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(57) Abstract: The present invention relates to a method for separating 5-hydroxymethyl-2-furfural (HMF) and dimethyl sulfoxide
(DMSO), the method comprising the steps of: (a) preparing a mixture solution comprising HMF and DMSO; and (b) mixing an organic
solvent and water with the mixture solution to prepate a layer separation solution in which an aqueous layer comprising the DMSO and
an organic layer comprising the HMF are layer-separated, wherein the organic solvent comprises a first organic solvent comprising an
aprotic nonpolar organic solvent and a second organic solvent comprising an aprotic polar organic solvent. According to the present
invention, a dimethy!l sulfoxide solvent and 5-hydroxymethyl-2-furfural can be effectively separated after the termination of a prepa-
ration reaction for 5-hydroxymethyl-2-furfural using dimethy! sulfoxide solvent.
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FAe S A Qstare ou] Ao 13 FAS TP o R A

222 oo sk 2 el v
53 g A9 Bk el Ao 131 B E o 2 A B,

o il A Al of] 8

U2 2 EHDCM)= FY s A thalo EF<(TOL) & FY sk A&
A 2] Epar= du] A A o 13} T e ubE o 72 A A s T

o B] A Aol 9
U2 2 EHDCM)S FY8h= A o
Al L) 3Far= da) A o 13} & A 3 i
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[99] [3E1]
FE=R7181  [DMSO(mol%) HMF(mol%)
EF #7155 EF #7155
o u] 2 Ale]  |DCM 53.9 26.1 4.4 15.6
1
o u) A Ale]  |CF 63.6 16.4 5.7 14.3
2
o|u) 2 Aldl  |IDCE 72.7 7.3 6.5 13.5
3
o H] A Ale]  |DEE 74.1 5.9 7.6 12.4
4
ol v A Ald]  IMTBE 79.2 0.8 8.5 11.5
5
ol u] A Ale]  |EA 75.0 5.0 4.9 15.1
6
o u) A Ale]  |MIBK 74.3 5.7 5.4 14.6
7
ol u] A Ale] | TOL 79.4 0.6 8.8 11.2
8
o u] A Ale]  |HX 79.9 0.1 19.9 0.1
9

[100] A7) #1914 DMSO mol% (F-71%) + DMSO mol% (&%) + HMF mol%
(715 + HMF mol%(= %) = 100 mol%©| t}.

[101]

[102] L3 2= pU] S AL

[103]

[104]  AA e 1-1

[105] U] & 2 2 v e(DCM) < ? 13k A diile] &3 582l

tE2 2 s(DCM)F FAHHX)S T3 8] L1E 548 23S Al st
o] A A]of] 13} A g WhH o & AAE}SI T}, HPLC ¥4 8 53 2 S
LA 8= DMSO9F HMFY] 4& SA45te] 3 13 22 A0E 4t
[106] A Al 1-2
[107] &2 29 eHDCM)S FYsH= A
SREIE(CHY ALHHX)E Fo)d
U] A Ao 13} g i o Z A

.
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10
[108] XA 1-3
[109] HEZZWEDOCM)E FUsH= A e &3 F=81<d
T ol & ol | 2(DEE) + ¥ J( X)& Pruﬂﬂl 112 B9 e AL A4 98
o Hl A Ao 13} FL g o= AAESI T

[110]  AAlel 14
[111] Y22 EHDOCM)S 545z A thaled &3 &89l
v & B E- 22 o 8] 2(MTBE) + AHHX)S 3 9] 1112
Aol taL= el Bl A A ol 13 F A7 Y o= A5
[112]  AA
[113] UEZ 2 W EHDCM) S FY3H= A tiale &3 &8¢l

[114]  AA
[115] U EREHEHOCM)E FU k= 2

[116] A oﬂ 1-7
[117) HE22vRHDCM)S FUsh= 3L

SHHX)S FIH] 1R 5]
o' AT

[118]
[119]  [3%2]
= ZA(viv)  |DMSO(mol%) HMF(mol%)
718 2= %7% |23 |$1F
Ao 1-1  |DCM:HX 1:1 69.0 |11.0 8.0 12.0
Ao 1-2 |CF:HX 1:1 79.5 |05 9.1 10.9
2 Ao 1-3  |DEE:HX 1:1 79.6 (0.4 9.4 10.6
Ao -4 |MTBE:HX  |1:1 79.7 (0.3 9.0 11.0
AA1e] 1-5  |EA:HX 1:1 78.6 1.4 5.2 14.8
AAle] 1-6  |MIBK:HX  [1:1 79.0 1.0 8.5 11.5
2AAle) 1-7  |TOL:HX 1:1 67.5 12.5 8.1 11.9
[120]
[121] =23 F=f7 8w 244 59
[122]
|

