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The efficient transformation of benzylamines into the corresponding oximes has been described by means of a

chemoenzymatic process. This strategy is based on a two-step sequence developed in one-pot at 30 °C and atmospheric

www.rsc.org/

pressure. First, the formation of a reactive peracid intermediate occurs by means of a lipase-catalysed perhydrolysis

reaction, then this peracid acts as chemical oxidising agent of the amines. A total of nine ketoximes were isolated in high

purity after a simple extraction protocol (90-98% isolated yield), while for the eleven synthesised aldoximes a further

column chromatography purification was required (71-82% isolated yield). In all cases excellent selectivities were attained,

offering a practical method for amine oxidation in short reaction times (1 hour). The environmental impact of the process

was analysed and compared with a recently published alternative chemical synthesis, finding for this metric a good E-

factor value.

Introduction

Oximes are valuable organic compounds since they serve as
building blocks for the synthesis of amines, nitriles oxides and
lactams by means of oxidative, reductive and acidic hydrolytic
protocols, respectively. In recent years oxime applications in
organic chemistry have attracted considerable attention due to
their use as directing groups! and metal ligands.23 In addition, they
are present or allow the introduction of key functionalities in a wide
range of products with application in medicinal and fine chemistry
industries.*8

Oxidation of primary amines is limited to the amine sensitivity.
Nowadays aerobic conditions are considered the most recurrent
strategy for their conversion into oximes.® In this context multiple
catalysts and reaction conditions have been described, including the
use of organocatalysts,1011 transition metals,’2 both at the same
time!314 or inclusively the application of enzymes.’> Very recently,
Shankarling and coworkers have reported a metal-free oxidation of
primary amines using m-chloroperbenzoic acid (m-CPBA) as oxidant
and ethyl acetate as solvent. A wide range of oximes might be
obtained with complete conversion in short reaction times (20
minutes), and in general with high selectivity (>90%). The
corresponding nitriles, aldehydes and imines were observed in
some cases as by-products, requiring a column chromatographic
purification for the isolation of the oximes in 78-94% isolated
yield.1®

Biocatalysis provides an efficient access to multiple classes of
organic compounds.’” Hydrolases and mainly lipases catalyse
hydrolytic but also
transesterification, aminolysis and ammonolysis, among others.8

reverse reactions such as esterification,

Interestingly, lipases have expanded their versatility in synthetic
chemistry taking advantage of their key role in global redox
transformations.!® These transformations are possible based on a
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hydrolase-catalysed perhydrolysis reaction over a carboxylic acid or
ester, resulting in the formation of a reactive peracid intermediate
able to oxidise alkenes2%-26 or ketones?’-32 into epoxides or esters,
respectively (Scheme 1). From all the tested enzymes, Candida
antarctica lipase type B (CAL-B) has usually displayed the best
activities under different reaction conditions. The proper selection
of the oxidising agent, peracid precursor and solvent type represent
the key items for the development of an efficient chemoenzymatic
oxidative protocol. The urea-hydrogen peroxide complex (UHP)
provides a good solution in these oxidative processes since it allows
the progressive liberation of H,0; in the reaction medium, avoiding
the presence of an excess of free hydrogen peroxide that can
produce the fast inactivation of the enzyme.
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Scheme 1. Chemoenzymatic oxidation of alkenes, ketones (previous
work) and amines (this work) mediated by CAL-B.

As mentioned before, the chemoenzymatic oxidation of alkenes and
esters is well documented,?>-32 while other hydrolase-mediated
less explored, especially with
nitrogenated compounds as starting materials. In fact, just the
oxidation of N-alkylimines and anilines into N-alkyloxaziridines33
and azoxybenzenes,3* respectively, have been reported. In these
cases the best conditions were also found with CAL-B and UHP as
reactants. Herein, we wish to report for the first time a novel one-
pot two-step chemoenzymatic protocol for the conversion of
primary amines into oximes (Scheme 1), searching for adequate and
mild reaction conditions for the enzymatic production of a peracid
intermediate, which will be later responsible of the oxidation of the
studied amines.

oxidative transformations are
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Table 1. Chemoenzymatic oxidation of benzylamine (1a, 500 mM)
using 2 equiv. of UHP, a lipase (25 mg enzyme/mmol amine) and

ethyl acetate as solvent and peracid precursor after 1 h at 30 °C and
2nd step
NH, 30°C,1h

