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Abstract: A new environmental friendly catalyst, H;SiW,04/MCM-48 was prepared. Catalytic activities of
H4SiW ,04/MCM-48 in synthesizing 2-methyl-2-ethoxycarbonylmethyl-1,3-dioxolane, 2,4-dimethyl-2-
ethoxycarbonylmethyl-1,3-dioxolane, cyclohexanone ethylene ketal, cyclohexanone 1,2-propanediol ketal,
butanone ethylene ketal, butanone 1,2-propanediol ketal, 2-phenyl-1,3-dioxolane, 4-methyl-2-phenyl-1,
3-dioxolane, 2-propyl-1,3-dioxolane, 4-methyl-2-propyl-1,3-dioxolane were reported. It has been demon-
strated that H;SiW,04/MCM-48 is an excellent catalyst. Various factors concerned in these reactions have
been investigated. The optimum conditions have been found, that is, the molar ratio of aldehyde / ketone to
glycol is 1/1.6, the mass ratio of the catalyst used to the reactants is 0.6%, and the reaction time is 45 min.
Under these conditions, the yield of 2-methyl-2-ethoxycarbonylmethyl-1,3-dioxolane is 78.2%, and
2,4-dimethyl-2-ethoxycarbonylmethyl-1,3-dioxolane is 86.7%, the yield of cyclohexanone ethylene ketal is
83.1%, and cyclohexanone 1,2-propanediol ketal is 87.2%, the yield of butanone ethylene ketal is 52.2%, and
butanone 1,2-propanediol ketal is 91.9%, the yield of 2-phenyl-1,3-dioxolane is 83.7%, and
4-methyl-2-phenyl-1,3-dioxolane is 82.9%, the yield of 2-propyl-1,3-dioxolane is 87.5%, and
4-methyl-2-propyl-1,3-dioxolane is 86.2%.
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Tablel. The factors and levels of the
orthogonal experiments

£1 EXRE L, (3 MERMAF
Level Factor*
A B C D
1 1:1.4 02 6 30
2 1:1.5 04 8 45
3 1:1.6 0.6 10 60

* A:n(THA): n(1,2-0 = 1);B: fEALFIHE (%) ;
FiHE (mL) 5 D: JgMHEA] (min)

HI3 2 AT, DU BRI o DL S I T Jse o F) 5
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HLREHIB RN INE) ) Frma LA R R #, AR AL
PAHERN AByCoD,, JRRIE B RNV 4 A2 n( T
Fli):n(1,2— P9 —E)=1:1.6,w(fi 1k 71)=0.6%, 5 /KFIFR
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SO4¥/Ti0,-La,05 5 H,SiW 1,040/ MCM-48 {4k & i T
i 1,2- A 400 P 1 SIE 5 25 2R

C: #RFHM D

1005

Scientific
Research

»
%

* 9.0
e

&

Table 2. The results analysis of the orthogonal experiments
2L, (3 ZHE (A, B, C) =Z/KF (L, 2, 3) EXLRE

REAHT
No. Factor* Yield/%
A B C D

1 1 1 1 1 73.5
2 1 2 2 2 912
3 1 3 3 3 77.3
4 2 1 2 3 83.1
5 2 2 3 1 71.7
6 2 3 1 2 91.9
7 3 1 3 2 95.4
8 3 2 1 3 78.1
9 3 3 2 1 83.5
K, 242.0 2520 2435 2347

K, 252.7 247.0 2578 2785

K; 257.0 252.7 2504 2385

ki 80.7 84.0 81.2 78.2

k; 84.7 823 85.9 92.8

ks 85.7 842 83.7 79.5

R 5.0 1.9 4.7 14.6

Table 3. Comparison of catalytic activity of different catalysts

R 3. ARSI IS ER

n(butanone) . .
W(cata  Reaction Yield
Catalyst n(1,2-pro- . .
. lyst)/%  time/min /%
panediol)
Fex(SO4);xH,0 1:2.0 2.0 270 47.0
FeCl;-6H,0O 1:1.5 1.5 90 475
SO,*/Ti0,-La,0;5 1:2.5 0.5 120 68.7
H4SiW 1,040/
N 116 0.6 45 91.9

MCM-48

H2 3 70T AT 4, HuSiW 1,04/ MCM-48 {1k 51
B TR 1,2- PN B i R AN SO 5 1) S I )
A H &, B R e T
Fe,(SO4)sxH,0 « FeCly-6H,0 Fl SO,*/TiO,-La,05.