[123 2 Ao 2-1
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[124]

[125]

[126]
[127]

[128]
[129]

[130]
[131]

[132]
[133]

11

355891 <1 DMSO+HMF (80:20, mol%) lmlell F& & vl & -3 H] 7} 1:1 <1

oA Hl o] EoF A 4kE sml(ol EobAl H o] E B A 242 2.5ml) 5918z,
< F39 9] & 5mlE 7Fsto] aEksti T

ol g E 53 mEAME 2 F RS X8 et /U] E
EE ¥gelE B GF)E 9t ESS
7] 2% %, HPLC %*4% Z-3l 7} Foll EA45= DMSO9 HMF2] 4
24389t} 3 B2 2 fresh 222 v 5ml (o Dol A g o] E 2 &AL 7}H7}
= 23] 55 F7E F3etaL, v 5 Alvhok HPLC ¥4 &
ol 2} Foll EAe= DMSO9F HMFS] &8 A8kt 71 2 342 31 30

I

o}JI

o
e
I3
o o rlo
e
=)
o
(o
.
Su
>
e
[
H
O ["O

Fo
=

IH|Z 122

IH| 2 132

i
o
e
,
o
2
1o
Ot
=
|
>
£
[\
:i;
I
e
rO*'
OE
L
o
i
>
>
ol
2
i s
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[134] [33]
F= 7718 DMSO(mol%) HMF(mol%)
24 (viv) FEA =5 |7 |ES 71%
2 Al [HX+EA (1:1) It 79.6 0.4 8.4 11.6
2-1 HX+EA (1:1) nd 796 (0.4 7.4 12.6
HX+EA (1:1) 3rd 795 0.5 6.2 13.8
2 Al [HX+EA (1:2) It 79.6 0.4 7.7 12.3
2-2 HX+EA (1:2) 2nd 795 |05 5.9 14.1
HX+EA (1:2) 3rd 795 0.5 4.4 15.6
2 Al [HX+EA (1:3) It 78.7 1.3 7.0 13.0
2-3 HX+EA (1:3) nd 786  |1.4 4.8 152
HX+EA (1:3) 3rd 78.5 1.5 3.0 17.0
2 Al [HX+EA (1:4) I 78.8 1.2 6.5 13.5
2-4 HX+EA (1:4) nd 78.5 1.5 4.4 15.6
HX+EA (1:4) 3rd 78.3 1.7 32 16.8
2 Al [HX+EA (1:5) I 79.6 0.4 73 12.7
2-5 HX+EA (1:5) nd 794 0.6 4.1 15.9
HX+EA (1:5) 3rd 794 0.6 22 17.8
[135]
[136]  2Ald] 3-1
[137] ¥ =899 DMSO+HMEF (80:20, mol%) 1mlol = Su & F3]4] 7} 1:1
Hg o] ARE A E 9 AALS smi(v e o] AR E A E L AL 2722 5ml)
Feta, FEgv) et & o] &5 mlE 7Fshe] aEksksitt
[138] ST ARS Fol S el € 5 H A M E R F RS T £
(F3)e Y, golyEHdEZ Aol =5 X35 = 5 (5l)S A B
7153 2] 3k 3, HPLC 5418 538l 2+ F ol & 4]8}+= DMSO$} HMF2] %45
24T B2 fresh 354 0] 5 ml (W Do) 2P HAE 2 84 247
2.5mhE AL&6Ee] 23] FE& FUE 5, H ZZ Alnjt} HPLC ¥4 &
53| 2+ Soll EA) 8= DMSO9F HMF2| & A4 8sit). 1 A 342 31 49
e
[139]  21Al9] 3-2
[140] ]‘:J o] A
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13
A A5 T
[141] 2 Al 3-3
[142] e o] AR EAEMIBK) L SNAHS Huu] 2 1:1 v &2 F 3 th Ao
IR E L3R FAS Al Aol st AAd 319 s A WE o R
A A5 T

[143] A Al o] 3-4
[144] H e o] A E A FEMIBK) ¥ ANAHS H-yH] 2 1:1 H] &2 F 3 thalef
BIH R 145 543 A A Q] star= AA ) 3-13 F

lr

=2 1 O

A A8 T

[145] A Al 4 3-5

[146] H e o] AR EAEMIBK) 2 A4S FIH| 2 1:1 v &2 55 t2lo]
HHH 2 152 Y AL AQstars Ao 3-13 U o R
A A8 T

