
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Polymer-Supported Lewis Acid Catalysts. V. Complexes of Titanium
Chloride or Stannic Chloride with Poly (βDiketone) Carrier
Ruicheng Rana; Diankui Fua

a Department of Chemistry, Peking University, Beijing, People's Republic of China

To cite this Article Ran, Ruicheng and Fu, Diankui(1990) 'Polymer-Supported Lewis Acid Catalysts. V. Complexes of
Titanium Chloride or Stannic Chloride with Poly (βDiketone) Carrier', Journal of Macromolecular Science, Part A, 27: 5,
625 — 636
To link to this Article: DOI: 10.1080/00222339009349647
URL: http://dx.doi.org/10.1080/00222339009349647

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222339009349647
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCI.-CHEM., A27(5), pp. 625636 (1990) 

POLYMER-SUPPORTED LEWIS ACID CATALYSTS. 
V. COMPLEXES OF TITANIUM CHLORIDE OR 
STANNIC CHLORIDE WITH POLY(PDIKET0NE) 
CARRIER 

RUICHENG RAN and DIANKUI FU 

Department of Chemistry 
Peking University 
Beijing 100871, People’s Republic of China 

ABSTRACT 

A polymer carrier containing 0-diketone groups was synthesized by a free 
radical polymerization of methacrylacetone monomer and combined with 
titanium tetrachloride or stannic chloride in chloroform to form two very 
stable complexes containing 19.5 and 18.3% C1 which are equivalent to 1.40 
mmol TiClJg complex beads and 1.28 mmol SnClJg complex beads, re- 
spectively. The two complexes showed good catalytic activity in many 
organic reactions such as acetalation, ketal formation, and esterification. The 
catalysts can be reused at least 8 times without losing their activity in 
organic reactions. 

INTRODUCTION 

It is well known that stable complexes can be easily formed between a transition 
metal ion and a 0-diketone. The structures and properties of many of these 
complexes have been studied extensively. Some of these have been looked upon 
as organometallic compounds [l, 21. 

In recent years we have reported a series of polymer-supported Lewis acid 
catalysts for organic reactions and cationic polymerizations [MI. In order to 
improve the stability of these catalysts, we synthesized a new polymer support 
containing 0-diketone groups which combined with titanium tetrachloride or 
stannic chloride to form two very stable complexes. These complexes not only 
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626 RAN AND FU 

showed very good stability but also good catalytic activity in many organic 
reactions. 

Synthesis of Polymer Carrier (Scheme 1) 

SCHEME 1. The synthesis method for the monomer, polymer carrier, and polymeric catalysts 
containing p-diketone groups. 

(1). Synthesis of the Monomer Containing @-Diketone Groups 

Place 11.5 g fresh cut sodium metal in 40 mL absolute ethanol in a 500-mL 
three-necked flask with a motor stirrer, a condenser equipped with a drying tube, 
and an addition funnel at 0°C. After 10 min, 200 mL methyl methacrylate (MMA) 
was added dropwise over 15 min. This was followed by the dropwise addition of 
20 g acetone over 1 h. The reaction was stirred continuously for 1 h. The reaction 
solution was placed in a freezer overnight. A yellow viscous solution was ob- 
tained. The solution was dropped into 200 mL ice-water and the layers were 
separated in a funnel. The bottom layer was drawn off, and the top layer was 
washed 2 times with 10% NaOH. The washing solution and the bottom layer were 
put into ice-water together and acidified with 30% hydrochloric acid to pH 1. The 
solution was separated and the bottom layer was drawn off. The top layer was 
extracted twice with ethyl ether. The ether extract and the bottom layer were dried 
together by CaC1,. The ether was removed by distillation, and a red viscous 
product was obtained by vacuum distillation at 12O0C/4O mmHg. The yield was 
60% (based on acetone). 

(2). Preparation of Polymer Carrier Beads 

Polymer carrier beads were prepared by copolymerization of a monomer con- 
taining @-diketone groups (25%, wt), styrene (73.5%, wt), and divinylbenzene 
(DVB, 1.5%, wt) in the presence of azodiisobutyronitrile (AIBN) in water. Beads 
of 20-100 mesh were used as functional polymer carriers. 
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Preparation of Complexes of Poly(f54iketone) with Titanium 
Tetrachloride or Stannic Chloride 

20 g of the polymer carrier beads containing 0-diketone groups was swollen in 
200 mL chloroform. A 10-mL solution of titanium tetrachloride or stannic chloride 
in chloroform (2:1, v/v) was added to the swollen polymer carrier and reacted for 
24 h at room temperature. The reaction mixture was filtered and washed 5 times 
with chloroform. The polymeric catalyst beads were dried under vacuum for 72 
h, giving dark brown (for SnC1,) and light brown (for TiCl,) catalyst beads, 
respectively. 

