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(57) Abstract: A process for making esters from organic acids by means of reacting a carboxylic acid with dialkylcarbonate in an al -
cohol-containing solvent without any extrinsic acid or base catalyst is described. A benefit of the preparation process is that it can
make the separation and extraction of ester products simpler and more facile vis-a-vis conventional isolation techniques.
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CDMATED ESTERIFICATION OF CARBOXYLIC ACHN WITH CARBONATES

CLAM OF PREGRITY

present Applications claims benefit of piority fram LR, Provisional &pplication No.

& 237, filad on 2% Geiober 28172, the contents of which are heretn incorporated.
FIELD OF IRVENTION
The present inventinn relales 1o a chomies! process fiw prepacing esters from organic xoids,
fn particolar, the ivention perfains 1o reactions of carboxyiic aoids with carbonates i a solvent o
W prochuow estors,
BACKGROUND
Estery ave an important olase of compounds that arg encountered iy various roles in ol avens
of syathetic organio chemistry, General methods of preparing esters stant rom csrboxylic ands which
1% are divectly condensed with afoshol uaing acid catalysis (Fischer esterification). These prior

r unthity, suffer from several ¢

asferificat

ot i3 an erpuibibriva provess typioally catalvzed by stronyg, corr
pRa <8 The water gensrated in the reaction has 10 be continuousty removed by azeotraping or by
use of @ debydrative agent or 113 role cowrdersd by use of a lavge excess of aleohal, Conunonly used

G asleshols, such as methanol and atbanol, can generats genctoxio alivl selphates. Acylation and

e inberendy polhsting because of sall generation, the use of toxie catalysty and resgens

angd use of chiorinatad solvents,

n rovont years chepusts have Jooked to other ester preparation approsches that can be loss

pollnting and pore envivonmontally friendly, Dimethyicarbooate {OMU) has gatved prosmnence as a

i sither acuds of base-catalyzed methyviation oy methogyearbonvlation of anthnes,

s attraction of DMCO Hes i the faet

sorapounds and sarboxylic astls,

xic and gives rise only 1o OOy and veethanol {recoveribie) ss the byprodugts,

1t base-cutalyzed

saps fave proposed diffecent approaches of

thylation o mothoxyearbonviation of anilines, phanols, active

30 He avids. Oxhers have proposed a chemasvlvotve process §
acids under puld RO-807CT and sobveni-fres conditions using DMC and dicthyles
dx. {Ses, Vst V. Rekha er af, “A Bipde,
Chamosslestive Process for the Esterification of Carboxylie Acids,” ORGANIC PRE
DeveLorseny, Vol 13, Kod, 768 (200U The process resuirg of stromg acids {Le.,
3% pla <Gysach as HLSQy or acid (PTSAY, or nuld soids such ay me-fohuie acid {MT

which reguives & downatresan neutraiization step prior o pndieation.
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Apother fssue witl current esterification reactinms of organio acids with DMC is th

at they are

formamide (DRMEY, which can be traublesrame tn post

reant processing and purification, becaase of DMEs high boiling pofnt {eg., ~ 153

PO X?ﬁ':‘.\i‘i}’ to decompose over fime, which can kead to frmation of laghly toxie and resctive
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i view of the fo

e a pew process of esterification 13 noeded, that can

eftvpinate ov miniuze the ssues associared with edterifieation resctions that depend on an extrinsie
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TARY OF THE INVENTHEON

7

ont invention provides a method of preparing esters. The wethod mvolves the
reaction of an ovganic agud with a diskylearhonate in the presence of an aleohobcordaining solvant

ancd withogt either an extrinsic acidic o hasic cataly

fsodating the corrssponding esters. The organio aud 13 & mono-, di-, ri-carboxyii acid iy

acids, The sofvent is composed of analeohol, a mixture of different
ination of an alovdol and & nos-alocholic species. The aleohol functions as a

¥

mediating agent in the resction between the dalivivarbonate and svgarde apld. Absent are an

extrivaio acid or & hase calalyat, as the inhereny mucleopiulicity of the alvobol diives the vster

oy the reaction species, one oan produce monossies
s thereof in varions combinations.

cot the present investion relates toan ester con OUDT P formed from g reaction of

iy soltvent without the preseoce of either an

atures and advantages of the present rwethods will be discloga

25 detaded description. It i andersiond that both the foregoing summary and the

e

deseription and examples are merely representative of the invention, ai

sverview for understanding the fvvention as clamed,

N

BRIEF DBESCURIPTEON OF FIGUR

st of an eeterification reaction acsording o an Heration of the presest

DYOCESS,

cify carhonate metathesis.

