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The basic concepts of flow injection analysis, the components of the flow injection manifold as well as the main
applications of flow injection analysis are presented. Special emphasis is put on the use of knotted reactors for flow
injection separation and preconcentration of trace elements. The coupling of flow injection analysis with detection
devices based on atomic spectrometry — flame atomic absorption spectrometry, electrothermal atomic absorption
spectrometry and inductively coupled plasma mass spectrometry — is discussed. Examples are given for the on-line flow
injection separation/preconcentration — atomic spectrometric determination of a large number of elements on trace- and

ultra-trace levels in samples of complex matrix composition.
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INTRODUCTION

The progress in trace element analysis of
environmental and biological matrices is driven
forward by three major factors: (i) the demand for
quantification of an increasing number of elements
on lower concentration levels; (ii) the interest in
elemental speciation in view of bioavailability and
toxicity and (iii) the need of minimizing contamina-
tion and sample manipulation.

Attempts to extend modern analytical methods to
significantly lower detection limits are often fraught
with problems of sampling and storage, on the one
hand, and contamination originating from handling
and reagents, on the other. There is a close link
between the advances in instrumental detection
capabilities and the methodology of sample pretreat-
ment, which has encouraged the minimization and
miniaturization of sample handling and its on-line
implementation to the detection instrument. Complex
chemical processing accomplished on-line alleviates
the need for extensive and costly clean room
facilities, while permitting information to be
obtained using small-size samples.

FLOW INJECTION ANALYSIS

The flow injection analysis (FIA) has now
reached a well-established position in modern
chemical analysis. It is recognized that FIA may
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serve as an interface between solution chemistry and
analytical instruments. This is evident from the
numerous (more than 15000) monographs and papers
[1] published since the first paper on FIA by
Ruzicka and Hansen, which appeared in 1975 [2].
Three key attributes of FIA ensured its rapid
development and wide acceptance: (i) the funda-
mental principles are easy to understand and imple-
ment; (ii) the instrumentation can be readily
assembled from simple, inexpensive and accessible
components and (iii) it provides simple means of
automating many manual chemical analytical pro-
cedures [3]. Practically, FIA can be coupled with all
methods of detection that are used in modern
chemical analysis.

Basic concepts of FIA

It is very difficult to give a precise definition of
what flow injection analysis really is. Some authors,
e.g., Fang [4], explain this by its high versatility, so
that definitions are rapidly outdated by new
developments. One of the early definitions for FIA,
given by Ruzicka and Hansen in their monograph
published in 1988 [5] is: “A4 technique for informa-
tion-gathering from a concentration gradient formed
from an injected, well-defined zone of a fluid, dis-
persed into a continuous unsegmented stream of a
carrier”. According to Ruzicka and Hansen, FIA is
based on three main principles: (i) sample injection;
(i1) controlled dispersion of the injected sample zone
and (iii) reproducible timing of the movement of the
injected zone from the injection point to the
detector.
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In 1995 Fang [4] emphasized on another char-
acteristic feature of FIA, namely the thermodyna-
mically non-equilibrium conditions, under which the
processes are performed. According to Fang: “FIA
is a flow analysis technique performed by repro-
ducibly manipulating sample and reagent zones in a
flow stream under thermodynamically non-equilib-
rated conditions.”

The simplest flow injection (FI) manifold, the
single-line manifold, is represented in Fig. 1. It
consists of pump, sample injector, reaction coil and
detector. The pump is used to propel the carrier
stream through a narrow tube. The role of the
injector is to inject reproducibly a defined volume of
sample into the carrier stream. The main function of
the reaction coil is to promote reproducible radial
mixing of two or more merged components through
generation of secondary flows. The resulting species
is sensed by the detector as a transient peak. The
height and area of the peak are proportional to the
analyte concentration.

Fig. 1. Schematic diagram of a single-line FI manifold.
P — pump, C — carrier stream, S — sample injector,
RC —reaction coil, D — detector, W — waste.

The flow injection manifold has become consi-
derably complicated to fulfill the new requirements
due to the expanded applications of FIA. Thus, the
basic principles of FIA should be understood in
much broader sense, for example, “sample injection
should be understood as introduction of any liquid
zone or series of zones into a flow by any repro-
ducible means” [4].

Dispersion during the transportation of a sample
injected in a unsegmented stream of a carrier, is the
most important physical phenomenon in all flow
injection systems. The specific features of disper-
sion processes in FIA are that they are reproducible
and controllable through the manipulation of flow
parameters and geometrical dimensions of the flow
conduits.

The dispersion process typical of FIA systems is
shown in Fig. 2. The driving forces active in disper-
sion of the injected zone into the carrier stream are
convection and molecular diffusion. The convection
occurs as a result of (i) linear flow rate differences
of fluid elements located at different points along
the radial axis of the conduit and (ii) secondary
flows created by centrifugal forces perpendicular to
the flow direction in non-straight conduits. Convex
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parabolic front of the injected zone and concave
parabolic tailing edge are developed upon penetra-
tion into the carrier stream, the extent increasing
with the distance traveled. The main experimental
parameters influencing the dispersion of an injected
zone are: sample volume, geometrical dimensions of
transport conduits (internal diameter and length),
configuration (straight, coiled, knotted) and flow
rates of carrier and merging fluid streams. The
dispersion of the injected zones increases with the
use of small sample volume, straight long transport
conduit with large inner diameter and high flow
rates. Thus, under the specific conditions applied in
FIA and with a fixed conduit, the acting forces are
well under control, so that no random turbulence
occurs. As a result perfectly reproducible concen-
tration—time relationships may be obtained, which
provide the basis for obtaining reproducible read-
outs under the physically and chemically non-
equilibrium conditions specific for FIA.
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Fig. 2. Dispersion process of an injected fluid zone in an
FI system.

Components of the FI manifold

Propulsion devices. Considering the versatility
and precise timing features of FI systems, the



and small dead volume. The most common valves
are: the six-port rotary valve, the multifunctional
eight-channel valve and the commutator valve.

Transport conduits. The transport conduits pro-
vide connections between the various components
of the FI manifold. To this purpose, PTFE tubings
0f 0.35-1.0 mm i.d. are mostly used.

Mixing reactors. Mixing reactors of various
geometries can be used in a FI manifold. They can
be classified into coiled reactors, knotted reactors
and stirred chambers. The main function of coiled or
knotted reactors is the promotion of reproducible
radial mixing of two or more merged components
through generation of secondary flows. Knotted
reactors are widely used in the separation and pre-
concentration of trace elements. Mixing chambers
are mainly used for FI titration and dilution.

Applications of FIA

The main applications of FIA are for sample
digestion, sample dilution, separation and precon-
centration of trace elements.

Sample digestion. Sample digestion constitutes
an important part of sample pretreatment prior to AS
detection of the species of interest and it is often the
rate-limiting factor on sample throughput. Digestion
procedures almost always involve operations at
elevated temperatures, which cause operational
difficulties in closed flow systems such as evolution
of gases during digestion, high pressure build-up,
and incomplete mineralization of the sample owing
to the short reaction times and large percentage of
non-absorbed power. This appears to be the reason
for the rather late development of on-line digestion
procedures [4]. Examples of FI on-line digestion can
be found in ref. [6, 7].

Sample dilution. Dilution is a stage of the sample
preparation process. It is necessary, for example,
when AAS is used for detection because of its
relatively narrow dynamic range — usually not more
than three orders of magnitude. Although the
different FI methods for sample dilution are based
on different principles, there are some general
features: (i) no volumetric glassware is involved in
the dilution process; (ii) no precisely defined dilu-
tion factors are pursued but actual dilution factors
can be evaluated when required; (iii) standard
solutions for calibration are prepared to cover the
concentration range of the undiluted samples since
the calibration standards undergo the same dilution
process as the sample; (iv) dilutions are performed
on-line with the dilution system directly connected
to the spectrometer [4]. A method involving FI on-
line dilution is described in [8].

Separation and preconcentration of trace
elements. Developments in analytical instrumenta-
tion allow trace and ultra-trace analyses in diverse
kinds of samples. Despite these advances it is still
often necessary to use separation and preconcen-
tration procedures prior to detection. Upon on-line
operation using FI techniques the drawbacks of
batch-wise operation can be overcome to a great
extent and currently on-line preconcentration may
be achieved almost as efficiently as a simple AS
determination, both in terms of sample throughput
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Fig. 4. Scanning electron micrograph of the inner walls of
a PTFE KR (200-fold magnification).
(a) Untreated walls; (b) Cd-DDC sorbed on the walls for
50s; (c) Cd-DDC - Fe(II)-HMDC coprecipitate
collected on the walls [58].

The scheme of the FI manifold, used for
separation and preconcentration of trace elements by
sorption of their complexes onto the inner walls of a
KR, has undergone essential further development
since its first use. Initially, the flow injection
scheme consisted of two steps only: (i) on-line
formation of a neutral analyte complex and its
subsequent sorption on the inner walls of the KR
and (ii)) on-line elution of the sorbed analyte
complex for FAAS detection [58]. Later on, Chen et
al. [61] modified the system by sandwiching the
eluted sample zone with air segments, thereby
avoiding mixing of the neighboring phases of eluate
and eluent at fast elution rates. Further, other
developments in the FI manifold were introduced
such as rinsing with a suitable liquid [62, 63] or
blowing air through the KR and connecting tubing
before elution [64].

An improvement in the scheme of FI on-line
separation and preconcentration using a KR was
proposed in 1999 by Ivanova et al. [68]. The authors
divided the preconcentration stage of the procedure
into two separate stages — (i) immobilization of the
reagent onto the inner walls of the KR and (ii) for-
mation of an analyte complex with the immobilized
reagent. The new scheme offers several advantages
in comparison with the conventional preconcen-
tration scheme of on-line merging of sample and
reagent solution: (i) higher sensitivity owing to more
favorable conditions of analyte complexation with
the immobilized reagent; (ii) better optimization of
the separate processes of reagent sorption on the KR
and analyte preconcentration, (iii) no analyte losses
due to adsorption of complexes outside the KR, (iv)
no need of a pre-filling step between samples of
different analyte concentrations [68].

FI on-line sorption onto a KR was successfully
applied as a separation/preconcentration procedure
for a number of elements in various matrices using
reagents such as NaDDC (Cd [58], Cu [61, 69], Pb
[65], Pb [70]), APDC (Pb [64], Sb [66], As [67], Co
[71], T1 [72], Cr [73,74], Pt [75], Fe [76], Cu, Ni
[77], Co [78], Ag, Cd, Co, Cu, In, Mo, Ni, Pb, Sb
[79]), DDPA (Pb [60], Bi [80], Cd, Pb [81]), HQ
(Cu, Mn, Ni [77], Co [78], Co [84]), 1-phenyl-3-
methyl-4-benzoylpyrazol-5-one (PMBP) (Co [78],
Cu, Mn [68], rare earth elements [83]), 2-nitroso-1-
naphthol-4-sulphonic acid (Co [78]), nitroso-R-salt/
tetrabutyl ammonium bromide (Co [84]) and
dithione (Cd, Co, Cu, Zn [62]). Methods for
speciation of Sb [66], As [67], T1[72], Fe [76], and
Cr [73, 74, 85] were also developed.

FLOW INJECTION ANALYSIS WITH ATOMIC
SPECTROMETRIC DETECTION

Flow injection analysis was successfully coupled
to detection devices based on different principles,
mainly atomic spectrometry (FAAS, ETAAS, ICP
AES, ICP MS). The combination of FI methodo-
logies with AS has attracted considerable interest in
the past 25 years owing to the great potential in
enhancing the relative sensitivity and selectivity of
these analytical techniques using combined systems.
Additionally, the analytical procedures can be auto-
mated and considerably simplified for samples with
complicated matrices owing to the separation and
preconcentration of the analytes achieved.

FIA coupled with FAAS and ETAAS

Coupling a flame atomic absorption spectrometer
to a flow injection system is not technically pro-
blematic, as both systems operate in continuous
mode. The coupling is accomplished by connecting
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the sample introduction capillary of the spectro-
meter to the capillary coming from the FI system.
Specific feature of the FI separation and precon-
centration - FAAS detection system is the possibi-
lity of improving the nebulization efficiency through
optimization of the sample introduction flow rate.
Additional enhancement in sensitivity can be
achieved by introducing organic solvents often used
as eluents [4].

The specific features of ETAAS operation impose
special requirements on the design and operation of
FI separation and preconcentration systems, which
differ from those of FAAS and are due to the
discontinuous operation of ETAAS and the small
volume of the graphite tube. The continuous flow
techniques are now successfully combined with
ETAAS by synchronization by parallel compu-
terized systems. For introducing the concentrate,
obtained by FI pretreatment into the graphite tube,
various approaches have been proposed, e.g., eluate
zone sampling, use of a preheated graphite tube,
multiple injection of eluate with intermediate
drying, and others [128—-133]. As the introduction of
a sample with a complex matrix into the graphite
tube would cause serious interferences, rinsing of
the KR and connecting tubing were introduced
before elution [66]. This step aims at removing non-
adsorbed or weakly adsorbed concomitant elements.

There are many scientific papers in the literature
dealing with the FI-FAAS and FI-ETAAS analysis
of clinical samples [86-88], foods [87, 89-92],
medicines [41, 61, 93, 94], environmental samples,
such as water [63, 86, 95-102], soils and sediments
[86, 97, 103, 104] and plants [64, 69, 104]. Two
reviews on FI-ETAAS appeared recently [105, 106].

FIA coupled with ICP MS

Like FAAS, ICP MS operates in continuous
mode. This is the reason for its easy coupling to the
continuously operating FI system — the sample
introduction capillary of the ICP MS instrument is
connected to that coming from the FI manifold.
However, there are some special features of ICP
MS, which an analyst must take into account and
modify the FI manifold according to them. To avoid
blocking of the sampling cone, drift of sensitivity,
high interferences and poor precision, when
solutions with high content of dissolved solids (over
0.2%) are introduced into the plasma, a rinsing step
of the FI system is introduced before the elution. To
reduce or eliminate the effect of organic solvents,
which lead to instability or even extinction of the
plasma, as well as to carbide polyatomic ion
interferences [134], microlitre volumes of organic
solvent [32], cooling spray chamber [135] or
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ultrasonic nebulizer with membrane desolvation [79,
136] are used.

FI-ICP MS has been widely used for trace and
ultra-trace analysis of clinical samples [87, 110—
117], foods and beverages [87, 114, 118-120], plants
[121-123], soils and sediments [122—126], medi-
cines [94, 127], biological samples [137, 138],
waters [19, 107-109, 139], etc.

It may hence be concluded that FIA is a
technique offering wide possibilities covering all
areas of sample preparation — digestion, dilution,
trace element separation and preconcentration. It has
been successfully adapted to various AS methods of
detection. As a result, precise and reliable FI-AS
methods for trace and ultra-trace analysis in a
variety of sample types have been developed.
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MMOTOYHO-UHXEKIITMOHEH AHAJIN3 ChbYETAH C ATOMHA CIIEKTPOMETPUS
B. [I. Konesa', En. Xp. MBanoBa™*
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[ocrpnuna Ha 23 rouu 2008 r.; IIpepaborena Ha 24 centemspu 2008 T.

(Pesrome)

[IpencraBeHn ca OCHOBHTE Ha ITOTOYHO-WH)KCKIIMOHHUS aHAJIN3 W KOMIIOHCHTHUTE Ha IOTOYHO-HMHXEKIMOHHOTO
ycrpoiictBo. CrielaiHO BHMMaHHE € OT[AEJICHO Ha M3IION3BAaHETO Ha IUIeTeH peakTop. OIMcaHu ca MOTOYHO-
WHXSKIIMOHHU METOJH 32 MOJTrOTOBKAa Ha MpoOWTE 3a aHanu3 (pa3TBapsiHe, pas3leisHe W KOHICHTPUPAHE), CbYETaHu C
[IOCJIe/[Ballla aTOMHO CIIEKTPOMETPHYHA AETEKIHs — IUIAMBKOB M €JIEKTPOTEPMHYEH aTOMHOAO0COPOLMOHEH aHAIU3 M
MacCHEKTPOMETPHS C MHAYKTUBHO CBBp3aHa IIa3Ma. [laJieHn ca mpUMepH 3a OIpeJeisiHE Ha roisAM Opoil eneMeHTH-
IIPUMECH B OOEKTH ChC CII0KEH MaTPUIEH ChCTaB.

11



Bulgarian Chemical Communications, Volume 41, Number 1 (pp. 12— 18) 2009

5,6,7,8-Tetrahydrobenzo[b]thieno[2,3-d]pyrimidine-4(3H)one
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Reaction of 5,6,7,8-tetrahydrobenzo[b]thieno[2,3-d|pyrimidine-4(3H)-one with ethyl chloroacetate afforded an
ester, which upon treatment with p-chlorobenzaldehyde under various conditions and with benzylamine gave new com-
pounds. Chlorothienopyrimidine reacted with thiourea, benzoylhydrazine, thiosemicarbazide, semicarbazide, sodium
azide and glycine, to give pyrimidinethione, 1,2,4-triazole, thioxo-1,2,4-triazole, oxo-1,2,4-triazole, tetrazole, and
imidazole, respectively. The reaction of pyrimidinthione with B-aroylacrylic acid produced y-ketoacid, which reacted
with acetic anhydride and hydrazine hydrate to afford furanone and pyridazinone, respectively. Ethyl 2-amino-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carboxylate was utilized to synthesize the 3-aminothienopyrimidinone derivative via
reaction with benzoyl chloride followed by hydrazine hydrate. An interesting condensation product was obtained by
reaction of ethyl 2-amino-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylate with ethyl cyanoacetate in DMF.

Key words: thieno[2,3-d[pyrimidin-4(3 H)-one, triazole, tetrazole, imidazole, furanone and pyridazinone.

INTRODUCTION

In the last few decades thieno[2,3-d]pyrimidines
have attracted attention due to their wide-scope
applications and biological activity, which consists
in their functioning as acaricida [1], aldose reductase
inhibitory [2], angiotensin II receptor blocking [3],
antiallergic [4], antibacterial [5], antibiotic [6], anti-
depressant [7], antihypertensive [8, 9], antimicrobial
[10, 11], analgesic and antiinflammatory [12, 13],
bactericidal [14], blood platelet aggregation inhi-
bitory [15], fungicidal [16], hyper-sensitivity inhi-
bitory [17] and insecticidal [18] activity.

The therapeutic importance of thieno[2,3-d]-
pyrimidine derivatives directed us to synthesize
several analogues by combination of other groups
and active moieties. We, hereby, report the synthesis
of polycyclic heterocycles containing different nuclei
fused with, or attached to thieno[2,3-d]pyrimidines.
The key intermediate for the target heterocyclic
systems is 5,6,7,8-tetrahydrobenzo[b]thieno[2,3-d]-
pyrimidin-4(3H)-one (1), which was prepared
according to the previously reported method [19].

RESULTS AND DISCUSSION

In our ongoing heterocyclic chemistry research
[20-25], and continuing our synthetic study on

* To whom all correspondence should be sent:
Present address: Institute of Biochemistry,
University of Balochistan, Quetta-Pakistan
E-mail: hmfmadkour@yahoo.com

thienopyrimidines [26], pyrimidinone 1 was allowed
to react with ethyl chloroacetate in dry acetone, in
the presence of anhydrous potassium carbonate, to
yield ethyl (5,6,7,8-tetrahydrobenzo[b]thieno[2,3-
d]pyrimidin-4-yloxy)acetate (2) [26-28]. The ester 2
contains an active methylene group that can
condense with aromatic aldehydes under different
basic conditions, which strongly affect the reaction
products. Thus, when ester 2 was allowed to react
with 4-chlorobenzaldehyde in ethanolic sodium
ethoxide solution, it afforded ethyl [3-(4-chloro-
phenyl)-2-(5,6,7,8-tetrahydrobenzo[ b]-thieno[2,3-d]
pyrimidin-4-yloxy)]propenoate (3) and a small
amount of 3-(4-chlorophenyl)-2-(5,6,7,8-tetrahydro-
benzo[b]thieno[2,3-d[pyrimidin-4-yloxy) propenoic
acid (4) (16%). On the other hand, the ester 2
reacted with 4-chlorobenzaldehyde in tert-butanol in
the presence of potassium tert-butoxide as a stronger
basic catalyst, yielding the cinnamic ester derivative
3 together with a relatively large amount of the
cinnamic acid derivative 4 (25%). However, when
even stronger basic catalyst, namely sodium hydride
in dry benzene, was used, the product 4 was isolated
as a sole product (see Scheme 1).

The reaction of ester 2 with benzylamine upon
refluxing ethanol gave N-benzyl-2-(5,6,7,8-tetra-
hydrobenzo[b]thieno[2,3-d]pyrimidin-4-yloxy)acet-
amide (5) in good yield (Scheme 1).

The present work was extended aiming at intro-
ducing fused five-membered heterocyclic systems to
the thienopyrimidine moiety, via nucleophilic sub-
stitution, followed by cyclo-condensation. Thus,

12 © 2009 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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compound 1 reacted with phosphorus oxychloride to
afford  4-chloro-5,6,7,8-tetrahydrobenzo[b]thieno
[2,3-d]pyrimidine (6), which was utilized to achieve
our goal. The m.p. of the pyrimidine derivative 6 is
in accordance with the preceding value [12].

Chloropyrimidine derivative 6 reacted with thi-
ourea in refluxing ethanol and the chlorine atom was
replaced by SH [29] to afford 5,6,7,8-tetrahydro-
benzo[b]thieno[2,3-d]pyrimidine-4(3H)-thione  (7)
and not the thiourea derivative 8 (Scheme 1).

On the other hand, when the 4-chloropyrimidine
derivative 6 was allowed to react with benzoyl
hydrazine in refluxing DMF, thiosemicarbazide or
semicarbazide hydrochloride in ethanol, it produced

3-phenyl[1]benzothieno[3,2-e][ 1,2,4]triazolo[4,3-c]
pyrimidine (9), 3-thioxo[1]benzothieno[3,2-¢][1,2,4]
triazolo[4,3-c]pyrimidine (10), and 3-oxo[1]benzo-
thieno[3,2-¢][1,2,4]triazolo[4,3-c]pyrimidine  (11),
respectively. Compound 9 was synthesized by an
alternative method from 4-hydrazino-5,6,7,8-tetra-
hydrobenzo[b]thienopyrimidine via reaction with
benzaldehyde followed by treatment with
bromine/acetic acid [19].

Compound 6 was also treated with sodium azide
in ethanol or glycine in pyridine to produce [1]ben-
zothieno[3,2-e]tetrazolo[ 1,5-c]pyrimidine (12) [30]
and 3-oxo-[ 1 ]benzothieno-[3,2-e]pyrazolo[1,2-c]pyri-
midine (13), respectively (Scheme 2 ).

e

CO,Et

CO,H

method i) : 16%
method ii) : 25%

(b) 1

'(C) T(d)

OCH,CO,Et

Ice L2

NH
A

7

Sheme 1: Reagents and conditions: a. CICH,CO,Et/K,COs; b. p-Chlorobenzaldehyde,

i— NaOEt/EtOH or ii — ButOK/ButOH;
d. PhCH,NH,/EtOH;

c. p-Chlorobenzaldehyde, NaH/dry benzene;
e. POCl;; f. thiourea/EtOH.
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(1L -
s N
10, X=5
i X=0
N—N —
| ] T(b) |
N7 Ph (a) N
(L) "=« = IT1.
s7ON l(d) s7ON
9 12
N
]
B N” on
S N)

Sheme 2. Reagents and conditions:
a. PACONHNH,/DMF; b. NH,NHCSNH, or
NH,NHCONH,/EtOH/reflux; c¢. NaNs/EtOH;
d. NH,CH,COOH/pyridine.

It was interesting to investigate the behaviour of
the pyrimidinethione derivative 7 towards B-aroyl-
acrylic acid. Thus, refluxing 7 with 3-(4-chloro-3-
methylbenzoyl)-2-propenoic acid in benzene pro-
duces the adduct 3-(4-chloro-3-methylbenzoyl)-2-
(5,6,7,8-tetrahydrobenzo-[b]thieno[2,3-d|pyrimidin-
4-ylthio)propanoic acid (14) (Scheme 3).

Heating under reflux the y-ketoacid 14 with
freshly distilled acetic anhydride resulted in cyclo-
dehydration reaction with the formation of 5-(4-
chloro-3-methylphenyl)-3-(5,6,7,8-tetrahydrobenzo-
[b]thieno[2,3-d[pyrimidin-4-ylthio)furan-2(3H)-one
(15).

Compound 14 reacted with hydrazine hydrate in
refluxing ethanol to afford 6-(4-chloro-3-methyl-
phenyl)-4-(5,6,7,8-tetrahydrobenzo[ b]thieno[2,3-5]
pyrimidin-4-ylthio)-1,4-dihydropyridazin-3(2H)-one
(16) (Scheme 3).

7 S OH
N
Ar, | | ) Ar,
a Tl y N
| NH
(b) (c)

S o S o

SN SN

| ] | ]
S N) S N)

@]
Me

Sheme 3. Reagents and conditions:
a. A—COCH=CH-COOH/Dry benzene/A; b. Ac,O/A;

Moreover, ethyl 2-amino-4,5,6,7-tetrahydroben-
zo[b]thiophene-3-carboxylate (17) [31-33] reacted
with benzoyl chloride in pyridine in the cold to
produce ethyl 2-benzoylamino-4,5,6,7-tetrahydro-
benzo[b]thiophene-3-carboxylate (18), which reacted

14

with hydrazine hydrate in refluxing DMF to afford
3-amino-2-phenyl-5,6,7,8-tetrahydrobenzo[b]thieno
[2,3-d]-pyrimidin-4(3H)-one (19) [34] (Scheme 4).
An interesting condensation product was
obtained from ester 17 via its reaction with ethyl
cyanoacetate in DMF, during passing a current of
hydrogen chloride gas in the reaction mixture. The
product was identified as ethyl 3-amino-3-(3-
ethoxycarbonyl-4,5,6,7-tetrahydrobenzo[b]thieno-2-
ylimino)propanoate (20) (Scheme 4).

(0] (0]
OEt (a) OEt
e O
S NH, S NH—{
18

17
J(C) J (b)
O
OEt
| | NH,
AL
20 COEt

Sheme 4. Reagents and conditions:
a. PhCOCl/pyridine; b. NH,NH,/DMF;
¢. NCCH,CO,Et/DMF/HCI.

EXPERIMENTAL

All reported melting points are uncorrected and
were determined on a Stuart electric melting point
apparatus. The IR spectra were measured on a
Unicam 200 Spectrometer or Mattson infinity series
FT-IR using KBr wafer technique. The 'H-NMR
spectra were recorded in CDCIl; or DMSO-dg
solutions on Varian Gemini 200 MHz instrument
using TMS as internal standard with chemical shifts
(8 expressed in ppm form down to up field). The
mass spectrum was recorded on Shimadzu GC-MS-
QP 1000 EX instrument operating at 70 eV. TLC
was preformed on ready-to-use silica gel plates
Merck 60 to monitor the reactions and ascertain the
purity of the newly synthesized compounds. The
microanalytical data were measured in microana-
lytical unit of the Faculty of Science, Cairo Univer-
sity. The title compound 1 as well as ethyl(5,6,7,8-
tetrahydrobenzo[b]thieno[2,3-d]pyrimidin-4-yloxy)
acetate (2) have been synthesized in our laboratory
[26].

Ethyl [3-(4-chlorophenyl)-2-(5,6,7,8-tetrahydro-
benzo[b]thieno[2,3-d]pyrimidin-4-yloxy)]-propeno-
ate (3) and 3-(4-chlorophenyl)-2-(5,6,7,8-tetra-
hydrobenzo[b]thieno[2,3-d]-pyrimidin-4-yloxy)pro-
penoic acid (4). Method A: A mixture of 4-chloro-
benzaldehyde (10 mmol, 1.4 g) and ester 2 (10 mmol,
2.92 g) was added to a solution of NaOEt (prepared
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from 0.5 g Na metal and 60 ml absolute ethanol) or
tert-KOBu (1.68 g) in ftert-BuOH (80 ml). The
mixture was refluxed for 4 h. Most of the solvent
was removed under reduced pressure. The cold
residue was poured into water and extracted with
diethyl ether. The aqueous layer was acidified with
diluted hydrochloric acid. The ethereal layer was
poured over dry anhydrous MgSQ,, evaporated to
dryness to obtain oil, which on trituration afforded
solid product. This product on crystallization from
benzene yielded 3 as yellow crystals: m.p. 207-
209°C; yield [10.5% (ethoxide), 8.56% (butoxide)].
IR: v 3050 (CH,), 2946 (CHy), 1729 (C=0O ester)
and 1672 cm ™' (C=N); 'H-NMR (DMSO-dy): & 1.12
(t, 3H, -COOCH,CHs;), 1.96 (br.s, 4H, C-6H and C-
7H of tetrahydrobenzothienopyrimidine nucleus),
2.63 (br. s, 2H, C-5H), 2.75 (br. s, 2H, C-8H), 4.1
(g, 2H, COOCH,CHj), 7.20 (m, 5H, Ar-H and
olefinic H), 7.91 (s, 1H, C-2H); Anal. Calcd. for
C1H1oCIN,O5S (414.5): C, 60.79; H, 4.62 ; Cl, 8.54;
N, 6.75; Found: C, 60.67; H, 4.59; Cl, 8.46; N, 6.69.

On the other hand, the solid obtained from
acidification of the aqueous layer was crystallized
from benzene affording 4 as yellow crystals; m.p:
178-182°C yield (16% (ethoxide), 25% (butoxide)).
IR: v 3422 (OH acid), 3056 (CH,,), 2933 (CH,;) and
1669 cm™ (C=0 of o,B-unsaturated acid); 'H-NMR
(DMSO-dg): 6 1.81 (br.s, 4H, C-6H and C-7H), 2.61
(br.s, 2H, C-5H), 2.70 (br.s, 2H, C-8H), 7.35-7.47
(m, 5H, Ar—H and olefinic H) and 8.12 (s, 1H, C-
2H), Anal. Calcd. for C19H15C1N203S (3865) C,
58.99 ;: H, 391 ; CI, 9.16; N, 7.24; Found: C, 58.89;
H, 3.79; C1, 9.07; N, 7.18.

Method B: An equimolar amount of 4-chloro-
benzaldehyde (10 mmol, 1.4 g) and ester 2 (10
mmol, 2.92 g) was refluxed in 50 ml dry benzene
for 4h in the presence of (0.4 g) sodium hydride.
The reaction mixture was left to cool down after
evaporating most of the solvent to give solid, which
was dissolved in water and acidified by diluted
hydrochloric acid. The crude solid was crystallized
from benzene to give 4 as yellow crystals; m.p.
178-181°C; yield 56.6%.

n-Benzyl-2-(5,6,7,8-tetrahydrobenzo[b]thieno
[2,3-d]pyrimidin-4-yloxy)acetamide (5) A mixture
of thienopyrimidine 2 (10 mmol; 2.92 g) and benzyl
amine (10 mmol; 1.1 ml) in ethanol (40 ml) was
refluxed for 10 h. Most of the solvent was evapo-
rated and the rest was left to cool down. The solid
product that separated out was filtered off, dried and
then recrystallised from ethanol to give 5 as white
solid; m.p. 202-205°C; yield 33.99%. IR: v 3298
(NH), 3057 (CH,,), 2938 (CH,), 1687 (C=0 acyclic
amide), 1653 cm ' (C=N); 'H-NMR (DMSO-de): &
1.79 (br.s, 4H, C-6 and C-7 H), 2.51 (br.s, 2H, C-

5H), 2.88 (br.s, 2H, C-8H), 4.35 (d, 2H, OCH,CO),
4.69 (s, 2H, benzylic proton of —CH,Ph), 7.26-7.35
(m, 5H, Ph—-H), 8.28 (s, 1H, C-2H) and 8.79 (s, 1H,
NH, D,O exchangable); Anal. Caled. for
Ci19H9N30,S (353): C, 64.59; H, 5.38; N, 11.89;
Found: C, 64.47; H, 5.19; N, 11.76.
4-Chloro-5,6,7,8-tetrahydrobenzo[b]thieno[2, 3-
d]pyrimidine (6). The solution of pyrimidinone 2
(10 mmol; 2.92 g) in phosphorus oxychloride (5 ml)
was heated under reflux on water bath for 1 h, left
to cool down and poured onto ice water forming a
solid product. Filtration and crystallization of the
crude product from light petroleum (40-60°C)
afforded the title product 6 as pale yellow crystals;
m.p. 106-108°C; yield 89.7%. The m.p. is in satis-
factory agreement with preceding value [12].
5,6,7,8-Tetrahydrobenzo[b]thieno[2,3-d]pyrimi-
din-4(3H)thione (7). An equimolar mixture of
chloropyrimidine 6 (10 mmol; 2.24 g) and thiourea
(10 mmol; 0.8 g) in dry methanol (30 ml) was
refluxed for 5 h. Most of solvent was evaporated
and the reaction mixture was left to cool down, the
solid product that separated out was filtered off.
Crystallization from benzene to yield the thiol 7 as
orange crystals; m.p. 247-250°C; yield 85.5%. IR: v
3132 (NH), 3045 (CH,), 2983(CH,), 1661 (C=N),
1569 (C=C) and 1367 cm' (C=S); 'H-NMR
(CDCl3): 6 1.87 (m, 4H, C-6H and C-7H), 2.61
(br.s, 2H, C-5H), 2.76 (br.s, 2H, C-8H), 7.85 (s, 1H,
C-2H), 11.83 (br.s, 1H, NH); Anal. Calcd. for
CioHioN2S, (222): C, 54.05; H, 4.50; N, 12.61.
Found: C, 53.89; H, 4.35; N, 12.49.
3-phenyl[1]benzothieno[3,2-e][1,2,4]triazolo
[4,3-c]pyrimidine (9). A mixture of chloropyri-
midine 6 (10 mmol; 2.24 g) and benzoylhydrazine
(10 mmol; 1.36 g) in 50 ml of dimethylformamide
was refluxed for 5 h. Most of solvent was evapo-
rated and the reaction mixture was left to cool down,
the solid product that separated out was filtered off.
Crystallization of the crude product from dimethyl
formamide yielded product 9 as orange crystals;
m.p: 215-218°C; yield: 37.1%. IR: v 3054 (CH,,),
2935 (CH,), 1621 cm™ (C=N), with the disap-
pearance of C=0; 'H-NMR (DMSO-de): & 1.82
(br.s, 4H, C-9 and C-10H), 2.60 (br.s, 2H, C-11H),
2.82 (br.s, 2H, C-8H), 7.57-7.54 (m, 5H, Ph-H),
8.22 (s, 1H, pyrimidine proton); Anal. Calcd. for
Ci7sHi4N4S (306): C, 66.67; H, 4.57; N, 18.30;
Found: C, 66.49; H, 4.51; N, 18.12.
3-(2H)-Thioxo[1]benzothieno[3,2-e][1,2,4]tria-
zolo[4,3-c]pyrimidine (10). To a solution of chloro-
pyrimidine 6 (10 mmol; 2.24 g) in 30 ml of
dimethylformamide, thiosemicarbazide (12 mmol;
1.58 g) was added and the reaction mixture was
refluxed for 6 h, concentrated and left to cool down.
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An oily substance was formed, which solidified
upon trituration with ethanol gave a solid product.
The solid product was collected by filtration, dried
and then recrystallised from ethanol to give 10 as
orange solid; m.p. 284-286°C; yield 41.6%. IR: v
3120 (NH), 3050 (CH,), 2930 (CH,), 1635 cm'
(C=N) ;'H-NMR (DMSO-dy): & 1.86 (br.s, 4H, C-9
and C-10H, 2.65 (br.s, 2H, C-4H), 2.74 (br.s, 2H, C-
8H), 8.40 (s, 1H, C-5H) and 9.14 and 9.57 (two s,
1H, HN-C=S S N=CSH). Anal. Calcd. for
C1HioN4S, (262): C, 50.38; H, 3.82; N, 21.37;
Found: C, 50.18; H, 3.79; N, 21.27.
3-(2H)-Oxo[1]benzothieno[3,2-e][1,2,4]triazolo
[4,3-c]pyrimidine (11) A mixture of chloropyri-
midine 6 (10 mmol; 2.24 g) and semicarbazide
hydrochloride (12 mmol; 1.34 g) in dimethyl form-
amide (30 ml) was heated under reflux for 6 h. Most
of the solvent was evaporated, the residual was left
to cool down. The solid product that separated out
was filtered off, dried and then recrystallised from
benzene to give 11 as orange solid; m.p. 230°C (d);
yield 48.3%. IR: v 3115 (NH), 3073 (CH,,), 2936
(CHy), 1753 (C=0) and 1616 cm™' (C=N); 'H-NMR
(DMSO-dy): 6 1.88 (br.s, 4H, C-9 and C-10H), 2.67
(br.s, 2H, C-11H), 2.77 (br.s, 2H, C-8H), 8.43 (s,
1H, C-5H) and 9.28 and 9.62 (two s, 1H, NH-C=0
5 N=C-OH); Anal. Calcd. for C;;H;(N4OS (246):
C, 53.66; H, 4.07; N, 22.76; Found: C, 53.57; H,
3.99; N, 22.45.
[1]benzothieno[3,2-e]tetrazolo[1,5-c]pyrimidine
(12). To a solution of chloropyrimidine 6 (10 mmol;
2.24 g) in 30 ml of ethanol, sodium azide (10 mmol;
0.65 g) was added and the reaction mixture was
stirred for 1 h and left to cool down. The solid
product that precipitated down was filtered off by
suction, dried and then recrystallised from ethanol to
give 12 as white solid; m.p. 141-143°C; yield
49.13%. IR: v 3069 (CH,), 2935 (CHa), 1641 (C=N),
1605 cm' (C=C); 'H-NMR (DMSO-d¢): & 1.83
(br.s, 4H, C-9H and C-10H), 2.70 (br.s, 2H, C-11H),
2.82 (br.s, 2H, C-8H), 8.12 (s, 1H, C-2H); Anal.
Calcd. for CoHoNsS (231): C, 51.95; H, 3.90; N,
30.30, Found: C, 52.12; H, 4.09; N, 30.49.
3-hydroxy[1]benzothieno/3,2-e]pyrazolo[1,2-c]
pyrimidine (13). A mixture of chloropyrimidine 6
(10 mmol; 2.24 g) and glycine (10 mmol; 0.75 g)
was fused for 2 h at temperature not higher than
140°C, left to cool down and treated by light
petroleum (60-80°C). The solid product that
separated out was filtered off, dried and then
recrystallised from benzene to give 13 as violet
solid; m.p. 188-190°C; yield 48.3%. IR: v 3425
(OH), 3060 (CH,), 2937 cm ' (CH,); 'H-NMR
(DMSO-dg): 6 1.86 (br.s, 4H, C-6H and C-7H), 2.64
(br.s, 2H, C-5H), 2.86 (br.s, 2H, C-8H), 5.79 (s, 1H,
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pyrazole), 8.21 (s, 1H, C-2H), 9.43 (br.s, 1H, OH,
D,0 exchangeable); MS: m/e: 245 (M", 42.9), 228
(3.2), 226 (19.0), 224 (61.9), 196 (100), 169 (14.1),
134 (16.2); Anal. Calcd. for CpH N3OS (245): C,
58.77; H, 4.49; N, 17.14; Found: C, 58.64; H, 4.41;
N, 16.99.
3-(4-Chloro-3-methylphenyl)carboxy-2-(5,6,7,8-
tetrahydro[b]benzothieno[2,3-d]pyrimidin-4-ylthio)
propanoic acid (14). A mixture of pyrimidine 7 (10
mmol; 2.22 g) and B-aroylacrylic acid namely 3-(4-
chloro-3-methylbenzoyl)-2-propenoic acid (10 mmol;
2.24 g) in 40 ml of benzene was heated under reflux
for 5 h. Most of the solvent was evaporated and left
to cool down. The solid product that separated out
was filtered off, dried and then recrystallised from
benzene affording 14 as yellow solid; m.p. 168—
170°C; yield: 94.1%. IR: v 3037 (CHy), 2934 (Vcual),
1736 (CO acid) and 1684 cm™ (CO ketone); 'H-
NMR (DMSO-dy): & 1.77 (br.s, 4H, C-6 and C-7H),
2.41 (s, 3H, CHa), 2.59 (br.s, 2H, C-5H), 2.78 (br.s,
2H, C-8H), 2.98 (d, 2H, Ar—~CO-CH,-), 4.14 (d, 1H,
—S—-CH-), 7.82-7.91 (m, 3H, Ar-H), 8.17 (s, 1H, C-
2H pyrimidine), 13.69 (br.s, 1H, CO,H, D,O
exchangeable); Anal. Calcd. for C,H;yCIN,O;S,
(446.5): C, 56.44; H, 4.26; Cl, 7.95; N, 6.27; Found:
C, 56.08; H, 4.09; Cl, 7.76; N, 6.14.
5-(4-Chloro-3-methylphenyl)-3-(5,6,7,8-tetra-
hydro[b]benzothieno/2,3-d]pyrimidin-4-ylthio)furan-
2(3H)-one (15). To a gently warmed solution of
acetic anhydride (5 ml), the acid 14 (10 mmol; 2.4
g) was added and the mixture heated under reflux
for 0.5 h and then left to cool down. The solid that
separated out was filtered off and washed by light
petroleum (60-80°C), dried and then recrystal-lised
from benzene to give 15 as violet solid; m.p. 223—
225°C; yield 46.5%. IR: v 3089 and 3057 (CH,,),
2929 (CH,), 1787 (C=0O furanone), 1641 cm’!
(C=N); 6 1.80 (br.s, 4H, C-6 and C-7H), 2.44 (s, 3H,
CHj3), 2.63 (br.s, 2H, C-5H), 2.81 (br.s, 2H, C-8H),
4.25 (d, 1H, -S-CH-), 6.12 (d, 1H, CH=), 7.77-
7.92 (m, 3H, Ar-H), 8.21 (s, 1H, C-2H pyrimidine);
MS: m/z: 428 (M", 90.3), 222 (100), 207 (78.7), 153
(89.9), 125 (53.2), 89 (45), 53 (25); Anal. Calcd. for
C,1H;,CIN,0,S; (428.5): C, 58.81; H, 3.97; Cl, 8.28;
N, 6.53; Found: C, 58.68; H, 3.77; Cl, 8.04; N, 6.67.
6-(4-Chloro-3-methylphenyl)-4-(5,6,7,8-tetra-
hydro[b]benzothieno[2,3-d]pyrimidin-4-ylthio)-1,4-
dihydropyridazin-3(2H)-one (16). A mixture of 14
(10 mmol; 2.4g) and hydrazine hydrate (10 mmol;
0.5 ml) in ethanol (40 ml) was refluxed for 12 hrs,
left to cool down, then filtered off, dried and then
recrystallised from benzene to afford 16 as yellow
crystals; m.p. 202-204°C; yield 54.5%. IR: v 3145
(NH), 3056 (CH,,), 2932 (CH,), 1672 cm™' (C=0);
'H-NMR (CDCl;): & 1.85 (br s, 4H, C-6 and C-7H),
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2.42 (s, 3H, CHj3), 2.57 (br s, 2H, C-5H), 2.83 (br s,
2H, C-8H), 4.23 (d, 1H, -S-CH-, 6.18 (d, 1H,
CH=), 7.59-7.84 (m, 3H, Ar-H), 8.27 (s, 1H, C-
2H), 1298 and 13.31 (two s, 2H, 2NH, D,O
exchangeable); Anal. Calcd. for C,H;sCIN,OS,
(442.5): C, 56.95; H, 4.29; CI, 8.02; N, 12.66;
Found: C, 56.78; H, 4.11; Cl, 7.81; N, 12.47.

