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CDHATED ESTERIFICATION OF CARBOXYLIC ACIHN WITH CARKBONATES

CLAM OF PRIGRITY

The present Applications claims boreft of priority fram LR, Provisional Application No.

1337, filed on 29 Qoiober 2012, the contents of which are hereln incorporated.

FIELD OF INVENTION

The presont foventtvn relates to a chepdosd process for proparg esters from organic aoids,

fn particolar, the ivention perfains 10 reactions of carboxytic aoids with carbosates it a sobvent o

s Gy estors.,

BACKGROUND

s gre an inportan olass of compounds that are eacouniered o various roles i all avens

of sy 1o acuds which

etic organic chepsity, General methods of preparing esters start from carbox;

are divectly condensed with aloshol using acid catalysis (Fischer esterification). These prior

rienial deawbacks, F

asterificstion methods, r utthity, suffer Bom several envivon

asternifi

ation i3 an eqpihibriven process typioally catabyzed by stronyg, corrssive, mineral acids {

pRa w8 The water generated in the reaction has 10 be contiuousty removed by azeotropang or by
use of @ debydrative agent or 113 role cowrdered by use of a large excess of aleohal, Conunonly used

aleohols, such as methanol and ethanol, can genorats gonctoxic alivl seiphates. Acylation and

ting because of salt generation, the ase of toxic catalysts and resgens

angd use of chiorinatad salvents,

n rovont years chepusls have looked to other ester preparation approaches that can be fess
pollnting and vre envivonmontally friendly, Disethyicarbooate {OMO) has gatned promnence as a

Cgreen’ rengent i suber acuds or base-Catalyzed methyviation oy methogyoarbonylation of anthines,

> attraction of DMC Hes m the fupt

phenols, active methyiene compounds and carboxylic zeids.

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

o

i base-cutalyzed

wsups have proposed different approaches of

viation of methoxyearbonviation of anilines, phanols, active i

cotive process for

peviie aguds, e hive proposed a chemasyl

acids under puld (~R0-80°C ) and sobveni-fres conditions using DM and disthyicar

under acid catalvsis, {Ses, Varasi V. Rekba er gl “A Simple, Efficient, Grevn, lost B

Chameseleative Process for the Esterification of Carboxylie Acids,” OROANIC PROC

-

DEVELOPMENT, Vol 13, Ko 789773 {20093 The provess regquire

of strong acids (L.,
8 R

plea <Oy soch as HLSO, or (PTSAY, or mald solds such ay pedohuie actd {(IMTA)

which reguives & downatresan neutraiization step prior o pundieation.
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reactims of organio acids with DMC §s that they are

vhich can be troublessane in postsynthesis

downstream processing and purification, becagse of DMEs

boiling posnt g, ~133%C0

propenstty {o decompose over fime, which can kead to Brmatin of laghly toxie and resctive

5 dimethviamine, This confamunation of arul haemul,
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in view of the foreg

ages & pow process of esteritication 3 novded, that can

eltvpinate ov minigze the issuey associatod with eserifieation resctions that depend on an axtrinsie

L OF THE INVENTION

At invention provides a method of prepanag esters. The method mvolves the
reaction of an ovganie acsd with s diakyvlcarbonate i the pressnce of an alcohobcontaining solvent

and withent either sy extrinsic acidic or basic catalvst spe

iatiny the c@rs‘a&:g}mding asters. The organio auid i3 & mono-, di-, w-carboxyviie acid sy

18 commnsiion of sue vent i composed of analeshol, a mixtare of differoy

1.

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

alochiols, ora oo

¥

ction between the dialivloarbonste and vrganie asld. Absent are an

g agent in t

extrivaie acid or & base catalyst, as the inherony nucleopiuliclty of the alvobol diives the vster

svathems,

Depending on the reaction species, one oan produce monoesiers, diesters, oy

38 separately. o mixtures thereo! in various sombivations.

