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ABSTRACT: Metal to ligand complex with molecular formula [Co (L)]Cl2 , (L= thebaine) of thebaine as an
alkaloid and its cobalt complex have been prepared and characterized by elemental analysis, 1H-NMR, IR and
UV-Visible spectroscopy. The Biological activity of alkaloids is believed to increase when they are coordinated
with transition metal ions. However, the literature on this subject is contradictory and the outcome seems to
largely depend on the experimental conditions. The results of this analyze indicate that the complex has a Co
(II) ion coordinated via positions 4, 5- epoxy (oxygen atom) and 6 of the thebaine. The antimicrobial activity of
this complex was studied and the thebaine –Co (II) complex 1 showed antibacterial activities.
Keywords: Thebaine complex, Alkaloid, Cobalt, Antimicrobial activity.

INTRODUCTION

Morphine and its derivatives have received
considerable attention as narcotic and used in
lenitive drudge products. Morphine plays an
important role in the therapy of acute and chronic
pain. Exogenously delivered morphine acts in the
body by activating different subtypes of opioid
receptors [1]. Over the last decades, suggestions
have accumulated that morphine present in
mammalian tissues and fluids comes not only from
an exogenous or dietary origin, but may also be
biosynthesized de novo. Recent studies have
unequivocally proven the existence of a
mammalian morphine biosynthetic pathway [2],
which consists of at least 19 steps and is different
in its early steps from that occurring in plants [3].
Since the endogenous morphine biosynthesis takes
place in mammals, their cells and tissues are
constantly exposed to certain amounts of morphine
and its precursors [4]. Investigation of lithium
effect in opioid receptors on inhibitory avoidance
response in mice has been reported. The results
suggest that the opioid receptors in the central
nervous system may be involved in the retrieval
of lithium state dependent learning [5]. The
lithium efficacy in controlling behaviors related

with dopamine stimulants and manic states has
been proposed [6]. Thus, it may be suggested that
lithium’s action may be mediated through
dopamine receptors [7]. Furthermore, interactions
between lithium and opioids have been reported.
There is evidence that lithium is able to affect some
actions of morphine. In particular, it has been
shown that lithium inhibits morphine withdrawal
signs in morphine-dependent mice [8], reduces the
self-stimulation facilitated by morphine and the
expression of tolerance to morphine [9] and alters
the morphine induced analgesia in mice [10]. Both
drugs produce a conditioned taste avoidance
response and suppress schedule-induced
polydipsia [11]. Another morphine precursor
thebaine, which stands in the biosynthetic
pathway after salutaridinol, had a higher partial
agonist efficacy. Their metal chelates are of
interest due to their fascinating chemistry as well
as antimicrobial and anti-cancer activities. The
other natural ligand from plants such as phenolic
compound of mono and sesquiterpenoid, flavonoids
also can be used in synthesis of metal complex [12].
Transition metals are necessary for our life,
especially Mn, Co and Zn. Manganese is a
component of nucleic acids, and can accelerate the
synthesis of cholesterol [13]. The present
communication describes the synthesis of a Co (II)
transition metal complex bearing a natural ligand
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(thebaine) and its characterization by 1H-NMR,
IR, UV-VIS and elemental analysis, as well as the
study of its antimicrobial activity.

MATERIALS AND METHODS

Instruments

Melting points ware determined using an
Electrothermal Melting Point Equipment. The IR
spectra were recorded in the solid state (KBr
pellets) in the range 4000-400 cm-1 using a Bruker
FT-IR Pensor- 27 spectrometer. The UV-Vis
spectra were recorded in acetonitrile solution, in
the range 800-200 nm, using a Perkin Elmer-
Lambda 50 spectrometer. The 1H -NMR were
recorded at 298K, on Bruker– 500 Mz
Spectrometer, in DMSO-d6. The chemical shifts
are referred to DMSO signal at 3.38 ppm.

Materials: The CoCl2 salt, acetonitrile and
thebaine was purchased from Merck. The
microorganisms tested were S. aureus, E. coli, B.
cereus and C. albicans from clinical isolates. The
Agar Nutrient was purchased from Aldrich.

Synthesis of Complex 1: A solution of Co (II)
chloride (0.47 g, 0.524mmol) of in acetonitrile (15
mL) was slowly added dropwise to a solution of
thebaine (0.1632 g, 0.524mmol) in acetonitrile (10
mL). The mixture was stirred for 2h at room
temperature. Complex 1 was formed sky blue of
color and filtered in a vacuum system, washed with
water and dried by lyophilization. A pure solid was
obtained: m.p. 159-161ÚC; %C (calc); %H (calc)
for CoC19H21NO3: 51.13 (51.71); 4.21 (4.76).

