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Prepar ation and application of a phosphine-based molecularly
modified cellulose supported copper catalyst
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Abstract: A cellulose diphenylphosphine polymeric ligand (Cell-OPPh,) was synthesized from cellulose by
P—O bond modification of hydroxyl groups. Then, a cellulose-based heterogeneous copper catalyst [Cell-
OPPh,-Cu( IT)] was prepared by complexing Cell-OPPh, with copper acetate and characterized by FTIR,
SEM, TEM, XPS and TG. The catalytic activity and heterogeneous recycling performance of the catalyst in
C—N bond coupling reaction were evaluated. The results showed that Cell-OPPh,-Cu( 1) had good thermal
stability with the cracking temperature of about 250 °C. Copper element was mainly present in the catalyst
in the divalent form with a mass fraction of 4.76%. Under air atmosphere and mild conditions, Cell-OPPh,-
Cu(Il') maintained high catalytic activity in Chan-Lam reaction and Ullmman reaction with the highest
yield up to 96% and 93%. The cyclic experiments showed that the yield kept at 86% after the catalyst was
used for 8 times in Chan-Lam reaction, indicating that Cell-OPPh,-Cu(1l') had good stability, ease of use
and high catalytic activity.

Key words: cellulose-supported copper catalyst; functionalized cellulose; coupling reaction; catalytic activity;
catalysis technology
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JEULR . Eas g kA ) Ffbads (IR S
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A 8 WIHMEICH K., MARTINS 2522
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R PAR IR A BRI, JEH TR
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B IR IR A P A U], X
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BELLER %5 31F1] FH 3 = 2% JE i o 1 4 nbt MR A0
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X} HANGE T Suzuki SN & Heck S AL IE 1 L 9%
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FEHEYI IR . ANFSE B R R LT AW L ] 1]
WCHAH B HE AR R i T A O, AR
SRR, e AR B, X TS AR
PR 20 HLAT VB AE 4 O A

1 SRIGERSY

11 RAFENEE

A 4EZR (MCC, kiff: 50 um, £ 60 °CH
BRI 2 d R/ ). JoKkE (o, %
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BHE R A BR AT ke, fesfal, i R ks
FARBIRA ] BB ( GF254 ), HEJZHTHER ( 100~
200 H ), EAER ARG RAR . BRAr 5
Hb, R EAER SR, Rk — 2 TR alifl
ARER . BRARBIUEIIAN, a0 R 5 8 AR BB A
AR RR . W JEEEAR A T,

ESCALAB 250Xi % X HF£856HL T REIEAY .
Nicolet iS10 % B AR 217 S, 2 [F Thermo
Fisher /2] ; Brucker-400 MHz BY#% g FL R PE 1E 4%,
5% Brucker A= #FM4% /A F]; FEI Quanta 200F 74
SHAE BT WA%5% . FEI Tecnai-G2-F30 &5 Hi 1 ik
%, £ FEI BHE/AH]; Pyrisl BUIAEE 3 Hr{Y,
= [H Perkin Elmer 27l ; X-4 B ik Sl 4%, db
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MR &SGR R (hE) BRRAF .
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CH:0H CH,OPPh,
o_O
H Ph:PCl Cu(C
TooK gz ToKZ. B
OH
MCC Cell-OPPh, Cell-OPPh,~C

1.2.1.1  BUPELF4EE (Cell-OPPh, ) il &
HERRARELT b BRI I ST 4E 2R (3.0 g) FIIG
JKIERE (120 mL) MEFAA B . THE . B
AR BT i i = R, 80~90 °CF R Z g+
JZNE 30 min JE A HI B E R, B 12 mL AR AL
( PhoPCL) POl Sz B rh, AR 2 1 /s
ff PhoPCl i INSE )G, ONIR G =R T 4k2hi
FE2do S URUEERIR, ToK LBEVER (30 mLx3),
60 °CHZ THEMMLT, 1558 A @ FEIATIREfLLF 4t K
Cell-OPPh,,
1.2.1.2  4#4k5 ( Cell-OPPh,-Cu(11) ) A%
¥ Cu(OAc), (0.9 mmol, 0.18 g). JT/KZEE
(30 mL ) JIAA B & W BB . 80 °CF
FE4rHEFE 30 min 5, JiLA Cell-OPPh, (2.0 g), il
IR 24 h, ROWVRBRHIEZRE, %, KKHL
KOBE (25 mLx3 ), JoK LMk (25 mLx3) BEE[E
A, 60 CEZ THAE TR, 380K &
Cell-OPPh,-Cu( I ).
1.3 Cell-OPPh,-Cu( Il )4t C—N $# & K& EIR
M B i
1.3.1 Chan-Lam B_&

