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Research Progress in Application of Lignin and Its Derivatives
Supported Metal Catalysts in Organic Synthesis
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Abstract The attention of biomass-based catalysts has been continuously increased due to the proposal of carbon neutraliza-
tion development concept. The use of lignin as a support for transition metal catalysts for the preparation of heterogeneous
catalysts in the field of organic synthesis can greatly improve the utilization value of lignin. The extensive presence of oxy-
gen-containing functionalities in the lignin structure provides a variety of binding sites for the loading of metal catalysts, and
metal particles can be efficiently captured by physical adsorption/deposition, ion exchange, and electrostatic complexation with
hydroxyl functional groups. The structure of lignin is firstly introduced, and the methods for preparing heterogeneous catalysts
are then described. Lignin and its derivatives supported metal catalysts catalyzed Click reaction, Glaser reaction, Huisgen [3+
2] cycloaddition reaction, Heck reaction, Suzuki reaction, Sonogashira reaction, Stille coupling, Michael addition/dehydration
tandem, Electrophilic ring-opening reaction, Fridel-Crafts type reaction, ethylene polymerization and other reactions. Thus, at
the end of this review, the existing problems and development trends are prospected.

Keywords functionalized lignin; lignin-supported metal catalyst; heterogeneous catalysis; organic synthesis; green chemistry
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Figure 2 Representative structures of lignin
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Table 1 Extraction methods and characteristics of lignin derivatives
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#£3 RREMBAFIEAEER CO IR MR

Table 3 Faradaic efficiency of electrochemical reduction of
CO:z with different catalysts

FHLB) FA AR LR R/ %
A=A F AR 0.1 mol/L Na2SOa 23.20
AR R 0.1 mol/L Na>SO4 16.50
H/N-Z 9 1 52 M 0.1 mol/L KHCOs 63
i 0.5 mol/L KHCO;3 13
3D CuO 0.1 mol/L KHCO; 13
Cu/TiO2 0.2 mol/L KI 27.40
F 5245/Cu0 0.5 mol/L NaHCOs 9.93
CusZn 0.1 mol/L KHCO;3 29.10
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VR, O AR R e A BB . 12T TN
CO;, HLIE J5 | £ SRR R B v 4R A T 37 i) SR %

~

Cu Cu-Ni foam Cu-lignin-Ni foam

Cu-lignin

B3 (a)ifi. (o)l (o)A M)A R0
AR M f T AU AR
Figure 3 Scanning electron microscope micrographs of (a) Cu,
(b) Cu-Ni foam, (c) Cu-lignin and (d) Cu-lignin-Ni foam
Mannich 522 il £ A A 5 3 8 T SO 22—,
R AR5 2 RS T 5 6 R b1 A 5 ZL K 45 S H,
o T2 AR AR 4L 77, 2022 4E, Nasrollahzadeh 251381
I8 Mannich M 65 T 5-2 8- 1H-PUMS I A 5T 35
(LigA), FiAl CuCl*2H,0 7E ZBEH [HI3 24 h J5, i i
il #r 5 2] Fe;04@LigA/Cu f# 1k 77| (Scheme 11). LA
NaBH, 1Ei4 J5 5, Fe;04@LigA/Cu 1 5 UL 4-f 2%
My, MR AR LA WS S HE R, uERd 1
TEALIEYE(Scheme 12). Fe;04@LigA/Cu fEALTTIE BH KB
LF AT RIS AN AT S AT A . 1 AR T B A
TS APEAN 5 T RIS AR 5 2R FEAEAL 71, ik SR K B
BU5 G it 7 — Rt L) 7 ik,
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Lignin
OH -0
Lignin
MeO OH
HO OH
HO Me
_.OH o) N
’ /,OH Lignin N \N L|gn|n
, EtOH N Cl
Fe3O4@LIgA + CUC|2'2H20 . ,CU\
reflux, 24 h ’IN‘N Cl
OH Lignin  N"
“OH 0 N NH HO oM
HO O—Lignin
HO OH SMe
O =Fes04 Lignin
OH ©
Fe;04@LigA/Cu
Lignin
B 11 AEBHIAEALTT) FesOs@LigA/Cu ] %
Scheme 11 Preparation of heterogeneous Fe3Oa@LigA/Cu catalyst
BH,4 BO, NO,
Ny .
HsC)oN §7
(H3C)2 o
Cu(ll) complex
H as catalyst NH,»
N
(H3C)N S N(CHaz),
OH
N N SO;Na
SO3Na S0s Na %
ER 12 Fe;0:@LigA/Cu AL T R = 3
Scheme 12 Reduction reaction catalyzed by FesO4@LigA/Cu
2 ABREREFTEWGAE Pd BT i, XM REIL R A AR S A AL,
— s N N . CL-Lignin-Pd
2008 4F, H G EIRBAILNUA 2O E R, RS N R BN = R
e 3y S, » N Y g e 2y + — - =
NAHER], BB RA RN & T REARE R DV, 80°C,3h i</
(CL-Lignin), 345 SCAE AR MR AR AR 1, 76 7 40 41 "

L2644 SN PACL R B 72 h, il H AR AR AL
#1] CL-Lignin-Pd. ] T &1 Heck KVIGUFFHAELL
TETE, DA RIS Z G B SN R B R A, RN
N 73.7% (Eq. 15). #8J5, CARMCRFN P I 6 A I NS4 it
ITHEAIEIR LS, 2L T 5 RIGHSL50 R I R W
B RBRE =k 90%. SN 4 AR R A R 3R AT
FPE, TR T DN B R — IR M, Z5 AT
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2009 4, Cordero S5EUOHfE T Wi F F 1IN &)
KB BEATAEIGTE R 71 Pd AL LAC-Pd A1 LACT-
Pd. KRR ERAEEMER LAC &k AR &K E 53
H;PO, 1, ZRJGTE 500 C FEHTHUGHEE 2 h 3818, i
AR AT AR TS M R AR MR A — 25 T 900 C,
AP AT RATE LACT #4k, SRJ5 M8 A &AL K
WAL FUTRE LAC 1 LACT &b, 7E40 3 FUi
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PUEHEATIBJE (400 °C, 3 h, No/H,, V@ V=3 1)LI3K15
475 LAC-Pd A1 LACT-Pd. LAC-Pd #1 LACT-Pd A
FAN[F) U (0 A B RE I A R (3R 4).

