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X AR | TR DK ] 4 50 PP SR S HLATE A Wy
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1.1.2 CHLEMEALH]  Yoshida" 28 ATHE T 481G
TR TSR R 45 R TEAILRR o fAL 70 I 22 R
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U A FHICHUBRAMI L, hIR 5 WERRIF M AL ) B9
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min, FAEBKASE] HMF (47 2% 55 55 7T 1% 65% ,
[ 402 4 28 8 1 /K 2 B HME (5977 3 AT 30%
Huang!"% 5 )5 < A1 HCL 2 R4 FH 9 e fb ik 242
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F DU BN T L A 50 O o ] 2 4 5 S R SR A
b, S R ] LUK E] 87. 8% 5 fEK-T BEFI M1 X
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B AL BB DMSO H1 PVP, S eR 4 7
HMF (93% ). BRI, @i FF 52 & N i
PEFEME ; DMSO F1 PVP X FH il &I 50z i) & AE A BH
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WK RN A —E g, I HA SIS T =
HMF R G, Horbsr I s i iR h 5 y-
BERR R M AL SR e, AR SR A S 2544 (100
°C, 30 min), HMF $E$:P: 7] 55 98% ; VI
7558 T W IR PR AN IR A B i) R R /A b
FIEPHERBBEK , HoE RN, BERR AT 2 J5 R IR
YEA AL B (R AL RO A T 2l B R B, LR
PRIA] REJZ HT 5 (19 Lewis FR9R FE 57, Bronsted FRVE(
WG EZ, T35, ZAMEA R Z O T 2 S A
(7K B A AH 2 ) A SOR. 2 SR i B2 Dl 100
C, LB R 2 h, SO 1k %k 60. 3%,
HMF %8455 89.3%.
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1. 1.4 Lewis FRAEALF HHil, KM Lewis 2L
TSI /KR e8I S Y S Serit ™. 255 — A
S B 2R 100 4 8 B 1V S A R0 P 1 SRR I K
il HMF [y, R4 o5, SR () 48 27 a
DATERE i WA B g i B ARG i Ak AR, )
TR T RMEEA DL R R s s, JLF- 7T LS 258
SEALIE HBCA R WA . N HMF 0GR R,
R HOR B (Yo = 95. 2% ), HLUK2 BEWE
(Yo =93% ) , Wiz IIRCR 25 (Y =9.8% ).
JRL Ak R HR K R A2 B T HMF JISCR A — 12 1Y 5
M), (R 2R 4 B I ARG PR LU, AL
AR B & AR T 10% B, X HMF 1503 52 i
BN, IR I, Stahlberg > /N {8 FH A0 22 1 4R
YE AR (R 1), BSFH A BminCl (1-] %-
3- R DR s 1) S A ) AR Ay s ) L e 4 A 2 0 M

F 1 BF&RE[Emim]Cl #1 [ Bmim]Cl il Nl 5 & & LB B HE R IR K & Bz°
Table 1 Lanthanide-catalyzed dehydration of glucose in [ Emim]Cl and [ Bmim ] CI*

[ Emim | C1 [ Bmim | Cl
Catalyst
Yield (%) Selectivity (% ) Yield (%) Selectivity (% )
CeCl, 3 3 3 4
PrCl, 13 27 7 2
NdCl, 12 24 8 23
DyCl, 10 19 10 23
Yhl, 5 7 12 15
Yb(OTf), 10 16 24 37

a Reaction conditions; 1.0 g ionic liquid, 100 mg (0.56 mmol) glucose, 0.056 mmol catalyst, 140 C, 6 h

KA HMF, 24 5z N iR ok 160 °C, SR st E] 4 10
min, FALECHAEILTIET, HMF BE£ER S 33% .
Zhang" "' %5 ) % B IR T B T4 BmimCl
A ALES (WCl ) 1E M i AL 570 o] LA 850 4 o 2R
PRI AR N, 24 [ VAR R TE 50 CF i 4 h, R
FH tetrahydrofuran ( THF ) -BminCl F§ A& & BF, HMF
FERAL LA E) 72% , F1 H THF 0] DBk 25 i #2
o AR R K, TR B — 1 BmimCl H s B
HMF (7250 63% 5 Hu'='/NH 2542 0 BB T34

