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ABSTRACT

The synthesis, spectral characterization and microbial activity evaluation of a series of some N-
alkoxy (and acyloxy) a, f-unsaturated oxime ethers were carried out. The products obtained
were characterized and tested for bioactivity against Sapphylococcus aurreus, Escherichia coli,
Candidas albicans and Sacharomyces cereviciae. Alkyl halides and a group of compounds
comprising of acyl chlorides derived from fatty acids of palm oil (palmitic acid, oleic acid) were
coupled with cinnamal doxime and crotonaldoxime to formthe ethers or esters.
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INTRODUCTION

References to the potential of oxime ethers ani tlezivatives as anti-microbial drugs abound
in literature [1-5]. Oxime ethers have also foundnyuses in recent years as non-steroidal anti
inflammatory drugs, mold inhibitory active composrnd poultry science, anti-protozoan, insect
growth regulator, and herbicides and as variouenads with steroidal effects. Most of the work
done so far on this class of compounds is on oxthers but very little on the B-unsaturated
analogues.

Despite the growing list of antimicrobial agentseit clinical value has been limited by their
relatively high risk of toxicity, the emergence adifug resistance, and insufficiencies in their
antimicrobial activity. Since the environmental awnomic requirements imposed on modern-
day antibiotics are continually increasing, withgaed to the spectrum of action, toxicity,
selectivity, application rate, formation of residuand favourable preparability, a constant task is
to develop new antibiotics which in some areaseastl have advantages over their known
counterparts. This situation has led to an ongseeggch for potent broad spectrum antimicrobial
agents with low side effects, which can be admenext both orally and parenterally.
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In this series, fatty acid derivatives (a naturabduct) obtained from palm oil have been
incorporated and the effect of the additionalp-unsaturation is expected to enhance their
antimicrobial activity and physiological tolerancehumans and other animals.

It has been revealed that coupling of two or mamelymamic molecules result in enhanced
biological activity [6]. Numerous previous workdrave shown that the oxime ether group is one
such group that are biologically active in manytangses [7-10]. The hydrophobic nature of the
long alkyl groups of fatty acids is a useful pragen some pharmacological media [11].

Thein vitro antibacterial activity of the oxime-ether derivas were evaluated by disk diffusion
method against culture @&aphylococcus aureus and Escherichia coli, Candida albicans and
Sacharomyces cereviciea.

MATERIALS AND METHODS

The Infrared spectra were recorded on Perkin-Eledel 1310 spectrophotometer and Buck
Scientific S 500 Infra-red spectrophotometer. THeand**C nmr spectra ofd, 1b, 1c, 1dand
2a-f were run at 250 MHz whiftH, *3C, *C-DEPT,*H-'H coupling correlation, antH- *C %J
correlations were run at 400 MHz for productsahd b, the O-alkyl cinnamaldoxime ethers,
using deuterated chloroform and carbon tetrachdoasl solvent and tetramethylsilane (Tms) as
internal standard. The chemical shifts are giverd ifjppm) scale. Elemental analysis was
determined on a Yanaco CHN Corder Elemental analy@mnamaldehyde, crotonaldehyde,
tetrahydrofuran (THF), and hydroxyl amine hydrocide were purchased from Zayo-Sigma,
representatives of Sigma-Aldrich in Nigeria. Coluranromatography was performed using
silica gel 60 (230-400 mesh, Merck). Solid reagesmpounds were used with their melting
points uncorrected. However, liquids were redistilto remove stabilizers and other impurities.
All liquid oxime ethers were purified by redistilian under reduced pressure.

Antimicrobial activities of the synthesised compdsrnwere determined with the previously
reported standard methods [12-13, 10, 14] at timBment of Microbiology, Faculty of Natural
Sciences, Kogi State University, Anyigba.

General method for preparation of oximes:

A mixture of redistilled aldehyde, 9.439g(0.0714 jnohydroxyl amine hydrochloride,
4.97g(0.0715mol); triethylamine, 7.24g, 11.6¢000715mol) in methanol is heated at reflux for
1 hour. Methanol is removed by distillation and to®led residue washed once with water and
recrystallized with dilute ethanol.

