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sannot be convertad tr the destred produet, and 10 avoid the fo

%

rantion of color and decomposition of

A at the reaction fomperatures one may nead o use dmeth! furan dicarboxyiate as a p

U
PRLINRNS

b view of such fssues of converting or synthesizing esters of FDOA acoording to currsat
tenhnigues, & nead exists for @ siplel clesn, and economic provess for converting carbohydrates o

building blooks for

criafy and foels for commercialhized use.

IMARY OF THE INVENION

iod of producing one or more furan dicarboxyiates.
od wvadves g frst embodiaent; yeacting 2,5-furan dcarboxylic acid (FEHCA ) with at

Sast

aonikiure of different ale

the substantial sbsonce of any

afalysy, according to the followin

O
¢
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R ""§ AN N AL Y
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NLe B A bl DI 3
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e

¢ of eaters, wherein Bogroup s at feast a sanurated, w

Al

ctions as o self-gonerating ackd catalyst in vire and regenerates bao

\‘\ )
The esterifioation reaction of FIXCA orith an alochol in €0 s

achitions that correspond (0 either supereritioal, oritical or near-orith

AR

ceasures S af feast the aloohol 5 SR fes of

vathesis s parformed &t a resction fomperiters botweert sbout 130°C and 2389, &t a reactinn

pressare of about 406 pst up to about 3,000 pel. The medhod may finther ontaad reaction of the cater

Seation reastion o regenerate the aloohnd rexgent, and recyading the alvohol

W

bavk o react with additional FIXCA.

anwsther aspeet, the disclosure relates o g

1 dicarbonvie acd

(FIXCAL The method bvolves: regoting FDUA with a

“any ot

¢ 1o produce a first ester nuxtus

ohol Bt g transesterification reaction 1o “‘i\‘-{‘s WO & RoO0nd € ngxiare, One

to the first aloohs! and recyveling the first alcobol back 1o react with addstional FDXUAL

The method can be adapted for either bateh or contimious proves

Addittonal features and advan

gos of the progent s shisclosed in the followig

i

detailed desoription. B is understood thar both the ’s'f-:‘:ss‘egg,-:‘m‘-v sunnnsry and the .i"f\%i@'sa-'.é;ﬁig detatled

AENy

BRIEF DESCRIPTION OF FIGURES
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VLED DERURIFTION OF THE INVE

Section - Desoription

sent mvention volves the discovery o

exters from furan-

soxylic acid (FRCAY Anaspes

eriftoation reactions, withont the presence of

as an ackd catalyst in

i‘{.‘fﬂ\‘ﬂ Way yordics o

Haguid reaction systen.

Ryl Drandic

se the resalting monos or di-al

fvraer materials, pasticizers, or foels along downatream

we 1. For exanypsie, dimethyl furan divart

N
0

a such as terephthalio acid or honony

faran~dicarhoxyiate, or for various

P

precursor for plastic

podymers, such as polvethyiene foran-tHearboxylate or bosorhide FIHUA exters for high glass-

Nosn

arboxylates can be u pracursar for

transition emperatars {1} poly

¢ Be used as catiowic surfactants, chelators, and corrosion inhibiors,

novealint extors made by the prasent nvention can be used directly ag Bmgicides

ted

ion of the

Arvadvanageous fange of the inventive method is that aci

s ant acyl halide {o.g. fluoride, chioride, bromide} or by using strong mincral acids

or techniques. Aoyl halides are saconvenient o use becwae these

HY, waste ireatmen
make, An aoy! oblonde is 5 wmore reactive species thep FRUAL

arud an adonhol s

snechanism for the forpwiion of an ester

Conventionsily,

iy of an eder, and the re an go in eithe

v

e the corslitions uead, In a fypical esterification process, & «

divection deprading

uol reset with an alcohol andess a atrong aotd i3 used as w catalesy

a8

nation ma

copespirated seifurts acid s § Bisride, Py he carbony! group more

the alcohol, which v s weak muckeophile
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o general torms, the presard et olves a reaction of FRUA with an

atcobol g OOy atmesphere in the sy 1 oatalvst fo prodoecs ssters,

the torm Tsubstantial abseree” refors 1o 8 congdition in which an acid catalvst is cithey

by absent, or is present in e svduisds oF frace amount of Tess than catalyiic

Ber words, no other acid catalyst is preseat, ot p

[

ve to the carboxylio acid it the reactiont. The esterifiontion reaction is

either the aleohal andior {_Ti’;}g.