Ethyl  2-(benzoylamino)-4,5,6,7-tetrahydroben-
zo[b]thiophene-3-carboxylate (18). To a solution of
thiophene ester 17 (10 mmol; 2.25 g) in 30 ml of
pyridine, benzoyl chloride (10 mmol; 1.4 ml) was
added and the reaction mixture was stirred at room
temperature for 2 h, poured onto ice water, acidified
with cold diluted HCI to give a solid product, which
was filtered off, dried and then recrystallised from
benzene to give 18 as yellow solid; m.p. 178—
180°C; yield: 68.19%. IR: v 3238 (NH), 3071 and
3033 (CH,), 2932 (CHy), 1658 cm' (CO); 'H-
NMR (CDCly): 6 1.39 (t, J = 7.08 Hz, 3H, CH,CHs),
1.80 (br s, 4H, C-5 and C-6H), 2.68 (br s, 2H,
C-4H), 2.80 (br s, 2H, C-7H), 4.36 (q, ] = 7.18 Hz,
2H, CH,CHj;), 7.48-8.03 (m, 5H, Ar-H), 12.33 (s,
lH, NH), Anal. Calcd. for C18H19NO3S (329) C,
65.65; H, 5.78; N, 4.26; Found: C, 65.57; H, 5.74;
N, 4.07.

3-Amino-2-phenyl-5,6,7,8-tetrahydro[b] benzo-
thieno[2,3-d]pyrimidin-4(3H)-one (19). Compound
18 (10 mmol; 3.33 g) and hydrazine hydrate (10
mmol; 0.5 ml) were dissolved in dimethylform-
amide (30 ml) and refluxed for 5 h. It was left to
cool down, poured onto ice water, filtered off, dried
and then recrystallised from ethanol to afford 19 as
yellow crystals; m.p. 145-146°C; yield 60.14%. IR:
v 3289 and 3213 (NH,), 3055 and 3028 (CH,,), 2951
(CH,) and 1658 cm™' (CO); 'H-NMR (CDCl;): &
1.88 (br.s, 4H, C-6 and C-7H), 2.59 (br s, 2H, C-
5H), 2.73 (br.s, 2H, C-8H), 5.02 (s, 2H, NH,, D,O
exchangeable), 7.47-7.88 (m, 5H, Ar-H), Anal.
Calcd. for C;sH sN;0S (297): C, 64.64; H, 5.05; N,
14.14; Found: C, 64.57; H, 4.89; N, 14.07.

Ethyl 2-ethoxycarbonylmethylaminomethylidene-
amino-4,5-tetrahydrobenzo[b]thiophene-3-carboxy-
late (20). To a solution of thiophene ester 17 (40
mmol; 9 g) in 30 ml dimethylformamide, ethyl
cyanoacetate (40 mmol; 5 ml) was added and HCI
gas was passed through the reaction mixture at room
temperature for 2 h. The reaction mixture was
poured onto ice water, the solid product that precipi-
tated was filtered off, dried and recrystallised from
light petroleum (60-80°C) giving 20 as yellow
solid; m.p. 98—-101°C; yield 59.19%. IR: v 3406 and
3300 (NHa), 3077 (CH.r), 2984 and 2937 (CHa),
1744 (CO ester), 1647 cm™' (vc—y) in addition to the
disappearance of veey; 'H-NMR (CDCls): & 1.29 (t,
3H, CH,-COOCH,CHs), 1.39 (t, 3H, C3-

COOCH,CH,), 1.79 (m, 4H, C-5 and C-6H), 2.48
(br.s, 2H, C-4H), 2.72 (br.s, 2H, C-7H), 3.21 (s, 2H,
CH,-COOEY), 4.05 (g, 2H, —CH,—~COOCH,CH3),
4.25 (q, 2H, C3—COOCH,CHj3), 5.93 (br.s, 2H, NH,,
D,0 exchangeable); Anal. Caled. for C;sHoN,O4S
(338): C, 56.80; H, 6.51; N, 8.28; Found: C, 56.67,
H, 6.34; N, 8.17.
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5,6,7,8-TETPAXUJIPOBEH30[B]TUEHO[2,3-D]JIIMPUMUJINH-4(3H)-OH
KATO CUHTOH 3A XETEPOLIUKJIEHU CUCTEMU

X. M. ®. Maakyp*, M. E. Azab, M. A. E. opaxum

Jlabopamopus no cunmemuuna opeanuyna xumus, Jenapmamenm no xumusi, @axyimem no Hayxu,
Yuueepcumem Aun [lamc, Abacus, Katipo, Ecunem

[ocrpnuna Ha 12 Hoemspu 2007 r.; Ilpepabotena Ha 7 mapt 2008 T.

(Pesrome)

IIpu peaxmusita Ha Terpaxunpodensolblrueno[2,3-d|mupumunna-4(3H)-0H ¢ eTHIXJIIOpaNeTaT € MOIYy4YeH ecTep,

KOHTO TIpH B3aUMOACUCTBHE C p-XJIOPOOCH3AIIEXH] B PAa3IMYHH yCIOBUS U ¢ OCH3WJIAMUH J1aBa HOBU cheauHeHus. [Ipn
peakiusaTa Ha XJIOPOTUCHOMUPUMHUIUH C THOKapOamMua, OEH30MIXUApa3uH, THOCEMUKAapOa3uI, ceMukapOa3ua, HaTpueB
a3y ¥ TINIHH ca MOMYyYeHH ChOTBETHO MUPUMUINHTHOH, 1,2,3-TpHrason, Tnookco-1,2,4-tpuasomn, okco-1,2,4-tpuasomn,
TeTpa3on u uMuaasol. [Ipu peaknusaTa Ha MUPUMUAWHTHOH C B-apHIaKpUIOBa KHCENWHA € TOMyYeHa Y-KEeTOKUCEIIHA,
KOSITO TIPH PEAKLHsI C OLIETeH aHXUIPU/ U XUAPA3UHXUAPAT JAaBa ChOTBETHO (PypaHOH M MUPHIA3MHOH. ETHi-2-aMuHO-
4,5,6,7-terpaxunpodenso[b]rnoden-3-kapOoKcuaaT € M3MOJI3BaH MPH CHHTE3a Ha MPOU3BOMHO HA 3-aMHHOTHEHO-
NUPUMUIMHOH Ype3 peakuusi ¢ OEH30WIXJIOPH U XuapasuHxuapar. [lomydeH e uHTepeceH NPOAYKT Ha KOH/AEH3alus
NPy peakuusiTa Ha eTwWI-2-aMuHO-4,5,6,7-rerpaxunpo[b]rnoden-3-kapOokcuiar ¢ eTHINMaHoaleTaT B AMMETHII-
(dbopmamu.
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Use of newly synthesized guar based chelating ion exchange resin
in chromatographic separation of copper from nickel ions

S. Loonkerl, J. K. Sethia®*
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Crosslinked guar functionalized with B-amino-a-methylphenethyl alcohol (AMPA) is found to be very efficient for
separation of copper from nickel ions in a mixture using column chromatography. The IR spectra of the resin and the
nitrogen content data support the successful incorporation of chelating agent in the guar matrix. The moisture content,
bulk density, bulk volume and ion exchange capacity were determined by standard methods. Distribution coefficient
data, determined at various pH for both metal ions, reveal an effective separation of Cu(II) from Ni(II) ions using the

newly synthesized guar epoxy ether of B-amino-a-methylphenethyl alcohol (GEE-AMPA)

Key words: functionalized guar resin, Cu(II) and Ni(Il) ions separation.

INTRODUCTION

The determination of low concentration levels of
heavy metal ions in water samples from different
sources received considerable attention in recent
years [1-3]. In general, certain metal ions and a
number of toxic elements have traditionally been
determined by several atomic spectrometric methods
[4-6]. A great need still exists to investigate fast,
accurate, and sensitive analytical methods for
separation and subsequent determination of different
metal ions especially at trace levels in a wide
spectrum of test samples.

Ion-exchangers and chelating resins are very
often used in the removal, preconcentration and
determination of various metal ions in aqueous
solutions. Ion-exchange fibers are also used as drug
reservoir materials for storage and controlled drug
delivery [7]. The specific applications include the
use of such resins in hydrometallurgical processes
[8]. This area receives more attention since many
metals are recovered from secondary sources,
wastes and rinsing water. Resins are particularly
useful in metal recovery, when the concentration of
targeted ion in the solution is low and thus the
treatment of large volumes of solution is inevitable.
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Nine heavy metal ions were simultaneously
determined at ug/L levels by Cardellicchio et al. [9]
in 22 minutes, using column chromatography in
ground water samples. Santoyo et al. [10] deter-
mined lead, copper, cadmium, cobalt, zinc and
nickel ions in ground water using three ionic
separation column systems including HPIC-CS2 of
Dionex as a cationic column, HPIC-AS4 of Dionex
as an anionic column and IonPac CS5 of Dionex as
a bifunctional ion-exchange column.

In our work we have attempted the separation of
Cu and Ni ions on GEE-AMPA resin synthesized in
our laboratory. We have used the guar-based resin
because of its abundance in the region, low cost,
hydrophilic nature and flocculent action. Both ion-
exchanging and chelating abilities are shown by
AMPA thus giving better results in comparison to
other chelating agents. AMPA is found to give good
results for copper in comparison to other function-
alizing agents like imino diacetic acid, anthranilic
acid, p-amino benzene sulphonic acid, efc., reported
by us, using various polymeric supports. Though the
resin can also separate other ions on the basis of
distribution coefficient values, this paper focuses on
the separation of Cu and Ni only.

EXPERIMENTAL

Guar is procured from local industries and other
AR purity grade chemicals are procured from
Sarabhai M. Chemicals, Baroda.

Physical Parameters

The IR spectra of resin, recorded on Schimadzu
IR 400 spectrophotometer using KBr pellets, revealed
the appearance of a band at 3657 cm ™' (1 spike), that
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is assigned to v(N-H) of R—-NH-R group. Another
band at 3585 cm ' is ascribed to v(—~OH) of alcohol.
The disappearance of peak at 3565 cm' (2 spike)
shows that AMPA has been successfully incur-
porated into epoxy ether of guar.

Flame atomic absorption spectrophotometer
(FAAS) model Schimadzu AA-630-12 was used for
analysis of metal ions in test sample.

The resin characteristics i.e., bulk density;
moisture content, nitrogen content estimation and
ion exchange capacity were determined by the
standard methods. The results are summarized in
Table 1.

Table 1. Resin characteristics.

Resin Moisture Bulk  Specific Nitrogen Ion
content, density, bulk content, exchange
volume, capacity,
% g/em’ cm’/g % meq/g
GEE- 1.6 0.721 2.75 1.68 0.991
AMPA

The pH titration or neutralization curve (in Fig.
1) of chelating ion exchanger is carried out to
establish the character of the exchanging group. The
results reveal that it is a weakly basic chelating
anion exchange resin.

10
B
B

0 0.3 06 08 12 15 1.8 21
Meq of allali'gm of yesin

pH

Fig. 1. pH titration curve.
Synthesis of epoxy ether of guar

Guar was first subjected to reaction with
epichlorohydrin. The obtained epoxy ether is then
used to synthesize GEE-AMPA. One mole of guar
(486 g) was suspended in dioxane in a round bottom
flask. The reaction mixture was rendered alkaline by
adding 20 mL of 50% aqueous sodium hydroxide
solution. The contents were magnetically stirred and
refluxed at 45°C for an hour. 1 mole (92.53 g) of
epichlorohydrin was added and pH was adjusted
between 9 to 10. The contents were refluxed upon
constant stirring for another 4-5 hours at 45°C. The
product was filtered on a vacuum pump and washed
with 80% aqueous CH;0H + HNO; solution, to
remove inorganic impurities and excess of alkali.
The complete removal of chloride by the washing
was ensured using AgNQO; solution and removal of
alkali was ensured using litmus solution. The

20

washed product was dried in an oven at 50°C and
used for further derivatization.

(P9—oH

Guar

CI_CHZ_CH_CHz
N/

Epichlorohydrin

lNaOH

@—CHZ—CHZ—?{—CHz—CI

OH
Chlorohydrin of Guar

lNaOH

O—CH,-CH—CH, * NaCl + H,0
@— s 2

epoxy ether of Guar
@ - Refers to 2 units of guar

Synthesis of epoxy ether of Guar

Synthesis of guar epoxy ether of f-amino-o-methyl-
phenethyl alcohol (GEE-AMPA)

0.01 moles of guar epoxy ether was suspended in
70% aqueous isopropyl alcohol. 10 mL of 50%
aqueous sodium hydroxide solution was added to
the reaction mixture under reflux upon constant
stirring at 50 £ 5°C.

0.02 moles of AMPA were added to the reaction
mixture. The contents were refluxed and stirred for
5-6 hours at 55°C on a water bath. The product was
filtered off under vacuum and washed with 50%
aqueous CH;0H + HNO; solution to remove the
inorganic impurities. The dried product was
suspended in 0.IN HCI and filtered immediately.
The successive washings with 0.1N NaOH and 0.1N
HCl were carried out, the contents were finally
washed with absolute alcohol and dried under
vacuum.

OH
(P9—O0—CH,-CH—CH,  +
N/
O
epoxy ether of Guar

NHZ_CH_CH_CHg

B-amino-a-methyl phenethyl alcohol

55°C  |Isopropanol
(5-6 hrs.) + NaOH

OH
@—O—CHz—(liH—CHZ—NH—CH—CH—CH3
OH

Guar epoxy ether of B-amino-a-methyl phenethyl alcohol
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Analysis of metal uptake

Batch equilibrium technique was employed for
measuring the metal uptake by the resin. In a set of
six glass stoppered flasks, 0.084g of dried resin was
taken and 40 mL of buffer (prepared by mixing
different volumes of 0.2 M acetic acid and 0.2 M
sodium acetate) was added to each flask for
adjusting the pH value to 3.5, 4.0, 4.5, 5.0, 5.5 and
6.0, respectively. 1 mL of 1000-ppm metal ion
solution was added to each flask and the contents
were agitated for an hour. The two phases were
separated after reaching equilibrium, using batch
method and the metal content was determined in an
aliquot of the filtrate by flame atomic absorption
spectrometry (FAAS). Analyzing the eluates for the
copper and nickel concentration in each set of
experiments using FAAS we checked the
achievement of equilibrium.

It was found that copper shows maximum
chelation at pH 6.0, whereas nickel shows
maximum chelation at pH 5.0 as inferred from their
Distribution coefficient (Dy) values in Table 2. The
resin was found to be highly selective for Cu at pH
6.0. The metal uptake is much higher in comparison
to the theoretical uptake, calculated based on its
nitrogen content data. This can be well explained by
the fact that guar derivatives also act as very good
adsorbents.

Table 2. Distribution coefficients.

pH Distribution coefficient (Dg), mL/g
Cu Ni
3.5 342 126
4.0 - 202
4.5 717 468
5.0 880 859
5.5 1835 619
6.0 2098 543
6.5 1017 -

Column separation

An ion exchange column of 20 cm height was
packed with a slurry of GEE-AMPA prepared in
dioxane. The buffer of 6.0 pH was allowed to flow
through the column. An aliquot of sample solution
containing standard amount of Cu(Il) and Ni(Il)
ions was passed though the column at a flow rate of
1-2 mL/min. Loaded metal ions were eluted using
0.1 N HCL In the first 10 mL fraction Ni(II) ions
were eluted completely. The second fraction
obtained had neither Ni(II) nor Cu(Il) ions. Elution
of Cu(Il) was complete by addition of another 40
mL portion of eluate, which was collected as third
fraction. Metal concentration in the eluate for each
set of experiments was analyzed using FAAS.

RESULTS AND DISCUSSION

The theoretical ion exchange capacity of GEE-
AMPA resin was calculated and found out to be
0.991 meq/g. The metal capacity versus pH contours
of GEE-AMPA resin with Cu(Il) and Ni (II) ions
are shown in Fig 2.

gCu wNi

Metal Capacity (meqlg)

Fig. 2. Metal capacities versus pH for GEE-AMPA resin.

The perusal of the results reveals that the metal
uptake by the resin increases at first and then
decreases with increasing pH. The resin exhibited
maximum metal uptake capacity for Cu (II) at pH
6.0, which is found to be four times higher than that
shown for Ni (II). The distribution of metal ions in
the resin also followed the above order. Maximum
value for distribution coefficient for Cu was 2098
mL/g, while for Ni it was just 543 mL/g. Studies
were also carried out for Fe(Il), Zn(II) and Co(II).
The comparison of their Df values at pH 6.0
revealed that the resin is highly specific for Cu(Il) at
this pH and can be successfully used for separation
of Cu from a sample containing Cu and Ni. Their D
values decrease in the order

Cull (2098) > Zn 11 (908) > Fe II (874) > Co 11

(858) > Ni II (543).

D¢ values for Cu and Ni at various pH are
summarized in Table 2. Analysis of Table 2 data
reveals that effective separation of Cu and Ni can be
carried successfully using column chromatography
at pH 6 due to their appreciably high difference in
D¢ values. The results are reported in Table 3 and
they are the average of four determinations.

Table 3. Separation of Cu(Il)ions from Ni(Il)ions.

Amount of
Sam-  Cu(Il) and Amount of Cu(II) and Ni(II) ions
ple Ni(II) in in eluate

mixture on

column
Cu(Il) Ni(Il) Cu(ll) SD RSD, Ni(Ill) SD RSD

No. 0 0

mg mg mg %  mg %

1 30 7.0 291 0.09 3.00 692 0.08 1.14
2 40 50 389 0.11 275 492 0.08 1.60

Note: Average of four determinations for each set is reported.
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MU3MOJI3BAHE HA HOBOCUHTE3UPAHA XEJIATHA HOHOOBMEHHA CMOJIA HA OCHOBATA
HATYMA T'YAP 3A XPOMATOI'PAD®CKO PA3JIEJIIHE HA MEJIHM OT HUKEJIOBU MOHU

C. Jlyyukep, k. K. Cetus*

Henapmamenm no xumusi, Yuueepcumem [Jocani Hapaun Buac, [Jocoonyp 342 001 (Paoscacmarn), Huous

Hocrernuna wva 10 HoemBpu 2007 r.; IIpepadotena Ha 10 maii 2008 T.
(Pesrome)

YcTaHOBEHO €, Ue OMpeKeHa ryMa ryap, GyHKIIMOHATH3HpaHa ¢ 3-aMUHO-0-MeTHI(EHIICTHIOB ankoxod (AM®DA)
€ MHOTO e()eKTHBHA 3a pa3zcisIHe Ha MEJIHU OT HUKEJIOBU HOHHU B CMECH IPY W3IOJI3BaHE HAa KOJOHHA XpoMarorpadus.
WY criekTpu Ha cMoJiaTa U JaHHHUTE 32 ChBPIKAHUETO HA a30T ca B MOJKPEIa Ha YCIENIHOTO BhBEKIAHE HA XEITaTHUS
areHT B MaTpuuara Ha ryMata ryap. ChbIbpKaHHETO Ha Bjara, HACHIIHATA IUITbTHOCT, HACHUIHHUAT 00EM U HOHO-
OOMEHHHSAT KamaluTeT ca OIpPEACiIeHH ChC CTaHAAPTHH MeroAu. JlaHHWTE 3a KOSQHIMEHTHTE Ha paslpejielicHHe,
ompeneneHu npu pasauuad pH 3a mBata mMertanHu HoHHU mokasBaT edekTuBHO pasaensae Ha Houute Cu(Il) ot Ni(Il) ¢
MOMOIITa Ha HOBOCHHTE3UPAHUSI €MIOKCH eTep Ha -aMHUHO-0-MeTHI()EHUISTHIT alIKOXOJI M TyMa Tyap.
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Human platelets, i.e thrombocytes are the smallest non-nucleated blood cells, which are highly reactive components
of the circulatory system and play a key role in many pathophysiologic processes, such as thrombosis, hemostasis,
inflammation, host defense, tumor biology, as well as in maintenance and regulation of vascular tone. The platelets
aggregation process and the formation of platelet plugs are a fundamental part of the blood clotting process and prevent
bleeding from capillaries, small arterioles and venules. However, thrombosis disorders are one of the reasons for
complications in surgical procedures. Abciximab and Eptifibatide are efficient antiplatelet drugs used during and after
coronary artery treatments, such as angioplasty, in order to prevent platelets from sticking together and causing
thrombus formation inside the coronary artery.

The aim of this work was the comparison of different methods for preparation and immobilization of blood platelets
on a glass or mica bedding in terms of suitability for the investigation of Abciximab or Eptifibatide interaction with
platelets by Atomic Force Microscopy (AFM). AFM is a very useful tool for the observation of the topography of
biological structures. The investigation was performed on dry mica, dry glass and in a buffer solution.

On mica, changes in the shape and size of inactive and activated platelets can be observed, as well as their
aggregation with fibrinogen. Abciximab and Eptifibatide, deposited onto the mica sheet, form ‘twig-crystal’ structures.
Surprisingly, the smaller Eptifibatide molecules form a bigger structure than that of Abciximab. This is probably caused
by Eptifibatide molecular aggregation.

Platelet-inhibitor complex adhesion on mica or glass sheets was observed. The low number of activated platelets
was observed after incubation of a sample with both drugs. These drugs surrounded the platelets as a result of
interaction with glycoprotein GP IIb/Illa. Frequently, whole platelets were surrounded with drugs. Each image shows
the aggregation process in a different phase with a characteristic platelet filopodia. Each procedure can be used for the

observation of platelets and their changes under the influence of different agents, for example drugs.

Key words: Atomic force microscopy (AFM), human blood platelets, abciximab, eptifibatide.

INTRODUCTION

Human blood platelets (PLT), i.e thrombocytes
are the smallest non-nucleated blood cells. They are
tiny and discoid in shape, with dimensions of
approximately 2.0-4.0 um. Platelets are produced in
the bone marrow and arise from megakaryocyte.
The circulating life time of a platelet is 7-10 days
[1]. A normal platelet count in a healthy person is
150 000-450 000 cells/mm’ of blood (www.lab-
testsonline.org). They are highly reactive com-
ponents of the circulatory system and play a key
role in many pathophysiologic processes, such as
thrombosis, hemostasis, inflammation, host defense,
tumor biology, maintenance and regulation of
vascular tone [2].

* To whom all correspondence should be sent:
E-mail: ewka@uwb.edu.pl

Human blood platelets contain granules (alpha,
dense, lysosomes), mitochondria and an endoplasm-
matic reticulum [3]. Alpha and dense granules con-
tribute to the very important function of platelets in
hemostasis. The alpha granules play a primary role
in hemostatis, while dense granules in the aggre-
gation [1]. The aggregation process and the forma-
tion of a platelet plug are a fundamental part of the
blood clotting process and they prevent bleeding
from capillaries, small arterioles, and venules. This
is a two-phase process. At first, single platelets bind
to the site of the wound — this is the adhesion
process. Next, the platelets are activated. During
activation, the platelets are drastically changing
shape. They undergo change from a discoid form to
a flat spread form, 7-10 pm in diameter [4].
Activation can be stimulated by substances released
by these cells (for example: adenosine diphosphate,
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serotonin and thromboxane) and by components,
which circulate in the blood (for example the Von
Willebrand Factor, thrombine). The result of these
two processes is the aggregation of platelets.

Platelets play an increasing role in vascular and
endovascular procedures. Thrombosis disorders are
one reason for complications in surgical procedures.
Many agents, for example specific drugs, foods,
spices and vitamins could impair platelet function
[5]. Today, there is a number of drugs that inhibit
platelet function [6]. The classic inhibitor of platelet
function is aspirin (acetylsalicylic acid). Aspirin
prevents blood from clotting by blocking the
production of thromboxane A-2.

Thromboxane A-2 is produced in platelets and
causes them to clump. Aspirin inhibits the enzyme
cyclo-oxygenase-1 (COX-1) that produces thromb-
oxane A-2 [1, 5, 6]. Clopidogrel is a potent oral
antiplatelet agent often used in the medical treat-
ment of coronary artery disease, peripheral vascular
disease, and cerebrovascular disease. The mecha-
nism of action of clopidogrel is the irreversible
blockade of the adenosine diphosphate (ADP)
receptor on platelet cell membranes [7]. A number
of new drugs, inhibitors of fibrinogen, preventing
platelet aggregation by binding to glycoprotein
[Ib/IIIa, has been recently studied. Three of them:
abciximab (ReoPro), eptifibatide (Integrilin) and
tirofiban (Aggrasrat) have been registered as effi-
cient antiplatelet drugs [8, 9]. Abciximab is a
human-murine chimeric Fab fragment of the mono-
clonal antibody c7E3 directed against the glyco-
protein IIb/Illa [10]. Eptifibatide is a cyclic hepta-
peptide containing six amino acids and one mer-
captopropionyl (des-amino cysteinyl) residue [11].
Tirofiban is a synthetic, nonpeptide inhibitor acting
on glycoprotein (GP) receptors, type IIb/Illa, in
human thrombocytes. These inhibitors are mainly
used during and after coronary artery procedures,
such as angioplasty to prevent platelets from
sticking together and causing thrombus (blood clot)
formation inside the coronary artery [12].

There are many methods for studying platelet
properties. Platelet functions are studied by the
measurement of key biochemical markers that can
show changes in platelet activation. There are two
principal assay systems: ELISA and flow cytometry
[13—15]. Markosyan ef al. [16] used a laser photo-
meter to study platelet shape and aggregation. The
elastic properties of cells have been measured using
a mechanical indenter called a cell poker [17],
optical tweezers [18], scanning acoustic microscopy
[19] or fine glass needles [20]. Electron microscopy
and an Atomic Force Microscope have been used [4,
21] to study the architecture of the cytoskeleton and
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changes in the platelet during activation [22], as
well as to diagnose platelet disorders [23]. The
interaction between platelet receptor and ligand (for
example fibrinogen) in the presence of platelet
inhibitors (abciximab, tirofiban, eptifibatide) has
been studied using fluorescence laser-scan micro-
scopy [24], confocal microscopy [25], laser
tweezers [26], electron microscopy [27], fluor-
escence and differential interference contrast micro-
scopy [28].

The aim of this work was the comparison of
different methods for the preparation and immobi-
lization of blood platelets on a different bedding, in
terms of the suitability for investigation of the
interactions between anticoagulant drugs (abciximab
or eptifibatide) and platelets by the Atomic Force
Microscopy (AFM). More precisely, the aim was
the observation of changes in platelet topography on
dry mica bedding and on a glass bedding, both dry
and from an aqueous buffer solution.

EXPERIMENTAL
AFM measurements

The AFM measurements were performed with a
commercial Ntegra Prima scanning probe micro-
scope (NT-MDT, Russia) using a “Tapping mode”
for “in air imaging” and a contact mode for in
“liquid and air imaging”. A scanning head for mea-
surements in liquid and air (100 mkm scanner) was
equipped with capacitive position sensors, which
allow the removal of the hysteresis of piezodrivers.
CSGO1 probes with a force constant of 0.01-0.08
N/m were used for the contact mode and NSGO03
probes with resonance frequency 90-116 kHz were
used for the tapping mode. All measurements were
done at room temperature.

Chemicals

Acetone, sodium hydrogen carbonate NaHCOs,
sodium dihydrogen phosphate NaH,PO,, sodium
chloride NaCl, potassium chloride KCl, magnesium
chloride MgCl, (all analytical purity grade, POCH,
Gliwice, Poland), Tyrode buffer (12 mM, 4 mM,
137 mM, 2.6 mM, 1 mM, pH = 7,3), abciximab
(REOPRO, Centocor B.V. Holland), eptifibatide
(INTEGRILIN, Glaxo Group Ltd, Great Britain).
Water was deionized with a MilliQ (Millipore)
apparatus.

Platelet preparation

Blood samples, taken from healthy adult subjects
were supplied by the Blood Donor Centre in Bialy-
stok. The blood was treated with sodium citrate as
an anticoagulant.
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Next, the platelet rich plasma was separated by
centrifuging the blood amount 130 g for 8 min at
room temperature. This platelet rich plasma was then
centrifuged at 2200 g for 10 min to obtain a platelet
bottom. The supernatant was removed. The platelet
bottoms were washed twice with isotonic saline.

Sample preparation for AFM measurement

a). On the mica sheet. After the last washing, the
platelets were resuspended in acetone to a solid
concentration of ~10"> g/l. 100 pl of platelet suspen-
sion in acetone was dropped onto a freshly cleaved
mica sheet. The mica sheet was dried in air for at
least 4 h.

b). On the glass cover slip. Platelets were also
prepared from the freshly drawn blood of one of the
team. 100 pul of blood were deposited onto a glass
cover slip. After 30 s, the sample was vigorously
rinsed with Tyrode buffer to separate all blood cells
from the activated platelets that had adhered
strongly to the glass. The glass cover slip with
platelets was left in air to dry.

For AFM measurements in the buffer solution,
the glass slides with platelets were deposited in a
special cell.

¢). With abciximab and eptifibatide. The drugs
were dissolved in acetone and immobilized on the
mica in accordance with the procedure described in
a) or were dissolved in aqueous buffer in
accordance with the procedure described in b).

The interaction between drugs in therapeutic
concentration (abciximab — 3.57 pg/ml of blood and
or eptifibatide — 2.57 pg/ml of blood) and platelets
was studied after incubation of blood or isolated
platelets for 1 hour at 37°C. The procedure of plate-
let preparation was the same as before (see Platelet
preparation). 100 pl platelet solution was deposited
onto a glass cover slip or mica sheet. After vigorous
rinsing, the samples were observed by AFM.

RESULTS AND DISCUSSION

In order to investigate the opportunity to observe
immobilized human platelets by the AFM tech-
nique, platelets were immobilized on the mica sheet.
This was performed by putting a suspension of
platelets in acetone on the mica surface and drying.
The sample contains both inactive platelets and
those at different stages of activation. Both inactive
and activated platelets, immobilized on mica can be

observed by the AFM. Fig. 1 shows AFM images of
human platelets in different activation phases.
Changes in the shape and size of inactive and
activated platelets can be observed (compare Fig.
1A-C). The glycoprotein receptors located on the
platelets surface change their 3D configuration
under the influence of activating factors, causing
them to lose their granular structure. This involved a
change in platelet shape. Before these changes,
platelets exhibit a regular shape and dimensions [4].
Their diameter is 2.25 pm and their thickness is 170
nm (Plot Fig. 1A). The activated platelet’s shape
becomes irregular. Figure 1b shows the platelet
having a diameter of 4.5 um and a thickness of 250
nm (Plot Fig. 1B), while Fig. 1c shows the platelet
having a diameter of 4.25 pm and a thickness of
only 30 nm (Plot Fig. 1C). The next stage of change
is filopodia formation (see Fig.1C). The filopodia
formation is the morphological effect of platelet
activation. Simultaneously, a release reaction occurs
i.e. the platelet releases substances activating the
next platelets and their GPIIb/Illa receptors. The
glycoprotein (GPIIb/Illa) fibrinogen receptor is
composed of two subunits, all, and B;, which form a
complex. GPIIb/Illa is specific for platelet surfaces
and binds to adsorbed protein ligands, including
fibrinogen, the von Willebrand factor and fibro-
nectin. The fibrinogen plays a fundamental role in
forming bridges between platelets and causes
aggregation. Due to receptor activation, platelets
join together with fibrinogen. Fibrinogen bridges are
formed between platelets (see Fig. 2A). This process
is responsible for platelet aggregation. The deposi-
tion procedure, of platelets from the acetone
suspension on the mica sheet enables good and fast
adhesion in different activation platelet phases.

Fig. 2 shows AFM pictures obtained after
applying three different ways of platelet deposition:
1) on the mica sheet from the acetone suspension
(shown in picture A), ii) on the glass slide from the
fresh unprocessed blood, after washing and drying
(shown in picture B), iii) on the glass slide from an
aqueous buffer solution (shown in picture C). The
first two were dry probes and the third one was
measured from an aqueous solution.

Each image shows the aggregation process in a
different phase with a characteristic platelet filo-
podia. Each procedure can be used for the obser-
vation of platelets and their changes under the
influence of different agents, for example drugs.
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Fig. 1. Human platelets on the mica sheet imaged with the AFM and cross-sectional plots showing along the lines
shown in images respectively (A, D) inactivity platelet; (B, E) activation process; (C, F) activated platelet.

In Fig. 3, two anticoagulant drugs, deposited
onto the mica sheet, can be observed (A for
abciximab and B for eptifibatide). A ‘twig-crystal’
structure is observed in both cases. Similar effects
were observed with samples immobilized on a glass
bedding. Abciximab is a bigger molecule and its
special structure is more apparent. In the case of
eptifibatide, larger structures are apparent in the
pictures than in the case of abciximab, despite the
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fact that eptifibatide is a smaller molecule. The
formation of these larger structures is probably
caused by the eptifibatide molecule aggregation.
Both drugs are platelet aggregation inhibitors due to
fibrinogen receptor blocking. Abciximab (molecular
weight of 48 kD [29]) is a human-murine chimeric
Fab fragment of the monoclonal antibody c7E3.
Moreover, abciximab shows a very high affinity to
platelets. This molecule joins to the receptor allbp3
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with an antibody fragment, hindering the joining of
fibrinogen, and in this manner inhibits platelet
aggregation due to steric hindrance. Two amino

acids sequences: RGD and KQAGDV are

responsible for bonding of abciximab to this
receptor [30].

Fig. 2. AFM image of human platelets deposited onto mica-cluster of aggregate platelets (A), glass sheet-separate
platelet (B), glass sheet in buffer solution-separate platelets (C).
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Fig. 3. AFM images of anticoagulant drugs deposited onto mica sheet: A - eptifibatide; B - abciximab.

Eptifibatide (molecular weight of < 1 kD [29] is
a cyclic heptapeptide containing six amino acids
with a characteristic amino acids sequence Lys-Gly-
Asp (KGD). It is a specific blocker of receptor all,fs,
due to the recognition of a specific amino acid
sequence (KGD) [11]. In this manner, eptifibatide
blocks the fibrinogen junction to the platelet receptor.
It is likely that eptifibatide forms the same steric
structure as N-terminal region y-fibrinogen chains
and in this way inhibits ligand binding. On the mica
sheet these drugs form “twig-crystal” structures.

These inhibitors do not influence the adhesion of
platelets, as this process is caused by another plate-
let receptor. This is why it is possible to observe
platelet-inhibitor complex adhesion on the mica or
glass sheets by AFM (see Fig. 4, picture A and B,
respectively). The low number of aggregated plate-
lets is observed after incubation period of a sample

with both drugs. These drugs surround the platelets
as a result of interaction with glycoprotein (Fig. 4).

Frequently, whole platelets are surrounded by the
drug. On the surface of each platelet there are
approximately 50000 GPIIb/Illa receptors [31].
Abciximab also binds to other platelet receptors,
such as the vintronectin receptor ayf3;. The platelet
shapes are deformed, especially those adsorbed on
glass. This effect may be caused both by the inter-
action with the drug, as well as by interaction with
the glass surface. Abciximab and eptifibatide block
the active centre in glycoprotein GPIIb/Illa. There-
fore, the interaction of the platelet with fibrinogen is
impossible.

