
INTRODUCTION

Chrysanthemic acid esters are essential building blocks
of the pyrethroids, a class of nature insecticides. These insec-
ticides can be isolated from white chrysanthemum flowers
(Chrysanthemum cineriaefolium) and they combine a low
mammalian toxicity with high insecticidal activity1. Synthetic
pyrethroids are widely used as insecticides in agriculture,
forestry, domestic, horticulture, public health and veterinary
applications throughout the world because of their general high
potent bioefficacy, enhanced stability, and relatively low
toxicity to birds and mammals2,3. These compounds have been
improved physical and chemical properties and biological
activity compared to their natural analogues. Pyrethroids are
the most potent lipophilic insecticides4. They have been detec-
ted as surface water contaminants and impacts on the environ-
ment leading to effects on ecosystem health have been reported5.
Many of the toxicological studies on pyrethroids focused on
nontarget invertebrates and aquatic animals6-8, which are
extremely sensitive to the neurotoxic effects of these insecticides.
This paper reports the preparation of chrysanthemic acid esters
compounds involving a novel improved method for the
acetalization of aldehydes with glycerol (Scheme-I).
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Generally, acetalization reactions are carried out by
treatment of carbonyl compounds with alcohols in presence
of an acid catalyst and proceed with azeotropic removal of
water, using Dean-Stark apparatus. Previously, the catalysts
used in the acetalization reaction were generally protic acids,
Lewis acids and a number of transitional metal complexes
including Rh, Pd, and Pt.9-12 Although good results have been
obtained, the separation of the product from the catalyst system
after the reaction was still difficult and the noble metal catalysts
used were quite expensive and usually unstable13.

EXPERIMENTAL

1H NMR spectra were acquired using Bruker DPX300
NMR Spectrometer in CDCl3 solution with TMS as the inter-
nal standard. The elemental analyses were performed at the
Institute of Chemistry, Chinese Academy of Sciences. Analy-
tical thin-layer chromatography was carried out using MN
Kieselgel G/UV254 (Art. 816320) glass-backed plates. Resin
NKC-9 was purchased in Nankai University. Commercial
available organic compounds were used with further purifi-
cation and solvents for the reactions were dried on 4-Å
molecular sieves before use.

General procedure for the preparaton of products 2:

A mixture of the carbonyl compounds (1) (10 mmol), 1,2,3-
propanetriol (11 mmol) and resin 10 % (w/w) in toluene
(25 mL) was refluxed for 5-10 h, using a Dean-Stark trap
separator. After the reaction was complete (TLC), the resin
was separated by filtration. The toluene was removed under
reduced pressure. The product was obtained by distilling the
residue under oil-pump reduced pressure (Table-1).

General procedure for the preparaton of products 3a-

3m: A solution of the chrysanthemic acid and excess of SOCl2



was stirred at 50-60 ºC, after 4 h, the excess of SOCl2 was
removed under reduced pressure to give the crude chrysan-
themoyl chloride. Then to a solution of the acetal (1 mmol) in
10 mL CH2Cl2 and pyridine (1.1 mmol) stirred at room tempe-
rature, was added dropwise a solution of the chrysanthemoyl
chloride (1.1 mmol) in 5 mL CH2Cl2; the reaction progress
was monitored by TLC. Upon completion, the reaction mixture
was acidified with 1.5 N aqueous HCl and then partitioned
with water (30 mL). The organic phase was washed with brine
(3 × 30 mL), dried over anhydrous Na2SO4, and the solvent
was evaporated on a rotary vacuum evaporator to afford the
crude product. The crude product obtained after work-up was
purified by flash column chromatography on silica gel (300-
400 mesh).

As described above, the final compounds 3a-3m were
prepared from different aldehyde and 1,2,3-propanetriol in
various yield (Table-2). Data of magnetic resonance spectro-
scopy and elemental analyses are collected in Table-3.