Determination of the Quantity of TiCI, and SnCi, Complexed in the 
Catalysts 

The complex samples were decomposed by burning them in an oxygen bottle. 
The chlorine content was determined volumetrically. The amounts of TiCl, and 
SnCl, complexed in the polymer catalysts were calculated from the chlorine 
content. 

Determination of the Acidity of the Complex Catalysts 

The pH values of the acetone-water solution obtained by hydrolyzing the 
complex samples in acetone-water (60%) were determined at 25°C with a pH 
meter (digital pwtemperature meter). 

Ultraviolet and Infrared Spectral Analysis 

UV spectra of the uncrosslinked complex of poly(P-diketone) with TiCl, and 
SnCl, in DMSO were obtained with a ultraviolet/visible spectrophotometer (Shi- 
madzu UV-250). The infrared spectra of these solutions were determined with an 
IR spectrophotometer (Shimadzu IR-408). 

Test of Catalytic Activity in Organic Reactions 

Esterification, acetalation, and ketal formation were carried out in the presence 
of the polymeric complex catalysts of poly(P-diketone) with TiCl, or SnCl, in 
benzene. The reaction solutions were refluxed by using a Dean-Stark trap for 1-2 
h at 85-95°C. The yields of these reactions were determined by GC using butyl 
acetate (for esterification reactions) and chlorobenzene (for other reactions) as 
internal standards. 
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RESULTS AND DISCUSSION 

RAN AND FU 

Preparation of Polymer Carriers and Catalysts 

The functional monomor containing f5-diketone groups was synthesized by a 
crossed Claisen condensation reaction between methyl methacrylate (MMA) and 
acetone in the presence of sodium ethoxide. In order to prevent an Aldol con- 
densation reaction between the two acetones, excessive methyl methacrylate was 
added in the reaction. 

The functional polymer carrier containing p-diketone groups was synthesized 
by suspension copolymerization of styrene, methacrylacetone (MAAC), and div- 
inylbenzene (DVB) in the presence of AIBN. The polymer carrier beads of 20-100 
mesh contain 19% (mol) of MAAC and 1.2% (mol) of DVB. 

The polymer-supported Lewis acid catalysts of complexes of polymethacryla- 
cetone (PMAAC) and stannic chloride or titanium tetrachloride were prepared by 
the reaction of the polymer carrier PMAAC with SnC1, or TiC1, in chloroform. The 
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FIG. 1. Dependence of the pH of 50 mL acetone-water solution (60%) containing 2 g polymeric 
catalyst beads. (A) PMAAC-SnCI,, (B) PMAAC-TiCI,. 
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POLYMER-SUPPORTED LEWIS ACID CATALYSTS. V 629 

chlorine content of the polymer catalysts is 18.3% for the polymethacrylacetone- 
SnC1, complex (PMAAC-SnC1,) and 19.5% for the polymethacrylacetone- 
TiC1, complex (PMAAC-TiC1,). This is equivalent to 1.28 mmol SnClJg com- 
plex beads and 1.40 mmol TiCldg complex beads. 
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FIG. 2. W spectra of PMAAMnCh and PMAAC in DMSO. (1) PMAAC (2,3,4,5) are 1,1.5, 
25, and 5% of uncrossl*ed PMAAcSnC14 in DMSO, respectively. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



630 RAN AND FU 

Acidity of the Solution Containing Polymer Catalysts 

The acidity of an acetone-water solution (60%) containing polymer catalyst 
beads reaches equilibrium in approximately 15 min (Fig. 1) due to hydrolysis of 
the complexed SnCl, and TiC1,. 

UV and IR Spectral Analysis 

The UV spectra of the solutions of uncrosslinked plymethacrylacetone 
(PMAAC) and its complexes with SnCI, (PMAAC-SnCl,) in DMSO are shown 
in Fig. 2. New absorption bands appear at 340 and 380 nm in the PMAAC-SnCl, 
complex as a function of PMAAC-SnC1, concentration (see Fig. 2). Two new 
absorption bands at 360 and 375 nm also appeared for the polymeric complex 
PMAAC-TiCl,. It is evident that formation of the complexes of polymer carrier 
PMAAC with SnC1, and TiC1, led to the appearance of the two new absorption 
bands. 

