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Friedel—Crafts acylation of areneswith carboxylic acids
using polystyrene-supported aluminum triflate
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Abstract: Cross-linked polystyrene-supported aluminum triflate (Ps-Al(OTf),)
has been shown to be a mild, efficient, and chemoselective heterogeneous
Lewis acid catalyst for the acylation of aromatic compounds. The catalyst can
be easily prepared from cheap starting materials, is stable (as a bench top ca-
talyst) and is reusable.

Keywords. acylation; ketones; aluminum triflate; polystyrene.

INTRODUCTION

Friedel—Crafts acylation of arenes is of great importance in both laboratory
work and industry processes to synthesize aromatic ketones.1.2 Usually, this re-
action is performed using acid chlorides or anhydrides>-12 or carboxylic acidst3-2°
as acylating agents in the presence of protic acids or Lewis acids. Acylation of
arenes using carboxylic acids is preferable to the acylation via acid chlorides or
anhydrides because the former reaction produces only water as a by-product,
which meets recent requirements for environmentally benign chemical processes.
Furthermore, carboxylic acids are stable and more available compounds and their
handling is much easier than that of the corresponding acid chlorides or an-
hydrides. However, only afew studies on the use of carboxylic acids as acylating
agents have been reported and many of these procedures have serious drawbacks,
such as a need for the use of stoichiometric or excess amounts of catalyst in the
reactions, tedious work-up, environmental pollution, long reaction times, high
reaction temperatures, highly corrosive conditions, the formation of various by-
products and the use of moisture-sensitive, non-recyclable or difficult to handle
catalysts. In view of this, a reliable method for this useful reaction involving
heterogeneous catalysts is demanded.

* Corresponding author. E-mail: parvanak-ka@sci.sku.ac.ir
doi: 10.2298/JSC100215010P
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156 BOROUJENI and PARVANAK

Triflic acid (trifluoromethanesulfonic acid), known to be a strong acid, is
suitable for use as a catalyst for synthetic applications.26-28 However, the re-
covery of the triflic acid from the reaction mixture results in the formation of
large amounts of waste, which is environmentally unacceptable. In continuation
of our ongoing program to develop environmentally benign methods using hete-
rogeneous Lewis acid catalysts, it was found that Ps-Al(OTf)3 is a good solid
catalyst for highly chemoselective dithioacetalization of carbonyl compounds.29
Along this line, it is herein reported that Ps-Al(OTf)3 is aso an effective and
highly chemoselective catalyst for the acylation of aromatic compounds with
carboxylic acids under mild reaction conditions (Scheme 1).

0O

Ps-Al(OTY)
ArH SR Ar J'I\ R R= Aryl or Alkyl

RCO,H /80C
Scheme 1. Acylation of arenes with carboxylic acids using Ps-Al(OTf),.

EXPERIMENTAL

The employed chemicals were either self-prepared or were purchased from Merck and
Fluka. Polystyrene (8 % divinylbenzene, prepared via suspension polymerization, using poly-
(vinylpyrrolidone) 90 K as the suspension agent, grain size range: 0.25-0.6 mm) was obtained
from the Iran Polymer and Petrochemical Institute. Capacity of the catalyst was determined by
gravimetric method and atomic absorption technique using a Philips PU9400X atomic absorp-
tion spectrophotometer. Reaction monitoring and purity determination of the products were
accomplished by GLC or TLC on silica-gel polygram SILG/UV 254 plates. Gas chromatogra-
phy was performed on a Shimadzu GC 14-A. The IR spectra were recorded on a Shimadzu
model 8300 FT-IR spectrophotometer. The NMR spectra were recorded on a Bruker Advance
DPX-300 spectrometer.

Preparation of Ps-Al(OTf),

This catalyst was prepared as reported in the literature.?® The determined loading of
Al(OTf)3 was 0.41 mmol g'L.

Typical experimental procedure

To asolution of arene (5 mmol) and carboxylic acid (3.5 mmol) was added 0.35 mmol of
Ps-Al(OTf)5; and the reaction mixture was stirred at 80 °C. After completion of the reaction
(monitored by TLC and GC), the catalyst was filtered off and washed with CH,Cl,. The fil-
trate was washed with 10 % NaHCO; solution (2x10 mL) and water (2x10 mL) and the orga-
nic layer was dried over anhydrous Na,SO,. The unreacted anisole was removed by vacuum
distillation and the aryl ketone product was isolated in high purity in yields from 87 to 97 %.
Whenever required, the products were purified by column chromatography (silica gel) using
petroleum ether—ethyl acetate as the eluent, whereby pure ketone was obtained.

RESULTS AND DISCUSSION

Ps-Al(OTf)3 was prepared by the exchange reaction between cross-linked
polystyrene supported AlICl3 (Ps-AICl3) and triflic acid in Freon-113 under re-
flux conditions. Using catalytic amounts of this catalyst in the Friedel-Crafts
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FRIEDEL-CRAFTSACYLATION 157

acylation of arenes with carboxylic acids as acylating agents under solvent-free
conditions, high to excellent yields of product were obtained (Table I). The
optimum molar ratio of Ps-Al(OTf)3 to carboxylic acid was 0.1:1. From the
results, it is clear that Ps—Al(OTf)3 is capable of catalyzing not only the acylation
of activated arenes, but also of deactivated arenes (Table I, entries 1-23). The
methodology showed the excellent positional selectivity as the para substituted
product was formed almost exclusively. Naphthal ene, 2-methoxynaphthal ene and
anthracene underwent acylation with high regioselectivity in 87-93 % vyields
(Table I, entries 24-30). It was satisfying to observe that even heterocyclic
compounds, such as furan, thiophene and pyrrole, were smoothly converted into
the corresponding ketones, a conversion which is otherwise problematic in the
presence of strong acid catalysts (Table I, entries 31-36). These reactions were
regioselective, affording only the 2-acyl product in high to excellent yields. The
acylation of indole with benzoic acid in the presence of Ps-Al(OTf)3 was aso
studied and the corresponding indolyl aryl ketone was obtained with high
regioselectivity in 90 % yield (Table I, entry 37). No N-substituted products were
observed under these reaction conditions. Acylation of highly deactivated arenes,
such as nitrobenzene and 1,2-dichlorobenzene failed.

TABLE I. Acylation of arenes with carboxylic acids catalyzed by Ps-Al(OTf)3 (al reactions
performed at 80 °C in the absence of solvent, unless otherwise indicated. The molar ratio of
Ps-Al(OTf)z:carboxylic acid is 0.1:1)

Time Yidd, %

Entry Arene Carboxylic acid Product h (0:mp)? Ref.
1 @ PhCO,H @_ comt 33 %0 20%
2 PhCO,H —_COPh 3 92 25
e Mo~ (6:3:91)
3 p-NO,CsH,COH = _COC4H,NOyp 31 90 25
Mo~ (3:0:97)
4 CHs(CH,),CO,H — _CO(CH,),CH; 29 95 13
Me=\ 7 (4:3:93)
5 CHa(CH,)sCO,H —_CO(CH,)CH; 29 9 13
Me=\ 7 (5:3:92)
6 CHa(CH,)sCO,H = _CO(CH,)CH; 3 88 13
Me=\ 7 (4:0:96)
7 CH3(CH,)1,COH = _CO(CH,);oCH; 3.1 85 13
Me=\ 7 (4:0:96)
8 PhCO,H —_COPh 3 94 25
)-ome MO\ 7 (4:0:96)
9 p-MeOCsH,COH —_COC(H,0OMe-p 29 95 1525
Meo@ i (5:3:92)
10 MeCO,H —_COMe 29 94 31-33
MeO\ 7 (6:4:90)
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158 BOROUJENI and PARVANAK

TABLE I. Continued

I i [0)

Entry Arene Carboxylic acid Product T'Ln © \((c:e'nfp)/;’ Ref.
11 PhCH,CO,H = _COCH,Ph 2.8 %4 34
)-ome Moy (6:4:90)

12 PhCH=CHCO,H — _COCH-CHPh 3.1 90 25,35

i Meo@ (3:0:97)
13 CH3(CH,),COH = _CO(CH,),CH; 2.7 97 16,18
MeO\ 7 (5:4:91)
14 CH3(CH,)sCOH = 2.8 95 16,18
3(CH2)sCO, MeO @CO(CH2)5CH3 (5:382) :
15 CH3(CH,)sCOH = _CO(CH,):CH; 3 93 16,18
MeO\ 7 (3:0:97)
16 CH3(CH,)1,CO.H = _CO(CH,);(CH; 3 92 16,18
MeO\ 7 (3:0:97)
17 Me CH3(CH2)5COZH Me 3 90 b 21
= _CO(CIH,);CH :
@_Me Meg (CH,)sCIH; (95:5)
18 Me PhCOH Me 2.9 93 25
DMe MeQCOPh -
Me Mo
19 MeCO,H Me 2.8 94 18,36
MeQCOMe -
Me
20 PhCOH — _COPh 3.1 88 30
©_<\r// (3:4:97)°
21 PhCOH = _COPh 3 91 7,30
) mte MeN- 5 (7:3:90)
22 PhCOH = _COPh 35 87 30
o a7 (4:3:93)
23 MeCO,H = _COMe 33 89 30
Cl_@ (5:3:92)
24 MeCO,H COMe 33 88 18
©:ﬁ (3:97)°¢
g
25 OMe PhCO,H COPh 31 93° 25
OMe -
26 p-NO,CsH,CO,H COCH,NOy-p 3 90° 25
OMe -
27 MeCO,H COMe 31 90° 18,37

OMe -~
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FRIEDEL-CRAFTSACYLATION 159

TABLE I. Continued

Time Yied, %
h  (o:mp)?

28 OMe PhCH,CO.H O Cgﬁ’eh 3 9£)° 18,38

29 Oee PhCO.H O 34 SZC 25

Entry Arene Carboxylic acid Product Ref.

30 MeCO,H COMe 33 89° 18,37
(&3
31 f/o \! PhCO,H Q_ CoPh 35 8? 20,39
(&3
32 MeCO,H Q—COMe 33 90 5,40
(&3
33 / \ P- N 02C6H4C02H / \ COC6H4N02-p 3.6 89 5
( S > —
e
34 MeCO,H @—COMe 3.6 92 541
e
35 f/ \! PhCO,H ﬂ_ COPh 34 SZ 5,42
b b
H H
(&3
36 MeCO,H Q—COMe 33 8? 18,42
|
H
37 @ PhCO.H COPh 4 90° 4345
¥ \ -
H N
H

dsolated yields. Isomer distribution based on IH-NMR spectroscopy and GC. All products are known com-
pounds and were identified by comparison of their physical and spectral datawith those of authentic samples;
Bisomer distribution of the 3,4-dli methylphenyl isomer to the 2,3-dimethylphenyl isomer; the reaction was
performed in 1,2-dichloroethane; da:ﬁ ratio; €the reaction was performed at 60 °C.

When Ps-Al(OTf)3 was used as the catalyst in the acylation reactions, no
band corresponding to —CO stretching in the IR spectrum of Ps-Al(OTf)3 was
observed after the reactions in either the presence or absence of substrate, in-
dicating that polystyrene itself did not undergo acylation under the employed
experimental conditions. Probably acylation reactions are not favored with Ps—
—Al(OTf)3 as aw complex is formed between the polystyrene and Al(OTf)3.29:46
By-product formation was not observed in the studied reactions. Steric crowding
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160 BOROUJENI and PARVANAK

of the supported catalyst influences the positional selectivity (isomer distribution)
observed in the acylation of aromatic compounds.

To determine whether the reaction occurs in the solid matrix of Ps-Al(OTf)3
or whether Al(OTf)3 simply released into the reaction medium is responsible for
the acylation reaction, Ps-Al(OTf)3 was added to toluene and the mixture was
stirred at 80 °C for 2 h. Then, the catalyst was filtered off and the filtrate was
analyzed for its aluminum content, which showed a negligible release of Al(OTf)a3.
The filtrate was found to be inactive for acylation reaction. These observations
indicate that Ps—Al(OTf)3 is stable under the employed reaction conditions and
there was no leaching of acid moieties during the studied reactions.

One notable achievement of this solid acid catalyst was intramolecular Frie-
del—Crafts acylation. For example, 4-phenylbutanoic acid cyclized in nitroben-
zene at 80 °C in the presence of Ps-Al(OTf)3 to afford the desired 1-tetralonein
94 % yield (Scheme 2).

©/\/\H/OH Ps-Al(OTH); (0.12 mmol) ©:'>
O nitrobenzene / 80°C /3.1 h 0 94%,
Scheme 2. Intramolecular Friedel—Crafts acylation using Ps-Al(OTf)s.

Ps—-Al(OTf)3 recovered after a reaction can be washed with dichloromethane
and used again at least five times without any noticeable loss of catalytic activity
(Scheme 3). The capacity of the catalyst after five uses was 0.40 mmol Al(OTf)3
per gram of polymeric catalyst.

Ps-AI(OTD); (035 mmol
@—Me s-Al(OTD; (0.35 mmol) MeOCOPh

PhCO,H (3.5 mmol)/ 80C/3 h

(5 mmol)
Use 1 2 3 4 5
Yield, % 92 92 90 90 89

Scheme 3. Acylation of toluene using recovered Ps-Al(OTf); (recovered catalyst was
successfully reused).

A comparison of the efficiency of Ps-Al(OTf)3 catalyst with some of those
reported in the literature is given in Table I1. As can be seen, in addition to hav-
ing the general advantages attributed to solid supported catalysts, Ps-Al(OTf)3
also has good efficiency compared to other recently reported catalysts.

Representative spectral data of some of the obtained compounds are given
below.
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FRIEDEL-CRAFTSACYLATION 161

TABLE Il. Comparison of the catalytic activity of Ps-Al(OTf); against other reported cata-
lysts for the acylation of anisole and toluene with carboxylic acids

Arene  Carboxylic acid Catalyst Temperature, °C Time, h Yield, % (o:p)
Anisole  Benzoic acid Ps-Al(OTf)3 80 3 94(4:96)
AlIPW1,04 120 10 928
AlPW,,0,/ TFAA? 25 25 96
P,05/Al,05 85 5 65%
Anisole Heptanoic acid Ps-Al(OTf)3 80 2.8 95(5:92)
HZSM-5 zeolite 150 48 54
Eu(NTf,)s 250 6 87(3:97)*
Anisole  Octanoic acid Ps-Al(OTf); 80 3 93(3:97)
Csy5HosPW 1,040 110 5 45(1:73)"°
Beta zeolite 155 6 42.6(1:38)%
Anisole Dodecanoic acid Ps-Al(OTf)3 80 3 92(3:97)
FePW 1,049 160 1 97(2:98)*
Toluene Octanoic acid Ps-Al(OTf)3 80 3 88(4:96)
CeNaY zeolite 150 48 75(3:94)"

Trifluoroacetic anhydride

4-Methylbenzophenone. IR (KBr, cm1): 1660 (C=0). 1H-NMR (300 MHz,
CDCl3, 0/ ppm): 2.51 (3H, s), 7.51 (2H, d, J = 8.31 Hz), 7.87-8.15 (7H, m).

1-(4-Methoxyphenyl)-3-phenyl-2-propen-1-one. IR (KBr, cmr1): 1650 (C=0).
IH-NMR (300 MHz, CDCl3, ¢ / ppm): 3.91 (3H, ), 6.99 (2H, d, J = 8.71 Hz),
7.47 (3H, m), 7.59 (1H, d, J = 15.15 Hz), 7.69 (2H, m), 7.86 (1H, d, J = 15.15
Hz), 8.11 (2H, d, J = 8.71 Hz).

1-(3,4-Dimethyl phenyl)-1-heptanone. IR (KBr, cnm1): 1685 (C=0). IH-NMR
(300 MHz, CDCl3, 6 / ppm): 0.82-0.91 (3H, m), 1.23-1.41 (6H, m), 1.63-1.74
(2H, m), 2.26-2.33 (6H, m), 2.80 (0.1H, t, J = 7.2Hz, 2,3-dimethyl isomer), 2.90
(1.9H, t, J = 7.2 Hz, 3,4-dimethyl isomer), 7.11 (0.05H, t, J = 7.2 Hz, 2,3-di-
methyl isomer), 7.13-7.20 (1H, m), 7.25 (0.05H, d, J = 7.2 Hz, 2,3-dimethyl
isomer), 7.65 (0.95H, d, J = 7.2 Hz, 3,4-dimethyl isomer), 7.70 (0.95H, d, J = 7.2
Hz, 3,4-dimethyl isomer).

2,4,6-Trimethylbenzophenone. IR (KBr, cm1): 1669 (C=0). 1H-NMR (300
MHz, CDCls3, 6 / ppm): 2.2 (6H, s, 2- and 6-Meg), 2.4 (3H, s, 4-Me), 6.91 (2H, s,
aromatic protons of mesityl group), 7.45 (2H, m), 7.55 (1H, m), 7.81 (2H, m).

1-Benzoyl-2-methoxynaphthalene. IR (KBr, cm1): 1665 (C=0). 1H-NMR
(300 MHz, CDCl3, 6 / ppm): 3.88 (3H, s), 7.31-7.52 (7H, m), 7.55-8.12 (4H, m).

CONCLUSIONS

In conclusion, a convenient and chemoselective method of the acylation of
aromatic compounds has been devised. The significant advantages of this me-
thodology are mild reaction conditions, high to excellent yields, solvent-free
conditions and easy preparation and handling of the catalyst. In addition, the use
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162 BOROUJENI and PARVANAK

of Ps-Al(OTf)3 resulted in a reduction in the unwanted and hazardous waste that
is produced during conventional homogeneous processes.

Acknowledgements. We gratefully acknowledge the partial support of this study by the
Shahrekord University and the Islamic Azad University, Shahr-e-Ray branch Research Coun-
cil, Iran.

U3BOJI

OPUAEII-KPA®TCOBO ALIMJIOBABLE APEHA KAPBOKCHUJIHUM KHUCEJIMHAMA
IIOMOMY AJIYMUHUIYM-TPUDJIATA HA ITIOJIMCTUPEHY

KAVEH PARVANAK BOROUJENI® 1 KAMRAN PARVANAK?

!Department of Chemistry, Shahrekord University, Shahrekord 115 « 2lslamic Azad University,
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ITokazano je na je JlyncoBa KucelnnHa allyMUHH]yM-TpUQIIAT Ha YHAKPCHO MOBE3aHOM I0JIU-
cTUpeHy Ouar, ehrkacaH U XeMOCEJICKTUBAH KaTaln3aTop 3a aliIoBambe apOMATHYHHUX jeAUbCHA.
KaranuzaTop ce nako mpumnpema u3 jeTHHUX MONA3HHUX jequiberba, CTAOMIaH J€ H MOXKE Ce BHIIES
MyTa KOPHCTHTH.

(Mpumsseno 15. pebpyapa, pesuaupano 1. centemopa 2010)
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Abstract: Several 5-thio-substituted tetrazole derivatives were efficiently syn-
thesized by a three-step process. The substituted tetrazol-5-thiol, namely, 1-ben-
zyl-1H-tetrazole-5-thiol (2) was prepared by refluxing commercially available
benzy! isothiocyanate (1) with sodium azide in water. The second step was the
synthesis of 1-benzyl-5-[(3-bromopropyl)thio]-1H-tetrazole (3) by thioalkyla
tion of tetrazole-5-thiol 2 with 1,3-dibromopropane in tetrahydrofuran. Finally,
the 5-thio-substituted tetrazole derivatives 4a—i were prepared by condensation
of 3 with the corresponding amine or thiol. The structures of the newly synthe-
sized compounds were characterized by NMR, LC/MS/MS, IR spectral data
and elemental analysis. All the synthesized compounds were screened for their
antibacterial and antifungal activities.

Keywords. substituted thiol; tetrazole; 1,3-dibromopropane; antibacterial; anti-
fungal.

INTRODUCTION

Tetrazole and its derivatives have attracted interest because of their unique
structure and their applications as antihypertensive, anti-allergic, antibiotic and
anticonvulsant agents.1-> Number of publications and patents on the preparation,
properties and applications of tetrazole derivatives is increasing every year with
respect to other heterocyclic systems. Development of the tetrazole chemistry has
been largely associated with the wide-scale application of these compounds in
medicine, biochemistry, agriculture, etc.1-° The tetrazole functionality plays an
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important role in medicinal chemistry, primarily due to its ability to serve as the
bioequivalent (bioisostere) of the carboxylic acid group,10 and aso the class of
tetrazole compounds has been used both as anticancer and antimicrobial agents. 1>
In particular, 1-substituted tetrazole and 5-thio-substituted tetrazoles have been
used in the synthesis of pharmacologically active drugs.11-19

Tetrazoles are quite suitable ligands and can serve as replacement for car-
boxylic acids not only in medicinal chemistry, but also in supramolecular che-
mistry. Most importantly, tetrazoles are highly flexible ligands and can adapt
easily to different binding modes.20-23 As there is also a need for new and ef-
fective broad-spectrum antifungal and antibacterial agents, it was decided to ex-
ploit this interest by ascertaining the molecular features essential for activity and
utilizing them to develop a new class of drugs. Prompted by the various bio-
logical activities of tetrazole and its 5-thio substituted derivatives, the synthesis
of a novel series of 5-thio substituted tetrazole derivatives and a study of their
biological activities was envisioned. Thus, the synthesis of the new 5-thio substi-
tuted tetrazole derivatives 3 and 4a—i (Scheme 1 and Table I) and an evaluation
of their antibacterial and antifungal properties were the objectives of this study.

HsﬁéN~
N
N-N
i/\/\N’:C HgO.BOOC I/
K) \\S NaN3 —_—
1 2
THE  Bia B
Y
RQN\/\/S Br S RS
NN \r NSNS N
N o
~N N\N'
cho3 / Ethanol K,COj3 / Ethanol
S — .
RSH

Scheme 1. Synthesis scheme for the compounds.

RESULTS AND DISCUSSION
Synthesis

In order to prepare a variety of derivatives of 1-benzyl-5-(propylthio)-1H-
-tetrazole, 1-benzyl-5-[(3-bromopropyl)thio]tetrazole (3) was prepared as a pre-
cursor. Preparation of 1-benzyl-5-[(3-bromopropyl)thio]tetrazole was accom-
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plished as given in Scheme 1. As depicted in Scheme 1, reaction between com-
mercially available benzyl isothiocyanate (1) and sodium azide in water provided
1-benzyl-1H-tetrazole-5-thiol24 (2) in good yield. The isolated compound 2 was
treated with 1,3-dibromopropane in tetrahydrofuran to give an intermediate,
1-benzyl-5-[(3-bromopropyl)thio]-1H-tetrazole (3). The synthon 3 is a new com-
pound and reported here for the first time. Compound 3 was treated with cor-
responding amines or thiols to afford the 5-thio-substituted tetrazole derivatives
da-.

TABLE I. Structure of the substituent (R) in the compounds 4a—i

Compound (RN Compound R
3 Br 4e //
N-N
‘W
4a \L 4f V
NS, N
\Wan
4b | 4g
@NN& ~O
N’N
‘e
I S G A B
HN\N/>_ &
Cl
Br 0 N
HN\N/>_ e

Characterization

The structures of the synthesized compounds were elucidated by 1H-NMR,
13C-NMR, LC-MS and IR spectroscopy, and elemental analysis, the results of
which are given below.

1-Benzyl-5-[ (3-bromopropyl)thio] -1H-tetrazole (3). Anal. Calcd. for
C11H14BrN4S: C, 42.14; H, 4.47; N, 17.88 %. Found: C, 42.08; H, 4.46; N,
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17.85 %. IR (KBr, cmr1): 2964 (C-H), 1496 (N=N), 1453 (C=C), 1389 (C=N).
IH-NMR (400 MHz, CDCl3, 6 / ppm): 2.29-2.36 (2H, gn), 3.42-3.49 (4H, m),
5.42 (2H, ), 7.27-7.44 (5H, m). 13C-NMR (100 MHz, CDCl3, ¢ / ppm): 31.2,
31.5, 1534, 51.0, 128.1, 129.0, 129.1, 132.7. MS Calcd. for C11H14BrNsS:
313.22; Found: M*+1, 312.9, 314. 9. MSIMS (m/2): 262.2, 233.6, 178.2, 102.0,
90.7.

3-(1-Benzyl-1H-tetrazol-5-ylthio)-N,N-dipropyl propan-1-amine (4a). Yield:
62 %; Anal. Calcd. for C17H27NsS: C, 61.17; H, 8.10; N, 20.99 %. Found: C,
61.08; H, 8.08; N, 21.03 %. IR (KBr, cnmr1): 2957 (C-H), 1497 (N=N), 1455
(C=C), 1388 (C=N). 1H-NMR (400 MHz, CDCl3, 6 / ppm): 0.84-0.88 (6H, t),
1.36-1.46 (4H, m), 1.85-1.91 (2H, gn), 2.30-2.34 (4H, t), 2.46-2.50 (2H, t), 3.33~
—3.37 (2H, 1), 5.41 (2H, s), 7.27-7.39 (5H, m). 13C-NMR (100 MHz, CDCl3, J /
/ ppm): 11.9, 20.2, 26.9, 31.5, 56.0, 52.3, 128.0, 128.8, 129.0, 133.0, 154.3. MS
calculated for C17H27N5S: 333.49; Found: M*+1, 334.0. MS/MS (m/2): 233.4,
174.2, 132.3, 104.2, 90.1.

3-(1-Benzyl-1H-tetrazol-5-ylthi 0)-N-methyl-N-phenethyl propan-1-amine
(4b). Yield: 78 %. Anal. Calcd. for CogHosN5S: C, 65.30; H, 6.80; N, 19.05 %.
Found: C, 65.37; H, 6.79; N, 19.09 %. IR (KBr, cm1): 2947 (C-H), 1496
(N=N), 1453 (C=C), 1389 (C=N). 1H-NMR (400 MHz, CDCl3, ¢ / ppm): 1.89-
—1.94 (2H, gn), 2.26 (3H, s), 2.45-2.49 (2H, t), 2.56-2.60 (2H, t), 2.71-2.76 (2H,
t), 3.26-3.30 (2H, t), 5.39 (2H, ), 7.17-7.36 (10H, m). 13C-NMR (100 MHz,
CDCl3, ¢ / ppm): 26.8, 31.2, 33.7, 41.9, 50.8, 55.5, 59.4, 125.9, 128.1, 128.3,
128.7, 128.9, 129.0, 132.9, 140.4, 154.2. MS calculated for CogH25N5S: 367.51;
Found: M*+1, 368.1. MSMS (m/z): 368.1, 339.8, 233.2, 208.0, 176.1, 105.2,
90.9.

2-[ 3-(1-Benzyl-1H-tetrazol-5-ylthio)propyl] -1,2,3,4-tetrahydroi soquinoline
(4c). Yield: 78 %; Anal. Calcd. for CogHo3N5S: C, 65.66; H, 6.29; N, 19.15 %.
Found: C, 65.60; H, 6.30; N, 19.16 %. IR (KBr, cm1): 2922 (C-H), 1497
(N=N), 1453 (C=C), 1388 (C=N). 1H-NMR (400 MHz, CDCl3, 6 / ppm): 2.0~
—2.08 (2H, gn), 2.57-2.60 (2H, t), 2.67-2.70 (2H, t), 2.86-2.88 (2H, t), 3.36-3.39
(2H, 1), 3.59 (2H, 9), 5.37 (2H, 9), 6.99-7.33 (9H, m). 13C-NMR (100 MHz,
CDCl3, ¢ / ppm): 26.7, 50.9, 31.5, 29.1, 50.8, 56.0, 56.3, 128.1, 129.0, 125.6,
126.1, 126.5, 128.6, 128.8, 133.0, 134.2, 134.6, 154.2. MS caculated for
CooH23NsS: 365.50; Found: M*+1, 366.1; M*+K adduct: 404.2. MS/MS (nV2):
338.0, 233.1, 206.1, 101.9, 91.0.

2-[ 3-(1-Benzyl-1H-tetrazol-5-ylthio)propyl] -6-bromo-1,2,3,4-tetr ahydr oi so-
quinoline (4d). Yield: 72 %; Anal. Calcd. for CogH2oBrNsS: C, 54.01; H, 4.95;
N, 15.75 %. Found: C, 54.10; H, 4.95; N, 15.72 %. IR (KBr, cnm1) 2924 (C-H),
1482 (N=N), 1453 (C=C), 1388 (C=N). 1H-NMR (400 MHz, CDCls3, 6 / ppm):
2.00-2.06 (2H, gn), 2.55-2.58 (2H, t), 2.65-2.68 (2H, t), 2.77-2.80 (2H, t), 3.35—
—-3.38 (2H, t), 3.53 (2H, 9), 5.37 (2H, ), 6.93-7.33 (8H, m). 13C-NMR (100
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MHz, CDCl3, o / ppm): 26.6, 50.1, 28.5, 45.9, 31.4, 55.4, 56.0, 119.0, 128.1,
129.0, 128.8, 129.1, 129.3, 132.9, 133.3, 136.9, 154.2. MS caculated for
CooH22BrNsS: 444.39; Found: M*+1, 444.1. MS/IMS (m/2): 415.9, 284.0, 102.2,
91.0.

1-Benzyl-5-[ 3-(1-ethyl-1H-tetrazol-5-ylthio)propylthio] -1H-tetrazole  (4e).
Yield: 68 %; Ana. Calcd. for Ci4H1gNgS: C, 46.35; H, 4.97; N, 30.90 %.
Found: C, 46.26; H, 4.96; N, 30.82 %. IR (KBr, cnm1): 2983 (C-H), 1496
(N=N), 1433 (C=C), 1390 (C=N). IH-NMR (400 MHz, CDCls3, 6 / ppm): 1.48—
-1.52 (3H, t), 2.27-2.34 (2H, gn), 3.40-3.44 (4H, q), 4.24-4.29 (2H, q), 5.44
(2H, s), 7.26-7.38 (5H, m). 13C-NMR (100 MHz, CDCl3, 6 / ppm): 14.2, 28.8,
31.3, 31.6, 42.6, 51.0, 128.0, 128.9, 129.0, 132.8, 152.8, 153.5. MS calculated for
Ci4H1gNgSy: 362.48; Found: M*+1, 363.1; M*+Na adduct: 385.2; M*+K
adduct: 401.0. MS/IMS (mV2): 335.0, 306.2, 265.0, 233.0, 105.9, 91.0.

