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ABSTRACT

Conversion of fructose to 5-hydroxymethylfurfural (5-HMF) was investigated in dimethylsulfoxide
(DMSO) solvent with increasing reaction temperatures and impact of residual water from dehydration
reaction byproduct. To convert fructose to 5S-HMF, increasing reaction temperature led more conversion
to 5-HMF than lower temperature at the range of 120-150C in DMSO solvent. DMSO engaged in the
acid-catalyzed dehydration and rearrangement reaction as acid and solvent. Increasing temperature led
to more furanose structure than pyranose at the range of 30-80 C. Formed 5-HMF could be degraded to
levulinic and formic acid at the presence of acid and water. Removal of water in reaction medium could
prevent S-HMF degradation.

Keywords: fructose, dimethylsulfoxide, 5-hydroxymethylfurfural, levulinic acid, formic acid

o Zudistn sAA Wt sl 37 AR ¥t (Dept of Biobased Materials, College of Agriculture and Life Science, Chungnam Nat'l
Univ, Daejeon, Korea)

1, (F) ASAYA AEALS LA fEZZ T (Samyang Genex Corp, Samyang Group Food R&D Center, Daejon, Korea)

2. 22y 2= 0] 7}8F 37} (Department of Wood and Paper Science, Chungbuk National University, Chungbuk, Korea)

¥ @A A=A (corresponding author): E-mail; soojshin@cbnu,ac,kr

]:



29 AL - akx7] .

o oft
e &k ob
it

re o

[}

x
o
ok
fd
%0
N
=)
Mo
=2
o
ox
el
N
AN
ol
o

fo o

= o 2 o
T x>

> rle e

L o oy
%
Y
fl

spof < stel AAHE

oft o>
o

[ <]

o gt

(i
L
ofl
fijo
=
o=

ofN
)

oo oy 2
rLooxt

ofl 2 y

xo M
N
o,
2 e
o

Ay
=
=

ox
=R
ot

—

2,
1o
ol
Rl
H1
N
=
olr
Oof
o
IS

o ok

o o o @k do T lo

R e )
b gm
o e T
=z n L
°
fo
=

g
i
ofl
|o
il
2]

AT ot [
>,
)
4> b
9
BOps

2L Rl ofm
i
T
i
)
)
b =
sz Mz ol
jiss) n:ﬁ
= o
e
= o
oo o
e
£
1o
e
o
ret
(98]

J

X,
(]
=

N
N
-
Ehid
:Ioé
ofd
ox
o

_O|L
. 2
=)
iu)
o ol
Ju
Nm}o
ACh

ot
©
ofl
u
L
:cé’
_orlv‘
rlr
b‘l
[
e
st
i_,‘
N
i)
4>
3
o

b
o
o N
o ol 2
)
ot
o
o
AL
il
o
R}
£
fol o
b o
2 oof i JH ofL
Ll
>,

(98]

4

rio

>~ H
N

j

=)

o)

o,

o
tx)ll
B~
B3
=)
o
v
i
22
N
>
fr w

ol
-

B
zo B4 m
oo
e
I
R

>~ 2 oft .

~
rlr
o
o2
ok
>

i R

<o M
of
o

Lol i ox @ £ ol
+
o

of
-
N

4ol 2 >~ g do i1

Bl
fu
[2ad [
ot
>
1)
N

=
o fifn
e Xl o 9 1o

~
ol
fu rlo g

2
o of 2

P o
o M
N e

WHEoﬁLPﬂFH
o,
Hoe
o
bas
K
oo
=

> 2
ofo of
L)

o

0 of
o

= —
T,

22
A

b 312 142 T A
‘ﬂ% of &Jsto] furanA| F-
ol A furfuralo] A A &
droxymethylfurfural (5-HMF)7}
o E 3t A4 89 2 A A 5-HMFE&
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ZyEz o g (furanose)7]— 9 g &}, J}ﬂ(fructose)
= 57} J-Z(furanose)”} 62 - Z(pyranose) R th H
Fol EAst7] tizof o] | ko A3tstA 2=
(glucose)= F & 67F L2 & ZA35}7] wf Zof o] &
$% GRS §Iohe] 64 T2 57 FEE WS A