3

in anothoy aspeet he pEesent e antion refafes W gy ester COMPOERE 1o front @ reachon of

b
R
H

with g carbomaie in an alon

Hol-nontaining

< solvent without the presence of either s

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,

BRIEF DESCRIPTEON OF FIGURES

st of an ssterification veaction socording fo an Heration of the presuat

FIGL 2 s an jHustration of a rate-lniting step i sty carbonate motathesis,

)

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

ancd, secrrding o an embodinent of the present lnvention,

¥
Y

with methyicarbonate inometh

o
k3

FIG. 4 shows # set of esterification reactions fn which various carboxylic acids are reactad

¢

with dicthyloarbonate in ethand, aocording to an embodiment of the present fnverdion,
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¥5 & comparative set of esterifioation reactions v which levalinie acid s reacted in

gout carbonates withoag an alochalio solvent

DETAILED DESCRIPTION (F THE INVENTION

Seetion - Deseriptim

i the prosent disclisure, we desertbe a frotfe. effeotive method of preparing esters from

argamie aelds wang environmentally endly or soecalled Ygreen” nonoxio dinfkyloarbonates (o,

H

bonatest i an alcoholic sobvent (oo, mathano! or ethanol). The process of

dhmethvl or di

1 alcohed-mediated reaction between an organic acd and a carbonate

& H

thout the presenee of either an oxirinaie acid oy base catalysl, conduvted wver relatively shart

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

arg necessary o effeet the exterification. Beterification of an orgando acid with a si§zs§.§’s’;yiczs;‘ho;saﬁi’i‘:

ding o the presont proosss resuils i high conversion rates {o.g.

s covvesponding organc aoid skt esters in relatively i -_f:

3 At

from the reaction mixkinee without need

ot
pot
U.«
-
,4‘
o
e
<o)
oy
pes
w
4
pos
e

stitfation, chromatography. or both, This process s achioved with a

Although not boaind by theory, Figure 1 prosenty an Hlustration of 8 proposed, nos-linuiing

& oreanio acid serves

bl

mechanism for the prescot osterification reaction. In the proposed mechaniam, i

pess

.

a dual role i the reactton. The organio acid fisel serves, frst, G activates the carbonate, and second,

o

2
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e
oo
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self-catatysia by the orgame seid ccunvents the need for an externsd

3

shiows that an alochol solvestfon-sodvent serves as a reagent in

i 'éss’;amgmﬁi don of the putative anhvdeide strocture resufting in the formation of

esent estertiioation reactions take advantage ¢

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

N

gsterification o proceed according 1o the present process, the solvent in the reaction iy an aleohol,

cleapbilic substibutions {ie., reactions fo which an atom or & group of

atoms i a modeguls

.

ther atom or group of aloms), whers the electron rich solventa
act 43 noc ' i to then fiwee the eliminstion of srmall pwdecules or group frons the
subsirate.

¥

inlike comversional esterification reactions, in the present method the alonhol-contaming

oo

sofvent does not fanction according o tradiional nuclenphile substifution mechanisms, v which {
F-substituent of the aleoho! diresty displaces a jeaving group. Not fo be bourad by theory, Figwe O

Husteates a putative rate-Bodtiog step of the preserd esteriiioation resction, which wvolves an frsify

generation of alky] carbonates from dlatkylcarbonates via s spetathesis procsss, in which an anhvdoide

o

This

dent tenmediate species By an intermolecuiar convension mapdly
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i

doccnposes i the presenee of alechs! 1o & cooresponding alky! ester with the refease of U0 and a

ar equivakent of akeobol. The sobvent-metathestred carbonate is the statisticadly favored product,

1o aloohol species drives the ester formation through the

saposition of the anhvdride intermediate, not the carbonate Hself] ag whatever carbonate ono may

start with will be altered depending on which kind of aloohol 15 wsed. 1o gensrall when carboxyle

acida are reacted with a dislkylcarbonaie fn a comesponding albyv sloohol, the alivigronp ot the

appuars (o condro] which ester species i3 generated. For instrnwee, whoen the alkyd

diatkylcarbonate is differsat from that of the ddesbol {e.g.,

v Rave atkyl wroups siailar to that of the alechol {Le, dicthybexter. i—%&s’;c{-:_\ the

presence of an slonbolcomaining aportand for this prosess, The esterification ranstion aan

be driven by an alechol sobvent alone or a mixed solvent containing an aleohod and g son-aleoholic
speeins, and reguires no extrinme aeid or base catalvsis,

I appears that & greater araount of aleohol v axcess of the amoeunt of carbonais fn a rea

odiments the amount of aloahal

will belp drive the estertfioation o completion. Henve, o cartain o
present is sbout 13- to 3-fold excess of the stoichiomeiric mmount of carbonate. o oth

i3 A-foid

o

ohol ased s showt 2 avably about 8w Foow 10uld

Y

amount of carbonate.

