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Selective reduction etherification of HMF to 2,5-bis (methoxymethyl)
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Abstract: The conversion and utilization of biomass platform molecule 5-hydroxymethyl furfural (5-HMF)
with high added value has always been a research hotspot. Bifunctional catalyst Cu-Co catalyst prepared by
sol-gel method was used to catalyze the hydroetherification of 5>-HMF to 2,5- bis (methoxy methyl) furan
(BMMF) under mild conditions. The highest yield of BMMF is 85. 9% at 130 ‘C, 2 MPa H, and 2 h.
Co; O, species in the bifunctional catalyst provide the Lewis acid site, while Cu, O and Co® species provide
the hydrogenation atmosphere, ultimately achieving one-step reduction etherification of HMF to BMMF.
Key words: 5-hydroxymethyl-furfural(5-HMF) ; hydroetherification; solid catalyst; biomass; Cu-Co
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R ICRE R ZE R, B AT B S 5 5 W R R R AEAR
AR, FRATT 38 1 7 M I 15 il 5 Cu-Co-OG-400
AL 7). I % A Ak ) X 5-HMEF i & i fk 51
BMMF (9] J 1 3. FRATTEEARIF 58 T S g il L
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1.1 RFIRALER

K : Co(NO3) . » 6H, O, Cu(NO;), + 6H,0,
T (AR) L O BECAR) (HUR IR 8 DA ] 2445 JB A FR
A EIGSE. 5-HMF 2 f1 A I8R5 A= MRk A BR A w
P Chttp: //www. leafresource. com). 1% %% : S AH

3% A% (SHIMADZU, GC-2014C). {4, 1% 4. DM-
Wax B4 (30 mX0. 32 mmX0. 25 um).
1.2 EEFHE

Z AR A e mE T AE™, 5% Cu-Co-OG-400
(Cu-Co-OG-400) fEAL TN Hl 2 LT 7.3 g
Co(NO;), * 3H,O F1 0. 4 g Cu(NO;), » 6H,O
A 200 mL Z B, B PE B R 7R TIBFET %
AR 3. 81 g 9 200 mL ZEEIE WA B SE i
Wb BidE 4 b5 S R CE . g, 15 2 A
LR BN TR AE 110°C MU b1, TR
WFEEL 5] A H S, - S 34 2L 2°C/min (9 FF
T, A 20°C TFE 400°C FEARTEAB S 5 h. MRS
Bt B TESSEE LR 10 2 90 AR AR
il A SR, B 100 mL/min, 324 2°C/min #)
TR, A 20°C 43 200°C IR IR JF 4 h, 155
Cu-Co-OG-400 fEALFI.
1.3 XETE

A B SERG A IRANT - 7F 25 mL & R ik fT
HMF (4 fin &k A - 32 85 1R 28 Be A 14 1 14
TR A RE IR A #E EZ h A 126 mg
HMF .30 mg L7, 10 mL BB, 357 B8 22, 580K
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TINAAE Fir 5 I B R IR R R — i B[] 0 8k o
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BE(GC AT 5E. HMF JH L R K 7= ) i i %31
R/

Al R ) o =M TIME

M HMF
e [ Uy — LIRS
M HMF

A e 2 S ZBTINA HMF (89 J5 (9 4
n' e &S ZJERIAH) HME $) BT .

2 HR5ITIE

BT BAT A LA Cu F 1 Co FEAEAL
7B SRR AT B, SO I E A R R 1
JIs s AT LA AR H 2% 28 AR A 750 X T e J S oz B
Al S ) AR AL R

I 19S5 R B HoAfl s i Co S fikfl
70 e Cu FEHEAR TR Y Sz B A5CR 25 22 A5 21 Y 32 22
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AL X Ut Ak 52 A B4 B AR ASOR. ARG 2
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A SCHR A 30 Fe T 0 38 i AL 57 TP AR AR Cu, O
Co® Wyt 32K A T 70) 2 30 0 5 1y o 0 14 [
RN EARRY Cos O, BAT B 5 iR 14, AT LAAIE i ik
PR g 2 A 02
% 1 HMF {inSE & B8
Tab.1 The hydroetherification reaction of 5S-HMF

HO D HO OH HO OMe MeO OMe
\\(_7) o) 0. o}
= U - -
HMF BHMF BMMF

MMFA
HMF e %
HALEY) MMFA BMMF  BHME

H5 A

1 #HJE Co 96.5  16.4 156  55.5
2 Co/AlLO,  42.3 6.6 1.2 311
3 30%Co/ZrO, 67.6 9.4 0.6 54. 9
4 30%Cu/ZrO, 57.2  12.7  15.9 2.0
5 5

Cu-Co-OG-400  99. 8.2 29.0 60.1

(3] %126 mg HMF, 30 mg f#4k 71,10 mL H . 100 °C,
2 MPa H;,1 h.