Typical procedure for preparation of oximes

Preparation of Cinnamaldoxime

Amixture of cinnamaldehyde, 9.43g (0.0714); hydioaynine hydrochloride, 4.97g (0.0715
mol); triethyl amine, 7.24g, 11.0 mL(0.0715mol) nmethanol was heated at reflux for 1 hr.
Methanol was removed by distillation and the cootedidue washed once with water and
recrystallized with dilute ethanol. Yield: 5.0g

General methods for the preparation of oxime ethers:

Direct Alkoxyamination of carbonyl compound

0.011mol (0.99) of alkoxyamine hydrochloride an8l L of triethylamine is dissolved in 8 mL
of methanol. After stirring the mixture for 5 mimst it is added over 20 minutes to a stirred
solution of 0.011 mol of redistilled aldehyde in ISmof methanol maintained at room
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temperature. The resulting mixture is stirred foother 30 minutes and then heated at reflux for
30 more minutes, allowed to cool to room tempesfamd then quenched with 10 mL of cold

water. The product is extracted with 2 x 5 mL olocbform. The combined extracts is washed
once with 5mL of cold water and dried over anhydr@odium sulphate. The chloroform is

evaporated off and the imine vacuum distilled.

Alkylation of oxime with silver oxide as catalyst and base

Silver oxide (0.017mol) is added in small portidosa cooled solution of aldoxime (0.016mol)
in alkyl bromide, 50 mL. The mixture is heated eflux for 24 hours. The resulting solution is
filtered hot and the residue washed 3 times withmlOof chloroform each time. The filtrate is
concentrated by distillation. The residue is vactdistilled to give the oxime ether.

Alkylation or acylation of Oximes with Potassium carbonate as base:

The oxime (3.6 mmol), ¥CO; (0.55 g, 4 mmol) and an appropriate alkyl halidadd chloride
(3.6 mmol) are mixed in absolute acetone or DMF, [l0The mixture is refluxed at 80 for 12
hours to complete the reaction. After cooling tormotemperature, the mixture is poured into
water. If a solid separates it would be filterefl efashed with copious water and recrystallized
from ethanol [10], otherwise, the product is extedcfrom the mixture trice with about 5mL of
chloroform, washed once with water and the chlarofevaporated off under vacuum and the
oxime ether is purified by vacuum distillation.

Preparation of Slver Oxide:

Add dilute sodium hydroxide solution (0.2 mol/jngradually to 10% aqueous silver nitrate
solution until the silver nitrate solution is alked. Filter and wash the residue thoroughly with
distilled water.

Typical procedures: 3-Phenylpropenal o-ethyl oxime (1a)

Silver oxide (3.94 g, 0.017mol) was added in smaditions to a cooled solution of
cinnamaldoxime (5.00g, 0.016 mol) in ethyl brom{8® mL). The mixture was heated at reflux
for 12 h. The resulting mixture was filtered whggll hot and the residue washed thrice with
chloroform (10 mL), the filtrate was concentratgddistillation and the residue distilled under
vacuum.Qil, b.p. 100-102 °C (10 mmHg) 5.55 &(@8%), d 0.994g/mL, IR(cth, neat): 2820-
2920, 1613, 103dH-nmr (CDCh): & 1.25 (t,J = 12.5Hz, 3H, Me), 4.05-4.20(d,= 12.5Hz, 2H,
CH,0), 6.7-6.8 (m, 2H, CH=CH), 7.1-7.4 (m, 5H, ArH)87d,J = 12.5Hz, 1H, N=CH)*C-
nmr (CDCE):5 150.5,138.0, 136.0,129.0, 127.5,127.0,122.0, 70600. Anal. Calc. (%) for
C11H13NO: C, 75.40; H, 7.48; N, 7.99; O, 9.13. Found78.60; H, 7.20, N, 7.54; O, 9.20.

RESULTS AND DISCUSSION

The oxime ethers in this series were synthesisedhvee methods: The first method is by direct
alkoxymation of the corresponding oxime. O-methghamaldoxime ether, 1a, was obtained in
excellent yield (78%) by this method. This methedconvenient because methyl chloride and
methyl bromide and even iodomethane are fairly tlel@ompounds and would have required
that the reaction be carried out under pressurbehithan atmospheric pressure if any of the
other methods available were used.