1-Benzyl-5-[ 3-(1-cyclopropyl-1H-tetr azol -5-ylthio)propyl thio] - 1H-tetrazole
(4f). Yield: 70 %; Anal. Calcd. for C15H18NgSy: C, 48.07; H, 4.81; N, 29.91 %.
Found: C, 48.13; H, 4.80; N, 29.89 %. IR (KBr, cm1): 2938 (C-H), 1496
(N=N), 1454 (C=C), 1392 (C=N). 1H-NMR (400 MHz, CDCl3, ¢ / ppm): 1.22—
-1.29 (4H, m), 2.29-2.36 (2H, gn), 3.35-3.37 (1H, m), 3.41-3.45 (4H, q), 5.44
(2H, ), 7.26-7.39 (5H, m). 13C-NMR (100 MHz, CDCl3, ¢ / ppm): 6.8, 28.8,
27.8, 30.8, 31.7,51.0, 128.1, 128.9, 129.0, 132.8, 153.5, 155.5. MS calculated for
CisH18NgSp: 374.49; Found: M*+1, 375.3; M*+Na adduct: 397.0; M*+K
adduct: 413.1. MS/MS (n/2): 265.4, 233.4, 183.3, 102.0, 91.2.

5,5"-[ 1,3-Propanediyibis(thio)] bis(1-benzyl-1H-tetrazol€) (4g). Yield: 41 %;
Anal. Calcd. for C1gH2gNgS: C, 53.70; H, 4.71; N, 26.38 %. Found: C, 53.78;
H, 4.72; N, 26.43 %. IR (KBr, cm1): 2942 (C-H), 1496 (N=N), 1453 (C=C),
1389 (C=N). 1H-NMR (400 MHz, CDCl3, ¢ / ppm): 2.21-2.28 (2H, gn), 3.33-
—3.37 (4H, 1), 5.41 (4H, s), 7.25-7.37 (10H, m). 13C-NMR (100 MHz, CDCl3, 6 /
ppm): 28.7, 31.5, 50.8, 128.0, 128.8, 128.9, 133.0, 153.5. MS calculated for
C19H20NgSy: 424.55; Found: M*+1, 425.4; M*+Na adduct: 447.1. MSIMS (nV2):
282.9, 265.2, 233.0, 130.9, 102.0, 90.9.

5-[3-(1-Benzyl-1H-tetrazol -5-ylthio)propyl thio] -4-ethyl-2,4-dihydr o-3H-
1,2,4-triazol-3-one (4h). Yield: 48 %; Anal. Calcd. for C15sH1gN70Sy: C, 47.68;
H, 5.03; N, 25.96 %. Found: C, 47.78; H, 5.02; N, 25.99 %. IR (KBr, cm1):
1751 (C=0), 2936 (C—H), 3100 (N-H), 1523 (N=N), 1451 (C=C), 1389 (C=N).
IH-NMR (400 MHz, CDCl3, ¢ / ppm): 1.27-1.30 (3H, t), 2.21-2.28 (2H, qn),
3.15-3.19 (2H, t), 3.42-3.45 (2H, t), 3.66-3.72 (2H, q), 5.45 (2H, ), 7.29-7.37
(5H, m), 11.34 (1H, bs). 13C-NMR (100 MHz, CDCl3, 6 / ppm): 14.2, 28.7, 29.8,
31.7, 36.6, 51.0, 128.0, 128.9, 129.0, 132.8, 143.4, 153.5, 155.9. M S calculated for
C15H19N70Sy: 377.49; Found: M*+1, 378.4. MS/MS (m/z): 308.0, 233.3, 218.1,
186.0, 101.9, 91.0.
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5-[3-(1-Benzyl- 1H-tetrazol -5-yl thio)propylthio] -4-(2,5-dichlorophenyl)-2,4-
-dihydro-3H-1,2,4-triazol-3-one (4i). Yield: 39 %. And. Cacd. for C1gH17CloN70S,:
C, 46.11; H, 3.44; N, 19.82 %. Found: C, 46.16; H, 3.43; N, 19.76 %. IR (KBr,
cm1): 1718 (C=0), 2900 (C-H), 1519 (N=N), 1478 (C=C), 1425 (C=N). 1H-
NMR (400 MHz, CDCl3, 6 / ppm): 2.15-2.20 (2H, gn), 3.05-3.08 (2H, t), 3.33—~
-3.38 (2H, 1), 5.40 (2H, 9), 7.24-7.51 (7H, m), 10.94 (1H, s). 13C-NMR (100
MHz, CDClg3, ¢ / ppm): 28.5, 29.8, 31.6, 51.0, 128.1, 128.9, 129.0, 130.4, 130.7,
131.5, 131.6, 131.8, 132.8, 133.5, 143.7, 1535, 154.6. MS caculated for
C19H17CIoN70Sp: 494.42; Found: M*+1, 493.8. MS/MS (m/z): 334.1, 309.1,
302.0, 288.0, 265.6, 233.4, 165.3, 102.2, 91.2.

In the IR spectra, the bands due to -N=N- and C=N group, present in all
compounds, were observed at about 1500 and 1388 cmi, respectively. The bands
at about 1244 and 985 cm1 are characteristic for the tetrazole ring system.2® In
the TH-NMR spectra, the 1-substituted benzylic protons appeared as singlet at
about ¢ 5.4 ppm in al the derivatives. The other methylene protons appeared as
quintets and triplets at about ¢ 2.2 to 2.3 ppm and 3.3 to 3.5 ppm, respectively.
The aromatic protons were observed at about 6 6.9 to 7.4 ppm. In the 13C-NMR
spectra of all the synthesized compounds, tetrazole carbon and aromatic carbon
peaks were observed at ¢ 153.5 and 128.0 to 129.5 ppm, respectively. In the mass
spectra, an appropriate molecular ion peak (M*+1) was obtained for all the deri-
vatives from ESI-MS.

Antibacterial activity

The results of the antibacteria studies against Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa and Klebsiella pneumoniae bacterial
strains are given in Table Il and compared with the standard ampicillin drug.
Interestingly, out of eleven compounds, nine compounds were found to have

TABLE II. Antibacteria activities of the compounds 2, 3 and 4a—i (zone of inhibition in mm;
minimum inhibitory concentration (MIC), in mg mL-1, is given in parenthesis)

Compound S aureus E. coli P. aeruginosa K. pneumoniae
2 15 (6.25) <10 (50) <10 (50) <10 (50)
3 20 (6.25) 18 (6.25) 19 (6.25) 19 (6.25)
4a 17 (6.25) 18 (6.25) <10 (50) <10 (50)
4b 18 (6.25) 17 (6.25) <10 (50) <10 (50)
4c 17 (6.25) 18 (6.25) <10 (50) <10 (50)
4d 19 (6.25) 19 (6.25) <10 (50) <10 (50)
4e 20 (6.25) 19 (6.25) <10 (50) <10 (50)
Af 17 (6.25) 17 (6.25) <10 (50) <10 (50)
4g 20 (6.25) 19 (6.25) 19 (6.25) 20 (6.25)
4h <10 (50) <10 (50) <10 (50) <10 (50)
4 19 (6.25) 17 (6.25) <10 (50) <10 (50)
Ampicillin 22 (6.25) 23 (6.25) 20 (6.25) 22 (6.25)
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good antibacterial activity. Among these compounds 3 and 4g were most active
against the four bacterial organisms. Compounds 4a—f and 4i showed good
growth inhibition towards S. aureus and E. coli, and pronounced growth inhi-
bition for P. aeruginosa and K. pneumoniae. The remaining compounds, 2 and
4h, were found to be less active against the four bacterial organisms.

Antifungal activity

The results of the antifungal studies against Aspergillus flavus, Aspergillus
fumigatus, Penicillium marneffel and Trichophyton mentagrophytes are given in
Table Il and compared with the standard itraconazole drug. It was observed that
most of the compounds exhibited good antifungal activity. Compounds 2 and 4h
were less active against al the tested organisms. Compounds 4a—f and 4i showed
good antifungal activity against P. marneffei and T. mentagrophytes, and pro-
nounced antifungal activity towards the other two fungal organisms. On the other
hand, compounds 3 and 4g showed the highest antifungal activity against all four
funga strains, namely A. flavus, A. fumigatus, P. marneffei and T. menta-gro-

phytes.

TABLE Il1. Antifungal activities of the compounds 2, 3 and 4a—i (zone of inhibition in mm,
MIC, in mg mL~L, isgiven in parenthesis)

Compound T. mentagrophytes  P. marneffei A. flavus A. fumigatus
2 13 (6.25) <10 (50) <10 (50) <10 (50)
3 19 (6.25) 17 (6.25) 20 (6.25) 19 (6.25)
da 19 (6.25) 18 (6.25) <10 (50) <10 (50)
4b 18 (6.25) 19 (6.25) <10 (50) <10 (50)
4c 18 (6.25) 17 (6.25) <10 (50) <10 (50)
4d 19 (6.25) 18 (6.25) <10 (50) <10 (50)
de 19(6.25) 18 (6.25) <10 (50) <10 (50)
4f 18 (6.25) 19 (6.25) <10 (50) <10 (50)
49 20 (6.25) 18 (6.25) 19 (6.25) 20 (6.25)
4h <10 (50) <10 (50) <10 (50) <10 (50)
4i 19 (6.25) 17 (6.25) <10 (50) <10 (50)
Itraconazole 21(6.25) 20 (6.25) 21 (6.25) 19 (6.25)

EXPERIMENTAL

The H-NMR, 13C-NMR and DEPT experiments were performed on an Oxford AS 400
NMR instrument (Varian, City, USA) with a dual broad band. The H-NMR chemical shift
values are reported on the ¢ scale in ppm relative to TMS (6 = 0 ppm) and the 13C-NMR
chemical shifts values are reported relative to CDCl3 (0 = 72.5 ppm). The IR spectra were
recorded on a Perkin Elmer spectrum 100 FT-IR model. Column chromatography was per-
formed with silica gel 60-120 mesh (Merck, Mumbai, India.). All the compounds were routi-
nely checked for completion of the reaction on silica gel 60 F254 TLC plates and their spots
were visualized by exposure to a UV lamp, iodine vapor or KMnO, reagents. The liquid chro-
matography part of the LC-MS system consisted of an Agilent-1100 series quaternary gra-
dient pump with a degasser, an auto sampler and a column oven. The MS/IMS part of the sys-
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tem contained an API-2000 system (Sciex, Applied Bio-Systems, Canada). The yields are
reported as isolated yield after purification of the compounds.

Procedure for the preparation of 1-benzyl-5-[ (3-bromopropyl)thio] - 1H-tetrazole (3)

To a solution of 1,3-dibromopropane (10 g, 50 mmol) in tetrahydrofuran (200 mL), 1-
-benzyl-1H-tetrazole-5-thiol (2) (1.92 g, 10 mM) was added portionwise at 25-30 °C and then
stirred for 3 h at the same temperature. The reaction was monitored by TLC. After completion
of reaction, the reaction mixture was concentrated to dryness and the crude product was pu-
rified by column chromatography (eluent 35 % ethyl acetate—hexane). Product 3 was obtained
as light brown colored gummy mass (52 % yield).

General procedure for the preparation of derivatives 4a—i

To a mixture of 1-benzyl-5-[(3-bromopropy!)thio]-1H-tetrazole (3) (10 mmol) and an-
hydrous powdered K,CO3 (20 mmol) in ethanol (10 mL), the corresponding amine or thiol
(1.2 equivaent) was added at 25 °C and stirred at this temperature for 2-3 h. The reaction was
monitored by TLC. After completion of the reaction; the reaction mixture was concentrated to
dryness. The residue was dissolved in dichloromethane (20 mL) and washed with water. The
organic layer was concentrated under reduced pressure to give the crude product. The fina
product was isolated by column purification. The column was started at 10 % ethyl acetate
with petroleum ether and slowly increased to 60 % ethyl acetate. Finaly, the compound was
isolated at 25 to 30 % ethyl acetate in petroleum ether.

Antibacterial activity

The tetrazole derivatives (2, 3 and 4a—) were investigated for their inhibition of growth
against Staphylococcus aureus (ATCC-25923), Escherichia coli (ATCC-25922), Pseudomo-
nas aeruginosa (ATCC-27853) and Klebsiella pneumoniae (recultured) bacterial strains by
the disc diffusion method.26-3! Batches of 100 discs (Whatman filter paper No. 1, 6 mm dia-
meter) were each dispensed to a screw capped bottle and sterilized by dry heat at 140 °C for 1 h.
Solutions of the test compounds were prepared at different concentrations in dimethylform-
amide (DMF). ImL containing 100 times the amount of prepared solution in each disc was ad-
ded to each bottle, which contained 100 discs. The disc of each concentration was placed in
triplicate in a nutrient agar medium separately seeded with fresh bacteria. The incubation was
realized at 37 °C for 24 h. Solvent and growth controls were kept separate; the zones of inhi-
bition and minimum inhibitory concentration (MIC) were measured.

Antifungal activity

The newly synthesized compounds were aso investigated for their antifungal activity
against four fungal strains, namely, Aspergillus flavus (NCIM No.524), Aspergillus fumigatus
(NCIM No0.902), Penicillium marneffei (recultured) and Trichophyton mentagrophytes (recul -
tured). Sabouraud agar media was prepared by dissolving peptone (1 g), D-glucose (4 g) and
agar (2 g) in sterile water (100 mL) and the pH was adjusted to 5.7. Normal saline was used to
make a suspension of the spores of the fungal strain for seeding. A loopful of particular fungal
strain was transferred to 3 mL of saline to obtain a suspension of the corresponding species.
Agar media (20 mL) was poured into each petri dish. Excess of the suspension was decanted and
the plates were dried by placing them in an incubator at 37 °C for 1 h. Using an agar punch,
wells (8 mm diameter) were made on these seeded agar plates and from 6.25 to 50 pg mL-1 of
the test compounds in DM SO was added into each well labeled disc. Controls were run using
DM SO at the same concentration as used with the test compounds. The petri dishes were pre-
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pared in triplicate and maintained at 37 °C for 3 to 4 days. The antifungal activity was deter-
mined by measuring the diameter of the inhibition zone.3233

CONCLUSIONS

In conclusion, a series of new 5-thio-substituted tetrazole derivatives were
successfully synthesized. The antimicrobial screening suggests that al the
synthesized compounds showed moderate to good activity against the tested
organisms. Among the newly synthesized compounds, 4g and 3 showed the most
promising antibacterial and antifungal activities. Hence, the fact that the com-
pounds prepared in this study are chemically unrelated to the current medication,
suggests that further work with similar types of analoguesis clearly warranted.

Acknowledgements. The authors thank the Department of Chemistry, Islamiah College
and Sambalpur University for support of their research.

M3BOJ

CHUHTE3A OJABPAHUX 5-THO CYIICTUTYUCAHUX NEPUBATA TETPA3OJIA 1
OJJPEBUBAKE BMXOBE AHTUBAKTEPUIJCKE 1 AHTUOYHI'AJIHE AKTUBHOCTHU

VARADARAJ DHAYANITHI®, SUBAN SHAFI SYED', KUBARAN KUMARAN®, KASI REGURAMAN JAI SANKAR?,
RAMASWAMY VENKAT RAGAVAN?, PALUSA SANATH KUMAR GOUD®, NALILU SUCHETHA KUMARI*
1 HARI NARAYAN PATI®

'p G. and Research Department of Chemistry, Islamiah College, Vaniyambadi 632 752, India, 2Chemistry
Division, School of Science and Humanities, VIT University, Vellore 632 014, 5N.E.T. College of Pharmacy,
Raichur 584 102, 4Department of Biochemistry, K. S. Hegde Medical Academy, Mangalore 574 162 u
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W3Bpiiena je cuHTE3a HOBUX AepuBarta 5-Tno-Terpasona. CyNCTHTYHCAHH TETPa3oi-5-THOI,
1-6ensun-1H-rerpason-5-tuon (2) no6HjeH je 3arpeBambeM Ha TEMIEPATypH KJbydara KOMEpIIH-
janno pocrynHor Gensuin-uzorronujanara (1) ca HaTpUjyM-a3uaoM y BoAu. Y JPyroM peakiiOHOM
Kopaky jgobujen je 1-Gensmi-5-[(3-6pommpormin)rio]-1H-Terpason (3) THOAIKHIOBAHEM TETpa-
3011-5-tHona (2) ca 1,3-audpommnponanom y terpaxuapodypany. Konauxo, nepuatu 5-tHo-TeTpa-
3ona 4a— mobujenu cy konaeHsaunuojom (3) ca oxrosapajyhum amuanma mu tronuma. CTpykrype
nobujenux jenumema oapehene cy NMR, LC/MS/MS u IC ciekTpockomujoM 1 MUKPOAHATH30M.
CBHM CHHTETHCAHUM jeUIbEHUMA UCITHUTAaHA je aHTHOAKTEPHjCKa M aHTU(yHTaJlHAa aKTUBHOCT.

(Mpumsseno 21. anpuna 2009, peuaupano 13. cenremopa 2010)
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Novel 2-phenyl-3-{4’-[N-(4" -aminophenyl)car bamoyl]-phenyl}-
-quinazoline-4(3H)one-6-sulphonic acid
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Abstract: A series of new heterocyclic mono azo reactive dyes 7a—m were pre-
pared by diazotization of 2-phenyl-3-{4'-[N-(4"-aminophenyl)carbamoyl]-phe-
nyl} -quinazoline-4(3H)-one-6-sul phonic acid (3) and coupling with various cy-
anurated coupling components 6a—m and their dyeing performance on silk,
wool and cotton fibres was assessed. These dyes were found to give a variety
of colour shades with very good depth and levelness on the fibres. All the com-
pounds were identified by conventional method (IR and 1H-NMR) and elemen-
tal analyses. The percentage dye bath exhaustion on different fibres was rea-
sonably good and acceptable. The dyed fibre showed moderate to very good
fastness to light, washing and rubbing.

Keyword: quinazoline-4(3H)-one; mono azo reactive dyes; dyeing; fastness
properties.

INTRODUCTION

In recent years, the development of new structures of reactive dyes has been
a subject of interest and many novel structures useful in commercial application
to silk, wool and cotton, as well as their blends with other fibres, have been dis-
covered. The utility of quinazoline derivatives for the production of some com-
mercial dyes and pigment, both for natural and man-made fibre, is known.1.2
Intensive efforts have been made in the investigation of mono azo dyes con-
taining a heterocyclic moiety, such as amino quinazoline,3 as the diazo compo-
nent owing to the marked bathochromic effect of such groups compared to the
corresponding benzoid compound.4

In view of encouraging reports about the technical applications of the dyes
based on the 4-oxoquinazoline system,> it was considered of interest to under-

* Corresponding author. E-mail: divyeshpatel_905@yahoo.com
doi: 10.2298/JSC090225021P
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take the synthesis and study of the dyeing properties of azo dyes based on
2-styryl-3-(2' -chlorophenyl)-6-amino-4-oxoquinazoline.

In the present investigation, the synthetic pathway to 2-phenyl-3-{ 4’ -[N-(4"-
-aminophenyl)carbamoy!]-phenyl} -quinazoline-4(3H)-one-6-sulphonic acid (3)
from areadily available starting material, i.e., 5-sulpho anthranilic acid, was exa-
mined. The effect of the presence of the —SO3Na and —CONH—groups in the
quinazoline-based structure of the reactive dyes was studied in relation to the
colour and dyeing properties of the heterocyclic reactive dyes 7a—m.

The genera structure of the reactive dyes 7a—m is.

O
O
N303S ”
N—<: :>—C—NH—<: :>—N:N—R
=
N

where R = various 4-nitroanilino cyanurated coupling components (6a—m).
RESULTS AND DISCUSSION
Chemistry

The new series of reactive dyes 7a—m containing the quinazolinone and
benzanilide moieties were synthesized by condensation of benzoxazine derivative
1 and the diaminobenzanilide moiety 3. This condensed product on diazotization
and coupling with various 4-nitroanililno cyanurated coupling components 6a—m
produced a novel series of heterocyclic reactive dyes. These series of dyes have
found wide application in the dyeing of wool, silk and cotton fibres. The pre-
sence of quinazolinone structure in the dye molecule results in excellent dyeing
properties, including low sublimation and high thermal stability.

Characterization of the isolated intermediates and dyes

2-Phenyl-4-oxo-3,1-benzoxazine-6-suphonic acid (1). Yield 85 %; m.p. 107
°C; Ana. Calcd. for C14HgOsNS: C, 55.44; H, 2.99; N, 4.62 %. Found: C, 55.40;
H, 2.95; N, 4.60 %. IR (KBr, cm1) 1750 (C=0 stretching of benzoxazine), 1380
(C—N stretching of benzoxazine), 1042 (S=0 stretching of sulphonic acid group).
IH NMR (300 MHz, DMSO-dg, 6 / ppm): 11.2 (1H, s, SO3H), 6.72-8.05 (8H, m,
Ar—H).

4,4 -Diaminobenzanilide (2). Yield 75 %; m.p. 205 °C; Anal. Cacd. for
C13H130N3: C, 68.70; H, 5.77; N, 18.49 %. Found: C, 68.65; H, 5.72; N, 18.44 %.
IR (KBr, cmr1) 1695 (C=0 stretching of amide group), 3325, 2985 (N-H stretch-
ing (asym. and sym.) of amide group). 1H-NMR (300 MHz, DMSO-dg, 6 / ppm):
8.62 (1H, s, -CONH), 5.74 (4H, s, 2 -NH)>), 6.72-8.25 (8H, m, Ar—H).
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2-Phenyl-3{4’ -[ N-(4” -aminophenyl)car bamoyl] -phenyl }-quinazoline-4-(3H)-
-one-6-sulphonic acid (3). Yield 75 %, m. p. 193 °C. Anal. Calcd. for
Co7H2005N4S1: C, 63.27; H, 3.93; N, 10.93 %. Found: C, 63.92; H, 3.88; N,
10.90 %. IR (KBr, cmr1): 3515 (N-H stretching of primary —NH> group), 1675
(C=0 stretching of quinazolinone), 1395 (C-N stretching of quinazoline struc-
ture), 1040 (S=0 stretching of —SO3H group), 3415, 2995 (asym. and sym. N-H
stretching of amide). IH-NMR (300 MHz, DMSO-dg, 5 / ppm) 5.78 (2H, s,
—NH>), 8.64 (1H, s, -CONH), 11.6 (1H, s, —SO3zH), 6.78-8.15 (16H, m, Ar-H).

Sodium  5-(4-chloro-6-(4-nitrophenylamino)-1,3,5-triazin-2-ylamino)-4-hyd-
roxy-3-((4-(imino(4-(4-oxo- 2-phenyl-6-sulfonatogui nazolin-3(4H)-yl ) phenyl ) me-
thoxy)phenyl)diazenyl)naphthal ene-2,7-disulfonate (7a). Yield: 85 %; Anal. Calcd.
for C46H27014N11CIS3Nag: C, 47.69; H, 2.35; N, 13.30. Found: C, 47.63; H, 2.31;
N, 13.28 %. IR (KBr, cmr1): 3360-3680 (O—H and N-H stretching of —OH and
—NH> groups), 1660 (C=0 stretching of quinazoline ring), 1430 (N=N stretching
of azo group), 1382 (C—N), 1360, 1112, 1049 (S=0 stretching of sulphonates),
1501, 1308 (N=0O asym. and sym. stretching of nitro group), 762 (C—Cl stretch-
ing of chloro group). 1H-NMR (300 MHz, DMSO-dg, 6 / ppm): 4.32 (1H, s,
—OH), 4.16 (2H, s, 2 -NH), 8.65 (1H, s, -CONH), 6.82—7.95 (23H, m, Ar—H).

Sodium 3-(4-((4-((7-(4-chloro-6-(4-nitrophenylamino)-1,3,5-triazin-2-ylami-
no)-1-hydroxy-3-sulfonatonaphthal en-2-yl)diazenyl ) phenoxy) (imino)methyl ) phe-
nyl)-4-oxo-2-phenyl-3,4-dihydroquinazoline-6-sulfonate (7b). Yield: 83 %; Anal.
Cacd. for C46H28011N11CIS)Nap: C, 52.30; H, 2.67; N, 14.58 %. Found: C, 52.26;
H, 2.63; N, 14.55 %, IR (KBr, cm1): 3360-3680 (O-H and N-H stretching of
—OH and —NH> groups), 1662 (C=0 stretching of quinazoline ring), 1425 (N=N
stretching of azo group), 1380 (C—N), 1360, 1115, 1055 (S=0 stretching of sul-
phonates), 1510, 1310 (N=0 asym. and sym. stretching of nitro group), 765 (C-ClI
stretching of chloro group). 1H-NMR (300 MHz, DMSO-dg, 6 / ppm): 4.35 (1H,
s,—OH), 4.12 (2H, s, 2—NH), 8.62 (1H, s, -CONH), 6.81-7.90 (24H, m, Ar—H).

Sodium 3-(4-((4-((6-(4-chloro-6-(4-nitrophenylamino)-1,3,5-triazin-2-ylami-
no)-1-hydroxy-3-sulfonatonaphthal en-2-yl)diazenyl ) phenoxy) (imino)methyl ) phe-
nyl)-4-oxo-2-phenyl -3,4-dihydroquinazoline-6-sulfonate (7c). Yield: 78 %; Anal.
Calcd. For CygH28011N11CISSNay: C, 52.30; H, 2.67; N, 14.58 %. Found: C,
52.25; H, 2.62; N, 14.56 5. IR (KBr, cnmr1): 3350-3700 (O-H and N-H stretching
of —OH and —NH> groups), 1656 (C=0 stretching of quinazoline ring), 1420
(N=N stretching of azo group), 1385 (C-N), 1340, 1110, 1045 (S=0 stretching of
sulphonates), 1505, 1315 (N=0O asym. and sym. stretching of nitro group), 760
(C—ClI stretching of chloro group). IH-NMR (300 MHz, DMSO-dg, 6 / ppm):
4.38 (1H, s, -OH), 4.18 (2H, s, 2 -NH), 8.66 (1H, s, -CONH), 6.85-7.92 (24H,
m, Ar—H).

Sodium  3-(4-((4-((6-((4-chloro-6-(4-nitrophenylamino)-1,3,5-triazin-2-yl)-
(methyl)amino)-1-hydroxy-3-sulfonatonaphthal en-2-yl) diazenyl ) phenoxy) (imi-
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no)methyl)phenyl)-4-oxo-2-phenyl-3,4-dihydrogquinazoline-6-sulfonate (7d). Yield:
82 %; Anal. Calcd. for C47H30011N11CISSNap: C, 52.74; H, 2.83; N, 14.39 %.
Found: C, 52.70; H, 2.80; N, 14.36 %. IR (KBr, cn1): 3355-3690 (O-H and N-H
stretching of —OH and —NH> groups), 1670 (C=0 stretching of quinazoline ring),
1435 (N=N stretching of azo group), 1380 (C—N), 1365, 1115, 1045 (S=O stre-
tching of sulphonates), 1510, 1310 (N=O asym. and sym. stretching of nitro
group), 766 (C—CI stretching of chloro group). IH-NMR (300 MHz, DM SO-dg,
o/ ppm): 4.31 (1H, s, -OH), 4.20 (1H, s, -NH), 8.57 (1H, s, -CONH), 8.62 (1H,
s, -CONH), 6.86—7.92 (24H, m, Ar—H).

Sodium  3-(4-((4-((6-((4-chloro-6-(4-nitrophenylamino)-1,3,5-triazin-2-yl)-
(phenyl)amino)-1-hydroxy-3-sulfonatonaphthal en-2-yl)diazenyl ) phenoxy) (imi-
no)methyl)phenyl)-4-oxo-2-phenyl-3,4-dihydrogquinazoline-6-sulfonate (7€). Yield:
84 %; Anal. Calcd. for C5oH32011N11CISSNay: C, 55.15; H, 2.85; N, 13.60 %.
Found: C, 55.10; H, 2.81; N, 13.57 %. IR (KBr, cn1): 3360-3700 (O-H and N-H
stretching of —OH and —NH> groups), 1665 (C=0 stretching of quinazoline ring),
1430 (N=N stretching of azo group), 1385 (C—N), 1370, 1110, 1040 (S=0 dtretch-
ing of sulphonates), 1505, 1310 (N=0 asym. and sym. stretching of nitro group), 765
(C—ClI tretching of chloro group). 1H-NMR (300 MHz, DMSO-dg,  / ppm): 4.32
(1H, s, —OH), 4.15 (H, s, —NH), 8.68 (1H, s, -CONH), 6.78-8.05 (29H, m, Ar—H).

Sodium  4-(4-chloro-6-(4-nitrophenylamino)-1,3,5-triazin-2-ylamino)-5-hyd-
roxy-6-((4-(imino(4-(4-oxo-2-phenyl-6-sulfonatoguinazolin-3(4H)-yl ) phenyl ) me-
thoxy) phenyl)diazenyl ) naphthalene-1,3-disulfonate (7f). Yield: 77 %; Anal. Calcd.
for CgeH27014N11CIS3Nag: C, 47.69; H, 2.37; N, 13.30 %. Found: C, 47.63; H,
2.33; N, 13.28 %. IR (KBr, cnm1): 3345-3690 (O-H and N-H stretching of —OH
and —NH> groups), 1670 (C=0 stretching of quinazoline ring), 1425 (N=N stre-
tching of azo group), 1365 (C-N), 1375, 1105, 1042 (S=0 stretching of sulpho-
nates), 1510, 1315 (N=0O asym. and sym. stretching of nitro group), 765 (C—Cl
stretching of chloro group). 1H-NMR (300 MHz, DMSO-dg, 6 / ppm): 4.30 (1H,
s,—OH), 4.12 (2H, s, 2—NH), 8.65 (1H, s, -CONH), 6.83-7.98 (23H, m, Ar—H).

Sodium 3-(4-((4-((1-(4-chloro-6-(4-nitrophenylamino)-1,3,5-triazin-2-ylami-
no)-5-sulfonatonaphthal en-2-yl)diazenyl) phenoxy(i mino)methyl ) phenyl)-4-oxo-2-
-phenyl-3,4-dihydroquinazoline-6-sulfonate (7g). Yield: 76 %; Anal. Calcd. for
Cy6H28010N11CISNap: C, 53.11; H, 2.71; N, 14.81 %. Found: C, 53.09; H, 2.68;
N, 14.78 %. IR (KBr, cm1): 3355-3705 (O—H and N-H stretching of —OH and
—NH> groups), 1662 (C=0 stretching of quinazoline ring), 1430 (N=N stretching
of azo group), 1372 (C-N), 1372, 1115, 1052 (S=0O stretching of sulphonates),
1505, 1315 (N=0 asym. and sym. stretching of nitro group), 766 (C—Cl stretch-
ing of chloro group). TH-NMR (300 MHz, DMSO-dg, 5 / ppm): 4.18 (2H, s, 2
—NH), 8.70 (1H, s, CONH), 6.75-7.93 (25H, m, Ar—H).