2.1 RMNRE

FATWEFE T ASTR) S T 8 X5 7= ) 43 A3 1) 5
gEIRANE 1 Fros. kX 1 B AT R AT A B 1
90~140°C YR FE IX [6] PN » HMF 3 AR 5 fb 5¢ 42, 1X
FW] Cu-Co-OG-400 AL BVt 78 FH X A 1) T
T E A AR G S . N R B R 90°C B
BHMF W% 4 55 (68. 5%0) » 1M Bk £k 7= 9 YL 5 35 5%
%, 3% Vi Cu-Co-OG-400 HEALFIZEAR IR T A B i
BN ESEYE. SCHERIRIE T Cos O, B BE 5 e 1k
F: S 30 B A S5 g H ) A i ik T A A
Z MR T 774 T/ p i MMEA il
Bt BMMEF, iX A] G8J2& [ 8 Cu 898 2% DL S i
JE R i & T 6 Coy Oy PIMEAR I BEAT 52 . A4l 3%
M2 /B AR, 341 A& B B h {38 J A 7S I
Co; O, 15311 Co-400 #EAL T, #E 90°C A [R] Sz 1 4%
PR SRA F B Y2 BHMF, IR W82 2 B 5 Y
Bk Ak =4 1) A B L3k ] 2 U B i) 4% 19 Cu-Co-
OG-400 #AL T AH H T Bl A7 78 1Y Co-400 4 fk 51
LA AR X 42 v 0 Tk A 5 M. Bl 2 SO R R R T
(100~140°C) , BHMF IR 3% i % AIK . BMMF )
R BT IEAE 120°C 3k 3 5 K AE (80, 3%) . [
JE WA T B, PR R AT (140°C) , ik Ak S 0 7 4
T ESHAL, B A E RN KA 2, 5P A
Wi I, o BHME fof BE & ™ A= X R 35 i T
TR 7= 4 WAL R A A1, i S I8 TR ATT & B MMIFA
F R — ELARAIR, X 5 3R AT 2 B 412 38 19 2k £ A

Co-400 AL 1) 25 S A [R5, 33 15 B AR A 570 b i)
Co 5 Cu Z WA EAE M T HMF Jin & k=
VI Ay A S 2 F Y TAEFRATT 0, Ak ) v [ e
FEAE Cu, O.Co” K Cos O, Py IL[EfE#E HMFE [
AL F] BMMF2

Il conversion of HMF [l yield of BMMF
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Fig. 1 The effect of reaction temperature

on production distribution
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TEHJ13A3] 2 MPa A B & OR (78, 000). Z )5
$ETHE T2 3 MPa, X0 1Y 7 ) 4 A ]
B3 2 CREIR 7/ V&S SRl o W - S WA S ! Lo o
P B E MMEFA FIDY S0k i — 52 BHTHE (iR
BARAEAN AT — & 28 A, X2 I O &k BT S 3L
BHMF s EEIA, i3 MMFA Y% F %, BHTHF
R LTt 1R 2 MPa, JG 4R 7RI &R F it T
FALAL T L.
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Tab.2 The effect of catalyst amounts and substrate

concentration on production distribution

HEALT)/ Y/ HMEF %% xR/ %

B
mg  mg fF/% MMFA BMMF BHMF

1 10 126 98.2 7.3 355 57.1
2 20 126 97.9 1.8 44.5 49.5
3 30 126 99.7 1.7 78.0 14.9
4 40 126 100 0.5 824 15.7
5 30 200 99.1 1.6 77.5 17.1
6 30 300 98.1 2.5 63.3 3.6
7 30 1000 93.9 1.9  48.6 48.4