The described experiments show that the fastest
method for sample preparation prior to AFM
measurements is the immobilization of platelets by
just putting a blood drop on the glass. In spite of
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visible biological pollution, the best images were aqueous buffer solution, although technically
observed for samples immobilized on mica. On the  difficult, enables kinetic measurements.
other hand, the observation of interactions from the
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Fig. 4. AFM images of human platelets in absence anticoagulant drugs: after blood incubation with abciximab on mica
and glass (A, C); after platelets incubation with abciximab on mica (B); after blood incubation with eptifibatide on mica
and glass (D, F); after platelets incubation with eptifibatide on mica (E).
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ATOMHO CWJIOBA MHUKPOCKOIINA 3A OXAPAKTEPM3UPAHE HA HOBEIIIKU TPOMBOLUTH
I[MPEJU 1 CJIEA B3AUMO/JIEMCTBUE C OIIPEJIEJIEH AHTUKOAT'YJIMPAILLIU JIEKAPCTBA

E. FOPOIIKI/IGBI/I‘-Il*, A. Caukuesnu', . Cexno?, 3. A. ®uramescku'”

! lenapmamenm no enexmpoxumus, Hncmumym no xumus, Ynusepcumem na Bsaucmox,
an. , M. Muncyocku* 11/4, Banucmox 15-443, Ionwua
2 Hnemumym no excnepumenmanua ¢usuxa, Ynusepcumem na Banucmox, Jlunosa 41, Banucmox 15-333, Homua
7 Jlabopamopus no enexmpoxumuunu usmounuyu na mox, Xumuuecku paxynmem, Bapuascku ynugepcumen,
ya. ,, [acmvop “ Ne 1, Bapwasa 02-093, [lonwua

[ocrpnuna Ha 16 suyapu 2008 r.; Ilpepabotena Ha 19 maii 2008 r.
(Pesrome)

TpombouuTHTe ca Hail-MaKuTe OE3sIPEHH KPBBHU KIETKH, KOUTO Ca CHJIHO PEaKTHBOCIIOCOOHHW KOMITOHCHTH Ha
cucTeMaTa Ha KPBHBOOOPAIICHWETO M B3MMAT yJacTHEe B MHOTO MaTO(U3MOJIOTHYHH IIPOIECH KaTo TpoMOo3a, XeMo-
CTa3a, BB3MANCHHUE, 3alUTa, OHOIIOTHS Ha TYMOPHUTE, B MOAIBP)KAHETO M PEryIHPaHETO HAa TOHyca Ha KPHBOHOCHATA
cucrema. IIporecsT Ha arperupane Ha TPOMOOIUTHTE B O0pa3yBaHETO HA TPOMOOIIMTHH 3aITyIIAIKH Ca OCHOBHA YacT
OT Ipoueca Ha CbCUPBAHC HA KPBBTA U NPEAOBPATABAT TCUCHUCTO OT KAIUJIAPUTEC, MAJIKUTC apTECPUOJIN U BCHYJIMTC.
Hapymienust B cbcupBaHeTo Ha KpbBTa obaue, ca e[Ha OT HPUYMHUTE 32 YCIO0XKHEHUS MIPU XUPYPTHYHUTE IPOLETYPH.
Abcukcumad n Entudubdarun ca epukacHu aHTUTPOMOOIIMTHH JIEKapCTBa, U3IOI3BAHU 110 BPEME WIIH CiIe]] POy pH
BBPXY KOPOHAPHHU apTepHH, KaTO aHTMOIUIACTHS, C IIeJI Jla Ce IIPEeIoBpaT ChOMpaHeTo Ha TPOMOOLIUTH U 00pa3yBaHETO
Ha TPOMOM B KOpOHApHATa apTepusl.

enta Ha HacrosmaTa padoTa € CpaBHCHHE Ha PA3UYHU METOJU 3a MOJArOTOBKAa M MMOOMIM3UpPAaHE HAa KPHBHU
TPOMOOIIMTH BBPXY CTHKIIO WU CIIIOJa C OTJIE M3CeIBaHe Ha B3aUMOICHCTBHETO Ha TpoMOouTHuTe ¢ Abcukcnmad u
Entudubarng upe3 aromuo crmoa mukpockonus (ACM). ACM e MHOTO TOJe3eH MHCTPYMEHT 3a HaOIfoJeHHE Ha
TororpaduaTa Ha OMOIOTHYHU CTPYKTYpH. M3cienBaneTo e MpoBEICHO BBPXY CyXa CIFOJA, CYX0O CTBKJIO M B Pa3TBOP
Ha Oydep.

Bwpxy cimroga morar na ce HaOJromaBarT MPOMEHH BbB (opmara W pa3Mepa Ha HEAKTHBHUTE W aKTHBHUPAHHUTE
TPOMOOIIMTH, KAKTO M TAXHOTO arperupane ¢ ¢ubpunoren. Adcukcumab u Entudubdatun, mocraBeHd BBPXY CIIOJA,
0o0pa3zyBaT CTPYKTYpH “KiIOHecT Kpuctayn’. M3HeHaaBaIo, mo-Majkute Moyiekysin EntudubaTtug oOpa3yBa mo-rojieMu
CTPYKTYpH OKOJIKOTO AGcukcumad. ToBa, BEpOsATHO, ce ABDKH Ha MOJICKYJIHO arperupane Ha Entudubaru.

HaGmonaBana e anxesust Ha KOMIUIEKCA TPOMOOLMT-HHXUOUTOP BBPXY CIIIOJa WM CTHKIO0. HabnronaBaH € Mairbk
Opoii OT aKTUBUpPAaHU TPOMOOIMTH cJeN WHKyOalus Ha mpobaTta W ¢ JBaTa MeAWKaMeHTa. Te3d MeIMKaMEHTH
3200HMKaNAT TPOMOOIMTUTE KaTo pe3yiraT OT B3aumojeictue ¢ rmkonporend GP IIb/Illa. Yecro wmenwmre
TPOMOOITUTH ca 3a00HMKOJIEHN ¢ MenukaMeHTa. OTAeTHATE CHUMKH ITOKa3BaT IMpolleca Ha arperupaHe B pa3nndaa ¢asa
C XapaKTepuUCTH4YHa ¢WIoNoAns Ha TpoMmOouuTa. Bceska mpomemypa Moke Ja ce HW3ION3Ba 3a HaOMIOAeHHE Ha
TPOMOOITUTHTE U TEXHUTE U3MEHEHHUS TI0]] BIUSHNUE Ha PA3INYHN areHTH, HaIp. JEKapCTBa.
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N-(2,3-dichlorophenyl)maleimide (2,3-DCMI), N-(2,4-dichlorophenyl)maleimide (2,4-DCMI) and N-(2,6-
dichlorophenyl)maleimide (2,6-DCMI) were synthesized by the reaction of maleic anhydride with 2,3-, 2,4- or 2,6-
dichloroaniline in two steps. The copolymerization of 2,3-, 2,4- and 2,6-DCMI (M,) with methylmethacrylate (MMA —
M,) was performed in 1,4-dioxane (DO) in the presence of a,a'-azobisisobutironitrile (AIBN) as an initiator at 60°C.
The monomer reactivity ratios in the copolymerization of DCMI with MMA (M,) and Alfrey-Price Q-e values were
determined as follows: r; = 0.16, r, = 1.97, O = 0.58, e = 1.47 for 2,3-DCMI-MMA; r; = 0.09, r, =2.23, 0 =0.55, e =
1.65 for 2,4-DCMI-MMA; r; = 0.04, r, = 4.19, O = 0.30, e = 1.75 for 2,6-DCMI-MMA. The thermostability of the
resulting maleimide copolymers was investigated by thermogravimetric analysis. Effects of molecular structure of the
2,3-, 2,4- and 2,6-DCMI compounds on their copolymerization with MMA and the properties of the copolymers have
been discussed.

Key words: copolymerization, N-(dichlorophenyl)maleimides, methyl methacrylate, reactivity ratios, molecular

structure, thermostability.

INTRODUCTION

New functional polymers and thermostable poly-
meric materials, such as resistors, nonlinear optics
polymer materials, membranes, sorbents, biocata-
lysts and other materials with medical application
[1-3], have been obtained by copolymerization of
N-substituted maleimides (RMI) with vinyl or
methacrylic monomers. For example, poly(male-
imide-co-2-ethylacrylic acid) shows curative effect
on Lewis lung carcinoma [3].

There is a great interest in the investigation of
copolymerization and obtaining maleimide copoly-
mers of MMA with halogen-containing RMI [1, 2,
5-14]. It is known that on the basis of polymethyl-
methacrylate, the first industrial positive electron
beam resistor was obtained. The sensitivity of the
resistor depends on the type of the halogen atom and
on the glass transition temperature (T,) [1, 4].

Radical copolymerization of N-(4-bromophenyl)
maleimide (BPMI) with MMA or 2-hydroxyethyl-
methacrylate (HEMA) in dioxane was investigated
in [5, 6]. The structure of the methacrylate mono-
mers affects the reactivity ratios of BPMI-MMA
(r; = 0.098 and r, = 1.610) and BPMI-HEMA (1, =
0.124 and r, = 1.823). As it is shown in [5], there is
a linear dependence of T, with the increase of the

* To whom all correspondence should be sent:
E-mail: konsulov@shu-bg.net

number of maleimide links in the poly(N-4-bromo-
phenylmaleimide-co-methylmethacrylate). A linear
correlation was found between the T, values and
BPMI content of the copolymers.

Janovi¢ reported results [7] of a study of the
copolymerization of N-(2,4,6-tribromophenyl)male-
imide (TBMI) with methylacrylate (MA) and MMA
in toluene solution. The reactivity ratios were found
to be r; = 0.095 and r, = 2.17 for the system TBMI-
MA and r; = 0.037 and r, = 4.32 for the system
TBMI-MMA. The copolymers show a considerable
enhancement of the thermal stability and a raise in
the glass transition temperature upon increasing
TBMI content.

The copolymerization of MMA with N-chloro-
phenyl maleimide (CPMI) was investigated in a
number of articles [8—10]. The results show higher
reactivity ratio of MMA compared to maleimide
comonomers and indicate a random copolymeri-
zation. Mishra et al. [10] evaluated the effect of
incorporation of varying molar fraction of N-(2-, 3-
or 4-chlorophenyl)maleimides in the poly(methyl
methacrylate) backbone on the optical, physicome-
chanical and thermal properties of cast acrylic
sheets.

Copolymers of N-(3- or 4-halogenophenyl)ma-
leimides with ethyl and butyl methacrylates were
synthesized by free-radical bulk polymerization
[11-13]. The influence of UV radiation on the
structure and on the thermal stability, chemical
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resistance and on some physico-mechanical pro-
perties of the copolymers was studied [11].

In a number of articles [5—14] the effect of the
type of halogen atom (Cl or Br) and its position (o-,
m- or p-) in the phenyl ring of RMI on the values of
reactivity ratios (r; and rp) and on the properties of
maleimide copolymers was discussed. This paper
reports the influence of the structure of N-dichlo-
rophenyl maleimides (2,3-, 2,4- and 2,6-Cl substi-
tuents in the phenyl ring) on the copolymerization
with methyl methacrylate, the reactivity ratios and
the properties of the random copolymers.

EXPERIMENTAL
Materials

The monomer methyl methacrylate (Fluka AG)
was distilled at a temperature of 99—100°C (MM =
100.12, p = 0.943 g/cm®). The maleic anhydride
(Merck) was purified from maleic acid by subli-
mation. The 2,3-, 2,4- and 2,6-dichloroanilines
(Fluka AG) were purified by vacuum distillation.
The 2,2'-azobisisobutyronitrile (AIBN) was recrys-
tallized from ethanol (m.p. 103—104°C). 1,4-dioxane
(Fluka AG) was distilled over potassium hydroxide.
All other reagents and solvents were of analytical
purity grade (p.a.).

Synthesis and characterization of
N-(dichlorophenyl)maleimides

N-Dichlorophenylmaleimides were prepared by
reaction of maleic anhydride (MA) with 2,3-, 2,4-,
and 2,6- chloroaniline, followed by cyclodehydra-
tion of the resulting maleamic acid.

Procedure for synthesis of N-(2,6-dichloro-
phenyl)maleimide. The maleimide monomer N-(2,6-
dichlorophenyl)maleimide (2,6DCMI) was obtained
from maleic anhydride (MA) and 2,6-dichloro-
aniline (DCA) according to the following two-step
reaction procedure: 32.404 g (0.2 mol) DCA were
dissolved in 40 ml of dry chloroform. The prepared
solution was added to 19.612 g (0.2 mol) MA
dissolved in 31 ml chloroform upon stirring conti-
nuously for 2 h in a glass reactor.

The obtained precipitate of N-(2,6-dichloro-
phenyl)maleamic acid was filtered, washed with
chloroform, and dried. 26.4 g (0.1 mol) of the
resulting product and 2.9 g of sodium acetate were
dissolved in 40 ml of acetic anhydride and the
mixture was heated at 90°C for 1 hour. The cooled
down reaction mixture was poured onto 800 ml of
ice water. The precipitate was filtered and the
product was purified by recrystallization in ethanol-
water mixture. The obtained yield was 23.5 g
(89.0%). The N-(2,6-dichlorophenyl)maleimide is a

32

crystalline substance with melting point of 130—
131°C.

Analysis: Calculated for C;,HsO,NCl, (242.06):
C, 49.61; H, 2.08; N, 5.79; Cl, 29.29 %. Found: C,
49.55; H, 2.06; N, 5.72; Cl, 29.15%.

The molecular structure and the molecular
diagram of N-(2,6-dichlorophenyl)maleimide are
presented in the scheme:

FT-IR: (cm ™), 3097 and 3067 (v_c_y), 1776, 1715
(vi_o,vE o), 1642 (Ven=cn), 1584, 1488, 1433 (vcec
Ar), 1392 (ven Ar), 1217 (ve0),1155 (ven.c M),
1055 (vecr), 832(y=c_n, cis-MI), 804 and 715 (1,2,3-
substituted phenyl), 686 (carbonyl ring deforma-
tion).

'H NMR (CDCls, TMS) §, ppm: 7.43-7.28 (3H,
Ar=C-H), 6.89 (2H, CH=CH).

“C NMR(CDCly) &, ppm: 168.30 (C3, C4),
134.4 (Cl1, C2), Aromatic carbons:135.39 (C5),
131.16 (C6, C10), 128.51 (C7, C9) and 127.29 (C8).

The N-(2,3-dichlorophenyl)maleimide and N-
(2,4-dichlorophenyl)maleimide were synthesized by
a similar method.

Copolymerization

The copolymerization was performed as follows:
a solution of DCMI, comonomer MMA and initiator
AIBN in 1,4-dioxane as solvent were poured into a
glass ampoule. The solution was degassed using dry
nitrogen and the ampoule was immediately sealed
and thermostated in an ultra-thermostat at 60 +
0.1°C. After the polymerization for a given time
interval the glass ampoule was reopened and the
viscous mixture was poured into ethanol. The
obtained copolymers were purified twice by repre-
cipitation from acetone solution into ethanol. The
polymers were filtered and dried in vacuum at 50°C.
The composition of the obtained copolymers was
calculated by elemental analysis data of nitrogen or
chlorine and by '"H NMR spectra [9, 15].

Instrumental analysis

The IR spectra were recorded on a BOMEM
Michelson 100 FTIR spectrometer using KBr pellets
or on Specord 75 IR instrument using suspension in
nujol or polymer films. The 'H and “C NMR
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spectra were recorded on a Bruker DRX-250
spectrometer in solution of CDCl; or DMSO-dg. The
thermogravimetric analysis (TGA) was carried out
in air atmosphere at a heating rate of 10°C/min by
means of a Derivatograph OD-102/MOM. The
viscosity was measured in DO (or DMF) at 25°C by
means of an Ubbellode viscosimeter VPG (d = 0.54
mm). The elemental analysis was carried out on a
Carlo Erba analyzer. The melting points of the
crystalline products (maleimides) were determined
by the Kofler microscope.

RESULTS AND DISSCUSSION

Synthesis and characterization of
N-dichlorophenyl maleimides

N-(Dichlorophenyl)maleimides were obtained
from maleic anhydride and 2,3-, 2,4- or 2,6-
dichloroaniline (DCA) via two-step reaction:

CH.LCOOHa

HC=CH + NH; —» HCO—(CH ——= C=CH

v % # Vi i (cHEoo / iy
OC\ /CO Qoc CO oc O
O ‘ | \N/
NH OH

1
o 9
Cl

la b, ¢

During the first stage in chloroform solution at
25°C a reaction of N-acylation is taking place and
the corresponding maleamic acid (MAA) is
obtained. The MAA is light yellow sediment.

The reaction mixture of the obtained MAA with
acetic anhydride was then treated with anhydrous
sodium acetate and was heated up to 85-95°C. The
amount of sodium acetate (catalyst) affected the
reaction rate. The optimal result was obtained in the
presence of about 10% sodium acetate [16]. Under
the above mentioned conditions, the MAA under-
went cyclodehydration and the maleimide mono-
mers 1a, b, ¢ were obtained as a result.

The obtained DCMI are white crystalline
substances, soluble in chloroform, acetone, dioxane,
dimethylformamide. The experimental results are
summarized in Table 1.

Table 1. Yield and characteristics of N-dichlorophenyl
maleimides (2,3-, 2,4- and 2,6-DCMI).

Sam DCMI Yield, Elemental analysis’, % m.p.,
ple » ¢ m N a ©
la 23-DCMI 87.6 49.52 2.03 5.69 29.10 94-95
1b 24-DCMI 904 49.53 2.04 5.70 29.12 106-107
lc 2,6-DCMI 89.0 49.55 2.06 5.72 29.15 130-131
*Theoretical for 49.61 2.08 5.79 29.29

C,oHs0,NCl,

Synthesis and characterization of copolymers of
N-dichlorophenyl maleimides with methyl
methacrylate

The copolymerization of N-dichlorophenyl male-
imides (1a, b, ¢) with methyl methacrylate was
carried out at 60°C in dioxane in the presence of
0.75% AIBN as initiator according to the following
scheme:

CH; CH,
| 6oec |
HC—CH + CHy—=C —» —{HC—CHIHCH—C
oc/ \co | oc/ \co '
co co
\N/ | It ‘
i OCH, i OCH,
cl cl

1a. b, ¢ 2a, b, ¢

Under these conditions the polymerization pro-
ceeded via chain-radical mechanism in homo-
geneous medium. The copolymers were isolated
through precipitation of the polymer solution in
ethanol and were purified by double precipitation
from acetone in ethanol/water or diethyl ether. The
obtained maleimide copolymers of MMA are white
powder-like substances, soluble in organic solvents
such as dioxane, acetone, chloroform, dichloro-
ethane, etc. The experimental results are shown in
Table 2.

Table 2. Copolymerization of N-dichlorophenyl male-
imides (M;) with methyl methacrylate (M,) at monomer
ratio of 50:50 mol.% (C,, = 1.1 mol/l, 60°C, 5 h).

Copo- Elemental ~ Copolymer
lymer M, Yield, analysis, composition, [n],
sample % mol.%
N a M 2w 98
2a 23-DCMI 71.6 265 1325 259 741 045

2b 24-DCMI 69.8 238 12.04 224 77.6 048
2¢ 2,6-DCMI 775 1.74 872 151 849 0.42

"1 determined in DMF at 25°C (d, = 0.54 mm, Ubbelode).

The structure of the copolymers was proved by
'H and °C NMR as well as by IR-spectroscopy. In
the IR-spectrum of poly(N-2,3-dichlorophenylmale-
imide-co-methyl methacrylate) film the maleimide
units were identified by the bands at 1782, 1705
(broad, intensive), 1580, 1430, 980, 830, and 740
cm . Characteristic of MMA monomer units are the
IR bands at 2960 cm ' (-CH,—) and at 1460 and 1380
cm’' due to asymmetric and symmetric bending
vibrations of the -CH; and -OCHj; bonds. The broad
and intensive band at 1280—1120 cm' is assigned to
the stretching vibrations (vc_o) of MMA units.

In the '"H NMR spectrum of poly(N-2,4-dichlo-
rophenylmaleimide-co-methyl methacrylate) the

33



V. B. Konsulov et al.: Study of the copolymerization of n-(dichlorophenyl) maleimides with methyl methacrylate

presence of maleimide monomeric units was proved
by the resonance signals at 7.76, 7.51, and 7.32 ppm
for the aromatic protons. The signals between 3.64—
3.72 ppm were assigned to the protons of the
—OCH; group in MMA units, while the triplet
centered at 1.21 ppm was attributed to the protons of
the —CH; groups. To the protons of —CH,— were
assigned signals at 1.71-2.15 ppm, and the signals
of methyne protons —CH- appeared at 2.86 and 2.94
ppm.

The *C NMR spectrum of the poly(N-2,6-di-
chlorophenylmaleimide-co-metyl methacrylate) con-
taining 39.5 mol% maleimide units is shown in Fig.
1. The signals at 175.3—177.8 ppm characterize the
maleimide carbonyl groups, these at 173.2-174.2
ppm — the ester carbonyl groups. The carbon atoms
in the aromatic ring give resonance signals at 127.9,
128.6, 131.3, 134.1, 134.3, and 134.6 ppm. The
MMA-units are characterized by: 15.0-19.1 ppm o-
methyl groups; 51.8-55.7 ppm —OCHj ester groups.

The copolymer compositions were determined
by elemental analysis (Table 2) and by '"H NMR [9,
15], based on the intensity of the aromatic protons

h
CH; ' CH;
a' a g i
—CH,—C—HC—CH—CH,—(C—
| OC/ b\CO i |
(|?O \N/ ‘ ] CO
CH;0 Cd ¢y OCHj;
k
e
f
c,def

signals (3H, at about 7.32-7.76 ppm) from male-
imides and the intensity of MMA proton signal (3H,
at about 3.64-3.72 ppm). The mole fraction of
DCMI (m;) in the copolymers was calculated
according to the following equation:

I

ST (1)
(I,+1,)

m
where [, and [, represent the integrated area
intensities of the aromatic protons in DCMI and of
the methoxy protons in MMA respectively. These
results were correlated with experimental data for

the copolymer composition, obtained by elemental
analysis (Table 3).

Reactivity ratios. Effect of the molecular structure of
N-dichlorophenylmaleimides

To determine the reactivity ratios of the mono-

mers r (2,3-, 2,4-, or 2,6-DCPMI) and r, (MMA)

the copolymerization of the comonomers with a

conversion degree up to 15-20 % has been studied.

Some of the obtained results are represented in
Table 3.

CDCls

k
g i,a' a

h

| !
s wﬁl‘f LA — ,,J

ppm 200 180 160 140 120
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1N
g 'ulh'l

100 80 60 40 20

Fig. 1. C NMR spectrum of poly[(N-2,6-dichlorophenyl) maleimide-co-methyl methacrylate] containing 39.5 mol.%
N-(2,6-dichlorophenyl)maleimide.
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Table 3. Copolymerization of N-dichlorophenylmale-
imides (M;) with methyl methacrylate (M,) in dioxane
solution at different monomer feed ratios (Cy = 1.0 mol/I,
T = 60°C).

Sam- Poly-  Fraction of
ple meriza DCMI (M) in
num- DCMI(M;)in  Con- tion copolymer [n]

ber monomer feed ver- rate, (mol.%)
sion, R, N

1
mol. % % HNMR

%/min dl/g
1 23-DCMI 200 154 0.15 99 9.6 0.32
2 50.0 175 0.18 274 279 023
3 79.8 157 0.14 541 546 0.18
4 24-DCMI 205 17.1 0.12 9.5 9.3 0.29
5 50.0 18.0 0.13 26.5 26.6 0.24
6 79.8 16.8 0.11 485 489 0.11
7 2,6-DCMI 20.0 16.5 0.13 93 9.2 0.25
8 487 189 023 147 148 021
9 79.8 154 0.10 39.5 40.0 0.20
d

etermined in 1,4-Dioxane at 25°C (dy = 0.54 mm, Ubbelode).

*

n

The experimental data showed that the copoly-
merization rate (R,) depends only slightly on the
content of DCMI in the monomer feed. A weak
kinetic maximum, shifted from the equimolar
composition, was observed at higher MMA content
(6675 mol.%). This is characteristic of monomer
systems with weak electron donor or electron
acceptor interactions [1, 7, 16].

The monomer reactivity ratios for the copoly-
merization of DCMI with MMA were determined
based on the monomer feed ratios and the
copolymer composition by Kelen-Tiidos (KT)
method [17-18]. The dependence of the obtained
copolymer composition (m,) upon monomer feed
composition (M, = MMA) according to experi-
mental data from three series of experiments is
represented in Fig. 2. The dependence curves show
that the copolymerization of all the three monomer
pairs lead to obtaining random copolymers. In the
resulting copolymers the number of MMA units
prevails over the maleimide units (see also Table 2).

The r, values for MMA are higher (r, > 1) than
the r, values for the maleimides (r; << 1) for the
three monomer systems (Table 4). The connection
between the structure of the monomer and its
reactivity in free-radical reactions is controlled by
resonance, polar and steric factors. The Q-e scheme
gives a quantitative evaluation of the role of
resonance and polar effects. The O, and e, values of
N-(2,3-, 2,4- and 2,6-dichlorophenyl)maleimides
were calculated using the Alfrey-Price Q-e scheme
[19, 21] based on the reactivity ratios:

e, =ey = (—Inr.r )"’ 2)
0 =L ewpr-er(er-e)l )
2

Values of O, = 0.74 and e, = 0.40 for MMA
were used for this purpose according to the literature
data [7, 15].

100

oo
=

60 -+

polymer, mol%

40 -

ms in co

0 20 40 60 80 100
M, in monomeric feed, mol%

Fig. 2. Monomer-copolymer composition curves for the
copolymerization of methyl metacrilate (M,) with M;:
N-(2,6-dichlorophenyl)maleimide (curve 1),
N-(2,4-dichlorophenyl)maleimide (curve 2) or
N-(2,3-dichlorophenyl)maleimide (curve 3).

Table 4. Monomer reactivity ratios r, 7, and O—e values
for copolymerization of N-dichlorophenyl maleimides
(M) with methyl methacrylate (M,).

Ml r r 1/}"1 1/7'2 I.n Ql e

2,3- 0.16 £ 1.97+ 6.2 0.51 0315 0.58 1.47
DCMI 0.02 0.08

2,4- 0.09 = 223+ 11.1 045 0.200 0.55 1.65
DCMI 0.03 0.11

2,6- 0.04 = 419+ 256 0.24 0.168 0.30 1,75
DCMI 0.01 0.09

The resonance effect influences the reactivity of
the monomer and its radical. The conjugation in the
MMA molecule determines the high reactivity of
the monomer, while the activity of its radical is
lower. Although MMA is 1,1-disubstituted mono-
mer, the steric factor does not affect its polyme-
rization ability [19]. One can conclude in view of
the r-values that the reactivity of the N-dichloro-
phenyl maleimides decreases, when the second Cl-
atom is located at a greater distance from the first
one (at ortho-position in the aromatic ring). The
reactivity ratios decrease in the following order: 2,3-
DCMI > 2,4-DCMI > 2,6-DCMI. A possible expla-
nation of these observations could be connected
with the influence of the induction effect (I-effect >
M-effect for Cl-atom) on the electron acceptor
properties of the functional —-CH=CH- group of the
maleimide ring resulting in a decrease of the donor-
acceptor interactions with the weak donor monomer
MMA [7]. The 2,6-DCMI is about 25 times more
active with respect to MMA radical in the reaction
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of cross propagation. (1/r; = k;/ky; ~ 25). The ortho
steric effect has a weaker influence on 2,3- and 2,4-
DCMI as they have asymmetric structure. These
monomers are about 6 and 11 times more active to
MMA -radical, respectively.

The reactivity ratios show that the two macro-
radicals in the examined systems have higher acti-
vity to methacrylic monomer and the obtained
copolymers are enriched in MMA-units. The MMA
has high polymerization activity in the reaction of
homo and cross propagation [7, 11]. The reaction of
homopropagation occurs at higher rate (kp, > k)
and as a result in the polymer chain the number of
consecutive MMA units alternate (r;.r; < 1) the
maleimide link or diads [5, 6, 11]. Therefore, the
distribution of the monomeric links and the design
of the macromolecules of the three copolymers of
MMA with 2,3-, 2,4-, and 2,6- DCMI would differ.
They would depend also on the monomer ratio
DCMI/MMA, at which the maleimide copolymer is
obtained (see Table 3, Fig. 2).

Copolymer microstructure

The microstructure in the resulting copolymers
was determined using the monomer reactivity ratios.
The placement probabilities Py, Py», P,; and Py, and
the mean sequences length p, (DCMI) and p,
(MMA) were calculated using the equations in
references [21, 22]. The values of Py, Py, Py, Pay,
w; and , are represented in Table 5.

Table 5. Data for the structure of copolymers of N-dichlo-
rophenylmaleimide (M;) with metylmethacrylate (M,).

Type of Sam- Pll P12 P21 P22 Mean
DCMI ple sequence
lenght
M Ha
2,3- 1 0.0385 0.9615 0.1126 0.8874 1.04 8.89
DCMI 2 0.1379 0.8621 0.3367 0.6633 1.16 2.97
3 0.3872 0.6128 0.6672 0.3328 1.63 1.50
2,4- 4 0.0227 09773 0.1037 0.8963 1.02 9.65
DCMI 5 0.0825 09174 0.3300 0.6700 1.09 3.23
6 0.2627 0.7373 0.6394 03606 1.36 1.56
2,6- 7 0.0099 0.9901 0.0563 0.9437 1.01 17.76
DCMI 8 0.0366 0.9634 0.1847 0.8153 1.04 5.19
9 0.1365 0.8635 0.4853 0.5147 1.16 2.06

The obtained data show that the probability of
formation of maleimide diads (P;;) is low and it
depends on the mole fraction DCMI in the monomer
feed. The mean sequence length p; values increase
from 1.04 to 1.63 in the 2,3-DCMI/MMA system,

36

from 1.02 to 1.36 in the 2,4-DCMI/MMA system
and from 1.01 to 1.16 in the 2,6-DCMI/MMA
system. The P, values are higher than P;; and
increase with the concentration of maleimide mono-
mers. For all studied comonomer ratios the probabi-
lities Py, and P,, are higher than P;; and P,;. This
implies that in maleimide copolymers, diads, triads
and even much longer sequences of MMA units are
formed. The p, values increase from 1.50 to 8.9 in
the 2,3-DCMI/MMA system; from 1.56 to 9.65 in
the 2,4-DCMI/MMA system and from 2.06 to 17.76
in the 2,6-DCMI/MMA system.

Thermostability of the copolymers of DCMI with
MMA

The thermal properties of copolymers DCMI
with MMA were determined by TGA in static air
atmosphere. Data at the temperature of the initial
weight loss [5, 7, 12] of a sample (T)), the tempe-
rature at 50% weight loss (Tsg), the temperature of
maximum decomposition rate (Tn.) and final
decomposition temperature (Ty), as well as the
percentage of the weight loss of the samples at
350°C and 500°C are summarized in Table 6 and
shown in Figure 3.

Table 6. Thermal properties of copolymers of N-(dichlo-
rophenyl)maleimides with metylmethacrylate (heating
rate 7°C/min in static air atmosphere).

Copo- Percentage Residue
lymer Ty, Tso, Thax Tp weight at Ty,
sample loss at

‘¢ C C 0 °C 3500 5000

1 316 373 378 530 28 93 7
4 320 365 370 500 33 99 1
7 325 375 380 520 16 98 2

The copolymer samples were stable up to 316°C
for 2,3-DCMI-MMA, up to 320°C for 2,4-DCMI-
MMA and up to 328°C for 2,6-DCMI-MMA. All
the samples showed a single step decomposition in
the temperature region 280-420°C, which corres-
ponds to random main chain scission of MMA-
MMA links (335-427°C) of PMMA. The maximum
values of the weight loss (decomposition) are at
about 370-380°C. In the case of 2,3-DCMI-MMA
copolymer, the weight loss up to 350°C was 28%,
that of 2,4-DCMI-MMA - 33%, and that of 2,6-
DCMI-MMA - 16%. The percentage of char yield
increased upon increasing DCMI content in the
maleimide copolymers.
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Fig. 3. TG and DTG trace of poly(2,6-DCMI-co-MMA), poly(2,4-DCMI-co-MMA) and
poly(2,3-DCMI-co-MMA) in air atmosphere (heating rate 10°C/min).

CONCLUSIONS

By the radical copolymerization of N-(2,3-
dichlorophenyl)maleimide, N-(2,4-dichlorophenyl)
maleimide, and N-(2,6-dichlorophenyl)maleimide
with methyl methacrylate random maleimide copo-
lymers have been obtained. The monomer reactivity
ratios of N-dichlorophenylmaleimides r; (0.18, 0.09
and 0.04 for 2,3-, 2,4-, and 2,6- DCMI respectively)
revealed the effect of molecular structure of N-
substituted maleimides on their copolymerization
with methyl methacrylate and on the properties of
the obtained maleimide copolymers. The thermo-
stability of the studied maleimide copolymers was
about 80-90°C higher compared to polymethyl-
methacrylate. The role of the position of Cl-atoms in
the phenyl ring of N-dichlorophenylmaleimides for
the thermal properties of the copolymers was
insignificant. Their thermostability increased with
the molar fraction of N-dichlorophenyl maleimide
units in the macromolecules.
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U3CJIEABAHE HA CBITOJIMMEPU3ALIUATA HA N-(AUXJIOPOD®EHUI)MAJIEUMU AN
C METHJIMETAKPUJIAT

B. B. Koncynos*, 3. C. I'po3eBa, M. U. Tauesa, K. J1. Taues

@axynmem no npupoonu nayku, Lllymencku ynusepcumem ,, Enuckon Koncmanmun Ipecnascku “,
Yau. ,, Yuusepcumemcxa“ Ne 115, 9712 Lllymen

Hocrenuna ua 27 HoemBpu 2007 r.; IIpepaboTena Ha 22 maii 2008 T.

N-(2,3-guxnopodpenmn)manenmuy (2,3-AXMMU), N-(2,4-muxnopodenun)manenmun (2,4-AXMUN), N-(2,6-auxiaopo-
¢ermm)manenmun (2,6-AXMU) ca cuHTe3UpaHu upe3 B3aUMOJEHCTBIE HAa MAJIEHMHOB aHXuapun ¢ 2,3-, 2,4- nim 2,6-
JMXJIOPOAHWINH B JiBa cTaaus. CenonaumepusanusaTa Ha 2,3-, 2,4- u 2,6-AXMU (M) ¢ metmimerakpuwiat (MMA-M,) e
npoBegeHa B 1,4-muokcan (JJO) B mpuchcTBHE HA 0,0'-a300MCH300YTHPOHMTPWII Karto uHUmMartop mpu 60°C.
OmnpeneneHu ca KOHCTAHTUTE Ha chIomMmepu3ais u Q—e croitHoctute: 7y = 0.16, 7, =1.97, 0 =0.58, e = 1.47 32 2,3-
AXMU-MMA; r = 0.09, r, =2.23, 0 = 0.55, e = 1.65 3a 2,4-IXMU-MMA; r; = 0.04, , =4.19, 0 =0.30, e = 1.75 3a
2,6-IXMN-MMA. TepmocTaOmiHOCTTa Ha TONYYCHHUTE MAaJCHMHIHUA CBIOIMMEPH € H3CIelBaHa 4Ype3 TepMo-
rpaBUMETpHYEH aHaiuu3. J{MCKyTHpa ce BIMSHHETO Ha MOJIEKylHaTa CTpykTypa Ha 2,3-, 2,4- u 2,6-AXMU BBpXY
cerosimmepu3auaTa uM ¢ MMA U cBoiicTBaTa Ha OJTYYEHUTE CHIIOIUMEPH.
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from ammonium nitrate electrolyte by the method of cyclic voltamperometry
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This article reports results, obtained by the method of cyclic voltamperometry, applied to study the processes and
mechanism of deposition of copper from ammonium nitrate electrolyte. The effect of the initial potential has been
studied as well as that of the potential sweeping rate and the nature of the cathode substrate (copper or silver) in regard
to the course of the voltamperograms. It has been established that the deposition of copper on a copper substrate is
proceeding via two-step mechanism, whereupon the elemental copper is obtained by reduction of cuprous ammonium
ions. Upon applying the diagnosis criteria of the method it was confirmed that the mechanism corresponds to the
Electrochemical-Chemical-Electrochemical (EChE) type i.e. two consecutive reversible electrochemical steps
(cupric/cuprous ammonium complexes and cuprous ammonium complexes/elemental copper), with an intermediate
chemical step of copper disproportionation. In case of silver substrate, only the mechanism of the anodic process is
relatively the same. The ascertained difference in the mechanisms of copper deposition is very important for the
combined deposition of copper and silver and for obtaining Ag-Cu alloyed coating, taking into account the fact that
silver is the more electropositive metal in the system. The obtained results are an essential part of an extensive study,
connected with preparing an alloyed finely dispersed Ag-Cu powder under stationary conditions and in impulse

potentiostatic regime.

Keywords: Cu powder, cyclic voltamperometry, ammonium nitrate electrolyte.

INTRODUCTION

The electrolysis is a method, enabling to prepare
directly alloyed metal powders of high purity and
compositions varying within wide limits [1-3]. The
applying of an impulse potentiostatic regime
enriches considerably the options in this respect. In
this case the investigation of the mechanism of the
processes of separate deposition of the metals in
detail is extremely important, as upon applying a
potentiostatic impulse there is a continuous transi-
tion from zero to very high values of the over-
potential. All the steps of the mechanism of the
occurring processes are reflected on the quality of
the final product [2-5].

The alloyed Ag—Cu powders are valuable in
view of their electroconductivity and thermal
conductivity properties. They are used mainly for
improving the electroconductivity of contacts in the
electronics and also for components of pastes for
depositing on metal surfaces before their soldering
[6, 7]. Nevertheless data on the conditions of
deposition are scarce. Our preliminary work [§]
concerns alloyed Ag-Cu powders.

After studying a series of electrolytes the

* To whom all correspondence should be sent:
E-mail: Lpetkovv@abv.bg

ammonium electrolyte for copper deposition became
of fundamental interest, taking into account the fact
that the copper in it is available in two different
soluble forms: the cupric Cu** and cuprous Cu”
ammonium complexes. However only a few articles
[9 — 12] are devoted to this system. Some of them
investigate the influence of pH and that of some
anions like CI" [9-11] or NO; [10] at very low
concentrations of the copper. These are focused on
the mechanism of formation of nuclei of copper
crystals. It has been shown that the NO; ions can
dissolve partially the growing copper crystal nuclei.
Another investigation points out that the NO;™ ions
(e.g. originating from NH4NO;) not only promote
the electroconductivity of the solution but they can
also adsorb on the electrode surface thus facilitating
the electrodeposition of copper ions. In most of the
studies the copper is introduced in the form of
CuSO,4 [13-19]. The most detailed data on the
mechanism of electrodeposition are represented in
the article [12], where the application of the method
of cyclic chronovoltamperometry is combined with
physical methods and a specific mechanism of
copper deposition is proposed for the various pH
regions (pH =4, 6 and 8).