The stolehiometrie amount of carbonate used in the resction show was oguivilenis

of the number of carboxy! groups of the organie acid, At mivuvum the carbooute should be about 1S
or I enuivalests pey earboxy! group, Typically, the arnount of carbonate s 2.5 equivalents or

Yy,

{3 10 about 3 or 7 eguivalents per carboxyd group.

P

erification reaction of carboxyie acid with dalbvicarbonate &5 performed

-atly 10 the hguid phase, wn an aleoholcomabung solvemt. The particalar amount of aleohol and

ceer et o Do nda e YN NNy e Y
s of alcohod may vary, The sl

ent may be composed eatively {Le,, 100% of an aloohol o a

snxiuve of ditferent sloobols, s wise & mbdure of an aloohol and & non-alcobolic specie

4 OO, or carbonaie muxnure, which can genersde v gior an active reagent). A

artam amont of aleoho! species n the ao

svent iv reqaived (o perpetaste higher vields of the

J/

<

eorrasponding di~fmono-esters. The aleohol conventration in the solvent should be af least abost 5%

cof the sohstion,

A mixed sobvort af aloshol ardd nom-alecholio species cun produce a good yield of estees. The
non-sloshiodic component of the solvent can mclade an orgamic solvent, such ast carbonule SAG AR
formantde (DML dimethy sulfoxide (DMSOY, roctonitrile, fetraliydroturan {THE)

3

acetong, Nemethy2-pyreafidone (NMP), chiforofiem, etfo! acetate, provided that the rrganis acd

v seduble withio them at the tempenatares of the vesclion,

oo, when # mixed-solvent or blended systom of DMF/alcobol, such as msthanol 8

xamples 7 and 20 of Table 3, the mixed sobvent

-carbonate species that have a high wolecudar w
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example, a reaction mixture i g:‘z‘mare-:’i with {20, anst wethansd with & helerogeneous catalvst fo

generEie 8 reaction prix and methano!. This reaction product can be partof a

cost efficiont and self-susiaining reagent syt and allows one 1o avoid the need to syathesis purs

werting U0 and methanol o DM 5

; Masavoshi Hondg, &

oo Masavoshi Honda, ef of,

344 Agg 2013 the contents of sach are mcorpovated be

Any Hgud aleohssd with Regroups baving one o 12 carbons, o more, can serve as the solvent

{reagent)l, The R-groups can be saturated, snssiovated, o arom Aleohols such as methanol,

sthanol, propanoll or utanol arg moore typloal in view of thelr commen availalality, wexpe

i

and mechanistic stuplie +the esterifiontion resction. Table | shows nos-Hmiting exanples of

sorne ynsaturated and avomatio aleohols, swhich reprosent alternative speciey including thetr varkns

pernndaiions and decivatives., These alkene, alkyoe, and aromatic aleohols are commercially
svaiiable and relatively inexpensive,

TABLE 1. - Unsnfurated & Aromatic Alenhals

> Adoobols 3L¢]
Y

¢
{
H
H
H
b3
N
NN
> Ny
- > %
N Y 3 H
i Iy it i
5 3 4
i i 3
i H IS
13 o2
VY
T3y N
A ~

& e

I : X ] N - $i Tered o d et - gt st FESY
{he particulsr chotee of aleohal species can defermine the bind of estor sprcies generated. in
!

enits, the sleohol mray have an Kegroup different from that of the alke! wroup fu the

fearbonate. Por indance, when the alkel group n the diak

Lk

v, the alcobol speetes wan have an R group with an identical

3 tean oty e

such a3 ethane! rescting with

n ators as that of the diaklyi

vlearbonate is a methy! group and the

>
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Vartoos alkyloarboasde species can be used 1o the estertfoation reaction secording o the

present process, The alkyt group in the dialkylearbonate may have any sumber of carkon stors, for

N A,

inatanee, froet o2t 18 or 20 carbon atons, typically betwean 1 and |

carbon atoams, more

typically between | and [0 carbon atoms.  Proferably, the alioel group has 1 6 6 carbosn atswas, The

5 ;.iik_'y‘i group may, for example, be mothyl, othl, nepropyl fsepropyl, aebastyl, iso-buyll peatyl,
sopentyl, hexyl, o lsohexyl Proterably, the alipd s methyl ovethyl. Table 2 provides rmeaviisiting

i 3

examypies of cornon dialkyt carhonate species, such se dimethylearbonate (MO, diethvicarbonae