L zu2 9a g st 23 DMSOL &= 2
491 02 g0 S Adtelol 47 ol ol 4
Ao o && A

stA gt o] 9 fu ranﬁl GgESILaEE
122 AAE oA HH F a3 ate e ol
oY 5-HMFE 4R ket g 93
levulinic acid, 5-hydroxy4-keto-2-pentenoic acid,

2

N

-}
o X ot

o

3,5-dihydroxymethylfuran, 2,5-furandicarboxylic
acid(FDCA)Z & A2 4= U t}. 5-HMF+= furan 7|
220 US| E A 479 U B 2§71 7}
A3 ol ¥ 2-§7]2 AR5 Abet 24l urgo] o
shof 2 2472 B A71W T $E9 St

o EEVEEL R LT ES T TR
A diol T2 SRS AT S5 9T FeF| =9t

2} &3 -&8 AsE Al A dicarboxylic acidE W& + &
Qlt}. Diols}gH&E 3} dicarboxylic acid 3352 © <4
SESol oo Eejo AF F2 O LEAT} E 1
diol7- % 9} dicarboxylic acid®] -z of w}e} thoF st &
AL 7HA 2 9lth. 12)

£ Ao A glof A 2ol thoFdt =2 AHE-o|
7bed S-HMF Az 7led HAsshr] ¢sho]
DMSO &1 2 A0 A 9z 127} = JE =2 9= 1}
F(fructose)S Y=z g A HHOﬂ Hr2 o 9 w3
5-HMF A2 & A =359t bhS e = ol A 7H S = 1
2 sto] 22 A 24& A } t}.

2. M= W

2.1 &M=

I}t (fructose)S Sigma-Aldrich AF9] A|FS5H S
250l B2 Boz Agaq. Moo Bag
g dimethylsulfoxide (DMSO)-d’= Cambridge
Isotope Laboratories, IncAl9] £ = 99.9%E AM-831%1



DMSO(dimethylsulfoxide) &1 of| A 2}32] 5-HMF(5—hydroxymethylfurfural) 3k 23

th Y3 22 E2 2 AFR-3F biphenyl+= Sigma-Aldrich
Aol Aok & el stol g ettt

=200
2.2.1 DMSO Z0H0l|M tEel UM #= H3}
DMSO-d*£ufl 1mlo] 73 0.01g2 =] 'H-NMR
< &5t S-S AT 2= 2o ©HE A
T2 H3FE gl shglal whg 2 71& 2 & 30~80C 7}
A Ao 10T BE 54 ol

2.2.2 TN 5-HMF X3t Ht2

DMSO-d° &1} 3.0 mlo| 7+ 1.00 g (5.55 mmol)F
7ol E ok A7hE 747 WR sho] Fpifol A
5-HMF& A3t 8h-2eS A A sttt L2 1207, 13
0, 140°Coll A 242+ 15,30, 45, 605 18- A 71 5 4
7} & oS #2549l biphenyl 0.314 g (2.03 mmol)
A7} sko] 'H-NMR 24§ A 85 A 2389t}

NMR 53540 2R 0 ahn LA A
of o] g3lo] BruckerAt] 500MHz NMR 7]7] &
3ho] 2418 Al A 314 Tt BruckerAl 2] Topspin Z &2
WS AREoto] R &I 24 i 249 A

%

2.2.3 '"H-NMR £A
FHEJO =Y 5T 515/\]64/\]%31]—
A

3.1 DMSO 20Hol| 5=l 2zt
X Fx=2of Hat

DMSO &ufjo] &&= I (fructose)Q) YA L=
2 505}7] 9l5tol HNMR 2443 485kt
BgFe 20CoA B -furanose- 27} 45.5%,
-pyranose %7} 32.0%, o -furanose %7} 19.1%,

a -pyranose %27} 3.4% EA5t= Ao 2 RiuEY
ch.' wp2h A furanose % 7} 64.6%, pyranose - % 7}
35.4% &4 3} %t