[147] 2 Al 3-6

[148] e o] AR E A FEMIBK) E A4S FIH| 2 11 ¥ &2 5 g gl
BIHE 1:60. 2 5o A& A star= AA o 3-137 FUsuhio =
A A8 T

[149] A A4 3-7

[150] e o] AR E A FEMIBK) E A4S FIH| 2 11 ¥ &2 5 g gl

Ry H & 178 B4 AL A Qdtari= Ao 3-13 FU3Ho R

A A8 T

[151] 2 Al 4] 3-8

[152] H e o] AFEAEMIBK) & AikS P82 1] 8]-& 2 F 3 cf 2l

HHH 2 .82 FY e AL AQstars Ao 3-13 U o R

A A8 T

[153]  2Alel3-9

[154]  wlEo] A HAEMIBK) 2 Ik ¥yl H] & 11 #2593 ojale]
U R 1952 43 A& Al Qlstars Ao 3-13 s P o=
A A8 T

[155]  2Alel]3-10

[156] W & o] AR LA EMIBK) E A2HS B3 H| 2 1] ¥]-& 2 F4 3 2l
FHHE 11022 548 A& Al elstar= Ao 3-13 TUg o=
A A8 T

[157]
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[158] [3E4]

F= Fr18 DMSO(mol%) HMF(mol%)
A FE=2T 2T s =T 1%
A Ao [HX+MIBK I 79.7 0.3 9.0 11.0
3-1 (1:1)
HX+MIBK 2nd 79.7 0.3 7.5 12.5
(1:1)
HX+MIBK 3rd 79.7 0.3 6.7 13.3
(1:1)
A Ao [HX+MIBK It 79.8 0.2 7.9 12.1
3-2 (1:2)
HX+MIBK 2nd 79.8 0.2 6.1 13.9
(1:2)
HX+MIBK 3rd 79.8 0.2 4.8 15.2
(1:2)
A Ao [HX+MIBK It 79.7 0.3 7.4 12.6
3-3 (1:3)
HX+MIBK 2nd 79.7 0.3 4.0 16.0
(1:3)
HX+MIBK 3rd 79.7 0.3 3.8 16.2
(1:3)
A Ao [HX+MIBK I 79.9 0.1 6.9 13.1
3-4 (1:4)
HX+MIBK 2nd 79.9 0.1 4.9 15.1
(1:4)
HX+MIBK 3rd 79.8 0.2 3.4 16.6
(1:4)
A Ao [HX+MIBK I 79.8 0.2 6.7 13.3
3-5 (1:5)
HX+MIBK 2nd 79.8 0.2 4.5 15.5
(1:5)
HX+MIBK 3rd 79.8 0.2 3.1 16.9
(1:5)
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2 Ao [HX+MIBK Ist 79.9 0.1 6.6 13.4
3-6 (1:6)
HX+MIBK 2nd 79.9 0.1 4.3 15.7
(1:6)
HX+MIBK 3rd 79.8 0.2 2.9 17.1
(1:6)
A A4 [HX+MIBK Ist 79.7 0.3 6.4 13.6
3-7 (1:7)
HX+MIBK 2nd 79.7 0.3 4.1 15.9
(1:7)
HX+MIBK 3rd 79.7 0.3 2.8 17.2
(1:7)
2 Ao [HX+MIBK Ist 79.9 0.1 6.3 13.7
3-8 (1:8)
HX+MIBK 2nd 79.9 0.1 3.8 16.2
(1:8)
HX+MIBK 3ud 79.9 0.1 2.7 17.3
(1:8)
A A4 [HX+MIBK Ist 79.9 0.1 6.2 13.8
3-9 (1:9)
HX+MIBK 2nd 79.9 0.1 3.7 16.3
(1:9)
HX+MIBK 3ud 79.9 0.1 2.6 17.4
(1:9)
2 Ao [HX+MIBK Ist 79.8 0.2 6.8 13.2
3-10 (1:10)
HX+MIBK nd 79.7 0.3 3.9 16.1
(1:10)
HX+MIBK 3rd 79.7 0.3 2.2 17.8
(1:10)
[159]
[160] Az 1
[161] Aoy 68d 3 ER & F A A2 R A3 AE A% oty
I EQ T2 EQ A5 FR3la Q= G S5 FA Y
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[162]
[163]
[164]

[165
[166
[167
[168
[169
[170

—t e e e e

[171]
[172]
[173]

[174]

[175]