FIG. 2 is an iHustration of 8 rate-loniting step Tor in

)

P T shows g set of exterification reastions in which varimis carhoxylic solda are reacter

ancd, secrrding o an embodinent of the present vention,

¥
Y

with msthyicarbonate inometh

Y

FIG, 4 shows a set of esterification reactions iy which various esrboxylic acids are reacted

R4

with dicthylearbonate In ethanad, secording to an embodimunt of the prevest fovention,
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5 shonws @ comparative set of esterifloation reactions v which levalinie acid i reacted in

post carbonates withot an aloohs

ISCRIPTION GF THE INVENTION

Seetion -~ Deseriptim

i the prosent disclosure, we desortbe g frelle, offsotive method of preparing esters from

becs

pne ekl using environmentally fendly or specalled Ygreen” nontoxie dinfkyloarbonates (o,

avbonates) iy an alecholic sobvent (e.g., mathano! or ethanol). The process of

gater synthews fovolves an aloohnd-mediate

sn between ay ovganic acid and a carbonate

without the presence of either an exivinsie atid oy base catalyst, conduvted nver relatively shary

reaction Hmws, This approact s enprecedented 1 that po addijonal exivinsie acid or base cataly

are necessary fo effvot the exterification. Baterification of sx organie acid with a dialkyvkarbonate

according to the prosent proosss results in high conversion rates {e.g, 2 3%} o cid info

#a covresponding organic actd alkyl esters i relafively bigh vield {eg, » 35

i

be easily isolated from the reaction mixiure without need for nevtrahzation, such as by means of s

feast Tractional distillation,

Hevmatography, o bothe This process is schieved with a mimumal arsount

pasy
ey
s
]
=4
L
o
et
Lo

Although by theory, Flgure 1 presents an Hhaatration of a proposed, non-finuting

meechanizm for the preseot esterification reaction. I the propesed mechaniam, the ovganic acid serves

a \i{kdg 15} "2

iy the reaction. The organio acid fiself serves, fest, i activates the carbonate, and second,

o

stant. Selfcatabysis by the orgame soid circunvents the need for an externsd
Addiionally, the mechanism shows that an sloshol solvention-sndvent serves as 3 reagent in

de structure resultiog in the formation of

o of degomposition of the putative anhyd

. the present sstertfioation reantions take advantage of sobvo

sobvent serves as o reagent, driving the reaction forward by virtue of #ts groat excess. Por the

esterification 1 proceed according to the present process, the sobvent in the reaction &3 an alechol,

Solvolytic reactions entail nuclenphilic substitutions {ie., reactions 1o winch v stom oy a group of

atoms it a molecule fs v s the electron rich solventa

q

act a3 pucloophiles thatadd wo t

suphsirate.

! esterification reactions, in the present method the alodobcontaining

1 \

sofvent doex not fonction according to traditonal neclenphile substitution mechanismg, v which the

H R i i H : Tkt e Benavis I L reevaren ¥
RB-substituent of the alooho divesty displaces a jeaving group. Notio be bound by theory, Frgwe &

Husteates a pudative rate-Badling step of the present esterification resation, whish mvolves an fvsify

eration of alky} carborates from dlativlearbonates via g smetathesis provess,

eater is formied, This transient termediate species By an intermolecular eonvension mmdly
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decomposes i the presence of alechad to & corresporsding afky!]

sk equuvalent of aleohol. The sobvent-metathestred carbonate is the statisty

o,

: that the aleohol species drives the

soovnposiiion of the aphyvdride ntermediate, ot the carbonate st as whatover carbonate one sy

start with will be aliered depending on which kind of alech

[

in goneral, when carboxy

<

N

« reacted with a dialkylcarbonate in 2 corresponding albyvt sdoohol, the alky

~group of the

P

! appears o condrol which exter species is generated, For instnce, when the alkybgroup of the

arhoviate s different fom that of the sleohol {eg, DMU with ethanol) the resulting exter will

predovunately have alky! groups shailar o that of the aleohol {Le, dicthybester), Heneg, the

10 presence of an sdeoholeomaimng solvent is baportant for this prosess.

o driven by an alooho! solvent alone or a mixed solvent containing an aloshol and g son-alcoholic

eguires no extringie aoid or base catalvsis,

it appears that s greator aaowd of aleohol 1 excess of i

witi frelp drive the esterification 1o conpletion. Hence, fo cartain embodiments the ammount of alechal

15 present issbost 13- (o 3-fold excess of the stoichionetrie sreount of carbonate, o other
ambodiments the mmoay cohol ased is abowt 3 o dold, mes wHd

axness of fhe stoichiometric amount of carbonate.