The complete analysis of the literature data
imposes the conclusion that the ammonium
electrolyte with an additive of ammonium nitrate is

© 2009 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 39
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especially appropriate for the combined deposition
of copper and silver in the form of alloyed coating
or powder, especially when ammonia is in moderate
excess (pH about 8.5-9). In all the other electro-
lytes: sulfuric acid [12], pyrophosphate [20], fluoro-
borate [21], trionate [22], alkaline [23], etc. the
silver forms hardly soluble compounds and the
electrolytes on their basis are unstable.

On the basis of the above arguments a compo-
sition of the electrolyte was chosen, in which the
copper is in the form of Cu(NOs), and its concen-
tration was varied from 2.5 to 10 g-dm >, whereupon
ammonia is added to obtain pH = 8.5-9. The
method of cyclic voltamperometry was applied to
electrodes of copper and silver in view of the
purpose of this study. The method is especially
suitable for complex systems such as those, in
which there is a two-step transfer of electrons and
ions of changing valence, which form complexes
completely different in stability. The elaborated
diagnosis criteria of the method [24-26] allow a
strict and detailed evaluation of the occurring
processes. These criteria originate from the basic
equations of the method. They represent the depend-
ences of the deviation of the cathode potential E,°,
the relationship between the currents, corresponding
to the anode and cathode maxima (,"/1,°), as well as
the ratio of the cathode current in the position of the
peak and the square of the rate of sweeping the
potential v. It is obvious that depending on the
specific mechanism of the process, for which the
above parameters have been calculated, the values
will be quite different.

EXPERIMENTAL

The electrolyte, in which the studies have been
carried out, has the composition: 2.5 g-dm> Cu (in
the form of Cu(NOs),); 40 g-dm~ NH,NO; solution
and 25% NHj solution to obtain pH = 8.5-9. The
salts are both added consecutively to the water and
as they are both well soluble in water, there are no
substantial peculiarities in this step of solution prepa-
ration. There follows a gradual addition of ammo-
nia, whereupon the solution becomes dark at pH =
7-8. The addition of ammonia to reach pH = 8.5 and
further pH = 9 makes the solution trans-parent, blue-
colored, which is an indication of the formation of
cupric ammonia complex [Cu(NH;)]*" [27].

The measurements have been carried out in a
three-electrode cell with working electrodes, made
of copper (99.97%) and silver (96.97%), in the form
of disks with working area 1 cm®. Platinum net was
used as anode, while the reference electrode was
saturated calomel electrode (SCE).

40

The cyclic chronovoltamperograms have been
recorded by means of potentio-scanner of the type
“Wenking” (Germany) in the range of potentials
0.450 V + —0.800 V (versus SCE). The polarization
was always carried out starting from the chosen
initial potential and moving towards more negative
potentials. The curves, which are represented in the
figures in this article, have been obtained after
several cycles (4 to 5 cycles). The sweeping rate of
the potential was varied in the range from 10 to 150
mV-s'. The rate, at which the peculiarities of the
mechanism of copper deposition are best demon-
strated, was found to be v=20 mV-s .

RESULTS AND DISCUSSION

Values of the potentials of the electrochemical
reactions

In order to facilitate the analysis of the results all
the basic reactions, which could possibly occur in
the working electrolyte, as well as their standard
potentials versus NHE, are represented in Table 1.
The table lists also the calculated values of the
reversible potentials in the reactions with respect to
SCE [27].

An assumption has been made, during the
calculation of the potentials of the reactions (1) and
(3), that the copper disproportionation reaction is
occurring according to the following equations:

Cu + [Cu(NH;),]*" = 2[Cu(NH3)]" + 2NH; ()

2[Cu(NH;)]" + 2NH; = 2[Cu(NH;),]”  (b)

Cu + [Cu(NH;),]*" = 2[Cu(NH3),]" + 2NH;

Another assumption is that the constant of
disproportionation, in accordance with the literature
data [28], is equal to:

_ [Cu(NH3 ), +]2

= =6.04107  (7)
[C”(NH 3 )4]

During the calculations it has been accepted for
the concentration of [Cu(NH;),]*" that the free
cupric ions are entirely bonded in an ammonia
complex i.e. it is 2.5 g-dm (or 0.0393 M).

Cyclic voltamperometry of copper—ammonium
nitrate electrolyte

Voltamperograms on copper electrode. Figure 1
represents the voltamperogramme of copper-
ammonium nitrate electrolyte in the interval of
potentials from £; =—-0.200 V to £.=-0.750 V.
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Table 1: Standard potentials of the basic reactions in ammonium nitrate electrolyte for the deposition of copper (E,)
with respect to SVE, as well as the values of the potential of these reactions (E) in regard to RCE, recalculated on the

basis of the equation of Nernst.

No. Reaction E°, V [NHE] Eaies V [SCE]
(1) [Cu(NH;)s*" + ¢ = [Cu(NH;),]" + 2NH; —-0.010 -0.115

(©) Cu + [Cu(NH3)]*" = 2[Cu(NHj),]" + 2NH;

Copper disproportionation reaction

3) [Cu(NH;),]*" + 2¢” = Cu + 4NH; —-0.050 -0.334

@ [Cu(NH;),]" + ¢ = Cu + 2NH; -0.120 —0.586

%) NO; + 5H,0 + 6" = NH,OH + 7 OH" -0.300 —-0.085

6) [Ag(NH;),]+ + ¢ = Ag + 2NH; 0.373 0.034

(for Ce,=2.5 g:dm > and Cpp = 2.5 g-dm™)

-1014
5.0
< 0
_ W
1 Ia IIa
I I I 1 1
200 0 2200 400 -g00 -BOO

E / mV {&8CE)

Fig. 1. Voltamperogramme of copper-ammonia nitrate
electrolyte on copper electrode; 2.5 g-dm™ Cu in the form
of Cu(NO3),, (40 g~dm’3 NH4NO; and 25% NH; until
pH =9 is reached); E; = +0.200 V, E.=-0.750 V,
v=20mV-s .

As it can be seen from the figure two consecutive
cathode peaks are observed on the voltampero-
gramme — Ic and Ilc and their corresponding anode
peaks Ila and Ia. The first cathode peak, as it
follows from the data represented in Table 1, is
associated with the reduction of cupric ammonium
jons [Cu(NH;),]*" into cuprous ammonium ions
[Cu(NH3),]" in accordance with the stoichiometric
Eqn. (1):

[Cu(NH;)s]*" + e =[Cu(NH3),]" +2NH; (1)

As our visual observations in this field of poten-
tials show, no elemental copper has been deposited.
When the equilibrium concentration is reached, the
obtained cuprous ammonium ions [Cu(NH;),]" are

immediately involved in the reaction of dispro-
portionation (2), which in this case is the following:

[Cu(NH3),]*" = 2[Cu(NH3),]" + 2NH;  (2)

This reaction does not lead to a peak in the cur-
rent, but it rather contributes to the preservation of
the current intensity value on a certain level. In the
region of the second cathode peak Ilc the cupric
ammonium ions [Cu(NH;),]*" are reduced to
elemental copper following the stoichiometric equa-
tion (3):

[Cu(NH3),]*" + 2¢” = Cu + 4NH; (3)

It is not probable that the deposition of elemental
copper could occur via reduction of cuprous ammo-
nium complexes [Cu(NH;),]" in the studied elec-
trolyte, containing a sufficient surplus of ammonia,
which forms stable complexes with the divalent
copper ions. In fact the calculations, which we
performed (Table 1), point to the fact that this reac-
tion is possible, but it occurs at higher cathodic
potentials, compared to reaction (3).

As it follows from Figure 1 the first anodic peak
(in the order of appearance upon returning the curve
to the initial potential) Ila appears at about —0.150 V
(SCE) and it is weakly dependent on the sweeping
rate of the potential. It is connected with oxidation
of the deposited copper coating via the reaction:

Cu + 4NH; = [Cu(NH;),]*" + 2¢” 4)

In the next step the cupric ammonia ions
[Cu(NH;),]*", located most closely to the electrode,
are reduced chemically via reaction (2) to cuprous
ammonia ions (the reaction of disproportionation).

The second anodic peak Ia appears at about
0.100 V (CE) and it is connected with the soluble
forms of the copper in solution, i.e. with the reaction
of oxidation of the cuprous ammonia complexes
into cupric ammonia complexes, described by the
stoichiometric equation:

[Cu(NH;),]" + 2NH; = [Cu(NH3), ] +e (5)
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Fig. 2 (a—c) shows three cyclic voltamperometric
dependences in an electrolyte of composition 2.5
g-dm” Cu; 40 g-dm > NH,NO;; NH; (until pH = 8.5
is reached) on copper electrode at three different
values of the initial potential: 0.000, 0.100, 0.200 V.
The course of the curves is an indication that the
variation of the initial potential in the studied
interval does not change substantially the mecha-
nism of the entire process.

Voltamperogrammes on silver electrode. A weak
initial cathodic peak is observed in the voltampero-

grammes, taken with a silver electrode in an
electrolyte, containing in advance cupric ammonia
jons [Cu(NH3),]*" (Fig. 3), at more positive poten-
tials and a stretching plateau at the more negative
potentials (—=0.100 V). In this case, no stepwise
deposition of copper is observed, as in the case with
copper electrode. It is not possible that the reaction
of disproportionation of the copper can occur on a
silver electrode and it has been demonstrated above
that it is exactly this reaction that lies in the basis of
the two-step copper deposition.

40 Cu 23g1 ‘r
(a) Ei=0mV {c) E;=200mWV
e
.5
h.': - I
=]
= 0
- L
IIa
10 T T T T T T T T T T T T T T
O 200 400 -s00 200 0 200 400 600 0 -200 400 -a00 -BOO
E / mV (5CE} E ml {5CE) E wV (3CE)}

Fig. 2. Voltamperogramme of copper—ammonia nitrate electrolyte at various values of the initial potential E; :
(a) E;=0.000 V; (b) £;=0.100 V, (c) E; = 0.200 V; v=20 mV"s .

00 200 0 200 400 600 300 -1000

E ¢ mV (S3CE)

Fig. 3. Voltamperogramme of copper-ammonia nitrate
electrolyte on silver electrode; £;= 0.200 V, final
potential £, =—0.750 V, v=20 mV-s ' (curve 1).

Curve 2 is the basic electrolyte.

In the anodic region the character of the curves is
not different from that on a copper electrode — two
peaks Ila and la are observed. They are associated
with the consecutively occurring reactions (4) and
(5), i.e. the oxidation of the copper coating, depo-
sited in the cathodic region.
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It is obvious that on a silver electrode only the
reduction of copper is occurring by a mechanism
different from that on a copper substrate, which is
due to obstruction of the reaction of dispropor-
tionation (6). The fact that the deposition of copper,
in this case, is proceeding on a substrate of different
nature, is the reason for the registered comparatively
lower currents in the process of copper deposition,
compared to those on a copper electrode.

Cyclic voltamperometry of a basic electrolyte.
The voltamperogrammes of an electrolyte not-
containing any copper ions and having a compo-
sition 40 g-dm™> NH4NO; and NH; (until pH = 9 is
reached) represent some interest (Fig. 4). As it can
be seen from the comparison with the respective
dependence for solutions containing copper ions
(curve 1), there exists an analogy between the peaks
in the current in intensity, but those in the copper-
containing solutions are higher. It can be supposed
that their appearance in the basic electrolyte is
owing to processes, in which copper ions are parti-
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cipating. The same peaks are obtained upon cycling
in anodic direction (the represented dependence is
recorded after five cycles) or as a result of chemical
dissolution of the copper electrode in the ammonia
medium at the above-specified values of pH (8.5-9).

| | | ] |
-200 400 600 -BOO -1000
E / mV (3CE)

|
400 200 0

Fig. 4. Voltamperogramme of the basic electrolyte on
copper electrode (40 g-dm * NH,NO; and 25% NHj until
pH =9 is reached) on copper electrode (curve 2); Curve 1

is the copper containing electrolyte.

When the initial potential has a value amounting
to E; = —0.295 V the only occurring process is the
evolution of hydrogen (Fig. 5) and no maxima in the
current intensity are observed.

I I | I
00 400 -600 800 -100
E / mV (3CE)
Fig. 5. Voltamperogramme of the basic electrolyte on
copper electrode at initial potential £; =—0.300 V.

The appearance of two consecutive cathodic
peaks in the curves and the respective anodic peaks

are observable in case of shifting of the initial
potential in positive direction (up to 0.300 V).

Evidence in favour of the statement that the
current peaks, obtained on copper electrode, are
connected with the copper ions, is given by the
voltamperogrammes, recorded with a silver elec-
trode in the basic electrolyte (Fig. 6 curve 1). No
current maxima are observed in the range of poten-
tials from 0 to —0.800 V i.e. no processes are occur-
ring in this electrolyte. Such peaks/processes are
observable both in the cathodic and in the anodic
direction but at potentials 0.00 — 0.400 V. These are
most probably associated with the processes of
formation and reduction of the silver ammonia
complexes [Ag(NH;),]" into Ag® — reaction (6) from
Table 1.
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E / mV (3CE

Fig. 6. Voltamperogramme of the basic electrolyte on
silver electrode at initial potential E; = +0.450 V.

Influence of the rate of sweeping of the potential
(scan rate)

The voltamperogrammes were recorded in a
copper-containing electrolyte with a copper elec-
trode at different rates of sweeping of the potential
from 20 to 150 mV-s ' (Fig. 7). Both cathodic peaks
and the respective anodic peaks are growing up with
the increase of the rate of sweeping of the potential
and they have a comparatively symmetrical char-
acter, which indicates the fact that they are
connected with reversible processes.

The diagnosis criteria of the method of cyclic
chronovoltamperometry [17, 18] were applied to
each one of the two peaks separately (Table 2). The
following was established for the first cathodic peak
(Ic) and the respective anodic peak (Ila): A) The
potential in the region of the cathodic peak is
slightly shifted cathodically with the rate of
sweeping the potential; B) The ratio I°/I5, > 1
(varying from 1.32 to 1.07) and it is decreasing with

the increase of the square root of the rate \/; ; O)
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The function of the current Ipc/ \/; does not change

with the increase of /v . These dependences point
to the occurring of an Electrochemical-Chemical
(EC) mechanism, consisting of a reversible
electrochemical reaction, followed by a reversible
chemical reaction.

25g1 Cu
A0 =yt —-10
4 -3 —-3
0 -0
7 -3
10— T T T T — 10
400 200 0 200 400 600 L1000

E /7 mV (3CE)

Fig. 7. Influence of the sweeping rate of the potential (v)
upon the course of the voltamperogrammes, recorded in
copper-containing electrolyte (2.5 g:«dm™ Cu in the form
of Cu(NO;),; 40 g-dm > NH,NO; and 25% NH; until
pH =9 is reached) on copper electrode in the range of
potentials from E; = 0.300 V up to £, =—0.700 V,
1-v=20mV-s;2-v=50mV-s ;3 -v=150mV-s "

The calculations, performed in this way in regard
to the second cathodic peak (IIc) and the respective
anodic peak (Ila) (Table 2) showed the following.
A) The potential in the region of the cathodic peak
is slightly shifted anodically with the sweeping rate
of the potential. B) The ratio I°,)/I°, > 1 (varying
from 1.13 to 2.05) and it is growing up with the

square root of the rate \/; (Fig. 7); The function of
the current Icp/\/; <1 (from 0.69 to 0.36) and it is

decreasing with the increase of \/; . These depend-
encies indicate that this is a CE mechanism,
consisting of a reversible electrochemical reaction,
preceded by a reversible chemical reaction.

The calculations carried out are an indication that
the entire mechanism of deposition of copper from
ammonium nitrate electrolyte can be denoted as
Electrochemical-Chemical-Electrochemical (EChE)
type, i.e. occurring of two consecutive reversible
electrochemical reactions (1) and (3) and an
intermediate reversible chemical reaction of
disproportionation of the copper (2).

CONCLUSIONS

The process of copper deposition from ammo-
nium nitrate electrolyte has been studied at pH =
8.5-9 by the method of cyclic voltamperometry. On
the basis of the criteria of this method it has been
ascertained that the deposition of copper is
proceeding in accordance with an ECE type of
mechanism i.e. a mechanism comprising two conse-
cutive reversible electrochemical reactions and an
intermediate chemical reaction — disproportionation
of the copper.

The experiments carried out form an early stage
of the investigation, associated with the process of
preparation of alloyed Ag-Cu powders from the
above-specified electrolyte.

Table 2. Values of the diagnosis parameters of the cyclic chronovoltamperometry: value (deviation) of the cathodic

potential E,°, the ratio I,/I, and the function of the current I,/ v on the square root of sweeping of the potential v
for the two cathodic peaks (Ic and Ilc) and the respective anodic peaks (Ia and Ila).

UV, Ic(Ia) IIc (ITa)
(mV-s H'? ES, mV P I F,/UV ES, mV 1°Jr F,/UV
p> I iy P p> M iy p
4.47 -220 1.32 043 —465 1.13 0.69
7.07 -270 1.21 0.46 -440 1.64 0.52
12.25 -289 1.07 0.44 —435 2.05 0.36
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N3CJIEABAHE HA ITPOLIECUTE U MEXAHU3MA HA EJIEKTPOOTJIAI'AHE HA MEJ] OT
AMOHUNEBOHUTPATEH EJIEKTPOJIUT C METOA HA LHIMKIIMYHATA BOJITAMIIEPOMETPUA

JI. TletkoB*, K. Urnarosa

Xumuxo-mexnonocuuer u memanypeuder ynugepcumem, oyi. ,, Knumenm Oxpuocku“ Ne 8, 1756 Cogus
IocTpnuna Ha 21 mapt 2008; Ilpepaborena nHa 23 ampuin 2008

B crarusita ca JOKIaJBaHU PE3yITATHTE OT MPHUIArAHETO HA METOJa HAa MUKIMYHATA BOJITAMICPOMETpHS 32
M3CNIeIBaHE HA MPOIECHUTE M MEXaHM3Ma Ha OTJIaraHe Ha Mejl OT aMOHHEBOHHTPATeH eleKkTponut. M3cienBaHo e
BIMSHUETO Ha HAYaIIHHsS MMOTEHIIMAN, Ha CKOPOCTTa Ha pa3rbBaHe Ha MOTEHIMAaa, KAKTO U Ha MPHpOJaTa Ha KaToHHS
MaTepual (Meq u cpedpo) BEPXY X0/a Ha BOITaMIIEpOrpaMHUTe. Y CTAaHOBEHO Oellle, e OTJIaraHeTO Ha MeJ BbPXY MEACH
€JIEKTPO/] MPOTHYA IO JBYCTAJAMEH MEXaHH3bM, KaTO 4Ype3 PeAyKlus Ha KylpOaMHSYHUTE HoHH. Upe3 mpuiaraHe Ha
JAAArHOCTUYHUTEC KPUTCPUU Ha MCETOHa 661].[8 NMOTBBPACHO, Y€ MEXAHU3MBT CBHOTBECTCTBYBA Ha ECE, TOECT ABa
HIOCJIC/IOBATENIHM  OOpaTUMM  €JIEKTPOXUMUYHHU CTanusl (KyNpH-/KYIPOAMOHSYHM KOMIUIEKCH M KYHNPOAaMOHSYHH
KOMILICKCH/CJIEMEHTapHA MeJl), ¢ MEeXIMHCH XUMHUYCH CTaJWH Ha JUCIPOINOPLUHMOHUpPaHE Ha MeaTa. Bupxy cpeObpeH
€JIEKTPOJ CaMO MEXaHWU3MbT Ha AHOJHUS IPOIEC € OTHOCHUTEIHO CHIIHS. Y CTAHOBCHOTO pa3jiMdyhe B MEXaHW3Ma Ha
oTJaraHe Ha MeJ € MHOTO Ba2)XKHO 3a CBBMECTHOTO OTJiaraHe Ha MeJa W cpedpo W moiydaBaHe Ha cruiaBHO Ag-Cu
MTOKPUTHE, KaTO CE MMa MPEABU Y& CPeOPOTO € MO-EIEKTPOITOIIOKUTEITHHAT METal B CUCTEMATa.

[Mony4eHure pe3yiraTd ca BaKHA YacT OT IMO-OOIIMPHO H3CIIE/IBaHe, CBBP3aHO C [MOJy4aBaHE Ha CILIABEH
¢unonucnepcen Ag-Cu npax B yCIOBHATA HA CTAIIMOHEPEH U UMITYJICEH MOTEHIIMOCTATUYCH PEIKHM.
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Synthesis, characterization and some properties of lanthanum complex of
N,N'-bis-(2-butyl-5-chloro-3H-imidazol-4-ylmethylene)-ethane-1,2-diamine,
a salen type ligand
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Diamagnetic lanthanum complex was prepared with a salen type ligand “imidozalen”, bis(2-n-butyl-4-chloro-
imidazole)-5-iminoethane and the complex was characterized by elemental analyses, magnetic studies, UV-Vis and IR,
spectroscopy, NMR, thermal and conductance studies. Antifungal and antibacterial properties were also studied. The

complex has a potential as an epoxidation catalyst.

Key words: lanthanum, imidozalen, salen-type complex, epoxidation, antifungal, antibacterial activity.

INTRODUCTION

Salen ligands form a variety of complexes with
almost all kinds of metals [1-4]. Lanthanum com-
plexes of salen and its derivatives have also been
studied [5-7]. Lanthanum complexes are generally
noted to have higher coordination number and the
reported crystalline structure of such complexes
helps in understanding the mode of coordination in
these complexes [8—10]. The most common coordi-
nation numbers of lanthanum are 8 and 9. A coor-
dination number of 8 is probably the most char-
acteristic of lanthanum with square antiprism being
the preferred stereochemistry. Many previously
accepted examples of coordination number 6 are
actually invalid because some coordinated solvent
molecules are present and they raise the true coor-
dination number to 7, 8 or 9.

Remarkably high asymmetric amplifications
(positive nonlinear effects) were realized in some
chiral lanthanide complex-catalyzed organic reac-
tions [11] such as the asymmetric hetero-Diels—
Alder reaction, Michael’s addition reaction, epoxi-
dation, efc. These phenomena may be explained by
the autogenetic formation of the enantio-pure lan-
thanide complexes as the most active catalysts. The
high coordination numbers of the lanthanides seem to
play an important role through the formation of
aggregates of the heterochiral complexes as less
active catalysts. Chiral lanthanum complexes [12]
have been used in the asymmetric catalysis and
highly enantio-selective epoxidation has been
achieved via this mode. It is found that imidazole
and its derivatives are biologically active molecules

* To whom all correspondence should be sent:
E-mail: kmlrai@yahoo.com

[13], which emphasizes that antibacterial, antifungal
and antimitotic studies of metal complexes are also
an interesting area of research.

Inspired by the applicability of salen complexes
and biological activity of imidazole derivatives, we
studied a new salen type of Schiff base “imido-
zalen” and its complex. Imidozalen, the salen type
of Schiff base was derived from 2-n-butyl-4-chloro-
5-formyl imidazole with ethylene diamine and the
structure of the ligand was studied by X-ray dif-
fraction crystal studies [14]. We further studied the
activity of the prepared imidazolen and its complex
against a set of fungi by using potato dextrose agar
medium and we also checked its antibacterial acti-
vity. We report in this paper the synthesis, appli-
cation and the probable structure of imidozalen
lanthanum complex, based on spectral and analytical
studies.

MATERIALS AND METHOD

All reagents were of AR grade of purity and used
without any further purification. Imidozalen was
derived from 2-n-butyl-4-chloro-5-formyl imidazole
and ethylene diamine [14]. Elemental analysis for C,
H, and N was performed on an Elementar Vario EL
III device. Electronic absorption spectra were
recorded on an Analytik Jena, Specord-50 spectro-
meter. IR spectra were obtained on a Jasco FTIR-
4100 instrument. Magnetic moment was measured
in the solid state using a Guoy Balance with
mercury tetrathiocyanatocobaltate(Il) as standard at
room temperature. The molar conductivity was
measured using an Elico CM-180, conductivity
meter. '"H NMR spectra were recorded on Bruker
AMX-400 NMR spectrometer.
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The antibacterial activity was studied by well
known method. 20 ml of nutrient agar was poured
into 9 cm Petri plates. The medium was allowed to
cool down and kept overnight. These plates were
swabbed with the test bacteria. The concentration of
bacterial cells in the inoculums was maintained at a
minimum of 1x10* cells/ml in 0.5% of peptone
solution. Using a flame cork borer, 5 mm diameter
wells were made in the nutrient agar plates at a
distance of 2 cm from the periphery of the plates.
These wells were filled with 50 pl suspension of the
complex and the ligand in DMF. Sterile distilled
water and DMF served as control. These plates were
incubated at 28°C in an upright position in a BOD
incubator for 24 h. After a period of incubation, the
plates were inspected for inhibition zone, if any, and
measured using an mm scale.

Antifungal activity was studied by disc diffusion
method. Fungal cultures were prepared for anti-
fungal activity one day prior to the experiment.
Fungal culture was prepared by mixing mycelium
and spores with water; the suspension was properly
mixed by using cyclomixer. The final concentration
of fungi spores was determined and adjusted at the
required concentration. The complex and the ligand
were made up to a concentration of 5 mg/100 pl
(5%) in DMSO and studied in regard to antifungal
activity. DMSO was also used as a negative control.
A systematic fungicide Bavistin (Carbendenzim) of
2 mg/ml concentration was prepared in distilled
water and used as positive control in antifungal
assay. All the fungal cultures were obtained from
the Department of Applied Botany and Biotech-
nology, University of Mysore, Mysore.

EXPERIMENTAL
Preparation of the complex

An ethanolic solution of lanthanum(Ill) nitrate
hexahydrate (0.433 g, 0.01 mol) in 100 ml ethanol
was added slowly to an ethanolic solution of
imidozalen ligand (0.397 g, 0.01 mol) in 100 ml
ethanol at room temperature, stirred continuously
for about 30 min. During the addition, the colour
changed from pale yellow to bright yellow with
immediate formation of a turbid solution, which
disappears after stirring and refluxing on a water
bath for 3 h yielding an orange-yellow solution. The
solution was concentrated to yield a deep orange-
yellow precipitate, which was separated, washed
with ether and dried over fused CaCl,.

The yield was 0.612 g (77%); m.p. 140-143°C,
IRS (nujol) v em™: 35503332 (br), 3185 (m), 1631
(w), 1511 (m), 1458 (m), 1431 (w), 1326 (m), 1255
(s), 1182 (w), 1032 (s), 1097 (m), 1007 (w), 940

(w), 816 (s), 740 (w), 555 (m), 482 (w), 427 (w),
407 (m). UV-Vis Apex nm, (v cm™): 305 (32786),
401 (24937), 470 (21276), 704 (14204). '"H NMR
(CDCl3): 0.8 (t, 6H, CH3), 1.30 (m, 4H, CH,), 1.62
(m, 4H, CH,), 2.59 (t, 4H, CH,), 3.78 (s, 4H,
N-CH,), 13.10 (b, 2H, —-CH=N-). Anal. calcd. for
Cys HpCLNgOgLa: C, 36.18; H, 5.27; N, 14.07.
Found: C, 36.23; H, 5.32; N, 14.19.

Asymmetric epoxidation using the prepared complex
as a catalyst

Styrene (0.9 g, 8.64 mmol) was treated with
sodium hypochlorite solution, 5 ml, in the presence
of 4 mg of lanthanum imidozalen catalyst in 10 ml
ethanol, under ice cold conditions. The reaction time
was 20 min with continuous stirring. The yield was
0.415 g, 40%, b.p. 192-195°C (Lit. 193-196°C),
IRS (neat): 1600, 1010 cm™'. 'H NMR (CDCl) &:
2.84 (b, 2H, OCH,), 3.80 (t, 1H, OCH), 7.15 (bs,
SH, ArH). Anal. calcd. for CgHgO: C, 79.97; H,
6.71. Found: C, 79.15; H, 6.58. Further studies on
catalytic activity of this complex are in progress.

RESULTS AND DISCUSSION

The lanthanum complex was formed as shown in
Scheme 1.

[La(IZ)NOs)(GH;OH) |

Scheme 1: Synthetic routefor lanthanum imidozalen
complex.

The electrical conductance measurements were
made using chloroform and the values obtained for
the blank, ligand and the lanthanum complexes were
0.94x10° S, 1.35x10° S and 1.4x10° S, respect-
ively. The order being the same, the values indicate
that the complex can be termed a non-electrolyte.
Elemental analyses agree with the empirical formula
assigned, viz., [La(IZ)(NOs),(C,HsOH);], (Fig. 1),
where [Z = C18H24C12N6.

The very broad peak appearing in the region
3550-3332 cm ' indicates the presence of the ethanol
molecule. This band can be attributed to the —OH
stretching frequency of the ethanol molecule. More-
over, the assignment of this peak to the —OH of
water molecules does not fit well with the analytical
data and it is also confirmed by thermogravimetric
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studies, which indicate that the first step weight loss
takes place in the temperature range 85-100°C,
which can account for the loss of ethanol molecules.
Also, the appearance of an additional band at 1032
cm ' in case of spectra of nitrate complexes suggests
the presence of ethanol in the system [15]. The band
in the region 1640-1620 cm ' is attributed to C=N
stretching vibrations. The free ligand exhibits a peak
at 1635 cm ' and its complex shows a band at 1631
cm ', which suggests that -C=N group may not be
involved in the bonding [8].

Fig. 1: Possible structure of lanthanum imidozalen
complex.

The —NH group of the imidazole ring of the free
ligand shows a peak at 3400-3350 cm ', which is
difficult to distinguish in the complex as it overlaps
with broad peak of —OH in the region 3550-3332
cm ', although appearance of another broad peak of
medium intensity at 3185 cm™' can be assigned to
the shift due to the bonding of —NH. The deproto-
nation of —NH group may take place and the
complex is supposed to have a polymeric form as in
the case of salen lanthanum complex [8].

The vy_n and the vy vibrations are found at 427
cm ' and at 407 cm ', respectively, in the titled
complex. The nitrate ligand acts as a bidentate
ligand and the peaks at 1511 cm ™ and 1326 cm’
can be assigned to v4 and v, vibrations of nitrate
ligand, respectively, as the difference, Av, is 185
cm ', which agrees with the literature reports [16,
17]. The absence of a band at 1380 cm™' rules out
the possibility of presence of ionic nitrate.

The "H NMR spectrum of the complex shows a
strong peak at & 3.5 attributed to —CH, of ethanol,
which supports the IR spectral data. The UV-Vis
spectra of the ligand showed absorption maximum
at 32786 cm ', which is also present in the complex.
But the appearance of new bands at 24937 cm ™' and
at 14204 cm ' can be attributed to electron transfer
between the metal center and the coordinated ligand.
The magnetic moments showed that the complex
has diamagnetic nature, as it is expected for any
closed shell complex.
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The catalytic activity of the complex was
checked with styrene as a substrate in the presence
of sodium hypochlorite. The control experiment was
run without the lanthanum catalyst. However, the
yield was low and the percentage of enantiomeric
excess obtained was also low. The boiling point of
the formed product was checked individually and
also as a mixture of the pure readily available
product from Aldrich to check the mixed boiling
point. The NMR peak at 2.84 § proved the epoxide
formation in case of the sample with the catalyst.
The sample without the catalyst took a longer time,
compared to the sample with catalyst, to form the
expected product.

Lanthanum imidozalen complex and the imido-
zalen ligand were studied in regard to their toxicity.
The ligand, imidozalen and the lanthanum complex
were screened against the following bacterial strains:
S. aureus, E. coli, S. typhi, S. typhimurium, Salmo-
nella paratyphi. A, Salmonella paratyphi. B, Shigella
boydii, Klebsiella, Citrobacter, and Pseudomonas.
Sterile distilled water and DMF served as control.
The ligand did not show any activity. The lanthanum
imidozalen complex exhibited very mild activity
against S. aureus and E. coli.

The lanthanum imidozalen complex did not show
any antifungal activity. Surprisingly, the ligand
showed very mild antifungal activity only for Fusa-
rium solani. The tested organisms are Curvularia
Lunata, Alternaria alternata, Aspergillus niger,
Aspergillus  flavus, Fusarium solani, Aspergillus
ochraceous. DMSO was used as a negative control.
A systematic fungicide Bavistin (Carbendenzim) of
2 mg/ml concentration was prepared in distilled
water and used as positive control in antifungal
assay.

The complex contains —C=N group and a masked
—NH groups, which generally, if present, imply
activity. A possible explanation of the toxicity of the
complexes has been postulated in the light of
chelation theory [18]. The importance of toxicity in
the compounds containing nitrogen and sulphur has
been well established in many fungicides [19]. It
was suggested that the chelation reduces consider-
ably the charge of the metal ion mainly because of
partial sharing of its positive charge with the donor
groups and possible n-electron delocalization over
the whole chelate ring. This increases the lipophilic
character of metal chelate, which favours its per-
meation through lipoid layers of fungus membranes.
Furthermore, the mode of action of the compounds
may involve the formation of the chelate or the
ligand with the active centers of the fungal cell
constituents resulting in interference with the
normal cell process.
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CONCLUSION

The imidozalen was expected to act as a
quadridentate ligand [20] but it unexpectedly
mimicked the neutral salen lanthanum complex [8].

In conclusion, the salen type imidozalen ligand
acts as a unidentate ligand and one of the —NH
groups of the ligand binds to one lanthanum ion and
the other —-NH group is expected to bind to another
La ion, thus forming a polymeric chain. Further
attempts to obtain the product in crystalline form are
in progress, which would help study the complex as
a polymeric chain. This complex is also being studied
as a catalyst for epoxidation. The basic study of
toxicity of this complex raises interesting questions
about its mechanism.

Acknowledgement: We thank the Department of
Chemistry Manasagangotri, Mysore for providing
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CUHTE3, OXAPAKTEPU3UPAHE 1 HIKOU CBOMCTBA HA JIAHTAHOB KOMIIJIEKC HA
N,N'-BUC-(2-BYTUJI-5-XJIOPO-3H-UMNA30JI-4-UJIMETUJIEH)-ETAH-1,2-ANAMUH,
EJVH JIMTAHJL OT CAJIEHOB THUII

K. JIxxaimakmmu, K. M. Jlokanara Paii*, X. JI. PeBanacumamna

Jlenapmamenm no xumus, Ynueepcumem na Maiicyp, Manacaeaneompu, Maiicyp, Kapnamaxa, Hnous

[ocremuna va 17 romm 2007 1.; [Ipepabotena na 22 anpwi 2008 T.

(Pestome)

[TomyueH e MaHTaHOB KOMIUIEKC C €IWH CAJICHOB THUIN JHTaHI — ,,aMupo3aneH”, N,N'-ouc-(2-0ytmi-5-xmopo-3H-
AMUIa301-4-WIMETIIICH)-eTaH- | ,2-nrnaMud. KoMITIeKehT € oXapakTepu3upaH C eleMEHTEH aHanm3, ¥YB-sumuma n MY
cnektpockonusi, SIMP, MarHUTHH, TEpMUYHM W KOHIYKTOMETPUYHU wu3cienBaHusi. KoMIIEKCHT HMMa BB3MOMKHO

MIPUIOKEHNE KaTO KaTaau3aTop MPHU CIIOKCUANDPAHE.
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There are several hundreds of redox, condensation, disproportionation, nucleophilic and electrophilic substitution,
and addition reactions with meta- and para-substituted benzene derivatives in the literature, for which the Hammett
reaction constants (p) were reported. If benzene can deprotonate behaving like a carboxylic acid, what could be the

Hammett p value for such kind of equilibrium reaction?

Ka A
(XC¢H; === XC¢Hy +H )

Here the author has tried to evaluate such Hammett p value by a simple and new protocol using of attenuation effect
of a methylene group on benzoic acid dissociation equilibriums.

Key words: Attenuation effect, methylene group, acid dissociation equilibriums.

The effect of structure on the benzoic acid
dissociative equilibria (K,) and subsequently on
chemical reactivity (k) is well explained by the
putative Hammett equation (1). Based on the
concept of this equation several hundreds of papers
have emerged in chemical literature in the last
century on the effect of structure on reactivity. It
relates acid dissociative equilibria (K,) or the
chemical reactivity (k) in meta- and para-substituted
benzene derivatives in terms of two parameters, the
reaction constant (p) and the substituent constant
(o). Thus the equation proposed by Hammett for
acid dissociative equilibria (K,) is

logK,; =logK,' +poc 1)

where K is the dissociation constant of substituted

benzoic acid and K, is that for the unsubstituted

benzoic acid in water at 25°C, p is the reaction
constant and o is the substituent constant and for
chemical reactivity (k), it is:

logky = logky + po 2)

where kyx is the rate constant for the substituted
benzene derivative and ky is for unsubstituted
benzene derivative. Using equation 1 and a value of
unity is chosen arbitrarily for p in aqueous solution
and at 25°C, the o values were evaluated. Using
such o values equation 2 is applied to several
reactions to explain the effect of structure on
reactivity. The value of p is a measure of the

E-mail: vjchem@osmania.ac.in; jagannadham1950@yahoo.com

magnitude of the effect of structure either on acid
dissociation equlibria or on the reactivity of meta-
and para-substituted benzene derivatives. First, let
us consider the acid dissociation equilibria of
different oxygen containing acids in aqueous
solution with increasing length of carbon chain
between the ionizable proton and the aromatic ring
carbon.

OH o
K, .
+ H p=221;
X
X Ref. 2 (3)
(0] OH 0 0
N\
e \\C/
K,
+ H p=1.00;
X
X Ref. 1 (4)
\\I /OH \\?/O
CH, CH,
K&l
+ H p=049;
X X Ref. 2 (5)

* Presented at the Virtual Conference on Chemical Education
part of 20" International Conference on Chemical Education
held on August 3-8, 2008, in Mauritius. Sponsored by IUPAC.
http://vcampus.uom.ac.mu/icce/index.php
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0 OH o) o
N
\(‘:/ A (,:/
CH, /CHZ
H,C H,C
Ka
+ H  p=021;
X
X Ref. 2 (6)
(0] OH 10) le}
N
A\ ? \\C/
I
(CHy)s (CHy)3
K,
: + H  p=012;
X
X Ref. 3 (7)

The substituent effects can be transmitted in
three ways: (i) inductive effects, (ii) steric effects
and (iii) resonance effects. The first two kinds of
effects naturally diminish very rapidly as the
distance between the reaction center and the
substituent increases. The third one is very effective
due to polarization of the m-electron system
conjugated by resonance and it is due to mutual
intervening conjugation between substituent and the
reaction center. And also the substituent effect
through the resonance due to polarization of the
conjugated m-electron system will be strongly
affected and will decrease rapidly upon introducing
an increasing number of methylene groups between
the ionizable proton and the ring carbon atom in the
dissociation of benzoic acid series. This could be
observed in the above acid dissociation equi-
libriums. The p value decreases as the number of
methylene groups increases. This effect was
explained by Andrew Williams (4) by proposing an
empirical equation (Eqn. (8)) and back calculating
the Hammett p values for the dissociation equi-
libriums of phenols and phenyl acetic acids, which
were found to be close to those determined
experimentally.

p=24" ®)

where ‘i is the number of atoms between the
ionizable proton and the ring carbon atom of
benzoic acids. This could be seen as a beautiful
exponential decay curve as it is shown in the figure
by extending the application of Eqn. (8) further to
dissociation equilibriums of benzoic, and other two
acid series. From the figure one can always expect
the p value to be a function of the number of
methylene carbons or vice versa. But the reduction
in the p value is by more than 50% comparing
phenol dissociation to benzoic acid dissociation.
Whereas going from benzoic acid dissociation
onwards it is a systematic reduction in the p value
each time by 50% only. This could be due to

introduction of a sp”> hybridized carbon atom
(>C=0), which can probably provide an additional
stabilization to the carboxylate anion of the benzoic
acid. And from benzoic acid onwards the carbon
chain is increased each time with one sp® hybridized
carbon atom.