16
(FFIALIEEQ 2 =2:8 mol%) DMSO§ Luf &2 A}-g-5}o]
14 0S| & o] &-3fe] HMF $A 158 58313 tt. $-4 DMSO0¢l 20%
(wiw) L3 G S5FAH 98 &S = —gﬂl%}ﬂ A ¥ RhE7] (ID=

1.77cm)ol] f-&) 0] =9} Fe] A FE 2R Yol B A 2 A

Amberlyst-155 318 5 oAl F- 4 72 R =8 A 1 AT} o] o
Amberlyst-152] ¥£0]3= oF [0 em i th AV 25 7HE8Fe] SV 2] 255 100
CCHEEE110°C 2 2488 T A48 FrE&om FHlH 95 dE S 53U o

HH WHSVE 182 30] SAS T HS 7|22 o= uts 5388
=342 7137 F, DMSO9 HMF2] #8945 4w 57| 9]8}o] HPLCE
%ﬁ&%d.

2 Ao 4
A Z o 104 A Z3 HMF &9 250 mlel] & & v & EA/HX (4:1) -8
1.2518 F3ta, &89k -2 7399 & 1.2515 7Fsho] akshsi o), aiyk
S AES Fo SR H 5B EEA e - F2EFES L3 f]
q

=
S da, goddFALo| 25 E3tehE =5 (3he)S AT =52

(s =
F71s ¥ 5, 715 778 E FRske] o3 HMF 14.0 g2
A

(A& ell]

A3 o] ; tholW el Zalo| o) Sl B A el ) FE = Fak =80 A

27} 18 A 7805 ARt 2%

3 12 Fharste] A48, MIBK, DEE, EA, DCM, DCE HMF9| &4 62
¥z ah}, Aeake] DMSOLE 3 3% ¥ 91, HX-S DMSO7H §7] %0 &
FEH A= o, HMFY 7 9] :%381%] %9t} £3 MTBE: %450
$8170 §2) % DMSO7} #7152 2 F5 8 A = ekstvh. 2272 ol 8]
% MTBEE % & 1| & A}-§-8to] HMF 3% 33] ik a}e] 5285191t} 33)
HHE 22 2 80% 9] 3|98 2 94% =2 HMFE 92 4= 3t}

%31 241 6718015 A shel

728 A 3ste] Asd, DMSOS)H HMF%— 8] FE84A] o= HX S

co-solvent@ AF-23}¢] dual-solvent 52 =3 5} %t} EA/HX, MIBK/HX dual
solvent A| 2~ Hl 9] =& F & o] 7}AF £kt
¥ 3& #3135, EA/HX dual solvent®] T} 9F =S 7
EA/HX (1:5) dual solvent® 3 A& F2-& 733519 89% 3] F+HE 97% T2
HMFE 9 & 5 A3t
¥ 45 Z3135H, MIBK/HX dual solvent®] t}Fgk Al 0 &2 F2-8 A 3%t
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[176]
[177]

[178]

[179]

17
MIBK/HX (1:10) dual solvent® 3 <& 58 351 89% 3] +H = 98%

59 HMFE 95 4 AUSlth

ko] Wl 3] AA ARk F4eks 5597 90 o stol
vheb o) A, 5313 A9l ofn] B el 19l 1 g o e

EEHE RE WY BT AYE Gk wele) £ E 0w

4] 5l ofof et

2 ol 715

e 58] =S4 v )0 F 2 F Uk vho| W e A EAbo] = o] F g0l A
chol vl R o =) 5.5 mRA M U2 F R EY S AobH 0 Fejah

By e AT S e

g 2 e vho M EALo| = gu) & ALz

53] =S A 0 F 2 Y] A2 HA F ol v Y M EAbol = g5}
ST EA Y FEFYS Y0 Yel % 5 i R WE e AT

xS
nt
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A9

7873 1] (a) 5-3] =& A v €l 2-3F 2 3F ZH(5-hydroxymethyl-2-furfural, HMF) %
t] W) €l A Z A} o] = (dimethyl sulfoxide, DMSO)Z ¥3}3}= £5-& 48
Azt oA, 2
(b) F7]-&u e} == 7] =38
8 NF I 7] HMFE *338h=
Al st @A & E3etar
71 718w = vl A A bl =4 718wl (aprotic nonpolar organic
solvent)E E3+8k= A1 f-71-8v| &} v FAAA =4 7718 (aprotic
polar organic solvent)E ¥~ 335t A2 F7]-& v & E3 5= A0 HMF<}
DMSO2] ¥ Hhi.

