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 E: AT —FRINEA Keggin 541 M,PW,,0,, - nH,0 F1 M, PMo,,0,, - nH,0 Z& @ FREE(H, M=Fe,
Mn Ni Cu Zn;x =1.1.5) , R EMARBLL AP GG AT X ST 2R AT I 55 5 10 0 LSS M kAT T 3RAE ; B4 T i 5 BRI
PR PEE IR L A 700 T L S2I0E F TR) 458 S E A5 A0 X6 446 T S L ) S CEARAR 250 F B FePW, O, il 4 0. 034 mmol,
RiEF[E] 5 min, n(aldehyde): n( Acetic Anhydrid) =1:3 B}, DA 59.2% ~94.9% FCRA SAHN ) 1,1- . Z BRI,

X # R EEEL -2 2RI
hE 5 ERS: 0643.32 XERFRIZED: A

1, 1-Z Z BRI B 8 A Ry I R B P A B I
BE AR 0, B- A RIEERY 1, 1-— 2R g T
UFE N Diels-Alder BRANAEIS R 4 J0RE ) st 1,1-
LR AT R A R B H . 1,1-22
TR e 2 T AN SRR ITHERR P 25 AF F A, HEie
B R RR AL AT B IR (1,80, \H,PO, 55) Fl % 5)
iR (InCly (Cu(OTE), 55). 4R BTFERI, &
W22, Jo Ak PR VR ME 5 T >R 1 36 2 BT IR, S o I [
K, FELH BN 248 AR ER (Polyoxo-
metalate, fAiFR POM) , DAHAEACTEPE i B FEMELT
B SRR A AN S I B A S50, i B R T
SR S A A AR, FCRR P R A AL I i ]
TE5rFEUR K BT, Bt — B A
FERMEA AT TS AR AV R BR A 5)
W, BT, AR, Wi eas s
S T POM AE Tl Al RBE AR 4P B 5 e 55
TR & 5 B9 H B A 22 0 R (E R ol
B

B Keggin R 24 8 IR ER ( FePW,,0,,)
VERE 5 SR SO AL, 2558 1 B S IR I i)
IR Eb AR 52z s T 25 52 N7 25 A f 4 T s
IR, BE T 38 B ROV AR

1 LB ERS

1.1 SIGEr A FIFn (L 25
FEAL S IFS66V/S Hl fd B i A% 6 21 7h A i

YRS B H3: 2010-10-10; f&[E HHA: 2010-11-05.
EHEN: WER, B, fE A+, fldeE

X (P2 Bruker 24 7)), KBr F s X ATt 5 (ks
i H A B2 D/max2200PC, K 254 R Cu K, HF
2, EHE60 KV, BT 100 mA, FH AL 5° ~
80°;GC3420 IT AR (A (_F 3 KRB AU A PR
A . FEEGN . #EHEIR (i # A IR
oNE), BRERER, RS, R (R E k2=l
—J7), CHF(AR, HrE - K B Rk TA R
AT, FOKCEECAR, [ B 25 4 A F L2yl
FVATCIDR

1.2 EEFBF&

TECHERLFIY SO mL BEARHL, A S. 48 mmol
H,PMo,,0,,8, H,PW,,0,,7&F 12 mL ZH /K, 5k
J& B ACED b B Fe,(S0,), « 18H,0 % CuS0O, -
H, O SFAG 5 20 8. TR % ) 48 48 4% A W i
T, ] 50 ~60 C. ZZ1& A 8.22 mmol BaCO,
DA B 22 SR P2 A 1Y) €O, ARSEBEREIUM 2 he 1
T8 I S 2ok i B 25 S vk L Y BaSO, I HOH 78
WK VRS 3 K, Z8%, 45 AT 3R I i3
1.31,1- ZZBENaRA %

1E 30 mL Jz W i A 30 mmol EE .90 mmol
LR 0. 034 mmol AL, 75 T HEHE N,
I GC MM s 28 k. T RS S, 10 mL 4]
FIBRIR ZUH VA i 7, T JEK SEAE IR (2 x 15
mL) fi 5 FHJE7K Na,SO, T4, 2™ 1,1-—
CIRTE. RSP 3R O b B 45 i A5 i
877 B A0 .
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Ac,0(90mmol),Cat(0.1g)

OAc
RCHO = =~ RCH<<_
neat.rt OAc
1.4 & E £ 200 C, /44F 10 min.

