ALUGHOL-MEDIATED ESTERIFRIATION OF CARROXYL

A0 ACHIS WITH CARBONATES

CLAM OF PRIGRITY

B presenit Applications claims borefit of priovity Fam LS, onal Applicstion No.

N 337, filad on 2% Gelober 28172, the contents of whinh are heretn incorporated.
FIELD OF INVENTION
The present fovention relates fo a chendes! process for proparing esters from organic soids,
fn particolar, the ivention perfains 10 reactions of carboxytic aoids with carbosates it a sobvent o
3 proshuos esters,
BACKGROUND
¢ of compoynds that are encouniered i various roles
- {eneral methods of preparing esters start from csrbox
15 ave divectly condensed withoaloshol using acid catalvdds {Frscher esigrification). These prior

asteritioation methods, bt spite of thely vubity, suffor from several eovivonmental deawbacks, Fischer
esterifloalion is an ¢ Rt provess typicatly catalvzed by strong, corrsive, mineral acids {e.g.,

pRa w8 The water generated in the reaction has 10 be contiuousty removed by azeotropang or by
wse of & :i:-:i‘;}f{i:'&ti&-‘s: agent of 13 role cowterad by use of a large evesss of aleohol, Conunondy used

G aleshols, such as methanol and etbanod, can generate genotoxie allivt sulphates, Acylation and

pothtting because of sall generation, the ase of foxie catalysty and resgens

angd use of chiorinatad salvents,

n recer voars chenusts fave Jooked to othier estier preparation approaches that can be fess

sollnting and more envivonmentally friendly, Dumethyicarbonate {OMO) has gaived prosmnence as ¢

N N o

s methogyvesrhonyiation of anilines,

%

soi b eiher acuds or base-catalyzed methyiation

N

The attraction of DMCO Hes i the faet

sorapounds and sarboxylic actls,
that i is non-toxic and gives rise oaly o OOy and methunol frecoverabie) as the byproducts,

Several groups have proposed different approaches of using DMC 1 hase-catalyaer

[ R S
8, PRERGS, aChive

3 wised a chenaelective process for the esterificati
ee conhitions using DO and dicthy
s, Vamst V. Rekha er gl YA Simple, BEfficient, Green, Clost i
Chamossleative Process for the Esterification of Carboxylie Acids,” ORGANIC PROCE
DeveLorsest, Vol 13, Kod, 788773 {2069 Thep
3% pRa <Oysoechas HSQy ory acid {(PTRA

which reguires s downsiream newtralization step prior o puniicstion.



reactims of organio acids with DMC §s that they are

downstream processing and purification. bocagse of DMEs high boiling puint{feg., ~ 133%CY and

gﬁs‘i>;>mz;;§=;§f ta decompose over tme, which can ad t fovmativn of lnghly toxie and reactive

T S-SRV
2 dhimethy

bnine, This contanunstion of the destvad ester proshiots can be ovstly and harmil

in view of the o

e a pew process of esterification 13 noeded, that can

elininats o minimize the %ssues associated with edterifieation resctionys that depend on an extrinsie
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ARY GF THE INVENTHON

ethad mvobves the

The prosent fnvention provides a method of prepaving esters. The s
reaction of an ovganie acsd with a diskylearhonate i the pressnce of an alcohol-cordaining solvent

and without either ap extrinsic acidic o basic catalyst The method farther comprises

*zs{s;'sg; the c@rs‘a&:g}mding asters. The organio auid i3 & mono-, di-, w-carboxyviie acid sy

vent i composed of analeshol, a mixtare of differoy

1.

ination of an alerdol and & non-alocholic species. The aleobol funclions as a

alooholy, arac

mediating agent i the resction between the dallivivarbonate mred rrganie acld. Absent are an

exiringio acid or a base catalysy, as the inberent mucleophulicity of the aleohol drives the wster

svathesis. Dopendlag on the reaction species, ong oan produce monoesiers, diesters, v

38 separately. o mixtures thereo! in various sombivations.

3

in another aspeot the pEesent e sion rebafes 1o g OUIPBOUHDG TG from g reaction of

b
R
H

with g carbomaie in an alon

Hoboontaining solvent without the presence of either an

d o base catalvst.