[ Emim ] BF, ( 1-2Z, %E-3-F BL K ik i Y S B ER 28 ) o
A PUEAL ) (SnCl, ) 15 A AREA A F1 T4 % b i
KAl HMF, 2S84 B 0l da Wk N 23% , 100 C
TR 3 h, EEBER A RIEE] 100% , HMF 1~
o 63% , HH SnCl,/[ Emim ] BF, HAEE FH 4
W, Jibh, iz bk R SnCl,/[ Emim | BF, X F 54
Wi RERE . 27 4E OB 0 K A [R)RE A AR 4 0 fE AR
M, [FE, VB A B2 H #2258 7E SnCl, /[ Emim ]
BF, {&Z o Bk il % HMF 5 S ALEE; Zhao ™ BF
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IR PRI K 7 T2 8 7K IR e — R AR AT R A A
Z. MR E I TR AI . R R, 2L
Te 9 W4, G R HE AR, 100 °CF KW 5 min
i, HMF 723801 3K 92. 1% , AL T DL i i 42
RIS U, @it C NMR G, %40 25 1
KA HMF fHLERSEAT T 4 BEABIF 5T, AR 0
SRR S GeCl, fE7E BRI, WA 2K
EHE T RIS R S AL, A R T HMF [
R, AR T Lewis R AP 7% 19 41 1E L
BHEENTE T L. BIR Lewis BRX HOMFI9 K =
3 HAT AR 85 A B AL VR, {HLR Lewis R il
PESE, B RR PR, 8K A5 MR, LR
P4 AR AR TG v T A ) B b B
T A Rl I R M I 7K 175 e PR B 6

115 WRRRZMEALR) AR, XTI R mR i
Ak BB K S B IS0k £, o R X T B T
B4R NG 9 RE. Mercadier ™ fii FFT 58 i 1 85 752
e P T SR K 17, ML RS A 2, T
T 52 9 30 2 HEAT T FSE, VR o {3 R
TR B AR L 55 R T I P S A 45 Nakamura™™
IR HEAGIZ I S5 A AR B F 38 3 g 2 Diaion
PK-216, H4F 80 °C T DMSO t jz Jif 500 min,
HMF 72335 90% LA 5 Qi BF5E % Bk R 784 FH g
TFASH G Dowex SOwx8-100 i fb 25 5 4 A3 7,
TN TR -/K P AR 2, B4 F R4 150 °C
JZ 37 10 min, HBFHHEELRIKF] 94% , HMF 75y

73.4% ; BRICZAb, Fleche™ 25 At 3R FH B T3 e
RERBVE AL, HMF 7385 68.5% .

BB T2 IS 4, Claude™ 3 AT H-4h £1 43
Tt R MK R, BF9E &R B, ASTRGESS
()3T 2 ISR AR, 4 Si/AL R 11 B, FE7K-
RIS TR R AR R (V2 V, =1: 5) FF 165
°C J2 )i 30 min, HMF £ 2855 97% ; Yan' ™' 25
WEHE 0,7 /70, . S0, /Zr0,-Al, O, [ {4 & it 1k
FN S K H 25 HMF (2513801, 4 Zr/Al
(mol) Jy 1+ 1 W}, #j%j 8T 130 CF LN 4 h,
HME 773 AT AL 5] 47. 6% 5 Shimizu ™ (i Fi 2 7 [
R (2R . W BRMERIEE5S%) Wit —
TR LA R 2 R 3 R TP K B O i (78 R) R
A K B AT IR A RIS, DAL B L 451, 7E
120 CF i 2 h, b b=l LIk F] 100% , [F]
I, HMF P38 A7E 97% L) b, 7 B4l 7 w6 Fb gl
RN RA, B HME (%) 7K Ak B 45 ol gl 7= 0 1) ik
— it BeAh, QiU R R VA A AL FE
IR F5 T 2 58 T B B K B By, BF 98 3%
B, PNE-DMSO JRARR T, N7E 180 C FikfT
20 min, JBERFELFEIESR] 93.6% , [HE;, HMF =
R T2.8% , HIE, BRERES i ALFIFE KIS T X T
SRR K LT B A 1 k. 2009 4, Takagaki'™ A
T BEMRRR A AL ( Amberlyst-15, Nafion NR50),
S0,/7r0,, Nb,O,, H-ZSM5, H-Beta) {£ ] F I 1Y
WAL, A5 RFWI(F2) , RMEFL AR R =ik 3]

