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Abstract: The potassium fluoride doped Animal Bone Meal
(KF/ABM) was prepared and characterized using several techniques to
identify the structural properties. After, it has been used as a new and eco-
friendly catalyst for the preparation of from aldehydes and ketones oximes
under solvent-free conditions. It is clearly shown that this reaction (using
this catalyst) can lead to the corresponding oximes in good yields (80 %) to
excellent yields (96 %). In the case of dissymmetric aldehydes and ketones,
this catalyst can lead to a mixture of Z- and E- isomers (Z/E = 86/14-90/10).
The remarkable advantages of this catalyst are high conversion, short
reaction times, cleaner reaction profiles, reusability up to 8 times without
significant loss of activity, and reduction in catalyst toxicity.
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INTRODUCTION

The transformation of aromatic aldehydes and ketones to their corresponding oximes is
one of the most ubiquitous reactions in organic chemistry. It has been extensively
studied in view of the importance of the synthesized oximes as intermediates in organic
synthesis [1 — 3]. Thus, this reaction continues to attract the attention of researchers for
its importance in organic synthesis and temptation to find the mild and easy reaction
conditions.

Consequently, a large number of researchers were interested in the synthesis of oximes.
Classically, they were prepared by the condensation reaction of aldehydes and ketones
with hydroxylamine hydrochloride [4]. Currently, several procedures for the preparation
of oximes are described in the literature such as the use of formic acid [5], pyridine-
chloroform [6], CaO [7], ethanol-pyridine [8], Al,Os [9], Ti0»/SO4* [10], ZnO [11],
NaOH [12 — 15], Na;SO4 under ultrasound irradiation [16], ethylenediamine and oxone
[17], hyamine [18], BiO3 [19], Cu-SiO; [20], DOWEX(R)50WX4 [21], Na,CaP,0;
[22], Fe;04 [23], Ko,CO;5 [24], animal bone meal [25] and chemically treated eggshell
wastes as a heterogeneous and eco-friendly catalyst [26].

However, there are a number of limitations to use of these methods, related to the
difficulty of reuse, the use of expensive reagents, the generation of a large amount of
toxic waste, long reactions times, and drastic reaction conditions. Therefore, it is
necessary to develop new methods for the preparation of oximes under mild and eco-
friendly conditions in order to minimize adverse effects both on human health and the
environment. This can be done by reducing or eliminating the use and generation of
hazardous substances such as toxic by-products or wastes and toxic catalysts. Recently,
the use of solid supported reagents (heterogeneous catalysts) in this reaction have an
important role due to its stability and reusability, ease of handling, clean reaction
profiles, high selectivity, short reaction time, and non-toxicity. Among these catalysts,
Animal Bone Meal (ABM) and sodium nitrate doped ABM (NaNOi;/ABM) [25]. In
continuation of our research program to explore the effectiveness of ABM and its
analogs doped catalysts, we wish to develop in this paper a practical approach for the
synthesis of some oximes using the potassium fluoride doped ABM (KF/ABM) as
reusable, cost-effective and eco-friendly catalyst under solvent-free conditions. This
catalyst has recently been developed and used as a new eco-friendly catalyst for
preparation of chalcones and aza-Michael adducts [27].

MATERIALS AND METHODS
Catalyst preparation

The modified bones KF/ABM was prepared by impregnating the bones with an aqueous
solution of potassium fluoride. The weight ratio used was KF/bones = 1/2. The mixture
was stirred vigorously at room temperature for 4 h, evaporated, dried and calcined at
800 °C for 2 h as described in the literature [26]. The catalyst obtained was
characterized by X-ray diffraction, scanning electron microscopy/energy dispersive
X-ray spectrometry (SEM/EDS).
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Characterization methods

All chemical reagents and solvents were of analytical grade, were purchased from
Sigma-Aldrich, and were used without further purification. The animal bone has been
collected from restaurants in Agadir city.

The XRD patterns of were recorded on a Panalytical diffractometer, equipped with a
copper X-ray (wavelength I = 1.54-107'° m, tension V = 45 kV, intensity I = 35 mA),
and with a monochromator eliminating Kb radiation. The SEM pictures were recorded
on Supra 40 VP COLUMN GEMINI ZEISS coupled to an analyzer (Oxford
Instruments X-Max 20 mm?”) with EDXS instrument. NMR spectra were recorded on a
Bruker AVANCE 300 instrument (‘H-NMR, 300 MHz; C-NMR, 75.5 MHz), both
with tetramethylsilane as an internal standard. Deuterated chloroform (CDCl;) and
deuterated methanol (CD3;0D) are used as solvents. All NMR data were acquired and
processed using either TopSpin 3.5 software (Bruker). The IR spectra were recorded by
JASCO FT/IR-4000 spectrophotometer (spectrum from 4000 to 500 cm™ at resolution
4 cm™, ATR mode).

