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Advances in aerobic oxidation of alcohols catalyzed by polyoxometalates

ZHANG Teng-yun, FAN Hong-bo
(College of Chemistry & Environmental Engineering, Dongguan University of Technology, Dongguan 523808, China)

Abstract: As a kind of green inexpensive catalyst, polyoxometalates have played an important role in the research to
find new catalyst systems for aerobic oxidation of alcohols. The catalytic effects of polyoxometalates based on
phosphovanadomolybdates , phosphotungstates and other types for aerobic oxidation of alcohols during the past two
decades are described. The polyoxometalate catalytic activity in supercritical carbon dioxide is also introduced. It is

pointed out that the ultimate cleaner aerobic oxidation technology for alcohols may be developed with polyoxometalates in

supercritical carbon dioxide.

Key words: polyoxometalate; aerobic oxidation; alcohols; catalyst

WEJSE FE A A RE R SR AL S W e A LS
JIC Al A 7 v o AR B A R AR RN
UTAEA LA I3 1 S 0 S AR ) B AL AT 5 4 52 5%
T O AT U R AR 2R T k€ SR, L
PLHAET iR o 13 HAS 227 A B 0G5 1 14 )
f o RS RI A AL R AR S Ak, LR
MO R T M DA A A AT b o T 2 Y
THRAA, LT IERENS A RS L 701 FOF R il
AT M (™ it A P AR AR A AR 9 L T S i
BEAAL™ > Y Zead U 4 TR Bh 28 ML £ L L
SR AL nI A NI T A A B A B AR R AR
HEALT, SR 22 KA 0] X 3 Tk B e HA B 37
P, X AR TR 2 B A REAS HAEL , Rl 2 %o
e A O e ) S8R R AL, i L 2 i ) S
TLEE R 7 R A ) R R L e T A A 7 e 1
SR E A AU R A mr A5 kb , 1 ELads
B AER R Y . I, BEFE Ak A B H xR
IR WE2EA w2 R PR A PEE A AL R &R, X T
T R0 2 AR A I T R A BR A E

LA, 24 SR £ (POMs ) Bk e 28
O TS B AL A RS YRR o JLALELAT
FEINJg, POMs REMS {5 10 15 & Sz I JEe ) 1 A J2 S8 o3
TAE L b E A o ARV R, POMs 2205 T
— A NTER RIS S AR, BRI 8 POMs {5 fk
AN AL 7= i, FORL T ) POMs 5685, $52 HL
1) POMs 34 JF 25 [R] I 4 S 00 FR AL O POMs 1948,
57, POMSs & — 5 &t fiE AL ), HLAS [F) 28 R 45
P EAFEN T A, AU AR AR S Tl %, i 2L
WEIE 14 AN A B (Y AL PR A £R 1, JF e
410 ) 52 14 SR A ™ i oo BE A AR IR , TR T A ) 1
S R ) A1) 52 55 1 s R SO R, 1A
POMs S AL I A e 00 1 R A S — B 5T
s, JLHUE POMs B B 1 MpL i BH B 1 RO AR 5
M LK K B 3 145 A A4 0 i o1 SR SR AL A A AL
A TFRADIT . A SCHER 1 AF R AN R 26 1Y
POMs X B2 73 1 A A AL I AL fie R VR AT, A AR 4
SR T AL BRI B — 5T

W F=BEEA:2010 —03 - 31

BEETE R A RBEIE S VI H (8451170003000408 ) 5 435 i BHHE 151 H (200910814042 )
EE BN k= (1967 ) 5 184, B, N2 T2 55 1 4277, bezhangty@ dgut. edu. en; JEIEE (1964 - ), 5 W+ #4082 , W3R
B TR ST, sl HEE & A ,0769 - 22861660 , thh666666@ 126. com,



