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H,SO, WM RMERR, LR B At, K15 17 61.5% SBEI IR FR IR 7™ 2. 588 TR L)L S LI [ S
RN 2 00 AN S bk =3 0} 2 IR 1 S /N1 AN i Y VA=K i 2 (A E R LN S R S VAR EESIE AL e s 7 Y
FHUHERE . VR MR S8 FeAL N ZBE TR TR RS Th, HUAR T 48%~60% 077 . fEALFIZEIE 5 YL Ml AN &
A, WARGRER T RIS L.

KRB PR, LBEARR TR, WobRE; BN

Microwave-Assisted Alcoholysis of Cellulose to Methyl
Levulinate Catalyzed by SnCl,/H,SO,

Liu, Anfeng Zhou, Xincheng Pan, Hui*
(College of Chemical and Engineering, Nanjing Forestry University, Nanjing 210037)

Huang, Yaobing Yang, Tao

Abstract Microwave irradiation technology was used to assist the conversion of cellulose to methyl levulinate (ML) in
methanol solution in the presence of mixed catalysts. The reactions were carried out in a microwave reactor and cellulose was
rapidly converted into ML with a highest yield of 61.5% by the use of SnCl,/H,SO; as catalyst. The catalysts ratios, reaction
time and reaction temperature were optimized and found to have great influences on both the ML product yield and the selec-
tivity. Besides, an appropriate amount of water, which may participate the breakage of the glucosidic bond of cellulose, is
highly desirable for the full conversion of cellulose. Several other biomass derived carbohydrates such as starch, sucrose and
inulin were also tested in the optimized system and 48%~60% ML yields were achieved. Finally, the mixed catalysts can be

recycled and reused for at least five times without much decrease in catalytic activity.
Keywords cellulose; methyl levulinate; microwave irradiation; alcoholysis
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SR, EOR UL SR BR AT 46 S5Ok T2 5 R B =
R, H RN T R A RN R, A% S R R R
il 7 HAE Tl B REIBE R . ()RR R A, A8 R
TEAGTR, ARG RN /N 73 I R A B N, 2 P 3E JE 3R
13 ORI, FONE SR A P D) wT e gk K S R e I &
R1F, BRI — RN B R 7. B A 2 R4
RIE T KT % gk R AR U e 4R
T8 A FH 45 A R LA R T I e o) £ 2T A TR S 1 B 7
% QYKL E YR M. T LR Rk, B
HIETRE . SR B AT 4 R ORI N JE R % 2T
BRI U B A 3. Ity JE TR S & 2.
RERTS (W 5 it B 7 E Bk i, Ml
TE-IRWOE A T B AR SOF /Sn0,, F1¥K H A Tk,
I BES & SR T R, PP Z i m15 33.1%. Tsang
2O &% 7 — R A FE AR ML 7, B45S0;™ / TiO,,
7r0,, ZSM-5 % fEFEEEHIH, LLSO; /TiO, Mk
F, TERE 2R AN SR A S T RS R I ) R 2R Ay
A 43%, 33%F1 59%.
NTHE—PBRIR ORI AE P2 A, LR E
LR R 28 BN R R 52 2 1772 W %3 . Tominaga
VTR S8 T8 A WU ER A A0 Lewis BR 26 TR SRR 1A
R T AR BN R T IR, 7R Eik
75%. 2 5 OfE S US Al R R Th BB Ak B0 B T TR
([C4HsSO;sHmim]HSO) AL A1 4 ZRBE AR IRTT 31.1%M &
BEER T B, MR R&EMRIE TR Y B Fif
(USY) AL 21 4 2 ] £ S BRI R BRI 54k, s, Xl
e e T T S5 PO T AR R A B IR BRI AL R, £F
eI L 56% 7= AL B BN IR R, Bk 7%
R AR BRI AE T IR S, SR, 4R HE
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(e} OH OH
O (0] R
O\)\(\J\l/\OH
HO OH -7 HO\ o]
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lH*/ROH
sn#
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HO

Alkyl glucoside Alkyl fructoside

PRI AR £ £ T P IR S 28 AL AR RATSA AR B2, K
J& B AR R AT AR A L

BTk, ARTARERRH 7 4EH 1R HSO, 1% 5 i
Fii 4 )& 5 SnCl, & @ #5-TR — eiR AR R, 1ER %1
T, A AT G 2% I R H I I ) A 2T TR TR
(ML) (Scheme 1). H%2 [ {EALFIFSE . Lol OB
R[] A0 7K FH 2 46 DR 3R o0 IR P e FLE B MR 52 . [
BF, SO R G IR A AR PR T J& T AR S I 9.
1 HEREWR
1.1 PRMELFIELSR