250 rpm.
X _OH
N
o 25 0y
(500 mM) 2a

(0] (0]
AOOH )‘LOR R= H, Et
> Lipase i
Urea + ROH UHP 1

t step

250 rpm -
Entry Lipase Yield 2a (%)?
1 - —-
2 Candida antarctica type A 2
3 Candida antarctica type B 88
4 Candida rugosa 9
5 Rhizomucor miehei 4
6 Pseudomonas cepacia 7
7 Pseudomonas fluorescens 3
8 Pseudomonas stutzeri 10

a Percentage of (E)-benzaldehyde oxime (2a) in the reaction
medium.

Initially, a set of hydrolases were tested in the oxidation of
benzylamine (1a) using 2 equivalents of the UHP complex, and ethyl
acetate (EtOAc) as both solvent and peracid precursor. In these
conditions ethanol and water are released as innocuous by-
products. The selected lipases were the ones from Candida
antarctica types A and B, Candida rugosa, Rhizomucor miehei,
fluorescens, and
Pseudomonas stutzeri (Table 1). Except for CAL-B, conversions up to
10% were found after 1 h at 30 °C, while CAL-B led to a 88%
conversion into the (E)-benzaldehyde oxime (2a, entry 3).

Pseudomonas Pseudomonas cepacia,

Once selected CAL-B for further optimisation, two different
oxidative conditions were employed. These are the use of ethyl
acetate (EtOAc) as both solvent and peracid precursor,3 and
alternatively the combination of lauric acid as peracid precursor and
acetonitrile (MeCN) as solvent.2! For simplicity, benzylamine (1a)
was again selected as model substrate, finding in all cases the oxime
2a as the main product (Scheme 2). Concomitant formation of
benzaldehyde (3a), benzonitrile (4a) and N-benzylidenebenzylamine
(5a) was also detected. Oxidation side products 3a and 4a were
observed in almost negligible proportion (<1%) by GC analyses,
while significant amounts of 5a were attained (5-9%). This imine
product comes from the chemical
benzaldehyde (3a) with the remaining benzylamine (1a). In
addition, we performed the reaction at different temperatures. On
the one hand, the reaction at 20 °C also led to a highly favoured
formation of the oxime 2a. On the other hand, the reaction was
carried out at higher temperatures (37 and 45 °C), but in these
conditions the formation of 5a was highly favoured. For simplicity,

reaction of the formed
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we continued our study selecting 30 °C as an appropriate
temperature. Data from an exhaustive enzymatic study can be
found in the Supplementary material (Tables S2 and S3). In the best
conditions, the aldoxime 2a was obtained in 88% conversion
starting with a 500 mM amine concentration using EtOAc as peracid
precursor. The formation of the desired aldoxime increased within
the time, finding a conversion of 40% and 76% of 2a at 20 and 40
minutes, respectively. Finally, the development of a column
chromatography purification was required for the isolation of the
pure product (80%).

At this point, the methodology was extended to other benzylamines
1b-k bearing different pattern substitutions in the aromatic ring
(Table 2). The (E)-aldoximes 2b-k were selectively obtained in a
range between 80 and 93% after only 1 h at 30 °C, recovering the
final products in excellent purity and good isolated yields (71-82%)
after column chromatography (Table 2).

Table 2. Chemoenzymatic oxidation of benzylamines 1a-k (500 mM)
using 2 equiv. of UHP and CAL-B (25 mg enzyme/mmol amine) in
ethyl acetate after 1 h at 30 °C and 250 rpm.

ol A NH, 1h,30°C, 250 rpm o YO
5z ﬁ' 5z
1a-k O (0] 2a-k
AOOH AORZ R2= H, Et
Urea + R?0H 4%—“34 UHP
Entry Benzylamine 1 R1 Yield 2a-k (%)?
1 1a H 88 (80)
2 1b 4-Me 86 (78)
3 1c 4-Cl 90 (82)
4 1d 4-F 90 (80)
5 1le 4-Bu 93 (74)
6 1f 4-CFs3 92 (78)
7 1g 3-CF3 91 (79)
8 1h C3-OCH20-C4 80 (73)
9 1i 4-OMe 83 (71)
10 1j 3-OMe 93 (82)
11 1k 2-OMe 93 (80)

a Yields of aldoximes 2a-k after liquid-liquid extraction, while in
brackets appear the isolated yields after column chromatography.