8 » 30 1000 95.9 0.8 64.5 33.2

] w4510 mL HEE, 2 MPa H,,130 °C,1 h, GC EE /R
[ % I 4 h

FATHIE AL O A 9% 2 HMF # ik 2 v,
BLHE HMF i Ak A A 55 S N b IR 9ok
JEE VR AR — PR 7= A% L s e B Bl - Al AR A T
BLRFER , — P N B IR IV BEAE 196 ~5%, HE K
JEAR B 2 T B3R = Y s SR B AR B, ST R
WCRIPREAR. BHIE A T B R RATH AT vk
HMF {7 T WA T8 1 FRATTAF 5T T 41k 570 2
FIVEE YU BE X F= ) 0 A B 52, 25 R a3k 2 iR, 3%
TR, S AR A AR A, HMF JEA 0] LU 4k
564, PLBA RN A AL 77 2 A Il F HME 551k
(F 2,95 1M 2). ILIHE 2 A9 =2 7Y )& BHME
A BMMF, b 2L BHMF 2 3, U B 4 Ao i Ak 57
FHE AR TRt A S 5 & A=tk — 25 38 i £k 570
30 mg F 40 mg W], BEAL ) R B A
(% 2,905 3 A1 4) , Ud B AL H & 1 o — 25 38 in
X TR AT AT B R o R R DRI L R A Y
AL A 30 mg. SR JE FRATTIFSE T I ¥k 3 Xt
PR AT BRI (G 2. S5 5~T). BRI L M A
M BE N 126 mg 3% 0 3 1000 mg, fik 1L = ¥

BMMF IS 2 8 A% A A6 7= 9 BHMF B3R
BTN, X 0] BB kAL B N 43 R AR S IR ). AR
P22 BT S5 (2 2.9 5 3) o TR AT S sk i) #iE 4
% 4 h, &I BHMF Ak b =Y iR & 4 (R
2.5 8% ).
2.4 NATE

IR R Sz 7 3R X A R e B F R
3 AR e R T R R B[] XS 7 8 A B R R B T
K 4 R BT TR 435028 10 min, 20 min, 30 min).
ARG T 7= A A IR AR v A 43 A 15 B

100
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heat time/h
J 4 : 126 mg HMF, 30 mg Cu-Co-OG-400 #4651, 10 mL H
¥, 2 MPa H, , GC /R IFR (10~130 C)
3 R FE A AR E X P4 A6 B B2 I
Fig. 3 Effect of reaction temperature on product

distribution in heating process
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4 130°C), HMF By 564K K 97. 6%, & k=9
BHMF (548 T F=8 i) 32 15 OBCE 72, 3%). X IIE
BT Cu-Co-OG-400 AL HMF [ Z0m &%
P ] Bsf 1 15 I Bk A S 7 L S8 A 2 7 PRI o TR g T R
X AR N IR Ak S R AR AT i 2 5 ) T E % SR
T B B ORI 9. 8% 13. 5%, &
A= IR T R B AR = ) B R

Z e SN IR R R AR 130°C HEAT AR IR R R
(4 o W7 R FF 4R SR E D, FRATT & B, Cu-
Co-OG-400 b 70 76 Cr L By Bt S 0 T /2 408 1Y) ik
AIE M. FE AR YRR B 10 min B, HMF (1956 b 8 A5
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AR (97, 9%, I 7= 4 BHMF B I g A7 [
%, 2Bk MMFA 1 BMMF Bk 4 7,
Tt I ik f S o7 R T U T v B PR TR IS TA] 4iE
% 20 min, BHMF & #4668 BMMF , HISCR B i
A (42, 3%0). TELRTEIS ] 4 30 min i, BHMF f
WeEREZE 30. 9% , MMFA I BMMF 1R A 47
A 8. 1Y 54. 8%, X R IIFE 130°CHY L ZEK:
S 07 st () (o 75 Tk Al P2 B R 38 L I HE 2 i 96 T
T EEL RN 19 32 S . Y A5 R I R AE KB 2 h
i, BMMF 3545 174 4 = i3 (85, 900). ZJm » &
1% BRBE 25 52 10 35 22 1sf 6] () 38 1. BMMF () iR
AL AN K, FE T 3 h J5. BMME R (B 2=
83.5%.

—e— conversion of HMF
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heat preservation time/h
N A :126 mg HMF, 30 mg Cu-Co-OG-400 4k ,10 mL H
2,130 °C,2 MPa H,GC BE/RICH (fR3% 130°C)
B4 RIETIE A R RS E X =49 5 7o B 8 N
Fig. 4 The effect of reaction time on production distribution

in heat preservation process
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I kA AR AT RE A AR ANIE] 5 s 4 S BRER -