The stoichiometric amount of carbonate wsed 1w the reaction shoy e85 eguivalents

of the number of carboxy! groups of the organie acid, At mibmvn the carbonate shotdd be abouwt 1.3

£ S sauivalents or

A

20 or ¥ equivalunts per carboxy! group. Typically, the arnount of carbonate is about 2

£ 3 1o aboast 3 or 7 eguivalenty per carboxyt grouy,

cation reaction of carboxyie acid with dialivlearbonate is performed

. 1 an aleoholcomainng sotvenmt. The particolar amount of aleohol and

fe sobvert may be composed eatively {

ot

s of aloohod seay vary, Th £, 108% ) of an alcohat v

sixiure of ditteren sloobols, or may comnprise & mibdture of an alecho! and & non-alvobolic species

e
3

sarbongte muxtge “,§2§§ focan RIGH IO Sfer an active rosges SN A

pes

cevtan amouny of aleohol Ss?i;‘-{?-ic‘s i the solvent is requived to perpetante higher vields of the

1 ] N TR

covrasponding di-imono-asiers. The alooho! conventrativn In the solvent should be at teast aboat 5%

v owt, of the sobution

venit of aforhol and nem-alecholic species can produce a good yield ¢

3G

ontponert of the solvent can nclade an orgrme sobvent, such av carbonst

formanyde (DM}, dimeth x sulfoxide {TIMSOY, meetoniiriie,

3

chiforafiem, ethyl acetate, provided that the organie acd

Y
ros

are af least partially sedoble within them at the temperatures of 8w

35 For instance, when a1 mised-solvent or blended systom of 1M mgthanol, i3

asod irea 1 ratio, such as in Examples 7 and 20 of Table 3, the mixed solvent bienad can help

sparbonate spegies gy
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example, a reaction mixture 1§ prepared with O, and methaned with a helerogeneous catalvet to
genersie a reaction product contabming DMO and methanol. This reaction product ca be partofa

woient and seltf-sustaining reagent systen, and allows one 1o avoeid the need to synthesis purg

e
¥
L
P
im

werting U0 and methanol to DM, seer Micks

e

~ X

S84 {2010 1A 1T o Masavoshi Honda, ef o,

o inte J3

¢ comtents of saeh are incorporated

Regroups baving one to 12 carbons, or more, can serve as the solvent

{reagent). The Regroups can be saturated, omaiorated, ov sromatic, Alcobols such as methanol,
sthanol, §«i‘0§35§3}{}i or butanol arg wore typleal in view of thelr commen avalialdlity, inexpensiveness,

o reaetion. Table 1 shonws non-limiting exaaples of

o
o7
.

some unsatrated and aromatic aleohols, which represent alternative specios including thetr various

perondations and dorivatives, These alkene, alkyne, and aromatic aleohads sre commercially

availat inoxpensive,

TABLE 1. - Unsnfurated & Aromatic Alenhals

H

Atkyne Aloobols

- Y
i t
i .

B fan
H

The particular chotce of alooho! species cart determine the bind of exter sproies generated. in

tments, the alcohol may have an Regroup different from that of the aikvl group o the

= . 3

. For instance, when the alke] group in the diakylearbonate is a methy! group and

Lk

v, the alcohol specias van have an B group with ay identical

vigreap, Alteraative

soh as othano! rencting with

oy of carbon atoms ag that

diethyiowrbonate,
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onric spesins can be used 10 the estertfioation reaction according b the

group in the dialkylearbonate may have any number of carbsm atoms, for

N

instanse, from §or 2 4 18 or 20 carbon stoms, typieally between 1 and 15 carbon atoms, more

typically betweon §and 10 carbon aloms.  Proferably, the alivl group has 163 & carbon atoms. The

nay, for oxample, be methyl] ethyl, nepropyl, lsopropyl, syl iso-butyl pentyi,

sopentyl, hexvl, or isohexyl, Preferably, the allvt s methyl o ety Table 2 provides meavisiting

examples of commmon dialkyl carhonate spepies, such se dimethylearbonate (MO}, diethyiearbonate

{0, dipropyicarbonate (BPCH, wr ibutylcards

nate {DBC), and thel respective moleoniar weighis

and boiling potts, For reasons of cost, compon availability and esse of hand! dimethylosrbonate

or diethylearbonate sre the sarbonate species eroploved typinally, bet other dialkyiobonate species
twas alzo be ased,