{0, dipropyfcarbonate (BPCH o dibutyicarbenate {DBC), and thelr respective 1

siar weighis

i

and boiling potrts. For reasons of cost, common availabiity and cuse of handin

g, dimethyioarhonate

1 or disthylcarbonate e the carbonate species aroployed typlaaily, but other diall

bort
-

wway alzo be ased,

TarLe I - Carbonates

i}izséisyi 3:§}mm§s Boding P Solecalsr Wi Structure
GOS0 G008 ghmolke

Dibatyicarhonate ERCSLON- i 17424 p/mole
{8

One can wse a variely of different organic

avids, i ovample, selected fronu w)

w

o
U

ms‘;smcz;rft}o.?\‘}s§sc soeidsr forovde and, acetio anud, m\ep;osm acid | fxotic astl, butyric sad, .uitss;.s“yréc

acid valerie acid, hevanoio seid, beptanoie soid, decanow soid, lawrie auid,

o setdsr 2 S-furandhicarbogylie acid (FRCAN. famarie acid, Baconio

anid, malic sold, sueciaie soid, malels acid, malonie acid, gletarie acid, glucarie aeid, oxalic asid,

adipic aoldl phmehie actd, suboric stid, azedsic soid, sebacie acd, dedecar 4. lutneonie acid,

20 srtho-phthalic soid, bsophthalic acid

torephihabic ack

by

o oY iricarhoxyvie avids: oftrie atid, soawrie

acid, aconitic acid, i fic actd, ansd trimesis ackd. Dexirably, the ovganio aold s a divarboaylie

s tricarhoxyvhio sold, In cortain preforred embodiments, the carboxylic 1+ he selectod from one

s motre of the following: suecinie ackd, malic aeid, oitrie acid, levulinde acid, o ndipie acid, As used

& carboxylio acid or an aming soid

ed in each reaction s adjusted to mest the vequirements ofthe

different orgarde acids, In other words, a mono-acid will pead one eguivalent o reagenis, while a ey~

acid will use twa eguivadents, and a triacid will wse three squivalonis,
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Typieally, the reactions are performed within a tree peniod not exceading about 24 hours,

often not exceeding sbout 18 o 12 hours, or preforably within shout & or § hours, and nuse

Frar about cach hour of incresse in the duration of the reaction,

ich the estgrification reaction is conducted may vary considerably, bt

The temperatires at

fie regclion fompoeratin 1S 1o & range from about 13090 10 about 236°C, depending on the

et

asnalby

e

3 3.

specias of organie acid and dialkyvicarbonate wsed in the reaction, in an nett atvwsphere such as Na.

Typically, the tempecature 5 s raoge From abowd B0 or 130%C to abowt 218°%C o 22670, In
cartain ernbadiments the carbravlie acid and pavhonate are rescted 8t a tomperature bebwees abong

PSP o 1H0RCT o about 208°U or 21590, Partioular examples involve reactions at & temperatie

hetween about 1 *Coor 2127C, I other examples, the tomperatore 81

W 20650 or 210, pashicularly, frvan about 1RE°C o

i ahout 8O0

Ehv s et 1 I et sad s Fot eabedrieny erneaed oneadic ben g §
> the temporatures reqeired te obtain guo& rexulis i reasonabile ¢

point of view are geperally lugher than 12050 and sinee the diatkyvicarbonate (e 1

» exeouted inan

B botls under such t‘{fs}'s;:ssz_s‘ea%:as:‘if ranges, the alkvlation reatdic

appaostes sapable of bearing the v

The prossures at which the resetion b conducted ave simlarly suseeptible 1o variation,
Atmoapberic and super-atme i pressures ave genseally apphed, dependiug v the vapor pressarg

of the particular sodvent at » partioular tomperature 18 the nperative tes

prossure s i a range from shout 148 psi 1o about ¥30 psil move typically from about 150 “s«; ar 155

pai 1o about S psi oy 820 psifeauged I conaby examples the pressure 13 betwsen about 160 paf and

about 638 psi, or about 180 psit to about &40 psi g, e vapor pressurs of mothanol i5 ¢

Y

Bpstors . respectively, at about 167 89 or 203 .3°C.