© Cell-OPPh,-Cu(1l) R

TEA, Fe7KMeOH, 65 °C [I}
N

£ 50 mL Schlenk & "M AKHIER (134 mg,
1.1 mmol ) . kM ( 68 mg, 1.0 mmol ) . Cell-OPPh,-
Cu(Ill) (50 mg, 0.1 mmol) , =Z M ( TEA)
(203 mg, 2.0 mmol) , =EA4HFEHIMAT
KHEE (5.0 mL) , &5 65 CHEFE 24 h,
TLC #: (JBIFHI N V(R ZER) - V(£ Ek)=1 :
51, RIVEHRFEHIEER, IMAZEIBAK (10 mL)
VERIIN, FIMAZLIREES (5mL) #kk. /W,
LR OTEFHI (5 mLx3) KM, BIFEHAH, K
TR EE T4, BERAE EAT e aife (Beliilh (e
R TR = V(AhEE=1: 5], SRy 1-4
JFepkms . 'THNMR (500 MHz, CDCly), 6: 7.77 (s,
1H), 7.38 (t, J=7.8 Hz, 2H ), 7.34~7.24 (m, 3H),

7.19 (s, 1H), 7.12 (s, 1H); “CNMR ( 126 MHz,
CDCly), d: 136.31, 134.54, 129.35, 128.85, 126.46,
120.43, 117.21,

1.3.2  Ullmann &k

H I < :\;
N
[1\{> . © Cell-OPPh,-Cu(Il) N

SRAEREUE, 1,4-— 4R, 110 °C [N/>

f£ 50 mL Schlenk 4 H I AR (225 mg,
1.1 mmol ) . BKM (68 mg, 1.0 mmol) . K,CO;
(276.42 mg, 2.0 mmol ) . 4BIEMHEET (40 mg,
0.2 mmol ) , Cell-OPPh,-Cu(1I)( 50 mg, 0.1 mmol ),
FEWRAS AT ESMA 1, 4-—4%5%% (5.0mL) ,
ZHE 110 °CTR PPN 24 h, TLC A& [ J&2FF5)
J V(ETRETR) = V(ahE)=1 5], RNZEREE
HEZEE, MAZEBK (20mL) BRI, LIRS
BEAEHC (30 mLx3) , fHAEHM, JCKBIRREE T4,
RERCAEJZ BT o B alifb L YRR V(R TR) = V(A
ME=1:5) , B AHrRY 1-23L 0k
133 MEFR %%

RN SERUR , RV R =R, A ZERK
VER R FH L U8 O ik DA R . ok,
U BR WAL 5y, PR AR . JEK CBEpE
RIFES L, e 60 °CHZS THRM T THaS e, Wl
W AL 5 Cell-OPPh,-Cu( T F ¥R KL -

1.4 ZEMIRIE

i FL IR 0 2T 4% ( FTIR )R KBr JE A 12,
SIPERN 4 em™, HRKECN 305 HHiE T DA
( SEM ) A i PS40 42 5, i f k. 10.00 kV,
TAEHE (WD=10.9 mm ); &5 HL 7 W 5% ( TEM )
DR KR AT EL 105 T3R5, SR 0.24 nm, {5
B 0.14 nm, MGEAE 200 kV; AT ST
(TG) 7E No R4 F it Ar, FHEHEZ A 10 °C/min;
HLBRHE A 5 5 TR R T & 5 6% (ICP-OES ) ZE3
29 t/min, ZEALASE 0.86 L/min, 4 Bh <&
0.7 L/min, FE&PEnE] 40 s, SHARTIE 1300 W;
X B T REE (XPS) i (fk ALK IR, fiE
A% 1486.6 eV,
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2.1 4L F Cell-OPPh,-Cu(1l) B RAE
2.1.1 s RIESHT

K1 N4 SR (MCC), LR 4E % ( Cell-
OPPh, ) F#4LH) ([ Cell-OPPh,-Cu( 1)) HILL AN
s .