Sodium 3-(4-((4-((2-(4-chloro-6-(4-nitrophenylamino)-1,3,5-triazin-2-ylami-
no)-6-sulfonatonaphthal en-1-yl)diazenyl ) phenoxy)(i mino)methyl ) phenyl)-4-oxo-
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2-phenyl-3,4-dihydroquinazoline-6-sulfonate (7h). Yield: 80 %; Anal. Calcd. for
C46H28010N11CISNap: C, 53.11; H, 2.71; N, 14.81 %. Found: C, 53.08; H, 2.67;
N, 14.77 %. IR (KBr, cm1): 3350-3715 (O—H and N-H stretching of —OH and
—NH> groups), 1665 (C=0 stretching of quinazoline ring), 1435 (N=N stretching
of azo group), 1380 (C-N), 1360, 1118, 1050 (S=0O stretching of sulphonates),
1505, 1310 (N=O asym. and sym. stretching of nitro group), 762 (C-Cl
stretching of chloro group). 1H-NMR (300 MHz, DMSO-dg,  / ppm): 4.17 (2H,
s, 2-NH), 8.68 (1H, s, -CONH), 6.82—7.98 (25H, m, Ar—H).

Sodium  3-(4-((4-((2-(4-chloro-6-(4-nitrophenylamino)-1,3,5-triazin-2-
ylamino)naphthal ene-1-yl)diazenyl ) phenoxy) (imino)methyl ) phenyl)-4-oxo-2-phe-
nyl-3,4-dihydroquinazoline-6-sulfonate (7i). Yield: 82 %; Anal. Calcd. for
CueH2807N11CISNan: C, 58.88; H, 3.12; N, 16.04 %. Found: C, 58.84; H, 3.09;
N, 16.01 %. IR (KBr, cmr1): 3350-3700 (O—H and N-H stretching of -OH and
—NH> groups), 1670 (C=0 stretching of quinazoline ring), 1422 (N=N stretching
of azo group), 1388 (C—N), 1365, 1120, 1060 (S=0 stretching of sulphonates),
1510, 1315 (N=O asym. and sym. stretching of nitro group), 760 (C-Cl stre-
tching of chloro group). IH-NMR (300 MHz, DMSO-dg / 6, ppm): 4.15 (2H, s, 2
—NH), 8.65 (1H, s, -CONH), 6.86-7.95 (26H, m, Ar—H).

Sodium 3-(4-((4-((2-(4-chloro-6-(4-nitrophenylamino)-1,3,5-triazin-2-ylami-
no)-5-sulfonatonaphthal en-1-yl) diazenyl ) phenoxy)(i mino)methyl ) phenyl )-4-oxo-
-2-phenyl-3,4-dihydroquinazoline-6-sulfonate (7j). Yield: 85 %; Anal. Calcd. for
C46H27013N11CIS3Nag: C, 48.36; H, 2.38; N, 13.49 %. Found: C, 48.32; H, 2.34;
N, 13.46 %. IR (KBr, cm1): 3360-3700 (O—H and N-H stretching of -OH and
—NH2 groups), 1660 (C=0 stretching of quinazoline ring), 1445 (N=N stretching
of azo group), 1380 (C—N), 1360, 1113, 1047 (S=0 stretching of sulphonates),
1505, 1308 (N=0 asym. and sym. stretching of nitro group), 765 (C—Cl stretch-
ing of chloro group). TH-NMR (300 MHz, DMSO-dg, 5 / ppm): 4.14 (2H, s, 2
—NH), 8.61 (1H, s, -CONH), 6.85-7.93 (25H, m, Ar—H).

Sodium 3-(4-((4-((1-(4-chloro-6-(4-nitrophenylamino)-1,3,5-triazin-2-ylami-
no)-8-sulfonatonaphthal en-2-yl)diazenyl) phenoxy) (imino)methyl) phenyl )-4-oxo-
-2-phenyl-3,4-dihydroquinazoline-6-sulfonate (7k). Yield: 80 %; Anal. Calcd.
For C46H28010N11CISNay: C, 53.11; H, 2.71; N, 14.81 %. Found: C, 53.06; H,
2.68; N, 14.76 %. IR (KBr, cnm1): 3355-3700 (O-H and N—H stretching of —OH
and -NH» groups), 1675 (C=0 stretching of quinazoline ring), 1440 (N=N stre-
tching of azo group), 1385 (C-N), 1360, 1112, 1055 (S=0 stretching of sulpho-
nates), 1511, 1307 (N=0O asym. and sym. stretching of nitro group), 763 (C—Cl
stretching of chloro group). 1H-NMR (300 MHz, DMSO-dg, J / ppm): 4.16 (2H,
s, 2-NH), 8.66 (1H, s, -CONH), 6.78-7.96 (25H, m, Ar—H).

Sodium  8-(4-chloro-6-(4-nitrophenylamino)-1,3,5-triazin-2-ylamino)-7-((4-
-(imino(4-(4-oxo-2-phenyl-6-sulfonatogui nazolin-3(4H)-yl) phenyl ) methoxy) phe-
nyl)diazenyl)naphthalene-1,3,6-trisulfonate (71). Yield: 85 %; Anal. Calcd. for
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Cs6H26016N11CIS4Nay: C, 44.40; H, 2.11; N, 12.38 %. Found: C, 44.36; H, 2.08;
N, 12.34 %. IR (KBr, cm1): 3360-3705 (O—H and N-H stretching of —OH and
—NH> groups), 1662 (C=0 stretching of quinazoline ring), 1445 (N=N stretching
of azo group), 1382 (C—N), 1365, 1120, 1048 (S=0 stretching of sulphonates),
1510, 1315 (N=0 asym. and sym. stretching of nitro group), 766 (C—Cl stretch-
ing of chloro group). TH-NMR (300 MHz, DMSO-dg, 6 / ppm): 4.18 (2H, s, 2
—NH), 8.62 (1H, s, \CONH), 6.76-7.96 (23H, m, Ar—H).

Sodium  4-(4-chloro-6-(4-nitrophenylamino)-1,3,5-triazin-2-ylamino)-5-hyd-
roxy-6-((4-(imino(4-(4-oxo- 2-phenyl-6-sulfonatoqui nazolin-3(4H)-yl ) phenyl ) me-
thoxy)phenyl)diazenyl)naphthalene-1,7-disulfonate (7m). Yield: 78 %; Anal.
Calcd. for C46H27014N11CIS3Nag: C, 47.69; H, 2.35; N, 13.30 %. Found: C,
47.64; H, 2.31; N, 13.26 %. IR (KBr, cmr1): 3370-3705 (O-H and N-H stre-
tching of —OH and —NH»> groups), 1665 (C=0 stretching of quinazoline ring),
1445 (N=N stretching of azo group), 1380 (C—N), 1355, 1120, 1045 (S=0 stre-
tching of sulphonates), 1505, 1310 (N=0O asym. and sym. stretching of nitro
group), 760 (C—CI stretching of chloro group). 1H-NMR (300 MHz, DM SO-dg,
o/ ppm): 4.35 (1H, s, -OH), 4.15 (2H, s, 2 -NH), 8.62 (1H, s, -CONH), 6.75—
7.98 (23H, m, Ar—H).

Soectral properties

The absorption maxima (Imax) and logarithm of the molar extinction
coefficient (log ¢) of al the prepared dyes 7a—m are given in Table I. The
absorption maxima of 7a—m were recorded in DMF solution. The absorption
maxima were in the range of 475543 nm. The value of logarithm of molar
extinction co-efficient (log ¢) of the dyes 7a—m were in the range 4.154.42,
indicating their good absorption intensity.

TABLE |. Exhaustion and fixation data of the synthesised dyes 7a—m (S—silk, W —wool, C —
cotton)

Dye Colour Ao/ M lOg Exhaustion, % Fixation, %

mex S W C S W C
7a Pink 543 442 7550 7080 70.55 9153 91.08 9144
7b Reddish brown 503 430 7330 66.82 67.66 8878 89.25 8485
7c Brown 495 422 70.80 7047 69.72 8554 9242 8557
7d Orange 485 415 6955 6555 7378 89.14 87.81 88.89

7e  Reddishbrown 475 427 67.87 6618 6945 9184 8554 87.55
7f Light brown 520 432 7260 7115 6957 84.02 8875 86.87
79  Lightorange ~ 485 430 7035 6880 7188 8570 84.65 91.49

7h Orange 480 415 7545 66.27 7152 90.12 9181 8878
7i Orange 475 440 68.80 6840 6517 86.73 86.84 8438
7j Light yellow 490 425 7123 6723 7260 9045 8745 87.58
7k Brown 485 427 7595 6517 6828 9182 8447 8588
7l Orange 475 430 6995 69.96 70.70 90.16 89.29 86.57

7m Greenishyellow 525 423 7255 68.82 68.04 9152 8891 8892
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Dyeing of fibres

All the dyes (7a—m) were applied on silk, wool and cotton fabrics in 2 %
shade according to the usual procedure.” The variation in the hues of the dyed
fabric result from both the nature and position of the substituent present on the
naphthalene ring. The remarkable degree of levelness after washing indicates
good penetration and affinity of these dyes for the fabric.

Exhaustion and fixation study

Dye uptake by the fibre was measured by sampling the dye bath before and
dyeing. The absorbance of diluted dye solution was measured at the Amgx Of the
dye. Percentage dye bath exhaustion was cal culated using following relationship:

Initial O.D.— Fina O.D.

Initial O.D.

The percentage exhaustion8 of 2 % dyeing on cotton ranged from 65 to 74 %, for
silk fabric from 67 to 75 % and wool from 65 to 71 %. The percentage fixation®
of 2 % dyeing on cotton fabric ranged from 84 to 91 %, for silk from 84 to 92%
and for wool from 84 to 90 % (the obtained results are summarized in Table).

Exhaustion (%) =100

Fastness properties

The light fastness of all the reactive dyes (7a—m) on silk, wool and cotton
fibres is moderate to very good. The obtained result of washing fastness of the
dyes for silk, wool and cotton fibres showed they are good to excellent. Fastness
to rubbing (dry and wet) of the dyed pattern was moderate to very good for silk,
wool and cotton fibres (Table I1). These are attributed to the good penetration and
affinity of the dyesfor the fibres.

TABLE Il. Fastness properties of the synthesised dyes 7a—m (S — silk, W —wool, C — cotton;
light fastness: 1 — poor, 2 — dlight, 3 — moderate, 4 — fair, 5 — good, 6 — very good; wash and
rubbing fastness: 1 — poor, 2 —fair, 3—good, 4 — very good, 5 — excellent)

Light fastness Wash fasthess Rubbing fastness

Dye Dry Wet

S w C S w C S W c 3 W c
7a 5 6 4 5 45 4 45 34 3 34 4 5
7b 4 45 45 4 4 34 3H4 3 4 4 4 3
7c 5 5 3 5 34 3 4 45 5 34 6 4
7d 3 4 5 4 4 4 34 3 4 4 45 34
7e 4 34 3 34 34 5 3 5 3 3 45 4
7f 4-5 4 4 4-5 4 45 45 34 34 34 4 34
79 6 4 3 3 4 34 45 4 4 3 4 4
7h 4 5 45 4 5 4 4 34 3 4 45 5
7 4 5 45 4 4 3+ 3 3 34 5 3 5
7j 34 5 3 34 3 45 5 4 3 3 4 3
7K 4 4-5 4 5 45 34 4 4 34 5 4-5 4
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TABLE II. Continued
Light fastness Wash fastness Rubbing fastness

Dye Dry Wet
W W
S c S c S W C S W C
7l 4 5 34 34 4 5 4 4-5 3 4-5 3 34
m 5-6 4 5 45 34 45 34 4 34 4 3 45

EXPERIMENTAL
General

All the melting points (m.p.) were determined in open capillaries and are uncorrected.
Elemental analysis for carbon, hydrogen and nitrogen were realised on a Carlo Erba 1108 ele-
mental analyzer. The purity of all the dyes has been checked by TLC0 using aluminium plates
coated with silica gl 60 F254 (Merck), eluent iso-butanol:n-propanol:ethyl acetate:water
(2:4:1:3). The IR spectra were recorded in KBr on a Perkin-Elmer model-881 spectrophoto-
meter and the H-NMR spectra on a Brucker DRX-300 (300 MHz FT-NMR) instrument using
TMS as the interna standard and DM SO-d6 as the solvent. Chemical shifts are given in
(ppm). Absorption spectra were recorded on a Beckman DB-GT Grating spectrophotometer.
The light fastness was assessed in accordance with BS: 1006-1978.11 The rubbing fastness test
was performed with a Crockmeter (Atlas) in accordance with AATCC-196112 and the wash
fastness test in accordance with 1S: 765-1979.13
Preparation of 2-phenyl-4-oxo-3,1-benzoxazine-6-suphonic acid (1)1

Benzoyl chloride (140.5 g, 1.0 mol) was added dropwise over the period of 1 h to
5-sulpho anthranilic acid (217 g, 1.0 mol) dissolved in pyridine (60 ml), under constant stir-
ring at 8 °C. After the completion of the addition, the reaction mixture was stirred for 30 min
at room temperature. At the end of the reaction, a solid mass was obtained, which was filtered,
washed successively with sodium bicarbonate solution (to remove unreacted acid) and then
with water, dried and recrystallized from rectified spirit. (The general route for the preparation
of 2-phenyl-4-oxo-3,1-benzoxazine-6-suphonic acid (1) is outlined in Scheme 1).

o)
HO5S COOH HO4S
ridine o
C[ () e A
/
NH; N CeHs

()
Scheme 1. Synthetic route to 2-phenyl-4-oxo-3,1-benzoxazine-6-sulphonic acid (1).

Preparation of 4,4 -diaminobenzanilide (2)

The title compound was prepared by the process described in the literature.1® (The gene-
ral route for the preparation of 4,4’ -diaminobenzanilide (2) is outlined in Scheme 2).
Preparation of 2-phenyl-3{4’'-[N-(4" -aminophenyl)car bamoyl] -phenyl }-quinazoline-4-(3H)-
-one-6-sulphonic acid (3)16

A mixture of compound 1 (0.05 mol) and 2 (0.05 mal) in dry pyridine (50 ml) was
heated under reflux for 6 h under anhydrous reaction conditions and then allowed to cool to
room temperature. The reaction mixture was treated with dilute HCI and stirred. A solid sepa-
rate out which was filtered off and washed with water to remove any adhered pyridine. The
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thus obtained crude quinazoline was dried under vacuum and recrystallized from 50 vol.% etha-
nol in water). (The general route for the preparation of compound 3 is outlined in Scheme 3).

_ SOCl, DMF .
CocCl
OzN COOH a5 70°C.4-5nh +

90-95°C | ¢ H.Cl, TEA
45h

Fe, H,0, HCI
HyN CONH NH, O,N CONH NO,
95-98°C, 2h
@)

Scheme 2. Synthetic route to the diaminobenzanilide (2).

Diazotation of 2-phenyl-3{4’-[ N-(4" -aminophenyl)car bamoyl] -phenyl}-quinazoline-4-(3H)-
-one-6-sulphonic acid (4)

Compound 3 (2.56 g, 0.005 mol) was suspended in water (60 ml). Hydrochloric acid
(0.36 g) was added dropwise to this well-stirred suspension. The mixture was gradually heated
up to 70 °C until a clear solution was obtained. The solution was cooled to 0-5 °C in an ice
bath. A solution of NaNO, (0.6 g) in water (4 ml) previously cooled to 0 °C was then added
over aperiod of five minutes with stirring. The stirring was continued for 1 h, maintaining the
same temperature. The excess of nitrous acid (gave a positive test on starch-iodide paper) was
decomposed with the required amount of sulphamic acid. The thus obtained clear diazo solu-
tion 4 a 0-5 °C was used for the subsequent coupling reaction. (The general route for the
preparation of compound 4 is outlined in Scheme 3).

o]
- HO3S
ridine 3
+@ — N@CONH@NHZ
Reflux _
N
®
o]
HO3S
NaNO,/HCI N CONH N=N—Cl
0-5°C 7

N

(C)
Scheme 3. Synthetic route to 2-phenyl-3-{ 4’ -[N-(4"-aminophenyl)carbamoyl]-phenyl} -
quinazoline-4-(3H)-one-6-sulphonic acid (3) and its diazonium salt 4.
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Preparation of 4-nitro anilino cyanurated H-acid

Cyanuration of H-acid (5a). Cyanuric chloride (1.85 g, 0.01 mol) was stirred in acetone
(25 ml) at atemperature below 5 °C for aperiod of an hour. A neutral solution of H acid (3.19
g, 0.01mol) in aqueous sodium carbonate solution (10 % wi/v) was then added in small
amounts over about an hour. The pH was maintained neutral by the simultaneous addition of
sodium carbonate solution (1 % wi/v). The reaction mixture was stirred at 0-5 °C for further
4 h when a clear solution was obtained. (The general route for the preparation of compound
5a is outlined in Scheme 4). The resultant solution was used for the condensation reaction
with 4-nitro aniline.

Cl

o OH HN—</:4\<N

OH  NH,
c. N -
T Y pH 7.0 =
HO4S SO4H Y

HO3S SOgH
cl 3 3
(5)

40-50 °C OzN@NHz
pH 7.0
Cl

OH HN—</N 4\<N
OO
HO5S SOzH

(6a)
Scheme 4. Synthetic route to the cyanurated H-acid 5 and 4-nitro anilinocyanurated H-acid 6a.

Condensation with 4-nitro aniline (preparation of 4-nitro anilino cyanurated H-acid 6a)

The temperature of the ice-cooled well-stirred solution of cyanurated H-acid 5 (4.67 g,
0.01 mol) was gradualy raised to 45 °C in about 30 min. To this cyanurated H-acid, 4-nitro
aniline (1.38 g, 0.01 mol) was added dropwise at the same temperature, during a period of 30
min, maintaining the pH neutral by the simultaneous addition of sodium bicarbonate (1 % w/v).
After completion of the addition, stirring was continued for a further 3 h. The thus obtained
4-nitro anilino cyanurated H-acid solution was subsequently used for the further coupling re-
action. (The general route for the preparation of compound 6a is outlined in Scheme 4).

Formation of the dye 7a

To anice cold and stirred solution of 4-nitro anilino cyanurated H-acid 6a (5.68 g, 0.01
mol), a freshly prepared diazo solution 4 (2.8 g, 0.005 mol) was added dropwise over a period
of 10-15 min. The pH was maintained at 7.5 to 8.5 by the simultaneous addition of sodium
carbonate solution (10 % w/v). During the coupling, a purple solution was formed. The stir-
ring was continued for 34 h, maintaining the temperature below 5 °C. The reaction mixture
was heated to 60 °C and sodium chloride was added until a coloured materia precipitated.
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The mixture was stirred for 1 h, filtered and washed with a small amount of sodium chloride
solution (5 % wi/v). The solid was dried at 80-90 °C and extracted with DMF. The dye was
precipitated by diluting the DMF-extract with excess chloroform. The violet dye was then
filtered, washed with chloroform and dried at 60 °C. Yield: 85 %. (The general route for the
preparation of compound (7a) is outlined in Scheme 5).

Coupling Reaction
(4) + (68) pH 7.5-8.5
0-5°C

Cl

R-—— N

o OH HN—</ _\<N

NaO3S | _ N=<
N CONH N=N-{ NH NO,
OO, O

N CeHs NaO3S SOsNa

(78)

Scheme 5. Synthetic route to dye 7a (R: different 4-nitro aniline cyanurated
coupling components (6a—m)).

Following the above-described procedure, other reactive dyes 7b—m were synthesized
using the required 4-nitro anilino cyanurated coupling components, i.e., Gamma acid (6b),
J-acid (6c¢), N-methyl-J-acid (6d), N-phenyl-J-acid (6€), Chicago acid (6f), Laurant acid (6g),
Bronner acid (6h), Tobias acid (6i), sulpho Tobias acid (6j), Peri acid (6k), Koch acid (6l) and
K-acid (6m).

CONCLUSIONS

Reactive dyes based on 2-phenyl- 3-{4’-[N-(4"-aminophenyl)carbamoyl]-
-phenyl} -quinazoline-4-(3H)-one-6-sul phonic acid were synthesized. These dyes
give mostly pink, yellow and brown shades on silk, wool and cotton fabric hav-
ing good to excellent washing fastness properties. The remarkable degree of le-
velness after washing indicates good penetration and affinity of these dyes for the
fabrics. Exhaustion and fixation of these dyes are very good, which indicates that
the dyes have good affinity and solubility with the fabrics. The presence of the
guinazolinone structure in the dye molecules results in low sublimation and high

thermal stability.
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U3BOA

HOBE A30 BOJE NOBUJEHE U3 2-OEHWJI-3-{ 4’ -[N-(4"-AMNHO®EHUI)KAPEAMOWIJI]-
-OEHUIT} -KMHA30JINH-4-(3H)-OH-6-CYJI®OHCKE KUCEJIMHE

DIVYESH R. PATEL u KESHAV C. PATEL
Department of Chemistry, Veer Narmad South Gujarat University, Surat 395 007, Gujarat, India

Cepuja HOBUX XETEPOIMKIMIHIX MOHO a30 PEaKTUBHHX 00ja 7a—M nobujeHa je KyIuloBameM
mpou3Boaa auazoroBama 2-¢enun-3-{4'-[N-(4"-amuHodenwn)kapbamon] -peHn} -KnHa30auH-4-
-(38H)-0H-6-cyndoHcke kucenuue (3) ca pasIUYUTHM [HjaHYPUHCKHM KOMITOHEHTaMa 3a KyIioBa-
we (6a—M) 1 UCIUTHBAHE Cy HBUXOBE CIOCOOHOCTH 00jerba CBUIIE, BYHE U MaMyKa. YTBpheHo je ra
oBe 0oje /1ajy pa3IM4uTy NOKPUBEHOCT ca JoOpoM IyOMHOM M HHjaHCOM Oojema BiakaHa. CBa je-
JIMbCHha OKapakTepucana cy yobuuajeHum crexrpockorickum merogama (IC u NMR) u enemen-
TaJHOM aHanu3oM. OGojeHa BIaKkHa UMajy 100py ITOCTOjaHOCT peMa CBETIY, [Ipamky U TPJharby.

(TMpumsseno 25. pebpyapa 2009, pesnanparo 23. cenrem6pa 2010)
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Abstract: It is known that certain bile acids have a promotive effect on the
action of some drugs. Specia attention is paid to bile acids having oxo groups
instead of OH groups in the steroid skeleton of their molecule, since these de-
rivatives have alower hemolytic potential (membrane toxicity). This study exa
mined the effects of sodium salts of 3a,12a-dihydroxy-7-oxo-58-cholanoic acid
(7-0C) and 3,7,12-trioxo-54-cholanoic acid (3,7,12-toC) on the adsorption of
verapamil hydrochloride on activated carbon (model of the cell membrane).
The interaction was followed by measuring the effect of verapamil on the func-
tional dependence between the spin-lattice relaxation time T, (protons of the
C18 angular group of the bile acid molecule) and the bile acid concentration in
deuterated chloroform (model of the cell membrane lipid phase). Whether a
depot effect of verapamil exists when 7-oC and 3,7,12-toC (in the form of me-
thyl esters) are present in chloroform was also investigated. It was found that
7-0C exhibited a significant effect in the experiments with verapamil, whereas
3,7,12-toC showed no difference of the measured parameters with respect to
the control. This indicates that bile acid molecules should have OH groups
bound to the steroid nucleus, in order to exhibit an effect on the monitored phy-
sico—chemical parameters of verapamil.

Key words: Bile acid oxo derivatives; verapamil; spin-lattice relaxation time.

INTRODUCTION
Bile acids are amphiphilic molecules:2 which, apart from their well-known
physiological roles, such as micellar solubilization of lipids during digestion and
regulation of biosynthesis and cholesterol homeostasis,3 also participate in a
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number of metabolic pathways as regulators, i.e., modulators of nuclear receptors
(farnesoid X (FXR)) of enzymes, ionic channels (large conductance Ca2*-ac-
tivated K* channel (BKcg)), etc.4° More recently, bile acid analogues have been
increasingly used to treat metabolic disturbances (obesity, hypertriglyceridemia,
type 2 diabetes, atherosclerosis and hypertension). Pharmacological applications
of certain bile acids are based on their ability to increase drug transport through
the cell membrane or through the complex blood-brain barrier. In these inter-
actions, the mechanism of bile acid action is observed as a change of the integrity
of the membranes of complex biologica structures (epithelial, buccal, dermal,
etc.) by weakening or breaking tight junctions between cells, thus enhancing pa-
racellular transport. In addition, when bile acids are present at levels close to
their critical micellar concentrations (CMC) or exceeding them, they modify the
structure of the cell membrane by withdrawing phospholipids and forming mixed
micelles, which results in increased disorder, i.e., increased probability of the
formation of water pool in the cell membrane.# Besides, on the membrane sur-
face or in itsinterior, bile acids may form complexes with some drugs which me-
diate the rate of drug passage through the cell membrane.3.6-9

Oxo derivatives of bile acids are suitable for pharmacological investigations
in view of the high values of their CMCs, which diminish their membrane to-
xicity, i.e., hemolytic potential .10

The aim of this study was to use a biophysical-chemical model to examine
experimentally the interaction of 3a,12a-dihydroxy-7-oxo-54-cholanoic acid
(7-0C) and 3,7,12-trioxo-5p-cholanoic acid (3,7,12-toC) with verapamil hydro-
chloride (Fig. 1). Namely, it is known that in in vitro experiments certain bile
acid salts increase the adsorption of verapamil hydrochloride in the intestinal
epithelium in rats, which assumes the formation of a complex between the drug
(non-ionized form) and bile acid molecules (non-ionized form) in the lipophilic
membrane phase®. The study was also concerned with the influence of Na salts
of 7-oC and 3,7,12-toC on the adsorption of verapamil hydrochloride on ac-
tivated carbon (model of the cell membrane surface and small intestine surface).
Finaly, the study dealt with the interaction between these bile acids (non-ionized
form) and verapamil (molecular form, i.e., base) in CDCl3 (hydrophaobic interior
of the cell membrane), studied by the IH-NMR relaxation method. When ex-
periment was concerned with the modeling of the processes in the small intestine
or in the intercellular space, the bile acid was assumed to be in the form of its
sodium salt and verapamil in the form of hydrochloride (adsorption on activated
carbon), whereas when the experiment was concerned with modeling in the
membrane lipid phase (NMR relaxation experiment), the bile acid and verapamil
were assumed to be in their non-ionized forms.
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Fig. 1. A) Verapamil hydrochloride (5-[(3,4-dimethoxyphenyl)methylamino]-2-(3,4-dime-
thoxyphenyl)-2-isopropylvaleronitrile, hydrochloride), B) 3a,12a-dihydroxy-7-oxo-54-cho-
lanoic acid (7-oxodeoxychoalic acid, 7-0C) and C) 3,7,12-trioxo-5p-cholanoic acid
(3,7,12-trioxocholanoic acid; 3,7,12-toC).

EXPERIMENTAL
Materials

Chalic acid (Sigma, New Zealand, 98 %) was used for the synthesis of 7-oC according to
the procedure by Tullar,!! whereas 3,7,12-toC was prepared by the procedure of Fieser and
Rajagoplan.12 The other employed chemicals were obtained commercially, i.e., Verapamil
hydrochloride, verapamil (Sigma, New Zealand, 99.9 %), CDCl; (Aldrich, 99.99 %), CHCl;
(Sigma, HPLC grade), KH,PO, (Lachner, analytical reagent grade), NagPO, (Lachner, analy-
tical reagent grade), FeCl; (Lachner, 98 %), CrCl; (Lachner, 98 %) and activated carbon (Dar-
co G-60 powder). Double distilled water was used throughout.

Adsorption on activated carbon

For this purpose, a series of solutions of verapamil hydrochloride of the concentration of
0.125, 0.25, 0.5, 0.75, 1.00, 1.25, and 1.50 mg ml-1, pH 7.4, were made to contain also sodium
salts of 7-0C or 3,7,12-toC at concentrations of 0.5 CMC and CMC. The control was the so-
Iution of the drug without a bile acid. To each solution, including the control, 20 mg of acti-
vated carbon was added and the suspension was stirred for 30 min. After centrifugation (3000
rpm, 10 min), the verapamil hydrochloride concentration was measured in the supernatant by
spectrophotometry (Agilent 8453) at 280 nm. The results are presented as the equilibrium
amount of the adsorbed drug per unit mass of the adsorbent as a function of drug concen-
tration in the supernatant.

Adsorption of verapamil hydrochloride was also measured in the presence of 10 mM so-
lution of iron(111) chloride and chromium(111) chloride at 0.5 CMC of the sodium salt of 7-0C
a pH 7.4. In doing this, the adsorbent was separated and the tested drug was extracted with
chloroform (2x5 ml) from the supernatant pH 3.5, then the extract was passed through a solid-
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-phase extraction column (Oesis), to bind the metal ions potentially present in the chloroform.
The concentration of verapamil (molecular, i.e., basic, form) in the chloroform solution was
determined spectrophotometrically (285 nm).

IH-NMR relaxation experiment

The starting solutions of 7-oC and 3,7,12-toC acids (non-ionized form, 60 mM in CDCl3)
were diluted with deuterated chloroform to obtain solutions of the concentrations ranging
from 2 to 60 mM, each solution being also 4 mM in verapamil (molecular, i.e., basic form).
Control measurements were performed in pure CDCl3. The experiments were performed at 23
°C on aBruker AC-250 instrument. The 'H-NMR spectra were recorded in a spectral window
of 3200 Hz. The spin-lattice relaxation time was determined by fast inversion—recovery ex-
periments (180°-7-90°-AQC).13-15 The area of the bile acid signal was measured at nine dif-
ferent times .