Further the large difference in substituent effects
between the benzoic acid and the phenol series is
well explained by Wiberg (5). It can result from
strong field effect due to the decreased distance
between the negative charge and the substituents in
the phenoxide ions, compared to benzoates. The
increased negative charge in the ring of the phen-
oxides results from m-donation from the anionic site
and it enables a direct m-electron interaction
between the phenoxide ion and the substituents.
This type of interaction is not present in the
benzoate ions.

In the study of substituent effects on benzoic
acids, a particularly useful comparison was made
between benzoic acids and the corresponding phenyl-
acetic acids. Here, a very good linear relationship
was found. Since the CH, group acts like an
insulator, which prevents a direct m-electron inter-
action. The linear relationship showed that in both
series the substituents effects have a common origin
and they result from a Coulombic field effect of
interaction of the carboxylate group with the charge
distribution in the aromatic ring that was caused by
the substituents.

Another striking and interesting comparison is
between the dissociation equilibria of phenols and
the corresponding benzyl alcohols.

OH o
K, .
+ H p=221
X

X Ref. 2 (3)
OH o
K, N
+ H  p=173;
X X

One might be concerned about the ability of the
CH, group in benzyloxide anion to act as a m-
insulator (Eqn. 9). Here the Hammett p value for
benzyl alcohols dissociation equilibria should be
simply 1.11, which is half of that of phenoxide ion
equilibria, based on the fact that the Hammett p
value for phenyl acetic acids has become reduced to
half of that of benzoic acids again upon the
introduction of one CH, group between the
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carboxylate carbon and the benzene ring carbon. But
the actual p value was found to be 1.73 (6). One
putative explanation of this, offered by Wiberg (5),
is: In gas-phase alkoxide ions, the negatively
charged oxygen atom polarizes the C—H bonds,
placing considerable negative charge at the hydro-
gen atoms and a positive charge at the carbon atom.
The carbon has an attractive Coulombic interaction
with the negatively charged oxygen, leading to a
shorter C—O bond, which may lead to somewhat
larger substituent effect and in turn in aqueous
solution even larger. Another explanation may come
from the hyperconjugation of the benzyloxide ion,
which may be even further stabilized by charge
delocalization onto benzene ring as it is shown
below (Eqn. (10)) to contribute towards higher
Hammett p value.

s S D)

And this kind of effect is not present in benzoic
acid, where the entire negative charge is concen-
trated on carboxylate group.

In conclusion, the introduction of an sp® hybri-
dized carbon (>C=0) reduces the p value by a factor
of more than 50% (2.21 to 1.00), when we go from
phenol dissociation to benzoic acid dissociation,
where the introduction of an sp’ carbon (—CHy-)
reduces the p value by a factor of only 22% (2.21 to
1.73), which could be interpreted to the effect that
the —.CH,— is a good m-interaction insulator.

From Eqn. (8), it is clear that if i = 0 i.e. if there
are no atoms between the ionizable proton and the
benzene ring carbon, the example would be benzene
itself, the Hammett p value would be 5.76
(p=2.4%""7=24%" 9= (2.4)% for such system, if
anybody determined it (see below the dissociation
equilibrium, Eqn. (11)). It can also be seen from the
graph by interpolation, the Hammett p value turns
out to be 5.42, which is close to 5.76. But to the
author’s knowledge, nobody has determined the
Hammett p value for such dissociation equilibrium.
Also it could be further concluded that the Hammett
p value should not exceed 5.76 for any kind of
reactions, involving meta- and para-substituted
benzene derivatives.
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Fig. 1. Plot of Hammett p versus the number of atoms
between the ionizable proton and ring carbon.
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The p value for this equilibrium is an estimate based
on the correlation of gas-phase AH,q values (5) of
different oxygen containing acids and is done as
follows: The Hammett p value for phenol dissocia-
tion equilibriums in aqueous solution is 2.21 (2). The
gas-phase p value for this same equilibrium is 1.28
(5). Hence the ratio (pag/pgas) is 1.73. The Hammett p
value from the correlation of gas-phase AH,;4 values
of benzyl alcohols versus those of phenyl acetic acids
is 1.00 (5). Therefore the Hammett p value for benzyl
alcohols dissociation equilibria in aqueous solution
on benzoic acid dissociation scale would be: (p of
phenyl acetic acids) X (Pag/Peas) = 1.00 x 1.73 = 1.73.



E®EKT HA CIIPAT'AHE ITPE3 METUJIEHOBA I'PYITA

B. I>)xaranagxam

Lenapmamenm no xumus, Yuueepcumem na Ocmanus, Xaiioepadao 500 007, Unous
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(Pesrome)

B rureparypara uMa HSKOJKOCTOTHH PEIOKC peakIM{, peakIy Ha KOHJEeH3alus, IUCIPONOPIUOHUPAHE,
HYKJIEO(HIHO U eIeKTPOQHIHO 3aMECTBaHe, Ha NIPUCHEIUHSIBAHE C Mema- U napa-3aMecTeHn OEH3E€HOBH IIPOU3BO/IHY,
3a KOWTO ca JaJIeH! KOHCTAaHTUTE Ha peakiusara Ha XameT (p). AKo OEH3eH MOXKe Jia ce IeNpPOTOHHUpPa, AeHCTBANKH KaTo
KapOOKCWIIOBA KHCENMHA, KaKBa TPsAOBa 1a Ob/ie CTOWHOCTTA Ha p 3a Ta3W PAaBHOBECHA PEAKIIUS:

Ka A
(XC¢H; ===z XC¢Hy +H )

ABTOPBT ce € OIMUTal Ja OICHU CTOMHOCTTA Ha KOHCTAHTaTa Ha peaknusATa Ha XaMeT 4ype3 HOBa W JieCHA 3a
U3IIBJIHEHUE TPOLEeNypa, M3MON3Baiiku edekra Ha METWIICHOBATa Tpyla BbPXY AUCOLHMAIMOHHUTE PABHOBECHS HA
OEH30EHNUTE KUCETHHU.
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The reaction of 3-(4-chloro-3-methyl)benzoylprop-2-enoic acid and barbituric acid yielded 2,2'-(2,4,6-trioxohexa-
hydropyrimidine-5,5-diyl)bis[3-(4-chloro-3-methyl)benzoylpropionic acid], which was reacted with hydroxylamine
hydrochloride and hydrazine hydrate to give the corresponding spiro compounds. The spiro compound, containing a
pyridazine moiety, was reacted with PCls/POCI; to give the dichloro derivative, which was reacted with sodium azide,
monosaccharide hydrazones and acidhydrazides to give the tetrazolo and the triazolo derivatives respectively. All the
reactions were carried out under conventional and microwave reaction conditions.

Key words: spiro compounds, microwave, monosaccharide hydrazones.

INTRODUCTION:

Microwave irradiation has gained popularity as a
powerful tool for rapid and efficient synthesis of a
variety of organic compounds, because of the
selective absorption of microwave energy by polar
molecules [1-4]. In this work the author sought to
investigate the behaviour of 3-(4-chloro-3-methyl)
benzoylprop-2-enoic acid in regard to barbituric
acid by using the microwave radiation, with the aim
to synthesize tetra- and hexa-cyclic spiro systems
with anticipated pharmaceutical action.

RESULTS AND DISCUSSION

It is well known that barbituric acid is added
readily to B-aroylacrylic acid as carbon nucleophile
generated from the active methylene group under
the influence of basic catalysts [5]. Thus, when 3-(4-
chloro-3-methyl)benzoylprop-2-enoic acid 1 was
reacted with barbituric acid under conventional and
microwave irradiation it gave the same product 2.
3-(4-chloro-3-methyl)benzoylprop-2-enoic acid 1
can be attacked by nucleophiles either at the
unsaturated carbon in [ position to the aroyl
carbonyl group or caboxyl group. As the aroyl
carbonyl group is better activated than the carboxyl
group, so the attack occurs predominantly at the
carbon in [ position to the aroyl carbonyl group.

The formation of 2 was supposed to occur
through the nucleophilic attack of the anion formed
from the barbituric acid on the unsaturated carbon in
B position to the aroyl carbonyl, followed by further
addition to the unsaturated carbon atom in [ position
of a second molecule of the 3-(4-chloro-3-methyl)
benzoylprop-2-enoic acid 1.

* E-mail: douda56(@yahoo.com

Ar=CeHyCHy.Cl(3.4)

Scheme(1) @)

Table 1. ?C-NMR data for compound No 2 [8].

Structure BC-NMR

150.7 (Cy), 170.4 (Cy),
48.9 (Cs), 170.4 (C4),
39.0 (C5), 173.8 (Cy),
38.3 (C7), 196.9 (Cy),
39.0 (Cy), 173.8 (C1o),
38.3 (Cyy), 196.9 (Cyo),
133.8 (Cy3), 127.1 (Cyy),
128.0 (Cy5), 138.4 (Cy),
135.2 (C17), 130.5 (C1g),
19.5 (Cyo), 127.1 (Cay),
128.0 (C11), 138.4 (Cp),
135.2 (Ca3), 130.5 (Cpa),
133.8 (Cas), 19.5 (Ca)

Excitation with microwave radiation results in
the molecules orientating their dipoles within the
external field. The strong agitation, provided by the
reorientation of molecules, in phase with the
electrical field excitation, causes an intensive
internal heating. By comparing the reaction rates of
the case, where the reaction is carried out under
irradiation and the case of conventional heating, it
was found that a reaction that takes several hours
under conventional conditions can be completed in
the course of minutes under irradiation.
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Scheme(2)

The benzoylpropionic acid 2 was reacted under
conventional and microwave irradiation conditions
with hydroxylamine hydrochloride in pyridine to
afford the spiro compound with oxazine moiety 3,
while its reaction with hydrazine hydrate afforded
the spiro compound with pyridazine moiety 4.

Figure (1)

@)

The formation of compound 4 under microwave
irradiation was carried out under solvent-free condi-
tions; the procedure gives the product in excellent
yield (98%) within 3 minutes avoiding problems
associated with solvent use such as cost, handling
and safety precautions, because of fire hazard due to
occurrence of sparks in microwave ovens. But the
reaction is less effective and it takes 6 hours to be
completed, when carried out in ethanol under reflux
and the corresponding derivative was obtained in
50% yield.

The formation of the spiro compounds 3 and 4
possibly takes place via formation of bis-mono-
hydrazone derivative followed by cyclization. A
proposed mechanism for the formation of compound
4 is shown in Scheme 3.

The spiro compound with pyridazine moiety 4
was treated with PCls/POCI; under conventional and
microwave irradiation conditions to give the dichloro
derivative 5. The reaction can be performed within
minute’s time interval and in excellent yield, when
carried out in microwave irradiation conditions
(Table 2).

Scheme(3)

(5
Figure (2)

Treatment of the dichloro compound 5 with
sodium azide in DMF afforded the tetrazolo
derivative 6. Each of the two carbons attached to the
two chlorine atoms has electron deficiency and can
easily be attacked by a strong nucleophile such as
the azide ion (Nj), followed by ring closure to
afford the desired product bis-tetrazole.

(6)
Figure (3)

It was reported [6] that heterocyclic nucleosides
show broad-spectrum antiviral activity. In this
investigation, the author sought to study the
behaviour of the dichloro derivative towards the
hydrazones of glucose and mannose with the aim to
obtain a nucleus, bearing a nucleoside moiety. Thus,
when compound 5 was allowed to react with
hydrazones of glucose and mannose in boiling
butanol, it afforded 7a, b respectively. These
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products (7a, b) were also prepared under micro-
wave conditions, which considerably reduced the
time of the reaction (Table 2).

Figure(4)

It was reported that triazolo-pyridazines showed
activity in tests indicative of anxiolytic activity [7].
So, the author sought to improve the yield of the
reaction by using the microwave irradiation. The
reaction of compound 5 with acylhydrazines,
namely benzoylhydrazine, and salicyloylhydrazine
in refluxing butanol gave triazolopyridazine 8 and 9.
Although the yield by the conventional method and
the microwave irradiation was approximately the
same, the microwave irradiation was saving time,
whereas the reaction time was reduced from 48
hours for the conventional method down to 8-10
minutes for microwave irradiation (Table 2).

(8) Ar' = C¢H,
(9) Ar' = CgH4.0H(2)

Figure(5)

Table 2. Observed yield and reaction time.

Comp. Conventional Microwave
heating irradiation
No. Yield, % Time, min Power, W Yield, %
2 49.2 20 180 75
20 270 96.8
3 28.8 4 540 57.6
4 50 3 540 98
5 62 5 540 82.8
6 96.8 - -
7a 40 8 630 38
7b 52 8 630 47
8 63 10 720 67.4
9 73.2 8 720 75

CONCLUSION

In conclusion, the results demonstrate a simple
and efficient synthesis method of spiro derivatives
in almost excellent yields. While the conventional
thermal methods require considerable reaction time,
the microwave irradiation can substitute classical
methods allowing easy and rapid access to spiro
derivatives, reducing the reaction times from hours
to minutes with improved yields.

EXPERIMENTAL

All microwave reactions were carried out in a
domestic microwave oven (Galanz WP900AP23-2).
All melting points were uncorrected. The IR spectra
were recorded in KBr on FTIR Mattson Spectro-
meters. The 'H NMR and “C NMR spectra were
measured on Varian Gemini 200 MHz instrument
with chemical shift (3) expressed in ppm downfield
from TMS. The mass spectra were recorded on
Shimadzu GC-MS-QP 1000 Ex and MS 5988
instruments at 70 eV. The TLC analysis was run
using TLC aluminium sheets silica gel Fys4 (Merck).
The structures of all compounds have been con-
firmed by spectroscopic studies.

Synthesis of 3-(4-chloro-3-methyl)benzoylprop-
2-enoic acid 1. This compound has been prepared
according to reference [9] as yellow crystals, m.p.
130-131°C.

Synthesis of 2,2'-(2,4,6-trioxohexahydropyrimi-
dine-5,5-diyl)bis[3-(4-chloro-3-methyl)benzoylpro-
pionic acid) 2. (4) By conventional method. To a
mixture of 3-(4-chloro-3-methyl)benzoylprop-2-
enoic acid 1 (2 g) and barbituric acid (1.03 g) in 30
ml ethanol, 2 ml of aqueous NaOH (50%) were
added .The mixture was left to stay at room tempe-
rature for 4 days. The solvent was evaporated; the
solid that separated was dissolved in water and then
poured onto ice/HCI, filtered, washed with water
and recrystallized from benzene.

(B) By microwave radiation. A mixture of 3-(4-
chloro-3-methyl)benzoylprop-2-enoic acid 1 (2 g)
and barbituric acid (1.03 g) in 10 ml of aqueous
NaOH (50%) was irradiated with microwaves at P =
180 and 270 W for 20 min in subsequent intervals (5
min for each interval) (Table 2). The solid phase
that separated was dissolved in water and then
poured onto ice/HCI, filtered, washed with water
and recrystallized from benzene.

The product was yellow crystals, m.p. 200—
202°C; IR cm': 1756-1683 (C=0),) and 3316 (NH).
'H NMR (DMSO) &: 2.4 (s, 6H, CH3), 3.47-3.49
(dd, 2H, 2CH), 3.6-4.0 (2dd, 4H, 2CH,), 7.5-7.9
(m, 6ArH), 11.2 (s,2H, 2NH) and 11.3 (s, 2H,
2COOH). MS m/z: 533 (18.75), 224 (8.19), 180
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(10.69), 153 (48.47), 128 (14.58), 105 (100), 77
(45.97) and 55 (46.39); Anal. calcd. for
C26H22C12N2093 C, 5411, H, 381, Cl, 1228, N,
4.85; Found: C, 54.32; H, 3.72; C1, 12.36; N, 4.79.

Synthesis of spiro compound with oxazine moiety
3. (4) By conventional heating. A mixture of the
acid 2 (0.01mol) and hydroxylamine hydrochloride
(0.01mol) in pyridine was refluxed for 3 h. The
reaction mixture was poured onto ice/HCI, filtered,
washed with water and recrystallized from ethanol.

(B) By microwave radiation. A mixture of the
acid 2 (0.01 mol) and hydroxylamine hydrochloride
(0.01 mol) in the smallest amount of pyridine was
irradiated with microwaves at P = 540 W for 4 min
(Table 2). The reaction mixture was poured onto
ice/HCI, filtered, washed with water and recrystal-
lized from ethanol.

The product was brown crystals, m.p. 240—
242°C; IR cm': 1624 (C=C), 1655 (C=N), 1684
(C=0), and 3426 (NH). '"H NMR (DMSO) &: 2.4 (s,
6H, 2CH;), 4.1 (s, 4H, 2CH,), 6.7-7.9 (m, 6ArH)
and 11.1 (s, 2H, 2NH). MS m/z: 510 (54.29), 386
(45.71), 385 (45.71), 343 (34.29), 309 (37.14), 172
(68.57), 80 (82.86), and 58 (100). Anal. calcd. for
C26H18C12N4062 C, 5645, H, 325, Cl, 1281, N,
10.12; Found: C, 55.95; H, 3.19; Cl, 12.67; N,
10.15.

Synthesis of spiro compound with pyridazine
moiety 4. (A) By conventional heating. A mixture of
the acid 2 (0.01 mol) and hydrazine hydrate (0.01
mol) in ethanol (30 ml) was refluxed for 6 h. The
solid phase that separated out after concentrating
and cooling down was filtered off and recrystallized
from methanol to give 4.

(B) By microwave radiation. A mixture of the
acid 2 (0.01 mol) and hydrazine hydrate (0.01 mole)
was irradiated under microwaves at P = 540 W for 3
min (Table 2). The solid phase that separated out,
was filtered off and recrystallized from methanol to
give 4.

The product was yellow crystals m.p. 220-—
222°C, IR em ': 1592 (C=N), 1682 (C=0) and 3330
(NH). 'H NMR (DMSO) &: 1.10-1.80 (m, 4H,
2CHy), 2.19-2.39 (m, 2H, 2CH), 2.48, 2.49 (2s, 6H,
2CH3), 6.9-8.0 (m, 6H, ArH), and 11.18 (s, 2H,
2NH). MS m/z: 407 (1.4), 398 (10.3), 220 (57.2),
219 (63.8), 162 (31.2), 127 (100), 128 (82.3) and 52
(20.5). Anal. calcd. for Cy HpoCl,NgO4: C, 56.65; H,
3.26; Cl, 12.86; N, 15.24; Found: C, 56.70; H, 3.73;
Cl, 12.83; N, 15.30.

Synthesis of the dichloro derivative 5. (A) By
conventional heating. A mixture of the spiro
compound with pyridazine moiety 4 (0.01 mol) and
PCls (0.5 g) in POCI; (10 ml) was heated on a water
bath for 3 h. The reaction mixture was poured

gradually onto crushed ice and the solid phase that
separated out was filtered off and recrystallized
from methanol.

(B) By microwave radiation. A mixture of the
spiro compound with pyridazine moiety 4 (0.01 mol)
and PCls (0.5 g) in POCl; (10 ml) was irradiated
under microwaves at P = 540 W for 5 min (Table 2).
The reaction mixture was poured gradually onto
crushed ice and the solid phase that separated out
was filtered off and recrystallized from methanol.

The product was pale brown crystals, m.p. 230—
232°C, IR cm': 1602 (C=N) and 1687(C=0), 'H
NMR (DMSO) &: 2.10-2.13 (m, 4H, 2CH,), 2.40-
2.45 (m, 2H, 2CH), 2.45 (s, 6H, 2CHj3) and 7.2-8.1
(m, 6H, ArH). MS m/z: 564 (43.33), 432 (36.67),
358 (43.33), 324 (33.33), 233 (53.33), 234 (63.33),
78 (36.67), 70 (53.33), 72 (100), and 68 (40.00).
Anal. caled. for Co6H sCl4NgO,: C, 53.10; H, 3.06;
Cl, 24.11; N, 14.28; Found: C, 53.35; H, 3.03; Cl,
24.23; N, 14.24 .

Synthesis of the spirotetrazolo derivative 6. A
mixture of the dichloro derivative 5 (0.003 mol) and
sodium azide (0.5 g/5 ml water) in DMF (30 ml)
was refluxed for 3 h, cooled down and 100 ml of
water was added. The solid phase that separated out
was filtered off and recrystallized from ethanol.

The product was brown crystals, m.p. > 300°C,
IR cm ' 1583 (C=C), 1597 (C=N), and 1685 (C=0).
'H NMR (DMSO) &: 2.38-2.39 (m, 4H, 2CH,),
2.74, 2.88 (dd, 2H, 2CH), 2.49 (s, 6H, 2CHj;), and
7.5-7.9 (m, 6H, ArH); MS m/z: 438 (13.9), 110
(32.0), 98 (24.3), 96 (54.0), 94 (25.9), 70 (56.0), 57
(91.3), 56 (100), and 54 (64.7). Anal. calcd. for
C26H18C12N12021 C, 5194, H, 299, Cl, 1179, N,
27.94; Found: C, 51.64; H, 2.97; Cl, 11.84; N,
27.64.

Synthesis of the triazolo derivatives 7. (4) By
conventional heating. A solution of the dichloro
derivative 5 (0.01 mol) and monosaccharide hydra-
zones namely glucose hydrazone, and mannose
hydrazone (0.15 mol) in nr-butanol (40 ml) was
refluxed for 6 h. The solid phase that separated after
concentrating and cooling down was filtered out and
recrystallized from acetic acid.

(B) By microwave radiation. The dichloro deri-
vative 5 (0.01 mol) and monosaccharide hydra-
zones namely glucose hydrazone, and mannose
hydrazone (0.15 mol) in the smallest amount of »n-
butanol were irradiated with microwaves at P = 630
W for 8 min (Table 2). The solid phase that sepa-
rated was recrystallized from acetic acid.

The product was brown crystals, m.p. 260°C
(dec.); IR ecm': 1545 (C=C), 1588 (C=N), 1683
(C=0), and 3061 (OH). 'H NMR (DMSO) 5: 1.30—
1.50 (m, 4H, 2CH,), 2.34-2.36 (m, 2H, 2CH), 2.40
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(s, 6H, 2CH3;), 3.75 (d, 2H, 2-CHOH-CH-N), 3.78—
3.82 (m, 10H, carbohydrate moiety), 4.08 (br.s, 8H,
80H), and 6.89-7.86 (m, 8H, 6ArH+2N=CH). MS
m/z: 841 (36.36), 843 (48.48), 766 (33.33), 658
(36.36), 522 (33.33), 342 (42.42), 313 (51.52), and
170 (100) Anal. calcd. for C38H40C12N10010: C,
52.62; H, 4.61; Cl, 8.17; N, 16.14; Found: C, 52.35;
H, 4.59; Cl, 8.20; N, 16.32 .

Synthesis of the spirotriazolopyridazine deri-
vatives 8, 9. (A) By conventional heating. A solution
of the dichloro derivative 5 (0.01 mol) and the acyl-
hydrazines (0.01 mol), namely benzoylhydrazine
and salicyloylhydrazine in 30 ml butanol was heated
under reflux for 48 h. The solid phase that separated
after concentrating and cooling down was filtered
out and recrystallized from ethanol.

(B) By microwave radiation. The dichloro deri-
vative 5 (0.01 mol) and the acylhydrazines (0.01
mol), namely benzoylhydrazine and salicyloyl-
hydrazine in the smallest amount of n-butanol were
irradiated under microwaves at P = 720 W for 8, 10
min (Table 2). The solid phase that separated was
recrystallized from ethanol.

Spirotriazolopyridazine  derivatives 8. The
products were brown crystals, m.p. > 300°C, IR cm™
1550 (C=C), 1600 (C=N), and 1660 (C=0). 'H
NMR (DMSO) d: 1.22 (m, 4H, 2CH,), 2.3-2.40 (m,
2H, 2CH), 2.49 (s, 6H, 2CH;), and 7.62-8.51 (m,
16H, ArH). MS m/z: 740 (32.35), 704 (32.35), 467
(32.35), 327 (55.88), 276 (32.35), 196 (32.35), 168
(100), and 96 (29.41). Anal. calcd. for

C40H28C12N10021 C, 6394, H, 372, Cl, 943, N,
18.63; Found: C, 63.65; H, 3.82; C1,9.31; N, 18.71.

Spirotriazolopyridazine  derivatives 9. The
products were brown crystals, m.p. > 300°C, IR cm
1550 (C=C), 1601 (C=N), 1671 (C=0) and 3199
(OH). '"H NMR (DMSO) &: 1.23 (m, 4H, 2CH,),
2.43-2.46 (m, 2H, 2CH), 2.46 (s, 6H, 2CH,;), 7.1-
8.6 (m, 14, ArH), and 11.02 (br.s, 2H, 20H). MS
m/z: 322 (35.58), 320 (100.0), 194 (40.14), 126
(43.89), 96 (51.84), 84 (66.47), 68 (68.11), and 56
(66.35). Anal. calcd. for C4H5CLN9Oy4: C, 61.33;
H, 3.57; Cl, 9.05; N, 17.87; Found: C, 61.17; H,
3.68; Cl,9.11; N, 17.76.
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CWHTE3 HA TETPA- N XEKCALMK/INYHW CMINPO CUCTEMIW NOJA AENCTBUE HA
MWKPOBbBJ/THA

M. U. Map3yk

Jlenapmamenm no xumus, @axyrimem no Hayku, Yuusepcumem Aun lamc, Abacus, Katipo, Ecunem

MocTbnuna Ha 25 1oHW 2008 r.; MpepaboTeHa Ha 4 aBrycT 2008 r.

Mpn peakumsTa Ha 3-(4-X10PO-3-MeTWN)BEH30MIMPON-2-eHOBa KUCE/IMHA U 6apbuTypoBa KUCEIMHA € MOosyYeHa
2,2'-(2,4,6-TPNOKCOXEKCANMPUMNANH-5,5-a1niT)61C] 3-(4-XN0P0-3-MeTU/T)OEH30MMPOMNMOHOBA KUCENHA, KOSITO pearupa
C XWAPOKCUNAMUH XUAPOXNIOPUS Y XWApasvH XMApaT [0 CbOTBETHWUTE CNUPO CheAnHeHus. T1pu peakumsaTa Ha cnvpo
CbeAMHeHMATa, ChAbpXaLy NuprMaasnHoBea vacT, ¢ PCls/POCI; ce nofyyasa AUXI0PHO MPOM3BOAHO, KOETO pearnpankm
C HaTPMeB a3ng, MOHO3axapuz, X1apasoHy 1 auunxuapasuam obpasysa CbOTBETHU TETPA30/10- 1 TPUA30/10-NPON3BOLHN.
Bcunuku peakumm ca NpoBeseHn Npy 06MKHOBEHW YCNOBUS U NPY 06/TbYBaHe C MUKPOBB/THU.
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Synthesis and antimicrobial activity of 2,4,8,10,13-pentamethyl-6-substituted-13,14-
dihydro-12H-6)>-dibenzo[d,i] [1,3,7,2]dioxazaphosphecin-6-oxides,
sulphides and selenides
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Synthesis of novel 2,4,8,10,13-pentamethyl-6-substituted-13,14-dihydro-12H-6)-dibenzo[d,i][1,3,7,2]dioxazaphos-
phecin-6-oxides was accomplished by condensation of bis(2,4-dimethyl-2-hydroxybenzyl)methylamine with phos-
phorus-containing dichlorides in the presence of triethylamine at 40-50°C. Corresponding oxides, sulphides and
selenides were prepared in a two-step process. Bis(2,4-dimethyl-2-hydroxybenzyl) methylamine was condensed with
phenyldichlorophosphine and ethyldichlorophosphite to obtain the trivalent phosphorus intermediate compounds. In the
second step, the latter compounds were treated with hydrogen peroxide, sulphur and selenium to obtain the corres-
ponding oxides, sulphides and selenides, respectively. Their structures were established by elemental analysis, IRS,

NMR (*H, *C and *'P) and mass spectral data. Their antimicrobial activity was also evaluated.

Key words: dioxazaphosphecin-6-oxides, sulphides and selenides, dichlorides, antimicrobial activity.

INTRODUCTION

Organophosphorus compounds containing im-
portant pharmacophoric moieties are used in agri-
culture as pesticides and in medicine as drugs [1].
Phosphorus macrocycles containing P(I1l) in view
of their unique structures (i.e. host molecules)
possess complexation abilities [2, 3]. Phosphorus
macrocycles have already found numerous industrial
[4] and biological [5] applications.

Phosphorus-containing macrocycles are inter-
esting molecules with potential applications in
supramolecular and synthetic organic chemistry.
They have been synthesized as phosphine oxides,
phosphines, phosphonium salts, phosphates, phos-
phonates and phosphoranes [6]. The importance of
these molecules, as phosphorus analogues of crown
ethers, is derived from their potential catalytic acti-
vity and ion carrying properties. The design of host
molecule capable of binding neutral organic mole-
cules as guests is an area of rapidly expanding
interest [7]. Cram [8] and Vogtle [9] have made
significant advances in the field of host-guest com-
plexation [10]. Phosphorus-containing macrocycles
are expected to function as good ‘hosts’ in the ‘host-
guest chemistry’. In view of these and several other
possible applications, phosphorus macrohetero-
cycles with oxygen and nitrogen as donor atoms,
have been synthesized, characterized and their anti-
microbial activity has been evaluated.

* To whom all correspondence should be sent:
E-mail: naga_raju04@yahoo.co.in

RESULTS AND DISCUSSION

6-Substituted-dioxazaphosphecin-6-oxides (3a-c)
containing oxygen, nitrogen and phosphorus atoms
in the ten-membered heterocycles were synthesized
by reacting equimolar quantities of bis(2,4-dime-
thyl-2-hydroxybenzyl) methylamine (1) with 4-
nitrophenyl phosphorodichloridate (2a), bis(2-chlo-
roethyl)phosphoramidic dichloride (2b) and 4-chlo-
rophenyl-phosphorodichloridate (2¢) in toluene in
the presence of triethylamine at 40-50°C. The inter-
mediate trivalent phosphorus compounds (5a,b)
were prepared by cyclocondensation of 1 with
phenyldichlorophosphine and ethyl dichlorophos-
phite in toluene in the presence of triethylamine at
10-30°C. Compounds 5a and 5b were converted
into the corresponding oxides, sulphides and sele-
nides (6a—f) by reacting with hydrogen peroxide,
sulphur and selenium, respectively, in refluxing
toluene. Physical data of 3a—c and 6a—f are given in
Table 1.

The title compounds 3a—c¢ and 6a—f, exhibited
characteristic bands [11, 12] in their IR spectra, in
the regions 1241-1304 cm™, 954-964 and 1196-
1128 cm™ for P=0, P-O-C (Ar), respectively.
Characteristic bands were also observed for P=S and
P=Se groups in the expected regions 737-774 and
678-687 cm™*, respectively.

Proton NMR spectral data of the title compounds
3a—c and 6a—f showed a singlet in the region &
3.00-3.24 for N-CHj3. The methylene protons (C-12
& C-14) (4H) resonated [13] as a multiplet at o
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3.59-4.48. The aromatic protons showed complex
multiplet in the region & 6.50-8.28. Nitrogen
mustard group (3c) resonated as two multiplets, one
at 6 3.94-4.06 (m, 4H, -N-CH,-) and the other at 6
3.01-3.04 (m, 4H, —CH,CI). The 6-ethoxy group in
6d-f gave a quartet at & 4.20-4.25 for
—OCH,— and a triplet at 6 1.31-1.40 for —CHs.

The *C NMR chemical shifts of 3a—c and 6a—f
were interpreted based on additivity rules, computed
chemical shifts of starting compound 1, intensity of
signals and carbon coupling with phosphorus. The
oxygen bearing carbons in 4a and 7a resonated in
the region 147.8-151.6 ppm [14]. The methylene
carbons (C-12 & C-14) resonated in the region
52.2-57.9 ppm. The N-CHs; (C-13) resonated in the
region 35.20-38.90 ppm as a signlet. The methyl
carbons (C-2 & C-10) and (C-4 & C-8) gave signals
at 6 20.2-20.6 and at 17.2-17.9, respectively. The
two methylene carbons [2C-N(CHy),] directly
bonded to nitrogen atom of the mustard group in 3¢
resonated as a doublet at 6 50.8 [2J pnoc = 6.3 Hz]
due to their coupling with phosphorus atom. A
singlet was observed for the chloro-substituted
methylene carbons [2C—(CH,CI);] at 6 42.6. Other
carbon chemical shifts appeared in the expected
region.

3p Resonance signals appeared within the region
-3.65 to —10.85 ppm for compounds 3a—c. P NMR
resonances of 6b & 6¢ and 6e & 6f appeared in the
region 79.65, 88.82 and 68.00 & 78.06 ppm due to
its attachment to the sulphur and selenium atoms
respectively. The compound 6a and 6d showed their
3P NMR signals at & 12.80 and 18.00 respectively
[15, 16]. The compounds 3¢, 6a and 6¢c gave m™
ions in their FAB at m/z 420 (19.6), 421 (16.6 M
+1) and 484 (98), respectively.

EXPERIMENTAL

Melting points were determined using a Mel-
Temp apparatus and were uncorrected. Elemental
analyses were performed at the Central Drug
Research Institute, Lucknow, India. The IR spectra
were recorded as KBr pellets on a Perkin-Elmer
1000 unit. The *H, **C and *'P {*H} NMR spectra
were recorded on AMX 400 MHz spectrometer
operating at 400 MHz for *H, 100 MHz for **C and
161.9 MHz for **P. The compound was dissolved in
DMSO-dg and the chemical shifts were referenced
to TMS (*H & **C) and 85% H3PO, (*'P). Fast atom
bombardment (FAB) mass spectra were recorded on
JEOL SX 102/DA-6000 system using Argon/Xenon
(6 keV, 10 mA) as the FAB gas, at RSIC, Central
Drug Research Institute (CDRI), Lucknow, India.
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GENERAL PROCEDURES

Bis(2,4-dimethyl-2-hydroxybenzyl)-methylamine
(1) was prepared according to the reported
procedure [17].

Synthesis of 2,4,8,10,13-pentamethyl-6-(4-nitro-
phenoxy)-13, I4—dihydr0—12H—6/15—dibenzo[d, i/[l,3,
7,2]dioxazaphosphecin-6-oxide (3b). A solution of
4-nitrophenylphosphorodichloridate (520 mg, 2
mmol) in 25 mL of dry toluene was added dropwise
over a period of 20 minutes to a stirred solution of
bis(2,4-dimethyl-2-hydroxybenzyl)methylamine (600
mg, 2 mmol) and triethylamine (404 mg, 4 mmol) in
20 mL of dry toluene in the course of 20 minutes at
10°C. After the addition, the temperature of the
reaction mixture was raised to room temperature and
stirred for 3 h, later the reaction mixture was stirred
at 40-50°C for another 3 h. The progress of the
reaction was monitored by TLC analysis (ethyl
acetate-hexane, 1:2) on silicagel as adsorbent. The
precipitated triethylamine hydrochloride was sepa-
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rated by filtration and the filtrate was evaporated in
a rotary-evaporator. The residue was washed with
water and recrystallised from chloroform-hexane
(1:3), yield 560 mg (69%); m.p. 132-133°C.
Compounds 3a,c were prepared by applying the
above procedure.

Preparation of the compounds 6a-c. A solution
of phenyl dichlorophosphine (4a, 300 mg, 2 mmol)
in 25 mL of dry toluene was added dropwise over a
period of 20 minutes to a stirred solution of bis(2,4-
dimethyl-2-hydroxybenzyl) methylamine (1, 600 mg,
2 mmol) and triethylamine (404 mg, 4 mmol) in 25
mL of dry toluene at 0°C under N, atmosphere.
After the addition, the temperature of the reaction
mixture was raised to room temperature and stirred
for 3 h, later the reaction mixture was stirred at
30°C for another 3 h. The triethylamine hydrochlo-
ride was removed by filtration. To the filtrate (5a)
hydrogen peroxide (30%) (200 mg, 2 mmol) was
added at 5-10°C and stirred for 3 h at 50-60°C. The
progress of the reaction was monitored by TLC
analysis (ethyl acetate-hexane, 1:2) on silica gel.
The solvent was removed in a rotary-evaporator.
The residue was washed with water and recrystal-
lised from 2-propa-nol, yield 860 mg (58%), m.p.
205-207°C. Com-pounds 6b and 6c were prepared
by reacting with sulphur and selenium respectively
by applying the above procedure.

Preparation of the compounds 6d-f. A solution
of ethyl dichlorophosphite (4b, 300 mg, 2 mmol) in
20 mL of dry toluene was added dropwise over a
period of 20 minutes to a stirred solution of bis(2,4-
dimethyl-2-hydroxybenzyl)methylamine (1, 600 mg,
2 mmol) and triethylamine (404 mg, 4 mmol) in 25
mL of dry toluene at 0°C under N, atmosphere.
After the addition, the temperature of the reaction
mixture was stirred at 20-30°C for another 2 h. The
triethylamine hydrochloride was removed by filtra-
tion. To the filtrate (5b) selenium (200 mg 2 mmol)
was added at 10-20°C and stirred for 3 h at 60—
70°C. The progress of the reaction was monitored
by TLC analysis (ethyl acetate-hexane, 1:2) on
silicagel. The solvent from the reaction mixture was
removed in a rotary-evaporator. The residue was
washed with water and recrystallised from 2-
propanol to obtain 6f, yield 620 mg (62%); m.p.
156-158°C. Com-pounds 6d and 6e were prepared
by using hydrogen peroxide and sulphur
respectively by adopting the above procedure.

SUMMARY

A new class of substituted 13,14-dihydro-12H-
6A>-dibenzo[d,i][1,3,7,2]dioxazaphosphecin-6-oxides,
sulphides and selenides were conveniently synthe-
sized and shown to have high antimicrobial activity.

ANTIMICROBIAL ACTIVITY

The antibacterial activity of all the title com-
pounds (3a—c) and (6a—f) was assayed [18] against
the growth of Staphylococcus aureus (gram +ve)
and Escherichia coli (gram —ve) at two different
concentrations (100, 50 ppm) (Table 1). The
majority of the compounds exhibited high activity
against both kinds of bacteria. The achievement is
that three compounds, 3¢, 6¢ and 6f were more
effective than that of the standard penicillin.

The compounds 3a—c and 6a—f were screened for
their antifungal activity against Aspergillus niger
and Helminthosporium oryzae species along with
the standard fungicide Griseofulvin (Table 2) by the
disc diffusion method [19] at two different concen-
trations (100, 50 ppm). It is rewarding to observe
that the majority of the compounds 3a—c and 6a—f
exhibited higher antifungal activity when compared
with that of the standard Griseofulvin .

The great success is the fact that 3b, 6¢ and 6f
exhibited higher activity than that of the standard
Griseofulvin against both kinds of fungi. Thus, new
compounds with much higher antimicrobial activity
than that of the presently used commercial bacteri-
cides/fungicides have been discovered.

Table 1. Antibacterial activity of the compounds (3a—c)
and (6a—f).