—MCC
— Cell-OPPh,
— Cell-OPPh,-Cu( o

it
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BE/em™

1 MCC, Cell-OPPh, il Cell-OPPh,-Cu( I )f#J FTIR 3%
Fig. 1 FTIR spectra of MCC, Cell-OPPh, and Cell-OPPh,-
Cu(Il)

M 1 LR, M TR e 4 &,
Pk S A 4EZEAE 693.5. 727.9 1 1069.7 cm ™' kb HR

H B —C—O—P— gk shme i, R IR
LI S Y R TR R A TR X
LA AR T IS e A e R 2L AT LU B, R
A G —C—O—P—H 4i IR S W U FE 695.9
728.7 F1 1054.6 cm ' Ak, 5 G Ek i & A T 8N
IS o X JE T BERCIAR S Cu( DI R T B A7
YEFIFEL, X UEIHA B 25 e Tl ther ge K i — oK
2Ll 3 AT A JED R
212 FRAFIEL T E 5 5

XA Cell-OPPh,-Cu( I1)JE S #E4T SEM il
B, REBKKREFET 25 R mME 2a~f fis . AL
Cell-OPPh,-Cu( 11 )22 Ifij 5 IR 40 22 IR £F Hk 45 0y, Fifi
SERYEANEORLRS , R TR Y Eb R m AL, A A
T A O B SO G, R AR T Y A
WAL RE . TEM AIHAZE R (& 3a, b) R,
ARG YE R B LR, ABKEBR, H T 5B
LR AR HES SIS BOTE T, (AR 4 R R Rt
T, UL IAB A 1 2 5 IR I P RN 7 2R R A R
¥4,

i EDS M (K 3c. d) al%0, W SAE7E
P. Cut®. NTEEHMETLUESR C. O, P,
Cu PURNICER W 73 A AHXT R 345

E 2 ARFEBKRBEET Cell-OPPhy-Cu( 11)AY SEM [
Fig. 2 SEM images of Cell-OPPh,-Cu( Il ) under different enlargement factor
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Kl 3  Cell-OPPh,-Cu( 1) TEM &l (a~b). TEM-EDS il (c) FImHE 4 AR (d)
Fig. 3 TEM images (a~b), TEM-EDS (c) and elemental mapping images (d) of Cell-OPPh,-Cu(Il)

i — 2 A AL ) Cell-OPPh,-Cu( I1)Hi A )
Fmsity, SFEFHEE (MCC) Sk [ Cell-
OPPh,-Cu( 1) ) #47 T He gAML, MCC b3
A 1.3407 m*/g, i Cell-OPPh,-Cu( 1T )AY H 2 1
TR 11.428 m¥/g, R AF4E 2 L R A AT 9 1%,
ZEER S SEM K& TEM A AHAE, 36 & mifiE 1k 711
( Cell-OPPhy-Cu( 1) ) FLJREF4EZE (MCC) HAHE
/N GUESTEAT I

Ph g5 R/, Friil 45 A 1L 57 Cell-OPPh,-
Cu( IT)J& 38 3o XoF 27 4t 2 5 518 1 — 28 I s 5 A1 s i
figgf Cu( MG aL, HEAFIRmAEWEL,
B Cu( L L5
2.1.3 X &k w T ki

HEALF] Cell-OPPh,-Cu( I1)AY XPS i WK 4. H
Kl 4amfsl, PEERESA C. O, Cu, PILE, X
55 EDS Mg R —, £ Cu kT 73k 5 wie vk
HER b #E—2PXF Cu2p W PEE (K 4b) i
TT5r ] LLE 2, Cu 2p FRIEFIIE - A e 2E47E 934.7
1 954.1 eV &b HIBE Cu 2p3/2 Fl Cu 2p1/2 WA FRAE
WU, R AE 943 eV Ab HYEE A DRI, R
HeE FBEU ML RAFAEL Y, i R ST
ICP-OES 73 #r Al i i1, f#EfLF] Cell-OPPhy-Cu( II)H?
HTCER BT AER 4.76%

a Cls

Ols

Cu2p

P2p

P2s
Cu3p
P‘J»W 1 Il 1 1
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ZHatkev

b Ccu2pin
N
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44 fbev

Kl 4  Cell-OPPh,-Cu( I1 ) XPS i8] : 434047 (a);
GrPEE AT (b)

Fig. 4 XPS spectra of Cell-OPPh,-Cu( Il ): Survey scan (a);
narrow scan (b)

