive- -bg-hi gh or elevated tenperatures-
in that increased production of undesirable by-products may result. 10

Also, it may bRedeystalllldzagionci dfeBesired.t capebe- effectied dsramhen a
volatile alkangl;egrie sBVERR0 e b3, che SAROWIRaBRIA G0 N {he

el ectrolysis mediumin er fo avold |oss of  such materials, and
vari ous cool i ng WBBnSePaRAbionsed Fhe FRFZaplkydse:2edefing 15 to
anbi ent tenper gl ¢hestiet raRaebaklyY atel brodaet, fdm the relsudesin=ed,
t enperatures down tq 0O hﬁr%%g orfkomgn cgn be ean?¥Fd so, lang as the
desired hy@r odFRECEECoMINGe SLIPEAAVESY SEPFFETRS: P B ®
efficiency. Fgromoresidualediiadky]l madpatat wreastiantt hmd amgeesfineilaout 0
[err]Cto 20 ,a ratur ot eyee |1 i of, t he
EH'%?Q%?éyg %.@.,.hgféﬁ§§ %@c%ﬁﬁﬁgggahﬁgdﬂ%é Il

al kanol enpl oy € Sdl vent “i n e“el ectro um® For
exanpl e, when mdkiexysudcsnate:al kanol of - - choi ce, a conveni ent nmaxi num

tenperature i s about1§0yi11 béCipparehd EENGiGke LOYEYEA. ihCFRET Akures of
fromabout 15 25 [err]C to ahout 5 _&er%Lg ar referrqd, with
t enper at uds ofhat SLPFGhﬁgﬁbGFszﬁe%e erEagdkYhodr 246 /f6rr] C bei ng nost
preferred.  putanerecHaarbesgiacel iche testraestienyeriti eancase be
cubat mosphor | o TROEaRAc T INATELY SRS, 33 PusRidaakien, BASSRRUEF 800 o
of econony andpcemstreuche correispondfingqdi@n8nt - butanetetaaaardP%o conduct
the | NS aQh R QAP il A0 X IR ERhaRe RS AU NS Y e -
The process of “the instant invention Can be .
15 - scribed and claimed in commonly assigned U.S. Patent
No. 5,298,653, which reference, as previously noted,
is hereih.incorporated by reference.
The following specific examples illustrating the
best currently-known mode of practicing the instant
20  invention are described in detail in order to facili-
tate a clear understanding of the invention. It
should be understood, however, that the detailed expo-
sitions of the application of the invention, while
‘indicating preferred embodiments, are given by way of
25 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-
tailed description. S
30 ' L - - EXAMPLE 1 _

Electrolyses were conducted in a sandwich-type
undivided electrolysis flow cell of parallel plate
design fitted with graphite plate electrodes, both
cathode and anode, having a surface area for each

35 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 1.5




carried out effectively and efficiently with an 35 al kanol , e.g.,

met hangl ,- as the onl¥ mat eri al enpl oyed as carrier for the dial kyl

mal eate react¥AOVZ m xed supporting el ectrolyte. O di naPETIUSST/B408 al
gr ades of - - WD 97/ 25452

PCT/ US97/ 00400 . 21917 t he al kanol of
choi ce which are substantially water- free, are very suitable for use.

Traces of water cm? &kﬁﬂsupéw%@@n&astapspkbxs.hatéwosph@zema-lI not

ordinarily be suffi CI ent t dver sel ffect For,.exa Ie 2000
parts per nilliont€h SPddmds:; g-5 Te eﬁ{éeaosﬁ &S/sﬁﬁs] medl
negl-i gi bl e effecttrumwsm celévaa,s changpotedico @ cireuldting rmogs mmﬁa

vater wil | p?é%:ﬁ@k:& Q'Iégu dacdd Tetl.R S n‘xaﬁf‘{feri‘éé‘gf— %?%u:

wat er can cause a de€line In se Vity Fesence
t han, say 5% By wéPgh¢, oFfhentkilled resewwruwaeschab'ged wift hdgdier ed,

co-sol vents can DeessreacERlotad dlons Wiario ddsnnle R CUharhy-such

aprotic solvents a I met Ryl f or mam de, _di net hyI sul f -
acetonitrile, andPRixt@P&s W@Pé’&f‘-ngl elestrolyif ed, T%mlt%ats%@- use
of co-solvents gegeoal Wis ch:.lWIe|d| reoabeutdes rgbhad subhedgled hey 1@ be

particu- | ar _citcunsta s wher al.ubi i o ot h factor

woul d make the usé‘8§yfd‘s ﬁt PARS- A% q’ﬁ% ?((}\)'Eﬁ "(SJ%E 20
Upon conpl et ion ofintihéadl @6t POl ysThe réasults andt paarlahlyelters are tabulat-

1, 2, 3, 4- but anet et Eécﬂ-\b%ﬂl@t‘i pr oduct IS present in solution in the
eI ectrol ysis nmedium e. a concentration of about 25% by wei ght .
Recovery of the tetFﬁaTrﬂW»eP the. formudes: prca@bPrgvias ifonsm 25 the

el ectrolysis nedi gmpisyetf, e%&%‘én‘@Ya@@Jt'H&vh@% speci e | aldpF&aL]d ON
m xture to induce_.as. corrpl ete cry talli zat| on as possible of the

tetraal kyl 1,2,3, $25igna "B&Pﬁn@‘? P&&%oxyl ate product, followed by
separation 15 by technBoNaFwekl tkercabutylafmoniium eerraflildrsid e ;

and

NaOMe is sodium methoxide.