In the second method, silver (I) oxide is used dmse and oxidising agent to give excellent
yields of oxime ethers without the usual accompagformation of nitrones and also without
the use of a separate solvent since the alkylyrredide also served as the solvent (Scheme 1).
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P NH,OH. HCI N-OH RBr N/O/
R R// AQZOR// 1
R R?
la. PhCH=CH CH3CH,-
1b. PhCH=CH CHs-
1c. CH3CH=CH CH3CH -
1d. CH3CH=CH CHg-
Scheme 1

We believe that the reaction involves silver | ioomplex formation between silver and the
oxime nitrogen. Like in the silver mirror test réan, conversion occurs without attacking any
double bonds. In this case, the C=N double bondot attacked, thereby preventing the
alkylation of nitrogen that results in nitrone fation. The reaction, like in the silver mirror test
leaves a deposit of pure silver in the form of tpellets of silver metal and silver halide in the
product mixture. This method was used to prepamegpounds 1b, 1¢ and 1d.

The third method of oxime ether or ester formaiiorolved the use of potassium carbonate as
base and acetone as solvent (Scheme 2).

OH OR!?

j NH,OH.HCI N RIC] N
. EtOH, NaOH J K2COs J 5
ref. 1hr. R ACetOne, R

ref.1hr.
R R
2a. PhCH=CH GYCH,),CH=CH(CH),CO
2b. PhCH=CH CHCH,)1,CO
2c. CHCH=CH  CH(CH,),CH=CH(CH)CO
2d. CHCH=CH  CH(CH,).,CO
2e. PhCH=CH PhCH
2f. PhCH=CH  PhCO

Scheme
Compounds 2a, 2b, 2c, 2d, 2e and 2f were prepaied this method because the alkyl or acyl
halides involved have relatively high boiling parind cannot be easily distilled off without
decomposing the products. Acetone was used bedehes the low boiling point suitable for the
recovery of the products. The products 2a-f wessed through a column of silica gel with ethyl
acetate/hexane (1:2) mixture to eliminate tracestobne.

It is easy to monitor and confirm the transformasi@s the reaction proceeds from the aldehydes
through the oximes to the corresponding oxime sth€&he absence of the C=0 band of the
carbonyl compounds (Cinnamaldehyde and crotonattkhgnd the existence of a broad =N-OH
band centred around 3166 ¢rin the IR spectrum of the oximes is the evidemeealdehydes
were transformed into the oximes. The —OH protopeaps as a broad singlet at around 13.0
ppm in the'H-NMR spectrum. This peak disappears upon alkytatioacylation of the oxime.

3-Phenylpropenal o-ethyl oxime (1a)

Qil, b.p. 100-102 °C (10 mmHg) 5.55 £(@8%), d 0.994g/mL, IR(cth, neat): 2820-2920, 1613
(C=N), 1030 (N-O):*H-nmr (CDCE): & 1.25 (t,J = 12.5Hz, 3H, Me), 4.05-4.20(d,= 12.5Hz,
2H, CH,0), 6.7-6.8 (m, 2H, CH=CH), 7.1-7.4 (m, 5H, ArH)87d,J = 12.5Hz, 1H, N=CH).
¥3C-nmr (CDCH):5 150.5,138.0, 136.0,129.0, 127.5,127.0,122.0, 706A). Anal. Calc. (%) for
C11H13NO: C, 75.40; H, 7.48; N, 7.99; O, 9.13. Found78&.60; H, 7.20, N, 7.54; O, 9.20.
N-Methoxy-4-phenyl-1-azabutadiene 3Phenyl propenal O-methyl oxime ether (1b)
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(1b). Oil, b.p. 103 °C (10 mmHg), Yield: 1.7%§0%), d 0.994g/mL, IR (crit, neat): 2820-
2920, 1613, 1030'"H-nmr (CDCE): & 4.1 (s, 3H, MeO), 6.8-6.9 (m, 2H, CH=CH), 7.3-T5(
5H, Ar-H), 7.9 (d,J = 10.0Hz, 1H, N=CH),**C-nmr (CDC}): 5 150.5,140.0,138.5,129.0, 128.0,
127.0, 122.0, 63.0. Anal Calc. (%) foig81:NO: C, 74.51; H, 6.88; N, 8.69; O, 9.93. Found: C,
74.20; H, 6.99; N, 8.88; O, 9.61.

But-2-enal O-methyl oxime (1¢).

Qil, b.p. 103 °C (10 mmHg), d 0.894g/mYield: 2.8mL 77.8%; IR (cil , neat): 2820-2920,
1613 (C=N), 1030*H-NMR ( CDCk): 6 1.4 (dd,J; = 7Hz,J, = 1Hz, 3H, Me); 4.0 (s, 3H, MeO-
) 5.4-5.9 (m, 2H, CH=CH); 7.9 (dl = 7Hz, 1H, N=CH);"*C-NMR (CDCk) & 163.0, 137.0,
124.0, 55.0, 17.0; Anal. Calc (%) fosldsNO: C, 60.58; H, 9.15; N, 14.13, O, 16.14. Found: C
60.42; H, 9.11; N, 14.08; O, 16.50.

