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Abstract

Wells—Dawson type HeteropolyacidsgkP.Mo1s_,V1Oez) (N=0-2, 4) have proved to be efficient heterogeneous catalysts for the reaction
of epoxides with carbonyl compounds to form 1,3-dioxolane derivatives. Especially, wisNbl;VOg, was used to catalyze the reaction
between acetone and epoxypropane, the selectivity to 1,3-dioxolane reached to 93.3% with nearly complete conversion of epoxide an
1.1x 10*h~! of TOF.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Lewis or Brgnsted acid catalyds]. The use of BE-OEb,
SnCl, TiCly [6], KSF clay[7], HBF4 [8] and some other
Epoxides are important intermediates in organic synthe- Lewis acids has been investigated for this transformation.
sis [1] and their reactions with different nucleophiles un- Among these Lewis acids, BFOEt, has been successfully
der both nonsolvolyti¢1,2] and solvolytic conditions have used for conversion of different types of carbonyl com-
been the subject of extensive studj8k Direct conversion pounds to their corresponding 1,3-dioxolane derivatives with
of epoxides into 1,3-dioxolanes with carbonyl compounds only ethylene and propylene oxidfg, whereas Sngland
instead of adding water to form a diol with subsequent TiCl, gave little or no acetal5]. TIO(TFA)2, TiCl3(OTf)
elimination is a subject of interest due to the importance [9], RuCk [10] were also very effective catalysts for this
of 1,3-dioxolanes as widely used protecting groups for di- reaction. The achieved yields were comparable to those ob-
ols and particularly for carbohydrates and steroid chemistry served with B Anhydrous copper sulfatfl1] was also
[4]. In addition, compounds with 1,3-dioxolanes structure or shown to be a suitable catalyst for the reaction of acetone
moiety are of interest in the manufacture of pharmaceuti- and expoxides, resulting in convenient rates and good yields
cals and fragrances. 1,3-Dioxolanes were usually prepared11]. Noble metal catalysts such as [OgNCMe)3%*] [12]
from oxiranes with carbonyl compounds in the presence of and CHReG; [13] and N-benzylpyridium hexafluoroan-
timonates[14] can also catalyze the title reaction. Some
* Corresponding author. solid materials, zeolites (ZSM-5, Y and ultra stabilized
E-mail addressjssuo@cioc.ac.cn (J. Suo). HUSY)K10 montmorillonitg5], can also be used to produce
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>< FTIR, UV-vis, thermal gravimetric analysis (TGA) and ele-
W Wells-Dawson Heteropolyacid, 0.1mol % O 0 mental analysis, and the results were all satisfactory. Purities
o) Acetone, room temperature, 5 min o )_/ of all prepared heteropolyacid catalysts are >98% according
to the above-mentioned analysis.

Scheme 1. . .
2.3. Catalytic reactions

the dioxolanes derivatives from expoxides and carbonyl
compounds.

Heteropoly compounds have many advantages as catalystﬁa
that make them economically and environmentally attrac-
tive both in academic and industrial chemistry. Heteropoly
compounds are effective catalysts for various reactions and
have high capability in practical uses, because their redox and
acidic properties can be controlled at the atomic/molecular
levels by changing the constituent elements as perthe needs 05
the chemical proce$&5]. Keggin-type heteropolyacids have
been investigated for conversion of epoxides with acetone to
give 1,3-dioxolanes, but polymerization and isomerization

2.3.1. Reaction procedure

All reactions were carried out in a magnetically stirred
sk equipped with a dropping funnel and a condenser. The
heteropolyacid 0.1 mol% based on the oxirane was used. The
oxirane was added to a mixture of the catalyst and the car-
bonyl compound through a dropping funnel within 5 min at
room temperature.