Depot experiment

The experiment was performed on an apparatus specially made for this purpose® It
consisted of two vertical glass tubes A and B mounted on a glass cylinder C (Fig. 2). Tube A
contains an agueous solution of verapamil hydrochloride (5 ml, 30 mM, pH 7.4) and it re-
presents the verapamil hydrochloride solution in contact with the intestine epithelium. In the
control experiment, the horizontal cylinder C contained chloroform, whereas in the experi-
ments involving bile acids it contained solutions of the bile acid methyl ester in chloroform,
18 mM in one and 36 mM in the other experiment. The horizontal cylinder C corresponds to a
complex membrane structure in the biologica system (e.g., the intestine epithelium
membrane), whereas tube B contains buffer (5 ml, pH 7.4). The head of one peristaltic pump
supplying fresh buffer pH 7.4 and to the head of a second peristaltic pump conducting the buf-
fer from the tube B. As the pumping flow rate of both pumps was 2 ml min™, there was no
change in the solution volume in tube B (Master flex 7523-60, pump head: L/S-Easy-Load |1
77200-60, L/S-Tubing 13). The pumping flow rate is 2 ml min'1; hence there is no change in
the solution volume in tube B. In this way, the blood flow in a capillary around a tissue was
modeled. In the horizontal cylinder C, three magnets are placed in the middle and two at the
sites of its connection to the vertical tubes (300 rpm). After 3 h, the chloroform solution from
the horizontal tube C was withdrawn (through tube A) and the verapamil concentration deter-
mined by spectrophotometry (Agilent 8453).

pump buffer
[ CET pH7.4

-«

pump
head

Fig. 2. Sketch of the setup for testing the depot effect.

RESULTS AND DISCUSSION
Adsor ption on activated carbon

This part of the investigation represents the model of the surface action of
bile acid sdlts at the water—cell membrane interface, where the bile acid salts are
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adsorbed, modifying thus the boundary surface of the cell membrane.” Hjelm et
al.16 and Nicol et al.17 in their studies of mixed micelles between lecithin (phos-
pholipid) and bile acid salts proposed the model of caped-rod micelle in which
the lecithin molecules are arranged radially, with the polar groups oriented to-
wards the surface and separated by bile acid molecules, whereby the s-side of the
steroid skeleton is oriented towards the hydrocarbon residues of the fatty acids
from the lecithin molecules. This model for the orientation of bile acid molecules
can also be acceptable for the case of their incorporation in the phospholipid cell
membrane, where the hydrophilic a-side of the bile acid molecules is oriented
towards the extracellular space. A similar situation arises also in the adsorption
of bile acid salts on activated carbon, where the a-side of the steroid skeleton is
directed to theinterior of the solution.

The adsorption isotherms of verapamil hydrochloride in the presence and
absence of Na-7-oC in the agueous medium at the concentration of 0.5 CMC are
shown in Fig. 3. The curve of verapamil hydrochloride adsorption shows an ab-
rupt rise with increasing equilibrium concentration of the drug, and saturation is
attained already at arelatively low concentration. The effect of Na-7-0C on vera-
pamil hydrochloride was evidenced by a change of its saturation mass per unit
mass of adsorbent. Namely, the Na-7-0C steroid skeleton has two proton donor-
-acceptor OH groups that form hydrogen bonds with the methoxy groups and
nitrile group of verapamil hydrochloride, and the formation of this complex in-
creased the amount of verapamil hydrochloride adsorbed. In the presence of Na-
-3,7,12-toC (0.5 CMC), however, the saturation mass of verapamil hydrochloride
decreased abruptly (0.075+0.012) compared to the control value (0.138+0.006),
which is probably the result of the formation of the complex with verapamil hyd-
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180 | 3 ()
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140 | 4 - Q
=
€ 100 l
21 Fig. 3. Adsorption isotherms (ad-
60 - é sorbed mass of verapamil hydro-
. chloride per unit mass of acti-
40 “r vated carbon my) as a function of
. the equilibrium concentration of
20 ' : : ' ) verapamil hydrochloride ¢ A)
0 100 200 300 400 500

without bile acid salts — control,
¢ lugmi” and B) with Na-7-0C, pH 7.4.

Available online at www.shd.org.rs/JSCS/

2011 Copyright (CC) SCS



194 POSA et al.

rochloride (Table 1). Namely, Na-3,7,12-toC competes in the process of vera-
pamil hydrochloride adsorption, occupying part of the activated carbon surface,
increasing thus the coverage of the adsorbent, which lowers the adsorption of the
drug. In fact, in the process of adsorption on activated carbon, each of the inves-
tigated bile acid salts acts as a competitor to verapamil. However, the adsorbed
Na-7-oC forms a hydrogen-bonded complex with verapamil hydrochloride,
which then shifts the equilibrium towards its adsorption.

TABLE |. Saturation masses of verapamil hydrochloride, pH 7.4
Concentration Saturation mass of verapamil hydrochloride, mg g™

Nasalt of bileacid of Nasalts of Buffered solution Buffered solution + Buffered solution
bile acids Fe(Ill) + Cr(l1)
Control - 0.138+0.006 0.130+0.008 0.135+0.007
7-0C 0.5CMC 0.156+0.004 0.072+0.010 0.071+0.010
CcMC 0.105+0.006 0.069 +0.008 0.058 +0.04
3,7,12-toC 0.5CMC 0.078+0.010 0.084+0.007 0.080+0.010
CMC 0.073+0.012 0.075+0.008 0.070+0.005

If the sodium salts of the tested bile acids were present at levels exceeding
their CMC values, then the saturation mass of verapamil hydrochloride decreased
compared to the control value (Table I). In the presence of Na-7-0oC (0.105+
+0.006), the decrease of the verapamil hydrochloride saturation mass was sig-
nificantly larger than in the presence of Na-3,7,12-toC (0.073£0.012). Namely,
the Na-7-0C has a larger hydrophobic areal® and hence is more efficient in for-
ming mixed micelles with verapamil hydrochloride in solution, which resultsin a
shift of the equilibrium towards desorption. In the presence of Na-3,7,12-toC, the
verapamil hydrochloride saturation mass is not statistically different from that
observed at 0.5 CMC. Since the three oxo groups in the Na-3,7,12-toC were
shifted to the f-side of the steroid skeleton, which caused a decrease in its hydro-
phobic area, this bile acid salt has a lower tendency to form mixed micelles with
verapamil hydrochloride.

lons of chromium(l11) and iron(l11) hindered the formation of the hydrogen-
-bonded complex between verapamil hydrochloride and Na-7-0C. Namely, the
presence of these ions at the 0.5 CMC of Na-7-0C caused no increase in the sa
turation mass of verapamil hydrochloride, but its decrease was observed com-
pared to the control value (Table 1). This is probably a consequence of the for-
mation of complexes between Na-7-0C and the metal ions, which hinders the for-
mation of hydrogen bonds with verapamil hydrochloride.

IH-NMR relaxation experiment

Formation of the aggregates between 7-oC (non-ionized form) and verapamil
(molecular form, 4 mM, to avoid self-association) in deuterated chloroform was
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PROMOTIVE EFFECT OF BILE ACIDS ON VERAPAMIL 195

investigated by the 1H-NMR relaxation technique. Fig. 4A shows the IH-NMR
spectra of a mixture of 7-oC (60 mM) and verapamil (4 mM) recorded by the
180°-7-90°-AQC method are shown in Fig. 4A. On the other hand, Fig. 4B pre-
sents the time r dependence of the area of the signal | of the angular C18 methyl
group of 7-0C after inversion by 180° (which are the corresponding spectra from
Fig. 4A). The parameter of this functional dependence is the spin-lattice relax-
ation time Ty, which was aso determined for the other investigated concen-
trations cga, both for 7-oC itself and for the mixture 7-oC + verapamil (4 mM).
The functional dependence between the concentration cga and the spin-lattice
relaxation time T4 is shown in Fig. 4C, from which it can be seen that at the bile
acid concentration exceeding 8 mM (curve I: 7-0C in CDCl3, without verapamil)
an abrupt jump appears, which indicates a change in the size (mass) of the mo-
lecule under observation, i.e., the formation of aggregates. Namely, the observed
increase in the mass of the particles retards their thermal motion, which also re-
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Fig. 4. A) IH-NMR spectra of a mixture of 7-oC (60 mM in CDCls) and verapamil (4 mM)
obtained by the 180°-1-90°-AQC method. Each spectrum was recorded at different times ¢
after the inversion (180°); B) change of the area of the signal of the C18 group of 7-oD asa
function of the time after the inversion; C) relaxation time T, for the protons of the C18
methyl group of 7-oD as a function of the concentration cga (I in the absence
and Il in the presence of verapamil).
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sults in a decrease of the relaxation rate (decay of the T value), i.e., there is a
slower return of the spin system to the Bolcman equilibrium state. For solutions
in deuterated chloroform, this can be explained by the Oakenfull Model1® of bile
acid aggregates, according to which the bile acid monomers are connected by hy-
drogen bonds via the a-sides of the steroid ring system, forming reverse micelles
in chloroform (Fig. 5A). By simulating the molecular dynamics, Partay et al.20
confirmed the possibility of the existence of the Oakenfull model for cholic and
deoxycholic acids. If verapamil (4 mM) was also present in the deuterated chlo-

(A)

(B)

C3-OH

i _"";'91?.-0}{ C3-OH

Fig. 5. A) The Oakenfull model of the aggregate (reverse micelle) of the 7-oC dimer (7-oC
mol ecules are mutually bonded by the hydrogen bonds between the C12—OH group of the
one and C7—oxo group of the other molecule); B) aggregate between the verapamil molecule
and 7-oC (hydrogen bonds are formed between the verapamil methoxy group and the C3—
and C12-OH groups of 7-0C, aswell as between the C7—oxo group of the one and
carboxylic function of the other molecule of the bile acid).
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roform, then the function Tq = f(cga) has an abrupt jump after the 2 mM con-
centration of 7-oC (Fig. 4C, curve |1), which suggests that interaction between
the bile acid molecule and the drug occurred. A study of the molecular models
indicates that the formation of hydrogen bonds between the verapamil methoxy
groups and the C3 (i.e., C12) OH group of the bile acid in the aggregate of vera-
pamil and 7-0C are sterically possible. For such an aggregate, the energy optimi-
zation shows that the distance between the carboxylic group of one and the C7
oxo group of the other bile acid molecule may aso alow the formation of hyd-
rogen bonds (Fig. 5B). The fact that curve I1, even at higher 7-0C concentrations,
did not return to its initial value (237 ms) although the CDCl3 contained only 4
mM verapamil, may mean that verapamil has a catalytic role in the formation of
the Oakenfull aggregates at higher bile acid concentrations. Namely, in the vera-
pamil—-bile acid aggregate, due to the mutual orientation and proximity (entropy
effect), the 7-0C molecules may form hydrogen bonds between themselves, thus
releasing verapamil molecules.

Verapamil had no influence on the course of the function T1 = f (cga) when
3,7,12-toC was the tested bile acid.

Depot experiment

The verapamil concentration in chloroform was significantly higher (t-test, p
< 0.05) compared to the control value when the chloroform contained the methyl
ester of 7-0C (methyl esters of bile acids are used to prevent the passage of bile
acids to an aqueous solution). On the other hand, the verapamil concentration did
not differ from the control value when the chloroform contained the methyl ester
of 3,7,12-toC (Table I1). Therefore, the presence of methyl ester of 7-oC de-
creased the rate of verapamil transfer from chloroform (model of the membrane,
i.e. of the epithelia cell) to the flowing buffer pH 7.4 (model of the capillary);
thus, the existence of the depot effect was confirmed.

TABLE Il. Verapamil concentration (mM) after 3 h of transport from the agueous medium to
chloroform; concentrations of bile acid methyl estersin chloroform: 18 (c;) and 36 mM (cy)

Bile acid (o} C

Control 2.02+0.16

7-0C 5.41+0.43 7.85+0.39

3,7,12-toC 2.09+0.05 2.12+0.07
CONCLUSIONS

If the concentration of Na-7-0C is below its CMC value, the adsorption of
verapamil hydrochloride is enhanced compared to the control. In deuterated
chloroform, an abrupt change on the curve T, = f(cga) in the presence of vera
pamil appears at a 7-0C concentration of 2 mM (in the absence of verapamil it
appears after 8 mM), which indicates the existence of interaction between 7-oC
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and the investigated drug. In the depot experiment, the presence of the methyl
ester of 7-0C prevents the transition of verapamil from chloroform to the aqueous
buffer solution. Therefore, in the considered physico-chemical model systems, of
the two tested hile acids only 7-oC showed a significant effect on verapamil,
which indicates that a bile acid molecule has to contain OH groups in its steroid
skeleton for interaction with verapamil. Namely, a prerequisite for the formation
of hydrogen bonds with the proton-accepting methoxy groups of verapamil is
that the bile acid molecule must have proton donors. In addition, the absence of
an effect of 3,7,12-toC on verapamil confirmsin an indirect way the importance
of the hydrogen bonds that are formed between the tested drug and 7-oC mole-
cules.
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VTULAJ HATPMJYMOBUX COJIU 3¢,120-ANXNJIPOKCHU-7-OKCO-54XOJIAHCKE U
3,7,12-TPUOKCO-54XOJIAHCKE KMCEJIMHE HA BEPAITAMWJI-XUJIPOXJIOPUZ Y
BUODPU3NYKO-XEMUNJCKUM MO/JIEJI EKCIITEPUMEHTUMA

MHXAJb M. TTOIITAY, BAJTEPHA J. TYKBAZ, MOMHP M. MIKOB* u JAHOIII J. IIAHAZ[I/I2

"Kaimiedpa 3a papmayujy, Meduyuncku gpaxyaitiei, Yuusepsuitieis y Hosom Cady, Xajoyk-Besmwiosa 3, 21000 Hosu
Caou Zﬂeﬁapm.MaH 3a xemujy, [IM®, Ynusepsuitein y Hosom Cady, Tpz 1. O6paoosutia 3, 21000 Hosu Cad

IMosnato je na onpeheHe KyuHe KMCEIHHE UCIIOJbaBajy IPOMOTOPHO AENIOBAabE HA HEKe Jie-
koBe. HapounTta naxma ce nocsehyje )xy4HIM KucelnHaMa Ko kojux ¢y OH rpyrme y creponaHom
CKEJIETy CYICTHTYyHCaHe OKCO Ipyliama, HOLITO CE KOJ OBHX ACPHBaTa CMarbyje XEMOJITHYKH I10-
teHuujan (MemOpaHoTokcudHocT). Y paay je ucturuBal ytuuaj Na-conu 3a,12a-nuxuapokcu-7-
-0kco-5f-xomancke kucenune (7-0C) u 3,7,12-tpuokco-54-xomnancke kucenune (3,7,12-t0C) na an-
COPIILK]jy BepanaMuiI-XuApOXJIOpHIa Ha aKTHBHOM yriby (Mozen hemujcke memOpane). IIpaheH je
edexaT BepamaMmia Ha (yHKIH]y 3aBUCHOCTH CIIHH-PELICTKA PEIaKCALHOHOT BpeMeHa Ty (poToH
C18 anrynaphe rpyne MOJIEKyJa )Ky4HE KHCEIHHE) O] KOHLCHTPALHje )KYYHE KHCEIUHE y JeyTe-
pucaHoM xjopodopmy (Mozen nunuane dase henujcke membpane). Takohe je ucnuTuBana Moryhi-
HOCT II0jaBe Jieno eeKkra BepanaMiia YKOJIUKO Cy Ky4dHe KucenuHe 7-0C u 3,7,12-toC (y obnuky
METHII ecTpa) npucyTHe y ximopodopmy. Haljerno je na 3Hauajan edexar y OBUM €KCIIEPUMEHTHMA
nma camo 7-0C, nok 3,7,12-toC He moka3syje JeloBamke y 0OJHOCY Ha KOHTPOJHE BPEAHOCTH MCITH-
THBaHUX Napamerapa. OBo yKa3yje Ha TO 1a JKy4uHa KuceianHa Mopa umatu OH rpyne Besane 3a cre-
POUJIHO je3rpo Ja OM MOTJjIa UCTI0JbaBaTH edeKar Ha (HU3UUKO-XEMHUjCKE MapaMeTpe BeparnamMuia.

(TTpumsbeno 19. jyna, pesunupano 13. cenremGpa 2010)
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Abstract: In order to find new and potent drug candidates for the treatment of
Helicobacter pylori infections, in this study attention was focused on the syn-
thesis and anti-H. pylori activity of a series of 5-(5-nitrofuran-2-yl)-1,3,4-thia-
diazoles containing piperazinyl functionality at the C-2 position of the 1,3,4-
-thiadiazole ring. The synthesis of 1-[5-(5-nitrofuran-2-yl)-1,3,4-thiadiazol-2-
-yl]piperazine derivatives 3a—h and pyrrolidine derivative 3i was achieved with
aversatile and efficient synthetic route via 2-chloro-5-(5-nitrofuran-2-yl)-1,3,4-
-thiadiazole. The inhibitory activity of the new derivatives 3a— against twenty
clinical H. pylori strains was evaluated by the disc diffusion method and com-
pared with the commercially available standard drug metronidazole. Resulting
biological data indicated that most compounds exhibited strong inhibitory acti-
vity even at doses lower than 2 pg/disc (average zone of inhibition >20 mm)
while metronidazole had little or no growth inhibition at this dose. Compound
3c containing the N-benzoylpiperazin-1-yl moiety showed the most potent inhi-
bitory activity.

Keywords. synthesis; 1,3,4-thiadiazole; 5-nitrofuran; antibacterial activity; He-
licobacter pylori.
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INTRODUCTION

Helicobacter pylori is considered the major causative bacterium responsible
in gastric ulcer, and other gastro-duodenal inflammatory symptoms and com-
plications.! Eradication of these pathogens leads to a significant reduction of
gastric ulcers, which may also lead to the prevention of mucosa associated lym-
phoid tissue (MALT) malignancies.2 Several regimens are arranged under dual,
triple and quadruple therapy aiming at higher treatment and eradication rates. The
most effective treatment regimens include a combination of antibiotics (beta-
-lactams, macrolides and quinolones), bactericida agents (bismuth salts) and anti-
protozoal agents (metronidazole).34 The most significant risk factor in the treat-
ment protocols are the emergence of resistant strains.® The pattern of local pre-
valence of antimicrobial resistant strains varies in different regions of the world.
There are reports on the activity of furazolidone (a nitrofuran analog) on H. py-
lori strains resistant to metronidazole (a nitroimidazole analog) in Iran and neigh-
boring countries.® Thus, the search for new types of nitroheterocyclic com-
pounds, including nitrofurans, is an attractive therapeutic target to find new and
potent drug candidates for the treatment of H. pylori infections.

Recently, as part of an ongoing research program to find new and potent
drug candidates for the treatment of H. pylori infection, attention was focused on
the synthesis and anti-H. pylori activity of a series of 5-(nitroaryl)-1,3,4-thia-
diazoles.”~11 With this point of view and the potent biological activity of 2-(5-
-nitrofuran-2-yl)-1,3,4-thiadiazol es, the synthetic strategy is now focused on the
introduction of a cyclic amine functionality at the C-2 position of the 1,3,4-thia-
diazole ring. Accordingly, it was decided to synthesize and evaluate a series of
1-[5-(5-nitrofuran-2-yl)-1,3,4-thiadiazol -2-yI] piperazine derivatives.

RESULTS AND DISCUSSION
Chemistry

The synthesis of 1-[5-(5-nitrofuran-2-yl)-1,3,4-thiadiazol-2-yl]piperazine
derivatives 3a—h and the pyrrolidine derivative 3i was achieved employing a
versatile and efficient synthetic route via 2-chloro-5-(5-nitrofuran-2-yl)-1,3,4-
-thiadiazole (2) (Scheme 1). The intermediate 2 was prepared from commercially
available 5-nitrofurfurylidene diacetate (1) according to previously described
methods.1213 Nucleophilic substitution of the chloro- compound 2 with (un)sub-
stituted piperazines in refluxing ethanol afforded compounds 3a and 3d—h in
good yields. Similarly, the reaction of compound 2 with pyrrolidine in refluxing
ethanol yielded compound 3i. N-Acetylation of the unsubstituted piperazine
derivative 3a with acetic anhydride produced compounds 3b. Reaction of pipe-
razine derivative 3a with benzoyl chloride in benzene/pyridine afforded the N-
benzoyl piperazine derivative 3c.
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Scheme 1. Synthesis of compounds 3a—. @) Ref. 11: i) thiosemicarbazide, EtOH, reflux, 1h;
ii) NH4Fe(SO,),-12H,0, H,0, reflux, 16 h; iii) NaNO,, HCI, Cu, 0 °C—r.t, 3 h; b) piperazine,
EtOH, reflux, 3h; ¢) substituted piperazine or pyrrolidine, EtOH, reflux, 2-3 h; d) acetic
anhydride, acetic acid, reflux, 20 min, r.t, 12 h; or benzoyl chloride, benzene, pyridine, 24 h.

Analytic and spectral characterization

The structures of compounds 3a—i were confirmed using IR, 1H-NMR and
mass spectrometry.

1-[5-(5-Nitrofuran-2-yl)-1,3,4-thiadiazol-2-yl] piperazine (3a). Yield: 73 %;
m.p.: 214-216 °C; Anal. Cacd. for C1gH11Ns03S: C, 42.70; H, 3.94; N, 24.90 %.
Found: C, 42.77; H, 3.80; N, 25.06 %. IR (KBr, cmr1): 3431 (N-H), 1551 and
1347 (NOy). 1H-NMR (80 MHz. CDCls3, ¢ / ppm): 7.85 (1H, d, 4-H furan, J =
= 4.0 Hz), 7.42 (1H, d, 3-H furan, J = 4.0 Hz), 3.82-3.30 (5H, m, 2CH»> and NH
piperazine), 3.19-2.99 (4H, m, piperazine). MS (m/z, %): 281 (M*, 10), 225 (10),
82 (18), 69 (71), 67 (100).

1-Acetyl-4-[ 5-(5-nitrofuran-2-yl)-1,3,4-thiadiazol - 2-yl] piperazine (3b). Yield:
66 %; m.p.: 221-223 °C; And. Calcd. for C1oH13Ns504S: C, 44.58; H, 4.05; N,
21.66 %. Found: C, 44.55; H, 3.88; N, 21.53 %. IR (KBr, cmr1): 1664 (C=0),
1556 and 1352 (NO,). IH-NMR (80 MHz, CDCl3, § / ppm): 7.41 (1H, d, 4-H
furan, J = 4.0 Hz), 7.2 (1H, d, 3-H furan, J = 4.0 Hz), 3.95-3.45 (8H, m,
piperazine), 2.17 (3H, s, CH3). MS (m/z, %): 323 (M*, 10), 165 (12), 239 (12),
110 (19), 100 (23), 237 (25), 224 (35), 53 (100).

1-Benzoyl-4-[ 5-(5-nitrofuran-2-yl)-1,3,4-thiadiazol - 2-yl] piperazine (3c). Yield:
63 %, m.p.: 225-227 °C; Anal. Calcd. for C17H15N504S: C, 52.98; H, 3.92; N,
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18.17 %. Found: C, 53.08; H, 3.90; N, 18.11 %. IR (KBr, cm1): 1639 (C=0),
1555 and 1362 (NOy). IH-NMR (80 MHz, CDCl3, § / ppm): 7.42 (1H, d, 4-H
furan, J = 4.0 Hz), 7.24 (1H, d, 3-H furan, J = 4.0 Hz), 7.30-7.10 (5H, m,
phenyl), 3.95-3.65 (8H, m, piperazine). MS (m/z, %): 385 (M*, 5), 236 (10), 148
(10), 166 (20), 77 (63), 105 (100).

1-Methyl-4-[ 5-(5-nitrofuran-2-yl)-1,3,4-thiadiazol-2-yl] piperazine (3d). Yield:
46 %; m.p.: 199-202 °C; Anal. Calcd. for C11H13N503S: C, 44.74; H, 4.44; N,
23.71 %. Found: C, 44.80; H, 4.27; N, 23.70 %. IR (KBr, cm1): 1551 and 1352
(NOy). IH-NMR (80 MHz, CDCl3,) 6 / ppm): 7.45 (1H, d, 4-H furan, J = 4.0 Hz),
7.15 (1H, d, 3-H furan, J = 4.0 Hz), 3.80-3.55 (4H, m, piperazine), 2.65-2.48
(4H, m, piperazine), 2.35 (3H, s, N-Me piperazine). MS (m/z, %): 295 (M*, 10),
83 (42), 68 (100).

1-[5-(5-Nitrofuran-2-yl)-1,3,4-thiadiazol-2-yl] -4-phenyl piperazine (3e). Yield:
42 %; m.p.: 202—205 °C (dec); Ana. Calcd. for C16H15N503S: C, 53.77; H,
4.23; N, 19.60 %. Found: C, 53.94; H, 4.26; N, 19.44 %. IR (KBr, cm1): 1555
and 1357 (NOy). IH-NMR (80 MHz, CDCls, 6 / ppm): 7.45 (1H, d, 4-H furan,
J=4.0Hz), 7.4-7.2 (5H, m, phenyl), 6.98 (1H, d, 3-H furan, J = 4.0 Hz), 3.94—
—3.73 (4H, m, piperazine), 3.45-3.29 (4H, m, piperazine). MS (m/z, %): 357 (M™,
8), 77 (6), 161 (9), 143 (22), 102 (60), 132 (100).

3-Methyl-1-[ 5-(5-nitrofuran-2-yl)-1,3,4-thiadiazol-2-yl] piperazine (3f). Yied:
52 %; m.p.: 124-125 °C; Anal. Calcd. for C11H13Ns03S: C, 44.74; H, 4.44; N,
23.71 %. Found: C, 44.67; H, 4.30; N, 23.64 %. IR (KBr, cnmr1): 3421 (N-H),
1556 and 1349 (NOy). 1H-NMR (80 MHz, CDCl3, 6 / ppm): 7.42 (1H, d, 4-H
furan, J = 4.0 Hz), 7.15 (1H, d, 3-H furan, J = 4.0 Hz), 4.05-3.75 (5H, m, 2CH>
and NH piperazine), 3.28-2.85 (3H, m, CHy and CH piperazine), 1.16 (3H, d,
CHg3, J = 5.8 Hz). 13C-NMR (125 MHz, CDCl3, 6 / ppm): 19.3, 45.1, 50.1, 50.5,
57.2, 124.7, 128.8, 140.5, 149.5, 151.6, 172.6. MS (m/z, %): 295 (M*, 8), 83
(22), 70 (100).

3,5-Dimethyl-1-[ 5-(5-nitrofuran-2-yl)-1,3,4-thiadiazol-2-yl] piperazine (39g).
Yield: 30 %; m.p.: 126-129 °C; Anal. Calcd. for C1oH15N503S: C, 46.59; H,
4.89; N, 22.64 %. Found: C, 46.60; H, 5.03; N, 22.71 %. IR (KBr, cm1): 3431
(N-H), 1549 and 1347 (NOy). IH-NMR (80 MHz, CDCl3, 6 / ppm): 7.40 (1H, d,
4-H furan, J = 4.0 Hz), 7.47 (1H, d, 3-H furan, J = 4.0 Hz), 4.05-3.75 (2H, m,
2CH piperazine), 3.15-2.75 (5H, m, 2CH, and NH piperazine), 1.16 (6H, d,
2CH3, J = 5.8 Hz,). 13C-NMR (125 MHz, CDCl3, ¢ / ppm): 19.2, 50.2, 56.6,
102.3, 113.8, 145.5, 148.5, 153.1, 172.8. MS (m/z, %): 309 (M*, 7), 252 (7), 223
(7), 130 (8), 95 (15), 84 (42), 81 (90) , 70 (100).

1-Benzyl-4-[ 5-(5-nitrofuran-2-yl)-1,3,4-thiadiazol-2-yl] piperazine (3h). Yield:
50 %; m.p.: 151-154 °C (dec); And. Cacd. for C17H17Ns03S: C, 54.97; H,
4.61; N, 18.86 %. Found: C, 55.04; H, 4.69; N, 18.72 %. IR (KBr, cm1): 1547
and 1352 (NOy). IH-NMR (80 MHz, CDCl3, 6 / ppm): 7.44 (1H, d, 4-H furan,
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J = 4.0 Hz), 7.40-7.20 (5H, m, phenyl), 7.14 (1H, d, 3-H furan, J = 4.0 Hz),
3.80-3.49 (6H, m, piperazine and CH,—Ph), 2.75-2.40 (4H, m, piperazine). 13C-
-NMR (125 MHz, CDCl3, ¢ / ppm): 50.1, 51.9, 62.8, 124.8, 127.4, 128.4, 128.7,
129.1, 137.3, 140.4, 149.7, 151.6, 172.4. MS (m/z, %): 371 (M*, 8), 166 (8), 159
(20), 132 (20), 55 (24), 146 (70), 89 (80), 91 (100).

2-(5-Nitrofuran-2-yl)-5-pyrrolidin-1-yl-1,3,4-thiadiazole (3i). Yield: 58 %;
m.p.: 247-249 °C; Anal. Calcd. for C1gH1gN40O3S: C, 45.11; H, 3.79; N, 21.04
%. Found: C, 45.50; H, 3.61; N, 21.00 %. IR (KBr, cnm1): 1541 and 1349 (NOy);
IH-NMR (80 MHz, , § / ppm): 7.40 (1H, d, 4-H furan, J = 4.0 Hz), 7.15 (1H, d,
3-H furan, J = 4.0 Hz), 3.88-3.38 (4H, m, pyrrolidine), 2.35-1.93 (4H, m, pyrro-
lidine). 13C-NMR (125 MHz, CDCl3, ¢ / ppm): 25.7, 51.1, 109.9, 113.9, 144.5,
148.9, 153.1, 169.1. MS (m/z, %): 266 (M*, 50), 147 (6), 132 (15), 237 (15), 114
(30), 192 (39), 100 (39), 70 (100).

Anti-Helicobacter pylori activity

The growth inhibitory activity of the nitrofuran derivatives 3a—i against H.
pylori was evaluated using the paper disc diffusion method.14.15 The diameters of
the inhibition zone of title compounds were compared with the commercially
available antibacterial metronidazole. Different doses of the compounds were
loaded on standard discs (6 mm diameter), which were then placed on a Muller—
—Hinton agar plate, previously inoculated with bacterial suspension. After incu-
bation for 3-5 days at 37 °C, the inhibition zone around each disc was recorded.
All tests were performed in triplicate and the antibacterial activity is given as the
mean of inhibition diameters (mm) produced by the title compounds. The com-
pounds 3a—i were initially evaluated against three H. pylori strains at a high dose
of 32 pg/disc and the results are summarized in Table I. Generally, the anti-
bacterial activity of compounds can be classified as follows. strong response,
zone diameter >20 mm; moderate response, zone diameter 16-20 mm; weak
response, zone diameter 11-15 mm; and little or no response, zone diameter <10
mm. The results given in Table | revealed that all the synthesized nitrofuran ana-
logs 3a—i, exhibited strong antimicrobial activity against H. pylori strains at a do-
se of 32 ug/disc (inhibition zone diameter >20 mm).