But-2-enal O-ethyl oxime (1d).

Qil, b.p. 107-110 °C (12 mmHg); Yield: 1.30 nif8%), d 0.901g/mL; IR (cil): 2820-2920,
1613, 1030*H-NMR (CDCLk): § 1.4 (m, 6H, Me); 4.1, (q] = 8Hz, 2H, CHO); 5.5-5.8 (m, 2H,
CH=CH); 7.9 (dJ = 7Hz, 1H, N=CH)*C-NMR (CDC}) §164.0, 137.0, 124.0, 64.0, 17.0, 12.0.
Anal. Calc. (%) for @H11NO: C, 63.68; H, 9.80; N, 12.38; O, 14.14. Found68.40; H, 9.30;
N, 12.20; O, 14.10.

2a. O-Palmitoyl cinnamaldoxime ether

Yield: 78%. m.p. 110-11°Z. IR (cm®):3010-3020(Ar & olefinic C-H str.), 2820-2920(myti&
methylene str. C-H), 1740(C=0 str.), 1613, 1660fegated olefinic protons), 1465,
1380(methyl and methylene C-H bend), 1030(-C-O-ti).s'H-nmr (CDCE): & 0.90(t, 3H,
CH3),1.40 (sextet, 2H, Cpl, 1.35(quintet, 22H, C§J, 1.65(quintet, 2H, C}J, 2.02(t, 2H, O-
CHy), 6.7-6.8 (m, 2H, CH=CH), 7.1-7.4 (m, 5H, ArH)87(d, J = 12.5Hz, 1H, N=CH);’C-
NMR (CDCk) 6172.0, 33.3, 32.5, 30.3, 30.3, 30.3, 30.3, 30.33,380.3, 30.0, 30.0,29.7, 25.4,
23.1,14.0.

O-Oleoyl cinnamaldoxime ether (2b)

Yield: 12g, 85%; m.p., 118-12C. IR (cm'):3010-3020(Ar & olefinic C-H str.), 2820-
2920(methyl & methylene str. C-H), 1740(C=0 sti§13, 1660(conjugated olefinic protons),
1465, 1380(methyl and methylene C-H bend), 103@-Q; str.).*H-nmr (CDCE): & 0.9(t, 3H,
CHg),1.35(quintet, 14H, C§J, 1.40(m, 6H, CH), 1.65(quintet,3H, Cb), 2.2(2q, 4H, allylic
H),2.35(t, 2H, CH), 5.3(q, 1H, CH), 5.7(q, 1H, CH), 6.7-6.8 (m, ZBKI=CH), 7.1-7.4 (m, 5H,
ArH), 7.8 (d, J = 12.5Hz, 1H, N=CH}’*C-NMR (CDCk): & 177.0, 163.7,131.7, 140.1, 134.9,
130.2, 128.4, 127.7,126.2,120.6, 33.6, 33.4, 3213, 30.8, 30.6, 30.5, 30.4, 30.3, 30.1, 30.0,
29.7, 25.1, 23.1, 14.

Crotonaldoximyl palmitate or O-palmitoyl crotonaldoxime ether (2c)

Yield: 8.10g (74%); m.p. 10C. IR, cm™ 2820-2920, 1613, 1030*H-nmr (CCL): §0.9 (t, 3H,
Me); 1.30(quintet, 24H, Ch), 1.65(quintet, 2H, C}), 1.90(Dd, J=7Hz and J=1Hz,3H, @H
2.4(t, 2H, OC-CH); 5.0(m, 1H, =CH-), 5.8 (m, 1H, CH=); 7.9 (d, IN5CH). **C-nmr (CDC})
0174.0, 163.7, 137.0, 124.2, 34.16, 32.12, 29.98829.82, 29.78, 29.70, 29.68, 29.66, 29.56,
29.47, 29.37, 25.13, 22.84, 17.50, 14.13.