Y, BRI SRR H A AT 4 KRR
BIRBAAHGER 1) 1% R EEAE R, 4R AU
H,S0,, 17 43.8% LB IR FH S HIAE BU(FE 1, Entry 1).
X5 AR TAE— Y, BRI AF AT,
AR I A QNI T2 RIS
[f) SnCly I, 7E 180 °C & BigkfF Fidvidiaitt, (NAFEIT
3% ML F=2, F4 /b 1 LR H EE A2 B3 1, Entry
2). XSEHT SnCly B A E5EM Lewis BRTE, 78 B HE
R 3 A 5 5 TR SRR 43 T R AR B O S A T R FL IR
FEE(E 1), 2448 H] HySO4 AT SnCly, FEAEALIN:, Po it e
F| 61.5%, HorBE =R Eik 53.4%. 20 HH AR 4
J&FAVE R Lewis BREUEAL IR, BT AICL F1 CrCly
A3 7 A AP I RCR A, Fo4 ZnCl,, FeCls il CuCly
1] ML ¥{&T 50%. Bl i, AN[E Lewis FR1E 4 )& £
A A KRR g5 A AT AN T AE, RATHEN
Lewis P& P58 55 ¢ 5 B 21 24 27 5 519 20 FF 50 27
T SRR, W SEM T 5 Jia 2R AR S BL R T3 R
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Scheme 1 Reaction pathway for the alcoholysis of cellulose into methyl levulinate
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BILKE
R 1 AFE TR LA A4 R % L5 IR R
Table 1 Conversion of cellulose to methyl levulinate with the addition of different acids and metal salts
Entry Acid Metal salt ML yield®/% Methyl lactate yield*/%
1 H,S0, — 43.8 0
2 — SnCly 3.0 5.1
3 H,S0, SnCly 61.5 (53.49 4.8
4 H,S0, FeCl; 48.3 0.2
5 H,S0, CuCl, 46.2 0.5
6 H,S0, AlCl; 57.8 0.1
7 H,S0, ZnCl, 45.1 0
8 H,S0, CrCl; 56.5 1.1
9 H;PO, SnCly 4.1 0
10 HCI SnCly 57.1 5.7
11 H3040PW1,°xH,0 SnCly 49.8 16.5
12 H,[Si(W30,0)4]*xH,0 SnCl, 42.6 21.3

“ Condition: cellulose 500 mg, metal salt 0.2 mmol, acid 0.7 mmol (H+ 1.4 mmol), H,O 0.8 mL, MeOH 14 mL, 800 W, 180 C, 50 min; bGe yield. “isolated yield.

BEAk, AR IR B S R IS, e MR T
H3PO,, HCI F1Z% £ R (H304PW 122xH,0, Hy[Si(W50,0)4]*
xHO)HEAT SN IIR(FR 1), HiPO, X F47 4k R AL
RIS, X A2 A HyPOy &) 5 F B R A B AL B
A IR R AT T LR O . A R R A ot
T RETS BN I ML USCEE, R R PR R P R ok
PR, ASFI T AT [EDOR S2 bR R, (6 44 %
& H3040PW 22xH,O Fl Hy[Si(W30,0)4]°xH,0O TE AL
AT DL 573 31 49.8% 11 42.6% 0 ML. 1 FLER FH G 7= %
HP R 16.5%H1 21.3%. XA M T 20 145
IS 48 1) Lewis BRYVE, SFEOHEISH AT 2 1k
AR WA LR FR . 2R ERTIR, SnCly A1 HpSO4 2H B
TR 3R £ 4 R L AL 4 SR A R S 1) e A 1k
A
1.2 H,SO, EX RN

H,SO, F X R 52 m L 2. SA IR EE
i, ML 7= 2A0EH 3%, MNARRTHILT 8208
DUGE, PIRER T 4R iR T RAE Tikth. i
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60 - I

N /
40_- /
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Yield/%
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Figure 2 Influence of the amount of H,SO,
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3.3 mol% IR IR, .Mk PN IR HF i 1 7= 2 I 12 vy 3
19.7%. 3t BHINERER Y FH &, ML 177 Rk — it e
BHEIMA 23.3 mol%BiRES, IR T 61.5%MH
FEEL I E R ER N 2 51 R R T . Rtk er LA
B, AIER HySO, W FE AT LUA U 3 41 4 R 1K B i LA
M Ja eR oK EER. it B RIRA TR s Rk E
FRTRI S NE, AT AR S o g = 2R 231,
1.3 SnCl, E3F & N = FHIF M