2010 £ 7 B

1 f§l$EE POMs EUMEER T FREN

1991 45, Neumann %" 2 Y438 T LLSr 74
AR ] POMSs 4k 1 B 2 1 £ 1k, Neumann
LRI, LATE M 7 2 B AL 40 28 POMs (Y Keggin 7
2}y NasPV,Mo,, 0, WAL F , 76 100°C Fi1 0. 1 MPa
A2 R, R B AT L 100% Hb vk 5 4040 o0 25 H R
H 4-Br —ZR s 4 —fiF BE -8 FH it 4 - 400 A
i 4 — FH 5 — 24 P G A5 AR A Y e 3 B A ) A 2R
AR SR R N Y T O AR AR B ) I R (93% ~
98% ) , (B FIFI AT ST P , A6 TR AP e KA
— TR WG M. BFSERIR KB, DA SiO, B8
AL Oy N EAREL PV, M, Ol BN AE7E 35 X B2 1) 43
TREMBAMATE M, (H LR O B (PEG) N
N, PV, M, O3 B0 A7 7 RE RS 1L 25 F R (1 2 T 4R
EAE . Neumann 25 BESE IR & BA, i - H
AEAR( DMSO ) S I H5PV2M01004OX¢%E@ 3-
= A5 1 U7 T 1) 4 4R SEU A A A AL TR e, T
TEMPO fy B A6 750 W) m] KR 2% HsPV, Moy, 0,0 1Y
fEALERE .

T S B L AH A POMSs A A0 X AE 1% Tk b
AR AT 1 LA % o1 Tt ) 156 428 8 , Neumann 25717
PL5 4 @ 41 U POMs b BH 25, i 9% 1740 .
A5 TR 4B R 2 4 Jm SRR [ PV, Mo, 0, 1 X B
A I B R A SOR , Ho, AL O, ki
Pt—POM it fb 1 AT fiff 2Ll A L 6T 3 54% |, 36
PR A3 TR 2 95 % 1T 1= Pt A s AR A0 S T 1
B, LA RIRAYE A, Desrosiers 2/ [y
AR FW], B EH BE 1 POMSs {4k 7 45 & HoAth 171
Bt E AR, TER R B AR )R dRE X 2T
BE-5—FRJLEmRME AF AP IS RY 2> 5 R SA LR B
RO HEARAE T B A3 ik 90% LA I

2 BBERZKE POMs fELpEER D FHEENL

Farhadi %' % B, Si0, 171 4% # £ B2 7T LA A 1L
J7 BAOEE S MPEE ) o3 F A PR A AL, T L 2
PR )2 A R A B LA B R A AT . L
A3, B AR A AL R R K4 5 T POMs (1943
HICRE 38K T A0 45 T2 0 R 0 1) A 28042 fk T
AR TR HE4T . Heravi 45758 & B, 2838 ok
PR 4b B, RE R B AR Y B 4 R 28 POMs i 1k 7
H,, [ NaPs W, 0,0 1/Si0, , 75 2188 o 1 30 1) b 5 3L
IR, T LT A A A 7 e B

KELF  SEEARSEMNE LD FRRAREHRE - 25

Wi AR B 17> T A4k, Panchenko 451
IR R RERE A NH, —(CH, ), -Si0, 17128055
BRI HPW , CoO4 R AL 7], 75 0. 3 MPa 0, ,60C |
24 h ' WEFEASIE] Ho 5] A A A 790 SR JES 4 P S 1)
SO, A IR B SR AL Oy B AR R OR i (20% L
) HEEEEME IR F] 100%

Farhadi 2 Fi G AALERE, LA 210, N ER A,
SR PV Fe —E e il 28 1 97 2R R A3 MR 25 11 POMSs Ol
AL (POM/ZrO, ) |, iZMEAL R ZE G & T w] LATE
F IR o A AL, SRR T T
S SA A SO iR E AN EH A . 9T R I X R A Ok
TEALRFE: ) POMSs k7] Xof P52 218 G0 A oAy 188 T 7 55
i B) Y SR RE ARATF R R IR . B, DL 2 R
0.1 MPa O, Z5{F T 3. 25 h, A i F L2 i 4
TR R RICR IR 95% |, S 6 h AT 22 i Ak
HERISCRIE T7% | 1EFFEE AN CRIR 74% | 5.
TN SRR AT U PR b O P AR