TarLe I - Carbonates

§)i:-s?§wi & rhounie Boiling Pi. Molecular Wi Sirugiure
it GavC G088 gimoke

carhunate

-~

- 188°C 14518 gfvwde

ORate 174,24 g/mole

One canwse a vasieny of difforent organie acids, S oxample, selestad from w)

sronocarboryhie seidar foemie acd, acetic anul, propionic acid | Ixctic acid, butyric aad, iet.s:‘sitss;.s"y;‘éc

acid, valerio ackd, hexanoic seid, heptanowe seid, decanoie soid, tanrie avid, myvrisig

by soids; by dicarboxvhe seids: 2, 5-Prearsticarboxylio acid (FDCAY, fumarie acid, Baconie

acid, malic sold, suecinie acd, maleie acid, malonio acid, gletaris aoid, glucaric aeid, oxalic aeid,

adipic seid phmelic acid, suborie acid, azelaic soid, sebacie said, dedecans

. ghutseonis acid,

N

sotho-phthadis acld, Bsoplthatic acid, torephihalic avidy s o) iricarboxye acids: oitrie avid, socivie

cidd, avonitic nold, tricarbailviic acid, and trimesic acid, Destrably, the organio acid s a diewrbenylie

od embodiments, the carboxylin aoid van be selectad from ong

1 certan prete

s more of the following: succinie ackd, malic aeid, citrie actd, levulinie avid, sw adipie acid, As waed
fierein an organic acid may be either a carboxylie acid or an aming ueid.

The amount of reagents wsed in sach reaction is adjusted o mest the requirements ofthe

()/

difforent orgaric acids. Tn other words, a mono-ackd will peed one eguivalent of reagenes, while a -

actd will use two eqguivalents, aud a trbacid will use three equivalens,
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Typically, the reactions are performed within # time period not exceeding about 24 hours,

iy nhout & or § howrs, and e

often not exceeding sbout 10 0r 12 howrs, or preferably

i about 4 or 3 hours, Fow sbout each hour of incresse in the duration of the reaction.

h the esterification reaction is conducted may vary considerably, but

FRTUPSS af Wi

gsually the resction terperative 18 i & range from abowt 13050 o about 236°C, depending on the

3.

spocios of vrganio aoid and dialkyicarbonate used in the reaction, o an et atnwephere such as No

o N3 Taed faeiviviengestinges 1a vh Provey abvensd LAY o POty nhv HERS! - TRV
Pypically, the anperatuee B It a range Fom abowt WO or 13090 to sbowt 210 av 22070,

certain embadimant e acid and cavbonate are rescted at a temperature hotween about

PSOC or 18097 1o about 208% o 213°C, Particular examples involve reactions af @ temperature

hetwvern about TR0 ar 1687C fo about 205°C oy 212°C. In other examples, the fomperature vina

HOL parbioutarly, frvan abowt 180°C ¢

N S ben g el R R e &, N N
y good resulis in ceasonalile reaction tunes Fom an

point of view are generally higher than 12650, and sinee the diatkylcarbonate (v, BMO,

otls under such { e exsouted inan

g, the alkylation react

appacstos vapable of bearing the vequired pressues.

at which the resonon is conducted wee simtlarly susceptible to variation,

Aoapheric and super-atnospharie prossure:

snddiveg vt the vapor pressarg

of the particular sudvent at a particulsr teagerature 10 ceature range. Typically, the

: ¥

PrOSSUEe iy i @ vange frome about 145 psito aboad 8530 psil move typically from abowt 150 psi or 153

s 1o about B pst or 820 ;}si {gage) In cortain oxamples the pressure s bobwsen about 160 pat and

I

aboat 630 psi, or about 188 pai to sbout 6280 psi. For instance, the vapor proessuwrs of moethanol is abog

& pstor S¥ . at ghout 167 8% or 3 Eihanod, Tor example, has a vapor

3 pat

83 pai and 580 g}’s«i respectively, at about

pressire of about

P
o

According (o the presend procass, one by abie o achieve 2 o conversion of ¢

partisuiar csrboxylic aeid 1o I8 corresponding raonos, di-, or tri-asiers, hmuix the acid conversion

yafe s at s & acid conversion rale s between about 809% and abowt

In some reactions, al keast 56

2 pombined

srted to @ combined vield of numoosters and diasters. U

ster conversion raie is about 63 aer. With \-:,.\;':stis:n.i;‘_.m’c.& copdete

picnoesisr and

1 be accomplished

anversions of carboyyviie acids to their corresponding mono- and/o S g

< . s oy
B
H

B rescuion conditions, The reaction can be fis sriormed in cither a batch oy continaais reaction