Lewis MR 4@ SRR LT 4E R A P R 1536 2L
fEH. Wl 3 Fror, £ SnCl 5L T, ML 177
HON 43.8%. BEFE SnCly i\, ML HIF=R45 3] T EH
PemE. 15 SnClL &N 6.7 mol%Mt, PRk F|HE.
J&, W% SnCl FHEM4RES38 N, F=r= 21818 T . 4
A T ANRZ R B LER T 5 ORI, 7R R B, Hr ]
PRS2 /E SnCly 1L T KA C—C BRI B R4
RRFLIER FS, P07 I R ) ML LA 1),
Edar LRI, B SnCl, FHEH N, RMF=EAR
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Figure 3 Influence of the amount of SnCly
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FLERHER R — EAE EFF. Rk, SnCl, F & Z k7 ik
W, FERAR 5K AR 7 F2 1 [R) B a6 AR s 22 1) L
2 RO BbAh, SnCl, 78 SR AT R R A= K A= A o
f¥1 Sn [I/KEWE T[40 Sn(H,0),(OH),* "], {HIXFK
ff AT HAE R AV A RE ). BRI, Sn B
TR AE RN AR FR R E E .
1.4 K9 EFRE Lt R B 8920

TELF e BRI AR R, D BRI Bh T4F 4 5
IR 5. DRk, FRATTBE T 7 K IO 54T SO RE T
M. W 4 FoR, EARIKIERT, TSRS
£)37.9%H) ML. Hrf SnClL HEAL I thti A #8745 K
DA FR B kAL 7= A TR D B T RE S 5 T AR 4E R K
ISR, BB A RVAR R I K E 3R &, ML 7=
AW LT, IHE muyoreose = 1.6(FE LI 3RAT T fix
A AL KR N, 0T e S R A
Bl B A & AR, AR CTE 2 R B R, AT B ARG 4
%[24].
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Figure 4 Influence of the amount of H,O
BEAh, ROV TR A 4 2R A = 1 e Ag G T BE )% J
R R EAT TR FL. AR PRI AL TR RN 21 4 25 1 b 43
TEEEOLS, FEEWE LA 16 0 1 FFE 28 1 1, ML =%
BTN, BHAERRIRKE 61.5%. H B E bk,
SN ) 5 T AN, 45 R R B e VA 1 A 4 3 R A7)
Al R TSR ISR, INTOCERCE 2614 25 5 51 bk
AN, T 2 W] B R R BB TN, S I R = SR SR R B
X T RS B T A 7R AR B ek T T BN R SR s /S, 52
M (A 2 A R I () 2526, b ] DL, 53 PR AR b xet
TN [ v U A 2 O
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IR f e, ARERIE R RBARE, W3 ML R R
X TR, B A R T, R S e
(AFHERFACTE R IR ). BIRSEIAE] 180 CRE, [ 4%k
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Figure 5 Influence of the reaction temperature
1.6 UK INHAS BN AR 4 R EF R R A9 200

N T 25 SR FAAH FIN FAS S LR, AT
XS PR SEAT T B SR N7 I BEAT T BRI, SR T
AT T AN SN (] Bt LT =0 70 A DL (B 6a). BE
HIRNHEAT, ML P88 4R s, EAGR R 8 8 (5
NIHTGG, KELUERBRAT S FAL). IRy 50 min
B, NIk B e 2 61.5%. 3k — D3 0 R R (],
/U T R VI A R BN T 7 A 2 MR T o, S
10 2 P U 2B B RE 22 F T R U™, TR, ke
T EFUE R IR S SR HEAT 1 ERER(WIEL 6b). fRFFILE
SRS GFAT B, F RIS N R 50 min 5 AR T
29.5%F) ML 77 3. SERH ] % 120 min 32 1 57.5%F)
R, 5RO HTT o0 A BUE s inAER
e S NE R AR, A I SR T, B AR Ny
AT ML =AM ZEA R, BAKE, , SnCl/H,S0, —
TOM R A BEAE IR S A T BUAS 5 v 1 £ Tt P IR Y i
PR, EAR G s S LS I TT 2T A B ) Ak
4],
1.7 HtEMREREE T & B RER R ES

N TR IZAEA A R, AR T HAl R
VI FEE RS AT T RN, FEBAT HE— AU SO
ARG b, OB, A ZWEAR 3 ML B R
48%LL b, Horh, DL &N RSB ML R
62.3%, LH4ETKENY 55.7%, HENE 52.9%. ZHEIETH
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Figure 6 Comparison of the heating methods microwave heating (a)
conventional heating (b)

VER SEE VAT LE RN, 3RS T 48.1%F11 56.6%1] ML
PR, SRR UL T IXIRA TR RAEIR It S H T 2
PWERALEH). (R, FRATIN I LebE 2 e B Sk AR AT T 1)
piutl, R1G T SRR H AR, Sk, SnCly
AT H,SO, 4 F TR B M4 R IBLUT HbE FH % SR AR W i 2
WK AL B4 AR