Searching for the application of this strategy to the production of
ketoximes, a-methylbenzylamines (1l-t, 500 mM) were assayed in
the chemoenzymatic system composed by CAL-B as enzyme, UHP as
chemical oxidant and EtOAc as both peracid precursor and solvent
(Table 3). Similarly, an excellent reactivity was found under the
same experimental conditions (30 °C, 1 h and 250 rpm). The target
ketoximes 2I-t, bearing different substitutions such halogen atoms,
alkyl or ether moieties, were selectively obtained in excellent purity
after a simple extraction protocol, then the purification by column
chromatography was not required.
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Scheme 2. CAL-B mediated oxidation of benzylamine (1a) using ethyl acetate or lauric acid and the urea-hydrogen complex.

Table 3. Chemoenzymatic oxidation of a-methylbenzylamines 1I-t
(500 mM) using 2 equiv. of UHP and CAL-B (25 mg enzyme/mmol
amine) in ethyl acetate after 1 h at 30 °C and 250 rpm.

N NH, 1 h, 30 °C, 250 rpm S ek
R1j R1—
= Z ~ L
11t o) o) 21t
AOOH AORZ R2= H, Et
Urea + R?0OH UHP
CAL-B
Entry a-Methylbenzylamine 1 R? Isolated vyield
2l-t (%)?

1 1l H 96
2 1m 4-Me 90
3 1n 4-Cl 95
4 1o 4-F 98
5 1p 4-CF3 96
6 1q 3-CF3 91
7 1r 4-OMe 93
8 1s 3-OMe 96
9 1t 2-OMe 91

3|solated yields of pure ketoximes 2I-t after liquid-liquid extraction.

Finally, we compared this methodology with the previously
described using m-CPBA!® in terms of environmental impact since
both protocols are similar and allow synthesising the oximes in a
simple manner. To achieve this, we performed a quantification of
the E-factor3> for both processes. The EATOS tool3® was used
focusing on the impact of the reaction conditions regarding the
reagents, catalysts and solvents employed, and taking into account
the waste generated. As can be seen in the Supplementary
material, using the oxidation of benzylamine as model substrate,
both systems are highly appealing as very low E-factor values were
attained (2.0 for this system and 4.7 for the m-CPBA-mediated
method, excluding solvents). Obviously, when solvents are taking
into account, the values increased (88 for our chemoenzymatic
reaction and 304 for the chemical system), but it must be kept in
mind that at big scale the recycling of organic solvents is a common

This journal is © The Royal Society of Chemistry 20xx

applied technique. Therefore these numbers could be further
optimised.

Conclusions

A practical and straightforward chemoenzymatic method has
been described for the oxidation of a panel of twenty primary
amines into oximes under very mild conditions. The strategy is
based on a two-step process that occurs in one-pot. Candida
antarctica lipase type B was found as the most active
biocatalyst in the perhydrolysis of ethyl acetate for the
formation of active peracetic acid. This peracid reacted with
benzyl- and a-methylbenzylamines bearing different pattern
substitutions in the aromatic ring for the selective production
of the corresponding oximes in good to excellent yields (71-
98%). The final ketoxime products were isolated after an
extraction purification, the use of column chromatography
purification being necessary for the synthesised aldoximes.
Calculations using the EATOS tool demonstrated the favorable
ecological impact of the lipase/UHP oxidation protocol as just
urea and water are released as main by-products.

Experimental section
Materials and methods

Candida antarctica lipase type B (CAL-B, Novozym-435, 7300
PLU/g) was kindly donated by Novo-Nordisk. All the chemicals
and solvents were used as received from commercial sources:
acetonitrile from VWR Chemicals, ethyl acetate and hexane
from Merck and the urea-hydrogen complex from Aldrich.

