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35 Afer 4 hours the reactor was cosled.  The contents were Hhered,
vivster and other resetion infermedinges. The resction mixtare
. monomethylt ester {(~31.6 wiSe), and wnreasted FRCA (67
an
A2 wmi with 3.5 g of FDOA and S el ofmethanol. A tew
crvstals of dey fce were added {0 reactor and the reactor was elosed and heated to 200°C
The e rosction pressure was bobween shout 1600 paig and 1900 psig
hours the reactor was covled. The contents were filisred, drigd overmght, and sualveed nsing
33 ixtore inoluded dimetint o
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by oorepeat of B {2l S&3 16 resotor was chavged with 6.5 g of FROUA and S mil

of mnthanol. A fow orystals of drv jee ware sdded to reantor and the reacior was heated 1o 200% for

a sand batfe The internad reachion presauve was between shont 1500 psig and 2004 paig

¥4

rwas cooled. The contents ware filtered, dried overnight, and sralyeed. The

[ jea

4,

reaction mitoere contained dimathyl exter (1.3 w9}, monomathy! ester {(~24.38

N o B
AW RN

iG A T2 ek BRI TS reactor was charged with 8.5 g of FROA and § sl of methanoll A few

¢ were added (o the rescior and reactor was closed and heated to 20090 for & hours in

a sand bath, The internal veaction pressure was between abous 12

sl and 1800 pyig. After & Bowrs
the reactor was vooled. The contents were filterad, dried overnight, and snabvesd, The reaction

tod dipethyl estor (892 wi.%), monorethyd eater (103 wi.38), and wnreacted FDOA

P
i

iiger (L) sutvelave reactor w pran dHoarboxylie soid and 306

20 essucized initdably with 400 poig of 0 The resction nisiure was

e

Cand maintuned a

po8

heated to aboy this temperatire for 4 hours, During

PR

aide the reselor inorease from 400 peig o about 1800 paig. After 4 hoars &

sorafure and (i(fi)i'(;‘ﬁ&ii?(i'z‘ﬁ(‘&v The contents of the reactor were filtered,

i, and analyzed for conversion using GO/MR. The resetion mixture

~g
a2

fer {516 wh

reactor was charged with 835 g of FDCA and 3 mb of ethannl ¢

foed
poss
oo
F'¢4)
(42
k]
Wy
e
[&]
P
[
<y

heatad to 1909 &

fals of dry e, The reacior was clogse
N . AR BSOS SURS o N SRV QUG SR VOIS ST UURN RIS JON 1Y PSPV S S I NI
houvrs o 3 sand bath. The tternal reaction prossure was betwaen about 1D paig and 1700 paig.

After § hours the reactor was cooled, The comtenis were dried under vacman and anabyred using

adiates, The resction muixiu

N

7.3 wi ), and waescted FEUA (178 wi In g second

(4]

¢ parameters, the reaction mitore contatned dimeathyl aste

,
J
s
o
b
%
'
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o
el
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]
fot
&
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s

P
el

2 wi ey, and wireacted FDUA (1583 ot

monoathyl ester {29
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ef reactin vharged

Ao

cior s closed and

inlernal veaclion pressure was bebween about 1400 peig anad 1800 paig. After 4 hours the reactor is
cootad, the reachion muxtire exivacted, dried overnight ang The reaction

> onntained -jwm} i 23, TROREHEN

e

R.390), and unreacte

rees;

Like tn Example 8, a 12 roll stainfoss steed reactor was charged with 6.5 g of FDUA, § mb of

sthanol, and an excess of dry 1oe covstals, The resctor s closed and beated 10 210%C frw S hours ina

e

he intornal reaction pressure was betwween aboat 1860 psiy an

coptents wers dried and analvzed as above, The reaction mixige containe

h monocthyl este

i

vl Furan Dhearboxylate:;

SHOR guxtire was ro-suspended o othyl acetaie and ws
tod FDOA and monocthy] asters were ramoved by washing.
ed 1o give the dimetiy] ester. Sindtarly, the nareacted FDUA
and iyl esters were removed by washing and the ethel soctite laver was concentrated

ester, Ciber cost effective separation and purificanon wohsuques nay mckude

Persrms of kil w the artun iy o the smbodiments

spreifically disclosed, but that moditications and variations may b made without departing from the

N N <

wevention as defined by the followng chvms or ther equvalents, including other

SCODE €

;mmiwm components presently kuvswr, of 10 be developed, which raay be used within the scope of

erion, The e, untfess chunges otherwize depart froms the scope of the invention, th

s

and wiveasted FOCA 4.8%)

sdey the same papumeters, the reaction miture contained diethyl ester

12200 psig. After S hours
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CLAIMS

thod of produsing one o more furan dicarboxylates, the method comprises:

furan dicarboryiic acid (FECAY with at least an alooha! or @ mixtare of different alochols in
Y