3.2. Products analysis

Quantitative and qualitative analysis of organic compo-
nents were conducted with a HP6890/5973 GC/MS and a
Techcomp GC-7890 Il equipped with an FID detector. The

of epoxides greatly inhibit the formation of 1,3-dioxolanes concentration of reactant and product was directly given
[13]. Recently, Habib[16] and Mirkhani[17] have reported by the system of GC chemstation according to the area of

the conversions of epoxides to 1,3-dioxolanes in the presence : . .
each chromatograph peak. The GC yield was obtained in a

0f K5CoW2040-3H,0 and (NH)s[CeW100se]- 20H,0, re- Perkin-Elmer AutoSystem XL GC equipped with an FFAP

spectively. Although the substrate could also be completely (50 mx 0.25mm column) using chlorobenzene as internal

consumed over (Nijg[CeW;10036]-20H,0, the prolonged standard.

reaction time (1.5-5h) or/and the high temperature (reflux '

conditions) are needed. Therefore, it is necessary to develop

a more effective and convenient catalytic system for this re-

action. Here, we first report a novel and extremely efficient

method for conversion of epoxides to their corresponding

1,3-dioxolanes using Wells—Dawson heteropoly acids as cat-

alysts Scheme L

3. Results and discussion

3.1. Effect of catalysts on the cycloaddition of epoxides
with carbonyl compound

Table 1 shows the results of the cycloaddition reac-
tion of 1,2-epoxypropane with acetone over various types
of heteropolyacids. The selectivity to 2,2,4-trimethyl-1,3-
dioxolane was strongly dependent on the kinds of the
HPA catalysts while the conversions of 1,2-epoxypropane
. . . were not sensitive and are all higher than 95% in the

All reagents used were highest purity commercial osence of catalysts (Entries 1-9). No reaction was ob-
products (99%), and applied to the reaction without fur- qo\eq in the absence of catalyst (Entry 10). Compared with
ther purification. Keggin-type heteropolyacids, such as 12- Wells—Dawson type heteropolyacidssiP,Mo1s_nVnOs2)
tungstophoric acid (5PW12040-25H,0), 12-tungstosilicic .= _5  4) were preferable to Keggin type heteropolyacids,
acid (H1SiW12040-26H,0) and 12-mo|ybdophos.p_hor|c acid  \hich were less selective to 2,2,4-trimethyl-1,3-dioxolane.
(H3PMo12040-28H,0), were purchased from Beijing Chem-  gqpecially, when HP,Mo17VOs, was used, the selectiv-

icgl Reagent Co. with CP. Before use, these reagents Werqty was as high as 93.3% with a nearly complete conver-
dried at 60°C for 48 h. sion of 1,2-epoxypropane. It is worthy to be noted that

the TOF of H+nP2Mo1s nVhOg2 (n=0-2, 4) in this reac-
2.2. Preparation of catalysts tion was all greater than 1:010*h~1. The ring-opening

oligomerization products of 1,2-epoxypropane were also de-

The catalyst P,W150g2 Was prepared according to pre- tected by GC/MS analyses. Interestingly, 2-ethyl-4-methyl-

vious method[18]. H;P,W17VOg2 was prepared from an  1,3-dioxolane (less than 1% in entry 2), which is derived
aqueous solution af>-K7P,W17VOe2 [19]. HgP2M015062 from the cycloaddition reaction between acetaldehyde and
was prepared according to the report of WaOQ]. 1,2-epoxypropane, was also detected although its amount
Hs+nP2Mo1s-nVnOs2 (N=1, 2, 4) was synthesized according was negligible. It demonstrates the isomerization of 1,2-
to Ref.[21]. H4PMo0;11VO40 were prepared according to Ref.  epoxypropane to acetaldehyde was also possible under acidic
[22]. The structure of the prepared catalysts was confirmed by conditions.