34BN TERE

FEAE R T 1,2-P9 B4 RS 7= i T e 2
np? 24 1.4093, 53CHRE (np™® h 1.4090)H175, 7=k
TEFBWHBAR, A REE. P20 E L A6
o/em”  (IR,KBr):1250,1218, 1194  F1 1157,
'HNMR(300MHz,CDCl;), 8:4.11-4.24(m,1H,CH),
3.83-4.06(m, 1H,CH), 3.34-3.46(m,1H,CH), 1.60-1.69(dd,
2H,CH,),  1.34(s,3H,CH;),  1.26-1.30(d,3H,CH),
0.90-0.96(t,3H,CH3). H IR A1 "H NMR %3 ol ik~
Wk T 1,2-79 —FE 4T

AEEHERE (W ~REaK
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E n(ESE Y n(4 FES 1,2-I0 —F)=1:1.6,
w(EAH))=0.6%, [NV TE]A 45 min U644 T, H
HySiW 1,04/MCM-48 YEREALFIEAL G T 2- I 4E-2-
CEIRMHE-1, 3-SR (la) | 2, 4-HI%E-2-
CHEIPEE-1, 3-SR (1b)  RCE 2
il (22) RO 1,2-8 B4R (2b) . TRIZ
TSR (3a) o THd 1,2-9 CEE4EET (3b) L 2-0F
-1, 3-THEINRLE (4a) L 4-HIIE-2-ORIE-1, 3-T4K
e (4b) o 2-T3E-1, 3-A IR RLE (5a) | 4-
FRAE-2-JE-1, 3-4FR e (5b) 10 Fhdile (i)

P e KETHI 10 el (D 7= i35 ok Jo (s B A,
FO iR Pt IR FRAEIE DL AORCR 45 AR T3
4 2 3R 4 S EE BRI, FIH HaSiW1,04/MCM-48
MEALA R 10 FRgEms (ED 7= 5 3 A S Skt M
=, AR S LA AR . AR 4 WA,

H,SiW 1,04/MCM-41 1] I T46lE (FiD 7= 56 i

Table 4. Synthetic results of 10 classes of acetals or ketals

K4 BR 10 P (B ™ REERESRE

Product Boiling point / °C  np™  Yield/%  Wavenumber/cm™

la 126-128 °C/6.7 kPa 1.4325 78.2 1738,1375,1244,1188,1047
1b 150-155°C/6.7kPa 1.4282 86.7 1740,1377,1244,1188,1043
2a 176~180 1.4580  83.1 2937,2863,1163,1104
2b 174~178 1.4492 872 2937,2864,1163,1103
3a 112~118 14105 522 1254,1215,1194,1130
3b 120~126 1.4095 919 1250,1218,1194,1157
4a 220-228 1.5254 837 1096,1071,1028,947

4b 218-226 1.5094 829 1097,1067,1011,976

5a 130~134 14181 875 1146,1123,1023,946

Sb 139~143 14142 86.2 1150,1123,1024,970
548

(1) LL HySiW 1,040/ MCM-48 AT % T T 1,2-
P O R A s n(CT A )in(1,2- I
BE)=1:1.6,w(flE4L771)=0.6%, ke kKA, KRN
[F) 45 min, T} 1,2-P4 B4 BECE AR 91.9%.

(2) 7F n(BE/H):n( 2 —WE/1,2-9 —lE)=1:1.6, fE4b7
B oy S SR TR () 0.6%, SN R[] 24 45 min
ZATT , HaSiW1,04/MCM-48 HEAL 25 10 Fh 45 5 (i)
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FIBCRIE 52.2%-91.9%2 (] HySiW ,04/MCM-48 i
B AR T () P i LA A RS T . TSR R A
RIS IS O SN S AN T T 7 < W S
H,SiW ,04/MCM-48 2 £ 40 T (i) 7= i (1 AL KA Ak
A, B RN TS
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