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Abstract

Five alicyclic oximes 1 — 5 have been readily synthesized in moderate to good yields. These oximes were obtained
through a reaction between the hydroxylamine hydrochloride and a number of alicyclic ketones (cylobutanone,
cyclopentanone, cyclohexanone, cycloheptanone and cyclooctanone) under mild reaction conditions. The
spectroscopic data confirmed the formation of the first four oximes 1 — 4 as single conformational isomers.
However, the cyclooctanone oxime 5 was obtained as a mixture of two conformational isomers with 81% for the
major and only 19% for the minor isomer. Such finding could be an indication for the relationship between the
increase of the ring size of the oxime and the raising possibility of the formation of conformational isomers as the
flexibility of the ring increases.
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1. Introduction

Oximes could be found in a number of bioactive compounds. Such oxime derivatives have a wide range of
activities, including antibacterial, antifungal, anti-inflammatory, antioxidant, anti-diabetes and cytotoxic activities
[1]. They have also shown some insecticidal activities [2]. Additionally, oximes have been employed as key
precursors in the synthesis of the photosensitive materials [3]. Oximes are characterized by various derivatives
including oxime ethers, oxime esters, dioxime oxalates, oxime glyoxylates, oxime oxalate, amides, oxime carbonates
and oxime carbamates. Oximes could also be used as building blocks in the synthesis of agrochemicals [4].
Classically, oximes are synthesized by refluxing an alcoholic solution of a carbonyl compound with hydroxylamine
hydrochloride in the presence of base [4, 5]. The reaction of aldehydes or ketones with hydroxylamine or its
hydrochloride salt in polar solvent like ethanol could be a convenient method to obtain oximes. The reaction rate is a
pH-dependent and the base could be added at the beginning or continuously during the reaction. Basic solvents like
pyridine could also be employed as base and/or solvent. The reaction temperature is generally ranging from 60 to
120° C [2, 6-9]. Herein, some alicyclic oximes and their terphthaloyl esters have been synthesized and characterized
using a number of spectroscopic techniques.

2. Experimental

2.1. Materials

Cyclobutanone, cyclopentanone, cyclohexanone,cycloheptanone, cyclooctanone, hydroxylamine hydrochloride,
terphthaloyl chloride, potassium hydroxide, anhydrous sodium sulphate, triethyl amine and chloroform. These
chemicals were used without further purification.

2.2. Instrumentation

Melting points were measured on a Barnstead electrothermal IA 9100. *HNMR spectrum was recorded on a
JEOL ECA-500 Il spectrometer. Residual proton signal from the deuteriated solvent was used as reference [DMSO
(*H, 2.50 ppm), whereas coupling constants were measured in hertz (Hz)]. Infrared spectrum was recorded on Jasco
FT/IR-4100 Fourier transform infrared spectrometer. Mass spectrum was recorded on a Micromass Autospec M
spectrometer.

2.2.1. Synthesis of Cyclobutanone Oxime

A literature procedure [2] was adapted towards the synthesis of the desired oxime. Solution of hydroxylamine
hydrochloride (5.0 gm, 71.94 mmol in 10 cm® of distilled water) and a solution of potassium hydroxide (3.0 gm,
53.48 mmol in 5 cm?® of distilled water) were placed in a round-bottomed flask and stirred at room temperature.
Cyclobutanone (4.60 gm, 65.71 mmol) was then added while stirring and the reaction mixture was refluxed. At the
start of boiling, small amounts of ethanol (5 cm®) were added from time to time to reaction mixture through the
condenser until the boiling solution becomes clear. The reaction was left under reflux for further an hour after which
the reaction vessel was allowed to cool gradually to room temperature. The pH of the reaction mixture was measured
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and found as expected to be acidic. A solution of 1IN KOH was added to the reaction mixture until the solution
became neutral. The reaction mixture was then refluxed for further 30 min, cooled to room temperature. The pH was
measured and found to be still acidic. Addition of 1IN KOH solution was required and the reaction mixture was
refluxed for another 10 min, cooled, pH was measured and found to be neutral. The reaction mixture was transferred
into a beaker containing ice — water (100 cm?), the cyclobutanone oxime was precipitated rapidly, filtered, washed
with cold water (3 x 10 cm®) and air dried to give a white powder of the desired compound (2.70 gm, 31.77 mmol,
48% yield). The product was found clean enough for the next chemical processes; IR vmax (cm ™) 3392 (OH), 1630
(C=N).