NMR spectra were recorded on a Bruker AV-300 or a Bruker DPX-
300 spectrometer (300.13 MHz for 1H, 75.5 MHz for 13C and 282
MHz for 1°F). All chemical shifts (8) are given in parts per million
(ppm) and referenced to the residual solvent signal as internal
standard. All coupling constants (J) are reported in Hz. Melting
points were taken on samples in open capillary tubes and are
uncorrected. Gas chromatography (GC) analyses were performed
on a Hewlett Packard 6890 Series chromatograph equipped with
FID. Conditions and retention times are given in the ESI. Thin-layer
chromatographies (TLC) were conducted with Merck Silica Gel 60
Fas4 precoated plates and visualised using a UV lamp and/or
potassium permanganate stain. Column chromatographies were
performed using Merck Silica Gel 60 (230-400 mesh).

General procedure for chemoenzymatic oxidation of amines 2a-t.
The urea-hydrogen peroxide complex (UHP, 94.1 mg, 1.0 mmol) and
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CAL-B (12.5 mg) were added over a solution of the corresponding
amine 1a-t (0.5 mmol) in EtOAc (1 mL). The suspension was shaken
for 1 h at 30 °C and 250 rpm. After this time the reaction was
stopped by addition of water (1 mL) and the enzyme filtered off.
The solution was extracted with EtOAc (3 x 1 mL). An aliquot of the
organic phase was taken for GC analyses. The resulting organic
phase was dried over Na,SO, filtered and the solvent was
evaporated under reduced pressure to obtain the corresponding
(E)-oximes 2a-t. For aldoximes 2a-k a column chromatography on
silica gel (20% EtOAc/hexane) was necessary to achieve the final
products in high purity.

(E)-Benzaldehyde oxime (2a). Yield (80%, 48.5 mg). Rf(20% EtOAc/
Hexane) 0.61. White solid. mp: 32-33 °C. ™H NMR (300 MHz, CDCls):
& (ppm) 8.24 (s, 1H), 7.65-7.62 (m, 2H), 7.44-7.42 (m, 3H). 3C NMR
(75 MHz, CDCls): & (ppm) 150.5 (CH), 131.8 (C), 130.1 (CH), 128.8
(CH), 127.1 (CH).

(E)-4-Methylbenzaldehyde oxime (2b). Yield (78%, 52.7 mg). R (20%
EtOAc/ Hexane) 0.60. White solid. TH NMR (300 MHz, CDCl3): &
(ppm) 8.15 (s, 1H), 7.50 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H),
2.39 (s, 3H). 13C NMR (75 MHz, CDCls): & (ppm) 150.2 (CH), 140.3
(C), 129.5 (CH), 129.2 (C), 126.9 (CH), 21.5 (CH3).
(E)-4-Chlorobenzaldehyde oxime (2c). Yield (82%, 63.8 mg). Ry (20%
EtOAc/ Hexane) 0.52. White solid. 'H NMR (300 MHz, CDCl3): &
(ppm) 8.53 (s, 1H), 8.13 (s, 1H), 7.52 (d, J = 5.0, 2H), 7.36 (d, J = 5.0,
2H). 13C NMR (75 MHz, CDCls): & (ppm) 149.2 (CH), 135.9 (C), 130.5
(C), 129.0 (CH), 128.1 (CH).

(E)-4-Fluorobenzaldehyde oxime (2d). Yield (80%, 55.7 mg). Ry (20%
EtOAc/ Hexane) 0.54. White solid. 'H NMR (300 MHz, CDCl3): &
(ppm) 8.25 (s, 1H), 8.15 (s, 1H), 7.59 (dd, J =8.5, 5.5 Hz, 2H), 7.10 (t,
J = 8.5 Hz, 2H). 3C NMR (75 MHz, CDCl3): & (ppm) 163.5 (d, J = 250
Hz, C), 149.2 (CH), 128.8 (d, J = 8.5 Hz, CH), 128.2 (C), 116.1 (d, J =
22.0 Hz, CH).