Zone of inhibition, mm

Compound Escherichia coli Staphylococcus aureus
100 50 100 50
3a 13 7 12 9
3b 12 9 13 6
3c 16 10 18 10
6a 10 8 10 8
6b 12 6 11 6
6¢ 18 11 16 11
6d 15 5 12 5
6e 13 6 14 7
6f 18 10 16 10
Penicillin 15 8 15 8

Table 2. Antifungal activity of the compounds (3a—c) and
(6a—1).

Zone of inhibition, mm

Compound Aspergillus niger  Helminthosporium oryzae
100 50 100 50
3a 10 7 12 9
3b 14 10 15 12
3c 11 8 10 8
6a 9 5 11 6
6b 12 6 12 10
6¢c 15 12 13 6
6d 10 7 10 9
6e 9 8 12 7
6f 14 10 15 10
Griseofulvin 12 8 12 8
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2,4,8,10,13-Pentamethyl-6-(4-chlorophenoxy)-
13,14-dihydro-12H-6A’-dibenzo-[d,i][1,3,7,2]-di-
oxazaphosphecin-6-oxide (3a). Yield 64%; m.p.
164-166°C. IR (KBr) cm™: 1262 (P=0), 959 (P-0),
1228 (O—C); 'H-NMR (DMSO-d) &: 6.76-7.92 (m,
8H, Ar-H), 3.72-4.35 (m, 4H, CH,), 3.09 (s, 3H,
N—CHj3), 2.21 (s, 12H Ar-CHs); *C-NMR(DMSO-
ds) 8: 1286 (C-1 & C-11), 130.6 (C-2 & C-10),
1245 (C-3 & C-9), 1316 (C-4 & C-8), 1335 (C-
1la & C-14a), 52.5 (C-12 & C-14),148.5(d, /=84
Hz, C-4a & C-7a), 35.5 (N-CHjy), 20.4 (C-2 & C-10,
Ar-CHjs), 17.5 (C-4 & C-8, Ar-CH3y), 149.0 (d, J =
7.3 Hz, C-1"),121.2 (C-2' & C-6'), 125.5 (C-3' & C-
5%, 133.3 (C-4'); **P-NMR (DMSO-dg), $-10.85.
Anal.Calcd. for CyHx;CINO,P: C, 63.63; H, 5.77;
N, 2.97. Found: C, 63.55; H, 5.72; N, 2.90%.

2,4,8,10, 13-Pentamethyl-6-(4-nitro-phenoxy)-13,
14-dihydro-1 2H—6/15—dibenzo—[ dji] [1,3,7,2]-dioxaza-
phosphecin-6-oxide (3b). Yield 62%; m.p. 178-
180°C. IR (KBr) cm™: 1290 (P=0), 954 (P-0O),
1218 (O—C); *H-NMR (DMSO-d,) 5: 6.70-8.30 (m,
8H, Ar-H), 3.68-4.40 (m, 4H, CH,), 3.00 (s, 3H,
N-CHs), 2.27 (s, 12H, Ar—-CHs) *C-NMR (DMSO-
ds) 8: 1284 (C-1 & C-11), 1304 (C-2 & C-10),
1247 (C-3 & C-9), 1315 (C-4 & C-8), 133.7 (C-
1la & C-14a), 52.2 (C-12 & C-14),148.3 (d, /= 8.2
Hz, C-4a & C-7a), 35.2 (N-CHj3), 20.5 (C-2 & C-10,
Ar-CHg), 17.2 (C-4 & C-8, Ar-CH), 149.5 (d, J =
7.2Hz, C-1'), 120.8 (C-2' & C-6'), 125.3 (C-3' & C-
5, 133.4 (C-4). **P-NMR (DMSO-d,) &: -3.65.
Anal. Calcd. for C,sH»;N,OgP: C, 62.24; H, 5.64; N,
5.81. Found: C, 62.18; H, 5.60; N, 5.76%.

2,4,8,10,13-Pentamethyl-6-[bis-2-chloroethyl)-
amino]-13,14-dihydro-1 2H-61° -dibenzo-[d|i][1,3,7,
2]dioxazaphosphecin-6-oxide (3c). Yield 60%; m.p.
180-182°C. IR (KBr) cm™: 1292 (P=0), 954 (P-0),
1220 (O-C); (DMSO-dg) &: 6.70-7.33 (m, 4H, Ar-
H), 3.78-3.87 (m, 4H, CHy), 3.15 (s, 3H, N-CHj3),
2.21 (s, 12H, Ar-CHs), 3.94-4.06 (t, 4H, N-CH,),
3.27-3.24 (t, 4H, CH,CI); *C-NMR (DMSO-d;) &:
128.5 (C-1 & C-11), 130.5 (C-2 & C-10), 124.6 (C-
3 & C-9),131.4 (C-4 & C-8), 1336 (C-11a & C-
14a), 52.3 (C-12 & C-14), 148.6 (d, J = 8.6 Hz, C-
4a & C-7a), 35.4 (N-CHj5), 20.6 (C-2 & C-10, Ar-
CH,3), 17.4 (C-4 & C-8, Ar-CHj3), 50.8 (d, J = 6.3
Hz, N-CH,), 42.6 (-CH,Cl). *P-NMR (DMSO-dj)
5: -8.20; FAB m/z (%): [420 (19.6) M™], 380 (15),
362 (16), 300 (100), 246 (20), 215 (17), 164 (26),
135 (60), 91(20). Anald. Calcd. for CyHs;Cl,N,O4P:
C, 56.91; H, 6.44; N, 5.77. Found: C, 56.84; H,
6.39; N, 5.71%.

2,4,8,10,13-Pentamethyl-6-phenyl-13, 14-dihydro-
1 2H-6/15-dibenzo-[d, il[1,3,7,2]-dioxazaphosphecin-6-
oxide (6a). Yield 58%; m.p. 157-159°C; IR (KBr)
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cm™: 1241 (P=0), 748 (P-C aryl); 'H-NMR
(DMSO-dg) &: 6.82-7.94 (m, 9H, Ar—H), 3.71-4.35
(m 4H, CH,), 3.20 (s, 3H, N-CHj3), 2.20 (s, 12H,
Ar—CH,); *C-NMR (DMSO-dg) 8: 128.7 (C-1 & C-
11), 130.7 (C-2 & C-10), 125.3 (C-3 & C-9), 131.7
(C-4 & C-8), 134.1 (C-11a & C-14a), 56.5 (C-12 &
C-14), 147.8 (d, J = 8.5 Hz, C-4a & C-7a), 38.5
(N-CHs), 20.6 (C-2 & C-10, Ar—CHy), 17.4 (C-4 &
C-8, Ar-CHj3), 131.1 (C-1Y), 126.6 (C-2" & C-6Y),
128.0 (C-3' & C-5Y, 1243 (C-4Y; *P-NMR
(DMSO-dg) &: 12.80; FAB m/z (%): [421 (16.6),
M+1], 406 (11), 328 (20), 300 (100), 273 (75, 257
(11), 194(10), 164 (17), 154(23), 135 (50), 119(12);
Anal. Caled. for CxsHysNOsP: C, 71.24; H, 6.70; N,
3.32 Found: C, 71.17; H, 6.65; N, 3.28%.

2,4,8,10,13-Pentamethyl-6-phenyl-13, 14-dihydro-
1 2H—6/15—dibenzo—[ d,i][1,3,7,2]-dioxazaphosphecin-6-
sulfide (6b). Yield 52%; m.p. 162-164°C; IR (KBr)
cm™: 774 (P=S), 751 (P-C aryl); 'H-NMR (DMSO-
ds) &: 6.85-8.25 (m, 9H, Ar—H), 3.70-4.26 (m, 4H,
CHy,), 3.25 (s, 3H, N-CHj3), 2.20 (s, 12H, Ar—-CHj3);
BC-NMR (DMSO-dg) 5: 131.8 (C-1 & C-11), 130.8
(C-2 & C-10), 126.6 (C-3 & C-9); 133.2 (C-4 & C-
8), 134.2 (C-11a & C-14a), 57.0 (C-12 & C-14),
149.0 (d, J = 8.2 Hz, C-4a & C-7a), 38.4 (N-CHy),
20.4 (C-2 & C-10, Ar-CHg), 17.5 (C-4 & C-8, Ar—
CH,), 131.2 (C-1"), 127.8 (C-2" & C-6%), 128.0 (C-
3' & C-5Y), 122.3 (C-4%); *P-NMR (DMSO-dg) &:
79.65; Anal. Calcd for C,sHs NO,PS: C, 68.63; H,
6.45; N, 3.20. Found: C, 68.70; H, 6.40; N, 3.17%.

2,4,8,10,13-Pentamethyl-6-phenyl-13, 14-dihydro-
12H-6-dibenzo-[d,i][1,3,7,2]-dioxazaphosphecin-6-
selenide (6¢). Yield 56%; m.p. 216-218°C; IR (KBr)
cm™: 695 (P=Se), 955 (P-0), 1260 (O-C), 753 (P-
C aryl); 'H-NMR (DMSO-d;) &: 6.96-8.28 (m, 9H,
Ar—H), 3.87-4.24 (m, 4H, CH,) 3.24 (s, 3H, N-
CHs), 2.24 (s, 12H, Ar-CHs); *C-NMR (DMSO-d;)
3: 131.7 (C-1 & C-11), 130.7 (C-2 & C-10), 126.5
(C-3 & C-9), 132.7 (C-4 & C-8), 133.8 (C-11a & C-
14a) 56.4 (C-12 & C-14), 149.3 (d, J = 8.3 Hz, C-4a
& C-7a), 38.3 (N-CHs), 20.4 (C-2 & C-10, Ar—
CHs), 17.9 (C-4 & C-8, Ar-CHj), 131.4 (C-1Y,
126.0 (C-2' & C-6%), 128.3 (C-3' & C-5%), 122.3 (C-
41; ¥ P-NMR (DMSO-d;) &: 88.82; FAB m/z (%):
[484 (98), M *¢], 483 (22), 482 (21), 422 (35), 441
(20) 440 (100), 407 (19), 406 (13), 241 (15), 164
(30),. 135 (48); Anal. Calcd for C,sH,g NO, PSe: C,
61.98; H, 5.83; N, 2.89. Found: C, 61.93; H, 5.80;
N, 2.85%.

2,4,8,10,13-Pentamethyl-6-ethoxy-13, 14-dihydro-
12H-6-dibenzo-[d,i][1,3,7,2]-dioxazaphosphecin-6-
oxide (6d). Yield 62%; m.p. 156-158°C; IR (KBr)
cm™: 1256 (P=0), 689 (P-0), 1265 (O-C); *H-NMR
(DMSO-dg) &: 6.73-7.26 (m, 4H, Ar-H), 3.81-4.20
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(m, 4H, CH,), 3.20 (s, 3H, N-CHj), 2.22 (s, 12H,
Ar-CH;) 4.20-4.10 (g, 2H OCH,), 1.31 (t, 3H
—CHs); ®*C-NMR (DMSO-dg) &: 131.4 (C-1 & C-
11), 129.7 (C-2 & C-10), 126.9 (C-3 & C-9), 132.6
(C-4 & C-8), 133.8 (C-11a & C-14a), 56.2 (C-12 &
C-14), 151.6 (d, J = 8.5 Hz, C-4a & C-7a), 38.4
(N-CH,), 20.2 (C-2 & C-10, Ar-CH3), 17.5 (C-4 &
C-8, Ar—CHy), 65.6 (d, J = 8.6 Hz, OCH,), 17.0
(CH3); *'P-NMR (DMSO-ds) &: 18.00; Anal. Calcd.
for C,1HsNO,P: C, 64.77; H, 7.25; N, 3.60. Found:
C, 64.80 H, 7.20; N, 3.56%.

2,4,8,10,13-Pentamethyl-6-ethoxy-13, 14-dihydro-
1 2H—6/15—dibenzo-[ d|i][1,3,7,2]-dioxa zaphosphecin-6-
sulfide (6€). Yield 60%; m.p. 161-163°C; IR (KBr)
cm™: 737 (P=S), 678 (P-0), 1265 (O-C aryl); 'H-
NMR (DMSO-dg) &: 6.65-8.10 (m, 4H, Ar-H),
3.59-3.72 (m, 4H, CH,), 3.17 (s, 3H N-CH;), 2.21
(s, 12H, Ar—CHs), 4.23 (g, 2H, OCH,), 1.36 (t, 3H,
CH,); ®*C-NMR (DMSO-dg) &: 131.7 (C-1 & C-11),
130.7 (C-2 & C-10), 126.6 (C-3 & C-9), 132.3 (C-4
& C-8), 133.6 (C-11a & C-14a), 57.9 (C-12 & C-
14), 149.2 (d, J = 8.4 Hz, C-4a & C-7a), 38.9
(N-CH3), 20.3 (C-2 & C-10, Ar-CHy), 17.5 (C-4 &
C-8, Ar—-CHj), 65.9 (d, J = 8.4 Hz, OCH,), 17.2
(CH3); *'P-NMR (DMSO-dg) &: 68.0; Anal. Calcd.
for CxHysNOsPS: C, 62.20; H, 6.96; N, 3.45.
Found: C, 62.14; H, 6.90, N, 3.40%.

2,4,8,10, 13-Pentamethyl-6-ethoxy-13, [4-dihydro-
12H-62-dibenzo-[d,i][1,3,7,2]-dioxazaphosphecin-6-
selenide (6f). Yield 61%; m.p. 154-156°C; IR (KBr)
cm™: 687 (P=Se), 715 (P-0), 1260 (O-C aryl); *H-
NMR (DMSO-dg) &: 6.50-7.23 (m, 4H, Ar-H),
3.75-4.28 (m, 4H, CH,), 3.18 (s, 3H, N-CHy), 2.24
(s, 12H, Ar—CHs), 4.25 (g, 2H, OCH,), 1.40 (t, 3H,
CHs); **P-NMR (DMSO-ds) &: 78.07; Anal. Calcd.
for CyHys NOsPSe: C, 55.75; H, 6.24; N, 3.10.
Found: C, 55.65; H, 6.20; N, 3.04%.

Acknowledgements: The authors express their
thanks to Prof. C. Devendranath Reddy, Department
of Chemistry, Sri Venkateswara University, Tirupati
for his academic interaction. One of the authors Dr.
C. S. R. wishes to thank BRNS, Mumbai, India for
providing financial assistance.

REFERENCES

1. (a) E. K. Gaylis, C. D. Campbell, J. G. Ding Wall, J.
Chem. Soc. Perkin Trans. 1, 2845 (1984).
(b) A. S. Demir, C. Tannyeli, O. Sesenogle, S.
Demic, O. O. Evin, Tetrahedron Lett., 37, 407 (1996).

2. C. B. Allan, L. B. Spreer, J. Org. Chem., 59, 7695
(1994).

3. A. M. Caminade, J. P. Majoral, Chem. Rev., 94, 1183
(1994).

4. J. M. Lehn, Angew. Chem., Int. Ed. Engl., 27, 89
(1988).

5. D. J. Cram, Angew. Chem., Int. Ed. Engl., 27, 1009
(1988).

6. J. P. Dutasta, P. Simon, Tetrahedron Lett., 28, 3577
(1987).

7. F. Diederich, Angew. Chem. Int. Ed. Engl., 27, 362
(1988).

8. A. J. Tucker, C. B. Knabler, K. N. Trueblood, J. D.
Cram, J. Am. Chem. Soc., 111, 8672 (1989).

9. A .Waller, J. Peter-Katinic, W. M. Werher, F. Vogtle,
Chem. Ber., 123, 375 (1990).

10. R. Brelow, N. Greenspoon, T. Guo, R. Zarzycki, J.
Am. Chem. Soc.,111, 8296 (1989).

11. L. C. Thomas, The Interpretation of the Infrared
Spectra of Organophosphorus Compounds, Heyden
and Sons, London, 1974.

12. Y. H. Babu, C. S. Reddy, P. V. G. Reddy, C. D.
Reddy,. P. Uma Devi, J. Heterocycl. Chem., 39, 1039
(2002).

13. R. M. Silverstein, F. X. Webster, Spectrometric
Identification of Organic Compounds, 6" ed., John
Wiley and Sons, New York, 1998.

14. K. A. Kumar, M. Kasturaiah, C. S. .Reddy, C. D.
Reddy, K. D. Berlin, J. Heterocycl. Chem., 40, 345
(2003).

15. P. Haranath, V. Sreedhar Kumar, C. S. Reddy, C.
Naga Raju, C. D. Reddy, Synth. Commun., 37, 1697
(2007).

16. L. D. Quin, J. G. Verkade, Phosphorus-31 NMR
Spectral Properties in Compound Characterization
and Structureal Analysis, VCH, New York, 1994.

17. W. J. Burke, E. L. M. Glennie, C. Weatherbee, J.
Org. Chem., 29, 909 (1962).

18. M. V. Narayanareddy, B. Siva Kumar, A.
Balakrishna, C. S. Reddy, C. D. Reddy, S. K. Nayak,
ARKIVOC, XV, 246 (2007).

19. H. J. Benson, Microbiological Applications, 5" Ed.,
W. C. Brown Publications, Boston, 1990.

63



CUHTE3 U AHTUMUKPOBHA AKTUBHOCT HA 2,4,8,10,13-TIEHTAMETWJI-6-3AMECTEHU-
13,14- IUXUJIPO-12H-6A5-TMBEH30[d, i][1,3,7,2] IMOKCA3APOCDELIMH-6-OKCUU, CYJIDPUIN
Y CEJIEHU/IN

A.VY.P. Canxap, b. C. Kymap, M. B. H. Peqn, C. C. Penu, Y. C. Pean, U. H. Pamky™,

Henapmamenm no xumusi, Ynueepcumem Cpu Benxameceapa, Tupynamu 517 502, Hnous

Ioctemmna Ha 24 sayapu 2008 r.; IIpepabGorena Ha 1 centemspu 2008 .
(Pe3tome)

IIpoBeneH € CUHTE3 HAa HOBH 2,4,8,10,13—neHTaMeTHn—6-3aMeCTeHH-13,14-/:[1/Ix1/mp0-12H-6k5—nﬂ6eH30[d,i][1,3,7,2]
nuokcasadocherH-6-okcua  upe3  KOHAeH3alms Ha  Ouc(2,4-TUMeTHIN-2-XUAPOKCUOCH3MIT)METHIAMHH — ChC
ChIbpxaIy Gochop AUXIOPUIU B IpUcheTBUe Ha TpueTwiamuH mpu 40-50°C. B aBycTaaueH mporec ca CHHTE3UpaHu
CHOTBETHHTE OKCHIH, cyapuan u ceneHuau. buc(2,4-numMeTuin-2-XuapoKCUOCH3WIT)METHIIAMUH KOHACH3Hpa ¢
¢dermnauxioppochuH U eTIIUXIOPPOCHUT 10 MEXIUHHU CHEIMHEHHs ChABbPXKAIM TpuBaieHTeH Qocdop. BbB
BTOpHSI CTAaAMi, Te3U ChCAMHEHHS B3aMMOJACIHCTBAT C XUIPOIEPOKCH], CIpa M CeJIeH N0 MOJy4YaBaHEe HA ChOTBETHHTE
okcum, cynduny u cenernan. CTPyKTypaTa UM € yCTaHOBeHa upe3 ernementeH anamus, MUC, IMP (*H, °C u *P) u
MaccrekTpomerpus. OLeHeHa € ChIIO U TAXHATa aHTUMUKPOOHa aKTHBHOCT.
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Inductively coupled plasma atomic emission spectrometry — line selection and
accuracy in the determination of platinum, palladium, rhodium, barium and lead
in automotive catalytic converters
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This work shows that by using ICP-AES and the Q-concept for quantification of spectral interferences in the
determination of Pt, Pd, Rh, Pb and Ba in catalytic automotive converters with aluminum as matrix component, the
errors in the measurement of net line signals resulting from erroneous background determination can be eliminated. The
auto-catalyst certified reference material SRM 2556 for Pt, Pd and Rh was used for experimental demonstration of the
accuracy of analytical results. Extraction with aqua regia was used as a dissolution procedure. Samples of poisoned
automotive catalytic converters were analyzed. The platinum group elements, plus barium and lead were determined.
Relatively high concentrations of lead (catalytic poison) were found in the catalyst samples. In this case a non-uniform
longitudinal distribution (along the catalyst) of platinum group elements was established.

Key words: ICP-AES, platinum group elements, barium, lead, poisoned automotive catalytic converter.

1. INTRODUCTION

Since 1975 the enforcement of Clean Air Act by
the Environmental Protection Agency led to the
introduction of catalytic converters for control of the
automobile exhaust emission gases. The modifica-
tions of catalytic converters include the introduction
of “three-way” catalysts, containing platinum group
elements (PGEs). Platinum, palladium and rhodium
are known as the active components in automotive
catalytic converters as well as in catalysts for phar-
maceutical industry and petroleum refining. These
elements were included in automotive catalytic
converters and the converters have been used in all
car exhaust systems [1].

The general purpose of the automotive catalytic
converter is to oxidize completely carbon monoxide
and hydrocarbons to CO, and also to convert
nitrogen oxides to N,. The precious metals in
different ratios are deposited on a large surface area
of y-alumina (washcoat), which in its turn is
dispersed on a honeycomb consisting of aluminum,
magnesium and/or calcium aluminum silicates [2—
4]. In modern catalysts there is also a barium-
containing additive.

The use of expensive platinum group elements in
catalyst production fostered the development of
accurate methods for their determination in catalytic

* To whom all correspondence should be sent:
E-mail: das15482@svr.igic.bas.bg

converters. The A. C. Spark Plug Division of General
Motors has extensively investigated various
approaches using X-ray fluorescence spectroscopy
[5]. Sandell [6], Walsh et al. [7] described spectro-
photometric methods for determination of platinum.
Differential spectrophotometry was used in con-
junction with the stannous chloride method for
determination of platinum in reforming emission
control catalysts [8] The wavelength-dispersive X-
ray fluorescence method (WD-XRF) was often used
for analysis of catalysts [9]. The most important
advantages of this method are the relatively simple
sample preparation and the rapid measurement. The
basic disadvantages of the method are as follows
[10]: (a) Partial conversion of y-alumina into -
alumina under high-temperature exposure of the
catalytic converters. The various forms, in which the
alumina may be present, can result in high and
fluctuating background signals; (b) The distribution
of the PGEs on the support is inhomogeneous; (c)
Palladium line interferes with the best rhodium line;
(d) The detection limits of the method do not permit
trace analysis.

Since the introduction of inductively coupled
plasma-atomic emission spectrometry (ICP-AES)
and inductively coupled plasma-mass spectrometry
(ICP-MS) techniques the trace determination of
platinum group elements has achieved a great
progress [11, 12]. With these analytical techniques it
is important to recognize and document the matrix
effects and then, perhaps, to understand on a
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fundamental level and to control and eliminate
them. Matrix effects in I[CP-AES and ICP-MS may
be divided into two basic categories: matrix induced
spectral overlap problems and matrix induced signal
intensity changes [13—-15].

The analysis of Pt, Pd and Rh by ICP-MS or
ICP-AES is complicated by the existence of inter-
ferences [16, 17]. Examination of these inter-
ferences is critical for selection of most suitable
isotopes for isotope dilution mass spectrometry and
for assessing whether any additional interference
removal measures are required for the analysis. The
interferences can potentially be problematic in the
determination of PGEs [18-21]. The possibilities for
limitation and correction of the interferences in the
determination of PGEs by ICP-MS were discussed
as follows: Matrix removal by exchange column
[22-25], charcoal [26], silica [27-29], plastic foams
and polymers [30-31]; Application of high resolu-
tion mass spectrometry (HR-ICP-MS) — there is no
commercially available HR-ICP-MS, which can
separate the oxide interferences on the PGEs [32];
The influence of plasma operating conditions by
varying nebulizer gas flow rates, cool plasma tech-
niques and chilled spray chambers [33, 34]; Mathe-
matical corrections [35]; Post-plasma techniques,
including the use of collision and reaction cells [36].
These techniques do not influence the plasma
parameters and the corresponding operating condi-
tions [36].

The ICP-AES methods also possess the possi-
bilities for simultaneous determination of PGEs
[37]. Although the concentrations of PGEs in
automotive catalytic converters are relatively high,
the use of both techniques ICP-MS and ICP-AES
would allow the methods to expand to applications
of low concentration level analysis.

Several dissolution procedures of automotive
catalyst materials were developed and their possi-
bilities were discussed in [38].

The present paper deals with the ICP-AES deter-
mination of platinum, palladium, rhodium, barium
and lead in samples taken out of poisoned auto-
motive catalytic converters. All modern converters
contain also barium in order to reduce the effect of
sulfur poisoning. So in the presence of barium the
activity of catalytic converters increases. The general
purpose is to ensure the accurate measurement of
the net line signals, i.e. the subtraction of the signal,
generated by the back-ground at analyte wavelength
(A,) from the total signal before manipulation of the
net signal to derive an analyte concentration. The
matrix constituent in this case is aluminium. The
question of what it actually is, why it is such severe
problem, and what progress has been made in recent
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years to cope with it, remains. This problem is of
primary importance, because the spectral inter-
ferences in ICP-AES affect the accuracy of
analytical results and the magnitude of the true
detection limits. The background under a spectral
line cannot be measured directly. An elementary
calculation illustrated the importance of correct
background subtraction and showed the magnitude
of the errors in net signals resulting from erroneous
background determination [11].

An interfering line signal, in the presence of a
given matrix, has to be considered as a contribution
to the background that can be measured only with a
far greater uncertainty than continuous background.
It was this insight that prompted the introduction of
the concepts of “true detection limit” (Cr, ) [13,
39-42] and the “common detection limit” (Cr) for
pure solvent [41]. In the case of a single interfering
line the true detection limit (Cp, ) is represented
by Eqn. (1) [40]:

C'L, true — 04X QIO\'a)>< C1I + C'L, conv (1)

CL. conv = 2Y2%0.01xRSDBLX[BEC + Q) (A,)xC; +
+ Qw(A)La)XCI] (2)

where: C is matrix concentration; Cp, cony — CONven-
tional detection limits; Qi(A,) — values for line inter-
ference [Qi(A.) = Si(A.)/Sa], defined as interferent to
analyte sensitivity ratio at the peak wavelength (1,)
of prominent lines of analytes (Pt, Pd, Rh, Ba, Pb);
Ow(A\,) — values for wing background interference
[Ow(AN) = Sw(AL,)/Sa], defined as wing back-
ground to analyte sensitivity ratio in the spectral
window (AA,). The use of the symbol (AL,) instead
of (A,) expresses that [OQw(AL,)] refers to the overall
level in the spectral window (AA,) viewed and not
specifically to (A,), as happens with the Oi(A,) value;
RSDBL - relative standard deviation of the total
background signal in the presence of matrix; BEC —
background equivalent concentration in the pure
solvent.

The detection limit of analytes in pure solvent (or
dilute acid) is defined by Eqn. (3) [41]:

Ci. = 2V2x0.01xRSDBXBEC 3)

where RSDB is the relative standard deviation of the
background signal in the presence of pure solvent.

To fulfil the general purpose of the paper the
following data have been compiled:

1. Quantification of the spectral interferences by
using Q-concept, as proposed by Boumans and
Vrakking [40—41] for line interference [Oi(A,)] and
for wing background interference [Qw(AA,)] for
relevant sets of analysis lines and aluminium as
interferent;
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2. Choice of the “best” analysis lines for deter-
mination of PGEs, lead and barium in the presence
of aluminium matrix;

3. Measurement of the true detection limits, by
using the “true detection limit” criterion [40].

2. EXPERIMENTAL
2.1. Instrumentation

The experiments were performed with Jobin
Yvon ULTIMA 2 equipment (Longjumeau, France),
whose characteristics are specified in Table 1. The
operating conditions are shown in Table 2. The Mg
11 280.270 nm/Mg 1 285.213 nm line intensities ratio
was measured to characterize the robustness of the
operating conditions in the plasma [43, 44]. The
excitation temperature (7.x.) was evaluated by the
Boltzmann plot method [45] using titanium lines.
Under these experimental conditions higher net line
signals and lower detection limits were obtained
[46].

Table 1. Specifications of the spectrometer and ICP

source.
Monochromator JY ULTIMA 2 (Jobin Yvon, France)
Mounting Czerny-Turner, focal length 1 m
Grating Holographic, 2400 grooves-mm |
Wavelength range first and second order
Entrance slit 0.015/0.02 mm
Exit slit 0.02/0.08 mm
Practical spectral 5 pm in the 2-nd order
bandwidth from 160 nm to 320 nm;
10 pm in the 1-st order
from 320 to 800 nm
Detectors High Dynamic Detectors based on PMT’s
Rf generator Solid state RF 40.68 MHz
Frequency 40.68 MHz
Power output 0.5-1.55 kW
Nebulizer Meinhard, concentric glass
Spray chamber JY Glass cyclonic spray chamber
Plasma torch fully demountable torch
Pump Peristaltic, two channels, twelve-roller

Table 2. Operating conditions with the 40.68 MHz ICP
JY ULTIMA 2 (Jobin Yvon, France) equipment.

Incident power /(kW) 1.00
Outer argon flow rate, 1'min' 13
Auxiliary gas flow rate, 'min”' 0
Sheath gas flow rate, 1-min"' 0.2
Liquid uptake rate, ml-min™" 1.0
Carrier gas flow rate, /min™! 04
Nebulizer pressure flow 3.2 bar
Mg 11 280.270 nm /Mg 1 285.213 nm line 10.4

intensities ratio

Excitation temperature 7300 K

Quantitative information about the type of the
spectral interferences was derived from wavelength
scans around the candidate (prominent) analysis
lines of Pt, Pd, Rh, Pb and Ba in the presence of
aluminium as interferent. The scans were made in a

scanning mode of the spectrometer with step size
3.0 pm and integration time of 1 s.
The total background signal is defined by Eqn.

4) [41]:
XpL = X + Xw(AL,) + Xi(Aa) 4,

where:

- Xp is the solvent blank (due to source and
solvent);

- Xw(A)\,) — the wing background level with
respect to the solvent blank for aluminium as
interferent;

- Xi(A,), — the net interfering signals with respect
to the wing background level Xy(AA,) of aluminium
as interferent.

By using analysis and scanning modes of the
monochromator the following signals were measured:
Xa, X, Xw(ANy), Xi(A,). The measured signals were
reduced to sensitivities: sensitivity of analysis line
[Sa] defined as the net line signal [X,] per unit of
analyte concentration [C,]; interferent sensitivities
[Sw(AL,)] and [Si(A,)], defined as interferent signals
[Xw(AX,)] and [Xi(A,)], respectively, per unit inter-
ferent concentration [Cy]. The sensitivities were used
for calculation of Q-values for wing background
interference [Qw(AL,) = Sw(ALX,)/Sa], Q-values for
line interference [Qi(A.) = Si(A.)/Sa], [BECw =
Ow(AL)xC1] and [BECi(h,) = Or(ha)* C1].

2.2. Reagents, test solutions and certified reference
material

Reagents of highest purity grade were used: 30%
HCI and 65% HNOj; (Suprapur, Merck) and redis-
tilled water from quartz apparatus. Stock solutions
of the analyte (1 rng-rnl_1 Pt, Pd, Rh, Pb and Ba)
were prepared from Merck ICP-AES mono-element
standard solutions. Q-values were measured by using
the following test solutions: 10 pg-ml™ for each of
the analytes in 3% hydrochloric acid and 2 mg-ml ™
aluminium in 3% hydrochloric acid as interferent.

The recycled auto-catalyst certified reference
material SRM 2556 for Pt, Pd and Rh with mean
values and uncertainties at a 95% confidence interval
was used for experimental demonstration of the
accuracy of analytical results. In the certificate it is
indicated that a sample of 0.1 g or a larger one is
provided as a representative sub-sample of this
material.

2.3. Sampling

Samples taken out of poisoned automotive
catalytic converters:

(a) From the front section of the catalyst;

(b) From the rear part of the catalyst;

(c) Soot deposits on the catalyst’s front.
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2.4. Decomposition procedure

1 g of the catalyst samples was weighed in a 50
ml beaker. 15 ml of freshly prepared mixture of acids
(5 ml conc. HNO; + 15 ml conc. HCI) was added to
the sample and the beaker was covered with a watch
glass. The sample was left to stand for 1 h at room
temperature in order to prevent vigorous reactions.
After that, the sample was heated for 6 h on a water
bath and allowed to cool down slowly to room tem-
perature. The content of the beaker was transferred
quantitatively into a 100 ml volumetric flask and
filled up to the mark with re-distillated water.

The undissolved material (y-alimina + silicates)
has settled down and the supernatant solution was
subjected to analysis by ICP-AES. The volume of
the solid residue is less than 0.4% of the final
volume.

2.5. Calibration procedures

The analytical evaluation function is assumed to
be a straight line passing through the origin. Spec-
tral interferences affect the intercept, if the curve is
plotted on a linear scale. Multiplicative interferences
affect the slope of a calibration curve [12]. The
correct calibration from the point of view of the
spectral interferences requires a correct background
subtraction by using the background signal below
the analysis line. The correct calibration from the
point of view of multiplicative interferences means a
precise matching of the acid and matrix contents
both in the reference and in the sample solutions.

ICP-AES is not free from acid matrix inter-
ferences [47-49]. The reference solutions for the
determination of the analytes were prepared on the
basis of a blank containing the acids used for
digestion (Section 2.4). The matrix blank contains
the acid blank.

3. RESULTS AND DISCUSSION
3.1. Detection limits in pure solvent

The detection limits of the analytes in pure
solvent (or diluted acids) were calculated by Eqn.
(3) using four prominent lines for Pt, Pd, Pb, Ba and
14 prominent lines for rhodium. The prominent lines
in column 1 of Table 3 follow the sensitivity order
the analytes in pure solvent in accordance to
Boumans ICP-Line Coincidence Tables [50]. The
obtained detection limits under our experimental
conditions are listed in Table 3, column 2. Table 3
shows that the most prominent lines under our
experimental conditions (Table 2): Pt II 203.646
nm, Pd II 229.651 nm and Rh II 233.477 nm. The
following detection limits are obtained: 6.4 ng'ml™
(Rh), 7 ng'ml™" (Pt) and 11 ng'ml™" (Pd).
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Table 3. Detection limits in pure solvent.

The most prominent lines, Detection limits in solution,

nm ng'ml™
Pt 11 214.423 (2) 7.3
Pt 11 203.646 (1) 7.0
Pt 11 204.937 (4) 24
Pt 1265.945 (3) 14
Pd I 340.458 (2) 13.4
Pd 1363.470 (4) 37.0
Pd 11 229.651 (1) 11.0
Pd 1324.270 (3) 25.0
Rh 11 250.429 (13) 92.0
Rh I250.509°(10) 28.0
Rh1250.384"(13) 45.0
Rh 11 233.477 (1) 6.4
Rh 11 249.077 (2) 7.7
Rh I 343.489 (4) 12.3
Rh I 252.053 (3) 11.6
Rh1369.236 (7) 19.7
Rh II 246.104 (5) 14.0
Rh 11 251.103 (6) 18.8
Rh 11 242.711 (8) 21.0
Rh1339.682 (11) 30.0
Rh1352.802 (12) 37.0
Rh 1370.091 (14) 53.0
Rh228.857 (9) 22.0
Pb 11 220.353 (1) 6.7
Pb1216.999 (2) 23
Pb 11261.418 (3) 30.0
Pb 1283.306 (4) 36.0
Ba II 455.403 (1) 0.3
Ba I1 493.409 (1) 0.3
Ba Il 233.527 (1) 0.3
Ba II 230.424 (1) 0.3

* These lines are not listed in Boumans® ICP Tables [50]. They are
taken from Harrison’s, M.I.T. Wavelength Tables [51].

3.2. Line selection in the presence of aluminium as
matrix

The Q-concept was used for quantifying different
types of spectral interference [40]. A distinction was
made between O-values for line interference [ O1(A,)]
and Q-values for wing background interferences
[Ow(AML,)] around a relevant set of analysis lines.
Table 4 lists Qw(Ak,) and Qi(A,) values for promi-
nent lines of Pt, Pd, Rh, Pb and Ba in the presence
of 2 mg'ml™" aluminium as interferent. The optimum
line selection for trace analysis requires the choice
of prominent lines that are free from line interfer-
ence and negligibly influenced by wing background
interference in the presence of aluminium as matrix.

The results of Table 4 show the following:

(i) The most prominent lines of lead are influ-
enced by line interference in the presence of alumi-
nium as interferent. The “best” analysis line is Pb II
261.418. This line is free of line interference;

(i) The most prominent lines of Pt, Pd, Rh and
Ba are free of line interference and were selected as
the “best” analysis lines.

The selected analysis lines are printed in bold.
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Table 4. Ow(AL,) and Oi(A,) for prominent lines of Pt,
Pd, Rh, Ba and Pb in the presence of aluminium as matrix
element.

Analysis line, nm Interferents Ow(AN,) O1(\,)
Pt I1 203.646 Al 7.2x107* 0
Pt11214.423 Al 1.0x107* 2.3x107*
Pt1265.945 Al 1.7x10°° 0
Pt 11 204.9168 Al 2.2x107° 0
Pd II 229.651 Al 0 0
Pd I 340.458 Al 0 0
Pd 1324.270 Al 0 0
Pd 1363.470 Al 0 0
Rh II 233.477 Al 0 0
Rh 11 249.077 Al 0 0
Rh 11 252.053 Al 0 0
Rh 1343.489 Al 0 0
Pb 11 220.353 Al 6.5x107° 2.6x107*
Pb 11 220.353 Al 6.5x10°° 2.6x107*
Pb 11 261.418 Al 4.0x107° 0
Pb1283.306 Al 0 0
Ba II 455.403 Al 0 0
Ba 11 493.409 Al 0 0
Ba Il 233.527 Al 0 0
Ba II 493.409 Al 0 0
Pb11261.418 Al 4.0x107 0
Pb1283.306 Al 0 0
Ba I 455.403 Al 0 0

3.3. Detection limits in the determination of Pt, Pd,
Rh, Pb and Ba in catalytic automotive converters

Table 5 summarizes the selected analysis lines
from Table 4 and the true detection limits in [%]. The
detection limits, obtained under our experimental
conditions, satisfied the requirements of the practice.
Therefore, ICP-AES can be used for determination
of the Pd, Pt, Rh, Ba and Pb contents in samples of
catalytic automotive converters.

Table 5. Selected analysis lines and detection limits (in
%) with respect to the dissolved solid sample.

Best analysis lines, nm  Detection limits with respect to

the dissolved solid sample, %

Pt I1 203.646 7.0x107°
Pd 11 229.651 2.0x107*
Rh 11 233.477 6.4x107*
Pb11261.418 3.0x107*
Ba I1 455.403 3.0x10°°

3.4. Analysis of a sample of certified reference
material

The certified reference material SRM 2556 (for
Pt, Pd and Rh) was dissolved in accordance with the
decomposition procedure, described in Section 2.4.
The final solution was introduced into the ICP for
analysis. The results in the determination of Pt, Pd
and Rh contents were compared to the corres-
ponding certified values (Table 6). The selected pro-
minent lines were used as analysis lines (column 1).
The confidence intervals of the mean values for five

replicates (n = 5) and statistical confidence P = 95%
were calculated [52—-54]. Using Student’s criterion,
no statistical differences between the experimental
(column 2) and certified values (column 3) were
found.

Table 6. Contents of Pt, Pd and Rh (in %) obtained by JY
ULTIMA 2 ICP-AES (n = 5 replicates) in the analysis of
certified reference material SRM 2656 (column 2) and
the corresponding certified values (column 3).