for examyple, has @ vapor

33 pai and 38O pe, respectively, at about
Accorshog o the present process, one s able to achieve at lpast 8% conversiom ot s

partisular carboxylic ackl 1o 88 corresponding monoe, dis, or tresters. Typically, the acid conversion

yate is at e Mors tploalty, the acid conversion rate §s betwoen aboot 0% and abowt

s, at

convertion, In some e

TAMY, QNe 13 able o achieve at

o

acid s converted to a combinad visld of mwmoostens and di-esters. Usually, the combined

ersion rate is ahout 3% or greuter. Wih optimization, complete

monoesist and di-ssier o

conversions of earboxvie ands to thelr corresponding mono- andfor di

ynder the resction conditions.  The reaction can be perforraed in cither a batch or continuous reaction
HrOCUES

s fronn the clrcamvention

A prineipal advantage of the present method of oation derd

effect complete acld or eater conversk otary to this beselit s the

facts 1 compariaon (o
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Comparative Examples | ard 2, when an organic soid (e.g.. suceinic soid or lvalinie seidy

WO 2014/070415 PCT/US2013/064458

sanventional techoipes, One can climinate a convertionally necessary dowratream stop of pH

adjustroent prior (o porification, Moreover, the avoidance of either an exivinsie acidie oy alkadine

o

. one nead sot worry shout the offects that acids or i

tthe present synthesis prog

prosent m the distillatinn cobimns and ong can recyels the distillstion bottoms product baek into the

The different organio acid extors prodoced in the esterification reaction can be woldded from

the reaction RUuXnEe us

ST VRNIOUS im‘E'sniqu{fs sech as by means of distifltiim or avid-base exiracting

A T e
1 tonsd 1o have BHnG pomi Ot abont JUG5(

distilation, or use an acid-base exirachion

0 precipiats the carboxyiate, and then regenerate the svgaie acid eith a strong acid {pKa <8, e g

Seotion - Examples
Avcording o the present esterification process, # s probable that in reactions mvelving

diacids formation of monoesters would dominate during the fvibal sfages of ¢

10 statistivs, Bquation (1) represe

S an oxany

e of this mechanisvm fpvolving a reaction of suscinic

zeid with a diethyloarbonate bt athanol. Acoording (o the mechanism, i one diseid mwnlecule collides

h Dwee molseales of the carbonaie, the di-ester wordd form., Miatistioaily, how

ser, 8 owoakd be

more fikely tat one moleoude of the di-neid collides with one molecule of the carbovate, tw

Crver time, the monsesier waudd convert 1o comesponding dhoxtars

N frorative sequence to the divster

e ratia of monnesiers tn d

s prodeced can vary depensling on the duration and temperatwe ot

the esterificatinm reactirm. Barly in the reaction (e, §-1 houss}, the ratio significantly favors the

monoestar species {a.g., abowt 95:0.5). The ratio s abouat 411 after about 3-8 hours, and abowt 111+

R an the acid and csnditiona) atter § boars, Thie ratio would be about 1:3 or 1:4 after
1ho avid sbont §.5:93 atter about 810 howrs. Repeating these resctons will gengrate the

di-ester or frbester of the corresponding di- ot tri-acids.

Tabfe ¥ swomarizes & oumber of coraprrative examples and ventive exa
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with an alcohsd sobverd alime, vi;‘iuaﬁ_’_\x no ester ¢ prideced, and the acld rematas fargely vareative,

sarbonate e DME salverd, a3 in Comparative

$and 4, the actd was again largely unreactive and generated & vield from about § wi e

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

¢ examples, estgrificaton reactions condycted neat B carbonate sobvant

~ ~

wible conversions of acid o ester p;"m:i;.sa:t, such as i Corpparative Exampdes S and 6

rasuiied w heg

(1., fovulinge acid 188 B ~1 % wi ethyvl egterification with

ethyi gate

DECY Honee, alechssds sppear to be an iy reaction so as s obtain a lagh-

e85 {e.g., disster yio

xampios condducted according to the present esterfioation reag

one cun produce mons, di- or reaters by means of voaching ¢
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

carbonaie species, the examples show that estees from cach acld and carbonate combination can be

prepared m

olatvely good vields {eg., 2 458% or L ups te abont 7

e diester). The amonnt of enter produced and conversion of the sold see significanly greater than,
e.8 sonversion, up o about 3% vield viv-deviv that of g five examples
LN ORVLISION, U 0 adout VIO VIS viv that of the comparalive examplies.