3 Hfth3kE POMs EHHEER S THERENL

B Wi B BH 2k RN 8 45 R 28 POMs i 4k 51 4b,
Yamaguchi 25" B8 T AT B9 POMs F9 fif 485 12
%ﬁ%’ﬂﬁ?ﬂj [ ( C4H9 )4N]4H [ Siwu Ru" ( Hzo) 039 J :
2H,0, 7E A B AR A T 0 F t RE A R LA
[FIBEE ) o8 A AL, FOAS 3 5 BEAH XK A s bz Bisf
1] (48 ~120 h) , HAFPEE i i B AU R IR 2 Bk
PR

B Ak 25200 SR P I T - R VA R A T P B R
POMs 1 4L 5] V — Mo — Mg/SiO, ( Mg,s V,Mo,0,,/
Si0, ) ¥ H T H I o SR e B4R Ak, 7E 305°C |
257 3020 h ' AEEEEIR L 0. 45 400 T, B EE RO 3%
R IEF] 77. 44% , B 1) 3 3k RIS 20 Sl ik 3]
85. 69% #166.35%

Wang 22" "2/ ¢ 353 K .24 h.0. 1 MPa &K%
T, %427 VOSO, - nH,0 F1(NH, ) (Mo,0,, -4H,0
R EEHE £V -Mo -0 @R i L. S &
PRAEARR M H R 30 e, 28 R B g S A o R
T R PEVE IR F] 99% LA L, Joe FEAFT s 4804k Sk AH N T
PE R AR e (L B T L IE R L OE OB L
R BEBEPERLAE 94% LA ), HJ& s A e B 1
Ao 1 H A EA ARG R e, S A
4 WG 58 A A AR B 25001

4 Bl =sLimp POMs ELRIEZE S
FEEM

BESE R 73T A AL AR AT R AR A A LI



- 26 - FAX AL L

IR AT AR RE MARAS ETT & Hh 58 421 1k O
AT, PR T I 5 — SR A B AR A LI 51
PEATIEZE I T A AL BT T 5 T WSS 1Y 2%
{EPSS EabS N1 oy <21 (T S R e 3 R (- i e = =
AT A+ JLAFR /Y D s, B W5 41 Y f Ak )
RAOCA 4 B0 B LR 548 R I 24 R A R #h
(POMs ) fEA 712, AL 5% 4 i i 1k 550 77 8 FH K
A, BRI R 2R A A TG M AN BRAR ) 2
F R 7 SR D P BEASCR AR

Maayan %" 9 YCHE I 7 8 I A — SR R
POMs X7y 1A AL HEAL/E T o Maayan 2545
[E 251 Hs PV, Moy, O, (—FHBAHLEAZE POMs) 4351 5
PEG-1000 FIrpE AL O, FHILHL, 45 3 Fh a2 fl
7. H,PV,Mo,, O,,/PEG ( 1% ¥& ) . H;PV,Mo,, 0,,/
Al O, 1 H,PV,Mo,, 0,,/PEG/AL,O,, %I Lt 5E 56 3
1,3 PG AT A AL PR P 22, A T 2 Y
H;PV, Mo, 0,0 A4 HAT B B A A BE B 1, A fifi R
RS 2R T I A R PR T 99% o i i S 46 %
PERYDCAL , SRR AT S BLIEH Z LR T 10100 1,
£ 373 K F1 1.7 MPa [5J7 K, 854 16 h, K HIEESE 42
FAL TR H e (AR 100% ) , {HL (AL e A B3R L A
/N TOF AF] 10 h™" Sc8e b HyPV, Mo, O, [ fiE A
W R T B (oK) AR ), Bl T
POMSs i Bt 5 15 , PRI 1HG 7 AR R ATH 2 i i S — 48 Ak Bk
HBIFFE I e o T R SRR A AT O — 2R AT R

