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Abstract The reactions of oximes with benzyl bromide
catalyzed by benzyldimethyltetradecylammonium chloride
are carried out at room temperature for 30—60 min in
aqueous sodium hydroxide solution under ultrasound
irradiation to offer O-benzyl oxime derivatives in
60-96% yields. In comparison to classical methods, the
advantages of the present procedure include short reaction
time, high yields and environmental friendliness.

Keywords oxime ether, phase transfer catalysis, ultra-
sound, etherification

1 Introduction

Oxime-ethers compounds frequently exhibit satisfactory
insecticidal, fungicidal or herbicidal activity. Many of them
have characteristics of low toxicity and residue. Cymoxan is
a first oxime-ether type fungicide, which was manufactured
in 1974. Alloxydim is a first herbicide with oxime-ether
skeleton, which was developed in 1976. A great number of
fungicides and herbicides containing oxime skeleton has
been used in agricultures since 1990s [1]. Recent efforts
have been focused on the study on molecular design,
synthesis and biological activity of oxime compounds.
Among the rest, the application of oxime-ethers in
agrochemicals has attracted more and more attention
because of their characteristics including high biological
activity and broad application prospects.

In the literature, the oxime-ethers were prepared under
anhydrous conditions using a strong base such as NaH or
sodium alkoxides to realize the substitution reaction
between alkyl halide and oxime [1]. However, low yields,
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long reaction times, and side reactions to give byproducts
such as nitrones were the drawbacks of the method.

A new challenge has been the recent interest in green
chemistry for organic synthesis, i.e. new reaction condi-
tions need to be found to reduce the emission of volatile
organic solvents and the use of hazardous toxic chemicals.
Organic reactions in aqueous media have currently
attracted increasing interest because of environmental
issues and the understanding of biochemical processes.
As a reaction solvent, water offers many practical and
economic advantages including low cost, safe handling and
environmental compatibility [2—4]. Recently, many organic
reactions in aqueous media, such as Diels-Alder reactions
[5-8], Claisen rearrangements [9—14], Aldol condensations
[15,16] and Michael reactions [17,18], have been described
in the literatures [19-23].

Phase-transfer catalysis is a technique by which reactions
between substances located in different phases are brought
about or accelerated. Although examples of the phase-
transfer catalysis can be found in the early literature, the
technique has only been developed since the middle of the
1960s. Phase-transfer catalyst (PTC), such as quaternary
ammonium salt, is well known to accelerate many reactions
under mild conditions where the reactions hardly take place
in the absence of the catalyst [24].

Ultrasound irradiation has been considered as a clean
and useful protocol in organic synthesis in the last three
decades. Compared with traditional methods, the procedure
is more convenient. A large number of organic reactions
can be carried out in higher yield, with a shorter reaction
time or under milder conditions by ultrasonic irradiation
[25,26]. In recent years, the combined ultrasonic technique
and phase-transfer catalysis for the organic reactions have
been reported [27-31]. Recently, an improved synthesis of
oxime-ethers by the combination of phase-transfer catalysis
and ultrasonic technique was carried out in high yield
within a short time [1,32]. Herein, we wish to report an
efficient synthesis of the O-benzyl oximes with aqueous
sodium hydroxide in the presence of benzyldimethylte-
tradecylammonium chloride under ultrasound irradiation
(Scheme 1).
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Scheme 1 Synthesis of O-benzyl oximes

2 Experimental

2.1 Apparatus and analysis

Oximes were prepared according to the method reported in
literature [33,34]. Melting points were uncorrected.
Sonication was performed in a Shanghai Branson
BUG25-06 ultrasonic cleaner with a frequency of 25 kHz
and a nominal power of 250 W. The '"H NMR spectra were
measured on a Bruker AVANCE 400 (400 MHz) or Bruker
AC-P300 (300 MHz) spectrometer using TMS as internal
standard and CDCl; as solvent. Elemental analyses were
carried out using an AGILENT 6890N 5973N Mass
spectrometer.