214 HESH

H i £F 4 % ( MCC ), Cell-OPPh,, Cell-OPPh,-
Cu( I TG MAEER (F 5) L, A TR EF
R (KA 300 CIFGRZE ), AR LR EF
4t % Cell-OPPh, 43 fiff il A7 W] S R#AIK, Cell-OPPhy,
KAYE 180 CIH AL HE, KELZE, HAY
300 °Cla, MARIKE, KREREBNEBIHN—
AL I B I T B, A H T AR 4R R AR 4R,
TORSEERL AR E MR 2E ;1T 300 °ClE . MUPELF4E
AR B 2R TR LR i, KRR, X S5m0
fit—3, MEALF] Cell-OPPh,-Cu( T 4] I 3 i 1 5 45
MR YE R Cell-OPPh, B A #2157, KZA7E 250 °C,
Ui P 5 B A L 45 A B T RS L A AR
P o B TR AR R A AR R DL U R AR
AT, Cell-OPPh,-Cu(1Il )5 Cell-OPPh, #HLL, Cell-
OPPhy-Cu( I )R FEAIXF 2248 . AR ST 0, Fr
il # 1) Cell-OPPh,-Cu( IN#EALTIAEAR T 250 °CHfAR
KSR AR o R IR S, A B r IR e
A R it — 2 i o HA AP BE B0 R F A FH R BE
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—MCC
100 — — Cell-OPPh,
Cell-OPPh,-Cu(1l)

20+
ol
l(I)O 2(I)O 3(|)0 4(|)0 5(I)O 6(I)O 7(1)0 800
BB/ C
B 5 g 4E®, Cell-OPPh, Al Cell-OPPh,-Cu( Il )iy
TG HiZk

Fig. 5 TG curves of microcrystalline cellulose, Cell-OPPh,
and Cell-OPPh,-Cu( 1)

2.2 B4 Cell-OPPh,-Cu( Il ) {4k 1B Bk = iz

Chan-Lam Jz Jij J& #7159 4 f4h C—N 22 AT Bk
SR, LE254) B AT WL RE A>T A 1 B FH 2 1250,
LI, B Ak ) Cell-OPPhy-Cu( 1) TiZ R i,
NP HARACTE PEHEA T 058 5P, S5 R ILER 1,

R 1Al DITOKHESRER, SRS
K s 7E A AL 77 Cell-OPPh,-Cu( INH#EIL T, 65 °CRM
24 h AT AR S C—N BRI, Az il N-J557 FE Rk
. AR MEARIEE T, RN ABER A o
0 Y BN R IS AT Ry, £ R HU Y D7 B
i 8 2% B0t A s 1) R g A %R

# 1 FSEFMWIMRAY Chan-Lam fZ %"

Chan-Lam reactions of aryl boronic acid"**

Cell-OPPh2-Cu(Il)

TEA, J:7KMeOH, 65 °C [N
/

Table 1

H B(OH),

o
1 2
Me
@\I@ //IN/©/
N N=

3a, 96%® 3b, 92%® 3c, 93%®
0%, 09, 30%®

7\ 7/ "N 7/ "N

& & &
3d, 86%® 3e, 88%° 3f, 81%

O 1.0 mmol BEME, 1.1 mmol F5EE0NAR, L
(0.1 mmol ), 2.0 mmol =ZJl%, 5.0m JL/KHEE, 65 °C, 24h; @
R QMR Cell-OPPhy-Cu(IT); @A :
MCC; GMEfLH: Cell-OPPh,; ©MEALHI: MCC+Cu(OAc),.

Hodr, ASTa] B e ) U S P 1) 7= SR RS A AN T
HASHFIP (—OMe, —Me ) I35 IEHNIRAH L
T 7374 (—F, —Cl, —CF;) J73:0EE i

FEAL BRI o (EAHHE SR, RN 1R SR e
(3a) fE Cell-OPPhy-Cu( IN)HEAL N JLF- Al ASEBLE
wmAL, TPEREIR 96%.

B T AL %T Chan-Lam Sz )i 8 80 35 % 1 5
PEfL T M, BT DA R e i 05 B
AT HINR , 541K Cell-OPPh,-Cu(Il)
Xt Ullmman S P O ek gE, 4558 0% 2.