HUE AL Suzuki-Miyaura 22 X AR 5o DL 75 3 )&
B e AR N 5 RN R 9 A, DARR— i BB 1) 5 3Kk
il & e 55 AL B I B RO B T R Tk —. SR
M, YAHAR A TE R AT EE M, BEEK% SR
TRRTCAA PO AT SRS . e MR AN A A 7 T A AN 2,
AR, P2 IS AR A G SR AR B M . i LACT-Pd
Xl A AR AR AL T B AR i M At v 6 1) R, LT 75 46 P
BANTBCAR. 1% TAE DA 5 FE IR AR B R A7 AR W0 9 A,

KoCOs N, N,N-—H % Z B (DMAYHO (V@ V=
20 D V)N, 7E 70 CRML 21 h, XA~ FET
90%(F# 5). HTERART /= 7 KRE SR, W
C—O—P. C—P—0 fl CsP, # 4% T 7f Suzuki-Miyaura
SN A = R R IR AR I 5 B X PR T R AT
AETTE PR S 3R P A TRITE A AL A R SR B
AR it I HAAE U A SR 1R e R AT
P, #Ah, LAC-Pd F1 LACT-Pd £5d TLIRAEHA S206 J5 44
R mA e v, TEm ARG =2 LA
E AR

# 4 LAC-Pd FIl LACT-Pd ffE{LI 2 I @
Table 4 LAC-Pd and LACT-Pd catalyzed hydrogenation of alkenes

Entry Catalyst Alkene Time/h Product
N
X X |
1 LAC-Pd | 4 N7
N 100%
XX | N
2 LACT-Pd | 2 P
N N"72%
X
3 LAC-Pd O/\ 2
46% 38%
X
4 LACT-Pd O/\ 2 O/\ O/\
10% 90%
=
5 LACT-Pd ©/\/ 2
94%
=
6 LACT-Pd ©/\/ 2
94%
7 LACT-Pd 2 ©_<:>
100%
; werre (O ; Ul
100%
NO
NO, NH; 2
9 LACT-Pd C|/©/ 6 cl cl
o NO, NH,
2 38% 41%

LAC-Pd: lignin-derived AC-supported Pd catalyst; LACT-Pd: lignin-based AC after thermal treatment to immobilize Pd catalyst. Reaction condition: alkene (0.5
mmol), LAC-Pd or LACT-Pd catalyst (5 mg), ethanol (20 mL), H,O (5 mL), H, (241316 Pa), 25 C.
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F£5 LACT-Pd {1k Suzuki-Miyaura {55 v
Table 5 LACT-Pd catalyzed Suzuki-Miyaura coupling reaction
_ o Pd(C) [LACT-Pd] o o
Arylbromide + Arylboronic acid DMA/H,O (V:V = 20-1) Cross-coupling biphenyl derivatives
K,CO3, 70 °C, 21 h
Entry Arylbromide Arylboronic acid Cross-coupling Homo-coupling
85% 5%
2 H3C—©—Br OzN_O_B(OH)z Not detected
94% (90%7)
Wt
3 HsC Br OH Not detected

98%

“Catalyzed by the re-using catalyst.

TER R B TTH, Wy P2 AR A RO DA K N %
FERIER o ST AN XU 1 1) o A7 1385 B IR I
SR T, A 5EEFI &4 Mannich [ NS S BA B IF#
EERERI L AL AR R, 2009 4, 5 TEZHITEF)
AT AR ZEME R RNy, i 2 881 Mannich
R T =P R AR T 2= 7, s TR
FHEAL IR EAR, 1130 PACL # 4 T =FhAE IR AL
#(Scheme 13). LA Heck = MAE A0 P BE 5 82 A5
BRI, RIS TR M=%, RIE T R
(Eq. 16), 1M1 Hif it 5 RGP SLE0E AT T L R4 1) B Al
%ﬁ.%tﬁ%ﬁ%ﬁ%ﬂ%%%ﬁ%%%*ﬁ%ﬁﬁ
FIFH B L A, XN G S TAERIF RS AL T2 0
iy

2010 4, B & 45 421R H 53R AT Mannich )ifhﬁiﬁx%"
T AR ZE-V 0% TLHZ(TEPA), #RJ5 LA A3 i 1

COOH Pd@Lignin — / COOH
X/ (16)
R1

45

C/}

X=Cl,Br, |
R' =H, OCHg, CH;, NO,, CHO, CO,H

B T IR T ORI - U 0 R B R A A 7
lignin-TEPA-Pd (Scheme 14). PR 50 ER ) Suzuki
I N GE T HoAA Ak iE 1, 75 80 CHESHAET, LA
DMF/HO (V' : V=2 1N, NaHCOs AHF N 8 h,
FEE IR 90.2% (Bq. 17). RN AT T 5 SEL8, A1 3
IR HRHUEFFLE 60% /0.

solvent, base

| B(OH),  ignin-TEPA-Pd
© . DMF/H,0 (V:V = 2:1) (17)
NaHCO3, 80 °C, 8 h

46

48
Diethylenetriamine (DETA) lignin—CH,—DETA---PdCl,
o 9 . . Mannich reaction PdCl, L
lignin—H+ _C_ + Triethylenetetramine (TETA) lignin—CH,—TETA---PdCl,
H

Tetraethylenepentamine (TEPA)

lignin—CH,—TEPA---PdCl,

BK 13 3 AR R ] %

Scheme 13  Preparation of three heterogeneous catalysts

lignin—H + Tetraethylenepentamine ———— lignin—CH,—TEPA

(TEPA)

lignin—CH,—TEPA—Pd*Cl,

B3R 14 Lignin-TEPA-Pd 8 AL il 5 B 28
Scheme 14 Preparation route of lignin-TEPA-Pd catalyst
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2mﬁ%&mm%w%ﬁﬁﬁm%ﬁ*ﬁ%ﬁﬁw
RICJEFIRIFE R, TEKIEM TAZMLPERET
H4 7 B R (8~14 F1 16~20 nm)4E44 KL
T, RIEEARTEEEHS THAF. BRI R
AR T LUK I T — R B BB B, 4
Heck [ ¥(Eq. 18)+ Suzuki X M.(Eq. 19). Sonogashira %
J%i(Eq. 20)1 Stille < ¥ (Eq. 21), F-HUG T 262 K 4T (1)
FRER. H BB AT, AT EER R AR B
B, Rk, DUORFI B HREOR B AR 70 C IR
R, TR LA AL RS, o B e R
L= FR B ICOR, SRS IA) B AR IR S TR A
R N I R A B R AT OB, AR R A R T
90%, A& XABBER =5 72%. Wi R ES LA
&, AIEER 30% A AL Z A 23% 7= 28, SEIAE AL

OESSEXITBZNCUAER

KZCO3 lignin-Pd(0) & ‘ (18)
100 °C, 12 h, H,O O
Heck reaction R

51

X = Br, |
R = H, COOH, OCHj, NH,

O O

X = CI Br, |
R" = OCH3, NH,

KOH, lignin-Pd(0 - _ -
50 °C, 4 h, H20 \ 7/ — \/ @

Sonogashira reaction

K2C03 lignin-Pd(0)

70 °C, 12 h, H,O
Suzuki reaction

R=H, CHQOH

57
X CI BrI

X

SnCly
lignin-Pd(0
80 °C, 12 h, H,0O
Stille reaction

55 58 59
X=Br, |

P AR LRI, BE. MRE. B,
PRI SR AR, K PA IR RN RRE . RSTE
ARATFE ) Pd NPs. 2016 4, Kumar B84 “I7E 7K A OR1
SRR L ROV, TR R PACL & 5 A
BIRSFN 1~5 nm BIERIE Pd 99KKL T, KB H1E Pd
NPs M3 J5 ) . %2 5E 7 F1 # /& (Scheme 15). Pd

Chin. J. Org. Chem. 2023, 43, 1215~1240

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

NPs@lignin 5 H At ALTFIAH HL A 2 A0 &, TERHRAEA
I JR 7 B AT A A AR S AR AR, AT TR SOR A R
. 1ZREBHIEH T T Pd NPs@lignin 7523 €0 W 261
A T B A (U . BRI A S R
IETHERM Mizoroki-Heck BN IR, B 7R £ W%
TEALF B H P R Ek 70%~95% (Eq. 22). LA JEqil
IR IRER IE T BeidEAT 6 55, ERMAH AR, K
FEAE 5 min PN 58 H I A 75%~94%.