snoratos or Funslions & s as an acdd catal

back info a reagent. Carboain soid {8 woch weaker than the usaal strong acids. Nonwetheless, a

o acid) is boing made i singn boge enough quantities fo

effect esier production. The o ey ester comversion at

os adduess w reldively large oncrgy of activation for s progess.

sation that represents cortain embodiments of the present esterification
an aloshol {ROH) s OO, stmosphere, &t 3 hoightened temperature,
°C, and pressyre, sueh as Y30 por to 3000 pei {gsugey. Typieally, the

resuiting eater products can be either monoesters or diesters, or 2 mixtwre of both. One can control the

reaction & drl

s towand either the moneesters or diesters, or a cortam minture o

o oy selent g reag
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0 R CHPeTalige ¢ udd Prosmiee that

preferentially dives the esterification resction trwards formation of diester molecales, One can

arate the mono-alkyl eaters froet dhaliov! esters by means of orystallization, distitlation, ion

or acid-hase exdrasiion §3§i?&.i3 i,

iy, show subsequent franestar s of the mono- and diakyl

-

Wi

OF eRZVIVRNC feactions, such ay by means of a Rpase

ticrobes, such as

int, The lipase can be derived from a vari

3

the fradenan

NOVORYMTH 4

¢ connnercially under 15

Figure 3 ilustrates another aspect of the prasent fnvention that pertains o sumethed of

processing FDUA. The sethod involves: reacting FICA £ with a fiest alechol (ROH Y in 2 OOy

atvssphare 2 1wy substantial absencs of any othor oada ='\ NE ;;ms yow o fiest exter mixture H s‘e;».::.sj:ng

o reaction 4 fo prodace a

the fiest oster mikture with a ssoond sicobol {REOFY in o toansesterifion

¢ mono- arwd dialkyi esters prodiced in the reaction with the first aleoha!

Y are transesterifind with the ssormd aleobal

Hon reaction & can be performed at a lower foraperanive tha the fiest

o, and a reduced pressure at the bothing

- example, at abogt 86°C 1o about 809
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Pspecies. That is, one cay apply negative pressore, a partialvaconm, w lnver

. The bothng point of the second gleobol should be at least 1§

y the botling point of the frst aleohol,

«¢ & The aloobol, such as methanol, relea

5 ana- OF dialky! esters can be reoyeled 7 hack for synthesis of mors mono- angdior
diandkyl ate, auch as depicted in Fimire 30 This Fatwre enabl
rin atohas, The monogstors ¢
smikiure § can be separated & frow ench other thereafter
bt the present esterificntion process, both the s eaterificabion reagem
W {alen ';f.»i} are prosent in da ass relative o the (€3, should be i the pas

¢, regardiess of #y origin {o.g., gas tank or dry o), an the reacti

h tomper

where sealed pressurs

reactors are wsed, wn that Wallows o slow sublination of ¢ the reaction

Thay can minimize OOy

1 of 203, in the reaction attmnspbe

’ﬁ
o
"i
4 v

volume, favorably about 253% or 30%, preferably greater than 3 - botter action results,

are from about 7

/«

coneeniration of OO should be maximized, Destirsble concentrationa of

Mitrogen Ny gas or

3 ){§‘\K}{‘s i‘l\} { e

vohinmg, typcatly betwe

AIC I8 perpnssth che reactor, byt g}.t‘e?b;‘abiy the concendration of gases other than CO, s keptat

A3 erther a mnor pooes ¢ ANIOBRL

can serve a3 the solverd reagent or Hrst alechud

onp can be at Josst a seinvated, onsaturated, cvelis, or anvmatic speoies.

N

Ciadonn also be ased in the reaction, but will prodoce a

“atcodhols BN
forent eaters depending on the ;::ariicx.s?m‘ R»gs‘mgg}. Clertain lower akeohol

o

kvl groaps are prafern

S FUPUNS NP A N Y
struniure and that the rosctions are more ausily

wid pressurgs of thess

2
33

conlar weight oligomers that can be

When processing the ssier products froam the estenifioation with COy o the fdter or seoond

cact

»f fpaid aleohsd apecies with af least 3 Co-Regroup formala way

aturaied, unsaturaied. oyolin, or

The Regroup can be at lpast a

ighor aloohols spee ongey

seforred, Typivally, however, alvobols
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or Uy are gwre corvvernernd and castly 1o use as rengents.  The alcobol can alse