Asklitional fontares and advantages of the present methods will be disclosed i the following

25 detaded description. It s undersiood that both the foregoing surmmary and the following detatled

desoription and examples are merely representative of the fpvention, and are ended to provide an

sverview for understanding the nvention s clained,

TRITETEILY DRI TER YIVTIOVRY £NID MO IR I
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FIGL | s an fHustoation of an esterifioation reaction according 1o an deration of the present

FIGL 2 ds an sHuatration of a rate-limiting step for desty cavhonate swwthesia,

)

P33 shows a set of evierifcation reactions 1o which various carhorylic soldy are reacter

s, ancnrding to an embodiment of the presant vention,

¥
Y

with methyicarbonnie irnometh

o
k3

FIG, 4 shows & set of esterification reactions I which various carboxyvlic acids are reaciad

¢

with dicthylearbonate in ethansd, according to an embodi of thy prevent favention,
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rification reactions 1n whuck levelinie acid i reagted n

DETALED DESCRIPTION

Seetion - Deseriptim

CTHE INVENTIG

;7

ent shsolvsure, we desertbe g faetle, effective method of preparing

SR

secatled Yers

ang environresentally

E

dinetivl or dhethvivarbonates) i analeoholic solvent {e.g., methano! or ethanoi),

an aloohod-m

ction between an organie acid and & carbonate

e of either an exivinale avnd or base catalyst, conducted nver relativ

i approach s enprecedented 1w that no additions! exirinsio acid or base catabysis

firot the eaterification. Esterification of sy organie acid with o diallyvlcarbonate

the present process resulis i high conversion rates {g.

s covvasponding orgauinc acid skl esters i relatively bigh vield (e

=
o
ww
s

be gasily acated from the reaction mixture without need for nentrahizaiion, such a3 by means o

yinnal amount

¥ fractional distitation, cheomatography, or bothe This process is schieveg

o9

Although not bound by theory, Flgure 1 presents an Hhaatration of a proposed, non-finuting

i

mechanism for the present esterification reaction. In the proposed mechaniam, the ovganio acid sevves

b

.

The organio acid fiself serves, frst, (o activates the carbonate, and second,
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self-catabyais by the orgame soid circumvenis the need for an exteraal

3

st shows that an aloshol solventfos-solvent serves a5 & roagent in

catalvsi, Addinonabiv. i

the frreversible atep of

the praduct and CCy,

solvent serves as a reageny, driving the reaction forward by virtus of s groaf excess. For the

esterification 1 proceed according 1o the present process, the W ction is an aleohol

g

Solvelytic reactions entaif nucleophific sobstifutions (e, re

atoms i 8 modesuls i repd

sefelos that add to then fiwee the eliming aif polocuies or groap frons the

ke conventional esterification reaciions, in the pre
sofvent does not fanction according o tradiional nuclenphile substifution mechanisms, v which {

ent of the aleohod directly displaces a iea\:'i;"ag group. Not to be bowd by theory, Fgare 2

ate-hoating step of the

wates from diatkyvlcarbs

This transient intenmediate species fn an ntermolecular conversion mpidly
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ester with the refease of TGy and a

doccmposes i the preserwe of alovhod fo & correspondimy atkyl

deegrnpositon of the anhydride termediate, not the carbonate itself] ns whadever carbonate one pay

start with will be alieved depending on whitcl kind of aleohel i in general, when carbox;
aeids are reacted with a diafkylcarbonate in a2 corresponding albyvl aloohol, the alivigrong ¢

W1

appuars (o condrol which exer species s goverated, For fnstance, when the alkybgroup of the

carhomate s different from that of the sdeobol {eg, DMO winh cthanol) the resulting ester will

§*<m\ the

predovunatoly have alkyl groups stailar to that of the aleohel {ie, dicth

prescnce of ay aleobolcomaimmg solvent is boportant for this process, The esterification rosoyon oun

1o angd 8 non-alenholie

o

be driven by an aloohol solvent alone or 3 mixed solvent containing an

specins, and reguires no extrinaie soid or base satalvas,

i appears that & groster arnount of alvohol i sxeess of anit of carbouate in & reacti

will belp drive e esterilication to completion. Hence, fo corlain embodimuents the mmount of alechat

(0 3-Fold excess of the stoichiometric amonnd of carbobnate. In other

ohol ased s aboui - o Afold, w

avionnt of carhonate.

whiowetric amount of carbonate used o the res gas egivalenis

of the nureber of carboxy! groups of the organie aaid, A mimoum the cachonate showdd be about 1.8
or I enquivalents pey carboxyt group, Typically, the araount of carbonate is about 2.5 equivalents o
ROrY, § {310 about 5 o 7 equivalents per carboxayt groap.