KT GC7890 I A 3EAL , T AN AR, K Ny
e Al MM T 2 g

RIS T B e R T P E R . (AR
P SES4 BATEAE(0.32 mm x0.5 pm x30 m), 2.1 AL BIIRIE
BN AR, FID A, Rl it B 250 €, 2.1, 1 FT-IR RAL4S ZZ I MPW,, 0y -
PERE R 250 °C, AR 0.6 MPa, 73, @itE®)  nH,0 il M,PMo,, 0,y + nH,0 (JLH, M =Fe Mn,

AR 90 °C, {345 1 min, DL 15/ min 3R THE Ni.Cu.Zn;x=1.1.5) ) FTIR FAELE R W3 1.
=1 B5(50) BB SERRELTE FTIR £iF
Table 1 FTIR spectral date of P-(Mo)W heteropoly acids catalysts

Wave number (em™")

v,.(P-0,) v, (W- 0d -00d) v,.(M-0,-M) v,.(W-0,-W)
HPW 1080 982 890 796

Catalyst

FePW 1075 975 890 788
CuPW 1080 980 895 807
FePMo 1073 986 881 791
CuPMo 1082 976 870 781

M1 AT LLE B, BT 6 B4 2 R 7E 700 ~
1100 em ™" Y[ P4 BT PO 2KAE Keggin Z5H 7045 50°
fFIE2 ) Hf 1 050 ~ 1 100 om ™' A AE 15 )H @ T
P-O, # M4 IR 3, 900 ~ 1 000 em ™" {5 AE 1 15 102 34.1°
J& T W-0, B4R, 850 ~900 em ™' fy4HAF I
JHJ&E T Mo-0,-Mo #F ) iZE 3R 3l , 750 ~800 em ™' 204°
(AR AEIEIAJE T Mo-0,-Mo WREERI AR S, 55 4h,
FE1 620 cm ™" 3 400 cm ™' BRI BB T KA O - H X JU
PRI X Bk e 4 i B R0 2% B — O — HL Fi 25 4
BRI, HFE AT L, BTA RN £ 4R AR LS 0 2
FCRFKJ2 22 H,PW,, 0, + 14H,0 45 {2l 10 HFAE A
W, RGBS T A A S S T8 T 14 A P00 NI A
U, FURME R B IET, A TR TR, K A spectrum of ¥t W12V

Frh 2K ¥ DA ak=AR
sl R, W rsmy 00 COTRSNAREEOME
ARIRIERBUE, PSR Keggin 25, A TR, S T I B R

, . AL TERE, SRR 2, 2 WA, TEMAL )
2.1.2 XRD  FTIR £EH BRI LRI — B X ’ '
NRD 21 B A S ok iy Fop PEEIREREE Y BT BB R , 1
Ou b9 XRD JEEEL L[ 1. ([ 1 AT FobW .0, g T AT WG o oL FePW , Oy i AL 15 4
/ﬂ;ﬁj—m%jzg%qjﬁ 20280 ~100 17; ~200 25: - E‘i%, 2&@@5"]%4&%@@ 965% Vl?igﬁﬁju

30°, 34° ~37°FJLANE A B BRI, X530 ;fWﬁiﬁﬁwﬁ'
RIS BFRIHY Kensin 2607 ey XRD gigug 20 RECERMHORI :
BB, DDA U FePW 0, HLAfy Koy 0| POMPIRCIATRE RTINS B

in 41, SRS S LR Y SRR 45108 I 0 P 83017
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Table 2 Catalytic performances of M, PW,,0,,