2.2.2. Synthesis Cyclopentanone Oxime

A literature procedure [10] was adapted towards the synthesis of the desired oxime. Solution of hydroxylamine
hydrochloride (5.0 gm, 71.94 mmol in 10 cm?® of distilled water) and a solution of potassium hydroxide (3.0 gm,
53.48 mmol in 5 cm® of distilled water) were placed in a round-bottomed flask and stirred at room temperature.
Cyclopentanone (5.60 gm, 66.67 mmol) was then added while stirring and the reaction mixture was refluxed. At the
start of boiling, small amounts of ethanol (5 cm®) were added from time to time to reaction mixture through the
condenser until the boiling solution becomes clear. The reaction was left under reflux for further an hour after which
the reaction vessel was allowed to cool gradually to room temperature. The pH of the reaction mixture was measured
and found as expected to be acidic. A solution of 1IN KOH was added to the reaction mixture until the solution
became neutral. The reaction mixture was then refluxed for further 30 min, cooled to room temperature. The pH was
measured and found to be still acidic. Addition of 1IN KOH solution was required and the reaction mixture was
refluxed for another 10 min, cooled, pH was measured and found to be neutral. The reaction mixture was transferred
into a beaker containing ice-water (100 cm?), the cyclopentanone oxime was precipitated rapidly, filtered, washed
with cold water (3 x 10 cm®) and air dried to give a white powder of the desired compound (3.39 gm, 34.24 mmol,
51% yield). The product was recrystallized from diethyl ether; IR vma (cm™) 3229 (OH), 1687(C=N). 'HNMR
(DMSO-d6, 500 MHz) & 10.14 (1 H, s, OH), 2.24 (4 H, m, 2 x CH,), (4 H, m, 2 x CH,). *CNMR (DMS0-d6, 500
MHz) & 164.14 (C=N), 30.54 (CHy,), 27.10 (CHy,), 25.22 (CHy,), 24.57 (CHy,).

2.2.3. Synthesis Cyclohexanone Oxime

A literature procedure [2] was adapted towards the synthesis of the desired oxime. Solution of hydroxylamine
hydrochloride (5.0 gm, 71.94 mmol in 10 cm?® of distilled water) and a solution of potassium hydroxide (3.0 gm,
53.48 mmol in 5 cm?® of distilled water) were placed in a round-bottomed flask and stirred at room temperature.
Cyclohexanone (6.53 gm, 66.63 mmol) was then added while stirring and the reaction mixture was refluxed. At the
start of boiling, small amounts of ethanol (5 cm®) were added from time to time to reaction mixture through the
condenser until the boiling solution becomes clear. The reaction was left under reflux for further an hour after which
the reaction vessel was allowed to cool gradually to room temperature. The pH of the reaction mixture was measured
and found as expected to be acidic. A solution of 1IN KOH was added to the reaction mixture until the solution
became neutral. The reaction mixture was then refluxed for further 30 min, cooled to room temperature. The pH was
measured and found to be still acidic. Addition of 1IN KOH solution was required and the reaction mixture was
refluxed for another 10 min, cooled, pH was measured and found to be neutral. The reaction mixture was transferred
into a beaker containing ice-water (100 cm?), the cyclohexanone oxime was precipitated rapidly, filtered, washed
with cold water (3 x 10 cm®) and air dried to give a white powder of the desired compound (4.50 gm, 44.56 mmol,
67% yield). The product was recrystallized from diethyl ether; IR vma (cm ™) 3440 (OH), 1659 (C=N). ‘HNMR
(DMSO-d6, 500 MHz) & 10.06 (1 H, s, OH), 2.37 (2 H, m, CH,), 2.10 (2 H, m, CH,), 1.55 (6 H, m, 3 x CH,).
BCNMR (DMSO0-d6, 500 MHz) § 157.61 (C=N), 32.07 (CH,), 27.15 (CH,), 25.91 (CH,), 25.73 (CH,), 24.32 (CH,)