The present esterification reaction of carboxyHe acid with sHallvioarbonate 18 performed

-atly i the hgoid phase, w an sleohoboomabung solvem. The particalar amount of aleohol and

o of aloohsd may vary, The w

vert may he composed entirely {Le,, 100%) of an alcohal or ¢

smxiure of ditterent gleobols, o may comprise a mixtire of an alecho! and & non-alvobolic species

carbonate nuxtwe, which can generste & g an active reagant). A

eraim arsount of aleoho! Ss?i;‘-i?-ic‘s i the solvent is reqaired (o perpetaate higher vields of the

earrasponding di~mono-esters, The alcokol conpertrativm in the solvent should be at feast abont 3%

o about FO% by wi of the sohstion.

Sodes

ot

vert o hondol and nemealocholie species can produce a good yield of esters. The

i
H

non-slordindic component of the solvent can include an orgamc sobvent, such ast carbonute/Coy,

A formanide (DMTFL dimethy sulfoxide (DIMSOY rectonitrie, fetraliydroturan (THEY

m, et acetate, provided that the rrganic acids

g, Nemethy2-pyreotidone (NMP), olforafie

1

¢ partialfy seduble withio the:

ratures of the resction.

For mstance, when # mixedssolvent or bi-‘:ﬁdﬁ:{i system of DMFadeohol, such se mgthanol 18

asod frea B ratin, such as in Examples 7 and 20 of Table 3, the mixed solvent blend can help

enhance subatrate sofubifity for carbonate species that have g high molecufar weight.  In another
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Yarioos s Foation reaciin and

2t 18 oy 20 carbon atonms, §T},-”§3§Céi§§}’ betwean | and |

L9 s}

carbof atoms, more

typically between | and [0 carbon atoms. Preferably, the aliovl group has 160 6 carbon atmas, The

e
;.ii%{_yi grong mmay, Tor example, be mothyl] ethyl, z‘;»p‘mg}-’h wsopeopyl, a-hutyvl iso-butvl, peetyl

sopeniyl, hoxvl, ar sohexyh Prei"erab.‘i}-z the alipd s methyl oretlol. Table 2 provides nusvlimitmyg

-

PEd
a

examyples of conunon diatkyt es o%, such ss d

imethylearbonate (MO}, diethvicarbonate

s, sHpropylearbonate (B9 ronate {DBC), and thelr respective molecular weiglis

L poiis. For reasons of cost, common availabifity and suse of han

QR

g, dimethylesvhonate

oy diethylearbonate sre the sarbonate species eraploved typinally, but other dialiylembonate species

"

fray alzo be gsed,

TarLe 3 - Carbonates

Diathyvicarbouate Boiling Pi. Solecular Wi

Strugture
Eumethylearbonate G090 8008 gimole

U BESC L HEER givede

Dibatyicarbonate

{HBO:

a1 Yol 174,24 ofmole

io acids, S example, selested fromu )

sronocarboryiic & |, acatic avul, propionic acid | faotic acul, bulyric and,

Ao ackd, hevanoio seid, beptanoie soid, decsnoir acid, lavrie acid, myrisiie aotd, and {

furandicarboxylio acikd (FRCAN fimarie acid, #acopike

anid, mabic sold, suecinie said, malets acid, maloniy acid, glotarte acd, glooarie aoid, oxalic seid,

adipic soldl phmehie actd, suberie atid, azedate aoid, sebacin acid, d

i, hutaoonie acid,

srtho-phthatic acid, soplthatio acid, terephithalic acidy rw o) iricarhoyylie avids: oitrie atid, soarie

{\. AUORHIC a0 &3, fricarball

i aetd, and imesie acid, Desirably, the ovganio acid w a dicarboayiin

o icarboxy i certain preferred embodiments, the carboxylie acid can be selectad fromone

N Y

s more of the follov cinie acid, malic seid. oitrie acid, levudinte acid, wadipio acid, As used

herein an organie acid may be either a carboxylic acid or an aming aoid,
The amoont of reagents used in cach regction B adjusted fo w ho

different orgarde acids. In other wards, a mono-acid will peed ooe

actd will use two equivalents, and a trbacd will wse three ";}*\eévaﬁe;m.