- nH,0 and M, PMo,,0,,

- nH, 0 acids for the acetal formation

Catalyst Conversion of benzaldehyde (% )  Selectivity to 1,1- Diacetate (% )
FePW,,0,, 96.5 97.9
Cu, sPW,,0,, 81.5 95.6
Mn, sPW,,0,, 54.2 88.0
Zn, ;PW,,0, 51.0 79.7
Ni, sPW,,0, 91.7 97.7
FePMo,,0,, 72.3 97.3
Cu, sPMo,,0,, 59.9 95.1
Mn, sPMo,,0,, 57.0 93.6
Zn, ;PMo,,0,, 57.2 93.5
Ni, sPMo,, 0, 68.4 96.4

Reaction conditions: benzaldehyde 30 mmol , Acetic Anhydride 90 mol , catalyst 0. 034 mmol .5 min

Bz

2. TEHERMALZRNOT , B n(aldehyde):
n( Acetic Anhydrid ) XA SN 5200 ULIET 2. fH

2RI, MG R I B A M) T4 I SO A

100

95

90

85

Conversion selectivity (%)

80 1 1 1 1 1
1:1 1:2 1:3 1:4 1:

n(Benzaldehyde) . n(Acetic anhydrid)

B 2 TS | CRRIIEE IR LU 46 9 5217 A 52

Fig. 2 Effect of the molar ratio of benzaldehyde and Acetic

5

w
Anhydrideon on the acetal formation
(Reaction conditions: benzaldehyde 30 mmol |
FePW,,0,,0. 034mmol \5min)
@ Conversion of benzaldehyde ; Il Selectivity to 1. 1-Diacetates

11 (R ERZ, fE—aE R LR TR
PR AT ) R X o B, 3 IO Y R A AL R AR
P, &) Tl = 25 % &, BOaE R
MR L BRIT A EE R EE D 12 3.

2.3.2 MR AR X AHRE SOV AR FePW,, 04
AR X i 1 S P B2 LI 3. e 1 3 AT L,
W (AR PR R o, PP PR e A R B S R ol
AN, HHTINE] 0. 034 mmol [, K F i K AH
96.5% ;1,1- . LR BRIEFETEAZ LA K. AL
JHHERT 0. 14 mmol I, {4 Z A AL 570 e B2 1K

T UL TCE R R, SR R AR, S
HORHEE AR IRAR. 256 %%, ERHRmfH
4 0.034 mmol #55E H.

/\_/*\.

100

98

96
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92

Conversion yield (%)

90

88

86 1 1 1 1 1 1 1
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Amount of catalyst (mmol)

P 3 A 550 e 24 I S 1z D 52 )

Fig. 3 Effect amount on benzaldehyde and Acetic

Anhydride for the acetal formation
(Reaction conditions; benzaldehyde 30 mmol ,
Acetic Anhydride 90 mmol \5 min)

@ Conversion of benzaldehyde;

B Selectivity tol. 1-Diacetates

2.3.3 JJop Bf 1) X6 4 B 2 7 1) 2 il S s ] X
YT RN R DL IR 4. fH IRl 4 B0, S R ]

AOSE R, R F I PR A A R e B in it e 3 il N e
PR RO T RO AT 3 S B, 5 R 3 S
min [, 1,1-Z ZRERCR ik # i K5 94. 9%,
b8 ALE N 11 S @A L By [0 B X e U
MERI AL ARIRAR. BT LA, BN R 3 Toll A 7 %
FFATAREN, W& BV 5 min.
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2.4 INEAFI X 45 I B B 220
#3 L 4-OMe - C,H, - CHO Jyffi|, 5T 4
FHAS IR FIS SR 52, RmT LIE B, 5%

100

A .

95
9 -
85

80

Conversion selectivity (%)

1 1 1
4 8 12 16 20 24
Time (h)

75 ' 1
0

Pl 4 S R T X 45 P 52 V7 149 582 )
Fig. 4 Effect of reaction time on benzaldehyde and Acetic
Anhydride for the acetal formation
(Reaction conditions; benzaldehyde30 mmol |
Acetic Anhydride 90 mmol |
FePW,0,,0.034 mmol)

@ Conversion of benzaldehyde;
B Selectivity to 1,1-Diacetates

R, 11-ZORRBRMICR IR F 88. 6% . HAL
B T AR, PRI I3 1 % 1SR
T FR.