(E)-4-(tert-Butyl)benzaldehyde oxime (2e). Yield (74%, 65.6 mg). Ry
(20% EtOAc/ Hexane) 0.50. White solid. *H NMR (300 MHz, CDCl3):
& (ppm) 8.16 (s, 1H), 7.53 (d, J = 8.5 Hz, 2H), 7.43 (d, J = 8.5 Hz, 2H),
1.35 (s, 9H). 13C NMR (75 MHz, CDCl3): & (ppm) 153.4 (C), 150.1
(CH), 129.1 (C), 126.8 (CH), 125.7 (CH), 34.8 (C), 31.2 (CHs).
(E)-4-(Trifluoromethyl)benzaldehyde oxime (2f). Yield (78%, 73.8
mg). Ry (20% EtOAc/ Hexane) 0.62. White solid. 'H NMR (300 MHz,
CDCls): & (ppm) 8.77 (br's, 1H), 8.21 (s, 1H), 7.75-7.63 (m, 4H). 13C
NMR (75 MHz, CDCls): & (ppm) 149.2 (CH), 135.2 (C), 131.8 (q, J =
32.8 Hz, C), 127.2 (CH), 125.7 (q, J = 3.7 Hz, C), 123.8 (q, J = 272 Hz,
C). 19F NMR (282 MHz, CDCl3): & (ppm) 63.2.
(E)-3-(Trifluoromethyl)benzaldehyde oxime (2g). Yield (79%, 74.7
mg). Rs(20% EtOAc/ Hexane) 0.61. Yellow solid. "H NMR (300 MHz,
CDCls): & (ppm) 8.94 (s, 1H), 8.24 (s, 1H), 7.87 (s, 1H), 7.78 (d, J = 7.8
Hz, 1H), 7.67 (d, J = 7.8 Hz, 1H), 7.53 (t, J = 7.8 Hz, 1H). 13C NMR (75
MHz, CDCls): & (ppm) 149.0 (CH), 132.7 (C), 131.3 (g, J = 32.7 Hz, C),
130.0 (CH), 129.3 (CH), 126.6 (q, J = 3.8 Hz, CH) , 123.8 (q, J = 3.8 Hz,
CH), 123.7 (q, / = 272 Hz, C). 1°F NMR (282 MHz, CDCl3): 6 (ppm)
62.5.

(E)-Benzo[d][1,3]dioxole-5-carbaldehyde oxime (2h). Yield (73%,
60.6 mg Ry (20% EtOAc/ Hexane) 0.40. Yellow solid.). *H NMR (300
MHz, CDCl3): & (ppm) & 8.06 (s, 1H), 7.19 (d, J = 1.6 Hz, 1H), 6.98
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(dd, J = 8.0, 1.6 Hz, 1H), 6.83 (d, J = 8.0 Hz, 1H), 6.00 (s, 2H). 13C
NMR (75 MHz, CDCls): & (ppm) 149.9 (CH), 149.3 (C), 148.2 (C),
126.2 (C), 108.3 (CH), 105.6 (CH), 101.4 (CH.).
(E)-4-Methoxybenzaldehyde oxime (2i). Yield (71%, 53.7 mg R¢(20%
EtOAc/ Hexane) 0.56. Brown solid.). *H NMR (300 MHz, CDCl3): &
(ppm) 8.12 (s, 1H), 7.54-7.51 (d, J = 8.8 Hz, 2H), 6.93-6.90 (d, J = 8.8
Hz, 2H), 3.84 (s, 3H). 13C NMR (75 MHz, CDCls): 6 (ppm) 161.0 (C),
149.7 (CH), 128.5 (CH), 124.6 (C), 114.1 (CH), 55.3 (CHs).
(E)-3-Methoxybenzaldehyde oxime (2j). Yield (82%, 62.0 mg). Ry
(20% EtOAc/ Hexane) 0.54. Brown solid. *H NMR (300 MHz, CDCl3):
& (ppm) 8.15 (s, 1H), 7.35-7.30 (m, 1H), 7.19-7.13 (m, 2H), 6.98-6.96
(m, 1H), 3.85 (s, 3H). 13C NMR (75 MHz, CDCl3): & (ppm) 157.6 (C),
146.6 (CH), 131.1 (CH), 127.3 (CH), 120.7 (CH), 120.6 (C), 111.1 (CH),
55.5 (CHs).

(E)-2-Methoxybenzaldehyde oxime (2k). Yield (80%, 60.5 mg). Rs
(20% EtOAc/ Hexane) 0.58. Brown solid. *H NMR (300 MHz, CDCl3):
& (ppm) 8.15 (s, 1H), 7.35-7.30 (m, 1H), 7.16-7.12 (m, 2H), 6.98-6.95
(m, 1H), 3.85 (s, 3H).13C NMR (75 MHz, CDCls): & (ppm) 159.8 (C),
150.1 (CH), 133.2 (C), 129.8 (CH), 120.0 (CH), 116.4 (CH), 111.2 (CH),
55.3 (CH3).