Depending on partioular vesotd reand duration of the

o parameters, sach as th

. g

cification resction, esters were produced with 3

With optinnzation ¢

s e, abous S0%. 95%, U7, or 98% by weighty,

TapiEd-F \pu*ursusmi Raosulis with Various Acid Spaeies

Exsmuple Actd Carboaste Sofvent Ester Esfer Yield Acisi Remabuiag
T o

{ong. SReoinie Mone nethanot Divethyvinwonate

Corap.d auc-;“mc Kone esmn{s‘s Pethylneinate
. ) DME Oicthvlsncoinate

DME Dimethyisaccinate 18,3

de evilinate LG
Erhvilavalinuie 1.}

Mathanoi Dimethyisuccinate 8.4
Tihannl Disthyisuoninais 87
§)i¢i§ succnate {4

@RI Q.G

i 8.9

{43

fecel

Mali R dothannd Dhimethybaslate 8.3 3.4
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8 Malic Ethana 8.0
i fatic Eiband .0

1 Peovilme Methylevalinnie
i2 Lavilin Erhyievalinae
Lavirbnk Fihyievalinae

Adipic

Adinin

0
Adipe 4.0

The tollowing deseribe the preparation and resction of somme of the comparative aud inventive

examptes n Table 3 o greater detail,

3 of PHetnvladipate from Adipic Avid, Diothyvlearbonate, and Ethanol
&
88% }*3(‘:{;
Twenty grams adipie ¢ thivicarbowate, and 300 g of sthanol were charged o g
i3 nlnss § . While stirring mechanioaily at 1100 rpm, the juternal headspace

was pressurized fo 200 psi N- and heated 6 1S for Sh. After this firae, the reactor body was

coafed i a water bath unti! renching roovt tomperasture and pressure el The hommogensous

< o~

aofution was povired o a stovage faek and 2 sample of this quantitatively aaslyeed fiw

sate, mono-methyladipate and adipie seid,

Example B Synthesis of Dimethylmalate from Malio Acitd, Dimetbyvicarbouate, and Methanad

: L
i {
N N i
RN N
§‘§ W T \\P‘" \\}f"' ~ O
i i §
o~ » b3
O O OH
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o dimethyloarbonae,

While stivriag me

and 3068 g of me

chanioatly

was pressurized 1o 200 pot Ny and heated 1o 18070 for 5h. After

cooled 10 8 watet bath unti reaching room engerature and presaire relessed.

sohstions was

A

Aimvaet v inialate yex i 3
shimethvimalate and madic B

rased on Bindings with adipia

Cacid, the

soduet mitkture and 7

vield of diester addaces the remaining

O *"“{“‘ié{iﬁ‘ Hono~esiar,

Fxample O Syathesis of Mothyllevalinate Hom Levahnio and and

4500

HAISE conversion

Twenty grans kevulinwe soid and 300 g dimethyloarbonate

vers: sharge

b S S T STy
seactor body, Wiale stiving me

psi Ny aud heated wo 1RO for Sk ARer thas time, the reactor bod

reaching room tomperature and pressurs relenasd,

storage flask and a sample of

Example I

Pimethyormannde
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H N
§ i
! i
N {3 ~ AN
R, SN ~ N
~ bt > O
i )
o *
nas Gl . " SEVL iended
48%% conversion 183% vield

T2 ml

While

srams sucoinie acid,

f, 1 Parr reactor body, stivring mechanically at 1100 rpmy

fre i

pressurized to 200 pai Ky and heated to 18O for Sl Adler this tiwe, the reas

witer

bath ! veaching rofm lemperature and pressure refeased. The ho

p{}isz”{'i}‘ into a storage flask and a sample of oy quaniilatively analyzed for

supomnio acid,

3

Thy accompanying Tabdes 427 summarize

N
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poared e g storage Hask and & sampde of ths quantitatively analye

wenee of maho

o 1 o stainless
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i Table 4, mwomic acid is reacted with dimethylcarbonate 1o athano! at g tempersture of abow 180°C

'

fry an fnort ntrogen atmeaphene &l g pressove of S peig. The dbester praduct is predondnately

vield with mininal dimethylsuccinate st &

disthyisucdinate af abo 56

of succinte aold remamed uareacted. o contrast, in Table S, succiic acud s

tethylearbonnte and mothanol at 190°C under similar condittons, The diester product is

L

overwhebningly dimethyvisucoinate at about 874

g%

i dhethyvlauooinate at 8.4

vicarbonate i othanel at 186 for 3

Table & presenta a reaction of sucobmic aoid with disth

o

Table 7 supunarizes the results of

prodeced dicthyisucoinate af about 52,

b3 &

a reastion between oiiric avid and diethyloarbonate in ethanol at 3 temperature of IR0%0 for about 3