General procedure of oximes preparation

1 mmol of aldehyde or ketone 1 were mixed with 1.5 mmol of hydroxylamine
hydrochloride 2 in the presence of 100 mg of KF/ABM as a heterogeneous catalyst at
80 °C under solvent-free conditions (Figure 1). After completion of the reaction
(monitored by TLC), the reaction mixture was dissolved in 20 mL of dichloromethane.
Then, the catalyst was separated by simple filtration using a glass Buchner funnel fitted
with a sintered glass disc. The obtained filtrate was concentrated under reduced pressure
to obtain the desired products (oximes) [25]. These products were purified by
recrystallization from an ethanol or by chromatography on silica gel column
(hexane/ethyl acetate: 2/10). The products were analyzed by 'H NMR, “C NMR, IR
and melting points.

HO__ _OH ~OH
)OL + HO—NH3, (1 ——— A8 ~)|N\ + N| or )N|\
— 8 M T Solvent-free / 80 °C )\
R R , olvent-free / 80 R R R R R R
1 37 3E 3
Figure 1. Synthesis of oximes using KF/ABM catalyst_ )
RESULTS AND DISCUSSION

Characterization of catalyst

The XRD pattern of KF/ABM shows presence of 3 phases: potassium calcium hydrogen
phosphate (K3;CaH(POy),), fluorapatite (Cas(PO,4)sF), and potassium calcium fluoride
(KCaFs3) (Figure 2).

The K;CaH(PO4), was compared with the JCPDS Card N° 00-035-0808. This
identification was confirmed by the comparison with the approximate parameters of
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monoclinic: a=9.8826 A, b=5.7352 A, ¢c=7.4307 A, a=y=90.000 ° and B=94.1240 °
(characterized with C2/m space group (N° 12)).

The Cas(PO4);F was confirmed by comparison with the standards JCPDS data N° 01-
073-1727. This system crystallizes in hexagonal system with a space group P63/m. The
lattice parameters of this phase were in excellent agreement with standard data:
a=b=9.3700 A, c=6.8800 A, a=B=90.000 ° and y=120.000 °.

The KCaF; was confirmed by comparison with the standard JCPDS N° 00-003-0567.
The Miller indices (hkl) were in conformity with approximate parameters of a cubic
(a=b=c=8.7500 A and o=P=y=90 °).

Scanning Electron Microscopy (SEM) of KF/ABM is shown in Figure 3. The SEM
images of KF/ABM sample clearly showed large agglomerates with dimensions of from
5 to 10 um. These agglomerates are formed by the agglomeration of small particles
having regular (between 0.2 and 1.2 um) (Figure 3b). These particles contain some
active cavities that would be very interesting for catalysis.
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Figure 3. SEM micrographs of KF/ABM catalyst (a) 5.00 KX and (b) ] 5.00 KX
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EDX analysis of KF/ABM was conducted on the external surface which contains
various particles sizes. From Figure 4, the EDX micrograph shows clearly that the
average fractions of atoms were: 39.81 % (K), 32.04 % (F), 16.87 % (Ca) and 8.75 %
(P). In addition, a small amount of Si (1.66 %), Na (0.45 %), Mg (0.41 %), and Br
(0.01 %) have been revealed. These analyses confirm those of XRD (presence of
K3C8.H(PO4)2, Ca5(PO4)3F, and KCaFg).

[
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Figure 4. EDX spectrum of KF/ABM catalyst
Determination of optimal conditions

The synthesis of oximes was optimized using 1 mmol of benzaldehyde 1a and 1.5 mmol
of hydroxylamine hydrochloride 2 in the presence of KF/ABM as a catalyst at 80 °C
(Figure 5).

HO OH
O N N"
+ p KF/ABM ey
+ HO_NH3’ Cl Different conditions | N I

la 3Za 3Ea
Figure 5. Optimization of oximation using benzaldehyde 1a

It is preferable to test the effectiveness of the KF/ABM catalyst in the synthesis of
oximes. For this purpose, we used different amounts of KF/ABM (0 to 250 mg) in
solvent-free conditions. Table 1 illustrates the results of this study.