2. Experimental

2.1. Materials and reagents
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Table 1

Reaction of 1,2-epoxypropane and acetone over various cafalysts

Entry Catalysts Conversion (%) Selectivity (%§ Yield (%) TOF/H (10%)
1 HgP2Mo018062 99.3 921 915 11
2 H;P,Mo017VOg2 999 933 932 11
3 HgP2Mo16V 2062 99.2 914 907 11
4 Hi10P2Mo014V 4062 994 909 904 11
5 HgP2W18062 99.0 745 738 0.9
6 H7P,W17VOg2 99.3 857 851 10
7 H3PMo012040 988 198 196 0.2
8 H4PMo011VO40 97.3 259 252 0.3
9 H3PW;2040 957 217 208 0.2

10 No catalyst ® 0.0 0.0 0.0
11f H7P,M017VOg2 99.0 904 895 10

2 50 mmol 1,2-epoxypropane; 100 mmol acetone; room temperature; 0.05 mmol catalyst.
b Conversion of 1,2-epoxypropane.

¢ Selectivity to 2,2,4-trimethyl-1,3-dioxolane.

4 GC yield.

€ TOF = mol product/mol catalyst h.

f Reused for the fourth time.

Environmental and economical consideration prompts an workup (separation of the catalyst simply by filtration); (ii)
urgent need to redesign commercially important processes.the high level of purity of the products; (iii) and the possi-
In this context, heterogeneous catalysts play a dramatic rolebility of recycling catalysts, as well as avoiding the use of
[23]. The use of heterogeneous catalysts in different ar- noxious substancgd7]. In this case, we have found that
eas of the organic synthesis has now reached significantH;P,Mo017VOg> is immiscible with reaction mixture and
levels, not only for the possibility to perform environmen- could be reused four times without visible loss of the ac-
tally benign synthesis, but also for the good yields, ac- tivity in the reaction between 1,2-epoxypropane and acetone
companied by excellent selectivity that can be achieved. (Table 1 Entry 11), simply by filtering the catalyst, washing
In fact, the advantages of these catalysts are: (i) the easywith acetone, drying and immediately reusing. Therefore,

Table 2
Reaction of epoxides and acetone ovePyMo;7V0g,?
Entry Epoxides Conversion (%) Products Selectivity (%) Yield (%)d TOF/H (10%)
(0]
1 <] 99.9 )O\’Eg 933 932 11184
(o}
2 Cl <] 99.6 C]\)Oj 96.1 957 11
o—x(

< CI\/QO - e A0 - 75 <Q0014
4 <} 99.2 \)"\/O 927 920 11
5 —<] 995 \/\/"(\; 90.4 900 10

O O,X(
6 - 99.7 \/K/O 92.6 923 11

0

7 O?O 99.0 QO>< 913 904 11

s O‘B(
8 99.8 © 94.0 938 11

\/\0 0

9 0™ 99.4 /\OC# 956 950 11

2 50 mmol epoxides; 0.05 mmol catalyst; 100 mmol acetone; 5 min; room temperature.

b Conversion of 1,2-epoxides.

¢ Selectivity to 1,3-dioxolanes.

4 GC yield.

€ TOF = mol product/mol catalysth.

f Reported in literatur§l 6] using KsCoW;2040-3H20 as catalyst, reaction conditions: reflux for 420 min, catalyst/epoxide: 1/100.
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this catalyst can be used as a stable and recyclable catafn=0-2, 4), especially HP,M017VOg2, as more suitable,

lyst. nonhygroscopic, nontoxic, available, stable, reusable and het-
erogeneous catalysts for the title reactions. In addition, the

3.2. Reactions of various epoxides with acetone advantages, such as mild reaction conditions, ease of prepa-

catalyzed by HP2Mo17VOs> ration, simple filtration at the end of reaction and high yields,