3

A prineipal advantage of the present method of g

ives fronn the circumvention

sterifios

st offeot complete acid or eater covrversions, A crwollary 10 this benelit wihe
¥ 3

stnphification of downstreant separation provess for the reaction products 1n comparison o
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TV ‘. SR Taires

conventional techopes, One can eliminate & converdionally nece

adjustent prior fo porification. Morsover, the avoidanee of either an exirinsio atdi

1o present svnthesis process, one need not worry sbout the offects that acids or hases
proserdd i the distillation colmns and one cant reevele the distiflation bottoms product back into the

[EREIGS LTI N

The different argante acid esters produced in M reaciion Can

the reaction RUKLES using vatious echnigues such as by means of distillatinn or acid-base exiraction,

For matance, ong oan separsie the numo and diesters, which tersd o have boiling pomt of abaot |

or use an acid-base exirachio

Pl

areater, froan fower botling e

ipate the carboxyviate, and then regenerate the cvgame acld with a strong acid {pKa <, oy

Section - Exagples

[}

Asncording o the pre

sxaniple of this mechanisvm involving a reaction of suseinic

o statistics, Equation {1) represent
aeid with a diethylombonate it athanol. Acoording (o the mechanism, i one disedd swdecale collides
with twe moleeules of the carbonate, the di-ester wonld form, Natstically, bowever, # woald Be
more fkely that one moleoule of the di-acid collides with one molecule of the carbonate, thua

N

generating the monoester. Over tiae, thy moncester waould eonvert to sonesponding d-esters,

¢ BN
NEN $ N
NG
H
5
\
\

forative sequense & the dicater

he ratio of monvesiers G diesters produced can vary depending on the duvation and temperature of
the exterification reactisnt. Barly in the reactiont {f.e, O] bours), the ratto significantly favorsthe

apecios {2.g., aboat 9508}, The ratio 1 about 41 after abow

vor § hours, This ratio waould Be about 1:3 or 14 after

1 810 hours. Repeating these vesctions will gensrase the

Table ¥ swomarizes 2 number of comparative examples and myentive exa

Comparative Examples | and 2, when an organic seid {e.g. suceinic sold or levalni seidy i reasted
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=

with an alcohsd solvert alime, virtually no ester fs prodoced, and the acld remains largely wnrsactive,

mic soid s reacted with a dindkyt sarbonate b DME salverd, a8 in Comparative

SWhen the org

sarnples 3 and 4, the aold was agawt largely unreactive and geoerated & vield from aboat 8w w

3

the presence of an alonhol, we observe very

responding mono-vater, sh-ester, westor, oF

estgrification reactions conducted neat m carbonafe sobvan

Lol

&

g3 in Coroparative Examples 3 ang
erification with DM ~ L 1% wil ethyl exerification with

sppear 1o be an important reagent in the reaction so as to obtain a tagh-
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WIS, Wi dginnstrate

§

‘am;ﬁes conducted acenrding 1 the present esteniiioation react

producs mows, dis or ri-eaters by means of vescting a covvesponding carboxyvhoe soid and

> different carboxylic acids (Lo, pwmo-, di

sleoholic solvent, Reactimg B

. succhic, matin, adipie, and oiiric scids} and a combination of diatkyl

Ay good vielda {eg g o abowt 7
3% diester)., The amoant of eater produced and conversion of the wantly greater than,

€8 sonversion, up o sbout 0% vield vived-vés that of the comparative examples,
Depending on particslar resstion parameters, such as the ety pressurs and duration of'the

esterifieation reaction, esters were produced with yields between about 4

by wtl With optinezation of the process om

faverable conversation rates and vields {e.g., sbow 8% 8

Tapie d - Experoneontal Resulis with Vardous Acld Spevies

Exsmuple Agid Carbonsie Sofvent Ester Hader “a jeid Aol mmasmsw

Comg. | Sueoinio ethanol Dmethyinwest
Succinic eisxaw‘s Diethy

DIME Oicthvlsncoinale

DE Dimethyisaccinats

Hovalinate

£ t% Hevuinaie

Methanod DPrimeathyisucuinais

g H - ANy SN i [> B4

FSthanol Dethybuosinats 8.7

3 Fihanal i i {4
4.0
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{4
§ Malie NI Sethanod DHmethyhoslae 8.8 8.0
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aie 684 8.0