1 GHES i an et aimosphers at a presawre of about S00 puig. The reaction produced inethyicitrate ot
SHIRTH conpversion, Al of the aitric actd wis crmsumed, As the oxamples show i these tables,
wathon condocted under auld conditions socording o the present proouss produnes various
et relatively goodd comvorsion rates. The
ester yields will improve with adiastments 1o increase the reaction thee and/or emperatures for
Frgare 3 presents & series of methy! seterifivation reactions using vavioos kinds of carboxyiic
acide with dunathyvicarhonate m methanol. Each reaction ased 20 g s;&ri}o_xyﬁic acid, § molay
squivalents of dimethyiarbonate {OMOY (2.5 cquivalents for levaline atad), 308 g of abeolute
methanacl, at VRO, Shy 200 pat Ny Al acids, except levndinie acidl completely conventad i the
23 yeachion, | 3 of the Badly setorified target (dloster) speoiss,

Figores 34 and 31 ropresont eslorifiation of seceinie acid and malic acid, respectively, whach

produced about a vield of abont 8084 and 79%, reapeatively, of the corresponding dhaster

51 the resction fo produce abowt T0% vield of the
ester. The esterification reaction with adipie acid §3s‘0<§uca{§ a mixed product of the corresponding

e

3I[ mopo-ester and dbester, respeotively, a

s vieid,

Y

Similar to the reactions in Figure 3, Figure 4 presemis a sumber of reaction i which different

cthy esd W carboxylic scids are prepared with dietfolearbomate in othansd. The cach ¢

cions wis performed with 26 g carboxylic acid, § molar cquivalents of dicthyloarbonate {DE

Cequiivalents for velinie acid, 308 g othanol, &t TRO°C, Sh, 200 psi Ny Agatn alt stids, exeept

A0 levalinie acid, manifested complete conversion doring the reapective rerctions. The selectivity for
cach of the ssforifisd fargets was very good, &l sbout 33% ov greater, Figure 44 shows the
eaterification of sucelde aeid, which produced a vield of about 34% of the corresponding diostir. In

s also completely ormsumed sad prodused g yield of shout &8
o Figure 40, abongt 30% of the fevudinie seid s consumes
35 ot the corvesponding ester converted 1o

the tri-ester, Figore 4E shines the reaction of adipic soid to roake 3 puxed product of the

12
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cosresponding monoeaier and di-ester, abowt &

fe

Figures 34 and S5 fihwtrate comparative examples (ontries S and & of Table 3}

fevelinic aeid s reacted, respestiv

aclvent being added. The

carbonate (DECH dimethyloay

heths

TRO°C, Sh, 206 psi My The reactions in

conversion (8090 of the segarae avid, bet baw vield of ester, wh

.

of gsterificanon. The resctions gonerated & very small amount of exter (~

made a slightly betior but st ooy

vield obtamed between the reactions thal em

cach vase, excepting levulinie soid, presumably is the monoe

s with dicthyloarbonsag

reactions were perfremed with 3 g ¢
bonste

the comparative axamples both e

amount of sster (318
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v. The remaining product in

1 which
¢ and dimethyvivarbopate without any other
carboxvlio acad, 3080 g o
(MO {respectively S8, 7.7 molar expatvalents), at

sxhibifed refatively high

Rt}

H

ich indicates an meffoctive method

Y when using BB, and

SaY when osing DMOL The difforsace o

phoved DM versas DEC s fikely s result o sterie

hindrance 1o the himoleculsr subsinution in the reastion.

pvantion has been desoribad n general and v wity of examplos,

derstand that the inventon 18 pot Haui rify o the embodiments

\ disc?aseii,, bt that modifioations and variations may be made without departing {rom the

roas defined by the following

waients presently known, o 1o be dev

Therefor

sent invention, &, unless vhanges otheraize depret from the seope of the wvention, the

changes shondd be construed s being neluded hevein,
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CLAIMS

oA method of preparing hod comprises: reaoling 101 8 feaction mixlere an GrEanw

acid with o dlalkylearb sresenoe of an adeobolcontaining solvent withaut an

oxirinsic catalyst,

u,

2. The method according to slabm 1, wheredn said method forther comprises bolating said esters

by il fonst fractional distiiation, chromatography, or both from sand reaghion puxture,

30 The method acoording s anvone of the foregoing ol i said esters ave ndividually

anoesior, dis stures thersof i vacious crmbinations.
4. The mothod according to anyone of the Bwegoing claims, whar