Method | Method II
Pd NPs@lignin water/lignin , wate.r/hgnln Pd NPs@lignin
reflux hydrazine hydate

B 15 Pd NPs@lignin HELF 175 &
Scheme 15 Synthesis of Pd NPs@lignin catalyst

(0]

|
(e}
X Pd NPs@lignin X N
- = . O"Bu (22
Q + \)J\onBu PN @/\)\ (22)
R slovent-free =
60 61 62

Kumar 8 H ST AR KSR AFE Pd NPs,
KRR G 78 243 J7 A F2 e 7, PA(ID) 2218 Jif o i J5
RRIAE K /NZ) 1~5 nm /) Pd NPs (Eq. 23). A% 1%
Y KR T (Pd NPs@lignin) B INEAL T4 S 56 AF T %
b 5% g L) 5 2K 2R ) Sonogashira fBERN, 3%
D AR, mE T R A RE AR R 90%~95% (11
CF= 4, AR BEIE P A A L= 72 2 E 70%~80%
YO P(Eq. 24). BT 2 Rs8AH A7), DRI b gt 1 B2 1)
ik sk v AR R, AR A 2640 R, BIORAISR Z e
HEELATH 3 ERIHETIER T, 7153 88%~93%
S V7= 2R (Scheme 16).

water

lignin + PdCl, stirring Pd NPs@lignin (23)
63 64 65
T1 Ph T1
== Pd NPs@lignin, DMF
<\:/>—x + 20%3 /_\ = Ph (24)
H 100~120°C,0.5~8h 67
66 56 75% ~ 96%
X=Cl,Br, |
R" = H, OCHj3, CHg, NO,, CHO
1st
93%
I Ph 2nd
© . || Pd NPs@lignin 2% | o —
3rd -
H 90%
4th

88%
X 16 Pd NPs@lignin #1k Sonogashira 1 B¢ 2 N 75 FF S8

Scheme 16 Cycling experiment of Sonogashira coupling reac-
tion catalyzed by Pd NPs@lignin
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R SR

2019 4F, Nasrollahzadeh #f&2H 4001 2% 1 REPEAC TR
FIEER £ SR (FLA-PA)JE AR AL ). 5 ks oot 1
ARIRRARRES 5 FesO4 PIKRRIL &, SNF1EIT 3-5 A
B = IR S KRR RS - e A
BEJEIMN 5-Z2E- 1 H-VUMEAS 2] FesO4-A it 21 R £ @5-
RIE-1H-VUMR L AW, B e 18 SRR M 2600 TN
PACL, #4573 %] FLA-Pd (Scheme 17). FLA-Pd &7 HIAL
SRS, X T Suzuki-Miyaura A8 B 7= K N
81%~93% (Eq. 25). FLA-Pd fii:1b7 a] DL i ki
(USRI, DASHI R AR S S S AT T G 5K
55, HELLAEF 7 RAREIRAT R AR O A ).

X B(OH),

X KoCOg, H,0, reflux </
R

68 47 69
X=Cl,Br, |

81% ~ 93%
R = H, OCHs, CH3, NO,, CHO, CO,H 5 °

H B R IS AT Z0K PACL EHEE N E
i Pd 44K KL (2 6.6 nm), Pd ¥ 5] AR RE AR R 1)
g b, EEN 0=3.5%. XMIEL BT Pd
NPs@lignin 7] 5 Ff] F Sonogashira (Eq. 26)Heck (Eq. 27)

NH2 Cl H2N

_—O o}
\
\Q / él N=N (0]

N

H1 Suzuki (Eq. 28)fBECS N, FEERs H R IF g
PRI E M. ARM KBS AT EZ MU R A, ft
¥ Pd NPs@lignin fELHIESRAN AN N KL, £

| Pd NPs@lignin (3.3 mol%)
(1 @ DMF e N o)
AP

R Cs,CO3,25°C, 5h, N, —7 R2
R2 Sonogashira reaction 72
70 7 76% ~ 96%

R4 e R4
| Pd NPs@lignin (2.6 mol%) |
s —/  KgCO3 100°C,6h, N s /T N\
R Heck reaction
73 74

75
71% ~ 90%

Pd NPs@lignin (2.5 mol%)

RS \— —/"R6 Cs,CO3, 70 °C, 4 h, N,
76 77 Suzuki reaction

78
76% ~ 92%

x

/ renewable resources

dioxane/water
(V:v=9:1)

JOCHs
oI >""Si-0CH;,

OCH;

B 17 FLA-Pd AL &
Scheme 17 Synthesis of FLA-Pd catalyst
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FAAEA R R AR EIC R R B2, Pd NPs@lignin 7] DA
T 3ok f B (R R RN, AR T P K W I T AR R AT R A
F. A8 4- R 2R 5 2R BRI RR 1) Suzuki IR R RLPEAL T
A TR ] S A R A, TS e A7) 22 2w B 52 A
5 YR AEATE PG B R4 K. 7 AR AR I A I AR
oh, Pd KR ) 35 A0 P A 46 o R A R R ARk, AIE
Pd NPs/lignin HA It R ffe € PE.

2020 4, Nasrollahzadeh BRI SHRIE T Hibiscus
Rosasinensis LA2I T Pd AR 1) AEW1E B
HLAEREPE A R R R 5 (CLS) L RIUTA, B il & 75 21
7 Pd NPs@Fe;04-CLS(¥ 4). Hibiscus Rosasinensis L3
B & —Fpth R BIE 57, 7E80 “CF 3 min PYA# PACL
)54 PA(0) (Scheme 18). 24 77t Pd NPs@Fe;04-CLS
() R A 35 1, A 5 BB R 5 HUAR 05 B i A 4 2 1A )
Suzuki-Miyaura % B N, EtOH/H,O (VX V=1 1)AN

Pd_

=Hor CLS

= F9304

W7, KoCOs AHR HICHCAR, [ NAFE] T 4 A==
2. Pd NPs@Fe;04-CLS (177 [m] i P4 S 56 4 FH AR AIURH 2K
WY Suzuki-Miyaura S NAE AR, G348 7 JEA
94%[1]7= % (Eq. 29).