30 centrifugation, and the like. In the case of t et ranet hyl

, 2, 3, 4- but anet et racar boxyl ate, the crys- tallization is effected by .
ooling the resultant reac- tion mxture, e.g., to less than 0 [err]C,
usual |y baiyeensss2 about O [err]C and -10 [err]C. The preﬁ¢£@%$ted

Jj crystals are 35 separated fromthe supernatant liquid by fi

" washed, prefeably—witb dba allkanol of @oi ce enpl oyed as the sol vent
for the eleutrolysgS'Hed umf ahd Hiri ed. WO 97/ 25452
PCT/ US97/ 00400 22 (=2 | =] 8 - -18- -
Recrystalll |qg,5 Jb cﬁe,siracﬁ é:h be effected from.a- . suitable

- sol vent, b the cahe Bl kbno § choice. . _ The separation of
t he tetraal’yl_1b223,4 L _.th- etetracarboxylate product fromthe
resul t ant i re§c§|o1 §§er ef | ‘ectively separates-the product from
resi dual di § IkyI mal eps epetpnrtdl and undesirabl e by- products, e.g.
di al kyl sucllnat . and Al kil [ alkoxySUCC|nate ot mAII
be apparent to t ose Ie3 he art 10 that since the desired

bul SEre racarboxylate is a tetraester, it can be

tetraal'kyl f,2, 3%4-
and] pupi fif cation procedures to prepare the

subj ect ed- tu hydralys

9,074 *@92?“_’ 1242
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25 illustration only and are not to be construed as Iim iting the

i nventjop since various changes and nodifi - cations within the spirit
of the i nvenWORY25#52] becone apparent to those skilled i npciresemdosée om
this de- tail ed description. 30. EXAVPLE 1

El ectrol yses were conducted in a sandw ch-typg ~undi vi ded el ectrolysis
flow cell of parallel plate design fitté i th graphite plate

el ectrodes, both cat.hode d :anode haV| a_ fgce area for each 35
el ectrode of 114.75 cni etr"‘lrJ US 1y %vﬁﬁ en&}\%'e g€ has %3 ‘cFrSdes of

about 1 mllinetevided). inThecokdancel yv-:.t"x the suﬁwti invent Vot une

capacity was apprQx I e L3 - ag-
PCT/ US97/ 00400 8 bE@Eg ¥ndt: ?ully sat@stied object.s ancriﬂ%?\rr naﬁg its

flow rate was appe®xfatit EPyth. heyeipabove. té’r"’/‘é&:dﬁfﬂ? (hreenbigni Bag/ second
(ft/s)]. The gl eCpeen deb&thb&'aSwtiehl reBPeRANRL Rtk icus @zbé@ﬂfﬁ&i agafunp
and a j acket eg refr.i at ed r ser Qi i ntained acrj 5 20
[err]C. The chi | Pegs r@ggr é&f%ﬂ?h Lhets un %I’éi??%‘a Bhahtities
of dinethyl nal eathe(ﬁ)w;entttahhas not 1iadi teah ¢t heeapgton tamd) manytamt;r:na The
resultant ol ur ookl ORoTsERELLad { Qb Qe A L6143 PO SUBbBELEH: |

el ec- trol ysts mai ntai ni ng eérat ure I NI
20 [err]C. The reeuthgsanﬁkpéﬂ-&ﬂetl@r sher @It';alt;u'# atight of eghe nfcrabgelmg

In Table 1, {ge fagaufggcaeﬂ abh&%&'x@&h@lﬁ;, it fé*piz%’é‘ﬁ’deéxéépémﬁﬁce

ot herw se specifie resent desi"gnat,ions as foll ows:
Bu[ err] NBF[ err] neFPSBuP}F&FﬁBﬁPMﬂSPeMHf&&W%ﬁe and Va’éhﬂt’-‘ms

NaOwve is sodi um fTBéhQéFdew th:.r ‘the spirit and broad scope of the in-

vent :Lon




VO P7/ 25452 PCT/ US97/ 00400  [err] Vo'
97125452 _ PCT/ US97/ 00400

-2f- WO 97125452 Thus, it is apparent that there has beerpd¥@s9o700400 Vi ded,
i f accordante"wth the instant invention, a process that fully
sptisfies the objects and advant ag- es set forth hereinabove. Wile

the invention has 5 been described wi-th respect to various specific exam
| es and enbodi nents thereof, it is undersgded that the invention is
ot limted thereto and many alterna-- - tives, nodifications, and

the foregoing 10  desgri pfigroceds CO6L £ Yorédat S {8t epged to enbrace
all such alternativesgtgbdfflcations,"and vari ati ons o as-fall within
p

! the spirit-andt®FEaal

l/variations.mﬁlwﬁbﬁ IEpGRABMED IS:t0 those skilled.in the art in light of

& 6f 3y fhaPpRanetetragarpgrylate, whpchypross?