K2 AFBRAKA A& LI PIIR BRI SRR @
Table 2 The conversion of different carbohydrates to methyl

levulinate
Entry Substrate ML yield /% Methyl lactate yield®/%
1 Glucose 60.3 (52.3) 9.1
2 Cellobiose  55.7 (48.6) 11.8
3 Sucrose 52.9 (43.5) 14.2
4 Inulin 48.1 (40.3) 19.7
5 Starch 56.6 (50.8) 9.9

“conditions: carbohydrate 3.1 mmol, SnCly 0.2 mmol, H,SO4 0.7 mmol, H,O
0.8 mL, MeOH 14 mL, 800 W, 180 °C, 50 min; * GC yield and isolated yield
(in the parentheses).

1.8 EUERNEMER

N T W FCHEALTT I A RS, A TS S
ATHHEAT [BISOMI R . SO i, P i s 2% 1R o 2
E A5 2S5 A AL A= 0 RS AR A, oK e 7
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¢ Conditions: cellulose 500 mg, 0.8 mL HyO (71y,0/celluiose =1.6), 14 mL
MeOH, 800 W, 180 °C, 50 min. ” GC yield.

2 i

3 F R 7R H,SO, ik 5 Wi E 428 5 SnCly 19—
TCIRA TR RTERL T 41 4E R B £ A IR HF I8 1) v R 1.
W45 KB 7€ 6.7 mol% SnCly, 23.3 mol% H,SO,,
180 °C, 50 min 1 0.8 mL /KIIZM T, 15T 61.5%4
Pk PSR B 107~ 6. RN, %44 R OE A B 31 22 Rl 7K
B PN A ) 4 LB R FR S 0 S MR, 3R13 T 48%LA
IR ZEAAR RIEH A S IRRETIRE R RE T
AT AL T, 2k R T &M, N INAA, 1k
G F I, AT 2% CBER IR R AE Fe et T
—FE I

3 LIRS
31 HKFISNEE

T e 47 4 & (Sigma-Aldrich, £ 20 pum). &ALhak
(B1 SnClye5H,0 5) MARRR(ANBRIR . EhIR S ) A HLAth Ak
FAEVIUnHEEE . R B E 2500w R A
F, HTA. B2 LR 4R TR (H3040PW 2oxH,0 F1 Hy[Si-
(W3010)4]xH,0) B Bl 37 T b 2205 FR A ). HoAd i
R B E 205 R ], oA al. SOM ek Ry
52 Agilent 7890A, FID A& #%.
32 ZWHE

LR YR R R CBENERER I FE: 4 500 mg 1)
TR 4EZ A 14 mL (BN E] 100 mL 1 5% PU 5 20
SN2, B JE K 0.2 mmol ) SnCly- 0.7mmol i H,SO,
A 0.8 mL AKHINFf 38 H HE T % . fERE D%
800 W 264 R A 2 min PAFHE Z H FRiE I M 50
min(E SN AR R P HE B bR EE I 28 N )
T Z)). MR )E, JIAN 0.3 mmol HIZE/E NP FRIE
I SA SRR R R AiE & DB-5
(30 mX0.25 mmX0.25 pm, Agilent) B A ilkiH:; ¥)
15 80 ‘CH£E 2 min, 10 C/min JHEZE 200 C{EE 3
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min; HEFECHEE 250 C, MRS 250 C; &SN
EAVE/S, WE 0.9 mL/min; HEREEN 0.4 pL, ZMAEE
950 1.

FEY B TR RNAR R A G, B0 LRI AR
) AR TRE. 19 BURBIVRIARSS, I — & R IFKIE AR
FHAEFR B I & e, JHEB 2 0w A
0, B e 3RS S e ARG, 4 2R AT D 7%
TRRI ] SRS 21k P R H .

FEATR B S0 K S BRSO Bk 26 [ AR R, FF
£ 50 C FFrE RN, BREECRRAE, 7
BRI 3 I\ ZE 187K (10 mL X 3)7E % I 8645 310 W e
Shrs 20 mL ZECFREAREL, GREE EE A, EEAE
EUERAE =R, B30 2 KA N B e 2800,
A B LK, BTERARY. &5, WA 14 mL
T T AR S A% 38 SR DU 4 2475 OB 28 R EAT TR U

4 Bh#1 B} (Supporting Information) Hkx/=4) B A
i G 1Y) GC, GC-MS, 'H NMR #1 °C NMR 1. K[
SN A X0 5 B 22 R ). X R AT B £ 2 AT
I3k (http://sioc-journal.cn/) b #%.
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