Crotonaldoximyl oleate (2d)

Yield: 9.8g (82%), m.p. 1Z. IR, cm" 2820-2920, 1613, 1030 *H-nmr (CCL): §0.9 (t, 3H,
CHy); 1.35(quintet or m, 20H, G 1.60(quintet, 2H, C}), 1.90(Dd, J=7Hz and J=1Hz,3H,
CHg), 2.05(m, 4H, allylic H) 2.35(t, 2H, OC-GM 5.0(m, 1H, =CH-), 5.3(m, 2H, CH=CH), 5.8
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(m, 1H, CH=); 7.9 (d, 1H, N=CHY>C-nmr (CDC}) $:173.2, 163.7, 137.0, 130.5, 130.2, 34.10,
32.64, 32.0, 31.94, 29.69, 29.61, 29.53,29.35, 29%9.16, 29.09, 28.99, 24.88, 22.71, 17.5,
14.13.

Benzyl cinnamaldoxime ether (2€)

Yield: 6.8g, 84%. m.p. 101-102. IR, cm*: 2820-2920, 1613, 1030 *H-nmr (CCL): 4.80(s,
2H, CHp), 6.7-6.8(m, 2H, CH=CH), 7.14-7.50(m, 10H, Ar-H)80 ( = 12.5Hz, d, 1H, N=CH).
13C-nmr (CDC}) 5:163.7, 140.9, 140.1, 134.9, 128.7, 128.4, 12727,4, 127.3, 126.2, 120.6,
76.8.

Benzoyl cinnamaldoxime ether (2f)

6.6, 77%; mp 115-126. IR, cm®: 2820-2920, 1613, 1030 *H-nmr (CCL): & 6.7-6.8(m, 2H,
CH=CH), 7.14-7.50(m, 10H, Ar-H), 7.80 € 12.5Hz, d, 1H, N=CH)"*C-nmr (CDC}) §:172.0,
163.7, 140.1, 134.9, 133.7, 130.6, 130.1, 128.28,41 127.7, 126.2, 126.0.

Antimicrobial Activities

The title compounds la-d and 2a-f were screeneth&r biological activitiesn vitro against
four selected microogarnisms includir®y aureus, S. cervicea, E. coli and C. albicans at
concentrations of 500 and 20p@/mL solutions according to procedures describedipusly.

Compounds 1a, 1b, 1la, and 1b were found to have sonbitory antifungal effect again&t
albicans andS. cerevicea with 1a having the activity at 5Q@/mL and 200(g/mL. 1b also has
some inhibitory activity again& aureus andE. coli, while 2b also has some inhibitory activity
against S aureus. The inhibitory activities were higher at the higheoncentration of
200Qug/mL. 2d only showed antimicrobial activity at thegher concentration of 2009/mL
against S.cerevicea and C. albicans.

Tablel. Antimicrobial effect of 500ug/mL ofa, B-Unsaturated oxime ethers

Compound

S.

aureu

s S. cerevid

ea

E.

coli

C. albi

la

15

12

1b

11

17

13

10

1c

1d

2a

2b

11

10

2c

2d

2e

2f

cans

Compound concentrations = 5Q@/mL; the symbol (-) means that the compounds had n
activity against the microorganisms. The figuree growth inhibition zones measured in
millimetres including disc diameter (8 mm). Largehibitory zones indicate higher strength of
bioactivity.
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Table2. Antimicrobial effect of 2000ug/mL ofa, p-Unsaturated oxime ethers

Compound| S. aureus S. cerevigea E.coli C. albicans
la - 18 - 14
1b 11 21 14 13
1c - - - -
1d - - - -
2a - 16 14 13
2b 10 11 - 12
2c - - - -
2d - 10 - 13
2e
2f - - -

Compound concentrations = 200¢/mL; the symbol (-) means that the compounds twad n
activity against the microorganisms. The figuresgnowth inhibition zones measured in
millimetres including disc diameter (8 mm). Larganibitory zones indicate higher strength of
bioactivity.

CONCLUSION

The synthesis of O-alkylated or acylated p-unsaturated oxime ethers derived from
cinnamaldehyde and crotonaldehyde has been achidbedstructures and configurations of
these compounds were confirmed with the aid of RNMR and**C-NMR. The compounds
were tested for bioactivity and disappointinglylyoba and 1b as well as 2a and 2b seem to have
any significant inhibitory anti fungal activity aigat of Candidas albicans andS. cerevicea.

An area in which further investigation will be inésting is to find out what the Minimum
Inhibitory Concentration (MIC) for each of the cooymds for these microorganisms against
which they are active.
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