give a new synthetic application ofZR,M017VOg> in or-

The results of cycloadditions of different epoxides with ganic synthesis.
acetone over FP2Mo17VOg; are shown imable 2 This cat-
alyst proved to be very active toward all examined epoxides 3.3. Reactions of different carbonyl compounds with
(Entries 1, 2, 4-9), catalyst loads as low as 0.1 mol% leading 1,2-epoxypropane over4?2Mo17VO0g2
to high epoxide conversion within 5min at room tempera-
ture. For the purpose of comparison, a reported result was Table 3shows the results of #PoMo17VOg, catalyzed
also listed inTable 2(Entry 3). In our HP,Mo017VOg> cat- reactions between 1,2-epoxypropane and ketones or alde-
alytic system, epichlorohydrin could be completely converted hydes. All the ketones with the exception of diisopropyl
to the corresponding desired product within 5 min whereas ketone, which gave the corresponding 1,3-dioxolane with
the same reaction has to be carried out at reflux conditions85.2% epoxide conversion, reacted with 1,2-epoxypropane
for 7 h over KsCoW;2040-3H20 with a slight inferior yield in almost quantitative epoxide conversion and good selectiv-
[16]. Although, at worst, the selectivity to 1,3-dioxolane was ity to the 1,3-dioxolanes at room temperature within 5 min.
90.4% (Entry 5), it presents a potential advantage over con-The poor reactivity of diisopropyl ketone may be caused by
ventional catalytic systems. Using;PbMo17VOg> as cata- its steric hindrance. When using aliphatic aldehydes as sub-
lyst, we found that 2,2,4-trimethyl-1,3-dioxolane was formed strate, the epoxide conversions are all satisfactory. However,
with a TOF of 1.1x 10* which is much greater than that of  the selectivity of 1,3-dioxolanes slightly declined with forma-
conventional catalytic systems. It clearly indicates the high tions of a few unidentified by-products. When benzaldehyde
efficiency of this catalyst. Therefore, we have introduced was used as substrate, the corresponding 1,3-dioxolane was

Wells—Dawson type heteropolyacidsfiPoM0o18 1V Os2) formed in 98.9% epoxide conversion and 96.3% selectivity.
Table 3

Reaction of 1,2-epoxypropane with different carbonyls ovgPi1017VOg,?

Entry Carbonyl compound Conversion (%) Products Selectivity (96) Yield (%) TOF/H (10%)

0
97.1 X j/ 97,6 948 11
0
852 ><(O;I/ 907 773 09
976 >>:><Zj/ 921 899 11
el

SV

o

984 94.2 927 11

vy

0
o

990 <:><oj/ 94.4 935 11

98.9 ©><§]/ 933 923 11

0 996 sz/ 812 809 10
0
97.3 /\/\<oj/ 950 924 11

0
984 >/Y j 904 925 11
0
0
98.9 963 952 11

2 50 mmol epoxide; 0.05 mmol catalyst; 100 mmol carbonyl compound; 5 min; room temperature.
b Conversion of 1,2-epoxypropane.

¢ Selectivity to 1,3-dioxolane.

4 GC yield.

€ TOF =mol product/mol catalyst h.
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In view of the foregoing, HP.Mo17VOg> has a good gener-
ality as catalyst for the reactions of epoxides with carbonyl
compounds. It is worthy to be noted that TOF of this cata-
lyst in Table 3was all greater than 0.9 10%, indicating the
effectiveness of our catalytic system.

4. Conclusion

In conclusion, Wells—Dawson type heteropoly acids
(Hg+nP2Mo013-nVnOg2) (n=0-2, 4) proved to be effective

G. Li et al. / Journal of Molecular Catalysis A: Chemical 236 (2005) 72—-76

[4] F.A. Meskens, Synthesis (1981) 501.

[5] I. Bucsi, A. Meleg, A. Molnar, M. Bartok, J. Mol. Catal. A: Chem.
168 (2001) 47.

[6] D.S. Torok, J.J. Figueroa, W.J. Scott, J. Org. Chem. 58 (1993)
7274.

[7] H. Steinbrink, Chmische Werke Huls AG, Ger. Pat. (DOS), 1086241,
1959 (Chem. Abstr. 56 (1962) 5969).