Antimicrobial Activity: The anti-microbial
activity of the complex was evaluated by
determining of the minimum inhibitory
concentration (MIC) using the broth dilution
method [14]. Four species (S. aureus, E. coli, B.
cereus, and C. albicans;) selected as representative
of the class of Gram positive and Gram negative
were tested as microorganisms.

RESULTS AND DISCUSSION

Results on the basis of elemental analyses, 1:1
metal to ligand stoicheiometry is assigned to all
the chelates (Table 1). When thebaine dissolved
in acetonitrile is allowed to react with an
acetonitrile solution of Co (II) chloride a new
compound is formed, which was characterized by
UV-VIS, FT-IR and 1H-NMR spectroscopy. The
UV-VIS experiment was carried in concentration

solution using the Perkin- Elmer 25 spectrometer.
Upon binding thebaine with the Co (II) ion,
forming complex 1 (Fig. 1). Complexation of Co
(II) to thebaine was also verified by 1H- NMR,
using DMSO – d6 as a solvent (Table 2). The
electronic spectral data of the complex in
acetonitrile are presented in Table 3. There are
two absorption peaks, in spectrum of ligand, which
can be assigned to π-π* and n-π* transitions. The
electronic spectrum of cobalt complex shows a
broad band at 690 nm attributable to the 4T1g (F)
→  4A2g (F), and the other one at 590nm attributable
to the 4T1g (F) → 4T1g (P), transition for Co (II) ion.
The infrared spectrum of free thebaine in KBr
pellets showed bands at 1672 cm -1 (νc=c) and
1298cm-1 (νC-O-C). Upon binding to Co (II), and
forming complex 1, these bands shifted to 1642
cm-1 and 1269 cm-1, respectively, suggesting an
interaction of the Co (II) ion with the condensed
ring , via the ether group, in position 4,5, and by
the oxygen of the methoxy group in position 6
(Figure 1), in agreement with UV-vis data. IR band
appearing around 597cm -1 and 525 cm -1 in
cobalt complex are assigned to [(Co-O) and
(Co - Cl)]vibrations respectively. The C=C band of
the free ligand is shifted by 30cm -1 to lower
frequencies in cobalt complex supporting
coordination through the carbon of vinyl group.
When the results obtained by elemental analysis,
UV-VIS, FT-IR, and 1H- NMR are taken all
together, one structure can be proposed for
complex 1 in acetonitrile solution, which is shown
in Figure 1.

Figure 1: Chemical Structure of thebaine and its Complex
of Co (II)

The plate diffusion method with paper disks
gave qualitative results about antimicrobial
activity of the complex 1. Inhibition zones larger
than 6mm indicated antimicrobial activity. The
data obtained by the disk diffusion method show



Antimicrobial Activity and Characterization of an Alkaloid as a Natural Ligand and its (II) Complex 21

Table 4
Minimum Inhibitory Concentration (MIC) of

Thebaine and Complex 1 by the Agar
Dilution Method

Bacteria MIC (µg/mL)
Thebaine complex 1

S. aureus 2800 2000

E. coli >2500 >1500

B. cereus >1800 1500

C. albicans 1250 >1000

CONCLUSION

In conclusion, this study has shown that the proton
signals of the thebaine shifted to lower field
relative to the free alkaloid, coordination with the
Co (II) ion decreases the electron density of the
thebaine and specially of methoxy group in the
position 6 of molecule (ä3.81ppm before and
ä4.40ppm after coordination). The signal assigned
to CH3 protons (6- OCH3), in complex 1 becomes
shifted to low fields when compared to free
thebaine. Coordination would increase the polarity
of the O-C bond and C-H bond subsequently,
therefore: increasing the deshielding of the
protons, shifting the signals. Cobalt (II) complex
of thebaine were prepared. It shows antimicrobial
activity when compared with the free thebaine.
All data obtained from the elemental analyses,
UV-VIS, FT-IR, and 1H-NMR studies suggest that
the coordination of Co (II) is in positions 5 and 6
of the condensed ring of thebaine, and the increase
in antimicrobial activity of complex 1 could be
associated to the coordination of Co (II) in this
position.
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