TABLE-2 
YIELDS, PHYSICAL PROPERTIES OF COMPOUNDS 3 

Comp. R1 R2 
Yield  
(%)* 

Flash column 
chromatography 
petroleum ether: 

ethyl acetate 

3a a 

S   

82 9 : 1 

3b a 

S  
Br

Br  
76 9 : 1 

3c a 

S  

F3C

Br  
85 9 : 1 

3d b 

S   
78 9 : 1 

3e c 

S  
Cl

 
73 9 : 1 

3f a 

  
84 4 : 1 

3g c 

 

Br

Br  
81 9 : 1 

3h a 

 

F3C

Br  
77 4 : 1 

3i a 

  
82 4: 1 

3j a 

Cl

 
 

80 9 : 1 

 

Comp. R1 R2 
Yield  
(%)* 

Flash column 
chromatography 
petroleum ether: 

ethyl acetate 

3k a 

Cl

 

Br

Br  
79 4 : 1 

3l c 

Cl

 

F3C

Br  

77 9 : 1 

3m a 
Cl

  
79 4 : 1 

*Isolated yield based on acetal; a) Pale yellow viscous liquid; b) White 
crystalline solid; c) Yellow viscous liquid 

 
RESULTS AND DISCUSSION

The key step of the present route is that the acetalization
was performed using cation-exchange resin NKC-9 as catalyst,
which has been little used in this context. Cation-exchange
resin NKC-9 is a copolymer of divinylbenzene (DVB) and
styrene; the sulfonic acid group is the active site (Brønsted
acidity), which is the same as Amberlyst-15.14,15 Resin NKC-
9, however, is a commercial domestic product. Unlike
Amberlyst-15 (US), it can be obtained easily and cheaply.
Unlike dry HCl, corrosive acid HF, saturated H2SO4 and
p-TsOH, it can be recycled, does not corrode the apparatus and
the products separates easily and the reaction does not involve
any other additive. The preparation of the starting material
acetals (2) by acetalization has been reviewed in the literature16.

The biological activity of compounds 3 indicates that they
display better sterilization bioactivities and some insecticidal
activity17. This simple, inexpensive, efficient, recyclable and
highly ecofriendly acid catalyst has been shown to be useful
in acetalization reactions.
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YIELDS, PHYSICAL PROPERTIES OF ACETALS (2) 

Elemental analyses (found) 
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Yield 
(%)* b.p. (ºC) 1H NMR (CDCl3/TMS) (δ), J (Hz) 

C H 
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S  
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/0.30 KPa 
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(m, 1H), 4.18-4.23 (m, 0.5H), 4.33-4.39 (m, 1H), 6.11 (s, 0.5), 6.24 
(s, 0.5H), 6.98-7.02 (m, 1H), 7.15-7.19 (m, 1H), 7.33-7.36 (m, 1H) 
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(51.60) 

5.39 
(5.41) 

2bb 

 

85 150-152 
/0.98 KPa 

2.23-2.36 (m, 1H), 3.54-4.36 (m, 5H), 5.39-5.94 (4s, 1H),  
7.34-7.41 (m, 3H), 7.44- 7.51 (m, 2H) 

66.38 
(66.65) 

6.68 
(6.71) 

2cb 
Cl

 

87 172-174 
/1.30 KPa 

2.03 (s, 1H), 3.85-4.38 (m, 5H), 5.82-6.25 (3s, 1H),  
7.28-7.57 (m, 3H), 7.57-7.72 (m, 1H) 

56.18 
(55.96) 

5.19 
(5.17) 

*Isolated yield based on aldehyde; a) colourless liquid; b) pale yellow liquid 
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TABLE-3 
ANALYTICAL AND SPECTRAL DATA OF COMPOUNDS 3a-3m 

Elemental analyses (Found) Compound 1H NMR  (CDCl3/TMS) (δ), J (Hz) 
C H 

3a 
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3b 
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3d 

1.187-1.191 (d, J = 1.407 Hz, 6H), 1.246-1.253 (d, J = 2.208 Hz, 7H), 3.775-3.825 (m, 1H), 4.167-
4.186 (t, 2H), 4.231-4.282 (m, 1H), 4.479-4.541 (m, 1H), 6.246 (s, 1H), 6.970-6.999 (m, 1H), 7.157-
7.175 (m, 1H), 7.317-7.338 (m, 1H) 

61.91 (61.86) 7.14 (7.19) 

3e 

 

0.687-0.710 (d, J = 6.687 Hz, 3H), 1.014-1.055 (m, 3H), 2.267-2.351 (m, 1H), 3.104-3.204 (m, 1H), 
3.832-3.977 (m, 1H), 3.991-4.042 (m, 1H), 4.120-4.282 (m, 2H), 4.343-4.381 (m, 1H), 6.077 (s, 1H), 
6.957-6.988 (m, 1H), 7.147-7.161 (t, 1H), 7.270-7.275 (d, J = 1.683 Hz, 1H), 7.298-7.340 (m, 4H) 

59.91 (59.82) 5.56 (5.47) 

3f 
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3h 
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63.81 (70.98) 6.84 (8.01) 
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