Without catalyst, the oximation of benzaldehyde 1a with hydroxylamine hydrochloride
2 was carried out. The oximes 3Za and 3Ea were obtained in very low yield (5 %) even
after one hour (Entry 1, Table 1). However, in the presence of different quantities of
KF/ABM catalyst (from 0 mg to 250 mg), the reaction between 1a and 2 provided the
desired oximes 3Za and 3Ea in good (82 % yield, 3Za/3Ea: 85/15) (Entry 2, Table 1) to
excellent yields (98 % yield, 3Za/3FEa: 88/12) (Entries 5 and 6, Table 1) after only 5
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min. These results reveal that the 100 mg of KF/ABM is the optimal amount which can
provides numerous advantages in terms of economy of catalyst cost and the purity of the
obtained products.

Table 1. Study of the effect of the amount of KF/ABM in the 3Za and 3Ea synthesis

Entry | Reagent | ABM [mg] Yield [%]/Time [min] 3Za/3Ea [%]
1 la 0 5/60 -
2 la 50 82/5 85/15
3 la 100 96/5 86/14
4 la 150 97/5 87/13
5 la 200 98/5 88/12
6 la 250 98/5 88/12

Reactions conditions: Benzaldehyde 1a (1 mmol), hydroxylamine hydrochloride 2 (1.5 mmol), different
amounts of KF/ABM (0-250 mg) at 80 °C under solvent-free conditions.
“Difficult to separate.

Thereafter, solvent effects were examined under the same conditions as mentioned
above (1 mmol of 1a and 1.5 mmol of 2). All assays were performed in the presence of
KF/ABM (100 mg) in different solvents (Table 2).

After each essay (5 min), the reaction was not completed with water, methanol,
dichloromethane, chloroform, and acetone. In this case, the reaction mixture obtained at
the end contains both starting materials and product (3Za + 3Ea) (Entries 1, 2, 4, 5 and
6, Table 2). The results in Table 2 show clearly that the best solvents were aliphatic
alcohols such as methanol and ethanol (76 % and 90 % yields, 3Za/3Ea: 83/17 and
85/15, respectively) (Entries 2 and 3, Table 2). However, it should be noted that this
reaction gives the corresponding oximes 3Za and 3Ea in very good yields under
solvent-free conditions (96 % yield, 3Za/3Ea: 86/14) (Entry 7, Table 2). Thus, we chose
the solvent-free conditions process to synthesize the others oximes.

Table 2. Synthesis of 3Za and 3Ea using KF/ABM in different solvents

Entry | Reagent Solvent Yield [%]/Time [min] | 3Za/3FEa [%]
1 la Water 64/5 84/16
2 la Methanol 76/5 83/17
3 la Ethanol 90/5 85/15
4 la Dichloromethane 67/5 84/16
5 la Chloroform 66/5 84/16
6 la Acetone 56/5 83/17
7 la Without solvent 96/5 86/14

Reactions conditions: Solvent (1 mL), benzaldehyde 1a (1 mmol), hydroxylamine hydrochloride 2 (1.5 mmol),
and KF/ABM (100 mg) at 80 °C.

In the same conditions as those mentioned above, various aldehydes and ketones 1a-i
(1 mmol) were condensed with hydroxylamine hydrochloride 2 (1.5 mmol) at 80 °C in
the presence of KF/ABM catalyst (100 mg) under solvent-free conditions (Table 3).

The progress of the reaction was monitored by TLC. The isolated compounds were
purified by chromatography on silica gel column (hexane/ethyl acetate: 2/10) or by
recrystallization from ethanol to obtain the desired oximes 3a-i. In the case of
dissymmetric aromatics aldehydes and acetophenone (Entries 1-5 and 8, Table3), two
isomeric oximes 3Z and 3E are generated (the 3Z (Z-isomers) are obtained in excellent
yields). While, in the case of symmetric ketones, one oxime 3 was obtained (Entries 6, 7
422 St. Cerc. St. CICBIA 2017 18 (4)
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and 9, Table 3). The physical and spectral data (IR, Mp, 'H NMR, and °C NMR) of the
synthesized products are in good agreement with those reported in the literature.