2.2.4. Synthesis of Cycloheptanone Oxime

A literature procedure [2] was adapted towards the synthesis of the desired oxime. Solution of hydroxylamine
hydrochloride (5.0 gm, 71.94 mmol in 10 cm® of distilled water) and a solution of potassium hydroxide (3.0 gm,
53.48 mmol in 5 cm® of distilled water) were placed in a round-bottomed flask and stirred at room temperature.
Cycloheptanone (7.46 gm, 66.61 mmol) was then added while stirring and the reaction mixture was refluxed. At the
start of boiling, small amounts of ethanol (5 cm® were added from time to time to reaction mixture through the
condenser until the boiling solution becomes clear. The reaction was left under reflux for further an hour after which
the reaction vessel was allowed to cool gradually to room temperature. The pH of the reaction mixture was measured
and found as expected to be acidic. A solution of 1IN KOH was added to the reaction mixture until the solution
became neutral. The reaction mixture was then refluxed for further 30 min, cooled to room temperature. The pH was
measured and found to be still acidic. Addition of 1IN KOH solution was required and the reaction mixture was
refluxed for another 10 min, cooled, pH was measured and found to be neutral. The reaction mixture was transferred
into a beaker containing ice-water (100 cm?), the cycloheptanone oxime was extracted with cholroform, washed with
distilled water (3 x 10 cm®), dried over Na,SO,, filtered and evaporated to give the desired compound as an oil (4.76
gm, 37.48 mmol, 56% yield). IR vya (cm™) 3219 (OH), 1649 (C=N). ‘"HNMR (DMSO-d6, 500 MHz) & 10.11 (1 H,
s, OH), 2.42 —2.39 (2 H, m, CH,), 2.29 — 2.27 (2 H, m, CH,), 1.62 — 1.59 (2 H, m, CH,), 1.58 — 1.50 (6 H, m, 3 x
CH,). ®CNMR (DMSO0-d6, 500 MHz) & 160.24 (C=N), 33.60 (CH,), 30.45 (CH,), 30.31 (CH,), 28.47 (CHy,), 27.88
(CHy), 24.59 (CHy).
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2.2.5. Synthesis of Cyclooctanone Oxime

A literature procedure [2] was adapted towards the synthesis of the desired oxime. Solution of hydroxylamine
hydrochloride (5.0 gm, 71.94 mmol in 10 cm?® of distilled water) and a solution of potassium hydroxide (3.0 gm,
53.48 mmol in 5 cm® of distilled water) were placed in a round-bottomed flask and stirred at room temperature.
Cyclooctanone (8.4 gm, 66.67 mmol) was then added while stirring and the reaction mixture was refluxed. At the
start of boiling, small amounts of ethanol (5 cm®) were added from time to time to reaction mixture through the
condenser until the boiling solution becomes clear. The reaction was left under reflux for further an hour after which
the reaction vessel was allowed to cool gradually to room temperature. The pH of the reaction mixture was measured
and found as expected to be acidic. A solution of 1IN KOH was added to the reaction mixture until the solution
became neutral. The reaction mixture was then refluxed for further 30 min, cooled to room temperature. The pH was
measured and found to be still acidic. Addition of 1IN KOH solution was required and the reaction mixture was
refluxed for another 10 min, cooled, pH was measured and found to be neutral. The reaction mixture was transferred
into a beaker containing ice-water (100 cm®), the cyclooctanone oxime was extracted with chloroform, washed with
distilled water (3 x 10 cm®), dried over Na,SO,, filtered and evaporated to give the desired compound as an oil (5.78
gm, 40.99 mmol, 62% vyield). IR vy (cm ) 3205 (OH), 1694 (C=N). Major isomer (81%): "HNMR (DMSO-ds,
500 MHz) & 10.11 (1 H, s, OH), 2.35-2.21 (2 H, m, CH,), 2.20 — 2.18 (2 H, m, CH,), 1.70 — 1.67 (4 H, m, 2x CHy,),
1.66 — 1.41 (6 H, m, 3 x CH,). Minor isomer (19%): "HNMR (DMSO-d6, 500 MHz) & 8.30 (1 H, s, OH), 3.18 (2
H, s, CH,), 2.55 (2 H, s, CH,), 1.80 — 1.76 (6 H, m, 3 x CH,), 1.31 — 1.25 (4 H, m, 2x CH,). *CNMR (DMSO-d6,
500 MHz) & 160.88 (C=N), 33.23 (CH,), 27.32 (CH,), 26.69 (CH,), 26.54 (CH,), 25.57 (CH,), 24.79 (CH,), 24.43
(CHy).