(E)-Acetophenone oxime (2l). Yield (96%, 64.9 mg). Rf(20% EtOAc/
Hexane) 0.61. White solid. *H NMR (300 MHz, CDCls): 6 (ppm) 7.67-
7.64 (m, 2H), 7.42-7.40 (m, 3H), 2.33 (s, 3H). 3C NMR (75 MHz,
CDCl3): & (ppm) 156.0 (C), 136.5 (C), 129.2 (CH), 128.5 (CH), 126.0
(CH), 12.2 (CH3).

(E)-1-(p-Tolyl)ethanone oxime (2m) Yield (90%, 67.1 mg). Rr (20%
EtOAc/ Hexane) 0.59. White solid. TH NMR (300 MHz, CDCl3): &
(ppm) 7.55 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 2.40 (s, 3H),
2.32 (s, 3H). 13C NMR (75 MHz, CDCls): & (ppm) 155.9 (C), 139.3 (C),
133.6 (C), 129.2 (CH), 125.9 (CH), 21.3 (CHs), 12.3 (CH3).
(E)-1-(4-Chlorophenyl)ethanone oxime (2n). Yield (95%, 80.6 mg). Ry
(20% EtOAc/ Hexane) 0.55. White solid. *H NMR (300 MHz, CDCls):
& (ppm) 7.58 (d, J = 8.8 Hz, 2H), 7.37 (d, J = 8.8 Hz, 2H), 2.30 (s, 3H).
13C NMR (75 MHz, CDCl5): § (ppm) 155.1 (C), 135.3 (C), 134.9 (C),
128.7 (CH), 127.3 (CH), 12.1 (CH3).

(E)-1-(4-Fluorophenyl)ethanone oxime (20). Yield (98%, 75.0 mg). Rf
(20% EtOAc/ Hexane) 0.57. White solid. *H NMR (300 MHz, CDCls):
& (ppm) 7.63 (dd, J = 9.0, 5.3 Hz, 2H), 7.09 (t, J = 9.0, 2H), 2.31 (s,
3H). 13C NMR (75 MHz, CDCls): & (ppm) 163.4 (d, J = 250 Hz, C),
155.1 (C), 132.6 (C), 127.9 (d, J = 8.7 Hz, CH), 115.5 (d, J = 21.7 Hz,
CH), 12.3 (CHs).

(E)-1-[4~(Trifluoromethyl)phenyl]ethanone oxime (2p). Yield (96%,
97.5 mg). Rs(20% EtOAc/ Hexane) 0.60. White solid. 'H NMR (300
MHz, CDCls): & (ppm) 7.76 (d, J = 8.2 Hz, 2H), 7.66 (d, J = 8.2 Hz, 2H),
2.34 (s, 3H). 13C NMR (75 MHz, CDCl3): & (ppm) 155.1 (C), 139.8 (C),
131.1 (g, J = 32.7 Hz, C), 126.3 (CH), 125.5 (q, J = 3.7 Hz, CH), 123.9
(9,J=272.3 Hz, C), 12.2 (CH3).
(E)-1-[3-(Trifluoromethyl)phenyl]ethanone oxime (2q). Yield (91%,
92.4 mg). Rs(20% EtOAc/ Hexane) 0.62. White solid. 'H NMR (300
MHz, CDCl3): 6 (ppm) 7.91 (s, 1H), 7.83 (d, J = 7.8 Hz, 1H), 7.66 (d, J
= 7.8 Hz, 1H), 7.54 (t, J = 7.8 Hz, 1H), 2.34 (s, 3H). 13C NMR (75 MHz,
CDCl3): & (ppm) 154.9 (C), 137.3 (C), 130.9 (q, J = 32.4 Hz), 129.2
(CH), 129.0 (CH), 125.8 (q, J = 3.8 Hz, CH), 124.3 (q, J = 273 Hz, C),
122.9(C), 12.0 (CHs).
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(E)-1-(4-Methoxyphenyl)ethanone oxime (2r). Yield (93%, 76.8 mg).
R (20% EtOAc/ Hexane) 0.59. Brown solid. 'H NMR (300 MHz,
CDCls): & (ppm) 7.59 (d, J = 9.0 Hz, 2H), 6.92 (d, J = 8.9 Hz, 2H), 3.85
(s, 3H), 2.30 (s, 3H). 13C NMR (75 MHz, CDCls): § (ppm) 160.8 (C),
155.9 (C), 129.4 (C), 127.7 (CH), 114.3 (CH), 55.7 (CHs), 12.6 (CHs).
(E)-1-(3-Methoxyphenyl)ethanone oxime (2s). Yield (96%, 79.3 mg).
R (20% EtOAc/ Hexane) 0.57. Brown solid. *H NMR (300 MHz,
CDCl3): & (ppm) 7.35-7.33 (m, 1H), 7.30-7.21 (m, 2H), 6.98-6.94 (m,
1H), 3.86 (s, 3H), 2.32 (s, 3H). 13C NMR (75 MHz, CDCl3): & (ppm)
159.6 (C), 155.9 (C), 137.9 (C), 129.5 (CH), 118.6 (CH), 115.1 (CH),
111.3 (CH), 55.3 (CHs), 12.4 (CHs).
(E)-1-(2-Methoxyphenyl)ethanone oxime (2t). Yield (91%, 75.2 mg).
R (20% EtOAc/ Hexane) 0.61. Brown solid. 'H NMR (300 MHz,
CDCl3): 6 (ppm) 7.39-7.32 (m, 2H), 7.00-6.93 (m, 2H), 3.86 (s, 3H),
2.27 (s, 3H). 3C NMR (75 MHz, CDCl3): & (ppm) 157.4 (C), 157.0 (C),
130.3 (CH), 129.4 (CH), 126.5 (C), 120.6 (CH), 111.1 (CH), 55.5 (CHa),
15.2 (CHs).