O atmosphere i subsiantial sheence of

reacting

i
pry

anry sther oxdninsic satalyvs

~
o~
<

77

Py
ot

mmixiure of gaters, wheren B-group 39 af least g saturated, unsant

-

ad avoording G claim 1 wherein the Regroup 8 O to Cu
-:: AT

aceosdmg o e

faim §, whereln said OO forntions as a seif

egenerates baok to g reagent dunng eater syathe

o olabm 1, whereln satd reaction of FDUA with an alend

tormed ander femperatore and pressuse conditions that are ¢ apororiical, aritical or
wear-eritical for b least one of said alooho! te mixtere of alcohols o €O

3. The method sccording to elabm 3, whereln satd synthesis s performed at 2 temperatu
24 Babween about § € 400 psi ap to ahowt 3000 pat

&, wodd secording © mixture of esters nehudes monoesters and
7. The method according to cla

.
8. The method according to olaim |, further comprises sepanting mono-
atkyt esters by mweans of either orestallization or scidhbase extraction,
& The method according to claim 1, wharein sabd alosbol i a - Usodind
H A method of synthesizing a fursn diester, the method comprises: reseting
3

N

OOy stmmsphere in the substantial sbsence of

PSS

sipereritical, eritival, of nosy eritioal
rnperatures and pressures for the aloohsd or O gas,

nathod according o ¢

ped

aperational conditio a8, i cmperaiires, avad

sssures are modified selectively o drtve smd ¢

mthesis reaction toward fivmation of diester

7.‘,_/

molecuias,



i
s

o

PP

20

S
S

Lag

iy

WO 2014/099438 PCT/US2013/073821

-
7

AN
R} N

P

Y

PARN

- A method of provessing furan &8

The wethod according o olaim 18, wherein sabd operational conditions i at & reaction
tomperaturs betweon aboat 160°C and Z30%C, at an reaction pressire of hetween ahout 460

osiared 3068 psil

Py

The wethod according o clator Y further comprising separating monoesters from diesters by

2

mgans of an o exchange resin, sold-base extraction, d‘sstéiizitim, or crystathizatio

The method avcording o claim 1, wherein said alohol s a &

&

mspizsre in the substantial abaence of ayy other catadyst

FROA with a first aleobol in OO
to produce a first oster mixture: reacting swid first ester mixtore with g second afochol in g
ramesterification resction w produce a seoond ester misiore,

EEReT nsn saigd fiesd

The method according to ofaim 15, wheredn farther comprises re

The method according to olabu 15, wherein satd first alechol §s 2 O o Oy alochol,
The method sccording to olabm 17, whereln said fivst alcohol is: methanod, sthanol or

propanal,

o elatm 15, wwheredn suad

clatm 18, wha

an
pelecH

The method ii{:L‘iZ?‘:‘{.iiiif o Ol 15, whersin said Hrst oster mixture nclodss either mono-

Soaves a8 baved AU At SUNREY IR S SSUN NP S RORTURIUUS TUSIDE ST >SN LN SO SN sdhined e
ssters ar dosters of any one of the following spacies: methyl furan dicarboxyiate, sthyl furan

dicarboxylate, ov pre furan dicarboxylate.

The method socord mg to olaim 13, wherein sid regetion of FDNUA with an aleohol in OOy &

pertormad under operstional conditions vither at superoritical, eritioal or near-crident renstion

e satd aloohol or OO,

™

The method secording 1o ¢laym 13, wheretn saifd resction of FIXCA with an alcohol in OO, 18

performed at a reaction tormperatire of between about 130%C and 2309, at a rescion prassurs
of about 400 pot s to about 3400 pa

The method according to olaim 23, wherein satd reaction of FDCA with anslonhol i U B
performed af a reaction temperstare between sbout 1700 and about 230°C at g reaction

e of abowt 920 pet fo about 2308 psi

¢ ester puxhiee 18 transesterified by nwans

The method socording to ofabin 13, wherein sand first

o
D

A reactinng,

erifivation reaction is performed at

e
i

The method secovding 1o claiy 15, wherein said tran

abont 8§7 1o about YOS

The method accordmyg o olafor 135, wherein 2 boiling pont of said second alechol 15 ar least

PO o 2090 greater than that of said Hrst aleobol
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I8, The method secording to clabe 13, wherain said transesterification resction w performed

ander raduced prossure at saed botling point of said first aleohnd,

The method aceording to chum 13, wherein said to nos by means of a

extoriticalt

g
1

BRERE SRy Tahie reaciion,

3 The method sccording fo ol 29, wherein said Hipase s of Candid aarariio

S
O SR

{3,
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