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ABSTRACT

Quantitative analysis of 5-hydroxymethylfufural (5-HMF) conversion from fructose by dehydration and
rearrangement was investigated by 'H-NMR spectroscopic method. Fructose was converted to 5S-HMF
in dimethylsulfoxide (DMSO)-d° or acidic deuterium hydroxide at controlled reaction temperature and
time. With addition of internal standards (biphenyl for DMSO-d° solvent, and 2,5-dihydroxybenzoic acid
for deuterium oxide solvent), conversion from fructose to 5-HMF was analyzed by 'H-NMR
spectroscopy. Quantitative analysis was run by comparison with peak area integration between of
5-HMF and internal standard. In DMSO solvent, 5-HMF was stable end product but part of 5-HMF was
converted to formic and levulinic acid at acidic aqueous medium.
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Fig. 1. "H-NMR spectrum of fructose at dimethylsulfoxide-dé.
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Fig. 2. '"H-NMR spectrum of fructose at deuterium oxide.
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Fig. 3. Aromatic hydrogen peaks in '"H-NMR spectrum of biphenyl at dimethylsulfoxide-d".
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Fig. 4. Aromatic hydrogen peaks in "H-NMR spectrum of 2,5-dihydroxybenzoic
acid dissolved at deuterium oxide.
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Fig. 5. Fructose (B) to 5-HMF (A) conversion at dimethylsulfoxide-dé.

o

= - - &

[ R L SR I | e S I
T T 7 T T T T 7 L T T T 7 T | T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 ppm
) SHE 3
< S| == <
S - - o o

Fig. 6. Comparison of "H-NMR spectra from 5-HMF and biphenyl.
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Fig. 7. Fructose (B) to 5S-HMF (A) conversion at acidic deuterium oxide.
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Fig. 8. Comparison of "H-NMR spectra from 5-HMF and 2,5-dihydroxybenzoic acid.

3.5%¢°] E3}st7] g 2ol 2 HAo| o] s}
A A Yyl HMF9} 2,5-dihydroxybenzoic acid 9]
73 WA Hgo] 3.151/0.0469] H] &= HMF7} 5
E2BANT 6850 o wol Sofgich kAl A4
HMF 9] 5=+ Y& & &4 2,5- dihydroxybenzoic
acid 0.05 mmol ] 68.5 o] 355} 2 o]}, A A H
HMF ] % % = 3.43 mmolo] 35 € o] 3436 4] HMF
29 AZEL2 60.2%°]t}.

wol of Lk HMFS] 7]} Ao Ate] 322 v 3

o B HME7} 2 e 5ol 44 E Aulae 5w s
ekt 4 Sleh. 8.4ppme) 53} o] 5 3L ol Abe] &

219l gho 2 HMF&} vl asto] 7w Ato] 5 =71 2.27
mmol ¢S & 4= Lok, o] A& ©F 39.8%9] > HMF

4. 8 2

'H-NMR 2% 24 & A1-83h0] 35 o] 4 5-HMF=
o AT AN A Aot g0 HeA 2 5] 40| 7}
S5oTh AB G WSS AT PE 24
S EPE RERALS WIS B Sro B
280 SRS AN NS T S AET EZ
240 5L R SR A ERY AFEE
PR R EEEEE N
& Foto] Tgo] 4 SHMFR o] A gho] vt g0

qo] ¥ 7tz e Ao® AZET

Ab A

A 2 20128 S 5L 5H QA 9}
ke

Q9] 18] A 9o 2|3} 2759}

ol
O

ral

=
[Lm

1. Shin, S.-J., Park, J.-M., Cho, D.H., Kim, Y.H. and Cho,
N.-S., Acid hdyrolysis characteristics of yellow pop-
lar for high concentration of monosaccharides pro-
duction, Mokchae Konghak (Korean J. Wood Sci.)
37(6): 578-584 (2009).

2. Shin, S.-J., Yu, J.-H., Cho, N.-S., Cho, 1.-G., Kim,
M.-S. and Park, J.-M., Effects of aqueous ammonia
soaking to chemical compositional changes and enzy-
matic saccharification of yellow poplar, J. Korea
TAPPI 41(1):61-66 (2009).

3. Shin, S.-J., Park, J.-M., Cho, D.H., Kim, Y .H. and Cho,
N.-S., Bio-ethanol production from alkali prehy-



o>
=2
ot

drolyzed yellow poplar(Liriodendron tulipifera L.)
using enzymatic saccharification and fermentation,
Jour. Korean For. Soc. 98(3): 305-310 (2009).

.Kim, T.-S., Kim, J.-Y., Oh, S., Hwang, H. and Choi, J.
W., Investigation of physicochemical properties of
bio-oils produced from pitch pine (Pinus rigida) at
various temperatures, Mokchae Konghak (Korean J.
Wood Sci.) 40(3): 204-211 (2012).

. Choi, J.-W., Choi, D.-H. Cho, T.-S. and Meier, D..
Characterization of bio-oils produced by fluidized
bed type fast pyrolysis of woody biomass, Mokchae
Konghak (Korean J. Wood Sci.), 34(6): 36-43(2006).

.Cho, D.H.,Kim, Y.H., Park, J.-M.,, Sim, J., Kim, B.-R.
and Shin, S.-J., Characteristics of xylose and glucur-
onic acid at concentrated sulfuric acid hydrolysis, J.
Korea TAPPI 44, (3): 9-14 (2012).

. Kuster, B.F.M., 5-Hydroxymethylfurfural( HMF). A
review focussing on its manufacture, Starch 42:314-
321 (1990).

. Rosatella, A.A., Simeonov, S.P., Frade, R.F.M., and
Afonso, C.A.M., 5-Hydroxymethylfurfural( HMF) as

10.

12.

13.

3 £

- Z£o]7]% 45(1) 2013

a building block platform: Biological properties, syn-
thesis and synthetic applications, Green Chem.,
13:754-793(2011).
. Alonso, D.M., Bond, J.Q., and Dumesic, J.A., Catalytic
conversion of biomass to biofuels, Green Chem., 12:
1493-1513 (2010).
Barclay, T., Ginic-Markovic, M., Johnson, M.R.,
Cooper P., and Petrovsky, N., Observation of the keto
tautomer of D-fructose in D,0 using 'H-NMR spec-
troscopy, Carbohyd. Res., 347:136-141 (2012).
. Shin, S.-J., and Cho, N.-S., Conversion factors for car-
bohydrate analysis by hydrolysis and 'H-NMR
spectroscopy. Cellulose 15: 255-260 (2008).
Harvey, J.M., andSymons, M.C.R., The hydration of
monosaccharides-an NMR study, J. Solution Chem.,
7:571-586 (1978).
Amarasekara, A.S., Williams, L.D., and Ebede, C.C.,
Mechanism of the dehydration of D-fructose to 5-hy-
droxymethylfurfural in dimethylsulfoxide at 150C:
an NMR study, Carbohyd. Res. 343: 3021-3024 (2008).