Panchangam B8 ZH OILURENE FesOs %, KT N
7, I FesO4 FIAR R VR &7 HE 5 AL 2, i
& T CURAERTE” SEHYOKRE A MEL FesOu-lignin,
SRJE DLIX P Y “IR G 12507 AR 514 Pd NPs, il 4%
T FPEAE AR R AT [T A AL TR FesOs-
lignin@Pd NPs (Scheme 19). LAbrifk 5 B2k £ T 1 75 &
1) 5 I 184742 I Mizoroki-Heck 183 52 87 9 REAR,,
SHEALT FesOu-lignin@Pd NPs #EAT 1 HEAENNR, KN
AR B3, EAREI TR (3 min) Y B ARF= P iR
=ik 99% (Eq. 30), 2 7E e OB I B R 30
f, HAJRER M HLER U Scheme 20 AN, 3BT REHIAT

B4 PdNPs@Fes04-CLS ZEth/R
Figure 4 Structural diagram of Pd NPs@Fe304-CLS

Pd NPs@Fe;04-CLS

X=Br, |
55

s+ O
79

e +H*

K,CO3, 70 °C, 12 h
EtOH/H,0 (V:V = 1:1)

R = CHj, OCHj, NO,, CN
80

e +H"

OH . OH (e}
2@[ + pd(mf\:@ + Pd() r\:]i:\ﬁ + Pd(0)
OH (e} O

Bz 18 Pd NPs & bl
Scheme 18 Proposed mechanism for synthesis of Pd NPs

Chin. J. Org. Chem. 2023, 43, 1215~1240

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn/ 1229



BIKE

FeCly+ FeSO, 7H,0

D+ —

Fe30,-NPs Lignin

Fe304-Lignin

SR 5itR
o 990
PdCl,
NaOH
Q
3 Q
Fe304-Lignin@Pd NPs

B 19 FesOs-lignin@Pd NPs 4k
Scheme 19  Synthesis of Fe3O4-lignin@Pd NPs

B UL PRI AL 75 B VAL Mizoroki-Heck [ZBiF, 7E3F 6
UIEAIREARE] 90%~95% = (1) HARr=4y, HAEILiEPE
B AR, W PR 12 2 AR T A A A 1k
(BB AE SRR S BEHR, 47 R FH i L

)
= /) FesOulignn@Pd NPs N R
y )X+ | (30)
R R n-PrsN/140 °C  AF
53

81 R 82
X =Cl, Br, | 73% ~99%
Base-HX Ar-X
[Pd]
Base FAN
H-Pd-X [ Ar-Pd-X |
BH B
>R
Ar g H Pd-X
>_< TR
Ar R

[Pd| = Fe;04-Lignin@Pd NPs

B 20 Fe3Os-lignin@Pd NPs 1k Mizoroki-Heck K1 ¥
Scheme 20 Mechanism of Mizoroki-Heck reaction catalyzed by
Fe;O4-lignin@Pd NPs

Baran PRAIZH O T T — P A ) 2 ARG K
AT, I DR H 76 R A % Rl R 1 75 5%
JiE AR AR R AT AR, A 9 KR T B B T M AR E 7
Fe;O4/lignin/chitosan 41 BB B REVERIER |, TG 75 1 H
AR ART A Bk SR 7 B AT ) 4 A oK AR R R DA REJRE AN
PRI AT AEM I & BN R, % Pd NPs@Fes;Ou/
lignin/chitosan A IEEEAT THA. L Ka[Fe(CN)g)
NIV, Pd NPs@Fe;Ou/lignin/chitosan LA [F] 75 2
AR N 75 FE I I A R 3 IE 97% (Eq. 31). %8
etk 238 N T Suzuki-Miyaura (B SON, A OB
FAAYPE FEIE 98% (Eq. 32). LAk, HTAEAEmENE,
F AL IR S 23 N SRE A B Hh Bl e, JE el 2 X E R
fFR. AU H 9286 % B, Fe;Ou/lignin/chitosan ¥k mJ DA
FCARRE BN KL 1 B R AR AR, FEAE AR 7 R i
Z EAFAE SR AR .

1 R1
I\\ X' Pd NPs@Fe;0,/lignin/chitosan S CN

@1

— NayCO3, K4[Fe(CN)g] Z
83 DMF, 120 °C,6 h 84
60% ~ 97%
X=Cl, Br, |

R' = OCHs, CH3, NO,, CN

; B(OH)2 Pd NPs@Fe3;04/

R\\ X lignin/chitosan —
= K2CO3, 5 min /\R1
MW irradiati
85 47 Irraaiation 86
X = Cl. Br, | 70% ~ 98%

R' = OCH3, CH;, NO,

A5 IR A SR R BT TR R RS R,
A58 FH 1 468 %) 7K 34 T 20 8 15 31 1 B 43 HIOR YR o 2% A
Ry s IR (LPR)4M K ER(Scheme 21). K FT il # ) LPR 44
KERAEG G Pd 99K 130 i 77 R AR E Bk, 45
KHHAARTREARE 40% A8 n]F 44 KK 1 R ] 2 2 sk
/NIRRT HE S AR ER I R AR R, 24 LPR
PERBRPI LR TIAR R 38K, B T3 9m 1 bR AR AR
JE A Sl JEE P, 5 AN AR5 2R 10 Iy 2 A T (PR) 3¢
AR, 1451 LPR 49Kk B AT B =1 Pd NPs £k &,
M HATE G LPR 4K ERIE I IN 1 AT 25 1) B #e A,
23T Pd NPs MERAE 8L A T UESEEL (o (R A v
P, R UIR I FE— 5 T o B4 R0 27 7B B (1)
PRI SR V5 1, IE B AR PR 7K A 3 sk A A (3 FH .

2021 £, Nasrollahzadeh H|BASAFERF R A #RiE T —
i Fe;Ou/lignosulfonate/ = 2. )% VY i (TETA) & & W) 1 %
] Pd f4k77 FLT-Pd FLA%(Scheme 22). iXFf FLT-Pd
e &1 s B 23 SR E I s Aok A7), mT DA
WA B R Z5Y)(Bq. 33), HAR=IIINE N 20%~
95%. WAk, BT FLT-Pd Fo& Y IREYER Sfs e 1, w]
DUSE BRI NS REAY i B, 48 5 IRAE3E IS T f
R EA LA AN

H
Oy NH, oL N
S§ FLT-Pd complex s A
/©/ 0 + Arx —— G ComPeX, /©/ Yo | (33)
toluene, K,CO
HaC » KoCO3
3 reflux HsC
87 88 89
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OH O/Ilgmn
H;CO
lignin o O/Ilgnln
120°C, 12 h
OCH2 HCHO NaOH, EtOH, 65 °C,1 h
then 90 °C, 30 min
(37% in H,O)
lignin O OCH3
lignin Cl)
OH lignin
B 21 PA@LPR k7 1] %
Scheme 21 Preperation of PdA@LPR catalyst
o MCyo