with

oncuntad af & reaction te P hetween about

al & reaction prassure of between about 400 psi or 300 pst and 2,360 or 2,860

snded, at fes 12 henars, Part

. such as hebreey

50 pat). Alernatively, the

e from abogt 18P0 a . abead FREMD or ZHPC i abo

o temperaturs 18 between about 1,000 psi and 2350 psi{e.g.,

1,960 psz}.. Othey reachion temperiires may be

# range, fore

5
pressares correapond o Supereritioal, oritical or nesy oriticsd
wi{s) or U0 Table T hists, for purpose of Hlastration, seitical parameters for
, ethanol, Dpropanad, T-hutanol, water, and CUy)
ata for Selent Subs an-
Molesular Waight
\-’\
< \'

s of @ §s’quid snd oy

ike density and gas-Hike transport properties (1e.

at bo soen i Tabde 2, wherain the typical values of these propertiss

ide, superoritical Fhads, and gases.

G, ang Gases.
Gas
w0

o
A

af Property Values of Lauids, Saperantical £

Comparison of Ty

fors to the conditions st which either the fompersture or pressure of at least

is below but within T3 {eg., within 36-100K), or 220 put uw

o that as e CRSUFES

30
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reach near ovitieal, oriical or suporcritival conditions, the solobility of the reagents are enhanced,

o

yreastion. I other words, the CO; gas, alosholl and acid species are

wot unsler near oritical, oritical or superaritical conditions than under less rigorous

eaction does ot require that both the alcsdol spenies and CU : be ot nesr-oritical,

sereritioal conditions) rather, the resction 18 operative s long as siher one of the speoies

a condition,

¢ present esterification reactions wee operatad at higher feraperatives and greater

pressures, op o about 23050 or 3000 ps

. respostively, and for reaction times of at least 4 hours, ong

rnificant arnounis of ester product at relati

(o]
&
o
s
o
>
-
]
L.
e
b
<
£
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o
et

w
pos
=
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7
v
L4 «

cticns temperatares (< 190°C), formation of monoester molectles is more provalent, whils

it convert preforentally the carbonybic acids to

By selecting » tomperature w4 higher range Fom about 1900 or 19390 or Z8PC & abowt

sier rate of d

ster wopversion, Th

¢ the reactimio a g

o

5 ar 7%, of a diester of the

. desirably at feast 639

pertopmaed gt or near supsreritical operating condittons appear to

crated af or v critical conditions of about 256°C f»

- one s able o achieve conversions rates of at

. for example up 1o about 9§ e COBVErsion.

¥

Usimg arcsomount of the sdeohol sodvers 1o excess s the carho

CHI B8, Ofe Can ;}.‘(O'\iﬁi}‘@

an sster progducta (&

vy e borany aCio et aniimnn 3 R vy ot 0 e 10 NI O et 11 SN
& very clean estertfication. The preseunt synthesis process produces very

it puriy) withe

st generation of significant amounty of side products such as low

sudecular wedght acids - seetic sw

nie acid - malecalar resrvangemands or oyehie products, which

one eruldd normally find in standard scid-catalveed eslerification at high temperatures. The esters can

eve abogt $HG o W

be refined to w . purity, The puet

neans of ervstatlization, chromatograpby, or distiliation.
As nutad previous §;\,:x:sm-":-:s’s;‘:ia:-naizzwi% catatvred esterification reguires typically about 3
hours to gonerate di-oster molecules. Further pucification of the resuling oster requires washing with

base o remnove resideat acid catalvst that may affect the gual 1s f doswrsiream

Usther alivenatives to ssierification of FDOA reguire fix activation as a diaoy! ohlide

which makes the provcess pot sustainable. o contrast, the advardages of the preseat approach enable

7 hoursy and in

o myake di-esters 1 comparatively short reaction periods {e.g

51 without the use of strong mineral acids, which can olindaate the

Muorseover, unlike other approaches, the proceas desertbed herein 15 a more euviromme i‘.:zsiiy

bordgn way of prodecing esters. Aa it s belioved that the carboy dioxide can @

on reaction, the prese

csence of the aloohsd during the esteri

)

e or addition of apother acid catalyst spesies. i ather words, the rosctior
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» alone can drive the esterification i the substantial absence of any other acid

» process does not rapiive aotivation of the FDOUA as aoy! ohloride, whach ia

conts avd proesss conversion.