A very obvious difference between the IR spectrum of polymer carrier PMAAC 
and the complex of the polymer carrier with stannic chloride (Ph4AACSnC1,) is 
at 1705 em-', which is a characteristic absorption band of the C=O group of the 

r 1 

I I I I 1 I I 

4000 3000 2000 1800 1600 1400 1200 1000 800 650 

Wavenumber, cm-1 
FIG. 3. IR spectra of PMAAC-SnCl, complex and PMAAC polymer carrier. (A) PMAAC-SnCI,, 

(B) PMAAC. 
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uncomplexed polymer (see Fig. 3). In the IR spectrum of the polymeric complex, 
the characteristic band disappears, indicating that a complex of P-diketone in the 
polymer carrier with SnC1, is formed. The proposed structure, shown below (A), 
would be very stable: 

( A )  

Because the p-diketone group is a very strong electron donor ligand, complexes 
like CB) and (C) might also be foimed between Sn(1V) or Ti(1V) and the polymer 
carrier. The formation of all of these complexes would result in stabilization of the 
polymer-supported Lewis acid catalysts. 

Results of Catalytic Activity on Organic Reactions 

(1). Results of Catalytic Esterification 

Results of the esterification of carboxylic acids with n-butanol catalyzed by the 
polymer catalysts Ph4AAC-SnC1, and PMAAC-TiC1, (Table 1) indicates that the 
catalytic activity of the two polymer-supported catalysts is similar to that of the 
polystyrene-SnC1, complex catalyst (PS-SnCl,) [3] and polystyrene-TiC1, com- 
plex catalyst (PS-TiCl,) [4] in the reactions. 

R-COOH + n-CdH90H -* R-COOC& + H,O 

(2). Results of Catalytic Acetalation 

The results in Table 2 clearly verify that the polymer-supported catalysts 
PMAAC-SnC1, and PMAAC-TiCl, show good catalytic activity in the acetalation 
of substituted benzaldehydes with n-butanol and ethylene glycol, and that the 
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632 RAN AND FU 

TABLE 1. The Results of Catalytic Estetification of 
Acids with nButyl Alcohola 

R Time, Yields, 
in acids Catalystb h % 

-CH, A 2 50 
B 2 36 
C 4 74 
D 2 53 

-CHZCH3 A 2 44 
B 2 38 
C 4 100 
D 2 80 

A 2 13 
B 2 20 

4 22 
2 26 

aCatalysts: A = PMAACSnCl,, B = PMAAC-TiCl,, C 
= PS-SnCI, [3] ,  and D = PS-TiCI, [4]. 
bReaction condition: mole ratio of acid/alcohol = 12; the 
yield was determined by GC. 

yields are in accord with the Hammett substituent constants. That is, the reaction 
is aided by electron-withdrawing groups. In addition, the stronger affinity between 
aldehyde or alcohol and the P-diketone groups in the polymer catalysts resulted 
in higher catalytic activity compared to that of PSSnCI, and PS-TiCI, [3, 41. 

R CHO + 2 n-C 4 9  H OH - R @ 0 1 ( E 4 H g ) 2  + H20 

R @cHo + (CH2-m)2- R @cH(D-CH2)2 + H20 

(3). Results of Catalytic Ketal Formation 

The results in Table 3 indicate that the polymer catalysts PMAAC-SnCI, and 
PMAAC-Tic], show better catalytic activity in ketal formation than do the poly- 
mer catalysts PSSnCI, [3] and PS-TiCI, [4]. This result might also be related to 
the-stronger affinity between ketone, alcohol, and the p-diketone groups in the 
former. 
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TABLE 2. The Results of Catalytic Acetalation of Substituted 
Benzaldehydes with n-Butanol and Ethylene Glycola 

Yields, % 
R Time, 

in aldehyde Catalystb h n-BuOH (CHZOH) 2 

H 

0-OH 

PC1 

P-NO, 

m-NO, 

o-OCH~ 

A 0.5 
B 0.5 
C 4 
D 2 

A 1 
B 1 
C 4 
D 2 

A 1 
B 1 
C 4 
D 2 

A 1 
B 1 
C 4 
D 2 

A 0.7 
B 0.7 

A 0.7 
B 0.7 
D 2 

58 100 
54 100 
67 
62 

33 69 
26 67 
31 
24 

73 100 
16 100 
81 
73 

100 100 
98 100 

100 
87 

99 100 
100 100 

87 89 
76 84 
19 

*Reaction condition: mole ratio of aldehyde/alcohol = 1:2 in the 
reaction of n-BuOH, aldehyde/alcohol = 1:l in the reaction of ethylene 
glycol. The yields were determined by GC. 
bCatalysts: A = PMAACSnC14, B = PMAAC-TiCI,, C = PS- 
SnC14[3], and D = PS-TiC14 [4]. 
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TABLE 3. Results of Catalytic Ketal Formationa 