;

N'E

tetol
o=

}7] DMSOE ¥ 3}5}+=

SEEEEER

R

udic

of o>
Mr

r
mlo

Parata) Alrael oAl 4] Yelub ol @ (b) Fo
© 7] SR B A0 4] FEASE Welste] 47 758
SEabE w2 F7h E3els A 54 0 2 5= HMFS DMS02]
ey

87331 A2l ol A7l Ee el @A (o)

@ 7] $71% 914 47] %718 B A A skl 7] HMEE 558k
WA F7hE E 5= A2 54 0% sHi= HMFSH DMSO®] He]

%73} 4] A 18kel] Aoy A,

4% 5] A4gtel Aol A,

A7 AL F7] 8w = 8= A Byl E(Dipole moment, D)7} 0.05 W]~
0.5D(0.05< 2 =AF BH E <0.50)¢] A& 5% 0 = 5= HMF$ DMS0 2]
L A

[ 73 6] A1kl ol A,

371 AN F71 8 = Eoll ol g 838l L(Solubility in H,O, g/100g)7F 0 W A]
. 7 © 2 &= HMF$} DMSO9] ¥4,
[ 73 7] A 18kl

HMFQ} DMSOQ] )|

Am oy
o,
o
i

> o
y r
L

0
2
_>L

[74-7-3) 8] Al 18l

7] A weka A R o] Aw, SAhHX) 2 FE o R o] Fol
o A A E 15§ o] o] a,
A7) A #E st a sgtEe] AlER AT QA FRIOR o] Fol
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[47% 9]

[7d7-8 10]

74738} 11]

[7d -3} 12]

(7478 13]

[7d -8} 14]

[7d -8 15]

[7d7-8 16]

19
o] 5 el & o|Ato) AL,
7] WS gsha4 ghgheo] WAl EF<(TOL) R Addle s
o A AElE 15 o]l AL E7 o= = HMFS DMS02]

oL Q

L

[—
2 o
= 2
:lo?g'
N 2
oo

oL

N

] = =12 2.9 E (Dipole moment, D)7} 1 W] %] 3D ¢!
Fi= HMF2} DMSO9| -2 3.

o
Jim
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i
ol

©
2
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2
2
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2
®)
do
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oo
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o
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o
Jim
[0
o
il
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rir
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o
o
)
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w
o
1o

et

A
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=
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2
2

27 &34 338 o] FRE XL E(CF), U &2 21 HDCM)
O|EZZAHNDCE)LZ o] Fo 7 oA Aeld 1

O 4E o2 2 Ar 2 M oox 2 T o2 2 L oox 2 W oox 2 HE 2 ox R
p—

o =

°]at,
of| | 2 A &3l 4 3heh= o] ol d oAl Hl o] E(EA),

ol e o] E H o el o o] E R o] Fo Xl ol A HEE 1

i

=2 o
0?4 im N

o
R

-

s

oy
N
X,
i

A el ghgtEo] Wdo 7l =(MIBK) %
] 1% O] /E)].O] :ﬂ‘,
] Z(DEE) 2

=
E-FEoHZ(MTBE)E o] Fo] %] stoll A A el 15 o] 42l 21&
SHE

@
5,

0
N
o oo
S
s
rd

A7) F7) &= A7) AL RS ek A7) A2 F7) &) el E)u) gt
E7 0 2 &= HMF9} DMSO2] # 4,

A7) G718 = ] Al G718l ek A7) A2 G4 o] 2y u) 7}
E7 0 2 &= HMF9} DMSO2] # 4,

A7) S 8uE= 7] Al 6718 eF A7) A2 f-7] -8 o] 3] 7}
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0.5:9.5 WA 1.5:8.5(viv)?] A& E7 0 & 3= HMF2} DMSO2] #2] %+,
A 1ol AoyA,

B 718w = 28] 7F 55 WA 9:1(viv)©l AL 5 o =2 5
HMF2} DMSO9] ¥ W,

A 1ol AoyA,

7] E3rg N f-7] 8= F398) 7F 11 WA 1:10(viv) 8l A&
£ 0 & 3= HMF$ DMSO9] ¥-2]uhy.

A

iy

Al18kel] oA,

@A ()7 4=~ o't 31 &S 471 DMSO &1l ol A &-0] -
WA W ol 2 WEFA]E AFESle] 7] HMFE Al 23] ¢ 35
A7 g A& A= A A& 53 22 5= HMF2F DMS09]
Wiy,

Al18kel] oA,

WA a7 TEEQAE 7] DMSO 21 Sfofl A oFo] & n 3 A]E
AFg3te] 7] HMFE Al & 3hel) of 8l 7] 3-8 & A x5t @Al
AL EA o7 3= HMFS DMS09] & HhH
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