& Section H - Examples
The following exampdes demonstrate the production of esters from furan dicmrboxylate and an
ateoho! under U0, atmosphere withouot any other acid catalyst performed at super oritical, oritical, or
poar eritical conditions for the aleohol andio
i Table | presents some estertfication resonions ascording 10 smbig
under the resetion covadittons Hsted tharein, FDOA 1w resoted with
i examples 1-3, vthanol i vxamples 448, propaned in exa
G and 0. In goneral, sil of the resctions basdl good yviekds of the corvesponding
diestern, mperature, a greater pressure, and 2 longer reachion Ume, ends o give riss o a
15 better vield. Shorter ov fower alcohols species fxnd o produce # better vield of the corresponding

£ Raaction Thae Temperaturg initial Brassurs % Yivld
Substeate Alcohat (i} £°0) {psl} Digster
3 400 5.4
2 ) &0
Q " A0
] ? TR
5 & SR8
& 5
i 3

N
£

L.t

Figuve 4, iy an cguation of a U0 -asaisted esteritication of FONUA with methanol, such as

wd at about £ . fudicanag that this new

ipudation of FRCAL Table

gxampHe |

protocot i feastt ton and can lead 1o greater praetical

suggests that, abing w sters, esterification reactions can be ¢ werd fran

dicarbe

cvtin acid fo s oo \\pomiim diaster spreies of larper aloohais {s

ent method.

eld {o.g. ~80-80%%) according to the pregs

H

b methane! and atbano! as sobvent but

B Y rin ot v ey o s vk e cpdyengatoed INas avneents 2yt
c Hdlowing examnples are geoeratad by reacting wi

vilar mannes.

O resoi Bras

w propanol or botanol, g

. Syvuthesis of Mono- sad {Hm rhoxyiate Mixtare

Furan D

A e PO PN
3 Example d

G
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Y

AL woddave reactor containing Furan diearboxylie acid €3 g}

sthanot {300 mi) was

ed with Ny gas and then pressurized nitially with 400 paig of Oy gas. The reaction mixtore was

beated 1o VRO and maintalned af this omperabe for 3 bours, During this time the reaction pressure

wed from 400 paig to 1600 paig. After $ howrs st 180 °C, the reactor vessel

side the reactor e
was covled to amblent roors foraperature and depressurized. The contents of the reactor were fhered,

dried svermnght ander vacuum, Rampdes of the solid material snd the solution were analyzed

quantitatively tor conversing nsing gay chromatographyimass spectrometry {GUMS). The reaction

Ny

ed dimethyl ester (27

P4 wE S, monomethy] eoter (3806 wi34) and unn

Example

A L2 ml SS36 reactor was shurged with 8.3 g of FINCA and § mb of methanol, aluong with 3

fow orystals of diy e (U001, which sublimates. The resctor was closed and hested 1o 188°C for 4

bowrs fn a sand bath. The mtemal reaction prossure was between abowt $TO0 psiy

$ sware Filter

conotor was cooled. The conter

er s ather reaction intermediates, The reaction miiure nohided dimethy! ester {

In g second resction

wonomethyvt ester H33.3 w1.30), and urpeacted FIX/

repeatod wrsler the same parammeters, the reaction mixture contained dimethyl ester (4317 wi

monomethy! ester

~

Laarnple 3

fiRe 1o bxaw

F

&

oo U mb SRI L6 veactor was chargad swith 6.5 ¢ of FDIOA and S el of

methanol. The reactor was olosed, purged with N; gas and then pressurized fnitially to 400 paig with

1o PRGN for dhours 1 a sand bath, The internal reaction pressure was between

sted. The contents were Hhered,

psig. Afiee 4 hours the reactor was o

and other reaction intermediates. The reaction muixtare

3, monomethyl ester {31 . ared unreactod FDCA (8

A 12 mih. 88316 reactor was charged with 8.3 g of FDOCA and § sl ofmethanol, A few

hours in

crystale of dry ice were added to reactor and the reactor was elosed and heated to 20870 &

i osand The fnteraad reaction pressurs was bebween abont 1600 pady and 1300 paig. After 2

hours the reactos was covled, The contents were filiered, dried overmght, and snalve iassis’;g

1

eaction mistere included dimethyl ester (<703 ot %) monomethy] ester (28,

FIHCA {\ T et




WO 2014/099438 PCT/US2013/073821

Exaraple 5

i o repeat of Example 4, a 12 L $8316 reacior was chavged with .5 g of FRCUA and S il

of mothanol, A fow crystals of dev jos were added to reantor and the reacior was heasted & 200°C for

-y

1T e intecnad reaction presmirs was betwee §

bout 500 psig and 2080 paig.