2.2 Typical procedure

The oxime (1, 1 mmol), NaOH(1 mmol), water (3 mL),
benzyl bromide (2, 1.5 mmol) and benzyldimethyltetrade-
cylammonium chloride (0.040 g, 0.1 mmol) were added to
a 50 mL round flask. The mixture was irradiated in the
water bath of the ultrasonic cleaner at r. t. for the period
indicated in Table 1 (the reaction was monitored by TLC).
After the completion of the reaction, the mixture was
extracted with CH,Cl, (3 x10 mL). The combined organic
layers were dried over anhydrous sodium sulfate, filtered
and evaporated to dryness in vacuo. The product was
purified by chromatography on Al,O3. Elution with
petroleum ether or a mixture of petroleum ether and
dichloromethane afforded the O-benzyl oximes. The
authenticity of the product was established by MS and 'H
NMR data.

0-Benzyl 2-methoxybenzaldoxime (3a): liquid; "H NMR
(CDCl;, 400 MHz) o: 3.87 (s, OCH;, 3H), 5.28 (s,
OCH,Ph, 2H), 6.92-7.87 (m, ArH, 9H), 8.62 (s, CH=N,
1H); MS (EI, 70 eV) m/z (%): 241 (M", 10), 210 (9), 119
(8), 91 (100), 77 (7.5), 65 (5).

O-Benzyl 4-methoxybenzaldoxime (3b): white solid; m.
p. 40-42°C; 'H NMR (CDCl;, 400 MHz) 6: 3.86 (s,
OCHs;, 3H), 5.22 (s, OCH,Ph, 2H), 6.91-7.57 (m, ArH,
9H), 8.13 (s, CH=N, 1H). MS (EL 70 eV) m/z (%): 241
(M7, 30), 211 (4), 91(100), 77 (11).

O-Benzyl 4-nitrobenzaldoxime (3c¢): white solid; m.p.
115-117°C; '"H NMR (CDCl;, 400 MHz) J: 5.29(s,
OCH,Ph, 2H), 7.29-7.78 (m, ArH, 7H), 8.21 (s, CH=N,
1H), 8.24-8.26 (m, ArH, 2H); MS (EI, 70 eV) m/z (%):256
(M", 0.9), 91(100), 77 (6.7), 65(7.2).

O-Benzyl 2,4-dichlorobenzaldoxime (3d): white solid;

m.p. 50-52°C; 'H NMR (CDCl;, 400 MHz) 6: 5.26 (s,
OCH,Ph, 2H), 7.25-7.87 (m, ArH, 8H), 8.52 (s, CH=N,
1H); MS (EL, 70 eV) m/z (%): 281 M+ 1, 4), 279 (M", 5),
249 (5), 123 (7.5), 91(100), 77 (8), 65(8).

O-Benzyl 2-chlorobenzaldoxime (3e): liquid; 'H NMR
(CDCl3, 400 MHz) d: 5.33 (s, OCH,Ph, 2H), 7.30-7.97 (m,
ArH, 9H), 8.67 (s, CH=N, 1H); MS (EL, 70 eV) m/z (%):
245 (M", 2.5), 215 (7), 111(1), 91(100), 77 (3), 65 (2.5).
O-Benzyl 3-chlorobenzaldoxime (3f): liquid; 'H NMR
(CDCl3, 400 MHz) d: 5.28 (s, OCH,Ph, 2H), 7.31-7.66 (m,
ArH, 9H), 8.13 (s, CH=N, 1H); MS (EIL, 70 eV) m/z (%):
245 (M7, 5), 215 (4), 111 (2.5), 91 (100), 77 (4.5).
O-Benzyl 4-chlorobenzaldoxime (3g): white solid; m.p.
43-45°C; 'H NMR (CDCls;, 400 MHz) 6: 5.23 (s,
OCH,Ph, 2H), 7.29-7.56 (m, ArH, 9H), 8.12 (s, CH=N,
1H); MS (EL 70 eV) m/z (%): 245 (M", 3), 215 (0.3), 111
(0.3), 91 (100), 77 (0.4), 65 (0.4).