Eihanod Thothyvhon
=

{0 fihana 0.0
it Hevulinais
i2 valinate
S 71 ~
¢ 438

{irtn

Adipic

Methanol Dipnothy
Crhannd i

Adinin

Adipe A Maothanol/ D4

The tollowing deseribe the preparation and resetion of some of the comparative aud foventive

exampbes n Table 3 o greater detail

5 Example A dipie Avid, Biethviearbonate, and Ethanol
3
ST SN Sy RN N w
N ~ - WA
o
53 mk of disthvicarbouate, and 308 g of ethano! weve charged 0 g
i3 Whitle sttrring mechanioally at 100 rpm. the juternal headspace

was pressurized fo 200 psi No angd heated to IR for 3k After this time, the reactor body was

Pt

cooled Bt a water bath unti! resching roont temperatnre and pressure vel

aured Buo a storage Thsk and a sanple of tis quantfatively analveed fiw

s, meono-ethyladipate sand adipic seid,

Example B Synthesis of Dimethylmalae from Malie Acid, Dimatbyvicarbouate, and Methanad
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Twenty grama male acid, 63wl of dimethyvivarboude, and 308 ¢ of swihasoel were charged fo a

stafnless steel, VL Pare resctor body, While stivniang mechaniondly st 1100 rpm, the internal headspace
was pressurized to 200 pet Ny and heated to 180°C for 5h. After this time, the reactor body was

3 { §

cooled I8 & water bath until reashing roon tengeraturs and presawe relessed. The homnogeneons

RASEN

sohution was poared e & storage flask and 3 sampde of s guantitatively analyeed for

divethyimalate snd madie Based on Hodings with adipls acid, the alsence of mahe acid in the

product mixture and 7

vield of diester addeces the remaining

-'r\ E

of product mintore as the

corresporing mono-e

Fxample O Synthesis of Methyllevalinate Som Levohinie and and Dimethylosrbonate

1H0% convarsion

Twenty grans levulinwe soid and 300 g dimethylnarbonate wers charged to a staindess steel, L Pary

seactor body, Wiale ativing mechanics

v oab PH0 rpoy, the vaternad beadspace was pressurtend
psi Ny and heated w0 180°C for St Aller thus tine, the reactor body was onoled in 3 wader bath until

reaching roon wperature and pressurs relessed. The homogensous solution was poured wio

mipe of this quantitatively analyeed for methvlevulinate and lovuiinie acid.

Fxample I Svn +F Prnethy lsuccinate from Succinie aad, Dhimethylcarbonate, and

Pmethyormande

Y
i S
: ]
;‘:}\ AN N N
vore
it }
3 '
: . EUAT AN 3
2% CONVErsion 6% viald

ead o g stainle

S

grams suocinie acid, 72 mil dimethyloarbonate and 300 g of DME were of

o

steel, T Parr reactor body, While stivring mechanically a8 1100 rpiv, the fnternal headspace was

prossurized to 200 el Ko and heated to 188°C for She Ader this tme, the reactor basly wvas covled in a

1

water bath unti reaching room emperature and prossure refeased. The bomogeneous solution was

;xm;’{'e‘ intu a storage flask and a sanple o

A

graniiatively analyeed for divethylsucemate ay

suoomic acid,

3

hesis of di-esters Trom

The accompanying Tabdes 4.7 sunwnarize examples of the sy

dimethyl carbonmte and diethyl carbonale using succinie aoid ansl vither meth annd or sthano! solvent.
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N : 1 3

i Table 4, suocinte acid is reacted with dimethyicarbonate 1w athano! at g temperture of abowt 180°C

i1t an et

cont atmoaphere 2f @ pressave of S peig. The diester praduct s predominately

vield with mininal dimethylsuccinate st B0

d’iﬁ:t’h}-’§szi.;a:<:§.szs€;=;ic #f about 58.

of snecini remamad unreacted. Iy contrast, 1 Table S, suceinie acid

tethylearbonte and methanol at 190°C uander similas condittons, The diester product is

o vield, with manimad drethelnecimate a1 80

overwhelningly dimethvisucoinate at about §

vield, Table & presenis a reactint of sucoinc aotd with disthylcarbonate i ethanol at 180°% fiw S

fowes, © produeced dicthylsuccinate at about 52.8% comversion. Ty of
a reastion between oitrio adid and dlethyloarhbonate by ethanol &t 3 temperatare of 19070 tor about §

voan et atmosphers at g presare of about 300 pug. The reaction produced fristhyicityate

onversiont. Adl of the ciine achd was eonsumed, As

AT
S

the examples show g these tables,

o
'
Y
4.