[8] A. Gevorkhyan, P.I. Kazarian, O.V. Anakhyan, A. Vardanian,
Kim. Geterotsikl. Soedin 1 (1991) 33 (Chem. Abstr. 115 (1991)
8633x).

[9] N. Iranpoor, B. Zeynizadeh, J. Chem. Res. (S) (1998) 466.

[10] N. Iranpoor, F. Kazemi, Synth. Commun. 28 (1998) 3189.
[11] R.P. Hanzlik, M. Leinwetter, J. Org. Chem. 43 (1978) 438.

catalysts for the reactions between epoxides and aldehydes dit2] R.D. Adams, T. Barard, J. Organometal. Chem. 582 (1999)

ketones to afford 1,3-dioxolanes. Various epoxides could be

efficiently converted to 1,3-dioxolanes ovefP4Mo17VOg2
catalyst within 5min. Short reaction time, simple work up,

358.
[13] Z. Zhu, J.H. Espenson, Organometallics 16 (1997) 3658.
[14] S.B. Lee, T. Takata, T. Endo, Chem. Lett. (1990) 2019.
[15] M.N. Timofeeva, Appl. Catal. A: Gen. 256 (2003) 19.

mild reaction conditions and reliable reusability are the fea- [16] M.H. Habibi, S. Tangestaninejad, V. Mirkhani, B. Yadollahi, Catal.

tures obtained in the Wells—Dawson type heteropoly acids

catalytic systems.

References

[1] J.G. Smith, Synthesis (1984) 629.
[2] N. Iranpoor, F. Kazemi, P. Salehi, Synth. Commun. 27 (1997) 1247,
N. Iranpoor, P. Salehi, Tetrahedron 51 (1995) 909;

Lett. 75 (2001) 205.

[17] V. Mirkhani, S. Tangestaninejad, B. Yadollahi, L. Alipanah, Catal.
Lett. 91 (2003) 129.

[18] G. Jander, H.Z. Banthien, Z. Anorg. Allg. Chem. 229 (1936)
142.

[19] S.P. Harmalker, M.A. Leparulo, M.T. Pope, J. Am. Chem. Soc. 105
(1983) 4286.

[20] H. Wu, J. Biol. Chem. 43 (1920) 189.

[21] E.B. Wang, L.H. Gao, J.F. Liu, D.H. Yan, Acta Chim. Sin. (China)
46 (1988) 757.

J.A. Ciaccio, C. Stanescu, J. Bontemps, Tetrahedron Lett. 33 (1992) [22] Y. Ding, Q. Gao, G.X. Li, H.P. Zhang, J.M. Wang, L. Yan, J.S. Suo,

1431.

[3] S. Winstein, R.D. Henderson, J. Am. Chem. Soc. 65 (1943) 2190;
J. Otera, Y. Yashinaga, K. Hirakawa, Tetrahedron Lett. 32 (1985)
3219;

B.M. Choudary, Y. Sudha, Synth. Commun. 26 (1996) 2898.

J. Mol. Catal. A: Chem. 218 (2004) 161.

[23] (@) G.H. Posner, Angew. Chem., Int. Ed. Engl. 17 (1978) 487;
(b) D.C. Bailey, S.H. Langer, Chem. Rev. 81 (1981) 109;
(c) R.A. Sheldon, I.W.C.E. Arends, G.J.T. Brink, A. Dijksman, Acc.
Chem. Res. 35 (2002) 774.



	Efficient and highly-selective cycloaddition of epoxides with carbonyl compound over Wells-Dawson type heteropolyacids
	Introduction
	Experimental
	Materials and reagents
	Preparation of catalysts
	Catalytic reactions
	Reaction procedure
	Products analysis


	Results and discussion
	Effect of catalysts on the cycloaddition of epoxides with carbonyl compound
	Reactions of various epoxides with acetone catalyzed by H7P2Mo17VO62
	Reactions of different carbonyl compounds with 1,2-epoxypropane over H7P2Mo17VO62

	Conclusion
	References