R n Time, Yields, 
Catalyst in alcohol in ketone h % 

-CH, 

PMAAC-TiCl, -H 

-CH3 

PSSnC1, [3] -H 

PS-Tic4 [4] -H 

-CH, 

1 
2 
3 

2 92 
2 100 
2 100 
2 85 
2 100 
2 100 

2 93 
2 100 
2 100 
2 87 
2 100 
2 100 

4 72 
4 96 
4 65 

2 87 
2 99 
2 86 
2 28 
2 44 
2 24 

aReaction condition: mole ratio of ketone/alcohol = 1:l in all reactions; 
the yields were determined by GC. 

TABLE 4. Yields of Reuse in Catalytic Ketal Formationa 

Reuse times 

I 2 3 4 5 6 7 8  
~~~~~~~~ ~ ~ 

PMAAC-SnC14 100 100 100 100 100 100 100 98 
PMAAC-TiC14 100 100 100 100 100 100 100 100 
PS-SnC14[3] 100 55 20 10 

'Reaction condition: 1 g of the catalysts was reused in the ketal formation reaction 
of cyclohexanone with ethylene glycol, the reaction time was 1 h for each reaction, 
and the yields were determined by GC. 
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Reuse Property of the Polymer Catalysts 
The results of ketal formation for cyclohexanone with ethylene glycol catalyzed 

by PMAACSnCl, and PMAAC-TiCl,, respectively (Table 4), show that the 
reuse capabilility of these catalysts is much better than that of PS-SnC1, [3] and 
PS-TiCl, [4]. In the ketal formation of cyclohexanone with ethylene glycol, the 
catalytic activity of the PMAACSnCl, and PMAAC-TiCl, catalysts remains 
completely unchanged even after being reused 8 times. It is fully evident that the 
PMAACSnCl, and PMAAC-TiCl, catalysts are very stable and exhibit high 
catalytic activity due to the 0-diketone groups which had been introduced into the 
polymer backbone. 

CONCLUSIONS 

A new polymer carrier containing 0-diketone groups, polymethacrylacetone 
(PMAAC), was synthesized and combined with stannic chloride or titanium 
tetrachloride to form two very stable polymeric Lewis acid complexes comprising 
a six-membered ring structure. Both polymer-supported Lewis acid catalysts, 
PMAAC-SnCl, and PMAAC-TiCl,, not only showed good catalytic activity in 
many organic reactions such as esterification, acetalation, and ketal formation, but 
also excellent stability as evidenced by their ability to be reused. Therefore, 
complex catalysts of stannic chloride or titanium tetrachloride with a polymer 
carrier containing 0-diketone groups will be useful as polymer-supported Lewis 
acid catalysts in industrial applications. 

REFERENCES 

[l] R. C. Mehrotra, R. Bohra, and D. P. Gaur, Metal-p-Diketoneapes andAllied 
Derivatives, Academic, London, 1978. 

[2] Kirk-Othmer, Encyclopedia of Chemical Technology, Vol. 12, 2nd ed., 
Wiley, New York, 1969, p. 149. 

[3] Ran Ruicheng, Jiang Shuojian, and Shen Ji, Chem. J. Chin. Univ., 7(3), 281 
(1986); Chem. Abstr., 106(10), 69077e (1987). 

[4] Ran Ruicheng, Jiang Shuojian, and Shen Ji, Chin. J. Appl. Chem., 2(1), 29 
(1985); Chem. Abstr., I03(4), 2793% (1985). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



636 RAN AND FU 

[5] Ran Ruicheng, Pei Weiwei, Jia Xinru, Shen Ji, and Jiang Shuojian, Sci. Bull., 
32(6), 388 (1987); Chem. Abstr., 108(5), 36846t (1988). 

[6] Ran Ruicheng, Jiang Shuojian, and Shen Ji, J. Macromol. Sci.-Chem., 
A24(6), 669 (1987); Chem. Abstr., 105 60145x (1987). 

[7] A. Svendsen and P. M. Boll, J. Org. Chem., 40(13), 1927 (1975). 

Received April 11, 1989 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