Acknowledgements

Financial supports from the Spanish Ministerio de Economia y
Competitividad (Projects CTQ2013-44153-P and CTQ2016-
75752-R) and the Government from Principado de Asturias
(Project FC-15-GRUPIN14-002) are gratefully acknowledged.

Notes and references

1 C.Huiand)J. Xu, Tetrahedron Lett., 2016, 57, 2692-2696.

2 C.Ndjera, ChemCatChem, 2016, 8, 1865-1881.

3 D.S. Bolotin, N. A. Bokach and V. Y. Kukushkin, Coord. Chem.
Rev., 2016, 313, 62-93.

4 ). Collins, X. Zeyun, M. Mullner and L. A. Connal, Polym.
Chem., 2016, 7, 3812-3826.

5 S. M. Agten, P. E. Dawson and T. M. Hackeng, J. Peptide Sci.,
2016, 22, 271-279.

6 K.S. Kadam, T. Gandhi, A. Gupte, A. K. Gangopadhyay and R.
Sharma, Synthesis, 2016, 48, 3996—4008.

7 H. Abolhasani, S. Dastmalchi, M. Hamzeh-Mivehroud, B.
Daraei and A. Zargh, Med. Chem. Res., 2016, 25, 858-869.

8 H.Huang, P.Si, L. Wang, Y. Xu, X. Xu, J. Zhu, H. Jiang, W. Li, L.
Chen and J. Li, ChemMedChem, 2015, 10, 1184-1199.

9 M. T. Schiimperli, C. Hammond and |. Hermans, ACS Catal.,
2012,2,1108-1117.

10 J. Yu and M. Lu, Synlett, 2014, 25, 1873-1878.

11 J. Yy, Y. Jin and M. Lu, Adv. Synth. Catal., 2015, 357, 1175-
1180.

12 M. Kidwai and S. Bhardwaj, Synth. Commun., 2011, 41, 2655-
2662.

13 K. Suzuki, T. Watanabe and S.-I. Murahashi, J. Org. Chem.,
2013, 78, 2301-2310.

14 ). Yu, X. Cao and M. Lu, Tetrahedron Lett., 2014, 55, 5751-
5755.

15 P. Zambelli, A. Pinto, D. Romano, E. Crotti, P. Conti, L.
Tamborini, R. Villa, F. Molinari, Green Chem., 2012, 14, 2158-
2161.

16 V. V. Patil, E. M. Gayakwad and G. S. Shankarling, J. Org.
Chem., 2016, 81, 781-786.

17 Science of Synthesis. Biocatalysis in Organic Synthesis, K.
Faber, W.-D. Fessner, N. J. Turner, Eds., Georg Thieme
Verlag, Stuttgart, 2015.