PCT/ US97/ 00400cess comprises subjecting a substanti2Ply anhyd¥WBAE |S
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liquid electrolysis medium containing a dialkyl male-

-ate, an alkanol corresponding to the alkyl groups of

the dialkyl maleate, and an alkanol-soluble alkali

metal alkoxide/quaternary ammonium tetrafluoroborate
supporting electrolyte to electrolysis in an electrol-
ysis cell, using a graphite anode and a graphite cath-

ode, to effect electrohydrodimerization of the dialkyl

maleate to yield the tetraalkyl 1,2,3,4-
butanetetracarboxylate. ’

2. The process of Claim 1 wherein the diaikyl
maleate is present in the electrolysis medium in an

initial concentration of £rom about 5% by weight up to

|28

greater than 50% by weight.

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

4. The process of Claim 23 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 alkanocl is methanol,
and the tetraalkyl 1,2,3,4-butanetetracarboxylate is
tetramethyl 1,2,3,4-butanetetracarboxylate.

6. The process of Claim 1 wherein the alkali
metal alkoxide/quaternary ammonium tetrafluoroborate
supporting electrolyte is sodium
methoxide/tetrabutylammonium tetrafluoroborate.

7. The process of Claim 1 wherein the alkali
metal alkoxide/guaternary ammonium tetrafluoroborate
supporting electrolyte mol ratic is between about
0.5/1 and about 5/1. '
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1. A process for the preparation of tetraal kyl

1,2, 3 4- but anet etracar boxyl ate, which pro- cess conprises_subjecting
a substantlawmmnaﬂﬁydrous 5 liquid electrolysis nedlun1conP5?WH¥%"@ﬂm

di al kyl mal e- ate, an al kanol corresponding to the al kyl groups of

the dial kyl mal eate, and an al kanol -'sol ubl e alkalj net al

al koxi de/ quat er nary armmoni um t et r af | uor obor a g supporting electrol yte
to electrolysis in an electrol 10. ysi's cel f; usi ng a graphite anode and a

gr aphite cat h-

ode, g -ﬁﬂ% eqltocgéé%f opyslt Ry "Rhkzaihorhef allkaldi al ky

mal eate to yield the tetraal but anet et r 0
2. The process métEiaahkgxmﬁé/ﬁpﬁtFﬁEaHVaPWVPnigm %ﬁglégﬁ |5§%§€%%nt in

the el ectrolysis
by -weight up to
process of O aim2 wherePn thaeiRFPFEFs tahReht Varron o
maleate in the: e?g&t&gbyelaetroaysennélpuessn&tIMe&mﬁaﬂiﬁﬁtn.,Miﬁsmelght
4. The process o

di al kyl mal eate P

ﬂBQb?Ehh glectrolyBet moll tandenusammmmaﬁlﬁkon1about 5%

grealer_t han 50% by h
o%ebggim wherein F fﬁ aIkyI

R R e 3 e o0 Sy

umis from about™ 15% by -

wei ght up to abouwb éﬁﬁut 5 Oy bye wgiightas : 5. The process of
Caiml wherein the diahkyl tpe Fgghgggeofscqhqatbyhuaﬁgmﬁ(zhérunﬁéamnol

i s met hanol ,

tetramethyl 1,2, 3xatierams &hea

Claiml mheﬁg

tetrafl uor obor at
met hoxi de/ t et r ab@RA%

and t e tetraa Kyl 1,2 but anet et r acar,box

st clett B AT YRS BEE LT,
3 AnedilumQ s ﬁf&inﬁlamﬂdmm e dnatvesighty mmngrrto
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boiling point of the alkanol.

i2. The process of Claim 11 wherein the tem-
perature is from about 15 °C to about 50 °C.

13. The process of Claim 12 wherein the tem-
perature is from about 20 °C to about 40 °C.

14. The process of Claim 1 wherein the elec-
trolysis is continued until at least about 75% of the
dialkyl maleate has reacted.
| 15. The process of Claim 1 wherein the elec-
trolysis is conducted at current densities of at least
about 15 mA/cm?.

16. The process of Claim 15 wherein the cur-
rent densities are in the range from about 15 mA/cm’ to
about 100 mA/cm?. _ '

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

- from the electrolysis medium by cooling to induce

crystallization, followed by separation.
18. The process of Claim 17 wherein the sepa-
ration is effected by a technique selected from the

- group consisting of filtration and centrifugation.

19. The process of Claim 18 wherein the sepa-
ration is effected by filtration.
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Electvolytic hydrodimeric coupling of dialkyl maleates in alkanol solutions containing an alkanol-soluble alkali metal atkox-
ide/quatemary ammonium tetrafluoroborate mixed supporting electrolyte yields tetraalkyl 1,2,3,4-butanetetracarboxylates.