Due to the strong inhibitory activity of compounds 3a—i at 32 ug/disc, all
compounds were further tested at the doses lower than 32 pg/disc against a
broader panel of H. pylori strains (twenty clinical isolates). The antibacterial acti-
vities of the target compounds at doses of 16, 8, 4, 2, 1, 0.5 and 0.25 ug/disc
against 20 clinical isolates of H. pylori are given in Table |l as the average dia-
meters of the inhibition zones.

The inhibition zone diameters of compounds at different doses indicate that
all compounds exhibit higher inhibitory activity against the clinical isolates of H.
pylori compared to the standard drug, metronidazole. The inhibition zone dia-
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meters of all compounds were on average more than 20 mm at 8 pg/disc, which
is greater than that of metronidazole. Compounds 3a—d showed strong growth
inhibitory activity at doses of 4 and 2 pg/disc, while metronidazole had very
weak activity at these doses. The N-benzoylpiperazine derivative 3c had strong
activity even at 0.5 pg/disc (inhibition zone = 20 mm). The inhibition zone dia-
meters at the lowest dose (0.25 ug/disc), indicated that the N-acetyl and N-ben-
zoyl compounds (3b and 3c, respectively) still had a weak growth inhibition
while the remaining compounds showed little or no activity at this dose.

TABLE I. In vitro antibacterial activity of compounds 3a—i at 32 ug/disc against H. pylori

using the disc diffusion method
N—N
L 3

Compound R Inhibition zone diameter®, mm (range)
3a _N/_\NH 50 (44-60)
\—
3b — 0 45.3 (45-48)
—N  NH
|- CH,
—N  NH
—/ Ph
3d _ N/-\N_ CHs 48.6 (47-51)
\—
3e _N/_\N_Ph 23 (19-33)
\—
3f /_<CH3 42 (42-44)
—N NH
\—
39 CH3 41 (40-46)
~
—N NH
—
CHg3
3h _N/_\N_\ 28 (25-31)
—  Ph
3i _N::‘ 46 (46-48)

#The anti-Helicobacter pylori activity was determined by the paper disc diffusion bioassay. All tests were per-
formed in triplicate and the antibacterial activity is expressed as the mean of the inhibition diameters produced
by the title compounds

The comparison of inhibition zone diameters produced by title compounds
revealed that substitution of piperazine moiety by N-phenyl, N-benzyl, 3-methyl
and 3,5-dimethyl diminished the inhibitory activity against clinical isolates of H.
pylori. In contrast, N-benzoylation of the piperazine ring increased the anti-H.
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pylori activity. In addition, the introduction of N-methyl or N-acetyl groups on
the piperazine ring did not improve the antibacterial activity against H. pylori.

TABLE I1. Inhibition zone diameters of compounds 3a—i at different doses against 20 clinical
H. pylori isolates. Antibacterial activities are expressed as the mean of inhibition zone dia-
meters (mm). Range of inhibition zone diameters against 20 clinica H. pylori isolates are
given in parenthesis

Concentration, pg/disc

Compound 0.25 05 1 2 ) 8 16
3a 7.9 126 17.9 238 29.6 __33.6 435
(6-10) (6-15) (11-30) (14-40) (17-50) (21-57) (28-60)
3b 118 16.7 19.7 231 29.7 348 40.4
(6-19) (6-22) (14-30) (15-50) (15-60) (20-60) (24-60)
3c 151 201 241 28.8 35.2 41.2 491
(6-20) (11-30) (14-30) (11-43) (18-49) (20-55) (34-60)
3d 8.2 148 181 22,9 28.2 341 40.6
(6-11) (6-20) (10-28) (14-38) (15-60) (21-60) (30-60)
3e 6.5 7.6 123 173 18.4 214 239
6-9) (6-10) (6-16) (10-30) (11-40) (12-40) (15-41)
3 6 71 85 13.0 19.3 231 30.8
6  (6-10) (6-10) (6-20) (8-30) (12-37) (18-50)
3g 6 8.4 12.7 178 20.7 205 215
6)  (6-15) (6-16) (15-22) (15-25) (15-25) (18-25)
3h 7.7 111 15.2 19.8 226 235 248
6-9) (6-17) (820) (6-28) (10-26) (15-30) (18-30)
3i 6.7 85 13.2 19.9 253 333 38.1
(6-9) (6-12) (6-17) (12-26) (18-33) (24-39) (26-49)
Metronidazole 6 6 9.2 131 16.0 198 241

(4-21) (6-19) (8-26) (11-27) (17-32)

EXPERIMENTAL

The purity of the synthesized compounds was confirmed by thin layer chromatography
(TLC) using various solvents of different polarities. Merck silica gel 60 F254 plates were ap-
plied for the analytical TLC. Melting points were measured using a Kofler hot-stage apparatus
and are uncorrected. The IR spectra were obtained on a Shimadzu 470 (Shimadzu, Tokyo, Ja-
pan) spectrophotometer (potassium bromide disks). Nuclear magnetic resonance spectra were
determined in CDCl; containing TMS as an internal standard using Bruker 80 or 500 spectro-
meters. The mass spectra were recorded on a Finnigan MAT TSQ-70 spectrometer at 70 eV.
Elemental analyses were realized on a CHN-O-rapid elemental analyzer (Heraeus GmbH, Ha-
nau, Germany) for C, H and N, and the results were within £0.4 % of the theoretical values.
All reagents were purchased from Merck and Aldrich and used as such without purification.
The solvents employed in the reactions were previously distilled.

General procedure for the synthesis of 1-[ 5-(5-nitrofuran-2-yl)-1,3,4 thiadiazol-2-yl] pipera-
zine derivatives

To a mixture of 2-chloro-5-(5-nitrofuran-2-yl)-1,3,4-thiadiazole (2, 231 mg, 1.0 mmol)
in ethanol (15 ml), appropriate substituted piperazine (1.0 mmol) was added and refluxed for 3 h.
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The completion of reaction was monitored by TLC. After cooling, the separated solid was fil -
tered off and re-crystallized from ethanol.
Synthesis of 1-acetyl-4-[ 5-(5-nitrofuran-2-yl)-1,3,4-thiadiazol-2-yl] piperazine (3b)

Acetic anhydride (3 ml) was added to a mixture of 1-[5-(5-nitrofuran-2-yl)-1,3,4-thiadia-
zol-2-yl]piperazine (3a, 280 mg, 1.0 mmol) in acetic acid (12.5 ml) and refluxed for 20 min.
The mixture was stirred at room temperature overnight and then poured in to ice-water. The
yellow precipitate was separated and washed with water and crystallized from ethanol to give
pure compound 3b.

Synthesis of 1-benzoyl-4-[ 5-(5-nitrofuran-2-yl)-1,3,4-thiadiazol-2-yl] piperazine (3c)

Benzoyl chloride (70.5 mg, 0.5 mmol) was added under stirring to a suspension of 1-[5-
-(5-nitrofuran-2-yl)-1,3,4-thiadiazol-2-yl] piperazine (3a, 140 mg, 0.5 mmol) in benzene (1 ml)
and pyridine (0.5 ml) at 0-5 °C and then, the reaction mixture was stirred at room temperature
for 24 h. After evaporation of solvents under reduced pressure, the residue was washed with
water and crystallized from ethanol to give compound 3c.

Synthesis of 2-(5-nitrofuran-2-yl)-5-pyrrolidin-1-yl-1,3,4-thiadiazole (3i)

A mixture of 2-chloro-5-(5-nitrofuran-2-yl)-1,3,4-thiadiazole (2, 231 mg, 1.0 mmol) and
pyrrolidine (70 mg, 1.0 mmol) in ethanol (10 ml) was refluxed for 1 h. After completion of the
reaction, the orange precipitate was filtered and crystallized from ethanol.

CONCLUSIONS

In this study, attention was focused on the synthesis and anti-Helicobacter
pylori activity of a series of 5-(5-nitrofuran-2-yl)-1,3,4-thiadiazoles containing a
piperazinyl functionality at the C-2 position of the 1,3,4-thiadiazole ring. The
synthesis of the 1-[5-(5-nitrofuran-2-yl)-1,3,4-thiadiazol-2-yl] piperazine deriva-
tives 3a—h and the pyrrolidine derivative 3i was achieved using a versatile and
efficient synthetic route via 2-chloro-5-(5-nitrofuran-2-yl)-1,3,4-thiadiazole.
Based on the resulting biological data, compound 3c containing the N-benzoyl-
piperazin-1-yl moiety showed the most potent inhibitory activity against H.
pylori strains. The potent activity and straightforward synthesis of these nitro-
furans suggest that they are potential candidates for the development of new anti-
H. pylori agents.
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U3BOA

CHUHTE3A 1 BUOJIOIIKA AKTUBHOCT 5-HUTPO®YPAHA, KOJU CAZIPXKE
(1,3,4-TUAINA3OJI-2-UNITUTTEPASUHCKY CTPYKTYPY, KAO HOBU TUII
AHTH-Helicobacter pylori XETEPOLIMKITA

MOHAMMAD HASSAN MOSHAFI*, AZADEH YAHYA—MEYMANDIZ, SEYED ESMAEIL SADAT-EBRAHIMIZ,
SAEED EMAMI®, MARYAM NAKHJIRI? FARIDEH SIAVOSHI*, MARYAM OMRANI*, MOHSEN VOSOOGH|?,
ESKANDAR ALIPOUR®, ABBAS SHAFIEE? u ALIREZA FOROUMADI?
1Department of Pharmaceutical Microbiology, Faculty of Pharmacy, Kerman University of Medical Sciences,
Kerman, 2Department of Medicinal Chemistry, Faculty of Pharmacy and Pharmaceutical Sciences Research
Center, Tehran University of Medical Sciences, Tehran, 3Department of Medicinal Chemistry and Pharma-
ceutical Sciences Research Center, Faculty of Pharmacy, Mazandaran University of Medical Sciences, Sari,
“Microbiol ogy Department, Faculty of Sciences, University of Tehran, Tehran u 5Department of Chemistry,
Islamic Azad University, Tehran-North Branch, Zafar &., Tehran, Iran

VY uniby IpoHaNaXemha HOBOT e(pUKACHOT JieKa 3a Jiedere oJ nHpekuuja n3a3sanux Helico-
bacter pylori naury naxxsy ycMepuiu CMO IpeMa CHHTE3M M MCIUTHBamby aHTH-H. pylori akrus-
HoctH cepuje 5-(5-uurpodypan-2-mn)-1,3,4-Tnaauasona Koju caapiKe MUINEPasHHUIHNA CTPYKTYPHH
¢bparment y nonoxajy C-2 1,3,4-tujaanazonckor npcreHa. Cunresa aepusara 1-[5-(5-uurpody-
pau-2-un)-1,3,4-tnaauazon-2-wi|nunepasusa 3a—h u nmuponuanHCKOr nepuBata 3i MOCTHTHYTA je
npeko uHTepMeanjepa 2-xiop-5-(5-aurpodypan-2-un)-1,3,4-tnaauaszona. Kopucrehu muck-audys-
HOHY METOJy HCITUTAaHa jé HHXHOMTOPHA aKTHBHOCT HOBHX JepHBAaTa 38— mpema ABaieceT KIMHHU-
4ykux cojeBa H. pylori u u3BpiueHo je mopeheme 100HjeHIx pe3ynTara ca pe3yaTaTiMa aKTHBHOCTH
METPOHMIa3071a, KOMEpIHjaHOT cTaHgapiaa. JJooujern pesynTatu nokasyjy na Behuna jenumema
MOKa3yje jaky MHXMOWUTOPHY aKTHBHOCT Yak M IPH Jl03aMa MambuM o7 2 pg/muck (IpoceyHa 30Ha
naxubummje je >20 mm), JoK MEeTPOHKAA30J MOKa3yje Maly WHXUOUIH]jy WIH IOTIYHO OACYCTBO
HHXHOMIMje mpHu McTHM no3ama. Hajeehy mHXuOHIMjy mokasyje jeaumerse 3C koje campxu N-
Oenzomnunepasnt-1-ui pparMeHt.

(Ipumsbero 24. mapra, pesuaupano 18. okroopa 2010)
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GC-M S profiling of bioactive extracts from Haberlea
rhodopensis: an endemic resurrection plant
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Abstract: GC-MS metabolic profiling of the apolar and polar fractions from
methanolic extracts of Haberlea rhodopensis revealed more than one hundred
compounds (amino acids, fatty acids, phenolic acids, sterols, glycerides, sac-
charides, etc.). Bioactivity assays showed that the polar fractions possessed
strong free radical scavenging activity (ICsg = 19.95+14.11 pug mi-! for fresh
leaves and 50.04+23.16 pg mi-1 for desiccated leaves), while both the polar and
apolar fractions failed to provoke any significant cytotoxic effects against the
tested cell lines. Five compounds possessing antiradical activity were identified
—syringic, vanillic, caffeic, dihydrocaffeic and p-coumaric acids.

Keywords. Haberlea rhodopensis; metabolites; free radical scavenging activity.

INTRODUCTION

Haberlea rhodopensis Friv. is a very rare Balkan endemite belonging to the
group of extremely desiccation-tolerant (ressurection) plants which are capable
of withstanding long periods of almost full desiccation and to recover quickly on
water availability.12 Carbohydrates and phenols were found to play an important
role in the survival of plants under extreme conditions.3 Phenolic compounds,
accumulated in high amounts in ressurection plants, are assumed to protect the
membranes against desiccation and free radical-induced oxidation.4>

Ethnobotanical data that Haberlea leaves were used for the treatment of
wounds and diseases of stock in the Rhodope region of Bulgaria stimulated our
interest in this plant species. Similarly, Myrothamnus flabelifolia, a desiccation-
-tolerant plant accumulating gallotannins, is used in traditional folklore and me-
dicine in southern Africa due to its wound-healing properties.® Alcoholic extracts

* Corresponding author. E-mail: d_djilianov@abi.bg
doi: 10.2298/JSC100324024B
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212 BERKOV et al.

of H. rhodopensis were found to possess strong antioxidant and antimicrobial
activities.6:7 Preliminary phytochemical studies indicated that this plant contains
flavonoids, tannins and polysaccharides,” in addition to previously reported li-
pidsB and saccharides.3

The aim of the present study was to perform metabolic profiling of this
resurrection plant in parallel with antioxidant and cytotoxicity activity assays in
an attempt to make a preliminary evaluation of its potential for application in

phytotherapy.
EXPERIMENTAL
Plant material

Micropropagated plants, obtained by an in vitro propagation system developed in our
laboratory,® were used in this study to avoid possible damage of natural habitats and problems
resulting from handling material of unknown age, size and stage of plant growth. The plants
were maintained routinely in culture rooms under a 16/8 h light/dark photoregime, at 22 °C
with a light intensity of 75 umol m2 s, The micropropagated Haberlea plants possess the
same resurrection behaviour as plants taken from natural habitats.® Leaves from well-deve-
loped plantlets (about 3 months in culture) were taken out from the culture vessels and left to
dry to the full air-dried stage in a culture room under controlled conditions (2225 °C and 60 %
relative humidity in the dark) or lyophilized to obtain the desiccated and fresh leaf samples,
respectively.

Sample preparation

For metabolite analysis, 50 mg (DW) of leaf samples were macerated in 500 pl of metha-
nol in Eppendorf tubes. 20 pl of nonadecanoic acid (C19:0, 2 mg mi-1) and ribitol (2 mg mi-1)
were added as interna standards and the material was extracted for 30 min at 70 °C. Sub-
sequently, 500 pl of chloroform was added and the material was extracted for a further 5 min
at room temperature with vortex. Then, 300 pl of distilled water was added and the extract
was centrifuged at 13,000 rpm for 10 min to separate the apolar and polar fraction. 300 pl ali-
quots of the polar and apolar fractions were dried by lyophilisation. Dried polar and apolar
fractions were dissolved in 50 pl of pyridine and derivatized with N,O-bis(trimethylsilyl)-
trifluoroacetamide (BSTFA, 50 ul) for 90 min at 40 °C. The derivatized extracts were dissol-
ved in 100 pl chloroform and injected into the GC-MS system. BSTFA and pyridine were
purchased from Sigma-Aldrich (St. Louis, MO, USA).

For the bioactivity assays, about 420 mg of dry plant material was extracted in a similar
manner to the above-described method, using 4 ml of both methanol and chloroform and 2.5
ml of water to obtain the polar and apolar fractions. No internal standards were added.
GC-MSanalyses

The GC-MS analyses were performed on a Hewlett Packard 7890 instrument coupled
with MSD 5975 equipment (Hewlett Packard, Palo Alto, CA, USA) operating in EI mode at
70 eV. An HP-5 MS column (30 mx0.25 mmx0.25 um) was used. The temperature pro-
gramme was: 100-180 °C at 15 °C min' and 180-300 °C at 5 °C min'1 with a 10 min hold at
300 °C. Injector temperature was 250 °C. The flow rate of the carrier gas (helium) was 0.8 ml
minL. A split ratio of 1:20 was used for the injection of 1 pl of the solutions.
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METABOLITES OF H. rhodopensis 213

Metabolites identification

The compounds contained in the polar and apolar fractions were identified as TM S deri-
vatives with the help of the NIST 05 database (NIST Mass Spectral Database, PC-Version 5.0 —
2005, National Institute of Standardization and Technology, Gaithersburg, MD, USA), and
other plant-specific databases: the Golm Metabolome Database (http://csbdb.mpimp-golm.mpg.de/
/csbdb/gmd/home/gmd_sm.html) and the lipid library (http://www.lipidlibrary.co.uk/ms/ msOl/
/index.htm), as well as literature datal® based on the matching of the mass spectra and the
Kovats retention indexes (RI). A syringic acid standard, purchased from Sigma-Aldrich (St.
Louis, MO, USA), was co-chromatographed for confirmation of the major phenolic acid in the
polar fraction. The measured mass spectra were deconvoluted using AMDIS 2.64 software
before comparison with the databases. The groups of unidentified compounds were deter-
mined based on the specific mass spectral fragmentation and in comparison with the mass
spectra of the known metabolites. All unknown compounds, comprising more than 0.1 % of
the TIC (total ion current), were used to calculate the relative contribution of each metabolite
group. The response ratios were calculated for each analyte relative to the internal standard
(ribitol for the polar and nonadecanoic acid for the apolar metabaolites) using the calculated
areas for both components. The RI values of the compounds were measured with a standard n-
hydrocarbon calibration mixture (C9—-C36) (Restek, Cat No. 31614, supplied by Teknokroma,
Spain) using AMDIS 2.64 software.

Determination of the free radical scavenging activity

The stable radical 1,1-diphenyl-2-picrylhydrazyl (DPPH) was used for the determination
of the free radical scavenging activity of the extracts.1! Different concentrations of the extracts
(5, 10, 20, 50, 100 and 200 ug mL-1 in methanol) were added to an equal volume (2.5 mL) of
a methanolic solution of DPPH® (0.3 mM, 1 mL). After 30 min at room temperature, the Ab
values were measured at 517 nm using a Jenway 6320D spectrophotometer and converted into
the percentage antioxidant activity using the following equation: DPPH* anti-radical scaveng-
ing capacity (%) = 100((Ab(sample) — Ab(blank)x100/Ab(control)). Methanol (1.0 mL) plus
plant extract solution (2.5 mL) was used as the blank, while DPPH® solution plus methanol
was used as the control. The extracts were measured in triplicate on two different days. The
results are presented as the meantstandard error of |Csp.

Cytotoxic activity

The cédll lines used in this study, namely HL-60 (acute myelocyte leukaemia), its multi-
-drug resistant sub-line HL-60/Dox, SKW-3 (KE-37 derivative) (T-cell leukaemia), and
MDA-MB-231 (breast cancer), were purchased from the German Collection of Microorga-
nisms and Cell Cultures (DSMZ GmbH, Braunschweig, Germany). They were cultured under
standard conditions — RPMI-1640 liquid medium supplemented with 10 % foetal bovine se-
rum (FBS) and 2 mM L-glutamine, in cell culture flasks, housed at 37 °C in an incubator “BB
16-Function Line” Heraeus (Kendro, Hanau, Germany) with a humidified atmosphere and 5 %
CO,. The cell cultures were maintained in the logarithmic growth phase by supplementation
with fresh medium two or three times weekly. The mdr-phenotype of HL-60/Dox was main-
tained by culturing cells in the presence of 0.2 uM doxorubicin. In order to avoid synergistic
interactions, HL-60/Dox were maintained in an anthracycline-free medium (90 % RPMI 1640,
10 % FCS) for at least 72 h prior to the cell viability experiments.

Cdllular viability after exposure to the tested compounds was assessed using the standard
MTT-dye reduction assay as described by Mosmann!? with some modifications.13 The me-
thod is based on the reduction of the yellow tetrazolium dye MTT to a violet formazan pro-

Available online at www.shd.org.rs/JSCS/

2011 Copyright (CC) SCS

&

OSHE)

EY HMC HD



214 BERKOV et al.

duct via mitochondrial succinate dehydrogenase in viable cells. The exponentially growing
cells were seeded in 96-well flat-bottomed microplates (100 pl wellY) at a density of 1x10°
cells per ml and after 24 hincubation at 37 °C, they were exposed to various concentrations of
the tested compounds for 72 h. At least 8 wells were used for each concentration. After the
incubation with the test compounds, 10 pl MTT solution (10 mg mi-1 in PBS) aliquots were
added to each well. The microplates were further incubated for 4 h at 37 °C, after which the
formed MTT-formazan crystals were dissolved by adding 100 pl well~1 of 5 % HCOOH-aci-
dified 2-propanol. The MTT-formazan absorption was determined at 580 nm using a micro-
processor-controlled microplate reader (Labexim LMR-1). Cell survival fractions were cal-
culated as percentage of the untreated control.
Data processing and statistics

The cell survival data were normalized as percentage of the untreated control (set as 100 %
viability). The 1Cgy values (concentrations causing 50 % scavenge of the DPPH*) were cal-
culated using non-linear regression analysis (GraphPad Prism Software). The statistical pro-
cessing of the biological data included the Student’s t-test, whereby values of p < 0.05 were
considered as statistically significant.

RESULTS AND DISCUSSION

The free radical scavenging activity assays (Table 1) showed that the polar
fractions of both desiccated and fresh samples possessed strong antioxidant
activity; the fraction from the desiccated leaves being more active (p < 0.05).
Mainly saccharides, as well as organic acids, phenolic acids, phosphate-contain-
ing compounds and amino acids, showing high levels of biological variabilityl4
were found by GC-MS (Table Il). The total amounts of disaccharides and tri-
saccharides were about two-times more in the samples obtained from the desic-
cated as compared to those from the fresh samples (Table I11). The amounts of
phosphate-containing compounds tended to decrease in the desiccated |eaves,
while glycerides, mainly glycerol, increased. There were no detectable changes
in the total amount of amino acids.

TABLE |. Free radical scavenging activity of H. rhodopensis fractions

Fractions of H. rhodopensis [CsptSE / pg mi™*
Polar fraction of desiccated leaves 19.95+3.42°
Polar fraction of fresh leaves 50.04+3.44°
Apolar fraction of desiccated leaves >200
Apolar fraction of fresh leaves >200
Quercetin® 3.23+0.39
Syringic acid® 4.40+0.37

®Reference compound; bsignificantly different at p < 0.05

The antiradical activity of plant extracts may be explained by the presence of
phenolic compounds.1516 Five free phenolic acids were detected in these frac-
tions, with syringic acid dominating (46, more than 86 % of all the free phenolic
acids) (Tables Il and I11). This compound was reported to be a potent antioxidant,
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METABOLITES OF H. rhodopensis 215

effectively inhibiting linoleic acid (fatty acid) peroxidation.1> The concentration
of syringic acid and of the other free phenolic compounds were found to be about
3-timesless (p < 0.05) in the desiccated (2.8 % of the total ion current, TIC) than
in the fresh leaves (7.8 % of the TIC) of H. rhodopensis. Similar results concern-
ing the total phenolic acids were reported for Ramonda serbica, another resur-
rection plant. The predominant phenolic compounds found in R. serbica, how-
ever, were protocatechuic and chlorogenic acids.4

TABLE Il. Metabolites found in H. rhodopensis fractions; identification: Golm database,
NISTO05, the lipid library, Madeiros and Simoneit'® and standard; results represent the
meanstSE of the response ratios of measurements on 3 different fractionations from different
samples (50 mg). The response ratios represent peak area ratios using ribitol (40 ug) for polar
and nonadecanoic acid (40 ng) for apolar metabolites as quantitative internal standards

M*/b Apolar fraction Polar fraction

Compound ior?se mRi{n Fresh Desiccated Fresh Desiccated

leaves samples leaves samples
Glycolic acid (1) 2059147 3.69 - - 0.1+0.1 tr
L-Valine (2) 174/72  3.77 - - tr 0.1+0.03
Lactic acid (3) 234%147 4.35 - — tr tr
Phosphoric acid methyl ester (4) 256/241 4.76 - - tr tr
Malonic acid (5) 248/147 4.98 - - tr
4-Hydroxybutanoic acid (6) 233%147 5.29 - - tr tr
L-Serine (7) —/132 554 - - tr tr
Hydrocarbon — branched (8) —57 496 0.2+0.2 0.1+0.02 - -
Glyceroal (9) 293%147 571 15+0.6 1.0+0.3 06x0.1 4.1+4.2
Phosphoric acid (10) 314/299 5.75 9.4+35 4.9+25 82+32 3.4+05
Succinic acid (11) 262/147 6.07 0.1+0.1 tr 2.0+1.0 05201
Hydrocarbon — branched (12) —/71 616 0.6+04 0.2+0.1
2,3-Dihydroxypropanoic acid 307/147 6.28 - - 0.5+0.4 tr
(13)
UC (14) 145 632 2.9+0.4 — - —
Fumaric acid (15) —245 6.39 - - 0.1+0.1 tr
3,4-Dihydroxyl-2-furanone (16) 262/147 6.71 - - 0.3+0.1 tr
Hydrocarbon — branched (17) —/57  7.03 0.4+0.01 0.3+0.1 - -
Hexadecane (18) -/57 731 03+0.2 0.2+0.1 - -
Hydrocarbon — branched (19) —/57 739 05+0.3 0.2+0.2 - -
Hydrocarbon — branched (20) —/71 751 0.2+0.1 tr - -
Hydrocarbon — branched (21) 71 772 3.4+28 1.2+0.3 - -
Malic acid (22) 3359147 7.73 05#0.3 0.3x0.03 10.4#55 4.0+0.7
Erythritol (23) —217  7.97 - - 0.7+0.5 0.2¢0.1
UC® (24) —/355 8.62 1.9+0.5 - - -
Glutamine (25) 363/246 9.13 0.1+0.1 - - -
UC (26) —220 9.2 — - 18.1+9.2 6.8+1.6
Xylonic acid (27) 364/217 9.34 - - 4.0+3.0 7.8+18
UC (28) —/355 9.34 1.9+0.2 - - -
Dodecanoic acid (29) 272/257 9.4 0.2+0.2 0.2+0.03 - -
UM (30) —/220 10.09 - - 24+20 04401
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M*/b Apolar fraction Polar fraction
Compound iorfse min Fresh Desiccated Fresh Desiccated
leaves samples leaves samples
Hydrocarbon — branched (31) —71 101 2217 0.9:0.1 - -
UM (32) —/218 10.15 - - 15.5+18.2 0.2+0.2
UM (33) —/205 10.32 - - 5.1+1.9 0.2+0.03
Vanillic acid (34) 312/297 10.97 - - 1.0+0.5 0.3+0.3
UM (35) —/292 11.01 - - 26.5+10.1 25.0+13.3
Ribonic acid (36) 511/292 11.05 - - 23.4+54 22.7+3.0
Glycerol phosphate (37) 445/357 11.12 13.741.0 4.4+0.6 tr 0.7£t0.4
UM (38) —217 11.34 - - 4629 2.0+09
Glucofuranose (39) —217 11.64 - - 59+26 0.8+0.3
Fructose | (40) —217 1181 - - 10.2+2.2 6.6+3.8
Phytol 1 (41) —/95 11.88 7.5+t4.4 2.8+0.8 - -
Fructose 11 (42) —217 11.94 - - 115+2.8 5.5+25
Tetradecanoic acid (43) 300/285 12.12 0.9+0.4 0.3+0.1 - -
Fructose 111 (44) —204 12.28 - - 6.0£3.0 1.0+04
UM (45) —217 12.36 - - 142456 2.7+1.1
Syringic acid (46) 342/327 12.94 4.3+09 8.8+4.2 43.8+10.5 24.9+2.6
Hydrocarbon — branched (47) —/71 1314 12+12 0.6+£0.1 - -
Glucose (48) —/204 13.28 - - 6.7+3.3 3.6£1.9
Caffeic acid (49) 396/293 135 - - 0.1+0.1 tr
Dihydrocaffeic acid (50) 398/179 13.7 - - 54+21 21+15
Ascorbic acid (51) 464/332 13.94 - - 0.4+04 0.1+0.2
9-Hexadecenoic acid (52) 326/117 14.64 0.1+0.1 0.1+0.03 - -
Hexadecanoic acid (53) 328/313 15.04 16.0+6.2 10.8+1.3 - -
UC (54) 397/218 15.18 0.8+0.4 - - -
Heptadecanoic acid (55) 342/327 16.18 0.3+0.1 0.3+0.1 - -
p-Coumaric acid (56) 396/396 16.7 - - 0.4+0.2 0.1+0.1
Phytal 11 (57) —/143 1715 15+02 0.8+0.1 - -
9.12-Octadecadiencic acid (58) 352/337 17.68 2.5+1.5 1.6+0.9 - -
9-Octadecenoic acid (59) 354/339 17.78 1.9+0.7 2.3+0.8 - -
UC (glyceride) (60) 402/314 179 12.0+7.3 7.3+0.2 - -
Octadecanoic acid (61) 356/341 18.19 57+0.6 6.2+1.3 - -
UC (Polyolphosphate) (62) 602/587 18.31 25.1+2.0 7.0+2.9 - -
Uridine (63) 445%217 21.76 - - - 0.2+0.02
2-Hexadecanoylglycerol (64) 4597218 23.16 0.3+0.2 0.1:0.1 - -
UD (65) —217 23.32 - - 7.1+1.3 tr
UD (66) —/361 23.44 - - 72.9+14.4183.2+52.0
1-Hexadecanoylglycerol (67) 459%371 23.66 2.7+1.0 3.2+0.5 - -
?2UD (68) —/361 23.78 - - 67.7+19.4 59.3+24.1
2UD (69) —217 24.1 - - 8.4+5.1 tr
2UD (70) —217 24.38 - - 59.9+16.0168.3+60.3
2UD (71) —/361 24.48 - - 21.9+9.6 32.9+32.3
2UD (72) —217 24.55 - - 9.6+59 24405
2UD (73) —217 247 - - 14.3+t1.0 7.1+129
2UD (74) —217 24.85 - - 0.8+0.6 tr
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TABLE Il. Continued

M*/b Apolar fraction Polar fraction
Compound ior?se mF?n Fresh Desiccated Fresh Desiccated
leaves samples leaves samples
UD (75) —/361 25.07 - - 11.0+7.1 55.5+30.0
uUD (76) —/361 25.18 - - 47.3£59.5
Sucrose (77) —/361 25.26 - - 40.1+15.7160.3+61.4
UD (78) —217 25.74 - - 0.8+0.5 tr
UD (79) —/191 25.85 - - 1.0+0.7 2.0+1.8
1-Octadecanoylglycerol (80) 487%399 26.39 3.6+1.2 45+0.7 0.9+0.6 1.0+0.2
Squalene (81) 409/69 26.83 0.4+0.1 0.4+0.1 - -
Tetracosanoic acid (82) 440/425 26.99 0.1+0.1 0.1+0.1 - -
UC(glyceral) (83) 530/193 29.14 27.9+0.2 21.9+4.4 - -
UT (84) —217 30.27 1.1+04 0.7+0.2
Tocopherol (85) 502/502 31.05 7.0+29 6.2+1.0 - -
Cholesterol (86) 458/329 3115 1.2+04 1.9+0.3 - -
UC(glyceral) (87) 558/133 31.57 27.6+6.1 24.3+0.6 - -
Campestrol (88) 472/382 32.45 9.2+1.1 10.1+14 - -
Stigmasterol (89) 484/83 32.82 0.6£0.1 0.6+0.3 - -
UT (90) —217 33.46 - - 6.7+2.4 13.8+5.3
UT (92) —217 3357 - - 10.8+2.5 11.9+2.1
SSitosterol (92) 486/396 33.6 39.415.2 41.4+4.3 - -
UC (93) 396/381 33.79 - - 4.4+30 0.720.7
UT (94) —/361 33.83 - - - 26.2+22.1
UT (95) —217 34.33 - - 14.9+10.9 29.81+6.1
UT (96) —217 34.75 - - 3.0+14 4.2438
UT (97) —217 35.18 - - 37124 6.9+19
UT (98) —217 3542 - - 7.845.7 21.4+129
UT (99) —/217 35.81 - - 9.8+2.4 33.4+334
UT (100) —/361 35.97 - - 10.8+7.3 24.9+7.1
Raffinose (101) —/361 36.21 - - 22.7+6.1 15.0+3.2
UT (102) —217 36.61 - - 5.0+29 5.3%33
UT (103) —217 37.04 - - 3.0+0.8 -
UC-diglyceride (104) —129 38.36 16.0+1.6 9.6+7.7 - -
Total - — 2556+ 187.0+ 6481+ 1034.8+

+39.7 +12.3 #1144 +305.15

a[M-15]+; bcompoundswith “U” are unknown

As compared to desiccated leaves, the higher concentration of free phenalic
acids in the fresh leaves is not in correlation with their lower antiradical activity,
which indicates that other unidentified compounds contribute to the antiradical
activity of the polar fractions. The presence of flavonoids and tannins was re-
ported for H. rhodopensis® but, due to the limitations of GC-MS, such com-
pounds were not detected in the present study.