MeO

PdCly, H,0
80°C, 3 h

Pd@LPR

. o ; oy MeO— SI/\/\Cl o
sodium periodate
e HsC (|):p> @p OH | MeO” > S OESi/\/\CI
(2) Fe3O4 NPs OH  toluene, reflux, 12 h, N, 0
(0]
Y
O—ﬁ H
(o) HZN/\/N\/\N/\/NHQ Ko,CO3, DMF, reflux, 24 h
Calcium lignosulfonate H

PdCl, | | EtOH, 24 h

Bl 22 FLT-Pd JESAHHEAFII G
Scheme 22 Synthesis of FLT-Pd heterogeneous catalyst

3 ARRERETEDGE Ag EILF

2015 4R, REEBRBAPHGE 1 —FiH R/ gy

HEBYIKRL T, JTUH RN T, &5 AR
AR SRR AR AR AL TR, (EJ2 Ag NPs 7EfE{L
I FH A ARG PR AN ™08 Bk k: — 5 THT Ag NPs BT T
IRKFRE FEGR TR NI R, R— 7l T
/INKLAZT Ag NPs 2 & 1= R TH BE T2 Ag NPs HI5R4E,
MNT S (A . H AT, BRI 52 C 2 A8 25 ] 44
PR QnE P % AT S AL 5R) 1 3 Ag NPs K345/ f%
P AR, EARERR AR Z Ag NPs #i/kH
RIF e, & nT LU 2138 J5 55 AR e R A A
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KHKLF-(Ag/C NPs), FRFH T Pos i Ab i J5 7K AH 4-19
FEIRH(4-NP)FI 2-HFE AW (2-NP). Ag/C A imid ff #uik
B RIRAKM A Ag(NH;3),NOs, 2R 514k 1) £ (Scheme 23,
a). TERI&IIFEF, KAEFEEMRTEREH, i
R RE, DR =4 H RGNS, N Ag BT
WJE N Ag(0)HAEMAMFEE Ag(0) NPs $24t 7 — AN iy
MG, [, Ag NPs fENEALAMEL) 2.1 nm 1) AL5]
AR TR EAT AR, B, Ag NPs AR E A 2 187 5k
T BREU ) G E AL RN, RAE AL Ag NPs [T,
LAY HUT Ag NPs Y550 b ] 5@ 75 K FL/ A FLBs R A i 2= T
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SR SHR

At

,
1 Cellulose/ Hemicellulose
,

Lignin ij*"
@ " Carbonization
c Yy,
Sy
Ag(NH3), =& Hierachical Porous
Ag/Wood Ag/C Catalyst
b OH OH OH OH
© Ag/C © ©/N02 Ag/C ©/NH2
NO, NH,
4-NP 4-AP 2-NP 2-AP

B 23 Ag/C NG RL Ag/C HEALTHEE R L R
Scheme 23 Synthesis of Ag/C and Ag/C catalyzed reduction of
nitrophenol
E.Ag/C BIRMALE S, N 495 meg !, PALABUA
0.26 cmPg . 7E 4-NP [k R e N H, Ag/C RILH =ik
PE, iR T 4 min B (TOF) N 1.3X1072 57!
(Scheme 23, b). IL4b, Ag/C 7E 10 AER G B A R 47
f AT E AR R, TS PR B AR .

L PRNRIRBH R D 2 1 = 4EH AR BT R /R A
KT KB (A g-LPHM), HLAE 08 il 22 48 5y 1 1) BRI 1)
SRR R BLH R A RO N2 BE 70 AR E P (Eq.
34). ZAPRLC TR R B N SR R, B R4
HIHEAL R ANEAL R IWRAEL SRR, GKRY 51 7
ATEBAR ) = 4E M 2% b, A Il ARG, R WAL
FIFA AR TR T, /£ NaBH, )5
LR P PR ARG KR TR, RN, A
WFURTAE 5 min A5 SE AL AR, AEShA AL SR
FERRE 100 min 247 R BUEALIS PE, BEALFRTTIA 80%
A AR 10 A, AT IR KR REFRORELLYERE, B
WFRTTRFFAE 97%, Lidas RBEWIZMEATAA RIFH

JPEREAN — 7€ B S bR N A 1E.
Ag catalyst
HO—©—N02 —_— HO—@—NHz (34)
NaBH,4

29 30
Ag catalyst: Ag-LPHM, Ag@LPAH, Ag@SLSPF

2020 £F, R PR A A SSLE I 1A B R AR, T
il %% 7 HAT 3D SR R HR A S 3R 2R 7 A TR T TR /K Tt f
7 Ag@LPAH. H1 T A5 3R /KB 78 K 1 B g
W, gtk BRI, ETREM A GIRE T, BaE
AR AR URL I AR, BEAP AR BT 2R /KB AR 1) =
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Y 25 A6 T AR A7 M 5 14 490 K SR T AN 2 5 2B A1 2R
BT DL R, AR SE 3G R I X 4-NP {5
I3 IR BE 11 (Eq. 34).

2021 4F, T IR A SR A i R EREA(SLS) 4
N EI oy 1 (PF) A4 R K (1) /K # il #% h, BE i K 1% 04 i B
(SLSPF) FHAE & (238 Ji 77 I S AR 9Kk 1, il #% 1 3E
B 1L 7] Ag@SLSPF (Scheme 24). SLS N A 53
SLSPF BRAARAERE B 136 m, A n 7 HRmAL. M
T SLS H KB PEFE A L &, Adf SLSPF BRAA ) 471 Ha fr
Wz, WM T Ag WifigE. ok, SLS ik 7 43K i
TEHEFIRIAZ T, ARG IE Ag NPs %, 7EJR A8
JRid A, f#i/N RS Ag NPs 7E SLSPF ER{A b i 25 47
. H& 1 Ag@SLSPF HAMEE 4-RY 52K By id IR H
T B EAIEYE(Eq. 34), TRT T iZIEX ML
T o (R AR A A AR 7 0 T [ A

2021 4F, XA BASTHE T —Fp i . SCA 4k
& R R B R B4 (SLS), 5 5 41 4 K Bk ) 4%
SLS@Ag 477775 (Scheme 25). oAb A 5 R A R
BER—MR B 2 DIRe 77, 76 Ag NPs & il 2
HORYE T SRR SR, BRI 4B AR E 7).
£ 1) SLS@Ag AT T i A 4RI F 25 (MB)
I ZFE (MO R, T MB AL IS R R BLH L 57
FIEEALMERE, INAE 150 s HIOBEE A 5B LT N
100%, £=20.4X10 3 s, &£ H,O, R & H MO LFRFn]
7E 200 min PWIEZE] 90%, RUEFHEE £=4.04X1073

min L.