27t Aol whet YA E v &Y WskE 2el
at7] §Jsto] B Ao A 30°C DMSOE- v of &-3f &

| 2=0] e

o] A 29 Bl&E IH-NMRE £33 &

=5 80CTHA A5 A7IHA ZH 10T 452 drt
2o mE A2 HE o WatE £ A5l (Fig
1,Fig2). &7} /5 ool wek g -pyranose &7} 2t
A238}1 ¢ -furanose -2 7} 27} 89t o] HAF
2T E0TOIY O R A5 A TS E5H Let
ek 30Tel A 2% 80TE Z7hal e g
-pyranose & = 26.2%0]| A 24.5%2 7T A5 F 1L o
-furanose FEj= 21.0%°| A 23.8%= Z7}st4th
(Fig 2).

o A Farkgol ofste] S-HMF= 7 ghe] 7]
98} A= furanose 7% 7} D422 o] th.0 52 L 2 = o]
] S-HMFS} §AHe 228 12 Slo] A A e w4 b
o] ol SHMFZ Q). 7o) ol 427

= o

rlo n\l

¢

AZETO ¢ A2oM F2 674 F 22 A5}
1ol DMSO £t & AR }% ZHHH"j H&%Ol

YoJuA] grich e, Lo A B
HE Qo] 29 st 9 A ?— 7} ﬁJranose?-J_g =

—4

Az 387) R 2 AzhE T,
50
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Fig 1. Composition of D-fructose tautomers with
different temperature in DMSO solvent.

28

~fi-beta-pyranose

)
< l_’——I——I-\ }
= 26 alpha-furanose
]
2 24
]
§
5 22
-
" |
20 - T T T T )
30 40 50 60 70 80
Temp ()

Fig 2. Composition of beta-pyranose and alpha-
furanose of fructose with different
temperature in DMSO solvent.



24 R

o,
ftl
[
i
o
i)
[kl

- £o]7]% 45(2) 2013

Hs;C \870
s—o e
OH OH Ve HsC
o | on HsC
H OH o—<H
HO —_— C\\ -H20 -)
© OH o
" = =
CH
on S/ 3 H w-)
=S Ho_ & _—cH;
CHj3 OH \_) \\ OH
CH;
l—Hzo
OH OH
o CHO o CHO

-H,0

H /
e o
— OH
H3C/

Fig 3. Reaction mechanism of fructose to S-HMF in DMSO solvent as catalyst.6)
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29 furanose £&0] A5EHT} (Fig 2). ¢
S-HMFZ 9] Agt&S 225 2o stof &4 E‘P
W LRI} ES4E AR £ WA
Aol 42 ARl STkt oAnt (Figd). 44 58
Z A0 A A= 5-HMF7} 7 u] A3} levulinic acid 2
B )] o] 2l ko] elofubr] Sla A& A H)
2720014 7489 w0l ok DMSO S
7t ol whsoll B2t o] FE6kA 27wz o]
/3 H S-HMFo| A 7juj4ko 2 M gho] 4xgf k& gl

1‘-1
N xR é olo
2o &orfo

i

o

o

C

F

80

= == 120 =@ =130 140
3
3 60
E - -l
. A= N
E 40 P - . P
> -, L~
£ 2 r _-*
I o .
0 : : :
15 30 45 60
Time(min)

Fig 4. Fructose to S5-HMF conversion with
different reaction temperature.

ch(Fig 5).

3.3 +EM7{7t 2S0lM 5-HMFZ HEtof|
Olxl= S

DMSOE-tj o A Ftof A S-HMF= 485 = 3t
oA 3R] Fol g4Hrt o g Y4 H B B
7} st A 5-HMF2 A3 wk-g-o] 1} A A 5 5-HMF
23] kg0 TolshzA & 3] Sldtol e 5 &
& Az AT 225 A7 A o 240 Histo
A ZE AA 6—}%}. 60 W 2ol 4= 'H-NMR

E
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Fig

DMSO(dimethylsulfoxide) &1 of| A 2}32] 5-HMF(5—hydroxymethylfurfural) 3k 25
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Fig 5. Presence of formic acid peak in 1H-NMR spectrum of 5-HMF produced from fructose
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6. Fructose to 5-HMF conversion in DMSO

solvent with or without water removal.

in DMSO solvent ( comparison between conventional(A) and water removed(B) processes).

4. 4 E
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