O-Benzyl benzaldoxime (3h): liquid; '"H NMR (CDCl;,
300 MHz) o: 5.23 (s, OCH,Ph, 2H), 7.29-7.62 (m, ArH,
10H), 8.17 (s, CH=N, 1H); MS (EI, 70 eV) m/z (%): 211
(M™,5), 181 (6), 91 (100), 77 (10), 65 (10).

O-Benzyl 4-chloroacetophenoxime (3i): white solid; m.p.
47-48 °C; '"H NMR (CDCl;, 300 MHz) §: 2.27 (s, CHs,
3H), 5.26 (s, OCH,Ph, 2H), 7.29-7.62 (m, ArH, 9H), 8.17
(s, CH=N, 1H); MS (EL, 70 eV) m/z (%): 259 (M",8), 229
(3.5), 137 (2), 111(4.5), 91(100), 77(6).

O-Benzyl 4-methoxyacetophenoxime (3j): white solid;
m.p. 51-52°C; 'H NMR (CDCl;, 300 MHz) 6: 2.28 (s,
CH;, 3H), 3.84 (s, OCHj;, 3H), 5.26 (s, OCH,Ph, 2H),
6.90-7.65 (m, ArH, 9H); MS (EI, 70eV) (m/z) (%): 255
(M7, 27.5), 225 (3), 198 (2.5), 164 (2), 134 (3.5), 119 (4),
91 (100), 77 (6).

3 Results and discussion

The experimental results are summarized in Table 1 and
Table 2.

Under ultrasound irradiation, the effect of the reaction
conditions on the etherification of 2-methoxybenzaldoxime
with benzyl bromide were examined, the results are shown
in Table 1. In the presence of MeONa, when the molar ratio
of 2-methoxybenzaldoxime/benzyl bromide was 1:1.1, the
etherification was carried out in 76% yield (Table 1, Entry 1)
in EtOH within 30 min under ultrasound. Changing the
molar ratio to 1:1.5, the yield of oxime-ether increased
(80%) (Table 1, Entry 3). In the presence of NaOH and phase-
transfer catalyst benzyldimethyltetradecylammonium chloride,
with remaining the molar ratio of 2-methoxybenzaldoxime
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/benzyl bromide at 1:1.5, the yield increased to 89% (Table 1,
Entry 6) within 30 min. This indicates that the phase-
transfer catalyst has a significant influence on the reaction.
The phase-transfer catalyst can accelerate the reaction in
the organic-water phase. Based on this idea, we tried to
improve the reaction by Phase transfer catalyst under
ultrasound irradiation and good results were obtained. For
example, in the presence of benzyldimethyltetradecylam-
monium chloride and ultrasound irradiation, the reaction of
2-methoxybenzaldoxime with benzyl bromide gave O-benzyl
2-methoxybenzaldoxime in 94% yield (Table 1, Entry 7) in
aqueous NaOH solution within 30 min at room temperature.

Table 1 The effect of reaction conditions on the etherification of 2-

methoxybenzaldoxime with benzyl bromide under ultrasound action

Entry Cat. ¢ Solvent  Oxime/PhCH,Br? T/min Yield/%
1 NaOMe EtOH 111 30 76
2 NaOMe EtOH 111 100 67
3 NaOMe EtOH 1:1.5 30 80
4 NaOH/A  EtOH 1:1.5 30 84
5 NaOH/B EtOH 1:1.5 30 75
6 NaOH/C EtOH 1:1.5 30 89
7 NaOH/C H,0 1:1.5 30 94

“A: cetyltrimethylammonium bromide, B: tetrabutylammonium bromide,
C: benzyldimethyltetradecylammonium chloride;

PRatio of mole

Of the three phase-transfer catalysts which were tested
(cetyltrimethylammonium bromide, tetrabutylammonium
bromide, and benzyldimethyltetradecylammonium chloride),
benzyldimethyltetradecylammonium chloride was found to
be the most effective.