4 KREZERETEMORE Fe EILF

PUS R . BE. AL, W R FL o TS A E
B IE AT, B2 AT AR U A AL A
(CPWO), A B TR K 15 4. Zazo PR
HBSHRIE T — R RATA I AC 7L Fe fiE 4677 FeC
(Scheme 26), HIF7E 50 C FEILEmK CPWO i
(Eq. 35). FeC @it FeCls i b A5 &0 LA %,
FeCly/ RJRRIRELL N 101, AR R FRMGRIE ] 5 2
W3k, B FeCly HATHEAIE LI E BB A ()&
RCEA RIA 2 FLES I BAEAL ), Q)TEBRE A 5T N AR
SEMEAEN CWPO L ZEHHITEPEA, 35 PR N 2%
PETFERAOIR . IX 5 Fe NPs = RasE, 4G MobE e e
FL AC MIERTH L. FeC HIRTHAUN 791 mPg !, fLIA
TN 0.34 eoPeg ™. FEMEALTEE T T, FeC I H =i 1,
o} R () P AR R TR ik 98%, Sk AC ik Fe AL
7l Fe/AC ETEAY. FeC FaE M, %5830 H =i e
KR E M, FeC &M RAFMIMEAT, 75 ToEKE
A5 TR EL AT 25 B2 1 e L B P AR (L
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. Adding lignosulfonate - In situ reduction

L ]

[] E # []

. Decreased size Increase Ag NPs loading .

. Increased roughness - Decreased Ag NPs size E

. SLSPF spheres .

: Pure PF spheres (increased surface area) Ag@SLSPF =
v

ElR 24 Ag@SLSPF HEALFIIH %
Scheme 24 Preparation of Ag@SLSPF catalyst

After

' 0

Ago Ag 1
\‘ Ag" R/;- " ‘\ " lignin \\ @ @6 c')/lignin
e- _lignin 0 o /07 CIC
Aok 5T v lAg AN 2 o Na
~ _HsC ’ 4.0 Na S . S

— S~ - o

. - lignin lignin _lignin
lignin o O/Ilgnm 9 O O
HO ~OCHs — . HO
© OH_&— "\
lignin O OCHy/ \e ' Ag" ' lignin lignin
e/ ' @O
1 1 0
ignin S0\ Y (Ag ) lignin "0 1 (Ag? Ag J lignin 0 ", )
0=5=0 lignin £ ’ 0=8=0 lignin, ’ 0=5=0 lignin R4
é@ So e (‘)G AN R4 6@ o P
Na® oo Na® o7 Na® o
B 25 BT SLS@Ag %
Scheme 25  Preparation of heterogeneous catalyst SLS@Ag
FeCly' 20 HCI (1 mollL
(= 25% Fe) . (2 O )
Impregnation  |—| Activation | ————>] Acid Wash —1—> FeC
catalyst
Ash free 24 h at ro+om temp. N, (50 cm? STP/min) (= 1% Fe)
lignin o T: 500 ~ 850 °C
24 hat60 °C t2~6h

B3R 26 FeC HEALTIAHI 5L FE

Scheme 26 Preparation procedure of FeC catalyst
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FeC
(Oron+ wor 5= coemo o9

920 91 92 93

Fe Z:{ELF#; 2 F T Fischer-Tropsch (FTS) & &,
BT R VR 2R, WS 5 3R AR
YT EEVI BURMEAC . MR KB SR e 77 R
e ] B A . Yu SEPOMRIE T — R E AR
JRFRMAEYG, AT PP S5 )4 7R RIS R 73
AT Fe@C, % MEMFHEA 10~50 nm %74
14, Fe(0) NPs #R N 55 4 (2~5 nm). LAk, BRF5EH
BRGZ A SRR TR E BRI L FesC. 4T 4T
HRHLZUIEE Fe@C X & AL NS I AL
TETE, Fe@C AKRURIENRS AL & LA A i A
WRRL T TH 0 H 225 s YE AR e PE. CO b &L
90%, WAL RIS 70%, Mk lAR I £
F=¥)(Scheme 27). MbAk, X HHEATH TR, B
AL T 58 ) £ B A R AV X, (E3Z4T 1500 h
&, Fe@C *F CO HIEALEN 97%, WESREIEENER
68%.

bio-syngas

() @) ()62) €

48% 20% 18% 12% 2%

olefins
naphthenes
iso-paraffins

aromatics
paraffins

Fe@C
_
350 °C, 6.7 MPa

GHSV: 2000 h™'

hydrocarbons

B 27 Fe@C AL & A A BRI
Scheme 27 Fe@C catalyzed synthesis of liquid hydrocarbon
from biosyngas

2015 4F, Chieffi F5OME AR 2 A7 4 10 2 FLIR T A AL
AR FeNi & 4499 KKi T FeNi-CDL 1E LA ALY
TETEMEAH], FeNi-CDL )R TR AT - FLARF 7331 9 539
mPeg ' A1 0.5 cmPeg !, R R AT AR B 5T 2 5
I ETE FeNi &4 3 RN 48 nm. fEML AL NS Uk
N, FeNi-CDL 7E 150 ‘C 15 MPa ) Hy J& /7 T GESZHI
99% I K LR AL, A2 R b e M R 95%.
A, FERR AR 21 T (125 °C, 2 MPa H,), FeNi-CDL
ALY 2R IE LA 20N 99%, AL R =ik B PE A
95% (Scheme 28). {HfFE &1, FeNi-CDL 1] LI AL
R IR CBRAE 25 C R EMR 0, BN TG
FALATINING, 2K CREACTRIL 99%, K LMk PErE
LIS E) 82%. FHLLZ T, T Lindlar fE4LFRI7E 50 C
T I CHREALT R 84%, TR LIFEBMEUN 75%.

2020 4, REMRBACMER Friedel-Crafts fek

1234 http://sioc-journal.cn/
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©/N02 ©/NH2

>99%

¥ FeNi alloy NP

Bl 28 FeNi-CDL i AL AHFEA IR LRI [
Scheme 28 FeNi-CDL catalyzed hydrogenation reduction of
nitrobenzene and phenylacetylene
MBS HEAT SEIE, DI i T < Ja PR G R A o 3R 5
ZILENESY) P-(L-FeTPP) (Scheme 29). P-(L-FeTPP)
O AT PR T < S RO AR TR R s AH ELAE FE, AR5
KRGV RIRAE T RERM NS, L COy 1 1,2-34
S BN R & BRI R R R ik 99.6% (Eq.
36), MG L E AR AL FIE L s, R H A
S DUR AR T8 Y A RO AR iR R 2 A AR 2 —.
P-(L-FeTPP) 5 Bh#4b DU T 2 IR LB (TBAB) — 2 K I
AR TR . EFRIELF S 5 T M) s R, A
6 LA EMEAGIE A A T4 2k