5 %R

POMs {05 — 2Lk (0 M B A AL TR, (ERE2R 7
TAREHETE PR S E TR . AT
POMs 731254 UM 85 5 LA S A B 26 03 1R
AL BT SR I A T, (HE A BB TSR,
POMSs Xf ZHRIEE A 50 1 A BA [ 5 2w AL
FRUAH ECIUL R HE AL P RE R 02 X A 38 2 (A s
ABSEAY 0 1S SR A NG R FA) AR A6 P A
Bk

% &3 4 SR AL A POMs e AL IERE B (b
[FIONE 5 BT Y POMs 280 8 e 25 it fe , 5 —
SEI I T CANd VB S5) A (B0 B4 s AL T 2 73
(g A TR MRS AE iR, IR U T A ad A A
b R EIH S POMs Al & 2173 1 ALK &, AT
b Gt 4 T 2Oy A AR AR AR A 18EAS i HL
A RO 25 A AL TR 2 23 4% B A [ 9 fL
P, 3 P USRS B A BRE , 18 2O oAb, Al fig
T4 IE T 3 22 W2 SOV R , i) 2 3 i 1 e

£330 557 H

BN B ARG Tk 2R 01 A S A B R R i
IR LAk B 5% 4 s AL R R BB . T
He POMs Sjlfiili 5t — B ALBRARSE &, R 01 %A
AT, A R I S — A R A L L 18 T g
MARAR BT e H BEPR PR S22 B FH I B ST 1 A AL
PR SE 4T BR 5t 8 )8 15 Gt A 25 1 57 A S AR 7] 11
-

2% 3Lk

[1] Enache D I,Edwards J K, Philip L, et al. Solvent-free oxidation of
primary alcohols to aldehydes using Au-Pd/TiO, catalysts[ J]. Sci-
ence,2006,311:362 —365.

[2] Karimi B,Zamani A, Abedi S, et al. Aerobic oxidation of alcohols u-
sing various types of immobilized palladium catalyst: The synergistic
role of functionalized ligands , morphology of support,and solvent in
generating and stabilizing nanoparticles [ J |. Green Chem, 2009,
11:109 -119.

[3] He J L,Wu T B, Jiang T,et al. Aerobic oxidation of secondary alco-
hols to ketones catalyzed by cobalt ( 11 )/ZnO in poly ( ethylene
glycol) /CO, system[ J]. Catal Commun,2008,9:2239 —-2243.

[4] Stahl S S. Palladium-catalyzed oxidation of organic chemicals with
0,[J]. Science,2005,309 :1824 — 1826.

[5] Karimi B,Zamani A. Recent advances in the homogeneous palla-
dium-catalyzed aerobic oxidation of alcohols[ J].J Iran Chem Soc,
2008,5:S1 - S20.

[6] Farhadi S, Zaidi M. Polyoxometalate-zirconia ( POM/ZrOSUB2 )
nanocomposite prepared by sol-gel process: A green and recyclable
photocatalyst for efficient and selective aerobic oxidation of alcohols
into aldehydes and ketones[ J]. Appl Catal A:General,2009,354
(172) :119 - 126.

[7] Sloboda-Rozner D, Neimann K, Neumann R. Aerobic oxidation of

[

aldehydes catalyzed by &-Keggin type polyoxometalates [Mol\é (O3
(11,-0H) 1o H, { X" (H,0) 4}, ] (X =Ni,Co,Mn and Cu) as het-
erogeneous catalysts [ J ]. J Mol Catal A: Chemical, 2007, 262
109 - 113.

[8

[

Desrosiers P, Guram A, Hagemeyer A, et al. Selective oxidation of
alcohols by combinatorial catalysis[ J]. Catal Today,2001,67(4) .
397 -402.