The apolar fraction of the methanolic extract showed relatively weak anti-
oxidant activity (Table I). This fraction consisted of glycerides (29 and 33 % of
TIC of the fresh and desiccated samples, respectively), sterols (20 and 29 %,
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respectively), phosphate-containing compounds (19 and 9 %, respectively), free
fatty acids (11 and 12 %, respectively), polyenes (6%), phenolic acids and hyd-
rocarbons. The relatively weaker antioxidant activity could be explained by the
presence of small amounts of a-tocopherol and free phenolic acids.

TABLE I11. Main groups of compounds in the extracts of H. rhodopensis; the results represent
the meanstSE of the response ratios and % of TIC (total ion current) of the measurements on
3 different fractionations from different samples (50 mg). The response ratios represents peak
arearatios using ribitol (40 pg) for polar and nonadecanoic acid (40 pg) for apolar metabolites
as quantitative internal standards

Apolar fraction Polar fraction

Fresh leaves Desiccated Fresh leaves Desiccated |eaves

Compound leaves
Response % of Response % of Response % of Response % of

ratio TIC raio TIC ratio TIC ratio TIC
Hydrocarbons 8869 32 37+10 20 - - - -
Phosphates 48.1+6.4 189 16.3+6.0 8.6 8.3£3.2 13 4.0+08 04
Organic acids 07403 03 0301 02 409+159 6.21 353+58 36
Phenalic acids 43+09 17 8.8+4.2* 46 506+13.4 7.8 27.4+44* 2.8

Fatty acids
Saturated 232476 89 17.8+28 95 - - - -
Unsaturated 45422 17 4.0+17 21 - - - -
Polyenes 16.4+7.7 6.48 10.3t2.0 55 - - - -
Glycerides 74.1+16.0 29.3 61.24¢65 327 1.5+0.7 0.2 50+44 06
Sterols 50.446.8 20.0 54.0+6.3 28.8 - - - -
Amino acids - - - — 01+0.003 002 01+01 0.01
Saccharides

Mono- - - - — 109.7455.2 17.0 48.3+246 4.6
Di- - - - — 315.2+106.7 48.8 720.5£334.8 70.0
Tri- - - - — 9924450 154 184.8+101.4 17.2
Syringic acid 43+09 17 88+42 4.6 438t105 6.7 249+x26* 25

Significantly different at p <0.05

The polar and apolar fractions of H. rhodopensis were screened for their
cytotoxic activity against a panel of four human tumour cell lines, representative
for some important types of neoplastic diseases, including a multi-drug resistant
cell line (Table IV). Both tested fractions failed to evoke any significant
cytotoxic effects against any of the cell lines.

TABLE V. Cytotoxic effects of the polar and apolar fractions of H. rhodopensis after 72 h
continuous exposure (M TT-dye reduction assay); each value represents the arithmetic meant
+SE from 8 independent experiments

Concentration HL-60 cells HL-60/Dox cells SKW-3cells MDA-MB-231 cdlls
mg/ml Hc30® Hc70° Hc30 Hc70 Hc30 Hc70 Hc30 Hc70
0.00 100+2 100+2 100+7 100+7 100+2 100+2 100+5  100+2
0.10 103+2 101+2 103+3 100+3 101+3 95+6 100+3  100+3
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TABLE IV. Continued
Concentration HL-60 cells HL-60/Dox cells SKW-3cells MDA-MB-231 cells

mg/ml Hc30 Hc70 Hc30 Hc70 Hc30 Hc70 Hc30 Hc70
0.20 101+1 100+3 99+3  95+7 100+2 97+4 9743 99+4
0.25 102+2 104+2 11446 104+3 10616 99+3 111+7  102+3
0.40 95+4  99+3 9446  94+4  93+7 96x4 9616 9447
0.50 102+2 107+4 109+6 102+5 107+4 97+4 103+2 10245

®Polar fractions; bapolar fractions

CONCLUSIONS

In conclusion, the polar fractions of H. rhodopensis showed potent free radi-
cal scavenging activity. GC-MS metabolic profiling of the polar and apolar frac-
tions resulted in the detection of more than one hundred compounds, including
several phenolic acids. In depth quantitative analysis of the phenolic complex
(free and conjugated phenolic acids, flavonoids and polyphenols), however, is
needed to reveal the relationship between antiradical activity and metabolites in
the extracts of H. rhodopensis. The lack of any cytotoxic activity of the extracts
indicates that the plant may be used in phytotherapy for its antiradical properties.
In this respect, the desiccated leaves of H. rhodopensis are more suitable due to
their higher antiradical activity.
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T'ACHOMACEHA AHAJIU3A BUOJIOIIKHN AKTUBHUX EKCTPAKATA EHAEMCKE
BUJBKE Haberlea rhodopensis

STRAHIL H. BERKOV', MILENA T. NIKOLOVA? NEVENA I. HRISTOZOVA®, GEORGI Z. MOMEKOV*,
ILIANA I. IONKOVA* 1 DIMITAR L. DJLIANOV*

1AgroBio Ingtitute, 8 Dragan Tzankov Blvd., 1164-Sofia, 2 nstitute of Botany, Bulgarian Academy of Sciences,
23 Acad. G. Bonchev Str., 1113-Sofia, SFacul ty of Biology, Sofia University, 8 Dragan Tzankov Blvd.,
1164-Sofia u *Facul ty of Pharmacy, Medical University of Sofia, 2 Dunav Str., 1000-Sofia, Bulgaria

lacHOMaceHa aHanM3a MOJAapHHUX U HemojapHuX Merabosura Gusbke Haberlea rhodopensis
H30JI0BaHUX EKCTPAKIMjOM METaHOJIOM JICTEKTOBAJIA j& BUILE OJ] CTO je[Hbeha (aMUHO-KHCEINHA,
MAacHHX KHcCelnHa, GQeHOIHNX KHUCeNMHa, CTepoia, TIMIepu/a, caxapiuaa, uTx.). TectoBu 3a oape-
huBame OHOJONIKE aKTHBHOCTH Cy MOKa3alH Aa MonapHe (pakiuje UMajy M3pakeHy aKTHBHOCT
npema cio6oxunmM paukamaMa (ICs, = 19,95+14,11 pg mi™ 3a ceesxe mucrose n 50,04+23,16 ug mi™
3a OCYILICHE JINCTOBE), JOK HU IIOJapHEe HU HemoNapHe (pakiyje HUCY UCHOJbHIIEC 3HAYajHEe LIUTO-
TOKCHYHE e(eKkTe Ha TecTHpaHUM henujckuMm JinHHjaMa. T1eT jeaumema ca aHTUPaJUKAICKOM aK-
tuBHOWNY je MICHTU()UKOBAHO: CHPHHTHHCKA, BAaHWIMHCKA, KODEHHCKA, AUXHIPOKOGEHHCKA M
P-KyMapHHCKa KHCEIHHa.

(TTpumibero 24. mapra, peBuaupato 6. jyna 2010)
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Synthesis and char acterization of oxomolybdenum(V)
and dioxomolybdenum(V1) complexes derived from
N’ -(2-hydr oxy-3-methoxybenzylidene)isonicotinohydrazide

MADHAVAN NAIR LEKSHMY HARIKUMARAN NAIR*
and DEVAKIAMMA THANKAMANI

Department of Chemistry, University College, Thiruvananthapuram-695 034, India
(Received 8 February, revised 23 August 2010)

Abstract: Several novel complexes of oxomolybdenum(V) and dioxomolybde-
num(V1) were synthesized with the Schiff base, N’'-(2-hydroxy-3-methoxyben-
zylidene)isonicotinohydrazide (HL) derived from 3-methoxysalicylaldehyde
and isonicotinohydrazide. The complexes were characterized by elemental ana-
lyses, molar conductance and magnetic susceptibility, as well as IR, H-NMR,
FAB mass and UV-Vis spectra studies. The complexes have the general for-
mulae [MoO(L)XCI] and [M0oO,(L)X], where X=NO3 or ClO,. The IR spectra
of these complexes indicate that the ligand HL acts as a monoanionic tridentate
chelating agent. The spectra indicate the monodentate mode of coordination for
the nitrate and perchlorate groups. The X-ray diffraction studies of
[MoO(L)NOSCI] correspond to an orthorhombic crystal lattice with unit cell
dimensionsa = 15.49 A, b= 12.44 A and ¢ = 10.11 A. All the complexes were
found to have distorted octahedral geometry. Thermal studies of the complex
[MoO,(L)NO3] showed that it was stable up to 240 °C, above which it started
to decompose. The optimized geometry of ligand and one of its complexes,
[MoO(L)NO4CI], have been obtained by a molecular mechanics method. Anti-
bacterial studies of the present complexes show that the oxomolybdenum(V)
complexes were more potent bactericides than the ligand and the dioxomolyb-
denum(V1) complexes.

Keywords. oxomolybdenum(V); dioxomolybdenum(VI); 3-methoxysalicyla-
dehyde isonicotinoylhydrazone; thermal analysis, 3D modelling.

INTRODUCTION

Coordination chemistry of molybdenum still engages the attention of re-
searchers due to the chemistry of its oxidation state, coordination number,
ligating atom, their impact on structure, reactivity and because of the potential

* Corresponding author. E-mail: drmlhnair@gmail.com
doi: 10.2298/JSC100208009N
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applications of molybdenum compounds.1—8 Molybdenum is a biologically im-
portant trace metal that occurs in the redox-active sites of molybdo-enzymes in-
volved in nitrogen, carbon or sulphur metabolism. Molybdenum is a micronut-
rient for microorganisms, plants and animals. The biochemical importance of
molybdenum is due to its ability a) to provide facile electron-transfer pathways, a
conseguence of the easy inter-convertibility of the different oxidation states and
b) to form bonds with nitrogen-, oxygen-, and sulphur-donors, which are suffi-
ciently strong to permit the existence of stable complexes but also sufficiently
labile to permit facile ligand exchange reactions or changes in the molybdenum
co-ordination number. Hydrazones derived from isonicotinohydrazide and their
complexes have applications in various fields, such as biological, analytical and
pharmacological areas and are reported to have lower toxicity than the hydrazi-
de9.10

In view of the versatile importance of hydrazones and molybdenum, the
synthesis, characterization, thermal behaviour, and biological and 3D molecular
modelling studies of some nitrate and perchlorate complexes of oxomolybde-
num(V) and dioxomolybdenum(VI) species with a Schiff base (HL), derived
from 3-methoxysalicylaldehyde and isonicotinohydrazide are reported herein.

EXPERIMENTAL
Materials and methods

Molybdenum pentachloride (Alfa Aesar, Lancaster) and molybdenum trioxide (Loba
Chemie, Mumbai, India) were used. All other chemicals were of A R grade.

Synthesis of the ligand (HL)

The Schiff base (C;4H,3N305) (Fig. 1) was prepared! by mixing methanolic solutions of
3-methoxysalicylaldehyde (0.05 mol, 50 mL) and isonicotinohydrazide (0.05 mol, 50 mL) and
refluxing the mixture for ~30 min. The pale yellow solid which separated was filtered, washed
with methanol and dried. The purity of the ligand was monitored by TLC. It was characterized
by demental andysis, IR, UV and 1H-NMR spectroscopy. Yield: 70 %; m.p. 260 °C; Anal.
Calcd. for C14H13N303: C, 61.99; H, 4.83; N, 15.49 %. Found: C, 61.50; H, 4.95; N, 15.24 %.
IH-NMR (300 MHz, DMSO-dg, 6 / ppm): 12.27 (1H, s, —OH), 10.74 (1H, s, -NH), 8.70 (1H,
s, CH=N), 3.97 (3H, s, -OCH3), 6.85-8.9 (7H, m, aromatic H).

N

™ N\N P~

OCH3  Fig. 1. Structural formula of the ligand (HL).
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Synthesis of the oxomolybdenum(V) complexes

The following general method was adopted for the preparation of the complexes.l A
methanolic solution of MoCls (2 mmol, 20 mL) containing ~0.3 g LiNOy/2-3 drops of per-
chloric acid as the case may be, was added to a hot methanolic solution of the ligand (2 mmol,
20mL). The pH of the mixture was adjusted to ~4 with NaOAc/HOA c buffer. The complexes
precipitated on refluxing the solution for 20-30 min. The precipitated complexes were suction
filtered, washed with agueous methanol (1:1) followed by dry diethyl ether and dried over
P40 in vacuo.

Synthesis of the dioxomolybdenum(VI) complexes

The dioxomolybdenum(V1) complexes were prepared by adding, dropwise a solution of
MoO3; (2 mmol, 20 mL) in hot conc. HCl (2 mL) containing ~0.3 g LiNOy/2-3 drops of
perchloric acid to a methanolic solution of the ligand (2 mmol, 20 mL) under constant stirring.
The complexes precipitated on refluxing the solution for 0-30 min. The separated solid was
suction filtered, washed with aqueous methanol, then with diethyl ether and dried over P4O4g
in vacuo.

Metal, chloride and perchlorate were estimated by standard methods.12 The elemental
analyses (C, H and N) were realised at the Sophisticated Test and Instrumentation Centre
(STIC), Kochi, India. The IR spectra (KBr, cml) of the ligand and the complexes were re-
corded in the region 4000-400 cm! on a Perkin-Elmer 397 spectrophotometer. The room tem-
perature molar conductances of the complexesin DMF were recorded on an Elico direct read-
ing conductivity meter at a concentration of ~103 M. The electronic absorption spectral mea-
surements of the complexes in methanol were measured using a Jasco-V-550-UV-Vis spectro-
photometer. The IH-NMR spectra of the ligand and the complexes were recorded on a 300 MHz
FT-NMR instrument using TMS as the reference. The FAB mass spectrum of [MoO,(L)NOg]
was recorded in a JEOL JM S600H mass spectrometer. Thermal analysis of the complex
[M0oOo(L)NO;] was performed by heating in air at a rate of 10 °C/min on a Mettler TG-50
thermobalance. The X-ray powder diffraction patterns were recorded using a Philips X-ray
PW1710 diffractometer. The magnetic susceptibilities were recorded at room temperature by
the Gouy method. Diamagnetic corrections for various atoms and structural units were com-
puted using Pascal’ s constants.13
Antibacterial activity

The ligand, HL, and the complexes were screened in vitro for their possible antibacteria
activities against Salmonella typhi MTCC734, Pseudomonas aeruginosa MTCC 2642,
Escherichia coli 585, Proteus vulgaris 177, Bacillus subtilis 2248 and Streptococcus thermo-
philus 1938 using the disc diffusion method (Kirby Bauer Method).14

All the plates were allowed to air dry under sterile conditions and swabbed with the pure
culture of the bacteria on the Mueller Hinton Agar (MHA) plates (100 mm). The already pre-
pared sterile discs (6 mm) impregnated with the studied compounds were aseptically placed
above the seeded plates using sterile forceps. A disc was also used in pure chloroform to pro-
vide a control. The plates were incubated for 24 h at 37 °C and the zones of inhibition caused
by the antibiotic compounds against the bacteria were measured in millimetres.

RESULTS AND DISCUSSION

All the four complexes were coloured, non-hygroscopic solids, which were
stable in air. They were sparingly soluble in common organic solvents, such as
acetone and chloroform, and completely soluble in methanol, DMF and DM SO.
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The analytical and spectroscopic data (Tables | and 11, respectively) showed that
al the complexes were mononuclear with the general formulae [MoO(L)CIX]
and [MoOy(L)X], where X = ClO4 or NO3. The low conductance values!® of the
chelates support the non-electrolytic nature of the complexes. The magnetic sus-
ceptibility values of the oxomolybdenum(V) complexes at room temperature
were close to the spin-only value (1.73 ug) of oxomolybdenum(V) species. This
shows the absence of Mo-Mo interaction16 in these complexes. Due to Mo=0 in
oxomolybdenum(V) complexes, strong tetragonal distortion may occur and this
causes a dight reduction in the magnetic moment values. All the dioxomolyb-
denum(V1) complexes were found to be diamagnetic, as expected for dO systems.

TABLE |. Analytical data of the complexes

a Yield Found (Calc.), % Awm Heft
Complex % Mo C H N cl Scm’mol? g
[MoO(L)NOsCI] 72 2035 3564 264 1182 7.94 42 1.70
(20.00) (35.06) (2.52) (11.68) (7.39)

[MoO(L)CIO,CI] 65 18.36 3286 243 842 13.98 54 1.69
(1855) (3252) (23) (813) (13.7)

[MOOL(L)NO] 78 2058 3679 272 1241 - 45 -
(20.85) (36.54) (2.63) (12.17)

[MoO,(L)CIO,] 67 1947 3411 221 832 7.34 56 -

(19.28) (33.79) (2.43) (8.44) (7.12)

aL = C14H12N3O3

TABLE I1. IR spectral datain cm™ of the ligand and the complexes (abbreviations asin Table )

Complexes VN-H Vc=0 VeaN Vco VNN VM=o (Sym) Vm=o(asym)
HL 3201 1670 1626 1317 998 - -
[MoO(L)NOCI] 3205 1640 1600 1337 1026 945 -
[MoO(L)CIO,CI] 3205 1650 1601 1341 1018 945

[M0oO,(L)NO;] 3205 1637 1604 1338 1022 945 902
[MoO,(L)CIO,] 3202 1636 1604 1339 1024 955 920

IR spectra

In order to study the binding mode of the Schiff base to the metal in the
complexes, the IR spectrum of the free ligand was compared with the spectra of
the complexes. Important infrared spectral bands of the ligand and complexes
and their tentative assignments are given in Table I1. In all complexes, the keto-
form of the ligand coordinates through the carbonyl oxygen and the azomethine
nitrogen as evidenced by the shift of vc=g and vc=y to lower frequencies.17.18
The coordination through the azomethine nitrogen atom was further supported by
the shift of the vy_n Vibration observed at 998 cm1 in the ligand to a higher
frequency in the complexes by =20 cm—1.17 Thisis due to a reduction of lone pair
repulsive forces in the adjacent nitrogen atoms.1® The deprotonated OH group
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was aso involved in the coordination. This is supported by the disappearance of
the free ligand bands at 3438 and 1353 cn2 due to the phenolic OH groups. The
intense ligand band at 1317 cmrL, due to phenolic C-O, was also shifted to
~1340cm1, which further supports the same conclusion.1

The dioxomolybdenum(VI) complexes displayed two Mo=0O stretching
bands at 945-955 cm1 and 900-920 cm1 due to the symmetric and antisym-
metric stretching of the cis-M 00,2+ core.20 The M00,2* prefers to form the cis
configuration due to the maximum utilization of the dr groups. A very strong
band observed at ~940 cm1 in the spectra of oxidomolybdenum(V) complexes
corresponds to the Mo=0 stretching frequency.21 New weak bands at ~550 cm—1
and at =460 cm1 in the metal complexes are assigned to the vyo_0 and VyoN
modes, respectively.22

The IR spectra of the nitrate complexes suggest monocoordination of the nit-
rate group (v4, 1530 cm1; vq =~ 1380 cm1 and v, ~ 1034 cm1). For the perchlo-
rate complexes, two bands (split bands), observed at ~1114 and ~1060 cmL, are
assigned to v4 and v1. The bands at ~640 and ~620 cnm1 can be assigned, res-
pectively, to vz and vs of monodentately coordinated perchlorate group. The
medium intensity absorption band expected at <925 cm1 in the spectra of the
complexes cannot be located because of ligand vibrations in this region.23

IH-NMR spectra

The IH-NMR spectra of HL and [MoOy(L)NOs] were recorded in DM SO-dg.
The signa at 6 12.27 ppm in the spectrum of the ligand disappeared because of
complexation, suggesting coordination through the deprotonated phenolic oxy-
gen. Presence of a sharp singlet at 6 10.8 ppm in the complex indicates that the
ligand exists in the keto-form. The signal at ¢ 8.7 ppm of the ligand was shifted
to 9.1 ppm, indicating coordination of azomethine nitrogen in the complexes. The
methoxy protons and the seven aromatic protons of the ligand and complex
appeared at nearly the same positions.1

Electronic spectra

The electronic spectra of the tridentate ONO donor hydrazone ligand and the
oxomolybdenum(V) complexes were recorded in methanol. The electronic spec-
trum of the ligand showed intense bands at 246 and 298 nm. Similar bands of
lower intensity were observed at 362 and 377 nm. These bands are assigned to
n—m*and n—a* transitions, respectively.24 They suffered considerable shifts in
intensity and wavelength on coordination.

The dectronic spectra of the [MoO(L)NO3Cl] and[MoO(L)ClO4Cl] comp-
lexes are characterized by strong absorption bands in the UV region at =230 nm
and at ~270 nm and less intense bands at ~320 nm and at =370 nm. The latter
bands may be assigned to metal-ligand charge transfer, possibly superposed by
ligand n—n* transitions.2®
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226 HARIKUMARAN NAIR and THANKAMANI

The electronic spectra of octahedral oxomolybdenum (V) complexes usually
exhibit three distinct bands in the regions 690-740 nm, 520450 nm and 380—
—440 nm, assignable to 2By—2E (dyy—>0yz, dyz), 2B2—2B1 (dyy—0h2y2) and
2Bo—2A1 (dxy—dz2) transitions, respectively.?6 In the present study,
[MoO(L)NO3CI] showed a medium intensity band at ~459 nm and a weak broad
band at ~660 nm. The corresponding bands for [MoO(L)CIO4Cl] were at ~468
nm and at ~665 nm. However, the third band was not observed in these comp-
lexes, probably due to masking by the low energy tail of the much more intense
charge-transfer transitions O(r)—d(Mo), involving the excitation of an electron
from the highest filled MO associated with oxygen to the d-orbital of Mo. The
electronic spectra indicate an octahedral environment for all the complexes and
are in conformity with the Ballhausen-Gray scheme for octahedral geometry.27

FAB mass spectra

The FAB mass spectrum of the complex [MoO2(L)NOg] showed the cha-
racteristic molecular ion peak at m/z = 459.91 (M*), which corresponds to the
molecular weight of the complex. The other important peaks are due to the for-
mation of various fragments,28 such as (M—OCHz)**, (M-NO3)**, (CgHsN20)°,
(CgH7NO2)*, (C14H12N303)", etc.

X-Ray diffraction studies

The complex [MoO(L)NOsCI] was found to be orthorhombic by the X-ray
powder diffraction method and was indexed (Fig. 2 and Table Ill) using the
Hesse and Lipson procedure.29 The lattice constants were found to be: A =

2000
15007
3
©
2 100]
n
c
]
=
=
500
T £ ¥ b T * T b' T

2
20/°
Fig. 2. X-ray diffractions pattern of [MoO(L)NOsCl].
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OXOMOLYBDENUM COMPLEXES WITH TRIDENTATE SCHIFF BASE 227

= 0.0024742, B = 0.003831 and C = 0.0058091, and the unit cell dimensions
werea=1549A b=1244 A andc=10.11 A.

TABLE I11. X-Ray diffraction data of [MoO(L)NO3Cl] (abbreviationsasin Table )

Line sin’g (obs) sin’g (Calcd.) Intensity
1 0.008556 0.008274 3.89
2 0.009895 0.009897 61.85
3 0.012502 0.012114 22.19
4 0.013376 0.013728 100.00
5 0.01517 0.015324 18.27
6 0.01786 0.017798 21.21
7 0.020004 0.019537 13,51
8 0.021666 0.021133 10.48
9 0.023298 0.023236 26.69
10 0.027576 0.027067 26.04
11 0.030131 0.029541 19.05
12 0.036596 0.036953 59.2
13 0.040336 0.040288 13.01
14 0.045135 0.045505 24.45
15 0.052209 0.052282 51.19
16 0.060592 0.607210 19.27
17 0.062755 0.062823 7.64
18 0.067307 0.067606 5.03
19 0.069485 0.069579 13.21
20 0.072426 0.071193 553
21 0.076238 0.077002 15.16
22 0.079404 0.079876 4.06
23 0.084189 0.084532 9.77
24 0.090387 0.089387 5.54
25 0.105813 0.105672 4.23
26 0.109906 0.109029 3.02
27 0.120846 0.121486 6.20
28 0.128667 0.129894 4.98
29 0.133522 0.137322 4.08
30 0.144992 0.145228 3.33
31 0.149316 0.149059 3.06
32 0.164578 0.167796 5.30
33 0.174162 0.175434 2.56
34 0.184266 0.182820 353
35 0.191142 0.191195 454
36 0.221449 0.228308 2.89
37 0.267035 0.263271 1.55
38 0.308593 0.302859 1.08

Thermal studies

Thermal behaviour of the [MoO2(L)NO3] complex was studied by non-iso-
thermal thermogravimetric, TG, and differential TG, DTG, analyses by heating
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228 HARIKUMARAN NAIR and THANKAMANI

the sample in air at a rate of 10 °C min— (Fig. 3). The stability range extended
from ambient temperature to 240 °C. The decomposition of the complex occurred
in three stages as indicated by the DTG peaks at 302, 439 and 760 °C. First de-
composition stage started at 250 °C and ended at 350 °C. The mass loss of 25.9
% (Calcd. 26.3 %) corresponded to the loss of ~0.5 mol of the ligand. The second
stage was more complicated and it ranged from 350 to 560 °C. The weight lossin
this stage was 57.7 % (Calcd. 57.5 %). The weight of the sample at 560 °C was
consistent with the formation of MoO3. The sample showed another weight loss
in the region 700-790 °C. The weight of the sample, 15.8 % (Calcd. 27.8 %), at
790 °C was less than that expected if MoO» was formed. This may be due to the
volatilization of MoO3 above 700 °C.30
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Fig. 3. TG and DTG curves of [M0oO,(L)NO3].

Antibacterial studies

The ligand and the complexes were screened for their antibacterial activity
and the results obtained are presented in Table IV. A comparative study of the
ligand and the complexes revealed that the oxo-complexes showed higher acti-
vity than the dioxo-complexes. The ligand was inactive against all the applied
pathogenic bacteria P. aeruginosa. appeared to be resistant to al the tested
compounds.

The antibacterial activity of the complexes may result from various modes
by which these antibacterials act on bacteria. It may be due to factors such as in-
hibition of cell wall formation leading to lysis, damage of the cell wall leading to
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OXOMOLYBDENUM COMPLEXES WITH TRIDENTATE SCHIFF BASE 229

loss of cell contents and hence to cell death, inhibition of protein production and
thereby arresting bacterial growth and inhibition of the production of nucleic
acids, thereby preventing bacterial reproduction. Metal chelates have simulta-
neously polar and non-polar properties; this makes them suitable for permeation
into cells and tissues. Changing hydrophilicity and lipophilicity probably leads to
a reduction of the solubility and permeability barriers of cells, which in turn
enhances the bioavailability of chemotherapeutics on the one hand and their po-
tentiality on the other.31 The low activity of dioxo-complexes may be due to low
lipid solubility, steric and pharmacokinetic factors which play vital roles in
deciding the potency of an antibacterial agent.