(o)
0 + CO, P-(L-FeTPP) o Yo (36)
- (1 MPa) TBAB, 70 °C, 12 h
94 92 95

5 AKRERETEVGEH Pt ENLH

fifi D\ S TR 2L 102V FH K 5T 25 R R B (SLS) 1 Az e
FUFIEJFEA, LEKA 6% T —FFaE M Pt NPs ik
A, AT T o-IRIE R mSEAINE, KET —
R fe (4 .42 7= 755 (Scheme 30). SLS 348 Ji 14 F1
T P A B (R0 AN S0 1 5 00 IR 7] N R 2 771 1)
SN, T HFE R T H2E AR Tk g = . il —
RANRALSLIRR A, KBRS R 1) OH 3222
%57 HyPtClg*6H,0 FIIEJEEFE. 76 Pt NPs (T RGS
TR, FRE A AR ER 45 4, R Ba B3 AR 1.
BEAL, il 4% () Pt NPs & R R H AR = iR e A ] F A=
PE, BT AR SR 75BN A 7R ) ) 25 R R
L FEr, B HoPtCle*6H,O. SLS. /K. a-JRME IS
Ah, AU R HAMBhF, R—F o-IRIE AL I TR
MR 5.
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RORR WOV
yA
9 ()
Y
AR e

. DCE, FeCls

Bl 29 P-(L-FeTPP)fIi %
Scheme 29 Preparation of P-(L-FeTPP)

SLS

TH

——

Qrt
Self-reduction

Stabilization

Hydrophilic group
Q (SO3", COOH, OH) (/ l
i N
/\ } Hydrophobic group

F-3

_ <D
P=H

B 30 Pt KA1 (] 26 K HOXT o- TR M HEAL I SR

Scheme 30 Preparation of Pt nanoparticles and their catalytic hydrogenation of a-pinene

6 ARREREITEDGE Rh L5

2021 4F, {28 FHUR R A OV A0 A SR IE AR R R
fTAERR(LC) L& T A3 AH 17T RhoP-LC, DAEAEL
IKE BHE RS, S0 T IG5 4828 it A= 2 Al 1)
A AR S B, PR 7 I #.(95% ~99%) & i 1
BRI BATAEYI(Eq. 37), AL T —Rh IR I mkms
RAIM A e AT & 7V, B R R ATAE IR
VE AT AR 2 RO R i = e 2 AL 2 s 0, &
2 EEES AT, ERLR A YA F AR
RhoP 75 [ B H 1) S 2R AT RE & BT P 3858 1 ) Rh (1 H
iR, DLRBEELARAN Rh 2 8] )58 AH EAE A, RhoP/LC
it 7 WA B R s MR G, R T H R AT

A .
R R H
NH
\\ 2 RhpPLC SN
+ NC—R! ——— >—R!
@[ 140°C, 24 h @[ 7R @7
NH; H, or NoH N
% 97 T 99
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7 KERERETEYGH Sc EHLF

AR R RN (SLS) 7 %, Sc A& —Fh i R % 5 Wik
AT, W TR MU OB, 403 5 - I sk B 7K
BRI AiA RN SR FLTFFR [ N A Fridel-Crafts
SN, S EIH Sc AL FIMIEL, SLS 3R Sc Ak LA
TR AT RN AT E A A N

B, B e R POGE T SLS Sk it [E A e Ak
#, fu4% SLS H# M Sc(OTf), (SLS-Sc). SLS-Sc it
Sc(OTf), 55 SLS A B 1 2Z ¥ i 3843, AR 2
A LA A #R R I H w3 RCR AR [, SLS-Se k71
H Sc FiEE A 0.44 mmoleg !, 7E LB R SN
8 h N LA Uik 3- 21 FE-2- ¥4 -2 - FF 3 £ 0 5 M| e
HIIE SR IR N (Eq. 38). TR N, 3- L FHE-2-72
-2 - P 0 075 R M P 43 3] 78 24 308 v R 2 AR AR AR, B
Frr=4) 4H- (AR AT AR ik 98%. SLS-Sc ik r] H
THEA AR S K L 5 AR 0 4 & [ ;L2 BEAE R
WHILE 80 C RN 1.5 h, 2-BUAG-2,3- = & s e k-

1235

http://sioc-journal.cn/



BIKE

ik SR

A1 H)-Bi 7> 3% 97% (Eq. 39). t4b, SLS-Sc ik F HLH!
IR T AR A R, 2R AL R B AR R
SR ATIL 2] 91%. BL CH3NO:, N¥ 5, f£ 100 CT
SLS-Sc B A T 2- T 48 3E-3,4- SR 505 W5 F
T, BFR=PERE SIS 96% (Eq. 40), Jf H
SLS-Sc Z/buf LLE SFAFHPIIK. SLS-Sc Al Friedel-
Crafts SN [FMEALT, 78RR 2% R B 55 05| W s 3 A
AR 3-TR IR BT AEY), B 97% 177 % (Bq. 41),
SLS-Sc AR TT A %2 /b 55 A% 9 KT A 23 i 3 FRAIG
AL TETE.

F SR SLS Je—Fh BRI (1 L S AP, Al SLS /E
AR AR T 4 B SLS FEAE AL 7 A A S B 7T
FRELMERIZ U . SLS OBl IE 52 v] 5 [ 85 1 1b 7 AH 25
&, AT AT SLS FIAE S b kel i) £ 15 2 AR S5 A
A FH BE S 21 B8 2 8 BLAL 2% ) R .

8 ARERETEMGE V EHLH

PUREALTHUALE 42 77 18 7 1 B 2R M (PE) B &M Jo- A
f B S 3L IR 5 T R AR T R E E KRR 2016

R® o
R? N
R4 +
= Rs RZ OH
100 101

R"=Br, Cl, H, MeO, t-Bu, CH;
R2=R%®=R*=H, CH,
R®=H, CHs, Ph

o
o
[:[ “NH, j
N
NH, )
103 104

o

SLS-Sc
EtOH, 80 °C, 8 h

5, KOG A 2R AT R R AR RN
gl AR, AR E SUHEALTT R i A L Zh Bl 1 28 0
BRI 3R S B2 57 4% B - 9 B (i AL 71 (Scheme 31).
FEAL T BRI G5 75 LLOR B, 4319 P 5 0 A R I A A7)
AL R I ARAEAR IR . AE LR AL B
FEALFIA =5 LR CBR AL RIS T, 0 ERIE AR
BB TR B - B AT 20 R A o AR
WRAEYE, HS VOCE ML, MR A 5 s i
FarEtE.