3. Results and Discussion
Five alicyclic oximes have been synthesized starting from cyclobutanone, cyclopentanone and cyclohexanone,
cycloheptanone and cyclooctanone through a reaction between these alicyclic ketones and the hydroxyl amine

hydrochloride in the presence of potassium hydroxide to form the desired alicyclic oximes 1 — 5 respectively in
moderate to good yields (Scheme 1).

Scheme-1. Synthesis of alicyclic oximes 1 —5

N«OH

bl

n=1, oxime (1); yield 48%
n=2,06me (2); yield 51%
n=3,0xime (3); yield 67%
n=4, oxime (4); yield 56%
=5, oxime (5); yield 62%

Reagents & reaction concltions: (1) NH,OH.HGL KOH, Na,SQy, it 30 - 43 min

The resulting five oximes were characterized in which the IR, *HNMR and the *CNMR spectroscopic data
revealed that the all oximes 1 — 5 were formed successfully as. The IR spectroscopy showed the absorption bands of
the induced hydroxyl group and the imine group (OH/C=N) for the oximes 1 — 5 at 3392 cm™/1630 cm™, 3229 cm’
11687 cm™, 3440 cm™/1659 cm™, 3219 cm™/1649 cm™ and 3205 cm™/1694 cm™ respectively. The NMR data
confirmed the structures of the resulting alicyclic oximes 2 — 5 by showing the expected chemical shifts for all
protons and carbon atoms. The oximes of ring size less than eight, were formed as single isomers, whereas the
cyclooctanone oxime 5 was obtained as a mixture of two conformational isomers (major isomer 81% and minor
isomer 19%) (Fig. 1).
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Figure-1. The expected boat-chair conformation of the two conformational isomers of the cyclooctanone oxime 5

4
He
1 . Hado s N2 3 S
2 3 Pseudorotation 5
—
N 6 - 8 7
N
8 HO Ha tio'
Sl-sc37a\ /) 5I1-BC-37e
Y . W
A X N, ‘:“ .
% | 5 L‘.— o
3 /" a ol ‘l L -
“t{‘- X Minor conformational § Major conformational ‘j.,\ s |
¢ &v isomer (19%) 3 isomer (81%) YN«
6‘ [ %
3
Dipole/Dipole: -1.8314 A Dipole/Dipole: -1.8369
Total Energy: 15.0236 kcalimol 'd =\ Total Energy: 14.7301 kcalimol
4
SI'BC-3,78 1 3 Pseudorotation 1 5"-BC-3,7€
S
‘_.
8 ,N He
Ha HO 7
51-BC-3,7a SII-BC-3,7¢

BC = Boat-Chair conformation
a and e = axial and equatorial

The upfield chemical shifts observed in the 'HNMR spectrum of the mixture of the two conformational isomers
of the cyclooctanone oxime 51 and 511 (Fig 2) could be well explained by the boat-chair conformation, since the
chemical shift for a proton in the axial position is directly above the = bond of the oxime group and should thus be
strongly shielded [11].

Figure-2. The chemical shifts for the methylene protons for conformational isomers 51 and 511
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According to the MM2 method used for minimizing the total energy, the major conformational isomer is
thought to be 511 (81%), which has theoretically been found to be more stable than the other conformational isomer
51 (19%) with total energies of 14.7301 kcal/mol and 15.0236 kcal/mol respectively (Fig 1). Although the formation
percentage of the minor conformational isomer of the cyclooctanone oxime 5 was rather low (only 19%), it could be
an indication of the fact that the possibility for observing isomerism increases as the ring size reaches eight carbons
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or above. This might be rationalized to raising the flexibility of the ring as the number of carbons of the cyclic
skeleton increases. This requires further studies to be confirmed.

4. Conclusion

Five alicyclic oximes 1 — 5 have been readily synthesized in moderate to good yields. These oximes were
obtained through an oximation reaction of cylobutanone, cyclopentanone, cyclohexanone, cycloheptanone and
cyclooctanone under mild reaction conditions. The spectroscopic data confirmed the formation of these oximes as
single isomers except the cyclooctanone oxime 5 which was formed as a mixture of two isomers giving the major a
formation percentage marking 81%. Such observation could be an indication for the relationship between the
increase of the ring size of the oxime and the raising possibility of the formation of two or more isomers as the
flexibility of the ring increases.
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