BEZE 1, HMF 5 5 &0 45 31 nk i — FF 5 2R 2,
HMF & kb 15 2] MFFA; %2k 3. HMF &£ 1K
RN A RNRER Y, 13X 0T BE S FRATT S L il R ANSF
1 2R B4 4, HMF 7] fig & Az 7K il i v 15
B 2R PN T F R, AR S 00 245 SRR A AR ARG £ g 3
TIFR R B 2 7= B B4k 4 7=%), ] HMF
TEACTIAAAE T 18 R b R 2 T B 2k 2 T i
2R 4 BURER. 25 A TN B IR SOR R S FRATT A DU
HMF 7E J v 1< £ o rl 8 28 05 /Y 1% 42 0« HMF 7E
Cu-Co-OG-400 HEALFIAEAE T B 5 & A& b 15
F| BHMF , 1M A 2 & A= fik Ak S A5 3] MFFA. 3
I T2 3 %) o 05 107 A L PR 5 A Tk A S 7 B T 25 5 ik
7, X RERE T Cu JE K Co FEAHE AL T Xl B 420 XUk
P4 W2 B R 7 A BB e XOUSHE B 5 o B R A M Y B R
XSUERE (0 LR A5 3] BHME™ | 15 3] i) BHMF 75
Cu-Co-OG-400 H#EALFIFEAE T K& A Tk Ak )2 1 75 21 B
fit ;=) MMFA, 5t 7= ) MMFA 7EfEAEFIE AT
HE— L 1E 45 3] BMMF. 3@ o 52 36 3% i1 & 3
MMFA [ — BRI 3% 5 AT =2 Fir 4 114 5l
fdi I Co-400 {4k 390 () 45 SR AN [] 2. 3 136 BH 4 Ak 55
Hiy Co 55 Cu Z A EAE AR T HMF Jin & ik
A=W oA . I 2 B TAEFR AT NI , A7) TR
BFAFFE Cu, O.Co” K Cos O, Py #E HMF fY
T Bt 1k 2 BMMEF. 7 9% & H i A 5 b
Cu, O, Co” $4t T hn &00E AL 5, A2 F T HMFE
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JoE B 25, BRI T B R R A e, AR T
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YER S 20T SOng g E R MMEA 7] DL 5% 4k
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Fig. 5 The possible reaction mechanism
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2.6 fEFIEIR
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W SOV R R A G 7 1 2 In A — 8 S IR AR
bR, B0 e AR 3 7R X L3 W AT o B i
A3 s S A5 SR N K 6 Fir 7. 424 P B A AL )
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Fig. 6 The reuse of catalyst
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%5 W7 R R 1k 47 s, A2 3F T BHME A9 it £k 2
BMMF.

£ 2 3L ik (References)

[ 1 ] CHHEDA J N, HUBER G W, DUMESICJ A. Liquid-

phase catalytic  processing of  biomass-derived
oxygenated hydrocarbons to fuels and chemicals[ ] ].
Angewandte Chemie International Edition, 2007, 46
(38): 7164-7183.

[ 2] CORMA A, DE LA TORRE O, RENZM, et al.
Production of high-quality diesel from biomass waste
products[ J]. Angewandte Chemie, 2011, 123 (10);
2423-2426.

[ 3] STOCKER M. Biofuels and biomass-to-liquid fuels in
the biorefinery: Catalytic conversion of lignocellulosic
biomass using porous materials [ ] ]. Angewandte

Chemie International Edition, 2008, 47 (48):
9200-9211.

[4]DENG L, ZHAO Y, LI J, et al. Conversion of
levulinic acid and formic acid into y-valerolactone over
heterogeneous catalysts[J]. ChemSusChem, 2010, 3
(10): 1172-1175.

[ 5] OLCAY H, SUBRAHMANYAM A V, XINGR, et
al. Production of renewable petroleum refinery diesel
and jet fuel feedstocks from hemicellulose sugar
streams[J]. Energy &. Environmental Science, 2013,
6(1): 205-216.

[ 6 ] LI H, SARAVANAMURUGAN S, YANG S, et al.
Direct transformation of carbohydrates to the biofuel 5-
ethoxymethylfurfural by solid acid catalysts[ J]. Green
Chemistry, 2016, 18. 726-734.

[7]YIGS, TEONG S P, LI X K, et al. Purification of
biomass-derived  5-hydroxymethylfurfural and its
catalytic conversion to 2, 5-furandicarboxylic acid[ ] ].
ChemSusChem, 2014, 7. 2131-2137.

[ 8 ]OHYAMA J, KANAO R, ESAKI A, et al
Conversion  of  5-hydroxymethylfurfural to a
cyclopentanone derivative by ring rearrangement over

L] Chemical
Communications, 2014, 50: 5633-5636.

[ 9] SUTTON A D, WALDIE F D, WU R, et al. The
hydrodeoxygenation of bioderived furans into alkanes
[J]. Nature Chemistry, 2013, 5: 428-432.