Analysis line, JYULTIMA 2 ICP-AES Certified values

nm Concentration, (%)  Concentration, (%)
X+A X X+A X
(n=35,P=95%)
Pt 11 203.646 0.0692 + 0.007 0.06974 £ 0.0023
Pd 11 229.651 0.0324 + 0.003 0.0326 £ 0.0016
Rh I1233.477 0.00515 £0.001 0.00512 £ 0.0005

3.5. Analysis of samples of damaged catalytic
automotive converters

A damaged catalytic automotive converter was
submitted to us for analyses from Citroeén Company.
The analytical task requires the determination of Pt,
Pd, Rh, Ba and Pb contents in the material, sampled
from different parts of damaged catalytic auto-
motive converter (Section 2.3). The decomposition
method is described in Section 2.4. Table 7 lists the
concentration of Pt, Pd, Rh, Ba and Pb in the
material, sampled from different pats of catalytic
converter. The confidence intervals of the mean
values for five replicates (n = 5) and statistical
confidence level P = 95% were calculated [52—-54].

Table 7. Content of Pt, Pd, Rh, Ba and Pb material
sampled from different sections of the damaged catalytic
automotive converter.

Type of Content of elements, %
sample Pt Pd  Rh  Ba  Pb
Catalyst from 0.07+ 030+ 0.014+ 0.16+ 0.18%
the depositof  0.007  0.007  0.003 0.03  0.003
converter
Catalyst from 020+ 020+ 0.010 060+ 0.14+
the inlet of ~ 0.007  0.007  0.003 0.03 0.003
converter
Catalyst from 034+ 0.16% 0.008+ 073+ 0.02+
the outlet of ~ 0.007  0.007  0.003 0.03 0.003

converter

The results of Table 7 show that relatively high
concentrations of lead (catalytic poison) were found
in the catalyst samples. The conclusion based on the
analytical results was that this automotive catalytic
converter was deactivated as a result of utilization of
leaded-motor fuel. The catalytic poisoning with lead
causes a non-uniform longitudinal distribution (along
the catalyst bed) of platinum group elements and
barium. This is in accordance with the measure-
ments of the catalytic activity of the analyzed cata-
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lytic converters: the higher concentrations of lead
correspond to a lower catalytic activity and conse-
quently a greater mass of soot deposits at the con-
verters inlet (up to complete blocking of the
catalysts).

4. CONCLUSIONS

This work has shown that, in the analysis of
catalytic automotive converter, quantitative informa-
tion on the spectral interferences is essential. The Q-
concept, as proposed by Boumans and Vrakking
[40—41], was used for quantification of the spectral
interferences in the presence of aluminium as matrix
component (Table 4). By using a spectrometer with
practical spectral bandwidth of 5 pm (Table 1), it is
possible to select the “best” analysis lines for Pt, Pd,
Rh, Pb and Ba, which are free from line interference
(Table 4). In this case, the detection limits (Table 5)
do not significantly deteriorate when compared to
the detection limits obtained in pure solvent (Table
3).

Samples of a damaged catalytic automotive con-
verter were analyzed. The results show that rela-
tively high concentrations of lead (catalytic poison)
were found in the catalyst samples. Hence, this auto-
motive catalytic converter is deactivated as a result
of utilization of leaded-motor fuel. The catalytic
poisoning with lead causes a non-uniform longi-
tudinal distribution (along the catalyst bed) of
platinum group elements and barium.
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ATOMHA EMHUCHOHHA CIIEKTPOMETPYA C MHAYKTHBHO CBBP3AHA IUIASMA — U3BOP
HA AHAJIMTUYHU JIMHUN 1 TOYHOCT 11PU OITPEJEJISIHE HA TUIATUHA, ITAJIAIAN,
POINU, BAPUN 11 OJIOBO B ABTOMOBUWJIHU KATAJIM3ATOPU

I1. I1. Ietpora, C. B. Benuukos, M. I1. Xase3os, H. H. /lackanosa*

Hnemumym no obwa u neopeanuuna xumus, bvaeapcka akademus na nayxume,
yia. ,,Akao. I'. Bonueg ™, onox 11, 1113 Cogus

[octpnuna va 27 rouu 2008 r.; IIpepaborena Ha 15 okTtomBpu 2008 .

ATOMHAaTa eMUCHOHHA CIIEKTPOMETPHS C MHAYKTHBHO CBBbp3aHa Iula3Ma € IpUIIoXkKeHa 3a onpenessiHe Ha Pt, Pd, Rh,

Pb u Ba B aBTOMOOWIHM KaTaiu3aropd. Q-KOHLEMIUATA € M3MO0JI3BaHa 33 KOJMYECTBEHA OLICHKA HA CIIEKTPATHUTE
[peYeHHs, B MNPUCHCTBHE HA AIyMHUHHH, KaTO MaTpHYeH KOMIOHEHT. OmpenersieMUTe eJIeMEHTH-IPUMECH ca
W3BJIEYCHU OT MpoOUTE C Lapcka Bojga. TOYHOCTTA HA AQHAIUTHYHHUTE PE3YNTATH € JOKa3aHa eKCIIEPUMEHTAIHO ChC
ceprudummpan cTaHmapTeH oOpazer; — aBToMobOmieH karamm3aTtop SRM 2556, 3a ompenmensine Ha Pt, Pd u Rh.
AHanu3upaHy ca mpodu oT OTpoBeHM Karanusatopd. Onpenencnu ca enementure Pt, Pd, Rh, Pb u Ba. Hamepenu ca
OTHOCHMTEJIHO BUCOKH KOHIIEHTPAaLlMK Ha OJIOBO, KAaTO pe3yJiTaT OT OTpaBsHE Ha KaTaiu3aTopa. YCTaHOBEHO € U
HepaBHOMepHO pasmnpeaenenue Ha Pt, Pd u Rh no apmkunaTa Ha kaTanuzaropa.
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Synthesis of amino acid analogues of 10-methoxy dibenz[b,f]azepine
and evaluation of their radical scavenging activity
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A method for the synthesis of L-aminoacid (L-tyrosine, L-phenylalanine, L-hydroxyproline and L-threonine)
analogues of 10-methoxy-dibenz[b,f]lazepine is proposed. 10-Methoxy-dibenz[b,f]lazepine, as a basic molecule was
prepared by a known method. The key intermediate 3-chloro-1-(10-methoxy-5H-dibenz[b,f]azepine-5-yl)propan-1-one,
was obtained by N-acylation of 10-methoxy-dibenz[b,f]azepine with 3-chloro-propionylchloride. Further coupling of
the respective L-aminoacids was accomplished to produce 3-(4-hydroxyphenyl)-2-(3-(10-methoxy-5H-dibenz[b,f]
azepin-5-yl)-3-oxopropylamino)propanoic acid, 2-(3-(10-methoxy-5H-dibenz[b,f]azepin-5-yl)-3-oxopropylamino)-3-
phenyl-propanoic acid, 3-hydroxy-1-(3-(10-methoxy-5H-dibenz[b,f]azepin-5-yl)-3-oxopropyl)pyrrolidine-2-carboxylic
acid, and 3-hydroxy-2-(3-(10-methoxy-5H-dibenz[b,f]azepin-5-yl)-3-oxopropylamino)butanoic acid, respectively. The
synthesized compounds were evaluated in regard to their potential over the 1,1-diphenyl-2-picrylhydrazyl (DPPH) free
radical scavenging activity. Butylhydroxy anisole (BHA) and ascorbic acid (AA) were used as reference antioxidant
compounds and also a comparative study with the newly synthesized compounds was done. Under the present
experimental conditions, the analogues containing L-tyrosine, L-hydroxyproline and L-threonine, possess a direct
scavenging effect by trapping the stable DPPH free radical. L-Hydroxyproline analogues showed a significant radical
scavenging activity among the synthesized analogues. DPPH activity of the pure L-aminoacids was also determined and
a comparative study with the newly synthesized products was done. The DPPH activity of products was found to be
greater than that of the L-aminoacids.

Key words: 10-methoxy-5H-dibenz[b,f]azepine, 3-chloro-1-(10-methoxy-5H-dibenz[b,f]azepine-5-yl)propan-1-one,

L-aminoacids, radical scavenging activity.

INTRODUCTION

Free radicals and active oxygen species have
been related to cardiovascular and inflammatory
diseases, and even have a role in cancer and ageing
[1-2]. Efforts to counteract the damage caused by
these species are gaining acceptance as a basis for
novel therapeutic approaches and the field of
preventive medicines is experiencing an upsurge of
interest in medically useful antioxidants [3—4].

A series of compounds that can scavenge
radicals by trapping, initiating and/or propagating
radicals, are called ‘antioxidants’ [5]. In biological
systems, the definition for antioxidants has been
extended to any substance that when it is present in
low concentrations, compared to those of an
oxidisable substrate, significantly delays or prevents
oxidation of that substrate [6]. There is an
expanding quest for using antioxidative molecules
because they have the capacity to quench free
radicals, thereby protecting cells and tissues from
oxidative damage. Numerous natural or synthetic
antioxidant compounds have been tested with

* To whom all correspondence should be sent:
E-mail: drnaik _chem@yahoo.co.in

success in various disease models as well as in
clinics [7]. Antioxidants are now expected as the
drug candidate to combat these diseases. In the
literature some tricyclic amines and their chemical
structures shows antioxidant neuroprotective acti-
vity in vitro [8]. Nowadays, the free-radical sca-
venging mechanism of aromatic amines (Ar,NHs)
has been discussed from the view point of chemical
kinetics [9].

10-Methoxy-5H-dibenz[b,f]azepine 1, is common
basic fused tricyclic amine, which belongs to the
family of 5H-dibenz[b,f]azepine i.e., iminostilbene.
It is used as an intermediate for the synthesis of the
registered anticonvulsant drug oxcarbazepine [10],
the structure of which has recently been reported
[11]. Dibenz[b,flazepine and its derivatives have
been variously reported as having antiallergic
activity, specifically antihistaminic activity, spasmo-
lytic, serotonin antagonistic, anticonvulsive, anti-
emetic, antiepileptic, anti-inflammatory, sedative
and fungicidal action [12]. In our earlier studies, the
DPPH activity of the basic molecule i.e., 10-
methoxy-5H-dibenz[b,f]azepine, was determined and
reported [13]. From the studies, the basic molecule
possesses significant 1,1-diphenyl-2-picrylhydrazyl
(DPPH) activity, so further we plan to synthesize its
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new analogues and try to explore the radical sca-
venging activity by coupling different L-amino-
acids.

The research work on free radicals provides
theoretical information for the medicinal develop-
ment, and supplies some in vitro methods for quick-
optimizing drugs, it attracts more scientific attention
of bioorganic and medicinal chemists. In addition to
the traditional O-H bond type of antioxidant,
tricyclic amines having N-H bond function as
antioxidant have attracted much research attention
because Ar,NHs have always been the central
structure in many currently used drugs [14]. Usually
phenolic compounds were found to have antioxidant
and radical scavenging activity; they also inhibit
LDL oxidation [15-16]. In the literature aminoacids
and some of their derivatives were also found to
have antioxidant activity [17].

In the present study we have used a model
compound 3-chloro-1-(10-methoxy-5H-dibenz[b,f]
azepine-5-yl)propan-1-one to verify the possibility
of obtaining the L-aminoacid analogues of 10-
methoxy-dibenz[b,flazepine. Before coupling of
different L-aminoacids to the key intermediate, their
DPPH activity was evaluated. Since their structure
may justify a possible intervention in free radical
process we have selected some of the free L-
aminoacids to explore better the chemistry and the
biological activities. The L-aminoacid analogues of
10-methoxy dibenz[b,f]lazepine were synthesized
and their structure was established by chemical and
spectral analyses. The newly synthesized compounds
were investigated in regard to their in vitro DPPH
free radical scavenging potential and compared to
commercially available synthetic antioxidants
namely butylated hydroxyanisole (BHA) and
ascorbic acid (AA) and also with the L-aminoacids
(L-tyrosine, L-phenylalanine, L-hydroxyproline and
L-threonine). These studies reflect the possibility for
therapeutic uses and application as a source of
synthetic antioxidants.

CHEMISTRY

10-Methoxy-SH-dibenz[b,f]azepine 1, was syn-
thesized applying a known method [10]. The active
sites for the coupling of different L-aminoacids to
the basic molecule were less and also the methoxy
group in the basic molecule is an important group,
which can play an important role for the DPPH
activity. Hence we select the N-acylation reaction in
order to obtain the key intermediate in which the
coupling of different L-aminoacids can be done very
easily with simple experimental procedure with good
yield. Here in the key intermediate CICH,—CH,—

CO- plays an important role for the coupling of L-
aminoacids. In the present study aminoacids having
L-configuration were used for the coupling. The
synthesis of L-aminoacid analogues of 10-methoxy-
S5H-dibenz[b,f]azepine was realized in two steps. In
the first step, the key intermediate 3-chloro-1-(10-
methoxy-5H-dibenz[b,f]azepine-5-yl)propan-1-one
a, was prepared in good yield by N-acylation of 10-
methoxy-dibenz[b,f]lazepine with 3-chloro-propio-
nylchloride in the presence of triethyl amine as base
(Scheme 1). In the second step, further coupling of
respective L-aminoacid to the intermediate were
done to obtain the L-aminoacid analogues of 10-
methoxy-5H-dibenz[b,f]azepine b—e, (Scheme 2).

EXPERIMENTAL
Materials and methods

The following compounds and materials supplied
by Sigma Aldrich, were used: L-tyrosine, L-phenyl-
alanine, L-hydroxyproline, L-threonine and 5H-
dibenz[b,f]azepine. 3-Chloro-propionylchloride,
triethyl amine, benzene, methanol, chloroform,
diethyl ether, acetic acid, ethyl acetate, sodium
bicarbonate, anhydrous sodium sulphate were all of
analytical grade of purity and procured from Merck.
TLC aluminium sheets-silica gel 60 F,s4 were also
purchased from Merck.

The IR spectra were recorded on a FT-IR021
model in KBr disc. The 'H NMR spectra were
recorded on Jeol GSX 400 MHz spectrophotometer
using CDCl; as a solvent and the chemical shifts (5)
are in ppm relative to the internal standard. The
mass spectra were recorded on Waters-Q-TOF
Ultima spectrophotometer.

Synthesis of 3-chloro-1-(10-methoxy-5H-
dibenz[b,f]azepine-5-yl)propan-1-one

To the well stirred solution of 10-methoxy-
dibenz[b,f]azepine (2 mM) and triethyl amine (2.2
mM) in 50 ml benzene, 3-chloro-propionyl chloride
(2.2 mM) in 25 ml benzene was added drop by drop
for about 30 min. Then the reaction mixture was
stirred at room temperature for about 6 h. The
progress of the reaction was monitored by TLC
using 9:1 hexane:ethyl acetate mixture as mobile
phase. After the completion of reaction, the reaction
mass was quenched in ice cold water and extracted
in diethyl ether. The ether layer was washed twice
with 5% NaHCO; and once with distilled water.
Finally the ether layer was dried with anhydrous
Na,SO,4. The pale-brown semi solid product was
obtained by desolventation through rotary evapo-
rator at 50°C.
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3-Chloro-1-(10-Methoxy-5H-dibenz[b,f] azepine-
S-yl)propan-1-one, a. Pale brown semi solid, yield
86%. IRS (KBr) 2467.7-3321.6 (OH- carboxylic
acid), 1687.1 (C=0), 2835.7 and 2958.4 (CH,) cm ;
'H NMR (CDCl;) & 2.86 (t, 2, o C=0, 2H), 3.90 (t,
2, p C=0, 2H), 592 (s, 1, CH, 1H), 3.71 (s, 3,
OCHj, 3H), 7.19-7.81 (m, 7, Ar-H, 7H), 8.23 (d, 1,
Ar-H, 1H). MS (m/z, % abundance): 314 (M" 96),
312 (8), 310 (20), 308 (4), 316 (41). Anal. calc. for
CisHisCINO;,: C, 68.90; H, 5.14; N, 4.46; O, 10.20;
Found: C, 68.12; H, 5.19; N, 4.30; O, 10.36%.

Synthesis of 3-(4-hydroxyphenyl)-2-(3-(10-methoxy-
SH-dibenz[b,f]azepin-5-yl)-3-oxopropylamino)
propanoic acid

L-Tyrosine (1.2 mM) in methanol (25 mL) was
neutralized with triethyl amine (1.2 mM). To this
solution K,CO; (600 mg) was added. Later the
solution of 3-chloro-1-(10-methoxy-5H-dibenz[b,f]
azepine-5-yl)propan-1-one (1 mM) in methanol (50
mL) was added drop by drop for 30 min. The
reaction mixture was refluxed for 6-8 h. The
progress of the reaction was monitored by TLC. The
reaction mixture was then desolventized in a rotary
evaporator and the compound was extracted in ethyl
acetate. The ethyl acetate layer was washed with
water and dried over anhydrous Na,SO,. The brown
semi-solid was obtained by further desolventation in
a rotary evaporator at 50°C.

L-Phenylalanine, L-hydroxyproline and L-threo-
nine aminoacid analogues of 10-methoxy-dibenz
[b,flazepine were obtained by the same procedure.
The analogues were separated and purified by
column chromatography using mixture of chloro-
form/methanol/acetic acid 85:15:3. The products
were characterized by IRS, Mass spectroscopy, 'H
NMR and elemental analysis.

3-(4-hydroxyphenyl)-2-(3-(10-methoxy-5H-dibenz
[b.flazepin-5-yl)-3-oxopropylamino)propanoic acid,
b. Brownish semi-solid, Yield 73%; IRS (KBr):
3321.4 (N-H), 2339.4-3062.8 (OH- -carboxylic
acid), 1671.8 (C=0), 1599.3 and 1618.5 (CH,) cm ;
'H NMR (CDCls) &: 2.36 (d, 2, a C=0, 2H), 2.98 (d,
2, C=0, 2H), 5.92 (s, 1, CH, 1H), 3.7 (s, 3, OCHj,,
3H), 6.78-8.33 (m, 12, Ar-H, 12H), 9.40 (s, 1,
Ar-OH, 1H), 11.5 (s, 1, COOH, 1H), 2.40 (s, 1, NH,
1H), 4.1 (s, 1, CH, 1H), 3.11-3.40 (t, 2, CH,, 2H).
MS (m/z, % abundance): 458.31 (M 97), 468 (11),
457 (47), 456 (41), 455 (40). Anal. calcd. for
Cy7Hy6N,Os: C, 70.73; H, 5.72; N, 6.11; O, 17.45:
Found: C, 70.92; H, 5.12; N, 6.71; O, 17.25%.

2-(3-(10-methoxy-5H-dibenz[b,f] azepin-5-yl)-3-
oxopropylamino)-3-phenylpropanoic acid, c.
Brownish semi-solid , Yield 69%; IRS (KBr): 3318.0
(N-H), 2071.0-30628 (OH- carboxylic acid), 1675.9

(C=0), 1566.1 and 1620.3 (CH,) cm'; 'H NMR
(CDCly) 6: 2.36 (d, 2, a C=0, 2H), 298 (d, 2, B
C=0, 2H), 5.92 (s, 1, CH, 1H), 3.7 (s, 3, OCH3, 3H),
7.30-8.3 (m, 13, Ar—H, 13H), 11.5 (s, 1, COOH,
1H), 2.40 (s, 1, NH), 4.1 (t, 1, CH, 1H), 3.11-3.40
(t, 2, CH,, 2H). MS (m/z, % abundance): 458.31
(M" 29), 441 (25), 443 (20), 440 (62). Anal. calcd.
for Cy7H6N,04 C, 73.28; H, 5.92; N, 6.33; O, 14.46;
Found: C, 73.01; H, 5.87; N, 6.78; O, 14.94%.

3-hydroxy-1-(3-(10-methoxy-5H-dibenz[b,f]aze-
pin-5-yl)-3-oxopropyl)pyrrolidine-2-carboxylic
acid, d. Brownish semi-solid, yield 68%; IRS (KBr):
2311.4 and 3418.8 (OH- carboxylic acid), 1670.6
(C=0), 1566.3 and 1619.1 (CH,) cm'. 'H NMR
(CDCly) 6: 2.36 (d, 2, o C=0, 2H), 2.98 (d, 2, B
C=0, 2H), 5.92 (s, 1, CH, 1H), 3.7 (s, 3, OCH3, 3H),
7.19-7.81 (m, 7, Ar-H, 7H), 11.5 (s, 1, COOH, 1H),
1.72-1.95 (m, 2, CH,, 2H), 2.25-2.35 (q, 2, CH,,
2H), 3.80 (q, 1, CH, 1H), 3.31 (d, 1, CH, 1H). MS
(m/z, % abundance): 408 (M 61), 410 (45), 406 (2),
404 (2), 410 (10). Anal. caled. for Cy7HpN,O4: C,
73.28; H, 5.92; N, 6.33; O, 14.46; Found: C, 73.56;
H, 5.84; N, 6.28; O, 14.11%.

3-hydroxy-2-(3-(10-methoxy-5H-dibenz[b,f]aze-
pin-5-yl)-3-oxopropylamino)butanoic ~ acid, e.
Brownish semi-solid, yield 71%. IRS (KBr): 3308.8
(N-H), 2748.1-3066.4 (OH-carboxylic acid), 1676.8
(C=0), 1566.1and 1619.4 (CH,) cm'. 'H NMR
(CDCl3) 6: 2.36 (d, 2, a C=0, 2H), 298 (d, 2, B
C=0, 2H), 5.92 (s, 1, CH, 1H), 3.7 (s, 3, OCH3;, 3H),
7.19-7.81 (m, 7, Ar-H, 7H), 11.5 (s, 1, COOH, 1H),
5.1 (s, 1, OH, 1H), 4.1 (t, 1, CH, 1H), 1.22 (4, 3,
CH;, 3H), 3.65 (d, 1, CH, 1H). MS (m/z, %
abundance): 396 (M" 15), 397 (17), 399 (12), 400
(15). Anal. calcd. for C,3H,4N,0s: C, 67.63; H, 5.92;
N, 6.86; O, 19.59%; Found: C, 67.79: H, 5.89; N,
6.74; O, 19.01%.

Radical scavenging activity

In the present study, the newly synthesized
compounds were screened in regard to their DPPH
free radical scavenging activity. The DPPH evalua-
tion of different L-aminoacids (L-tyrosine, L-phe-
nylalanine, L-hydroxyproline and L-threonine) was
also carried out and a comparative study towards
newly synthesized products was also done. The
compounds under studies were dissolved in distilled
ethanol (50 mL) to prepare 1000 uM solution.
Solutions of different concentrations (10, 50, 100,
200 and 500 uM) were prepared by serial dilution
and the free radical scavenging activity was studied.

The DPPH radical scavenging effect was evalu-
ated according to the method first employed by
Blois [18]. Compounds of different concentrations
were prepared in distilled ethanol, 1 mL of each

75



H. V. Kumar et al.: Synthesis of aminoacid analogues of 10-methoxy dibenz[b,f]azepine

compound solution having different concentrations
(10, 50, 100, 200 and 500 uM). These were taken in
different test tubes, 4 mL of a 0.1 mM ethanol
solution of DPPH was added and shaken vigorously.
The tubes were then incubated in a dark room at
room temperature for 20 min. A DPPH blank was
prepared without any compound, and ethanol was
used for the baseline correction. Changes (decrease)
in the absorbance at 517 nm were measured using a
UV-visible spectrophotometer and the remaining
concentration of DPPH was calculated. The per-
centage decrease in the absorbance was recorded for
each concentration, and the percentage quenching of
DPPH was calculated on the basis of the observed
decrease in absorbance of the radical. The radical
scavenging activity was expressed as the inhibition
percentage and was calculated using the formula:

Radical scavenging activity = [(Ay— A41)/Ao]*100 ,

where A, is the absorbance of the control (blank,
without compound) and A4, is the absorbance of the
compound. The radical scavenging activities of
BHA and ascorbic acid were also measured and
compared with that of the newly synthesized
compound. The % DPPH activities for all the pure
L-aminoacids and newly synthesized compounds
were determined and showed in Figures 1 and 2. On
the other hand, the half inhibition concentration
(ICsp) for all the newly synthesized compounds and
L-aminoacids including the reference antioxidants
was calculated graphically using a linear regression
algorithm and showed in the Table 1.

RESULTS AND DISCUSSIONS

The key intermediate 3-chloro-1-(10-methoxy-
SH-dibenz[b,f]azepine-5-yl)propan-1-one was
prepared with a good yield by N-acylation reaction.
In practice, 10-methoxy SH-dibenz[b,f]lazepine and
3-chloro-propionyl chloride were mixed at 1:1.2
ratio. Triethylamine was used to maintain basic
conditions. The reaction was carried out for 6 h at
room temperature. The final product was separated
from the reaction mixture by washing the HCI salt
(precipitate) with distilled water and the compound
was extracted with diethyl ether. Further, it was
washed with 5% NaHCOj; to remove the remaining
quantity of acids. Then the organic phase was
separated and desolventized by vacuum-distillation
and finally the product was isolated through column
chromatography by using 9:1 hexane:ethyl acetate
mixture as mobile phase.

The direct inclusion of L-aminoacids to 10-
methoxy-5H-dibenz[b,f]lazepine was unfavourable,
because here the active sites for the direct inclusion

76

are less and the experimental procedure was
difficult, which leads to the major disadvantages for
direct coupling of L-aminoacid. So, to overcome
these problems, a key intermediate was needed to
couple L-aminoacid. Thus we synthesized 3-chloro-
1-(10-methoxy-5H-dibenz[b,f]azepine-5-yl)propan-
1-one, where the inclusion of L-aminoacids can be
done very easily with simple experimental proce-
dure resulting good yield.

Aminoacid analogues of 10-methoxy-5H-dibenz
[b,flazepine were obtained by reacting respective L-
aminoacid:3-chloro-1-(10-methoxy-5H-dibenz[b,f]
azepine-5-yl)propan-1-one = 1.2:1 mM. The res-
pective L-aminoacids were obtained dissolved in
methanol. 600 mg of anhydrous K,CO; was added
and stirred for 30 min. 3-Chloro-1-(10-methoxy-5H-
dibenz[b,f]azepine-5-yl)propan-1-one in methanol
was added drop by drop and refluxed for 6 h. The
reaction was monitored by TLC. The methanol
containing the final product was desolventized by
vacuum-distillation and the product was extracted
with ethyl acetate. Further, the ethyl acetate layer
was washed with water to remove K,CO; and dried
over anhydrous Na,SO,. Desolventation by vacuum-
distillation was done and the final product was
isolated by column chromatography by using chlo-
roform/methanol/acetic acid = 85: 15: 3 as mobile
phase.

The newly synthesized compounds were screened
in regard to their DPPH free radical scavenging
activity. The DPPH test provided information about
the reactivity of the tested compounds with a stable
free radical. Because of its odd electron, the DPPH
radical showed a strong absorption band at 517 nm
in visible light region (a deep purple color). As this
electron is paired off in the presence of a free radical
scavenger, the absorption band vanishes and the
resulting discolouration is stochiometric with respect
to the number of electrons taken up. This bleaching
of DPPH colouring, which occurs in the odd
electron of the radical is paired, thus it is repre-
sentative of the capacity of the compounds to
scavenge free radicals independently. Initially, before
coupling the L-aminoacids to the key intermediate
the DPPH activity for the respective L-aminoacids
was evaluated. Some comparative studies including
standard antioxidants and the newly synthesized
products were also done. Our study reveals that the
L-aminoacids have potential with respect to DPPH
activity showing slightly lower activity than the
products and standard antioxidants.

Figure 1 illustrates the DPPH activity — L-amino-
acids like L-tyrosine and L-hydroxyproline exhi-
bited good activity, L-threonine showed average
activity and L-phenylalanine showed negligible
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activity. All the L-aminoacids showed lower activity
than the standards like ascorbic acid and BHA.
Increase in activity was observed after coupling
these L-aminoacids to the intermediate. This may be
due to the presence of OCHj;, in the basic molecule.
Keeping standard antioxidants in mind, comparative
studies with the standard antioxidants (Ascorbic acid
and BHA) and the newly synthesized compound
were done. The DPPH free radical scavenging
ability of the newly synthesized compounds is
showed in Figure 2.

Radical scavenging activity (%)

10 50 100 200 500
Concentration ( pM/mL)

BL-Tyr BL-PA OL-HP BL-Thr BEAA 0OBHA
Fig. 1. DPPH free radical scavenging ability of respective
L-aminoacids. Values represent arithmetic means + SD (n
= 3). Where: L-Tyr = L-tyrosine, L-PA = L-
phenylalanine, L-HP = L-hydroxyproline, L-Thr = L-
threonine, AA = Ascorbic acid and BHA = Butylated
hydroxyanisole.

2 100 -
90 -
80 -
70
60 -
50 -
40 -
30 -
20 -
10

Radical scavenging activity (%

o
I
J

10 50 100 200 500

Concentration ( uM/mL)

Ba Ob Bc Bd BHe BEAA OBHA

Fig. 2. DPPH free radical scavenging ability of 3-chloro-
1-(10-methoxy-5H-dibenz[b,f]azepine-5-yl)propan-1-one
and its L-aminoacid analogues.

Values represent arithmetic means + SD (n = 3).

The notations are: a. 3-chloro-1-(10-methoxy-5H-dibenz
[b,flazepine-5-yl) propan-1-one; b. 3-(4-hydroxyphenyl)-
2-(3-(10-methoxy-5H-dibenz[b,f]azepin-5-yl)-3-oxopro-
pylamino) propanoic acid; c. 2-(3-(10-methoxy-5H-di-
benz[b,f]azepin-5-yl)-3-oxopropylamino)-3-phenyl-
propanoic acid; d. 3-hydroxyl-1-(3-10-methoxy-5H-
dibenz[b,flazepine-Syl)-3-oxopropyl)pyrrolidine-2-
carboxylic acid; e. 3-hydroxy-2-(3-(10-methoxy-5H-
dibenz[b,flazepin-5-yl)-3-oxopropyl amino)butanoic acid.
AA - ascorbic acid; BHA - butylated hydroxyanisole.

The half inhibition concentration (ICsy) for all
the L-aminoacids and newly synthesized compounds

including standard antioxidants is summarized in the
Table 1 and Table 2.

Table 1. 50% Inhibition of DPPH radical by L-aminoacid
including standard antioxidants. The sign (—) corresponds
to negligible activity. Values represent arithmetic means
+ SE (n = 3). AA - ascorbic acid; BHA - butylated
hydroxyanisole.

Compound ICsy, pM/mL
L-Tyrosine 47+40.90
L-Phenylalanine -
L-Hydroxyproline 4.1 +0.87
L-Threonine 176.0+ 1.2
AA 4.94 +£0.63
BHA 526 +0.87

Table 2. 50% inhibition of DPPH radical by 3-chloro-1-
(10-methoxy-5H-dibenz[b,f]azepine-5-yl)propan-1-one
and its L-aminoacid analogues. The sign (-) corresponds
to negligible activity. AA - ascorbic acid; BHA - butylated
hydroxyanisole.

Compound ICsp, uM/mL
a _
b 40+1.02
¢ —
d 2.9+0.92
e 160.0 £ 1.21
AA 494 +0.63
BHA 5.26 £0.87

ICsp - concentration required for 50% reduction of 0.1 mM DPPH
radical. Values represent arithmetic means + SE (n=3). The notations
are: a - 3-chloro-1-(10-methoxy-5H-dibenz[b,f]azepine-5-yl)propan-1-
one; b - 3-(4-hydroxyphenyl)-2-(3-(10-methoxy-5SH-dibenz[b,f]azepin-
5-yl)-3-oxopropylamino)propanoic acid; ¢ - 2-(3-(10-methoxy-5H-
dibenz[b,f]azepin-5-yl)-3-oxopropylamino)-3-phenylpropanoic acid;
d - 3-hydroxyl-1-(3-10-methoxy-SH-dibenz[b,f]azepine-5yl)-3-oxopro-
pyDpyrrolidine-2-carboxylic acid; e - 3-hydroxy-2-(3-(10-methoxy-
SH-dibenz[b,f]azepin-5-yl)-30xopropylamino)butanoic acid. AA -
Ascorbic acid; BHA - Butylated hydroxyanisole.

Initially the DPPH free radical scavenging
capacity of 3-chloro-1-(10-methoxy-5H-dibenz[b,f]
azepine-5-yl)propan-1-one a, was assessed and
found not to be effective. Consequently, molecules
with L-aminoacid groups were coupled to enhance
the radical scavenging activity effect. Analogues of
L-tyrosine b, L-hydroxyproline d, and L-threonine
e, aminoacids showed promising radical scavenging
activity with a major activity for L-hydroxyproline
analogues d. When L-tyrosine molecule is coupled
to  3-chloro-1-(10-methoxy-5H-dibenz[b,f]azepine-
5-yl)propan-1-one a, the activity will be enhanced
due to the presence of phenolic group. The activity
disappears due to the absence of —OH group in L-
phenylalanine. When L-hydroxyproline is coupled
to the intermediate, the RSA increases with a major
activity due to the presence of —OH group, attached
to the five member heterocyclic ring. May be the
presence of free —OH group in L-threonine showed
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the average activity over all the analogues. These
results showed the major importance of the L-
aminoacid substituent in DPPH free radical effects.
An increasing order of DPPH activity for the syn-
thesized compounds can be given as follows:
3-hydroxyl-1-(3-10-methoxy-5H-dibenz[b,f]aze-
pine-5yl)-3-oxopropyl)pyrrolidine-2-carboxylic
acid, d > 3-(4-hydroxyphenyl)-2-(3-(10-methoxy-
SH-dibenz[b,f]azepin-5-yl)-3-oxopropylamino)pro-
panoic acid, b > 3-hydroxy-2-(3-(10-methoxy-5H-
dibenz[b,f]azepin-5-yl)-3oxopropylamino)butanoic
acid, e > 2-(3-(10-methoxy-5H-dibenz[b,f]azepin-5-
yl)-3-oxopropylamino)-3-phenyl propanoic acid, ¢ >
3-chloro-1-(10-methoxy-5H-dibenz[b,f]azepine-5-yl)
propan-1-one, a. The synthesized compounds were
compared to internal standards (AA and BHA).
Among the synthesized compounds L-tyrosine ana-
logues b, showed almost equal activity compared to
standards and L-hydroxyproline analogues d, showed
more effective DPPH activity than the standards.

CONCLUSION

The method, proposed by us, reproduces the
synthesis of L-aminoacid analogues of 10-methoxy-
SH-dibenz[b,f]azepine. The synthesized compounds
were characterized with the help of spectroscopic
technique and were screened in regard to their
ability to DPPH radical scavenging activity. Based
on the biological assay it was found that the key
intermediate 3-chloro-1-(10-methoxy-5H-dibenz[b,f]
azepine-5-yl)propan-1-one a, showed no effect
towards DPPH activity, but the moiety of 3-chloro-
1-(10-methoxy-5H-dibenz[b,f]azepine-5-yl)propan-
1-one containing L-tyrosine b, L-hydroxyproline d,
and L-threonine e, showed promising DPPH radical
scavenging activity. However, L-hydroxyproline
analogue d, was found to have most effective radical
scavenging activity compared to the other analogues
and also internal standards (AA and BHA). The
comparative studies on DPPH activity of L-amino-
acids with the newly synthesized products reveal
that L-aminoacids possess lower DPPH activity
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compared to the respective products and the
standard antioxidants. Our study provides evidence
that several L-aminoacid analogues of 10-methoxy-
S5H-dibenz[b,f]azepine exhibit interesting direct
DPPH free radical activity. These effects may be
useful in the treatment of pathologies, in which free
radical oxidation plays a fundamental role.
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CHUHTE3 HA AMUHOKHWCEJIMHHU AHAJIO31 HA 10-METOKCU-ANBEH3[b,f]A3EITNH
U OIIEHKA HA TAXHATA AKTUBHOCT KATO AHTUOKCUJJAHTHU

X. B. Kymap, K. P. I'nanengpa, JI. Y. 'oyna, H. Hauk*

Henapmamenm no xumuynu uzcieosanus, Ynusepcumem na Maiicyp, Manacazaneompu,
Maiicyp 570 006, Kapnamaxa, Hnous

Hocrprnuna Ha 19 mait 2008 r.; IIpepaborena Ha 6 okromBpH 2008 T.
(Pesrome)

[Ipennoxen e merof 3a cuHTe3 HA L-amuHoKkucenuHHY (L-THpo3nHOB, L-pennnanannHoB, L-XUIpOKCUIIPOINHOB U
L-tpeonnnoB) anano3u Ha 10-mMeTokcu-nuoen3[b,flazermn. 10-Metokcu-nuoens3[b,f]asenuy kaTo OCHOBHA MOJIEKyJIa €
CHHTE3HpPaH MO M3BeCTeH MeToll. KIrto4oBOoTO MEXIUHHO chenuHeHne 3-xio0po-1-(10-meroxcu-SH-aubens[b,flazenmn-
S-um)nponaH-1-0oH e moydeHo upe3 N-ammupane Ha 10-merokcu-aubens[b,flazenuH ¢ 3-X10pO-IPOMHOHMIKIIOPHI.
[IpoBeneHo e mocnenBamo CABOSBAaHE HAa CHOTBETHUTE L-aMHHOKHCENMHH 1O MOJy4YaBaHE CHOTBETHO Ha 3-(4-
xuapokcudenmn)-2-(3-(10-merokcu-SH-qubdens[b,flazennn-5-ni)-3-0kCONPONMIaAMHUHO )IPOTIAHOBA  KUCeNnHa, 2-(3-
(10-meTokcu-5H-mnbens[b,flazenun-5-mi)-3-0KConponuiIaMuHo )-3-peHUIMPOIIaHOBa KUCeNIrnHa, 3-Xuapokcu-1-(3-(10-
merokcu-5SH-auoens[b,flazenun-5-ui)-3-0Kkconponui) IUpoIuAnH-2-KapOOKCHIIHA  KucelmuHa U 3-xunpokcu-2-(3-(10-
merokcu-5SH-auoens[b,flazenun-5-min)-3-okconponuiaMuuo )0yTaHoBa kucesnnHa. OleHeHa € akTHBHOCTTA Ha IMoJyde-
HUTE CHEJAWHEHHS KaTO AHTUOKCUIAHTH MO OTHomieHue Ha 1,1-mudenun-2-nmukpunxugpaswi (JPIIX) cBobomHu
panukanu. byrunxuapokcuanuzon (BXA) u ackopOuHOBa KHCENMHA ca W3IOJI3BaHU KAaTO CTAHJApTHU aHTHOKCHUAAHTH
1 € HallpaBeHO CPaBHEHHE C HOBOIOJIYYEHUTE CheANHEeHNUs. [Ipy n3noI3BaHuTe eKCIIEPUMEHTATHH YCIOBHSI, aHAJIO3UTE
chabpkany L-tupo3us, L-Xunpokcunponus u L-TpeoHnH nMar npsiko JeWCTBHE KaTo aHTH-OKCUIAHTH 4pe3 yJaBsiHe
Ha crabmmausg JJOIIX pammkan. L-XuapOKCHIIPONMHOBHTE aHAJO3M IOKAa3BAaT 3HAYUTEIHA AaKTHBHOCT KaTO aHTH-
OKCUJAHTU CPEJ CHUHTE3UpPAHUTE AaHANO3U. AKTUBHOCTTa Ha yHucTUTEe L-amuHOokucenuHu copsmo JADIIX ceuo e
OIICHEHAa W € CPaBHEHA C Ta3W Ha CHHTE3WPAHHUTE IPOTYKTH. YCTAHOBEHO €, Ye NMPOAYKTUTE IPOSBSBAT IO-BHCOKA
AQHTHOKCHJIAHTHA aKTHBHOCT CHPSAMO Ta3u Ha L-aMUHOKHCENNHUTE.
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One pot synthesis of dihydroisoxazoles via 1,3-dipolar cycloaddition of nitrile oxides
to allyl chloride
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Nitrile oxides derived from oxidative dehydrogenation of aldoximes by chloramine-T react with allyl chloride to
afford 5-(chloromethyl)-3-aryl-4,5-dihydroisoxazoles in good yields. All compounds were characterized by IR,

'H-NMR, and MS studies.