[9] Maayan G,Neumann R. Direct aerobic oxidation of secondary alco-
hols catalysed by Pt(0) nanoparticles stabilized by PV,Mo,, 03y
polyoxmetalate[ J]. Catal Lett,2008,123:41 —45.

[10] Maayan G,Ganchegui B, Leitner W, et al. Selective aerobic oxida-
tion in supercritical carbon dioxide catalyzed by the HsPV,Mo,, Oy
polyoxometalate[ J . Chem Commun,2006(21) :2230 -2232.

[11] Neumann R, Levin M. Selective aerobic oxidative dehydrogenation
of alcohols and amines catalyzed by a supported molybdenum-vana-
dium heteropolyanion salt NagPMo, V,0,,[J].J Org Chem,1991,
56(19) :5707 -5710.

[12] Haimov A, Neumann R. Polyethylene glycol as a non-ionic liquid

solvent for polyoxometalate catalyzed aerobic oxidation[J]. Chem

Commun ,2002(8) :876 - 877.
(T4% 28 )



- 28 - 4K 4L

2R T T T 58 STk, ] Sk A
PR AR /K S TR A ST R 5 TR 7K | SR SR
R TCELR R b ZEBERE S50 N B WA NaF 1)
IRV, AR JE 6 B 25 v T S T 48, VRV S Iy i 88 s
O i R R I K R TS . A T TR X — v o
& T —RIVRSF Al A RIE S (BRIE 57 7 B
FEAR) 1y UCNPs,

Zhang 2RI K ik A R T UCNPs (82
R NaYF,) Gk GOREFIBRAKE . K
N EE /N T 160°C 1), 3 %2 4R i 37 7 AH NaYF,
(a—-NaYF, ) ; B 25 50 il B 1) - s R B i) £ 228
o—NaYF, ¥ fift JF 8 45 & B 7S 7 A NaYF, (B -
NaYF,) , Bl WA « -NaYF, 5o ¥ F|Fa 40 B -
NaYF, X FE i A a1, 78 B-NaYF, 4= i
SRR, AT LLE 2T NaF F1 NaOH i B 458 52 1 2%
HOk il £ B - NaYF, 44 K ¥ 40 K 45 46 R 90
Ko

BT, Wang 2 R 58 T Gd™ 48 4% ok i 0
NaYF, fiAHAI L e RERY S, BT Gd™ 5 T
Rt ek, IRk B AR ke . 1 Y I T
WAL A XS BN 0 T o A5 A HE EL 3R T )
(25T, Ll A B[] g Y 7K 3R S5 A BB AR L B -
NaYF,, 7& NaYF, fi{RH 5] A Gd**, o] DUEfE B -
NaYF, [PGHAE . R, SO 34 ke a0R
it dt A AR AR, PRIkt v DA e B G
(145 2k B ST UCNPs [ I 5530 R 65k R
1.2 =R ZEBHLIHRADHE

IR LR LR AR AR ) ST S R D - S

(B35 26 )

[13] Ben-Daniel R, Alster P, Neumann R. Selective aerobic oxidation of
alcohols with a combination of a polyoxometalate and nitroxyl radi-
cal as catalysts[ J]. ] Org Chem,2001,66(25) :8650 —8653.

[14] Khenkin A M, Neumann R. Oxygen transfer from sulfoxides; Selec-
tive oxidation of alcohols catalyzed by polyoxomolybdates[ J].J Org
Chem,2002,67(20) ;7075 —7079.

Barats D, Neumann R. Aerobic oxidation of primary aliphatic alco-

[15

[

hols to aldehydes catalyzed by a Palladium ( Il ) polyoxometalate
catalyst[ J |. Advanced Synthesis & Catalysis, 2010,352 (2/3) :
293 -298.