¥4

> yeactor was cooled. The cortents ware fiftered, dried overnight, and aralyzed. The

L

reaniion mixtare contatned dimashy ester (813 wid%), monomethiyl e

) cv o
3wt B

L

1% A T2 b 88318 veactor was charged with 0.5 ¢ of FRCA and § ml of methanol. A few

orystals of dry jos were added fo the rescior snd reactor was closed and heated to 200 fiw & hours

e hath, The infemal reaction pressure was between sbout 1200 paig and 1808 psig. After & hours

:)"

the reactor was vooled. The contents were filtered, dried overnight, and analyeed. The reaction

ad dimethyl eater {(~88.2 wi %), monovnethyl ester (103 w36}, and orveacted FIX

N

P
W

of Mono~ srd Dietiod Fusn Dicarboxylate:

,
3
o

it
e
o]
pracy
jot
et
(a7

S
el
3
o

ihger (L) suteelave reactor with § goof 2

20 ofethanol, the reactor was pressurized ininally with 400 3\1L of C0,, The resction misture wus

freated o aboad 18070 and maintained at

s ferperatire for s

o

rease famn 400 psig lo about 1600 pafg. After 4 hours at 130°C the reactor was

rature and (i(fps'sssu;“i.z(m The contents of the reactor wers Hiltered,

add for comversion usmy

aond analy

25 Yok monoethyl eater (516wt

eactor was charged with §.5 g of FDUA and § ml of ethanni, zsi(::sf-g

30 with soveral mediunesized cevstals of dry foe. The reactor was closed and heated to 1B0°C fo
houes in o snd bath, The iatornal reaction pressure was between about 1HH) paig and 1700 paig,
Adter 8 hours the reactor was cooled. The contents were deied under vacian and analyred using
other imermediates. The resction mpxhure contaiied diethel eater
24}, and wrwescted FOUA (178 wids), bna second
35 reaction repeated nnder the same panameters, the reaction mivtore contained dimethyl ester (35,6

2wt 3%, and wrescted FDOUA (1583 o

- monoathyl ester {
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g a 12 b stnless steel reactin vharged with

The reacior is closed aad hegted 1o 208

internal reaciion pressure was behween abowt 1400 sm: Ay

coolad, the reachion nuxuwe extracted, dried overnight and s

yviegter (31 and wiveasted FOCA (~4.8%)

L, MOnoT

af the same parameters, the minture contained dicthyvl ester

190}, and wreacted FINOA {(~3

P

reen,

sthanol, and an excess of dry 1oe crvstals,

s betweon aboat 1600 s

were dried and analyzed as shove,

i

Aate;

vl Furan DHoarboxy

’../

To g:n.ss‘i{}f the ester, the orade roaction nuxtwe was re-seapended in ethy! acetate and washed

The unreacted FDUA and monoethy! esters were removed by washing,

,
b
oy
o
wE
“
‘/
i
=
CZ
port
g
2
7
i
sy
:’
%
o
b

erd 10 give the dimethyl o Simbariy, 3

washing and the ethed scctate laver was concentrated o

. Cther cost effective separation and purification wchiiques may molude

sod by general and in detail by way of examples.

Persrms of skill in the art understand that the nvention is not Hmits ity o the embodiments
speeifically disclosed, but thay modificanions ansd variations may be made without departing from the
QO AN the Iv ot ient gt ot :,\-~§ Y :§ A f\“ Ty v O wa o FhRetr oo tento ;'\-\iw 10 \§§
seope of the bvention as defined by the following clms or ther equavalents, nehuding othe

egutvalent components presently knenwrn, of 1o be developed, which reay bo used withn the scope of

o, undess changes otherwise depset fros the scope of the fnvention, the

s
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CLAIMS

We Clammy

. A method of produning one or more firan dioarboxylates, the method comprises: rescting

faran dicarbosylie acid (FIRCA)Y with at loast an aleohad or 3 misturs of different alochols b

i
pry

OOy atmosphere i substantial sbsonce of any sther extrinsic catalyst, aconrding o the