3 H N

selected frony formic aad, acetie anid, g}repin ae aeid |

%,

acid, valerie actd, hexanole acid, heptaneis atd, decancie acid, laune seld, myristic aeid, and
Craliy Bty moids, 2 5-furandicarbogylio acid (FIMCA), fumarie acid, Haconie acid, malie

succinie ackd, malei acid, malonis acid, glutaric aoxd, glucaric aoid, oxalic acid, adipie

pes
f’ .
po
-
f!/

Y
3

i acid, dodesanadinic anld, gutaconic

sl g}smaia‘c actd, snberie auid, azelnie soid, seby

acid, ortho-phthatic seid, Isophihalic acld, terephthalio adid, vinic ackl, sociirie acid, aconiin

o
N
H

aud, ricarbaiiviio acid. and rimesio acid

5. The method according to anyvone of the forogoeing claas, wherein sald organic acid v a
dicarboxylic or ticarboxylic acid,

§. The mathod according to anyone of the foregoing elabres, whereln said dialkybombonate s

least one of the following species: dimethviearbonate {B3MO ) disthviearbonate (DEC)

opyvicarbonate {1

aad asonrding G anvons of the k}i‘egeiz’xg charme, wheremn sabl alonholcontaining

pecies, of a mixture of differen ar o nuxiure of an

slvoliol and other non-aleobolic spesias,

B, The method according (o claim 7, whereln said aloohnd in said alcobolcontaling selvent is at

feast safurated, snsaturated, or aromatic,

G, The method according to olatm 7, wherein said nop-sleoholic speties includes at least one of

the following: a oa

formanide {DME), dimethyl sl

N

sirife, tetrabvdroforan (THEF), acetone, Nogethyb-Z-pyrrolidone (MP}, clidoroform,

and ethyl acetate,

<

The method according to anyone of the foregoing slims, wherain sakd aloohol medis

ety
at of said esters,

i1 The method secording to anvong of the foregoing o, wherein aaid aloohol is pres

b et

ey

exceas of stoichiometric amournds of carbonate.

18
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P2 The method according to anvone of the foregeing chums, whereln sald organic anid angd
carbonate are rescted at o temporaturs between aboat 130°C to about 234°C, at & pressare v s
range fom about 143 pet to sbout ¥30 per mert atmosphere,

13, The nethod secording 1o anyone of the foregoing clabas, wheretn sard cogaie acid and

5 carborats ave reacted af a tomperature botween abot 1600 o abot 215500

P4, The meth ng fo anvone of the foregoing claims,

wherein said organic acid and
carbonate sre reactad within & tme period not exseeding about 24 haurs,

clajm {4, wherein said organie acid and carbonate are resoted within

G 1. The nethod according 1o anvone of the foregoing elabms, svherebn said wethod s able i

conversion of said carboxy e aoid 1o the ester,
170 The method according o ol 16, wherem said roothod 13 able to achiove at least 7T8%

He actd o the ester,

sanio acid and a diaikylbcarbonale n g

P COmprising: cordacting an o

¥

sgont, absent so oxirinsie seid or a base catalyst

ber.
(¥ 4]

reaction modure witlt sn alcohol madiatng

1 The method aceording o claim 18, wherein said aloohol serves as g nucleophile that asswsts

sard veaction bet organic acid and said carbonate.

The pethed socording to olabm 1B, w o of said organie acid 1w converted into

& viald of corvesponding ester

20 21 The method secording to ¢lam 20, whersin said esters include either sters, diestors, of
HIONers, of fure containing combinations thergot,
33, The muthod seonding to clatsy T8 wheredn sand ovgan & convarted nto a
corrasponding pwmoestes and dissier in 3 ratio of abowt 95:0.9 1o aboyt 595,
23 o ol 18, wheredn a dbester product s favarsd,
35 24, o olaim 18, wheremn a €O, nwslecule i released from sand reactio
25 2o claim 18, wherein said ceaction ts performed i either « baich ora
SORTINUENES PIOTERS.
26, The mothod according to clatm T8, whevein said aleohol i either saturated, voasaturated,
avomatic, ov a mixiure of different slochal species.
3G The method according to claim 18, whereln said varhonate 1 at least oner DM, DEC, DBU,

28, An ester compoond formed from areaction of an orgarie soid with a carbonaty fn an alvehe

trinsic acid or base catalyst according

<-:<>m';za§:n:éng solvert withont the presence of either an ¢

3 VOR wegoing olaims.
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