®2 EBRELERTAZERRENEL

Table 2 Transformations of fructose and glucose over solid acid catalysts *

Yield (% )
Substrate Catalyst Conv. (%) —
HMF AHG ( Glucoside)
Fructose Amberlyst-15 >99 73 0
Nafion NR50 >99 45 0
S0,/7Zr0, 57 21 0
Nb,Os + nH,0 8 0 0
H-ZSM5°¢ Trace 0 0
H-Beta* Trace 0 0
Glucose Amberlyst-15 69 0 32
Nafion NR50 34 0 26
S0,/7Zr0, 7 0 0
Nb,Os + nH,0 12 0 0
H-ZSM5°¢ Trace 0 0
H-Beta" Trace 0 0

a Reaction conditions: Substrate (0.1 g), catalyst (0.1 g), N, N-dimethylformamide (3 mL), 373 K, 3 h;
b Anhydroglucose; ¢ Si0,/AL 0, =90, JRC-Z-5-90H. *Si0,/AL 0, = 25, JRC-Z-HB25
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e, 24 h Py HMF I % 35 2] 80% ; 2007 4%,
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A 100% , HMF 7230 82.2% , A AL T L
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Fig.2 The mechanism of hexose hydrolyze into HMF and levulinic acid

£(2) FURG DI ah i B K 15 2] HMF; 1R
Fm it ST B E ], HMF 9 42 8 48 ok —
R A, BB AE W, — A L S
F A K R Bl 45 HMF, — 2 4 B0 e i Atk
FA VA RS 7/ L N SO V- S N B VA VA~ i3
B (1) HEAT. 3 4h, Mu' ™l it BE 4 i 07 v %
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JUAR, T B IR AR R B K 52 A L
BIFFFARZ ; Zhao et al. " B, B FIAH A
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AR E R 2 5 0 SR 4k, A R HMF (4=
B%; 2008 4F, Amarasekara " B 5Y T SR 3L
AR A K WLER, i ad W s A 'H and PG

NMR Y3892 7 o i) £ (4R, 5R)4-J53E-5-5%
Hed, S-TEKIE2-R 2B AR TE, XA LS AR
HET MK ) 4 HMF; 76 25 25 2K i il 45 HME
ARFFE R, Lt S A e S g g A I L T 44 %
TE CrCly ™ B T AR 2 B K HLEE, 5 Zhao ™
485 FARMI A3 5 2010 4, Binder™ /N R IITRR
FEIIE T B8 K ) % HME (4 52 )3 HLER, &5 5 90F
WY, 5 et s R A o TR ) 56 A R 3ot
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A v LK A BT B H RO 1k, OB S it

FHEAFIATAE I (F23) 4 1 600 ZF/H0 0

R3BEEATENRERE

Table 3 Derivatives of furfural and their application

Derivatives of furfural

Applications

Furfuryl alcohol
Tetrahydrofurfuryl alcohol

2-Methyl furan

Modification of phenolic resin and urea-aldehyde resin, etc.
Application in succinic acid, pentanediol, dihydrofuran, lysine, pyran and pyridine

Application in pentanediol, acetylpropyl alcohol, pentadiene, ketone andmethyl tetrahydrofuran,

also the indispensable material of vitamine B,

chloroquine phosphate and primary-aminequine phosphate.

2-Methyl tetrahydrofuran

Furoic acid

Solvent of resin, natural rubber, ethyl cellulose, copolymer of chloroacetic acid andvinyl acetate.

Material of organic synthesis for tetrahydrofuran, furoate, furo-amide etc; application of plasticizer,

thermosetting resin in plastics industry;

application of preservative in food industry; synthesis for perfume and medicine.

Furylacrylic acid

Material of organic synthesis, production of hydrochelidonic acid, pimelic acid,

ethylene furan and their lipids; synthesis in intermediate of schistosomiasis

furan-amine and furapromide in medicine industry.

Furfuryl amine

Application in the intermediate of medicine industry, production of furan-oxazolone etc. .
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