tion condacted wnder ou e recording 10 the present process produnes various

relatively goosd comvorsion rates. The

cstera from diffe

aster viokds will improvs with ady se the reaction time sad/or lempenttures for

opt

H

o of methy! ssterifioation reantions using varioas knds of carboxylic

Figare 3 prosents a sevi

h

¥

acids with dunathvicarhomate m methanol. Each reaction ased 26 g cavboxshic acid, § molar
squivalents of dimethylcarbouate (MUY (2.5 cquivalents for levalinde aoid), |

wiy convertad o the

gy
R
w
,,m

methanacl, at VRO, Sh, 200 pei Npo Al acids, except Iovnltio acld, comp

> the fidly cstorified target {dlester species,

g

wesond saferilivation of secoinic aotd and malie acid respectively, whach

S, TeapEC . of the corvesponding diesters, I F
4 i the resction o produce shout 78% vield of the

ester, The eaterification reaction with adipie seid produced a nied product of the corresponding

mono~ester and di-ester, respeotively, af about 0% and ¢

Strmilar to the reactions in Figure 3 ¢ 4 presents a nuvaber of reactions in which ditferent

r..4

%

4 .
N Lalh

diathvicarbvmate tn ethanod,

esters of carboxylic acids ave prepared with

cions wis performed with 20 ¢ carboxyvlio acid, § molar sqaivalents of disthyloarbonate {DEL

<
Y

equivalents for levolints acid, 308 g ethanol, at 180°C, Sk 200 pst Ny Again alt aaids, exeept

fevalnio ackd, manifested complete copversion . The selectivity for
cach of the esteritind ta sood, at shout 35% or greater, | 2 4A shows the

eaterification of sucoinie acid, which produced a vield of about 54% of the corvesponding di-ester. In

."J

i also completely ormsumed and prodused & vield of about &

In Figure 40, ahout 50% of the levulinie acid s cormurmed to

of the corresponding ester. In Flgure 4D, citvie aoid completely converivd 1o produce abogt 46

the tri-ester, Figore 4B shows the reaction of adipic acid to raake a mived produst ot the

12
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fv. The remaining product in

cosresponding monoester and di-estar, aboat &

Lot

cach case, excepiing levalinie ackd, presumably is the mono-ester,

Figures 34 and 55 ithstrate comparative examples {onivies § and & of Tabde 3} in which

Pes

- with diethyloarbonate sad dirmathylearbonate withaatt any other

fevalinic aoid {8 reacted, respeniiv

saivent being sdded. The reactions were perfirmed with 30 g carboxylic atd, 308 g o

dicthylearbomate (DECH/ dimsthylearbonate {BMO) {respectively S8, 7.7 molar egaivalentsy, ¢

PRGMC, Sh, 206 psi Ny The reactions i the comparative examples both exhibited relutively high

L

conversion &-80%) of the nwgarde anid, bat bimw yield of ester, which indioates an neffoctive mathod

g

of esteritication, Th

3 when using P and

sonons goneraiod & very small amount of ester {

made a slichily hetter but stifl ndnor amount sof seter (HHIBGY when osing DML The difforsace

~N

vield obtamed between the reactions that emploved DM versay DEC iy Bkely s result o sterie

hindrance 1o the himolocular sobstitution in the seastion.

The present brvestion has been describad i general arsd o detatl by way of examples.
Farsons of skill i the an understand diat the nvention 18 uot Hovted necessarily o the embodiments
specificaliy disclosed, Wt that medifioations and variations may be made without departing from the

seopa of the invention as defined by the following claims or thelr equivalonts,

squivalent components presently known, o to be dey

sent nventon. Therotors, uniess changes othereriae depret from the seope of the nvention, the

s shoudd be construed ss bomg moluded hevetn,

13
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CLAIMS

Lo A method of preparing ¢ method comprises; reacting 10 & reaction mixiene an organw