This journal is © The Royal Society of Chemistry 20xx

18 Hydrolases in Organic Synthesis, U. T. Bornscheuer, R. J.
Kazlauskas, Eds., 2nd ed.; Wiley-VCH: Weinheim, 2006.

19 D. Gamenara, G. S. Seoane, P. Saenz-Méndez and P.
Dominguez de Maria, in Redox Biocatalysis: Fundamentals
and Applications; John Wiley & Sons, Inc. 2013, chapter 6,
433-452.

20 C. Aouf, E. Durand, J. Lecomte, M.-C. Figueroa-Espinoza, E.
Dubreucq, H. Fulcrand and P. Villeneuve, Green Chem., 2014,
16, 1740-1754.

21 D. Méndez-Sanchez, N. Rios-Lombardia, V. Gotor and V.
Gotor-Fernandez, Tetrahedron, 2014, 70, 1144-1148.

22 A. F. Zanette, |. Zampakidi, G. T. Sotiroudis, M. Zoumpanioti,
I. C. R. Leal, R. O. M. A. Souza, L. Cardozo-Filho and A.
Xenakis, J. Mol. Catal. B: Enzym., 2014, 107, 89-94.

23 H. Hurem and T. Dudding, RSC Adv., 2014, 4, 15552-15557.

24 S. Ranganathan, T. Gartner, L. O. Wiemann and V. Sieber, J.
Mol. Catal. B: Enzym., 2015, 114, 72-76.

25 S. K. Suman, M. Dhawaria, J. Porwal, M. Aila, N. Karanwal, B.
Behra, S. Kaul, S. Ghosh and S. L. Jain, RSC Adv., 2015, 5,
53708-53712.

26 M. Tudorache, A. Gheorghe, A. Negoi, M. Enache, G.-M.
Maria and V. I. Parvulescu, Carbohyd. Polym., 2016, 152,
726-733.

27 G. Chavez, J.-A. Rasmussen, M. Janssen, G. Mamo, R. Hatti-
Kaul and R. A. Sheldon, Top. Catal., 2014, 57, 349-355.

28 J. Zhong, F. Xu, J. Wang, Y. Li, X. Lin and Q. Wu, RSC Adv.,
2014, 4, 8533-8540.

29 A. L. Flourat, A. A. A. M. Peru, A. R. S. Texeira, F. Brunissen
and F. Allais, Green Chem., 2015, 17, 404-412.

30 D. Gonzalez-Martinez, M. Rodriguez-Mata, D. Méndez-
Sanchez, V. Gotor and V. Gotor-Fernandez, J. Mol. Catal. B:
Enzym., 2015, 114, 31-36.

31 A. Drozdz, K. Erfurt, R. Bielas and A. Chrobok, New. J. Chem.,
2015, 39, 1315-1321.

32 A. Drozdz and A. Chrobok, Chem. Commun., 2016, 52, 1230-
1233.

33 T. B. Bitencourt and M. G. Nascimiento, Green Chem., 2009,
11, 209-214.

34 F. Yang, Z. Wang, X. Zhang, L. Jiang, Y. Li and L. Wang,
ChemCatChem, 2015, 7, 3450-3453.

35 R. A. Sheldon, Green Chem., 2017, 19, 18-43.

36 EATOS: Environmental Assessment Tool for Organic
Syntheses, http://www.metzger.chemie.uni-
oldenburg.de/eatos/english.htm. See: M. Eissen and J. O.
Metzger, Chem.—Eur. J., 2002, 8, 3580-3585.

Graphical abstract

1 1
R 1 h, 30 °C, 250 rpm R
Ar NH,

)\\ OH
; < Ar N7
R'=H, Me 71-98% yield

(20 examples) O 0o

2.
M, e renm

CAL-B .
Urea-hydrogen peroxide
Urea + RZOH g_i Y 9 p

complex
A one-pot two-step chemoenzymatic sequence has been

developed for the sustainable oxidation of benzylamines into
oximes.

Organic & Biomolecular Chemistry., 2017, 00, 1-5| 5


http://www.metzger.chemie.uni-oldenburg.de/eatos/english.htm
http://www.metzger.chemie.uni-oldenburg.de/eatos/english.htm