From the results given in Table 1, the reaction conditions
were chosen: mole ratio of oxime/PhCH,Br was 1:1.5,
water as the solvent, NaOH as the base, benzyldimethylte-
tradecylammonium chloride as the phase-transfer catalyst.
Under this condition, a series of experiments for the
etherification of oximes with PhCH,Br was performed
under ultrasound action. The results were listed at Table 2.
As shown in Table 2, the etherification of oximes with
PhCH,Br catalyzed by benzyldimethyltetradecylammo-
nium chloride was carried out in good to excellent yields
in aqueous NaOH solutions for 30-60 min at r.t. under
ultrasound irradiation.

A comparison experiment in the absence of ultrasound
was also carried out. Thus, the etherification of 2-
methoxybenzaldoxime with benzyl bromide catalyzed by
benzyldimethyltetradecylammonium chloride was carried
out in 87% yield (3a) only with stirring for 30 min while
under ultrasound action within the same time 3a obtaining
a 94% vyield. It is apparent that ultrasound dramatically
accelerates the phase-transfer catalyzed etherification to
give high yield. In order to examine the effect of the phase-
transfer catalyst on the reaction, we also did the experiment

Table 2 The reaction of oximes with benzyl bromide in aqueous media
catalyzed by benzyldimethyltetradecylammoniumchloride in combina-

tion with ultrasound irradiation

Entry R! R? T/min Product Isolated yield/%
a 2-CH,OCH,  H 30 3a 94
2-CH:OCH, H 30 3a 67
b 4-CH3;0CgH4 H 35 3b 86
c 4-O,NCgHy H 30 3¢ 78
d 2,4-C1,C¢H; H 30 3d 96
e 2-CIC¢H4 H 20 3e 68
f 3-CIC¢H4 H 50 3f 89
g 4-CIC¢H, H 20 3g 73
h Ce¢Hs H 30 3h 78
i 4-CICgHy CH; 60 3i 90
j 4-CH;0CeH, CH; 60 3j 60

“Stirring without ultrasound

in the absence of the phase-transfer catalyst. It was found
that practically no reaction was observed after 30 min with
or without ultrasound. It is clear that the phase-transfer
catalyst plays a significant role for the etherification.

A problem dealing with syntheses involving immiscible
liquids (e.g. aqueous/organic mixtures) is that the reagents
are often dissolved in different phases. Any reaction
between these species can only occur in the interfacial
region between the liquids. The chemical effects of
sonication arise from acoustic cavitation, namely the
formation, growth and implosive collapse of bubbles in a
liquid, which produces unusual chemical and physical
environments. The collapse of bubbles generates localized
“hot spots” with transient high temperature and pressures.
The cavitational collapse at or near the interface disrupts it
and impels jets of one liquid into the other, and facilitate the
contact of substrates to reagent molecules [25]. Phase-
transfer catalyst can transfer activated hydroxide ion from
aqueous phase to organic phase and reacts with oxime to
form oxygen anion of oxime, which can make an attack on
benzyl bromide rapidly [30]. The synergistic effect of
phase-transfer catalyst and ultrasound may have led to
improved performance within a short time, giving the
product in a high yield.

In general, the reaction of oxime with activated alkyl
halide can form N-alkyl (5) and O-alkyl products (6). The
ratio (5/6) relates to the configuration and steric hindrance
of the oximes. There are two nucleophilic centers including
oxygen and nitogen atom in the oxime anion (4), which can
react with RBr via Sy2 mechanisms to form products. In
the Z-oxime, the steric factors of the aryl group plays a role
in making the SN2 mechanism difficult for the oxygen
atom, and so the N-alkyl product 5 is obtained preferen-
tially. In contrast, for the E-oxime, O-alkyl product 6 is the
major product [35]. In the present procedure, only O-
alkylated products were obtained, no N-alkyl product was
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Scheme 2 Formation of N-alkyl and O-benzyl product

found. It indicates that the O-benzylation of the aromatic
aldoximes are regioselective (Scheme 2).

4 Conclusion

In conclusion, we have found an efficient and convenient
procedure for the preparation of O-benzyl oximes via the
reaction of oximes with benzyl bromide in the presence of
aqueous sodium hydroxide solution catalyzed by benzyl-
dimethyltetradecylammoniumchloride under ultrasonica-
tion. In comparison, the main advantages of the present
system are mild conditions, high yields and a shorter
reaction period.
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