« solvent witheut an

fd

acid with a dialkyicarbs wesenee of an alcobolcontat

5 axirinsis catalyal,
2. The method according o elabm 1, wheredn said method forther comprises bolating sand esters
onst fractional distillation, chromatography, or both fromm sard reachion puxture,
3. The method sccording o amvone of the foregoing clalme, wheren said esters ave individually
aumoester, diosiers or riestors, or mixtures thereot i various crvabinations.
i 4. The method according to anyone of the fregodng clabms, wherein sald ovganic aoid is
selected frony formie acid, acetic avid, g}ropi;} e seld | lactio acid, butyvrie acid, sobutyric
vic acid, Bexanols ackd, heptanoin acid, decancie actd, Janie acld, wyristic ackd, and
Coaig fatty anids, 2 58 andicarbosylio acid (FDCA), famarie acid, fmeonie acd, malie
aeid, succinie acld, malel ackd, malonis acid, glutaric acid, glucanic aoid, oxalic aoid, adipic
15 aeid, puvelic actd, suberie auid, srelaic seid, sebacie avid, dodenanadisde anid, wlotaconic

anid, ortho-phthatic acid, sophthalic actd, terephthalic acid, vinc skl Nocitrie acid, aconlie

and frimesio acid,

5. The method according o anyone of the Torogning clam, wheretn said organie

Dy

dicarboxyiic or ticarboxylic agd,

I

{3 & The method according 1o anyome of the {uwragoing elabres, whereln sad dialbivbewmbonate st

fpast one of the following spevies: dimethyloarbonate (MO, disthylearbonate (DECY

carbonate {4

st acenrding i mvone of the foregoing clsms, wheron sabd alosholcontaining

¥

solvent 1 8 single aloshol species, or 3 minture of differen

5, 0f & muxnire of

anst other pon-aleobolic spesies,

-~

B The method sccording o claim 7, wherein said aloohod in satd alcoholsont

feast saturated, onsatuvaded, or arosoadio,

soies tncludes at least one of

§. The method according to clabm 7, whereln said vos-aleobolio sy

byl formanide (M), dimethy! sulfoade (MBSO

the following: a carbonate/l

airile, tetrabivdrofuvan ¢ THE), acetone, Nomethy 2 pyorolidone (NMP, cidoroform,

and ethyl acatate.

<
oo
o
%

¢ method according to anyone of the foregolig

i1, The methad according to anvone of the foregoing clmms, wherein said aloohol is pres

35 exoess of stoichiometric amourts of carbomate.

18
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P2 The method avcording fo anvone of the forsgoing claims, wherein said organic anid and
carhbonate are roanted at s temperaturs bet about 230°C, al a pressure in g
range s about 145 pat to about ¥30 pet inert atmasphere,

13, The method secording 10 anyore of the foregoing clabes, wheretre sad o ‘gmais acid and

& carbovate are reacted at a temperatuce beteveen abowt 1667C o about 21850

vone of the foregoing clabtmg, wherein said organie avid and

vithin a e perod not exseeding about 24 haws,

wrein said orzanio soid and carbonate are rescted within

[+g

o olatm 14, w
1 about 12 hours.

1G 1. The nethed according o anyone of the foregoing olabms, svherebn said wethod s able o

conversion of said carboxy e acid 1o the ester.
P70 The method according o clam 16, wherein said rocthod 15 able to achivve at least 78%

eovversion of said oarboxviic acisd 1o the ester.

s

TR 1 X et e fNEYeT N PYIEPN aaed H ong o
TR A method of esterifioation comprising: contacting an organio acid and a disikyi-carbonale in g

X o

¥

sirinsie soid or a base catalyst

ber.
(¥ 4]

gont, absant an

<

reaction muxtiwe with sp alocohol mediating s

1 The method acoording o claim 18, wherein said aloehol serves as a nucleophile that asaists

b
e

2y

said reaction hetwoerdh sind organic acid and said sarbonate.

o of vaid organic acid s converted into

6. The mathod socording 1o clabm 1E, whereln at least 4

243 2. ¢ 1o ol 20, wherein said esters include eithar i suters, drosiss, of
© containing combinations thereot.
g te clatn 18, wheredn said ovganio seid by converted nto a
covrosporling mmoester and disster v a ratto of about 95:8.5 to about 8.3
23 cofmim 18, wheredn a dbester product s favaorsd,
35 24, avding to olain 18, wherein 2 OO molesule fs refeased from said veagtion.
ER ding to claim 18, wherein sakd reaction s performed in either w badch ora
CORLIUINGS PROTEsK.
26, The mathod according to clabm T8, wherein said aleohol g
aromatio, o a mixiure of different alochol apeoies.
30 27, The method sccording 1o claim 18, wherdn said cavbonate s at least oner MO, BEC, DBU,

{ S
H

Ar ester compoond formed from a reaction of an orgarie aold with a carbonate in an al

[

trinsic acid or base catalyst according

containing solvert withont the presence ot etther s ¢

i

0 minvone of the fo

agoing claims.
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