1 & time period not exceeding aboot 24 hoars,

Typically, the reactions are performed wi

the amoant vield of eater product can improve about 5.1

X3

The temperatures at which the esterification reaction s conducted may vary consideraiy, b

o

asnally the reaction ferpperative 15 in a range from about 13050 1o about 236°C, depending on the

spacias of organie acid and distkyicarbomate used in the reaction, in an et atvwephere such as Na

O

=

’i‘}"}}iﬂaé?}'} the i\‘;fi‘s'i‘{} seature i3 i a range from abowt 300 or Tto about SI°C0 e 2270,

Lot

cviie acid and carbons

woted at a temperature between about

o)

3 ISUPC or 160 1o about 20850 o 215°C. Partioviar examplies involve reactions at @ temperaiure

o

hetween about 183°C ar 168°C 2127C. In other examples, the tomperature i a

range from shout 1T°C or 178°C “C particubarly, froan abouwt 1RE°C ¢

o5
o
w
-,
&
3

3 13 N o 4y g cinaresiad e R ey Pee
s required to obtain gmd results i reasonabie reaction times oy

Cvisw are generaliv Wy

an 12090 and sinee the dialkyicarbonsic (&

‘:’
w
~r
o
tevd
m

1% wdustrial ¢

under such tw ature ranges, Hhe alkylation sactions

appandus sapable of beaving the reqaired pressies.

..,

The prossures at which the resetio are sundarly suscepuble to variation.

Atmospherio and super-atnosphatio pressy ally applied, depending ou the vapor pressare

26 of the particnlar sodvent at » partioulsr temperature ia 4 sertare range, Typically, the

prossure s i a range fross about 145 psito aboat 830 psil move typically from abowt 180 pai or 155

pai 1o about S psi oy 820 psifgauge). In contain oxamples the pregsure 18 botween abowd 160 paf and

gthano! s abog

abogt 634 psi, or about 188 pat to about 628 psi. giog, the vapoy pressurs

JU3 3 pstor SETH pal| vespectively, at ahout 167 8% or 203 5350, Ethancd, for example, has s vapor

25 pessure of about 293 pai and | v, at about VES°C
Accorsding o the prosent process, one b able t achiove at least S8% conversion of g
particalar carbo i #S cotresponding monse, di-, or ttesters. Typloally, the acid conversion
rate is ot feaat shout Maore typioadty, the acid convarsion rate fs betwesn about 8096 and abowt
13 able o achieve at least 70% copversion, I some reactions, al feast |
3y the prgavie acid s converted o a combined vield of momocsters and di-esters. Usually, the combined

voh

menoesier and di-ester conversion rate is about 63% or greater. Wah optimization, complete

conversions of carboxyvlic acids to their corresponding ssono- andfor disestors enn be accomplished

< N oy
¥
i

he resotion conditions. The seaction can be HEs srforrned in sither a batch oy costinaous reachion

Padvatage of the present method of estonifieation decives from the clrcamvention
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vst o effect complete acid or eater comversions, A arwoiary to this benelit s the

stmphfication of downstreant separation process for the reaction products n somparison to



sonventional 1o

e the present synthesis process, one need not warry sbout the effects that acils ot hases

i colinns and ong can seeyvele the distillation bottoms product baek into the

> asterification reaction can be wolated from

wans of distilativn or secid-base exraciion

1iemnsd to have botling point of aboat

means of simple di s«"i_s's?;'-.ss'"i:,zsl, or wee an acid-base extrachion
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Seotion - Examples

Avcording to the present esterification process, 11 is prabable that in reactions nvalving

Ny formation of monogsters would domivate during the fuihsd

N
N

ol

m,
v
4
el
<5
o
=
7

1o statistivs, Bquation (1) reprosents an example of this mechanisvy involving a reaction of

. i one diea

acid with a diethyioarbooate st ethanol. According fo the mechanism

N

with twos molgeales of the carbonatg, the di-ester evonld form, Manctically

more fikely that ony wolecude of the di-acid collides with one moleoule of the carbonate, thu