[10] ARIAS K S, CLIMENT M J, CORMA A, et al.

Biomass-derived chemicals: Synthesis of biodegradable

supported  Au  nanoparticles

surfactant ether molecules from hydroxymethylfurfural
[J]. ChemSusChem, 2014, 7: 210-220.

[11] MASCAL M, NIKITIN E B. Direct, high-yield
conversion of cellulose into biofuel [ J]. Angewandte
Chemie International Edition, 2008, 47. 7924-7926.

(12 ZESCIH. A B 2, 5k M — Y B — gk . — IO 7E 1 5
SR BRI (D], 75 8 - 7 SRS, 2013

[13] ZANETTI J] E. ALPHA FURFURYL ETHERS. 1
[J]. Journal of the American Chemical Society, 1927,
49. 1065-1067.



Cu-Co 1AL it M Ae A B AL HMF #) & 2,5-=(F 238 F L) vk 451

[14] MORALES G, PANIAGUA M, MELERO J A, et al.
Efficient production of 5-ethoxymethylfurfural from
fructose by sulfonic mesostructured silica using DMSO
as co-solvent [ J]. Catalysis Today, 2017, 279:
305-316.

[15] STENGER-SMITH ] D, BALDWIN L, CHAFIN A,
et al and Characterization of  bis
( Tetrahydrofurfuryl ) Ether [ ] ].
2016, 5: 297-300.

[16] IWANAMI K, YANO K, ORIYAMA T. Iron(IID)

chloride-catalyzed reductive etherification of carbonyl

Synthesis
ChemistryOpen,

compounds with alcohols [ J]. Chemistry Letters,
2007, 36:38-39.

[17]J DOYLE M P, DEBRUYN D J, KOOISTRA D A.
Silane reductions in acidic media. I Reduction of
aldehydes and ketones in alcoholic acidic media.
General synthesis of ethers [ J]. Journal of the
American Chemical Society, 1972, 94: 3659-3661.

[18] ZHAO C F, SOJDAK C A, MYINT W, et al
Reductive etherification via anion-binding catalysis[ ] ].
Journal of the American Chemical Society, 2017, 139
10224-10227.

[19] BALAKRISHNAN M, SACIA E R, BELL A T.
Etherification and reductive etherification of 5-
(hydroxymethyl) furfural: 5-Calkoxymethyl) furfurals
and 2,5-bis(alkoxymethyl) furans as potential bio-diesel
candidates [ ] ].  Green Chemistry, 2012, 14;
1626-1634.

[20] LI H, FANG Z, SMITH R L JR, et al. Efficient
valorization of biomass to biofuels with bifunctional

solid catalytic materials[J]. Progress in Energy and

Combustion Science, 2016, 55: 98-194.

[21] JAE J, MAHMOUD E, LOBO R F, et al. Cascade of
liquid-phase catalytic transfer hydrogenation and
etherification of 5-hydroxymethylfurfural to potential
biodiesel components over Lewis acid zeolites [ ] .
ChemCatChem, 2014, 6: 508-513.

[22] LEWIS ] D, DE VYVER SV, CRISCI A J, et al. A
continuous flow strategy for the coupled transfer
hydrogenation and etherification of 5-Chydroxymethyl)
furfural using Lewis acid zeolites[ ] ]. ChemSusChem,
2014, 7. 2255-2265.

[23] LI X L, DENG J, SHIJ, et al. Selective conversion of
furfural to cyclopentanone or cyclopentanol using
different preparation methods of Cu-Co catalysts[ ] ].
Green Chemistry, 2015, 17: 1038-1046.

[24] LI X L, ZHANG K, CHEN S Y, et al. A cobalt
catalyst  for  reductive  etherification of  5-
hydroxymethyl-furfural to 2, 5-bis ( methoxymethyl)
furan under mild conditions [ J ]. Green Chemistry,
2018, 20: 1095-1105.

[25] WU H, PANTALEO G, CARLO G D, et al. Co;O,
particles grown over nanocrystalline CeQ; : Influence of
precipitation agents and calcination temperature on the
catalytic activity for methane oxidation[ J]. Catalysis
Science & Technology, 2015, 5: 1888-1901.

[26] ZHOU H C, SONG ] L, FAN H L, et al. Cobalt
catalysts: Very efficient for hydrogenation of biomass-
derived ethyl levulinate to gamma-valerolactone under
mild conditions[ ] ]. Green Chemistry, 2014, 16: 3870
—3875.