Table 3. Synthesis of the various oximes using KF/ABM

Entry Aldehyde or ketone Yield [%]*/ | 3Z/3E [or 3] Mp 3Z/3E |or 3]
Time[min] [%]" [°C] [iit.]
o]
o
R
1 R=-H (1a) 96/5 86/14 (129/35) [10]
2 | R=—OCH; (1b) 96/5 88/12 (133/45) [10]
3 | R=—CHx(1c) 95/5 86/14 (106/80) [10]
4 | R=-Cl(14d) 94/5 87/13 (146/110) [10]
5 =_NO, (1e) 96/5 87/13 (132/182) [10]
0
Lﬁ
6 | n=1(1f) 80/5 80 (58) [19]
7 | n=2(1g) 81/5 81 (86) [16, 19, 24]
0
A
8 | R= —C¢Hs and R’= —CH; 85/5 90/10 (77/55) [24]
(1h)
9 R=R’=-C¢H; (1i) 93/5 93 (143) [10]

Reactions conditions: Different aldehydes or ketones 1 (1 mmol), hydroxylamine hydrochloride 2 (1.5 mmol), and KF/ABM (100
mg) at 80 °C under solvent-free conditions. “Isolated Yield. *Separated by column chromatography.

These results show clearly that the use of KF/ABM catalyst can lead to the oximes in
good yield (80 % yield) (Entry 6, Table 3) to excellent yield (96 % yield) (Entries 1, 2
and 5, Table 3). In the case of substituted benzaldehyde (1a-e), the use of electron
donating groups (p-OCHj3; and p-CHj) or electron withdrawing groups (p-NO, and
p-Cl) has no effect on the yield of the reaction. Indeed, these four substrates (1b-e) and
benzaldehyde give almost the same yields to the corresponding oximes (Entries 1-5,
Table 3).

In order to demonstrate the effectiveness of KF/ABM catalyst, we made a comparison
between this catalyst and the NaNO3;/ABM catalyst [25].

The yields obtained using these catalysts (KF/ABM and NaNOs;/ABM) for all the
substrates were almost similar. Indeed, in each entry, KF/ABM and NaNOs;/ABM gave
the corresponding oximes in higher yields than using ABM alone under the same
experimental conditions (80-96 % for KF/ABM and 78-96 % for NaNO;/ABM).
Concerning the reaction time, all the reactions were carried out in only 5 min using both
catalysts (KF/ABM or NaNOs;/ABM). This shows that they are effective compared to
the ABM alone.

The difference between the two catalysts (KF/ABM and NaNO;/ABM) is in the
selectivity. Indeed, the use of NaNO3;/ABM catalyst gives only the E-isomer for all the
substrates (dissymmetric substrates) in very high yields (between 78 % and 96 %) and
high purity. However, the use of KF/ABM catalyst gives rise to the two isolable and
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identifiable Z- and E-isomers for the dissymmetric substrates in very high yields
(between 85 % and 96 % as mixture of Z and E with ratio Z/E is between 86/14 and
90/10). Thus, the advantage of KF/ABM catalyst is that it can be used to synthesis
Z-isomers and E-isomers from dissymmetric substrates. However, the NaNOs;/ABM
always gives E-isomer in high purity. This is probably due to the difference in structure
and phases of KF/ABM and NaNOs/ABM catalysts.

The reuse of KF/ABM was studied in order to demonstrate the effectiveness of catalyst
recycling (Figure 6). For this purpose, the KF/ABM catalyst was washed with acetone
after etch use, recovered quantitatively by simple filtration. Then, it was regenerated by
calcination at 500 °C for 2 h for each new reuse.

It was observed that the recovered KF/ABM catalyst leads to a product 3a (3Za + 3Ea)
in good yields even after eight successive catalytic cycles (5 min). Indeed, the yield
decreased by 10 % after eighth rounds. The loss of efficiency of the catalyst is due to
the reduction of a number of active centers.

100{ 96
80
S
< 60+
ke,
(7]
@
g
S 40 -
O
20 4
04
1 2 3 4 5 6 7 8
Numbers of reuse
Figure 6. Reusability of KF/ABM catalyst
CONCLUSIONS

In conclusion, we developed a simple and effective method of oximes synthesis using
KF/ABM under mild conditions. The specificity of the KF/ABM catalyst is that it can
give a mixture of the two geometrical isomers (Z- and E-oximes) in the case of
dissymmetric aldehydes and ketones with Z/E ratios ranging from 84/14 to 90/10.
Compared to the conventional methods, the main advantages of this procedure are
milder conditions, higher yields, short reaction times, possibility to reuse or recycling,
and reduction of environmental problems.
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