N

engrating the monsester. Uver tioe, the moncesier would convert to sonesponding di-estars,

O
AN WY
i ~ JcH SH . N
e X g\ > RSN ~ \e N } 3 \.‘.\N N SO
fati s \F‘,..--' \.\ TN ‘,\}.‘_ . o * :3
1 E N /, &
N . {
O —
7
."'AA
» N frorative seguence o the dicster

he ratio of monsesters to dlesters produced can vary depensling on the duvation and temperatime o

2% ifoatinn reactioen. Barly in the reaction {fe, £+1 bours), the ratio significantly fivors the

eofes {g.g., about 95:0.5). The ratio s about 401 after about 34 d about 101
1 the acid and coaditions) after 5 bours, This ratio would be about 1:3 or T:d after
3.3:93 atler about §-10 hesies. Repeating these resctions will generate the

30 Table ¥ swnmarizes & oumber of comparative examples and mventive exa
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with an alcohad sobvard alime, virtually no ester is prodeced, and the acid remains largely o

Exavapies 3 and 4, the aold was agan largely unreactive and goverated a vig

N

athon reaction 18 ron withow! the presence of an alenhol, we observe veory

ittie 10 no conversion of the orboxyhie soid 1o s corresponding mono-vater, sh-oster, riesies

X

e examples, esterification reactions conducted neat n carbonate solvant

~

shie convensions of acid 1o eater praduet, such a3 in Cornparative Exanpdes 3 and 6

rasuiied i ne

H

{1, fovulivae

methyd esterifioation with MO ~ 115 wil ethyvl exderifioation with

DECY & ads sppear o be an jportant reagent in the reaction o as o obtain a lugh-

} prooess {o.9., doster vield of 23

axanyHes conducted aceording 1o

producs monre, di- or tri-eaters by means of woaching ¢

didky! varbomate in an alooholic solvent,  Rescting fve different carboxylic acids {\ tmiee, gi-
arsd ri-acids lovalinie, suceinic, malie, adipic, and oltrke ackds) and a combination of diatkyt

iples show that esters from cach achl and carbonate oomnbination can be

s 30 abogt 78

eater produced and conversion of the acid ave wig

e

mificantly greater th

sofversion, up to about 0% vield viv-g-viv that of the comparative examples,

¢ and duration of the

Depending on particular vesotion parameters, such 8

cod with

cwi o With optinuzation of the process one can

satton rates and vields {e.g., shou 83%. 9

TaRLE 3 - Experimests! Resulis with Various Acld Spevies

Acid Carbonsie Rofvent Fefer Fader Yiekd Aokl Remainiag

»

nethanot Divethybucciaat:

Hueoinie

eiban Pethylneinate

S0

TG

DM Oicthvlsncoinate

DME Dimethyisaccinate 18,3

Alovalinate ERE:
rradianes t Ty
Shevabinaie 18

Mathanoi Dimethyisuccinate 8.8
Fihanol i‘-sai‘h\_:'ast.a:s:ssmt-:\. 87
Fihanol succnate {4

Dst.th} sueCinaiv Q.4
Ascc;s}me 8.9
IR {43
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Salie IRAC Sethann Dimethyianlate | J83
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cofdi

. While stirring mechanioaily at 1100 rpm, the juternal headspace

staipless s i1 Parr oot

was pressunized fo 200 pai No and heated iSf}“‘iﬁ_‘t for 3h. After this time, the reactor body was

WG

HERex

3 and prisse v

e

coalad g waler bath un

&

sofution was powred o a storage sk and 2 sampie

of this quanttatively

sis of Dimethyvimadate from Malic Actdl Dimethylearbonate, and Metharsd

:
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vt TEMY .
awi I g o

Trwwanh of d %methy foarbonate,

Wihile

sotnt body,

T temgrerature and presswe velessed.

sohstion was poured inte & storage Mk and a sample of this guantitatively analyeed for
dhimethyimalate and madis acid. Based on findings with adipie acid, the abasenes of maho

eld of dicster addeces the remaining 215 of prodect

product misture and 7

corresponing mono~-ester,

vahinate ot Levalinie aaid and Dimethyioarbonnte

Example O Syathesis of Mothy

3

Twenty grans tevolinie nold ;

FORCHOE z‘{\‘

reaching room tomperature and pressurs relenasd,

r methvHevulinate and fevatine

s of this quantitatively analy

3

of Primncthylouocinate froem Succinio acic

hvicarbonale, and

Example I

Pimethyormannde

H

§

Yrree 17

.‘} SN ~ SN N
. N o
T O TG
I it )
N 'y H
p 3.4
. S o0 :
A48%% conversion 6% yiald

werg of

Toventy grams suecinie acid, 72yl dimethyloarbonate and 300 g of MY
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CLAIMS

We Claim:

L.