%3 REBHERER RPN

Table 3 Effect of different of solvent on the acetal formation

Solvent Selectivity to 1,1-Diacetates (% )
Acetonitrile 77.6
Acetone 62.1
Methylene chloride 64.7
Cyclohexane 71.7
Ethyl acetate 76.4
Solvent-free 88.6

Reaction conditions: Aldehydes 30 mmol; Acetic An-
hydride 90 mmol;

catalyst 0. 034 mmol; 5 min; solvent 3 mL
2.5 U — R TIAR[E) BN 45 B I N 19 2 0

E%{ﬂ%{ljﬁ{% 7 %{4:_1: , FePW, 0, H & 0.034
mmol, [ W B} 8] 5 min, n(aldehyde): n( Acetic An-
hydrid) =123 W}, fEACA [R]85 £ BR BT B vz LA
59.2% ~94.9% A= A A 1,1-— 2, iR fg , Hags
4.

R4 BHE(5H) ASBRUFRABMZBETSMK 1,1- = Z8E

Table 4 FePW,0,, as an efficient heterogeneous catalyst for chemoselective synthesis of 1,1-diacetates under solvent-free condition

No Aldehyde Time (t/min) Selectivity to 1,1-Diacetates (% )
1 CeH;CHO 5 94.9
2 4-OMe - C4H,CHO 10 85.9
3 C,H;CHCHCHO 6 90.3
4 2-HOC,H,CHO 10 61.4
5 piperonal 30 81.6
6 C,H,CH,CHO 5 82.4
7 CsH,0, 12 59.2

Reaction conditions; aldehyde 30 mmol; Acetic Anhydride 90 mmol; n(aldehyde): n( Acetic Anhydrid) =

1:3; Fepw,,0,,0. 034 mmol
2.6 =R RIE
RHEE 1 1-Z R0 IrAs =) iR sk
mnfAS, WA R 44 ~45 C (SCHRHRIE 42 ~44 C). 21
ANEHEBCE TR (KBr) n: 1759. 96, 1510. 6, 1462,
1370. 2, 1242. 5, 1110. 6, 1026. 8, 831. 6, 772. 27
-1
SRR 1, 1- 2 2B . S ik
BRI, #8063 ~64 °C (SCHRHE 64 ~ 65
C). LIHNEGIEEHE IR (KBr)n: 1760. 9, 1589.7,

cm

1496.9, 1431.1, 1370.9, 1241.6, 1203.9, 1 059,
1006 em ™" LA 5 SCkiE Y A £

3 #

=H

1t Keggin B 2 & & AIREMEAEN T, B5 L
PRI AE R TR N AT AR i — 2R 1, 1-Z R, 1E
PEALZEAE T, B FePW, 0,0 Fil 28 0. 034 mmol, JZ )
[] 5 min, n(aldehyde): n( Acetic Anhydrid) =1:3
I, AR SO BB L, 1-2 2 R TS Y i R AT ik )
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Synthesis of 1. 1-diacetates under solvent-free by the Keggin
Type Polyoxometalate

FAN Zong-liang, ZHANG Cai-xia, LI Gui-xian
(College of Petrochemical Technology, Lanzhou Universion of Technology, Lanzhou 730050, China)

Abstract ; A series of Keggin type heteropoly acids were synthesized. Their FT-IR and X-ray spectroscopy indicated
that the catalyst structures were Keggin type. 1,1-diacetates was efficiently synthesized over M_ PW,,0,, - nH,0
and M_PMo,,0,, + nH,O catalysts(M =Fe Mn Ni ,Cu.Zn;x =1.1.5) Experimental results showed that a series of
aldehydes could react with acetic anhydride to produce corresponding 1,1-diacetates at room temperature under sol-
vent-free conditions by using heteropoly acid as catalyst, Among the tested catalysts. FePW,0,,is the best one and
under optimum conditions, i. e. , FePW,,0,,catalyst amount, 0.034 mmol; reaction time 5 min, molar ratio of Al-
dehyde and Acetic Anhydride =1: 3, and 59.2% ~94.9% yield of the corresponding 1,1-diacetates could be ob-
tained.

Key words: aldehyde; catalyze; 1,1-diacetates