Key words: chloramine-T, nitrile oxide, dipolar cycloaddition, dihydroisoxazoles.

INTRODUCTION

Isoxazoles, isoxazolines, isoxazolidines and their
derivatives have been isolated from natural sources
or synthesized and individual compounds or closely
related group of compounds have been reported to
be active as herbicides, anti-protozoan drugs, hypo-
glycemic agents, anti-inflammatory agents or anti-
pyretic agents. The 4,5-dihydroisoxazoles are versa-
tile sources of the functional groups present in the
natural products and there is renewed interest in the
synthesis of these compounds via 1,3-dipolar cyclo-
addition of nitrile oxides to olefins. The 1,3-dipolar
cycloaddition reactions are a useful tool for con-
structing biologically potent five-membered hetero-
cyclic compounds [1]. Cycloaddition of nitrile oxide
to olefinic or acetylenic compounds is of synthetic
interest, since the obtained products are the versatile
intermediates for the synthesis of bifunctional com-
pounds [2]. Apart from the various dipolarophiles
known, nitrile oxides have been extensively used.

The synthesis of nitrile oxides usually involves
the oxidative dehydrogenation of aldoximes using
oxidants such as lead tetraacetate [3], alkalihypo-
halite [4], N-bromosuccinimide in DMF followed by
treatment with a base [5], chloramine-T [6],
mercuric acetate [7] or 1-chlorobenzotriazole [8] as
well as the reactions of nitro-compounds with aryl
isocyanate [9] and di-tert-butyl-dicarbonate in the
presence of N,N-dimethylaminopyridine [10].

In continuation of our earlier work on 1,3-dipolar
cycloaddition reactions, an attempt was made by
using allyl chloride as dienophile for the cycload-
dition of preformed nitrile oxides to obtain dihydro-
isoxazoles. The reactions were successfully carried

* To whom all correspondence should be sent:
E-mail: kmlrai@yahoo.com

out at 40°C for 2 h in ethanol and the dihydro-
isoxazoles were obtained in 50-65% yield.

RESULTS AND DISCUSSION

Various reactions have been reported with
isolated nitrile oxides and without isolation of nitrile
oxide, in this paper we report intramolecular cyclo-
addition of in situ generated nitrile oxide with ally
chloride afforded dihydroisoxazoles. In a typical
reaction, aldoxime, excess of allyl chloride, ethanol,
and chloramine-T were mixed together (Scheme 1).
Exothermic reaction was observed with the forma-
tion of a product, though no effort was made to
control this exothermic reaction. The reaction
mixture was then allowed to cool down to room
temperature, which after the usual processing gave
the product in 65% yield. The cycloaddition reac-
tions afforded 4,5-dihydroisoxazoles in good yields
(Table 1).

The reaction was investigated using alkene/nitrile
oxide ratios of 1:1, 2:1, 3:1 respectively, whereupon
the reactions at lower ratios gave poor yields and
polymerization of the nitrile oxide [11]. The fast
reaction of aldoximes with chloramine-T explains
why the reaction proceeds in the presence of olefinic
double bonds. The role of chloramine-T in these
transformations may be chlorination of aldoxime to
a hydroxamic acid chloride, followed by base cata-
lyzed HCI elimination. Although no blue colour was
detected in the reactions of aldoximes with chlor-
amine-T, we found that the treatment of cyclohexa-
none oxime with this reagent produced a blue colour
suggesting of formation of 1-chloro-1-nitrosocyclo-
hexane [12].
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Table 1. 5-(chloromethyl)-3-aryl-4,5-dihydroisoxazoles.
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Scheme 1.

EXPERIMENTAL SECTION

'H-NMR spectra were recorded on 400 MHz
Bruker AVANCE 400 spectrometer and “C-NMR
spectra were recorded on 100 MHz Bruker AVANCE
400 spectrometer, respectively, using TMS as an
internal standard. IR spectra were recorded on a
Perkin-Elmer FT/IR 100 spectrometer. Mass spectra
were recorded on ESI MS mass spectrometer. All
the reactions were monitored by thin layer chro-
matography (TLC). TLC was performed on Fyss,
0.25 mm silica gel coated plates (Merck). The plates
were eluated with appropriate solvent systems
prepared in the laboratory. The developed plates
were analysed under UV light 254 nm. Column
chromatography was performed using silica gel with
particle size 100-200 mesh.

General procedures for the synthesis

3-aryl-5-(chloromethyl)-4,5-dihydroisoxazole. A
mixture of aldoxime (10 mmol), ethanol (20 mL),
chloramine-T (12 mmol) and allyl chloride (10 mL)
was stirred at ambient temperature. An exothermic
reaction occurred and the temperature rises to 45°C.
After 30 min, the temperature was maintained at
40°C by heating in an oil bath for 2 h or till the
disappearance of oxime. After the completion of the
reaction, the solvent was evaporated in vacuum, and
the residual mass was extracted with ether (25 mL),
washed with water, 1 N NaOH solution (10 mL),
brine solution (10 mL) and dried over anhydrous
sodium sulphate. Evaporation of the solvent under
reduced pressure afforded a white mass, which was
purified by column chromatography over silica gel
using chloroform as eluent.

S-(chloromethyl)-3-phenyl-4,5-dihydroisoxazole
(4a). White solid; m.p. 53-55°C; IRS (KBr): 3060,
2956, 1697, 1598, 1447 cm'; 'TH-NMR (CDCl;) &:
3.32-3.38 (dd, J = 6.4 and 16.8 Hz, 1H), 3.47-3.54
(dd, J=10.4 and 16.8 Hz, 1H), 3.55-3.60 (dd, J =
7.6 and 11.2 Hz, 1H), 3.70-3.74 (dd, J = 4.4 and
11.2 Hz), 4.95-5.02 (m, 1H), 7.41-7.42 (m, 3H),
7.67-7.69 (m, 2 H); “C-NMR (CDCl;) 38.1, 51.6,
69.6, 128.2, 128.8, 131, 136, 156.2; ESI-MS m/z:
196 [M+17".

S-(chloromethyl)-3-(4-fluorophenyl)-4,5-dihydro-
isoxazole (4b). White solid; m.p. 65-67°C; IRS
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(KBr): 3074, 2928, 1694, 1602, 1446 cm'; 'H-
NMR (CDCl;) &: 3.32-3.38 (dd, J = 6.4 and 16.8
Hz, 1H), 3.47-3.54 (dd, J = 10.4 and 16.8 Hz, 1H),
3.55-3.60 (dd, J = 7.6 and 11.2 Hz, 1H), 3.70-3.74
(dd, J = 4.4 and 11.2 Hz), 4.95-5.02 (m, 1H), 7.29—
7.36 (m, 2H), 7.62—7.81 (m, 2H); *C-NMR (CDCl;)
38.1, 51.6, 69.6, 115.6, 126, 129.5, 156.2, 165.2;
ESI-MS m/z: 214 [M+1]".
5-(chloromethyl)-3-(2-methoxyphenyl)-4, 5-dihyd-
roisoxazole (4¢). White solid; m.p. 80-85°C; IRS
(KBr): 3067, 2933, 1689, 1604, 1449 cm'; '"H-NMR
(CDCl3) &: 3.32-3.38 (dd, J = 6.4 and 16.8 Hz, 1H),
3.47-3.54 (dd, J=10.4 and 16.8 Hz, 1H), 3.55-3.60
(dd, J=7.6 and 11.2 Hz, 1H), 3.70-3.74 (dd, J=4.4
and 11.2 Hz), 3.83 (s, 3H), 4.95-5.02 (m, 1H), 6.95—
7.01 (m, 1H), 7.22-7.26 (m, 1H), 7.39-7.50 (m,
2H); “C-NMR (CDCl;) 384, 51.6, 55.8, 69.6,
111.2,117.2,121.1, 131.7, 132, 156.2; ESI-MS m/z:
226 [M+17".
5-(chloromethyl)-3-(4-methoxyphenyl)-4,5-dihyd-
roisoxazole (4d). White solid; m.p. 75-76°C; IRS
(KBr): 3068, 2932, 1690, 1607, 1445 cm'; 'H-
NMR (CDCl;) &: 3.32-3.38 (dd, J = 6.4 and 16.8
Hz, 1H), 3.47-3.54 (dd, J = 10.4 and 16.8 Hz, 1H),
3.55-3.60 (dd, J = 7.6 and 11.2 Hz, 1H), 3.70-3.74
(dd, J = 4.4 and 11.2 Hz), 3.83 (s, 3H), 4.95-5.02
(m, 1H), 7.03-7.08 (m, 2H), 7.89-7.93 (m, 2H);
BC-NMR (CDCl;) 38.1, 51.6, 55.8, 69.6, 114.4,
122.7,128.7, 156.2, 162.9; ESI-MS m/z: 226 [M+1]".
5-(chloromethyl)-3-(4-chlorophenyl)-4,5-dihydro-
isoxazole (4e). White solid; m.p. 95-97°C; IRS
(KBr): 3072, 2937, 1695, 1609, 1447 cm™'; "H-NMR
(CDCl;) 8: 3.32-3.38 (dd, J = 6.4 and 16.8 Hz, 1H),
3.47-3.54 (dd, J=10.4 and 16.8 Hz, 1H), 3.55-3.60
(dd, J=7.6 and 11.2 Hz, 1H), 3.70-3.74 (dd, J=4.4
and 11.2 Hz), 4.95-5.02 (m, 1H), 7.50-7.56 (m,
2H), 7.95-7.99 (m, 2H); “C-NMR (CDCl;) 38.1,
51.6, 69.6, 128.2, 128.5, 136.6, 156.2; ESI-MS m/z:
230 [M+17".
5-(chloromethyl)-3-(3-phenoxyphenyl)-4,5-dihyd-
roisoxazole (4f). White solid; m.p. 85-86°C; IRS
(KBr): 3077, 2942, 1698, 1606, 1449 cm'; '"H-NMR
(CDCl;) 8: 3.26-3.32 (dd, J = 6.4 and 17.2 Hz, 1H),
3.42-3.49 (dd, J=10.4 and 17.2 Hz, 1H), 3.53-3.58
(dd, J=7.2 and 11.2 Hz, 1H), 3.67-3.71 (dd, J=4.4
and 12 Hz, 1H), 4.93-5.0 (m, 1H), 6.99-7.06 (m,
3H), 7.1-7.14 (m, 1H), 7.32-7.39 (m, 5H); “C-
NMR (CDCl;) 38.1, 51.6, 69.6, 116.5, 118.9, 121.2,
121.3, 128.4, 128.5, 133.7, 156.2, 157, 157.1; ESI-
MS m/z: 288 [M+1]".
3-(3-bromophenyl)-5-(chloromethyl)-4,5-dihyd-
roisoxazole (4g). White solid; m.p. 80-83°C; IRS
(KBr): 3075, 2941, 1695, 1606, 1449 cm'; 'H-
NMR (CDCl;) &: 3.26-3.32 (dd, J = 6.4 and 17.2
Hz, 1H), 3.42-3.49 (dd, J = 10.4 and 17.2 Hz, 1H),
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3.53-3.58 (dd, J = 7.2 and 11.2 Hz, 1H), 3.67-3.71
(dd, J = 4.4 and 12 Hz, 1H), 4.93-5.0 (m, 1H),
7.39-7.42 (m, 1H), 7.54-7.59 (m, 1H), 7.97-7.98
(m, 2H); “C-NMR (CDCl;) 38.1, 51.6, 69.6, 123,
126.6, 127.2, 129.8, 133.9, 136.2, 156.2; ESI-MS
m/z: 275 [M+1]".

S-(chloromethyl)-3-(3-chlorophenyl)-4,5-dihydro-
isoxazole (4h). White solid; m.p. 77-79°C; IRS
(KBr): 3074, 2940, 1696, 1605, 1445 cm™'; '"H-NMR
(CDCl;) &: 3.26-3.32 (dd, J = 6.4 and 17.2 Hz, 1H),
3.42-3.49 (dd, J=10.4 and 17.2 Hz, 1H), 3.53-3.58
(dd,J=7.2and 11.2 Hz, 1H), 3.67-3.71 (dd, J=4.4
and 12 Hz, 1H), 4.93-5.0 (m, 1H), 7.44-7.54 (m,
2H), 7.8-7.92 (m, 2H); “C-NMR (CDCl;) 38.1,
51.6, 69.6, 126.3, 129.2, 130.2, 131.1, 134.4, 135.4,
156.2; ESI-MS m/z: 231 [M+1]".

S-(chloromethyl)-3-(4-fluoro-3-phenoxyphenyl)-
4,5-dihydroisoxazole (4i). White solid; m.p. 85-87°C;
IRS (KBr): 3073, 2941, 1698, 1604, 1448 cm™'; 'H-
NMR (CDCl;) &: 3.26-3.32 (dd, J = 6.4 and 17.2
Hz, 1H), 3.42-3.49 (dd, J = 10.4 and 17.2 Hz, 1H),
3.53-3.58 (dd, J = 7.2 and 11.2 Hz, 1H), 3.67-3.71
(dd, J = 4.4 and 12 Hz, 1H), 4.93-5.0 (m, 1H),
7.12-7.19 (m, 3H), 7.3-7.42 (m, 3H), 7.51-7.55 (m,
1H), 7.62-7.65 (m, 1H); “C-NMR (CDCl;) 38.1,
51.6, 69.6, 115.3, 118.1, 118.9, 121.8, 122.6, 128.4,
129.3, 143.2, 156.2, 157, 157.6; ESI-MS m/z: 306
[M+17".

S-(chloromethyl)-3-(3,4,5-trimethoxyphenyl)-4, 5-
dihydroisoxazole (4j). White solid; m.p. 96-99°C;
IRS (KBr): 3078, 2945, 1699, 1610, 1449 cm™'; 'H-
NMR (CDCl;) &: 3.26-3.32 (dd, J = 6.4 and 17.2
Hz, 1H), 3.42-3.49 (dd, J = 10.4 and 17.2 Hz, 1H),
3.53-3.58 (dd, J = 7.2 and 11.2 Hz, 1H), 3.67-3.71
(dd, J = 4.4 and 12 Hz, 1H), 3.83 (s, 9H), 4.93-5.0
(m, 1H), 6.95 (dd, 2H); "C-NMR (CDCl;) 38.1,
51.6, 56.1, 60.8, 69.6, 106.6, 128.3, 141.5, 153.2,
156.2; ESI-MS m/z: 286 [M+1]".
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3-(4-Chloro-3-methyl)benzoylpropionic acid and 3-(4-chloro-3-methyl)benzoylprop-2-enoic acid reacted with
hydrazine hydrate under conventional and microwave irradiation conditions in the absence of solvents to afford 6-(4-
chloro-3-methyl)phenyl-(2H)-4,5-dihydropyridazine-3-one and 6-(4-chloro-3-methyl)phenyl-(2H)-pyridazine-3-one in
good yields. The oxidation of dihydropyridazinone with Br,/AcOH gave 6-(4-chloro-3-methyl)phenyl-(2H)-pyridazine-
3-one. 6-(4-Chloro-3-methyl)phenyl-(2H)-4,5-dihydropyridazine-3-one reacted with ethyl bromoacetate under micro-
wave irradiation in polyethyleneglycol to give 6-(4-chloro-3-methyl)phenyl-2-carbethoxymethyl dihydropyri-dazine-3-
one, which further reacted with hydrazine hydrate under microwaves to give the corresponding hydrazide. The
hydrazide reacted with certain aldehydes namely benzaldehyde, p-nitrobenzaldehyde, 3,4,5-trimethoxybenzaldehyde,
piperonal and 2-hydroxynaphthaldehyde in DMF under microwave irradiation to give the corresponding hydrazones.

Key words: pyridazinone, microwave, condensation reaction, hydrazones.

INTRODUCTION:

The present day industrialization has led to
immense environmental quality deterioration. The
increasing environmental consciousness throughout
the world has put a pressing need to develop an
alternative synthetic approach for biological and
synthetic important compounds. This requires a new
approach, which will reduce the material and energy
consumption of chemical process and products,
minimize or eliminate the emission of harmful che-
micals in the environment in a way that improves
the environmentally benign approach and meet the
challenges of green chemistry [1]. There is a con-
siderable current interest in organic reactions under
microwave irradiation [2]; it provides advantage [3—
6] with respect to reducing reaction time, and
increasing product yields, when compared to con-
ventional heating. Pyridazinones have anti-hyper-
tensive activity [7, 8], analgesic and anti-inflamma-
tory activity [9].

In this work, the author sought to investigate the
effect of microwave irradiation on the synthesis of
some pyridazinones and some hydrazones.

RESULTS AND DISCUSSION

Microwave irradiation using commercial domestic
ovens in the absence of solvent is very efficient to
synthesize  6-(4-chloro-3-methyl)phenyl-(2H)-4,5-
dihydropyridazin-3-one 3 and  6-(4-chloro-3-
methyl)phenyl-(2H)-pyridazin-3-one 4 from 3-(4-

* E-mail: douda56(@yahoo.com

chloro-3-methyl)benzoylpropionic acid 1 and 3-(4-
chloro-3-methyl)benzoylprop-2-enoic acid 2 and
hydrazine hydrate, respectively, giving rise to
remarkable rate enhancements (Table 1).

The authentic sample of the pyridazinone deri-
vative 4 was prepared by the oxidation of the
dihydropyridazinone 3 with Br,/AcOH.

CH2COOEt

N \
ol N/N © N o
ArCOCH,CH,COOH ————» ‘ BrCH,COOEt N‘
K,CO5/acetone
0 05
Ar
3) )

Ar

ArCOCH=CHCOOH
2

\NJ—Q

‘ Br,/AcOH

@
Ar=C¢H,CHy(3)CI(4)

Scheme 1.

The microwave-assisted reaction was also
examined in the absence of solvent and using
various reaction media such as n-butanol and poly-
ethyleneglycol (PEG) [10, 11] to prepare 6-(4-
chloro-3-methyl)phenyl-2-carboethoxymethyl-4,5-
dihydropyridazin-3-one S by the reaction of 6-(4-
chloro-3-methyl)phenyl-(2H)-4,5-dihydropyridazine-
3-one 3 with ethyl bromoacetate in the presence of
K,CO:;. The reaction in the absence of solvent and in
n-butanol did not occur. The development of PEG
eliminates the need of volatile organic solvents. This
reaction [12] was also carried out by the conven-
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tional method in the presence of K,CO; in acetone
to yield the same compound 5.

The reaction of the 6-(4-chloro-3-methyl)phenyl-
2-carboethoxymethyl-4,5-dihydropyridazin-3-one 5
with hydrazine hydrate to afford 6-(4-chloro-3-
methyl)phenyl hydrazinocarbomethyl-4,5-dihydro-
pyridazin-3-one 6 was achieved under neat reaction
conditions (solvent free) and it showed a yield
improvement and a time saving with respect to the
conventional method (Table 1).

N,N-Dimethylformamide was used as a reaction
medium in the synthesis of the aldehyde hydrazones
7(a-e) by the reaction of 6-(4-chloro-3-methyl)-
phenyl hydrazinocarbomethyl-4,5-dihydropyridazin-
3-one 6 with several aldehydes namely benzal-
dehyde, p-nitrobenzaldehyde, 3,4,5-trimethoxybenz-
aldehyde, piperonal and 2-hydroxynaphthaldehyde.
Irradiated by microwave, the reactions were com-
pleted at 360-630 W in 4-10 minutes, in contrast to
the conventional method that needed 3—6 h.

(|3H2CONHNH=CHAF'
N (0}
N/ N _N o
| + AfCHO —— » |
Ar Ar
6
© @

Ar' a=CgHj
b= CgHsNO,(4)-
¢ =C4H5(Me0)(34,5.)-

-

e=C, H4(OH)(2)-

THQCONHNHz

Ar=C H,CH,(3)CI(4)

Scheme 2.

The structures of all the compounds have been
confirmed by spectroscopic studies.

Table 1. Yield and reaction time interval in the synthesis
of compounds 3, 4, 5 and 6.

EXPERIMENTAL

All microwave reactions were carried out in a
domestic microwave oven. All melting points were
uncorrected. The IR spectra were recorded in KBr
on FTIR Matteson Spectrometers. The 'H NMR
spectra were measured on Varian Gemini 200 MHz
instrument with chemical shift (3) expressed in ppm
downfield from TMS. The mass spectra were
recorded on Shimadzu GC-MS-QP 1000 Ex instru-
ment at 70 eV. TLC was run using TLC aluminium
sheets silica gel F,s4 (Merck).

Synthesis of 6-(4-chloro-3-methyl)phenyl-(2H)-4,5-
dihydropyridazin-3-one (3) and 6-(4-chloro-3-
methyl)phenyl-(2H)-pyridazin-3-one (4)

(A) By conventional heating. A mixture of the
acids 1 and/or 2 (0.01 mol) and hydrazine hydrate
(0.01 mol, 99%) in ethanol (30 ml) was refluxed for
6 h. The solid that separated out after concentration
and cooling down was filtered off and recrystallized
from ethanol to give the expected pyridazinone 3
and 4, respectively.

(B) By microwave irradiation. A mixture of the
acids 1 and/or 2 (0.01 mol) and hydrazine hydrate
(0.01 mol) was irradiated with microwaves at P =
540 W and time 2—5 min (Table 1). The solid that
was obtained was recrystallized from ethanol to give
the expected pyridazinone 3 and 4, respectively.

(C) By oxidation. A stirred solution of 3 (0.01
mol) in glacial acetic acid was heated up to ~ 60—
70°C and then treated portion wise with bromine
(0.01 mol) for 15 min. The mixture was stirred
further for 3 h and poured into ice water. The sepa-
rated solid was filtered and recrystallized from
ethanol.

Table 2. Yield and reaction time interval in the synthesis
of compounds 7(a—e).

Comp. Yield A* Microwave irradiation (neat conditions)

Comp. Yield A* Microwave irradiation

No. % Time, min Power, W Yield B*, % No. % Time, min Power, W Yield B*, %

3 86.0 2 540 86.48 7a 99 4 360 -
5 540 99.00 5 450 -

4 95.9 2 540 79.59 8 630 99
3 540 85.7 7b 83.3 4 360 33

5 540 99.00 5 630 99
5 80 30 360 90.00 7c 60 4 360 -

6 65 4 450 15 5 630 99
5 540 30 7d 83 4 360 -

10 540 80 6 450 70

* A - Conventional heating; B - Microwave irradiation. 10 450 78
Te 16 4 360 -

8 630 40

* A - Conventional heating; B - Microwave irradiation.
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6-(4-Chloro-3-methyl)phenyl-(2H)-4,5-dihydro-
pyridazin-3-one (3): M.p. 159-62°C; ethanol. IRS
cm ': 1590 (C=C), 1612 (C=N), 1683 (C=0), 3448
(NH). '"H NMR (DMSO) &: 2.3 (s, 3H, Me), 2.4-2.5
(t, 2H, CH, pyridazinone ring - to C=0), 2.91-2.99
(t, 2H, CH,; pyridazinone ring a- to C=0), 7.4-7.7
(m, 3H, Ar—H) and 10.9 (s, 1H, NH).

6-(4-Chloro-3-methyl)phenyl-(2H)-4,5-pyridazin-
3-one (4): M.p. 228-30°C; ethanol; IRS cm™: 1590
(C=C), 1615 (C=N), 1664 (C=0), 3217 (NH), 3423
(OH). 'H NMR (DMSO) &: 2.3 (s, 3H, Me), 6.94—
6.96 (d, 1H, CH- B- to C=0), 6.99-7.0 (d, 1H, CH-
a- to C=0), 7.4-8.0(m, 3ArH), 12.8 (s, 1H, NH).

Synthesis of 6-(4-chloro-3-methyl)phenyl-2-carbo-
ethoxymethyl-4,5-dihydropyridazin-3-one (5).

(A) By conventional heating. A mixture of the
pyridazinone 3 (0.01 mol) ethyl bromoacetate (0.04
mol) anhydrous potassium carbonate (0.04 mol) and
acetone (60 ml) was refluxed for 48 h on a water
bath. The solvent was then evaporated and the
reaction mixture was poured into water. The
separated solid was filtered off, dried and recrystal-
lized from petroleum ether (b.p. 40—-60°C).

(B) By microwave irradiation. A mixture of the
pyridazinone 3 (0.01mol), ethyl bromoacetate (0.04
mol) anhydrous potassium carbonate (0.04 mol) and
PEG600 (2 ml) was mixed well and the contents
were then heated in a microwave oven at P =360 W
for 30 min. After cooling down, the product was
extracted with diethyl ether to afford compound 5
after evaporation. The separated solid was recrystal-
lized from petroleum ether (b.p. 40—-60°C).

Compound 5: m.p. 98-100°C; petroleum ether
b.p. 40-60°C. IRS cm': 1230 (C-0), 1615 (C=C),
1630 (C=N), 1740 (C=0). 'H NMR (DMSO) &:
1.26-1.31 (t, 3H, COOCH,CHs;), 2.4 (s, 3H, CH;
attached to the ring), 2.65-2.69 (t, 2H, CH,— B- to
C-0), 2.99-3.01(t, 2H, CH,— a- to C-0), 4.21-4.23
(g, 2H, —-COO-CH,CHj), 4.59 (s, 2H,
OCH,COOCH,CH3;) and 7.37-7.83 (m, 3Ar-H).

Synthesis of 6-(4-chloro-3-methyl)phenyl
hydrazinocarbomethyl-4,5-dihydrazin-3-one 6.

(A) By conventional heating. 6-(4-Chloro-3-
methyl)phenyl-N-carboethoxymethyl-4,5-dihydro-
pyridazin-3-one 5 (0.01 mol) was dissolved in
ethanol (30 ml), the hydrazine hydrate (0.01 mol,
99%) was added and then the reaction mixture was
refluxed for 5 h. The separated solid after concen-
tration was filtered off and recrystallized from
ethanol.

(B) By microwave irradiation. A mixture of the
ester 5 (0.01 mol) and hydrazine hydrate (0.01 mol)
was irradiated with microwaves at P =450 W, t=4
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min, P =540 W, t =5 min and t = 10 min (Table 1)
to give the hydrazide 6 with different yields. The
solid that obtained was crystallized from ethanol.
Compound 6: m.p. 199-200°C; ethanol. IRS cm:
1523 (C=C), 1648 (C=0), 1668 (C=0 pyridazinone
ring) and 3314 (NH). '"H NMR (DMSO) &: 2.3 (s,
3H, CH,), 2.4 (s, 2H, NH;), 2.50-2.59 (t, 2H, CH,—
B- to C=0), 2.9-3.0 (t, 2H, CH,— a- to C=0), 4.3 (s,
2H, CH,CO), 7.3-7.7 (m, 3 Ar-H) and 9.1 (s, 1H,
NH). MS m/z: 294 (M™ 16.7), 296 (M™ + 2, 6.4),
263 (36.8), 235 (100), 236 (8.5), 208 (8.7), 206
(7.3), 172 (17.0), 89 (12.8), 82 (6.7), 55 (45.7).

Synthesis of 6-(4-chloro-3-methyl)phenylarylidene
hydrazinocarbomethyl-4,5-dihydropyridazin-3-one
7(a-e)

(4) By conventional heating. A mixture of 6-(4-
chloro-3-methyl)phenyl hydrazinocarbomethyl-4,5-
dihydropyridazin-3-one 6 (0.01 mol) and aromatic
aldehydes namely benzaldehyde, p-nitrobenzalde-
hyde, 3,4,5-trimethoxybenzaldehyde, piperonal and
2-hydroxynaphthaldehyde (0.01 mol) in DMF or
ethanol (30 ml) was refluxed for 3—6 h. The solid
that separated out after concentration and cooling
down was filtered off and recrystallized from the
proper solvent.

(B) By microwave irradiation. A mixture of the
hydrazide 6 (0.01 mol) and the aromatic aldehydes
namely benzaldehyde, p-nitrobenzaldehyde, 3,4,5-
trimethoxybenzaldehyde, piperonal and 2-hydroxy-
naphthaldehyde (0.01 mol) was wetted with DMF
and irradiated with microwaves at P = 360-630 W, t
= 4-10 min (Table 2) to give the corresponding
aldehyde hydrazones 7(a—e), which were recrystal-
lized from the proper solvent.

6-(4-Chloro-3-methyl)phenylbenzylidenehydra-
zinocarbomethyl-4,5-dihydropyridazin-3-one 7a:
m.p. 210-12°C; ethanol. IRS cm: 1580 (C=C),
1610 (C=N), 1658 (C=0), 1692 (C=0, pyridazinone
ring) and 3447 (NH). '"H NMR (DMSO) &: 2.3 (s,
3H, CHj;), 2.5-2.6 (t, 2H, CH,p-to C=0), 2.9-3.0 (t,
2H, CH; a-to C=0), 4.8 (s, 2H, CH,CON), 7.4-8.0
(m, 8Ar—-H), 8.2 (s, 1H, N=CH) and 11.5 (s, 1H,
NH). MS m/z: 382 (M™, 18.6), 384 (M"™ + 2, 10.6),
263 (19.5), 265 (8.3), 264 (3.9), 235 (81.7), 237
(26.3), 236 (24.4), 208 (30.1), 207 (23.8), 206 (3.6),
172 (18.5), 120 (3.0), 89 (26.2), 82 (1.8), 55 (100),
57 (6.3), 56 (22.5), 54 (6.6) and 36 (17.2).

6-(4-Chloro-3-methyl)phenyl-p-nitrobenzylidene-
carbomethyl-4,5-dihydropyridazin-3-one 7b: m.p.
260-62°C; DMF. IRS cm': 1586 (C=C), 1615
(C=N), 1660 (C=0), 1693 (C=0, pyridazinone ring)
and 3448 (NH). '"H NMR (DMSO) &: 2.3 (s, 3H,
CH;), 2.5-2.6 (t, 2H, CH, B- to C=0), 2.8-3.0 (t,
2H, CH; a- to C=0), 4.9 (s, 2H, CH,CON), 7.4-8.2
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(m, 7 Ar—H), 8.3 (s, 1H, N=CH) and 11.9 (s, 1H,
NH). MS m/z: 427 (M™ 9.3), 429 (M™ + 2, 4.9), 264
(6.2), 263 (14.9), 235 (70.9), 236 (34.9), 234 (85.9),
208 (25.0), 206 (21.8), 171 (18.1), 172 (15.9), 82
(4.9), 89 (25.6), 63 (25.9), 55 (100), 57 (10.6), 56
(31.9) and 54 (99.4).
6-(4-Chloro-3-methyl)phenyl-2, 3, 5-trimethoxy-
benzylidenehydrazinocarbomethyl-4,5-dihydropyri-
dazin-3-one Te: m.p. 216-18°C; acetic acid. IRS
cm ': 1581 (C=C), 1615 (C=N), 1661 (C=0), 1687
(C=0, pyridazinone ring) and 3270 (NH). '"H NMR
(DMSO) 6: 2.3 (s, 3H, CH3;), 2.4-2.5 (t, 2H, CH, B-
to C=0), 2.9-3.0 (t, 2H, CH, a- to C=0), 3.6 (s, 3H,
OCH; p-), 3.8 (s, 6H, OCH; m-), 49 (s, 2H,
CH,CON), 7.0-7.9 (m, 5Ar-H), 8.1 (s, IH, N=CH)
and 11.5 (s, 1H, NH). MS m/z: 472 (M 16.8), 474
M™ + 2, 7.0), 263 (13.5), 235 (71.4), 236 (20.9),
208 (27.4), 206 (6.2), 172 (17.7), 82 (5.3), 55 (100)
and 54 (6.1).
6-(4-Chloro-3-methyl)phenylpiperonylidene-
hydrazinocarbomethyl-4,5-dihydropyridazin-3-one
7d: m.p. 228-230°C; acetic acid. IRS cm ' 1580
(C=0), 1600 (C=N), 1670 (C=C), 1692 (C=0, pyri-
dazinone ring) and 3443 (NH). '"H NMR (DMSO) &:
2.3 (s, 3H, CH3), 2.3-2.5 (t, 2H, CH,— B- to C=0),
2.9-3.1 (t, 2H, CHy- o~ to C=0), 4.8 (s, 2H,
CH,CON), 6.0 (s, 2H, O—CH,—0), 6.9-7.9 (m, 6
Ar-H), 8.4 (s, 1H, N=CH) and 11.4 (s, 1H, NH).
MS m/z: 426 (M 16.8), 306 (11.9), 235 (62.7), 236
(29.8), 208 (32.9), 84 (9.6), 55 (100) and 54 (15.9).
6-(4-Chloro-3-methyl)phenyl-2-hydroxynaphthy-
lidenehydrazinocarbomethyl-4,5-dihydropyridazin-
3-one 7e: m.p. 220-22°C; ethanol. IRS cm': 1599
(C=C), 1624 (C=N), 1665 (C=0), 1693 (C=0 pyri-
dazinone ring) and 3426 (NH). '"H NMR (DMSO) &:
2.3 (s, 3H, CHj), 2.4-2.5 (t, 2H, CH, B- to C=0),
2.57-2.65 (t, 2H, CH; a- to C=0), 4.9 (s, 2H,
CH,CON), 7.1-9.2 (m, 9 Ar-H), 8.0 (s, 1H, N=CH),

11.5 (s, 1H, NH) and 12.4 (s, 1H, OH). MS m/z: 448
(M™ 29.5), 450 (M™ + 2, 13.8), 263 (19.3), 235
(87.9), 236 (17.9), 208 (36.3), 207 (21.2), 172
(21.3), 55 (100), 57 (14.2), 56 (22.2) and 54 (8.9).

CONCLUSION

Microwave irradiation is very efficient energy
source and it can be used to reduce significantly the
reaction times of numerous organic reactions. More-
over, microwaves can lead to improvement of iso-
lated yields compared to conventional technology.
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KOHJIEH3ALIMS HA XUJIPASOHOBH ITPOU3BOIHU C AJIJIEXUJIN TTOJ] IEMCTBUE HA
MUKPOBBJIHU

M. U. Map3ayk

Jenapmamenm no xumus, @axyrimem no nayku, Yuuweepcumem Aun [lamc, Abacus, Kaiipo, Ecunem

[ocremnuna va 12 mapt 2008 r.; IIpepaborena Ha 6 HoemBpu 2008 T.
(Pestome)

IIpu peaknusita Ha 3-(4-xJ10pO-3-METHIT)OSH3OMIIIPOIIMOHOBA KHCENUHA M 3-(4-XJ10p-3-MeTHI1)0EH30MIITPOI-2-
€HOBa KHCEJIMHA C XWAPa3MHXUApPAT B OOMKHOBEHH YCIIOBHS M IPH MHKPOBBIHOBO OOJBYBaHE B OTCHCTBUE HA
pa3TBOpUTENH ca Moiy4eHH 6-(4-xiopo-3-merwn)dpenun-(2H)-4,5-nuxuaponupunasua-3-oH U 6-(4-xmop-3-MeTuin)-
¢denmn-(2H)-mupunazua-3-0H ¢ 100pu nobmBu. Upes okuciieHHe Ha auxuapornmpunaznHoHa ¢ Bry/AcOH e momyuen
6-(4-x10p-3-meTmn) permn-(2H)-muprunasun-3-on. Peakuusara Ha 6-(4-xmopo-3-metwn)penmn-(2H)-4,5-muxuaponmpu-
Jla3uH-3-0H C eTHJIOpPOMALIETaT B Cpea OT MOJIMETHIICHIIIMKOI NPH 00IbYBaHE ¢ MUKPOBBIIHU BOJH JI0 MOJy4aBaHE Ha
6-(4-x510p0-3-MeTIIT)(heHNIT-2-KapOESTOKCUME THILANX UAPOTIMPUIA3UH-3-0H, KOWTO pearupa ¢ XWAPa3UHXHUApAT TpH
00JIbUBaHE C MUKPOBBIHU A0 CHOTBETHUSI XUApasua. B cpena oT quMetnindopmaMua v IpH MUKPOBBIHOBO OOIbUBAHE
XUIPA3UIbT pearrpa C OIPEIACIICHH alIeXUH, a UMEHHO OCH3AIICXUM, p-HUTPOOCH3AIACXUI, 3,4,5-TPUMETOKCH-
6eH3an;[ex14)1, MUIICPOHA U 2—x1/1z[p0Kcy1Ha(bTanuex1/1z[ 10 CbOTBETHUTE XUAPA30HU.
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In Memoriam

Evgeni B. Budevski
(1922-2008)

On October 13, 2008 Academician Evgeni Budevski, the founder
and pioneer of the Bulgarian Electrochemical School, passed away
following a sudden illness.

Acad. Budevski started his research work in the field of electro-
crystallization in 1949 immediately after graduation in Chemistry at
the University of Sofia “St. Kliment Ohridski”. He was well known
with the development of the original capillary method for preparation
of dislocation-free faces of Ag single crystals. With his co-workers,
he succeeded to confirm the 2D theory of crystal growth, introduced
by Stranski and Kaischew in the 1930s and supplemented Frank’s
theory with quantitatively validated theoretical calculations related to
the growth of polygonized spirals.

As the first director of the Central Laboratory of Electrochemical
Power Sources (CLEPS), today Institute of Electrochemistry and
Energy Systems, Prof. Budevski was deeply involved in the research
and development of electrochemical power sources. CLEPS electrical
car on primary Zn-air batteries made its first 220-km run 6 months
before that of General Motors.

In the last part of his carrier, which stopped with his death, Evgeni Budevski was one of the strong
supporters (dedicated) of Hydrogen economy and renewable energy and actively worked on PEM.

Prof. Budevski left more than 150 publications and 40 patents with large impact in the scientific world.
He was member of the editorial boards of Electrochimica Acta, J. Applied Electrochemistry and J. Power
Sources.

During his distinguished carrier, Evgeni Budevski received national and international awards: Dimitrov
State Prize (the most prestigious Bulgarian award at that time), the prize of the Electrodeposition Division of
the American Electrochemical Society, Marin Drinov Medal on ribbon of the Bulgarian Academy of
Sciences. He was Vice-President of the International Society for Electrochemistry (1974—1978), Foreign
Member of the Saxonian Academy of Sciences (1974), member of the IUPAC Committee of
Electrochemistry (1980-1987), Member of the Advisory Committee of UNESCO-EPS on Energy Saving
and Storage, Member of the Advisory Committee of the President of Republic Bulgaria (1997-2001).

Evgeni Budevski will be remembered with the freshness and originality of his scientific and personal
philosophy, which did not leave him till his last breath. He loved nature and camping life. A keen skier and
yachtsman, he inspired the passion for his hobbies in his co-workers. He loved to spend every weekend
together with his wife Lily in their mountain house and to meet there his numerous friends, which he
continued to do till his last days.

© 2009 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 89
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