[16] Farhadi S, Afshari M, Maleki M, et al. Photocatalytic oxidation of

—

primary and secondary benzylic alcohols to carbonyl compounds
catalyzed by HyPW,0,,/Si0, under an O, atmosphere[ J]. Tetra-
hedron Lett,2005,46 (49 ) :8483 —8486.

Heravi M M, Zadsirjan V, Bakhtiari K, et al. Green and reusable

—
~
[

heteropolyacid catalyzed oxidation of benzylic, allylic and aliphatic
alcohols to carbonyl compounds[ J]. Catal Commun,2007,8(3) :
315 -318.

£330 557 H

SRS X WA L e g (R RISy DR N
VR IR/ 1~/ \ e TR/ e el e S5 AR &R )
AR T IHRE] 250 ~340°C , {ff =3 SR Hi + 46
AT itk B TSR SR AG D AN K AR s T SR e i
AP THIRE) 250 ~340°C, FEEA = SR +
ERVE IO FR i i) 28 i - AP DRI R

JEHUR AP AR RS 2 B SR T X A7 vk
4 T HAMEIY LaF, = Ak’ b i s
AP LB TRLEE AR ] S5 A5 1, il A T &
RS AT 45 (9 A ) AR O + &2 e pr R I 1F
5T XA AL, MATIA R FEAR R B A
LA AR R D LB TR A BE R AR, X
HAEYUE T UCNPs BAHZEHE o 540 xF T Pr A1 Nd,
TR/ -+ /I B PR &b, iz A iR T
a-NaREF, fREZ, BT LUARMEE i « ~NaREF, , {H
SRS IR B —NaREF, 5 {H I 7 il AR/ iih 11/
It/ B PR & b, Ol A RBIR T o -
NaREF, ffEZR , il il LIE i o -NaREF, . HE A7l
JAEAE , BT A M 8 1 1 U B e BB LA, R LA
[ TE B a—NaYF, F1 B-NaYF, ,3X 2 F fi AH#S LL 3
T s {H 2 7E & il SN 45 18 8 SE 45 5 JE i B —Na-
REF, . 040, #Hhnyk E 57 2% (the National Universi-
ty of Singapore ) fit) Chow R M) Al
JHeR 25, 7E 320°C A BE 2610 1, il 4 1 dd A 24—
KRR = PR 43 ELAY UCNPs (B —NaYF,: Yb/Er
Fil B-NaYF,: Yb/Tm) , Boyer " Fil 3 B J7 3%,
il % T IE S AT £ 1 UCNPs,,

[18] Panchenko V N, Borbath I, Timofeeva M N, et al. Amine-modified
silica NH,-(CH, ) ,-Si0, (x =0,2,3) as support for cobalt-substi-
tuted polyoxometalate TBA,HPW ; CoOjq : Effect of the nature of
the support on the oxidation activity[ J].J Mol Catal A:Chemical,
2010,319(1/2) 119 —125.

Yamaguchi K, Mizuno N. Heterogeneously catalyzed liquid-phase

[19

[

oxidation of alkanes and alcohols with molecular oxygen[ J]. New J
Chem,2002,26:972 —974.

HeH, R T SV -Mo -Mg/Si0, F g B AR AL A 4 1%
FY S ) PR By P RE O BIFE [ 7). Yk BHAE 224 Be Be 3,
2008,22(2) :116 —118.

Wang F,Ueda W. Aerobic oxidation of alcohols over novel crystal-
line Mo-V-O oxide[ J]. Appl Catal A:General,2008,346(1/2) .
155 - 163.

[22] Wang F,Ueda W. Selective oxidation of alcohols using novel crys-

[20

[

[21

[

talline Mo-V-0O oxide as heterogeneous catalyst in liquid phase with
molecular oxygen[ J]. Catal Today,2009,144(3/4) .358 -361.

(23] K Z , B, S 2E. B S CO, hmdeny > TRAKIT].
Ak 33k 2, 2008 ,20(9) ;1270 - 1275. W