10.

1.

A method of preparing esters, the method comprises: reacting in a reaction mixture an organic
acid with a dialkyl-carbonate in the presence of an alcohol-containing solvent without an
extrinsic catalyst at a temperature between about 130°C to about 230°C and at a pressure in a
range from about 145 psi to about 950 psi inert atmosphere.

The method according to claim 1, wherein said method further comprises isolating said esters
by at least fractional distillation, chromatography, or both from said reaction mixture.

The method according to anyone of the foregoing claims, wherein said esters are individually
monoester, diesters or triesters, or mixtures thereof in various combinations.

The method according to anyone of the foregoing claims, wherein said organic acid is
selected from: formic acid, acetic acid, propionic acid , lactic acid, butyric acid, isobutyric
acid, valeric acid, hexanoic acid, heptanoic acid, decanoic acid, lauric acid, myristic acid, and
Ci4-C;s fatty acids, 2,5-furandicarboxylic acid (FDCA), fumaric acid, itaconic acid, malic
acid, succinic acid, maleic acid, malonic acid, glutaric acid, glucaric acid, oxalic acid, adipic
acid, pimelic acid, suberic acid, azelaic acid, sebacic acid, dodecanedioic acid, glutaconic
acid, ortho-phthalic acid, isophthalic acid, terephthalic acid, citric acid, isocitric acid, aconitic
acid, tricarballylic acid, and trimesic acid.

The method according to anyone of the foregoing claims, wherein said organic acid is a
dicarboxylic or tricarboxylic acid.

The method according to anyone of the foregoing claims, wherein said dialkyl-carbonate is at
least one of the following species: dimethylcarbonate (DMC), diethylcarbonate (DEC),
dipropylcarbonate (DPC), or dibutylcarbonate (DBC).

The method according to anyone of the foregoing claims, wherein said alcohol-containing
solvent is: a single alcohol species, or a mixture of different alcohols, or a mixture of an
alcohol and other non-alcoholic species.

The method according to claim 7, wherein said alcohol in said alcohol-containing solvent is at
least saturated, unsaturated, or aromatic.

The method according to claim 7, wherein said non-alcoholic species includes at least one of
the following: a carbonate/CO,, dimethyl formamide (DMF), dimethyl sulfoxide (DMSO),
acetonitrile, tetrahydrofuran (THF), acetone, N-methyl-2-pyrrolidone (NMP), chloroform,
and ethyl acetate.

The method according to anyone of the foregoing claims, wherein said alcohol mediates the
formation of said esters.

The method according to anyone of the foregoing claims, wherein said alcohol is present in

excess of stoichiometric amounts of carbonate.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The method according to anyone of the foregoing claims, wherein said organic acid and
carbonate are reacted at a temperature between about 160°C to about 215°C.

The method according to anyone of the foregoing claims, wherein said organic acid and
carbonate are reacted within a time period not exceeding about 24 hours.

The method according to claim 13, wherein said organic acid and carbonate are reacted within
a time period not exceeding about 12 hours.

The method according to anyone of the foregoing claims, wherein said method is able to
achieve at least 45% conversion of said carboxylic acid to the ester.

The method according to claim 15, wherein said method is able to achieve at least 70%
conversion of said carboxylic acid to the ester.

The method according to anyone of the foregoing claims,, wherein said alcohol serves as a
nucleophile that assists said reaction between said organic acid and said carbonate.

The method according to anyone of the foregoing claims, wherein said organic acid is
converted into a corresponding monoester and diester in a ratio of about 95:0.5 to about
0.5:95.

The method according to claim 3, wherein a di-ester product is favored.

The method according to anyone of the foregoing claims, wherein a CO, molecule is released
from said reaction.

The method according to claim 20, wherein said reaction is performed in either a batch or a

continuous process.
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