M1 2 Af %01, 7E Cell-OPPh,-Cu( Il ML T, il
AREIRIRTE 1,4- "5 SHH 110 °CF N 24 h, 1]
PIEE PR (93% ) 3459 C—N (=4 N-AE Ik me

(3a). LA FHBUBUR ] IR E4T R, 167
Cell-OPPh,-Cu( 1 )X £ B i) Ao ¢ 30 4 B I 1Y)
ARG . 5 Chan-Lam JZiARML, 45 T HeH1 0
AR TZ AT, PR, I
G 22, 7 Rk, Rk, £2%6
ATEYI R ST 75% 0 U WA AR G A 1k 5
Cell-OPPh,-Cu( 11 )%} Ullmman i B A B 4F 1941k

2 FFEBUEY S5 Ullmman "

Table 2 Ullmman reaction of involving aryl iodides™**

Cell-OPPh,-Cu( 11 )

RIENBE, 1,4-—EINIF, 110 5 N
/N [ />

N

3

H I

0t ()

1 4
OMe OEt
WD O

N™" 34, 93%0 N7 3¢, 93%® N~ 3g,89%®
09, 09, 69%©
/©/Cl /©/Br OCF;
/\N (\N (/\N
N= N N
3¢, 86% 3h, 76%® 3i, 80%®

D4 1.0 mmol BKME, 1.1 mmol F5 KM, 0.2 mmol 4B
JEmBukk, fidbFE (0.1 mmol ), 2.0 mmol K,CO5, 5.0 mL 1,4-—4
R, 110 °C, 24h; Q4B E; O Cell-OPPhy-Cu(1l);
@REAEF] . MCC ; &AL : Cell-OPPh, ; ©#EfLF : MCC+Cu(OAc),

2.3 EAeFBEREENE

FF FiR Chan-Lam A1 Ullmman JZ ), *F#E4{k
7 Cell-OPPh,-Cu( IT) 1 ¥ T BE#E AT T3,
ZERANE 6. 7 FiR.

TE Chan-Lam JZ B (GRS EGH, DABKME (1)
FASTNER (2 ) Y SR AP AR IS 07 Xof A £ 351 118 07 A0 fof
FAPERESEA TR, & 6 WTLIE W, AR 8
DA SRARFE R = B AL TG 1, 1-2R JE R 7= 5 iy )
WY 96% FREEIES 8 M IR 86%. 1= RAYKE
T BEJ2 i T 20 P FH v i — 8 4 AR 7 A 35
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RS, WL fEIHRLE T, AR Cell-OPPh,-
Cu( 1 )7£ Chan-Lam 2 v Hfr B A7 R AR M L il 76
I B 5 FE:

100

96% 95% 95% 94% 94% gy,
g0 L ° 88% g6%

[=))
(=]
T

TR %
5

1 2 3 6 7 8

4 5
(IR
[ 6 Cell-OPPh,-Cu( 11 )W I+ Chan-Lam JZ b i1 ¥

PERE
Fig. 6 Recycling properties of Cell-OPPh,-Cu( Il ) in Chan-
Lam reaction

TE Ullmman SN BPERSEGRH, DABKME (1)
R (4 ) 0 2N R BRI %o A A 7] A 406 A fef FH
PERESE TGS, g5 7 BaR . ERT 3 WA A
N-J5 34 =W = 2ok H B B R R, M7ESE 4 1K
G RABKRBRE TR, 45 7 WA, f#
AR A R 1

100
3% 90%

80 |- 83%
¥ 60
o 589
M_ /0
40l

20 22%

% &
0 2 3 4 5 6 7
i AR BUK

K7  Cell-OPPh,-Cu( 1)L T Ullmann SRz A9 304 fE
Fig. 7 Recycling properties of Cell-OPPh,-Cu( 1T ) in
Ullmann reaction

%} H Cell-OPPh,-Cu( 1T )7E Chan-Lam A1 Ullmann
SN G I T RE T AT, AR A9 9 0 A
BB RKZES, MBI % Chan-Lam S i
Ullmman S H 8 3 Y05 46551 8 ICP-OES i
TN, R EW, #£ Chan-Lam KNP 3
R AT FR R AR 4.48%, 5 REALT H 4
Jri 3 A (4.65%, Hit AL ) AL, W8 T 3.7%:;
1M 7E Ullmman 20 A8 3 Y5 48 A 390 v il o &
R 3.04%, 5EAEMT A S EAELL, W T
34.6%, XFEIMAF Cu iE T O R AE R AE ,

A B 3k A A 700 78 P AN [ sz I v 2 B0 R 0 AR
EMZEFWIRFZ —. T Chan-Lam I,
Ullmman 2 14 2 ELAT B /35 19 2 07 il P85 6 ik 1
PRI, (AR IS M O AR R B, AR T R R
R . BEAh, BRI T = TEHLER, S
455 AT REA CuCO;. Cu(OH),. Cuy(OH),COs. KI
PLBR R KoCOs SETCHLRN = AR A, FER B A
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