TABLE IV. Antibacteria activity of the ligand and its complexes against pathogenic bacteria
(abbreviationsasin Table )

Zone of inhibition, mm
Compound Styphi P.aeruginosa E.coli P.wulga- B. subtilis S thermo-
MTCC 734 MTCC 2642 MTCC585 ris1771 2248  philus 1938

HL - - - - - -
[MoO(L)NOsCI] T - T 14 11 14
[MoO(L)CIOLCI] T - 10 15 12 15
[MoO,(L)NO;] - - - 11 - -
[MoOL(L)CIOy4] - - - 12 - -
Control (chloroform - - - _ _ _
at 10 pl/disc)

3D molecular modelling

The molecular modelling was constructed using modelling and analysis soft-
ware32 CHEM Bio3D Ultra 11.0. The possible 3D structures of the ligand and
one of the complexes, [MoO(L)NO=3CI], as a representative, were optimized by
molecular mechanics calculations, MM» giving the lowest energy CHEM 3D
models. The CHEM 3D model of the ligand HL is shown in Fig. 4, while that of
[MoO(L)NOsCI] is shown in Fig. 5. Selected bond angles and the bond angle

Fig. 4. Proposed 3D structure of the ligand (HL).
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230 HARIKUMARAN NAIR and THANKAMANI

around the octahedral surrounding, given in Table V, are calculated values after
energy minimization33.34 in CHEM 3D.

Fig. 5. Proposed 3D structure of the complex [MoO(L)NOsCl].

TABLE V. Selected bond lengths/bond angles of the complex [MoO(L)NO;CI] (abbreviations
asinTablel)

Bond Bond length, A Bond Bond angle, deg.
Mo(21)-ClI(27) 2.2973 Cl(27)-M0(21)-0O(23) 169.1658
Mo(21)-0O(23) 1.9534 Cl(27)-Mo0(21)-0(22) 87.3513
0(22)-Mo(21) 1.6773 Cl(27)-Mo0(21)-0O(18) 88.7829
Mo(21)-0O(18) 1.9432 CI(27)-Mo0(21)-N(10) 85.8183
N(10)-Mo(21) 2.0074 CI(27)-Mo(21)—-O(8) 103.5166
0O(8)-Mo(21) 1.9352 0(23)-M0(21)-0(22) 84.4090
0(23)-M0(21)-0O(18) 86.6129
0(23)-M0(21)-N(10) 104.5423
0(23)-M0(21)-0(8) 83.8798
0(22)-M0(21)-0(18) 105.2278
0(22)-M0(21)-N(10) 155.3596
0(22)-Mo(21)-0O(8) 92.3625
0(18)-Mo(21)-N(10) 98.2704
0(18)-M0(21)—0O(8) 159.0781
N(10)-Mo(21)-0O(8) 66.4086

Based on all the above spectral data and physicochemical studies, a distorted
octahedral geometry (Figs. 6 and 7) are tentatively proposed for al the complexes.

Fig. 6. Proposed 2D structure of [MoO(L)XCI], X = NOs, ClO,.
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Fig. 7. Proposed 2D structure of [MoO,(L)X], X = NOgz, ClO,.

CONCLUSIONS

From the spectroscopic, analytical and thermal analyses data, it can be con-
cluded that the molybdenum existed in a distorted octahedral environment with
the ligand as a monoanionic tridentate chelating agent. The FAB mass spectral
data suggest the monomeric nature of the complexes. The results of antibacterial
studies revealed that the oxomolybdenum complexes exhibited much higher ac-
tivity than the ligand and the dioxomolybdenum complexes.
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M3BOJ

CUHTE3A U KAPAKTEPU3ALIMJA OKCOMOJIMBAEH(V) I ANOKCOMOJIMBAEH(VI)
KOMIIJIEKCA CA N'-(2-X1IPOKCU-3-METOKCUBEH3UJINEH)-
N30HUKOTUHOXUJIPA3HIOM

M. L. HARIKUMARAN NAIR u D. THANKAMANI
Department of Chemistry, University College, Thiruvananthapuram-695 034, India

CHHTETH30BaHO je HEeKOMuKo HoBHX okcomoubaeH(V)- u auokcomonubaen(VI)-kommnexca
koju kao nuran caapke [uposy 6a3y N’ -(2-xuapokcu-3-MeTOKCHOCH3MITHICH) H30HUKO THHOX /-
pasun (HL), koju je n3onoBan y peakimju u3Mely 3-METOKCH-CATMIMIAICXHIA U H30HUKOTHHO-
xuzpasuaa. Tlopes eneMeHTalHe MUKpOAHAIH3e, MOJIApHE MPOBOJJBHBOCTH, MArHETHUX MEpeHba,
3a KapakTepHu3alujy KoMIuiekca ynoTpebssene cy IR, H-NMR, FAB macena u UV-Vis CIIEKTPO-
ckorcke Merone. Haljero je na kommuiekcn umajy ommuty dopmyiay [MoO(L)XCl] u [MoO,(L)X]
(X = NO3 mu ClOy). Ha ocuoBy IR cnexrpockomnuje 3axspyueno aa je nurang HL y oBum xom-
IUIEKCHMa MOHOQHjOHCKOT THIIa U JIa je TPHUACHTATHO KOOPAWHOBAH, JIOK CYy HHUTPATHU M NEPXJIO-
paTHU aHjOHH y OBMM KOMIUIEKCHMMa MOHOJEHTaTHO KOOpAMHOBaHU. Ha OCHOBY peHIreHCke u-
¢paxuuone ananuze Haheno je ga [MOO(L)NOsCI] komiuiekc uMa opTOPOMOUYHY KPHUCTAIHY pe-
HICTKY ca jeauHuyHOM henujoMm numMensuja a = 15,49 A, b=1244 Aucs= 10,11 A, Kao U J1a je
JIMCTOproBaHe okTaexapcke reomerpuje. Tepmanna anaimmza [M0O,(L)NO;] xomiuiekca je moka-
3aja J1a Cy CBHM KOMIUIEKCH cTabwiHu 10 temneparype ox 240 °C, a na u3Hag oBe TeMIlepaType
JI0JIa3u 10 BUXOBOT pasiaramba. MeToIoM MOJIEKYJICKEe MEXaHHKE ONTHMHU30BaHA je TeoMeTpHja
mrasga u komiiekca popmyne [MOO(L)NOsCl]. Aurubakrepujcka HCIMTHBARKA CY MMOKa3aia aa
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232 HARIKUMARAN NAIR and THANKAMANI

komrutekcn okcomonubaena(V) umajy sehy akruBHOCT 0 KoMmIuiekca auokcomonubaena(VI), kao
M OJI CAaMOT JITaH/Ia.

(Mpumsseno 8. pebdpyapa, pesuaupaso 23. asrycra 2010)
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The crystal structure and spectroscopic properties of catena-(2-
-methylimidazolium bis(u,-chlor o)aquachloromanganese(l1))
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Abstract: A novel manganese(ll) coordination polymer, catena-(2-methylimi-
dazolium bis(us-chloro)aguachloromanganese(ll)), {(C4H7No)[MnCl3(H,O)} p,
was synthesized, structurally characterized by FTIR spectroscopy and con-
firmed by single crystal X-ray diffraction analysis. Thermogravimetric analysis
and EPR spectroscopy of the compound were also performed. The colourless
crystals of the complex were monoclinic, space group P21/c, with the cell para-
meters a = 11.298(2) A, b = 7.2485(14) A, ¢ = 14.709(5) A, p = 128.861(18)°,
V =938.0(5) A3, Z = 4 and R; = 0.03. The title compound consisted of one-di-
mensional infinite anionic chains [MnCl3(H,0O)], and isolated 2-methylimida-
zolium cations. The Mn(l1) atom was octahedrally coordinated to four bridging
chloride anions (Mn—Cl = 2.5109(6) — 2.5688(7) A), one termina chloride
anion (Mn—Cl = 2.5068(11) A) and a H,O molecule (Mn-O = 2.2351(17) A).
A three-dimensiona layer structure was constructed via hydrogen bonds and
by weak n—r stacking interactions. A four-step thermal decomposition occurred
in the temperature range 25-900 °C under nitrogen.

Keywords. manganese(l1) complex; 2-methylimidazole; X-ray crystal structure;
IR spectra; EPR spectra.

INTRODUCTION

Complexes of imidazole derivatives with transition metal ions have attracted
much attention because of their biological and pharmacological activities, such as
antiviral and antimicrobial, 1.2 antifungal and antimycotic,3 antihistaminic and
antiallergic,4 anthelminthic,® antitumoural and antimetastatic properties.6-13 The
biological role of complexes containing an imidazole ring system can be con-
nected with the two N atoms, which have different properties; the deprotonated N

* Corresponding author. E-mail: barbara.hachula@us.edu.pl
doi: 10.2298/JSC100218012H
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236 HACHULA etal.

atom can coordinate with a transition-metal ion, whereas the protonated N atom
participates in hydrogen bonding.14-22

2-Methylimidazole, a compound widely used as a chemical intermediate (the
manufacture of pharmaceuticals, photographic and photothermographic chemi-
cals, dyes and pigments, agricultural chemicals and rubber), has been detected in
cigarette smoke, as a result of pyrolysis. It is also an undesirable by-product in
food and forage coloured with caramel, such as beer, colas, caramel-coloured sy-
rups and soy sauce.23-27

In previous papers, the crystal structures of 2-methylimidazole and diagua-
dichlorobis(1H-imidazole)manganese(l1) were reported.2829 |n this paper, the
structural characterization of the polymeric complex, catena-(2-methylimidazo-
lium bis(uo-chloro)aguachloromanganese(ll)) (1), which was obtained in the re-
action of manganese(l1) chloride with 2-methylimidazole (Scheme 1), is report-
ed. In this compound, a protonated 2-methylimidazole can cross-link mangane-
se(1l) complexes, [MnCl3(H20)]p, through two M—CI---H-N interactions. Des-
pite the simplicity of the ligands, no structural report of the title compound was
found in a search of the Cambridge Structural Database (CSD, Version 5.31 of
November 2009).30 Moreover, only two manganese(ll) complexes with 2-me-
thylimidazolium cation have been investigated, i.e., bis(2-methylimidazolium)-
bis(2,6-pyridinedicarboxylato)manganese(11)31  and  catena-(bis(2-methyl-
imidazolium)(uo-benzene-1,2,4,5-tetracarboxylato-O,0’ )tetraaquamanganese(1 1)
pentahydrate).32 The same [MnCl3(H20)] group was reported in the structure of
[H(2-ampy)][MnCl3(H20)].33

OH, OH, OH,

\,\|,|n/C|\| /CI\\l\L/

/| \C[//| \ //|\
o]

in

(I) Scheme. 1. Structure of { (2-metH,Im)[MnCl3(H,0)]} .

EXPERIMENTAL
Synthesis of {(C4H;N,)[MnCl3(H,0)] },
All the employed chemicals were commercial products (Sigma-Aldrich and POCH SA.,
Poland), which were used without further purification.
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Hydrochloric acid (2 mg, 0.05 mmol), manganese(ll) chloride (520 mg, 4 mmol) and
2-methylimidazole (640 mg, 8 mmol) were stirred in 2 ml of water until they had dissolved.
The solution was filtered and the filtrate was | eft to stand undisturbed. After two days, colour-
less single crystals of 1, suitable for X-ray crystallographic analysis, were collected and dried in
air at room temperature (268.94 mg, yield: 24.92 %). Ana. Calcd. for C4HoCIsMnN,O: C,
18.29; H, 3.43; N, 10.67 %. Found: C, 18.34; H, 3.39; N, 10.69%.

X-Ray crystal structure determination

The data were collected using an Oxford Diffraction kappa diffractometer with a Sap-
phire3 CCD detector and MoK, radiation (4 = 0.71073 A) at 100 K. Accurate cell parameters
were determined and refined using the CrysAlis CCD program.3* For the integration of the col-
lected data, the program CrysAlis RED was used.3* Absorption corrections were redlised using
the multi-scan method.34 The structure was solved by the direct method using SHEL X S-97%°
and then the solution was refined by the full matrix least-squares method using SHELXL-97.%5
Non-hydrogen atoms were refined with anisotropic displacement factors. All hydrogen atoms
attached to N and C were placed in the geometrically idealized positions (d(N-H) = 0.88 A
and Ujg(H) = 1.2Ug(N) for N-H hydrogens; d(C-H) = 0.95 A and Uj(H) = 1.2U(C) for
C-H hydrogens, d(C-H) = 0.98 A and U (H) = 1.5U(C) for CHz hydrogens). Hydrogen
atoms attached to O atoms were located from the difference Fourier map and then refined as
riding on their parent atoms.

Physical measurements

The IR spectrum of a polycrystalline sample of catena-(2-methylimidazolium bis(uy-
-chloro)aguachloromanganese(l1)) dispersed in KBr was measured at room temperature using an
FT-IR Nicolet Magna 560 spectrometer operating at a resolution of 4 cm'l. The IR spectrum
was recorded in the range of 4000-400 cm! using an Ever-Glo source, a KBr beam splitter
and a DTGS detector. The thermal stability of the compound was studied by thermogravimet-
ric analysis (TGA) from 298 to 1173 K at a heating rate of 10 K min-! under a nitrogen atmos-
phere using a Perkin—Elmer Pyris thermogravimetric analyzer. The X-band electron paramag-
netic resonance (EPR) spectrum (9.7 GHz) was recorded using a Bruker EMX spectrometer at
room temperature. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was used as an interna field mar-
ker. For the EPR measurement, 0.1 mL of the sample solution was kept in closed quartz capil-
laries.

RESULTS AND DISCUSSION

The crystal data and final refinement details of the title compound are given
inTablel.

The asymmetric unit of the title crystal structure comprises an anionic
[MnCl3(H20)] fragment and a 2-methylimidazolium (2-metHolm) cation (Fig. 1).
The crystal structure shows the formation of [MnCl3(H20)],, polymeric chains
developed paralel to axis b. The local geometry around Mn(11) ion can be seen
as octahedral, involving four bridging chloride anions, one terminal chloride
anion and one water molecule. The angles in the octahedron are distorted by less
than 7.4° from the ideal values (Tablell).

The Mn—Cl distances are in the range from 2.5068(11) to 2.5688(7) A. The
bridging Mn—Cl bond distances, viz. Mn—CI2 and Mn—CI3, are dightly longer
than the terminal one (Mn—Cl1, Table Il). The latter bond length Mn—Cl1 bond is
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comparable with the corresponding value in other hexacoordinated Mn(Il) com-
plexes.33:36,37 The Mn—O bond length of 2.2351(17) A is slightly longer than the
value found in other manganese(ll) structures, i.e. [H(2-ampy)][MnCl3(H20)]
(2.171(2) A),33 MnyLoCla(H20)2 (where L is 2-(2'-pyridyl)quinoxaline)
(2.190(2) A)38 and than the average val ue specified by Orpen et al.36 for aMn-O
distance (terminal OH5 group = 2.190 A). The Mn(l1) atoms are separated by a
distance of 3.6386(7) A, which is quite large and seems to rule out any strong
direct metal—metal interaction.

TABLE I. Crystal data and structure refinement details of { (C4H/N2)[MnCl3(H,0)]}, (1)

Property Vaue
Chemical formula [MnCl3(H0)-C4H/Ny]
Compound weight 262.42

Crystal system Monoclinic
Space group P2,/c

Crystal dimension, mm?
Crystal form, colour

0.56 x 0.22 x 0.21
Polyhedron, colourless

Unit cell parameters

alA 11.298(2)
b/A 7.2485(14)
c/A 14.709(5)
Bl° 128.861(18)
VIA3 938.0(5)
VA 4
D./gcm?® 1.858
F(000) 524

0 range for data collection, © 3.33-34.45
Data collection method ® scan
Absorption coefficient, mm™ 2.208

Final Rindices (I > 24(1))

R indices (all data)
Reflections collected/unique
Limiting indices
Refinement method

R; = 0.0304, wR; = 0.1101
R, =0.0334, wR, = 0.1117
13649/3653 [Riy; = 0.0201]

-17<h<17,-11<k<6,-23<1<22
Full-matrix |east-squares on F?

S 1.0
Parameters refined 104
Extinction method 0.146(5)
APras Aprin | €A 1.42-0.99

The 2-methylimidazolium cations are planar (mean deviation = 0.0013 A)
and canted 88.64(6)° from the chains formed by the anions (vs. the plane formed
by the two Mn atoms and the bridging Cl atoms). The interna geometry of the
2-metHolm cation is different from that in the free 2-methylimidazole (2-metHIm)
molecule.28 The N—C bond distances in | show some significant variations. The
N1-C2 distance (N1-C2 1.325(3) A) is shorter than the corresponding bond in
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2-metHIm and, conversely, the C2-N3 bond is longer (1.384(3) A vs. 1.3283(11)
A in 2-metHIm). Thisindicates that the  electrons of C2=N3 and C4=C5 exhibit
significant delocalization compared with those of pure 2-metHIm.

cut

Fig. 1. A view of the molecular structure of I, showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50 % probability level. H atoms are shown as small
spheres of arbitrary radius (symmetry codes. i) —x, —1/2 +y, 1/2 -z ii) —x, Y2 +y, 1/2 —2).

Table II. Selected bond lengths (A), bond angles (°) and torsion angles (°) of {(C4H-N,)
[MnCI3(H,0)]} . Symmetry codes: i) —x, —1/2+y, 1/2—zii)—x, U2+y, 12—z

Bond lengths, A
Mn1-O1 2.2351(17) N1-C2 1.325(3)
Mn1-Cl1 2.5068(11) N1-C5 1.325(3)
Mn1-Cl2 2.5109(6) N3-C2 1.384(3)
Mn1-Cl2 2.5220(6) N3-C4 1.358(3)
Mn1-CI3 2.5567(6) c4-C5 1.364(3)
Mn1-CI3 2.5688(7) c2-c21 1.455(3)
Bond angles, °
01-Mn1-Cl1 178.01(4) Cl1-Mn1—CI3" 92.93(2)
01-Mn1-Cl2 86.92(4) Cl2-Mn1-CI3' 87.74(2)
Cl1-Mn1-CI2 94.05(2) Cl2-Mn1-CI3" 91.75(2)
01-Mn1-Cl 2'_ 85.66(4) CI3-Mn1-CI3" 172.754(12)
Cl1-Mn1-ClI2 93.37(2) C2-N1-C5 108.53(18)
Cl2-Mn1-CI2 172.583(12) C2-N3-C4 106.86(17)
01-Mn1-CI3 87.38(4) N1-C2-N3 108.41(17)
Cl1-Mn1-CI3 94.32(2) N1-C2-C21 126.62(17)
Cl2-Mn1-CI3 91.80(2) N3-C2-C21 124.96(17)
Cl2-Mn1-CI3 87.77(2) N3-C4-C5 106.68(18)
01-Mn1-CI3" 85.37(4) N1-C5-C4 109.53(18)
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The packing shows four potentially active H atoms, viz the methylimida-
zolium N-H and the aqua H atoms involved in hydrogen bonds with CI atoms,
forming a three-dimensional hydrogen-bonded network (Fig. 2 and Table 111).
The [MnCl3(H20)] units are connected in the crystal lattice through
01-H10---Cl1i and O-H20---Cl1iii hydrogen bonds (symmetry codes: i) —x,
=12 +y, 12 - z iii) X, 3/2 —y, ~1/2 + 2), which are formed between two
terminal chloride anions and the hydrogen atoms of the coordinated water mo-
lecule. The result of these interactions is the formation of eight-membered rings,
with a graph-set motif of R42(8),3940 in the bc plane. Moreover, each of the
[MnCIl3(H20)] moieties is also linked to two 2-metHolm cations by weaker
N1-H1---Cl2V and N3-H3---Cl1¥ hydrogen bonds (symmetry codes: iv) x, —1 +
Y, ZV)1-x 1-vy, 1-2), joining the molecules into a three-dimensiona
network. The N—H---Cl interactions are formed to one bridging halogen and one
terminal halogen (Fig. 3). In addition, there are weak contacts between the C—H
groups of the 2-metHsIlm ring and the Cl, as well as O atoms of the
[MnCl3(H20)] unit of neighbouring molecules (Table I11). The alternate stacking
of the 2-metH,lm rings results in ring separations of 3.841 A, indicating weak
n—r interactions (Fig. 3).41

Fig. 2. Packing in the crystal structure of { (2-metH,Im)[MnCl3(H,0)]},, viewed aong the a
axis. For the sake of clarity, all H atoms bonded to C atoms were omitted.

The structure of the presented complex differs considerably from that of
[MnCl»(C3H4N2)2(H20)2] (in which the Mn(I1) atom was octahedrally coordi-
nated by the monodentate ligands, i.e. two N-coordinated imidazole groups, two
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chloride anions and two O atoms of water molecules) and other Mn(Il) systems
with imidazole ligands.29:37:42-47 Thus, the introduction a methyl substituent at
the C2 position of imidazole seems to prevent it from being incorporated into the
lattice of I.

Table I111. Hydrogen bonding geometry for {(C4H;N2)[MnCl3(H,0)]},,. Symmetry codes: iii)
X, 15—y, -12+zi)—-x,-1U2+y,1/2-Ziv)x,-1+y,zV)1-x1-y,1-z Vi) x 12y,
=12+z;vii)—x,1-y,—2

Bond d(D-H)/A d(H---A) /A d([D---A)/A <DHA/ °
01-H20---CI1" 0.90 2.33 3.1917(16) 161
01-H20---CI1' 0.91 2.26 3.1596(16) 172
N1-H1.--Cl2" 0.88 2.87 3.492(2) 129
N3-H3.--Cl1 0.88 2.87 3.601(2) 141
C5-H5:--CI3" 0.95 2.47 3.233(2) 138
C5-H5...01" 0.95 2.30 2.993(3) 129

Fig. 3. Structure of alayer of [MnCl3(H,0)]" chains cross-linked by [2-metH,Im]*.
For the sake of clarity, all H atoms bonded to C atoms were omitted.
IR spectrum of compound |

The IR spectrum of the complex shows a strong and broad band extending
over the frequency range 3600-2000 cm™1 (Fig. 4). The band in this region is
attributed to the stretching vibrations, vo_y, of the hydroxyl groups in the water
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molecules. The essential features of the band in this region indicate the presence
of hydrogen bond involving the uncoordinated N-H groups of the 2-metHolm
cation and agua H atoms, with Cl atoms. From Raman spectra measurements of
free 2-methylimidazole, it is known that the narrow bands at 3127 and 3102
cm~1, disturbing the vy_H and vo_ band contour shapes of compound |, corres-
pond to the vc_ stretching modes of the 2-metHolm ring.28 The bands at 1613,
1579 and 1542 cm™1 can be due to the stretching of the short CI---HO bonds.48
The vibrational bands from 1438 to 1002 cm~1 can be assigned to the ring
stretching frequency of the 2-metHolm cation.4® The vc=n mode can be found at
1438 cm~1. The bands remaining in the 859-686 cm™1 region can be associated
with deformations of the imidazole ring. The peak at 477 cm~1 may be assigned
to the bending vibration of the hydrogen bond.48

0.18

0.12

Absorbance
o
=y
(=]

0.04

3000 2000 1000

Wavenumbers, cm™

Fig. 4. The IR spectrum of catena-(2-methylimidazolium bis(u,-chloro)-
aquachloromanganese(l1)) sample dispersed in aKBr pellet.

Thermal analysis of compound |

The thermogravimetric data in Fig. 5 show a four-step decomposition. The
first one, in the temperature range of 298-406 K, seems to correspond to the
removal of one coordinated water molecule with a weight loss of 8.92 % (Calcd.
6.86 %). The next mass loss of 34.26 % (Calcd. 31.63 %), occurring in the range
406-558 K, can be attributed to 2-metHolm destruction. Further decomposition
of the compound of 35.88 % (Calcd. 40.53 %), with the successive release of Clo,
begins at 558 K and ends at 894 K. The final total mass loss of 78.80 % is much
more than the calculated value of 72.97 %. Similarly to other Mn(ll) complexes,
the final product of the decomposition of {(C4H7N2)[MnCl3(H20)]}, seems to
be Mn0O.50-53
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Fig. 5. TGA-DTG curves for compound | under a dynamic nitrogen atmosphere
at a heating rate of 10 K min1,

EPR spectrum of complex |

The solid-state EPR spectrum of compound | at room temperature shows
only one isotropic signal at g = 2.03147, corresponding to manganese(ll) in a
weakly distorted octahedral environment (predicted by crystal structure analysis).
Such an isotropic spectrum consisting of a broad signal without a hyperfine pat-
tern is due to intermolecular dipole—dipole interactions and enhanced spin lattice
relaxation.>* When the manganese ion is magneticaly diluted, the hyperfine
interaction can be detected.

The EPR spectrum of {(C4H7N2)[MnCl3(H20)]}, in agueous solution at
298 K brings more detailed information about the coordination sphere of the
Mn(ll) centre. The ground state of the Mn(Il) ion (3d®) is 6S5/,. The EPR of
Mn(I1) ions can be adequately described by the spin-Hamiltonian:

H = gugBS+ D(S2 — (U3)S(S+ 1)) + E(Se - Sp2) + AS

where: S=5/2 and | = 5/2; D and E are fine structure (fs) parameters; the last
term means that the hyperfine interaction; the g-factor and the hyperfine structure
parameter A are isotropic.

The spectrum of | exhibits a six line manganese hyperfine pattern centred at
g = 1.98093 (Fig. 6). These six hyperfine lines arise from the interaction of the
electron spin with the nuclear spin (°®Mn, | = 5/2) and correspond to my = +5/2,
+3/2, £1/2, resulting from allowed transitions (Amg = +1, Am; = 0). The observed
g values are close to the free electron spin value of 2.0023, which is suggestive of
the absence of spin—orbit coupling in the ground state, 6A;.55-58
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_

2500 3000 3500 4000 4500 [ig 6 X-band EPR spectrum of {(2-
Magnetic Field, G -metH,lm)[MnCl3(H,0)]} , in agueous solution.

CONCLUSIONS

In the present paper, the synthesis, crystal structure, thermal and spectros-
copic properties of a novel manganese(ll) coordination polymer,
{(C4H7N2)[MnNCl3(H20)]}n, Which can easily be prepared by the reaction of
manganese(l1) chloride and 2-methylimidazole, are reported. In the compound,
each manganese ion is connected with the neighbouring metal via chloride atoms
forming a polymeric chain of [MnCl3(H20)],, anions hydrogen bonded to
2-metHolm cations, thus forming a three-dimensional hydrogen-bonded network.
The substitution of imidazole by 2-methylimidazole during the synthesis is re-
flected in the structure and properties of the manganese complex in which the
cation is not a metal complex but a protonated 2-methylimidazole ligand. Thus,
the imidazole methyl group seems to be a steric feature impeding its insertion in
the Mn coordination polymer. Moreover, the above-discussed compound shows
the structural role of protonated 2-methylimidazole on the self-assembly of metal
complexes through N—H- --Cl-M hydrogen bonds.
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U3BOA

KPUCTAJIHA CTPYKTYPA U CITIEKTPOCKOIICKA KAPAKTEPU3ALIMIJA catena-(2-
-METWJIMMUJIA30JINIYM-BUC (11,-XJIOPO)AKBAXJIOPOMAHT AHA(I1))

BARBARA HACHULA® MONIKA PEDRAS', MARIA NOWAK?, JOACHIM KUSZ?,
DANUTA PENTAK u JERZY BOREK®

Y nstitute of Chemistry, University of Slesia, 9 Szkolna Street, 40-006 Katowice u A nstitute of Physics,
University of Slesia, 4 Uniwersytecka Sreet, 40-007 Katowice, Poland

CHHTETH30BaH je HOBH KoOpjaHHauuoHH moiumep Manrauna(ll), catena-(2-merunumunaso-
nujym-6uc(up-xnopo)axsaxiopomanran(l1)), { (C4H7N2)[MNnCl3(HoO)]} p, 1 okapakrepucan momo-
hy FT-IR cnexrpockonuje 1 peHAreHCKe CTPYKTypHE aHanm3e. Takole, mpukaszaHu cy pesyiraTu
TepMorpaBuMeTpHjcke aHanu3e U EPR cnekrpockomnuje ncnutuBaHor komiuiekca. be3bojuu xpuc-
Talli KOMILIEKCa CYy MOHOKJIMHUYHH, IPOCTOpHA rpyna P2,/c, ca mapamerpuma jenunnune henuje:
a=11,298(2) A, b =7,2485(14) A, c = 14,709(5) A, s = 128,861(18)°, V=938,0(5) A3, Z=4u Ry
= 0,03. HacioBibeHO je[Mmbemne ce cacToju oj] 6eckoHayHux jeanoaumensuonanaux [MnClz(Ho0)],
AHJOHCKHX JIaHalla M M30JI0BaHUX 2-METHIMMHIa30iujyM KarjoHa. Mn(ll) atom je oxraemapcku
KOOP/IMHOBAH 33 YETHPH MOCHA XIopuHa asjona (Mn—Cl = 2,5109(6) — 2,5688(7) A), jenau Tep-
MuHanHK xnopuaan anjon (Mn—Cl = 2,5068(11) A) u H,0 monexyn (Mn-O = 2,2351(17) A). Tpo-
JMMEH3MOHAJIHA CIIOjeBHTa CTPYKTypa je m3rpaljeHa nomohy BOJOHHYHMX Be3a M ClabuX m—T CTe-
KUHT MHTEpaKuuja. JIeKoMIO3UIHOHa peaKlija HCIIMTUBAHOT KOMIUIEKCa y CTPYjH a30Ta ce 0/BUja
y 4eTHpH (ase npu temreparypckom uaTepBary 25-900 °C.

(TMpumsbeno 18. dpebpyapa, pesuaupano 27. cenrembpa 2010)
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Abstract: Ethyl 2-[2-(1-acetyl-2-oxopropyl)azo]-4,5-dimethyl-3-thiophenecar-
boxyate was synthesized by coupling diazotized ethyl 2-amino-4,5-dimethyl-
thiophene-3-carboxylate with acetylacetone. Based on various spectral studies
and elemental analysis, an intramolecularly hydrogen-bonded azo-enol struc-
tural form was assigned for the ligand. This ligand is versatile in forming a
series of lanthanide(l11) complexes, viz., lanthanum(l11), cerium(l11), praseody-
mium(l11), neodymium(lll), samarium(l1l) and gadolinium(l11), which were
characterized through various spectral studies, elemental analysis, magnetic sus-
ceptibility measurements, molar conductance and thermal analysis. The spec-
tral data revealed that the ligand acted as a neutral tridentate, coordinating to
the metal ion through one of the azo nitrogen atoms, the ester carbonyl and the
enolic oxygen of the acetylacetone moiety, without deprotonation. Molar con-
ductance values adequately supported their non-electrolytic nature. The ligand
and lanthanum(I11) complex were subjected to X-ray diffraction studies. In ad-
dition, the lanthanum(I11) complex underwent a facile transesterification reac-
tion on refluxing with methanol for along period. The thermal behaviour of the
lanthanum(l11) complex was a so examined.