¥
N .
U .
MO Y ¥
N

1o viekd a mixtore of esters, wheeein B-group 35 at least a saturated, uns

aromatio group,
20 The method acoording b clam 1o wherein the Regroup &8 O to Cu

3. The method according o claim |, wherein sabd OOy funptions as a self

E i afta and regenerates baok to s reag

o

g eater synthaws

arg of FROA with an aleohobin O

(£

der temperature and pressore conditions that are enther s

near-oritical for ab least one of said alooho! o mixture of alcohols or OO,

i

3. The method according fo olabm 3, whereln said svathesis i3 performed at a tomperati

oA ) O

400 psi ap to about 3000 pst.

sabwesn about 1838%C and 2

80 The method socovding whides monoesters and

diesters,

The method acconding fo claim 1, Rother comprizes reacting said nixtive of esters n a
sscond estorificanon reaction 1o rogenorate said alochol, and renyclin
renct with addigiomal FDOA,

8. The method according o olaim |, further comprises separating mono-aiky! esters from db

alovt esters by means of either orvstalliization oy acid-base extraction,

-G \fis §

& The method according to claim |, wherein savd aloshol s a £4-4

1A method of synthesizing a formn diester, the method comprises:

actd {FNUAY with an aleohol in €

el condittons that e a1 cithey SHSY

rnperatures and pressures {or the alochsd or OOy gas

§1. The method aceo said operationad conditions, temperatures, anud

SSSUTEN AFS 0 foward formation of dicster

molecuias,
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P2 The method according to olaim 10, wherein sabd opeadinal condions is at & reaction
tomperaturs betweon aboat 1607 and Z30%C, st an reaction pressive of hetween ahout 460

osi ared GGG psl

Py

P30 The wethod according & clatm 10, further comprising soparating monoesiars from dicsters by

2

5 mgans of an 100 axchange resin, soid-base extraction, ﬁ.isiﬁ?zi{i(){i, or crystattivation.

Cemtliol

N

i The method according o claim 1, wherein said aleoholisa O

£50 A method of processimg foran divarboxylic said (FDUA), the method somprises: 5¢

&

FODUA with a fivst aleobol in O simosphere i the substantial shaenog of auy other catalyst

to produce a first oster mixture: reacting said fivst ester mixtore with g second afochol in g

10 erification resction w produce a second ester misiore
16,1 ethod aconrding ty claim 135, whessin farther comprises regoneeating satd firsd alcohol,
said first afoohol back fo react with addiional ¥
P The method according to olabe 15, wherein sald frst aleohol s 2 O 1 Oy aloshol,
TR The method according to elam V7, wherein said fivst aleoheo! fs: methanol, ethanol or
15 propanal,

> olatm 15, wheret

ording to clam 19, wih

w clafm 15, wherein said first ester mtixture melodes either mono-

Foueg evp S el U 2 IR A PR T & SN D TR SOV DI SO NUUNG RN ST SRS SO N sdensd Bomeae
ssters oy dosters of any one of the following species: roethyl furan dicarboxyiate, sthyl furan

20 dicarboxyiate, or propyl furan divarhoaslats,

S

22, The method secording to olaim 13, whereln sadd reaction of FINCA with an alechol in COy s

performad under operstional conditions sither al supereritical] oritival or neavrivics! reaction

femperatures and prassares for satd aloohol or OO,

gy

The method secording 1o ¢l 13, wherebn said resction of FICA with an aleohol in Ty 1

5 performed at a reaction temperatire of betveeen about 1A% and 230°C, af a resction prassure
of abaut 400 pet s to about 3008 pa

4. The mothod avcording o claim 23, wherein sald reaction of FROA with anslonhol in Oy s

performed at a reaction temperstors between sbout 17070 sud abooat 23670, at a reaction

e of abowgd B20 per fo about 2500 pst

s transesterified by means

I
P
s
[
£
rond;
ol
=
s
,«/
e

method sccording 1o olairn 15, wheretn said first estor nuxin

13O TeActi

Ny SN
ot OF oF

26, The method secording 1o clain 13, wherein said fravsestorification reaction s performed at

abont 8§7 1o about YO

7. The method according o oladm 13, wherein a boiling point of said sevond alochol 15 ot least

PO 0 2090 greater than that of said first akohol

A
9]
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28, The method sccording to clabe 15, whereln sand transesterification renction 13 performed

under reduced prossure at said boiling point of said fisst aloobol,

AT S

Phe method aceording to chum 13, wherein said e

sosterification reantion s by mwans ot a

hipase enayinahc Feaciion.

< PO SRITICA,

34 The method secovding fo claim 29, wherein said Hpase 15 of Candids

-
o