9 KRERERETEMGH Zn EHLF

2021 4F, G ORISR T —Fhifil & AR =ATAE
H) Zn HJEF/N B0 2 fLakAE A #1077 LCN@Zn-
SAC A&kt A A IS (Scheme 32). AR SLI6 AFE S 11
HeER 7n HTEESRMNEERA 2L, Zn-sacs
HhIE LT A0 ) Zin 97 15.(ZnNy R ZnNsC) b At Zn 47 5
BAHEGEER ), ZEAAENB AR Z UK B A
B Zn-N,O 454, 7ERAM a-keds b N R B 5 5%
JE AE AL TR AR 2 & PR, A BT e AR oK 2 B T,

")
O

SLS-Sc ©\)LNH (39)
N

EtOH, 80 °C,1.5h

SLS-Sc

R* +

i\\ ZT

"Bu0” O R
106 107

R3

R' = CH5;, MeO, OEt; R? = CH3, Ph
R3=H, Br;R*=H, CH;

e
2 CH3NO,, 100 °C, 11 h

(40)

oo OH @ SLS-Sc \ @1
e < > < + R
F CH3NO,, 80°C,2h MeO NH

Iz __

109 110

1236 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

11

H, 95% (84%, 3rd)
1-Me, 97%

R=H,
R =
R =5-OMe, 90%
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O ERTEA T 3R (BRI A% - B (A 7R PR ) o8 B L AE 2065 R v RO L1

Scheme 31 Preparation of hollow spherical lignin-supported vanadium-based Ziegler-Natta catalyst and its application in ethylene

polymerization

HoZn
0]

: 2

E lignin

H /

H (o]

: lignin

1HO OH ¢

' Zn2* Zn%*

: o
0— \

Polymerization =

2+
o Zn
N

oL,
lignin

oHZN*"

: Pyrolysis :

pe=—

- -
Qo ! LON@Zn-SAC

............................. -

Bl= 32 LCN@Zn-SAC HIE Ak
Scheme 32 Synthesis of LCN@Zn-SAC

L SRR )3 i SRS S B T R B B - b Ak S
N, RHH T ERT BTG (B, 42). A, ZElk
FIEFI R R, 75 8 BT G ML R E
BET.

LCN@2Zn-SAC (1.5 mol%)

)OK KOH (0.3 equiv.) 1)
AN toluene (1 mL)
+ R2 H N 42
R R® O Ar, 110 °C, 6 h R1K Rz (42)
112 113 114

10 KRFERETEYGEH Co tEWLF

B TR 2 R B DT R I T o FEL AR,
B 7 2 IF 503 WA 5 2R 4 J R ) 4L R B SR AR
T 51D PR AR K AT S R A 2 OO ) P ekt A 2 i
T ZEBEA MR E B T B ORFP AT 35 (DL-TCPP), 24 5 #
ZIRE NN E] DMF W [HIE 4 h, AT BRI &
B3R 1) A (TD)- P33 @ D (4- 7% 35 2K 228 ) np Wk [ 44 DIL-
CoTCPP (Scheme 33). FrfSEAL AT FH - 5-% FH LM
(HMF) AL, B VE A IS, ki rtm) & 5-
$2 PRI 2-IR I FR R (HMFCA) AT 2,5-FKIR — FRER(FDCA)
(Scheme 34). FEAAL SRS i A0 750 2 30 HH A = 1)
TEALPERE, HMFCA WS N 94.7%, FDCA YR K 71.24%,
M HES AT B SR = R R, U=
AECEASAE AR AT, SRS & @ nbmia b, AR
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PR R A B IR B SR R AR
A, HEALTHTT LUR %5 5 il i R THE MR BT & 73
EHR, R A A UL

1M KRERRRHEITEYGE Cr #1 Sn NeRE#E
&l

2016 4F, MR KHZRIE T4 Cr Al Sn &8 & 1 [
BB RBEIR ER(LS) LWk, il T HA 8% 5 iR
PR PRI RUE SO D) BEAC o 2 T i 6 i AL 7] LS-Cr
FTLS-Sn. ZFSMEATR T BE S A0 B 7K A BRI 17T AR
W), W 5-F2 H B (HMF) AR RS (Furfural). LS-Cr /4L
FAliE R FEPTvE v 1A B 45, LS 439355 Cr(NOs)s* 9H,0 Fll
SnCly*SH,O %R INE 2L 101 A, £ 80 CF
SN 4 h, BELUWERFR G, FKCREHEE, SRETE
60 CTUg, 132|HF AL LS-Cr A1 LS-Sn. LS-Cr H
Cr % 8N w=35.53%, 1fi LS-Sn fi{kifl+ Sn f# &
N w=44.88%. EITEBRKI SRR AT A YK
ARG 0 R e A 7R P AR A T 1 DAKY DY SR T S TR A
A, LS-Cr AL 4R MIKIRAT HMF 17228 68.8%,
MARTERE 3] A3 Furfural =34 73.1% (Scheme 35).
LS-Cr R Zild s O HEA T F—keki, 3
HEME, LS-Cr RIVHIR = A e, Tikigirf51m
TETE Cr IR R R, (E R T 4482 17 HMF %%
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BHUE ik 5t
COOH
CHO
H
N
K Q O COOCH; HOOC Q O COOH
COOCH,4
COOH
TCPP
COOH

0
Co(OAc I
(O ignimh—o-& O w O COOH

COOH
DL-CoTCPP

B 33 L ARIRBUER GBS (DML R %
Scheme 33 Preparation of deprotected lignin-supported Co(II) catalyst

Lignin
—  (__Lignin
COOH
DL-TCPP
O,, DMF CH3CN, Air
FDCﬂ % HM:J T HMFCA
DL-CoTCPP DL-CoTCPP

B3 34 DL-CoTCPP fi#{t, HMF il % HMFCA 1 FDCA
Scheme 34 Preparation of HMFCA and FDCA from HMF cat-
alyzed by DL-CoTCPP

AFIA FEWE 7] Furfural F40H = BHLH]. & eef4izR/ R
R R RN, SRS BB A AL BB R R, e
SRWE /R TR B G 7K 5. HMF/Furfural. 188 7] BLAE AL 7K
FER ALK SR, - 4% 5 BT /A mT i 3t R Y S A 4, T L
A 1% 5y W r FORAE PR A J7 2 T IR h JE 44K 751 LS-Cr
LS-Sn {75 ik =2 [ W o £E — i tP gk AT

12 FRSRE

e “APUIL” ALV RETR A R R 2K 2 rh B A i
, Ew B AR AR, A e L8]
NHTREVR A e B i, Bl AR A i U sk e
B, RIEREVE GBI E, S AR AR AR . AR
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FIERN—RRIE 2 TR, 5 THRIE®EE
K, A8 R AT 22 A S A 0 I A TR A A 5 B o R 1)
P& HA T2 AAER S AT B BRI 513k
POt T Z AR AL B EA . TR o HEE
S AN AR LR A O A K 4 R R T ) 4% AR S AR
AT, RZERNA T KR AT 5 84w AL
FITEB WA SR IR, RN T2 A AR
PIA TR ZATAMEAT, BT IX AN SiEaE Ak T S A5 o B
THREAEE — BRI, R BEBH0A R, H
XA R T R AU, A T A TR BB
A RITEE Fedh g, Wl gk iR A 210 R, BA
B RRA RS A BB 47« B8 13 B R o R AT AR ) 1 3K
SR MEAT, R LN 275 B b AT 2 i A i e 1)
JF .

KRIF R, H14 T EMAEP S AER KRR F ik
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