Keywords. azo derivative; lanthanum(l1l) complex; molar conductance; XRD;
transesterification; thermal analysis.

INTRODUCTION

The ever increasing interest in the coordination chemistry of azo derivatives
is attributable to their use as complexing agents, dyeing materials, antide-
pressants and antitubercular agents, models for biologica systems and chro-
mogenic reagents.1—> Recent years have witnessed a tremendous upsurge of in-
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terest in the synthesis and characterization of metal chelates containing hetero-
cyclic azo dyes as ligands. Azo dyes derived from 2-aminothiophene derivatives
have many advantages, including a colour deepening effect as an intrinsic pro-
perty of the thiophene ring, a small molecular structure leading to better dye-
ability and the heterocyclic structure of thiophene ring resulting in good sub-
limation fastness of dyed fibres.6 The colour of these azo derivatives depends on
the diazo and the coupling components. The diazo components of 2-aminothio-
phene derivatives tend to show a bathochromic shift and high tinctorial strength,
when compared to analogous dyes derived from a cyclic aromatic system.” Due
to the presence of the -N=N- group and a f-diketone moiety in a single com-
pound, their effectiveness of complex formation surpasses those of the parent
compounds. Metal complexes of lanthanide(l11) ions containing azo derivatives
have been extensively investigated.1:8-11 However, due to the instability of
aminothiophene, lanthanide(l11) complexes of azo dyes formed from 2 or 3-ami-
nothiophene have hitherto only received sporadic attention. Nevertheless, the
stability of 2-aminothiophene was increased by suitable substitution at the re-
maining positions by a versatile synthetic method developed by Gewald.12 Apart
from providing stability to 2-aminothiophene, the introduction of a ethoxycarbo-
nyl group at 3-position of the thiophene ring, provided further scope for reac-
tivity and a new coordination site. In view of this, and as part of our continuing
interest on structural and thermal aspects of heterocyclic azo derivatives and their
lanthanide(l11) complexes, herein the synthesis, spectral and thermal studies are
reported of anew series of lanthanide(l11) complexes of an azo derivative of ami-
nothiophene, viz., ethyl 2-[2-(1-acetyl-2-oxopropyl)azo]-4,5-dimethyl-3-thiophe-
necarboxyate (HAAT). Moreover, the structural aspect of the ligand, the bio-
isosteric relationship of thiophene to benzene, gives added significance to this
investigation.
EXPERIMENTAL

Materials

All employed chemicals were of AnaaR grade purchased from Aldrich, Fischer and
Sisco chemicals and used without further purification. Lanthanide(l11) nitrates were prepared
by dissolving the corresponding oxide in 50 % nitric acid, followed by crystallization.

Preparation of the ligand

The thiophene intermediate was synthesized by a reported method.12 This thiophene in-
termediate was diazotized at 0-5 °C using NaNO, and concentrated H,SO,. Urea was added
to this diazonium salt solution to remove excess nitrous acid. The resulting diazonium salt
solution was immediately coupled with acetylacetone in methanol. The pH of the reaction
mixture was adjusted to 8-9 by adding the required amount of sodium acetate solution (10 %)
while keeping the temperature below 5 °C. The obtained product was filtered off, washed with
small amount of water and finally with diethyl ether and dried (m.p. 92 °C; yield: 80 %).
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Preparation of the metal complexes

A solution of lanthanide(l11) nitrate (0.5 mmol) in methanol was added to a warm me-
thanolic solution (50 cm3) of the ligand (1 mmol). After 3 h stirring, the pH of the solution
was adjusted to 6.5-7.0 and the resulting solution was then refluxed on a water-bath for about
12 h. The solution was then concentrated and kept overnight. The powdery material thus sepa-
rated was filtered, washed successively with small amounts of MeOH and finally with diethyl
ether and dried in vacuum over P,O4q (Mm.p. <180 °C; yield: 55-60 %).

Physical measurements

Carbon, hydrogen and nitrogen analysis were performed using a Heraeus Carlo Erba
1108-CHN anayzer. The complexes were analyzed for their metal content by the oxalate—oxi-
de method.1® Molar conductance measurements were performed using 103 M solution of the
metal complexes in DMSO, DMF and nitrobenzene at room temperature using a Systronics
direct reading conductivity meter, type 304. Infrared spectral studies were realised using KBr
discs on a Shimadzu FT-IR 8000 spectrophotometer in the range 4000-400 cm® and far infra-
red spectra were recorded on a Polytec FIR 30 spectrometer in the range 400200 cm! using
Csl discs. The electronic spectra were recorded on a Hitachi 320 UV—Visible spectrophoto-
meter. Magnetic susceptibility values of the complexes were measured at room temperature
with a Magway MSB Mk 1 susceptibility balance. The *H-NMR spectra were recorded in
DMSO-dg on a JEOL GSX 400NB 400 MHz FTNMR spectrometer. The X-ray diffraction
study was conducted using a Siemens D 5005 model spectrometer. Thermal analysis was per-
formed using a Mettler Toledo Thermogravimetric analyzer in dynamic air at a heating rate of
10 °C min'L,

Transesterification

Transesterification of the lanthanum(l11) complex was performed by a reported me-
thod.1* About 0.1 g of lanthanum(l11) complex was suspended in hot methanol (100 cm3) and
refluxed for 48 h on a water-bath. The resulting solution was then evaporated to dryness and
the solid product obtained was washed repeatedly with diethyl ether and dried over P,Og in
vacuum.

RESULTS AND DISCUSSION

The ligand and the metal complexes were air-stable and possessed good
keeping qualities. Analytical data of the ligand and its complexes are in good
agreement with their formulation, as given in the Table |. The formulation of
these complexes was made based on elemental analysis, molar conductance,
magnetic susceptibility measurements and various spectral data. The molar con-
ductance values of the complexes (Table 1) support their non-electrolytic na-
ture.15> The complexes exhibited 1:2 metal-ligand stoichiometry, in which the
ligand is coordinated to the metal ion without deprotonation in a tridentate mode.
The purity of the ligand and its complexes were confirmed by the TLC technique.

The principal advantage of the diazo component is that the yield is very
high, the reaction time is short, and the procedure involves only one facile step.
However, one disadvantage of the ester functionality is that its conjugation with
amino group reduces the basicity of the nitrogen atom and thus efficient diazo-
tization can only be achieved using nitrosylsulphuric acid obtained from NaNO»
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and HpS04.16 The ligand formed well defined complexes with lanthanum(l11),
cerium(l11), praseodymium(l1l), neodymium(lil), samarium(lll) and gadoli-
nium(l11) nitrates. The formation of the metal complexes can be represented by
the following general equation:

M(NO3)3 + HAAT — [M(HAAT)2(NO3)3]

where M = La(lll), Ce(I11), Pr(111), Sm(111), Nd(I11) or Gd(I11) and HAAT = ethyl
2-[2-(1-acetyl-2-oxopropyl)azo]-4,5-dimethyl-3-thiophenecarboxyate.

TABLE |. Analytical and magnetic moment data of the ligand and its metal complexes
Yield Found (Calcd.), %

Compound % C H N S M TRATS
HAAT 80 54.18 5.85 9.02 10.33 - -
(5412) (583) (9.03) (10.31)
[La(HAAT),(NO,)] 64 3556 384 1037 678 1469 Diamagnetic
(3554) (385 (10.35) (6.79) (14.67)
[Ce(HAAT),(NOy)4] 70 352 383 1035 677 1479 255
(3550) (3.82) (10.33) (6.78) (14.78)
[Pr(HAAT),(NO,)3] 67 3549 382 1034 676 1486 357
(35.46) (381) (10.33) (6.75) (14.84)
[Nd(HAAT),(NO3)4] 65 3534 381 1030 674 (1522) 365
(35.33) (3.80) (1031) (6.72) (15.20)
[SM(HAAT),(NO)3] 67 3514 379 1024 670 1571 152
(35.15) (3.78) (10.22) (6.68) (15.70)
[GA(HAAT),(NO3)s] 71 3480 376 1017 665 1631  7.86
(34.87) (3.73) (10.18) (6.67) (16.30)
TABLE II. Molar conductance data (S cm” mol ™) of the metal complexes
Complex Solvent
DMSO DMF Nitrobenzene
[La(HAAT),(NO3)3] 86 14.4 56
[Ce(HAAT),(NO),] 8.9 13.3 46
[Pr(HAAT),(NO,)3] 75 135 43
[Nd(HAAT),(NO)s] 8.8 14.6 48
[SM(HAAT),(NO)4] 85 13.9 56
[GA(HAAT),(NO)J] 7.9 136 45

Sructure of the ligand

Generally, compounds obtained by the coupling reaction of a 1,3-diketone
with an aryl diazonium ion are capable of exhibiting azo-hydrazo tautomerism
(Fig. 1). There are reports that the ultraviolet absorption spectrum of monophenyl
azo compounds differ from those of monophenyl hydrazones. The former azo
compounds exhibit a strong absorption band at a wavelength of 270-280 nm,
while the latter hydrazones give a strong band above 320 nm. The ultra-violet
spectrum of the ligand HAAT exhibited a strong band at 280 nm characteristic of
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the azo form.17 The IR spectrum of HAAT adequately supported the conclusions
made based on UV—-Vis spectral data.

w o
J\/‘\ ACHS

Hy C/KO H3C/KO

Fig. 1. Tautomeric structure of the ligand.

The IR spectrum of the free ligand (Fig. 2) exhibited a broad medium in-
tensity band in the region 3300-3000 cm1 and centred at 3100 cm2, which is
assignable to the O—H stretching vibration of internally hydrogen bonded enolic
group.18 The medium intensity band observed at 1493 cm! can be assigned to
v(-N=N-), confirming the formation of the azo derivative.1 The band observed
at 1274 cmrl s attributed to C-O stretching (enolic) vibration.20 Thus, the IR
spectrum strongly supports the existence of the free ligand in an intramolecularly
hydrogen bonded azo-enol form. The free acetyl carbonyl band of the acetyl-
acetone moiety was observed at 1690 cn1.21 Apart from these vibrations, the
infrared spectrum of the ligand also exhibited a strong band at 1678 cn2 due to
the ester carbonyl group.22 The ester carbonyl group was also involved in weak
hydrogen bonding with the OH group, forming a sort of bifunctional hydrogen
bonding in the free ligand. Nevertheless, in competition with the azo nitrogen for
the enolic OH, the ester carbonyl of the thiophene moiety can only manage a
partial share. This elucidated the reason for the ester carbonyl frequency ap-
pearing relatively higher than that in the free amine (1660 cm1). In addition to
the above frequencies, vibrations characteristic of substituted thiophene ring were
observed at 1524, 1396 and 1352 cm1.23

In agreement with the UV and IR spectral data, the 1H-NMR spectrum of the
ligand (Fig. 3) clearly evinces its existence in the azo-enol form (Fig. 1). The 1H-
-NMR spectrum of the ligand recorded in DM SO-dg exhibited two methyl proton
signals of equal intensity, each around 2.46 and 2.33 ppm of the two acetyl
groups on the acetylacetone moiety, which indicates that one of these groups
undergoes a shift in the chemical environment because of hydrogen bonding with
the azo group. The low intensity signal resonating at 15.42 ppm can be confi-
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254 ATHIRA et al.

dently assigned to the intramolecularly hydrogen bonded enolic proton of the
ligand.24 Signals for methyl and methylene protons of the ester function were
observed at d 1.45 and 4.49 ppm, respectively. The signal appearing 2.27 ppm
could be attributed to the two methyl groups at 4™ and 5" position on the thio-
phene moiety.

70.9.

65,
60

Transmittance, %

.0 30600 2000 1500 1000 450,

Wavenumber, cm-1 Fig. 2. IR spectrum of the ligand.

J/ ppm
Fig. 3. TH-NMR spectrum of the ligand.

Sructure of metal complexes

The electronic spectra of all the complexes recorded in DMSO are only
marginally red shifted from that of the ligand, indicating that the complexes are
isostructural and the ligand exhibits the same structura form in the synthesized
complexes.

IR spectra. The infrared spectrum of the ligand was compared with those of
the metal complexes in order to ascertain the coordination sites that may be
involved in chelation (Table I11). In the spectra of the metal complexes (Fig. 4),
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the band apparently due to the internally hydrogen bonded OH group was shifted
to higher frequency and became less broad showing a peak centred at ~3120 cm,
indicating that the OH group is coordinated to the metal ion without deproto-
nation. As the interaction of the lanthanide ion with the enolic oxygen does not
increase the acidity sufficiently for the ionization of the proton, the enolic oxygen
coordinates to the metal ion without deprotonation.2® This s further supported by
the positive shift of the v(C-O) plane bending band by about 20 cm1 in the
metal complexes. The band due to v(N=N) shifted appreciably to a lower wave
number by 25-30 cm1, indicating the involvement of the azo nitrogen in the
bonding with the metal ion.26 The free acetyl carbonyl band at 1690 cm! of the
acetylacetone moiety was only marginally shifted during complexation, suggest-
ing its non-participation in the coordination.2’” The ester carbonyl stretching fre-
quency of the ligand was lowered by =40 cm—1 in the lanthanide(l11) complexes,
indicating the involvement of the ester carbonyl group in the chelation.28

TABLE Ill. Infrared data of the ligand and its metal complexes (cml)

v(C=0) v(C=0) of

Compound v(O-H) of ester v(N=N) v(C-O) freeacetyl v(Ln—N) v(Ln-O)
carbony!l carbonyl

HAAT 3100 1677 1493 1274 1690

[La(HAAT),(NO;);] 3118 1637 1463 1294 1601 365 435
[C(HAAT),(NOs);] 3120 1638 1465 1295 1603 367 437
[Pr(HAAT),(NOy);] 3121 1636 1468 1294 1691 370 438
[NAHAAT),(NOs);] 3119 1637 1467 1296 1689 366 436
[SM(HAAT),(NOs);] 3122 1636 1464 1293 1690 368 439
[GA(HAAT),(NOs);] 3120 1639 1466 1294 1602 367 440
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Fig. 4. IR spectrum of the lanthanum(l11) complex.
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The characteristic vibrations of the substituted thiophene ring remained
amost unaffected in the metal chelates. This excludes the possibility of bonding
by the ring sulphur atom to the metal ion. The absence of a v(M-S) band in the
far infrared spectra of the metal complexes aso gives additional evidence for the
non-participation of ring sulphur in coordination with the metal ion. In the spec-
tra of the nitrato complexes, there are two additional bands observed at ~1457
and =~1257 cm1, which were absent in the spectrum of the free ligand. These
bands are assigned to the vs and v modes of the nitrate ions, respectively. Since
the magnitude of the separation between vs and vy is >200 cmL, it is concluded
that the nitrate is coordinated in a bidentate fashion.2® Crystallographicaly, it has
been observed that nitrate is invariably bidentate towards lanthanide ions.30
“Short bite” ligands, such as nitrate (bidentate), minimize ligand-igand repul-
sion and hence are suited to lanthanides, which show a pronounced tendency to
attain relatively high coordination numbers. The far infrared spectra of the metal
complexes exhibited non-ligand bands in the regions 435-440 and 365-370 cm?,
assignable to v(M—-0) and v(M—N) vibrations, respectively.28

1H-NMR spectrum. The 1H-NMR spectrum of the lanthanum(l11) complex
recorded in DM SO-dg further substantiates the mode of coordination suggested
by the electronic and IR spectral studies. The IH-NMR spectrum of the complex
(Fig. 5) also exhibited a signal for OH proton at 15.12 ppm, indicating that the
OH group is coordinated to the metal ion without deprotonation. The signals due
to other protons are found in the expected regions and shifted by about 0.1-0.2
ppm in the spectra of the metal complexes. Thus, from the above spectral data, it
is clear that the ligand is coordinated to the metal ion without deprotonation in a
tridentate fashion.

I
B % OB o7 "W ’ s 7 . [ ] 3 H i ]
o/ ppm
Fig. 5. IH-NMR spectrum of the lanthanum(l11) complex.
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Magnetic moment. Unlike the d-electrons of the transition meta ions, the f-
electrons of the lanthanide ions are ailmost unaffected by the chemical environ-
ment and the energy levels are the same as in the free ion, due to very effective
shielding by the overlying 5s? and 5pf shells. The magnetic moment values of
the complexes showed that the lanthanum(l11) complex is diamagnetic, while all
others are paramagnetic, showing close agreement with the calculated values
except for the samarium(l11), indicating an insignificant participation of the 4f
electrons in the bonding. The relatively high value obtained in the case of the
samarium(l11) complex may be due to the small J-J separation, which leads to
thermal population of the higher energy levels and show susceptibilities due to
the first-order Zeeman effect.31

Electronic spectra. The lanthanum(l11) complex has no significant absorp-
tion in the visible region, owing to the absence of 4f orbital electrons. The visible
spectral bands of the lanthanide complexes were hypersensitive to stereochemis-
try. An enhancement of the intensity of certain hypersensitive bands of the pra-
seodymium(l11), neodymium(l11) and samarium(l11) complexes compared to the
respective agquated ions was observed. These variations can be attributed to the
action of an inhomogeneous electromagnetic field and by changes in the sym-
metry of the field on the lanthanide ion.32 The sharp bands due to f—f transitions
originating within the 4f" configuration of the lanthanide ions are only dightly
affected by the immediate surroundings of the metal ion, and this is commonly
attributed to the shielded nature of the 4f orbitals by the overlying 5s2 and 5p%
orbitals. However, a shift to alower frequency can be considered as being due to
complex formation.

X-Ray diffraction. The diffractogram of the ligand recorded 16 reflections
for the 20 range from 11 to 52° with maxima at 26 = 25.6069°, which corres-
ponds to interplanar distance d = 3.4758 A. The X-ray diffraction data are given
in Table IV. The X-ray diffraction pattern of the ligand indicates high crystal-
linity. The obtained sin29 values were compared with the calculated values. The
observed values of the ligand fit well with an orthorhombic crystal system,33
with lattice parameters, a = 6.50469 A, b = 7.61705 A, ¢ = 11.53506 A and a unit
cell volume of 571.52241 A3, It was observed that the crystallinity of the ligand
was lost on complexation.

Transesterification

Transesterification is a process in which an ester fragment is transformed
into another through interchange of the alkoxy moiety. It is more advantageous
than ester synthesis from carboxylic acids and alcohols. As transesterification is
an equilibrium process, the ease with which atarget ester is formed is dependent
on the combination of alcohol and ester reactants. It was observed that methanol
has the strongest replacing power, as the formation of methyl acetate is thermo-
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dynamically favoured. Severa reports indicate that metal chelates of carboxylic
esters undergo facile transesterification on refluxing with an alcohol. However,
such studies on heterocyclic azo complexes are rare. In the present investigation,
the lanthanum(l1l) complex was subjected to transesterification reaction in
methanol medium according to a reported method.14

TABLE V. XRD Pattern of the ligand
d/A Observed Calculated Observed Calculated

Peak No. Relative intensity, % 20 20 S0 S0 hkl
1 7.54009 89.62 11.72689 11.55753 0.010426 0.010138 221
2 5.68113 35.02 15.58498 15.62098 0.018365 0.018468 101
3 5.49650 23.09 16.11191 15.34367 0.019619 0.017822 002
4 5.033%4 5.37 17.60367 17.91051 0.023391 0.024231 110
5 4.11494 9.20 2157783 20.55591 0.035005 0.031835 102
6 3.87358 28.57 2293997 23.10314 0.039504 0.0401 003
7 3.77288 10.54 23.56093 23.66699 0.041641 0.042053 112
8 3.47587 100.00 25.60694 25.92541 0.049061 0.050318 013
9 3.32804 11.59 26.76509 26.90272 0.053517 0.054112 120
10 3.16880 10.07 28.1371 28.198721 0.05903 0.059343 121
11 3.02580 7.39 29.49633 29.38550 0.064742 0.064331 113
12 2.76088 291 32.40085 31.54210 0.077763 0.073872 202
13 2.66705 231 3357384 33.71405 0.083331 0.084091 212
14 244176 2.69 36.77723 36.27854 0.099418 0.096925 220
15  2.34487 3.61 38.355 38.06944 0.107804 0.106368 213
16  2.06282 4.08 43.85236 43.45189 0.139302 0.137024 223

The crystallinity, appearance and the solubility behaviour of the product
obtained after transesterification was distinctly different from those of the ethyl
derivative. Apart from these, the ester carbonyl stretching frequency observed for
the methyl derivative at 1627 cmr1 is a direct indication of the occurrence of
transesterification. Substitution of ethyl group by methyl group was further con-
firmed by the IH-NMR spectrum of the product.

Although several mechanisms have been proposed to explain transesterifi-
cation reactions, it appears that increased nucleophilicity of the acyl carbon atom
induced by the azo group is of great importance. It was also reportedl4 that an
akoxycarbonyl group attached to the carbon atom can be readily transesterified.
As difficulties are encountered in the preparation of metal chelates of esters, the
general method of synthesis by transesterification has gained acceptance.

Thermogravimetric analysis

Thermogravimetric analysis was performed on the lanthanum(l11) complex
with the aim of understanding the thermal behaviour of the complex. The TG
profile (Fig. 6) showed no weight loss up to 170 °C, which indicates the absence
of either crystallization or coordinated water molecules in the complex. The
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lanthanum(111) complex underwent a two-stage decomposition, as denoted by the
two DTG peaks at 351 and 617 °C. The first stage of decomposition started at
180 °C and was completed at 440 °C, with a mass loss of 26.89 % (Calcd. 28.21
%), corresponding to the loss of the azo group and the acetylacetone moiety. The
second stage of decomposition occurred in the temperature range 480-680 °C,
with amass loss of 65.54 % (Calcd. 63.60 %) due to the oxidative decomposition
of the complex to LapO3. The mass loss agrees fairly well with that found in in-
dependent pyrolysis experiments.

-
1.2

4

3.04

ti°C
Fig. 6. TG and DTG curve of lanthanum(l11) complex.

Based on the analytical, physico—chemical and spectral results, the structure
of the metal complex shown in Fig. 7 was assigned.

CH3

Fig. 7. Proposed structure of the lanthanide(l11) complex.
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CONCLUSIONS

A heterocyclic ligand obtained by the coupling of diazotized ethyl 2-amino-
-4,5-dimethylthiophene-3-carboxylate with acetylacetone, viz., ethyl 2-[2-(1-ace-
tyl-2-oxopropyl)azo]-4,5-dimethyl-3-thiophenecarboxyate, acted as a neutral tri-
dentate ligand. The ligand formed a series of lanthanide(l11) complexes with a
1:2 metal-igand stoichiometry. Spectral studies revealed that the ligand pos-
sessed an azo—enol structure and this structural form of the ligand persisted in the
metal complexes. The infrared spectral data adequately supported the bidentate
coordination of nitrate ions. Based on the spectral evidence, it could be con-
cluded that the ligand behaved as neutral tridentate, coordinating to the metal ion
through one of the azo nitrogen atoms, the ester carbonyl and the enolic oxygen
of the acetylacetone moiety without deprotonation. A coordination number of
twelve is proposed for the studied lanthanide(l11) complexes. Thermal analyses
indicated a greater stability of the lanthanum(l1l) complex compared to the
ligand.
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U3BO/I

CHUHTE3A U CITEKTPOCKOIICKA KAPAKTEPU3ALINJA KOMIUIEKCA TAHTAHOW/(II)
HUTPATA CA ETIWI-2-[2-(1-ALIETUJI-2-OKCOITPOITNIT) A30]-4,5- ITUMETNJI-3-TUO-
OEHKAPBOKCHIIATOM KAO JIMITAHAOM

CHEMPAKAM JANARDHANAN ATHIRA, YESODHARAN SINDHU,
MATHUNNI SUSAMMA SUJAMOL 1 KOCHUKITTAN MOHANAN

Department of Chemistry, University of Kerala, Kariavattom Campus, Trivandrum-695 581, Kerala, India

VY peakuuju m3Mmelly AMA30TOBAHOT ETHI-2-aMHHO-4,5-muMmeTrminTuodeH-3-kapOokcuiaTa u
aleTUIAeTOHa CHHTETH30BaH je HOBH JMraHza erwi-2-[2-(1l-auetwi-2-okconponui)aso]-4,5-1u-
MeTmi-3-THodeHkapbokcunar. Ha 6a3u cneKTpOoCKONCKUX MCIHUTHBAMA U pe3yliTaTa elleMeHTapHe
MHKpOaHaiu3e Hal)eHO je Ja CHHTEeTHCAaHH JITaH[ MMa HHTPaMOJICKYJICKUM BOJOHHYHHMM Be3ama
MIOBE3aHy a30-CHOJHY CTPYKTYpHY ¢opMmy. OBaj IHranzg ce 1mokazao BpJO IIOTOZHUM 3a Tpabheme
cepuje pasnununTux Komruiekca ganranounzaa(lll), kao wro cy sanran(l11), uep(l11), npazeomum(l11),
neoqum(l 1), camapujym(I11) u ragonunaujym(l11) KomMIuiekcH KOju Cy y OBOM pajy OKapaKTepHCaHH
IIOMONy pa3IMYUTHX CHEKTPOCKOIICKUX METOAA, IEMEHTAIHE MUKPOAHaIN3e, MEpeha MarHeTHE
MOJIapHE MPOBOUBUBOCTU M TepMajiHe aHanu3e. Ha OCHOBY CIIEKTPOCKOIICKHX H3ydYaBama 3aKJby-
YeHO je Ja je HeyTpaiHa (opMa JHraHjga TPHICHTATHO KOOPAMHOBAHA IPEKO a30 aroMa a3oTa,
KapOOHMITHOT KHCEOHHKOBOT aTOMa €CTapcKe IpyIe U IPOTOHOBAHOT €HOJHOT aTOMa KHCEOHHKaA U3
aIleTHIIAIIETOHCKOT OCTaTKa OBOT JINTaHJa. BpeaHocTn 3a MonapHy NpOBOAJBMBOCT OBUX KOMILIEK-
ca yKkasyjy Ha BUXOBY HeytpainHy dopmy. Jlurann u oxrosapajyhin kommuiekcu snanrtaHa(lll) cy
UCIIMUTHBAHU MeToioM audpakimje X-3paka. Haheno je na kommnekcu nantana(lll) momnexy peak-
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LUjH TpaHCecTepH(UKaLHje IPUINKOM Pe(IIyKTOBamka Y METaHOIy y TOKY Iy>KeT BPEMEHCKOT Iie-
puona. McnutiBana je TepMmanHa ctabmiiHoOCT u3omoBannx komiuiekca sanrana(lll).

(Mpumsbeno 14. anpuna, pesugupano 10. centembpa 2010)
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Abstract: Antipsychotic drugs are psychiatric medication primarily used to
manage psychosis (e.g., delusions or hallucinations), particularly in schizo-
phrenia and bipolar disorder. First and second generations of antipshychotics
tend to block receptors in the brain's dopamine pathways, but antipsychotic
drugs encompass a wide range of receptor targets. The inhibition constant, K;,
at the level of membrane receptors is a major determinant of their pharma-
cokinetic behavior and, consequently, it can affect their antipsychotic activity.
Here, predicted inhibition constants, K; for 71 antipsychotics, already approved
for clinical treatment, as well as representative new chemical structures which
exhibit antipsychotic activity, were evaluated using 3D-QSAR-CoMSIA
models. Significant values of the cross-validated correlation g2 (higher than
0.70) and the fitted correlation r2 (higher than 0.80) revealed that these models
have reasonable power to predict the biological affinity of the 15 new rispe-
ridone and 12 new olanzapine derivatives in interactions with dopamine D, and
serotonin 5HT, receptors; these compounds are suggested for further studies.

Keywords: antipsychotic; CoMSIA; QSAR; membrane receptors; olanzapine;
risperidone.

INTRODUCTION

Schizophrenia is a severe mental illness characterized by positive symptoms,
such as delusions and hallucinations, and disorganized speech, and negative
symptoms, such as affective flattening, social withdrawal in nature and deficits of
attention.1-> Moreover, inhibition of inappropriate actions and irrelevant sensory
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information are also present.6:” Schizophrenia etiology indicates that many fac-
tors are involved, namely genetic factors,8-10 alterations in chemical transmis-
sion (dopamine, serotonine, etc.),11-13 obstetrical complications14-17 and viral
infections.18 The neurobiology of schizophrenia has shown that an enlarged ven-
tricular system accompanied by an overall reduction in brain volumel® and a re-
gional decrease in the hippocampus, thalamus and frontal lobes are present.20.21
Neurons in these regions appear reduced in size with abnormal dendritic arbori-
zation and synaptic organization.19.22 Currently there are many classes of chemi-
cal structures which can be regarded as typical antipsychotics (e.g., haloperidol
and chlorpromazine) and atypical antipsychotics (risperidone, olanzapine and
clozapine)23-25 but recently many other chemical structures having antipsychotic
activities have been reported.26-32 A common feature of these drugs is not only
their relatively high affinity for dopamine receptors,33 but also for serotonin
receptors.34:35 In schizophrenia treatment, a strong correlation between therapeu-
tic doses of neuroleptics and their binding affinity to Do receptor was noti-
ced.33:36,37 The important limitations of antipsychotic prescription are their criti-
cal side effects, such as extra-pyramidal symptoms (EPS),38 increased plasma
prolactin levels and decreasing tardive dyskinesia (TD),39 which develop in
about 70 % of patients.

Risperidone and olanzapine, two extremely potent antipsychotics, are in-
cluded in empirical protocols for the treatment of psychosis with good tolerance
in patients. They decrease the negative symptoms by acting on the serotonergic
and noradrenergic receptors, while the positive symptoms are reduced by their
effects on the dopaminergic pathway,37 with lower side effects. There is cur-
rently much interest in the development of new derivatives starting from these
antipsychotics.

Structure—activity relationship (QSAR) studies using the classical quanti-
tative structure—activity relationship (2D-QSAR)27-29.4041 and a few 3D-QSAR-
—CoMFA and/or 3D-comparative molecular similarity analysis (3D-CoMSIA)
approaches#2-48 have enhanced knowledge concerning the interactions of anti-
psychotics with different classes of membrane receptors.

In a previous study,40 six new QSAR models were presented in which cor-
relate the inhibition constants of antipsychotics at the dopamine D1—D4 and sero-
tonine (5HToc, SHT2a) receptors were correlated with their physicochemical pa-
rameters using MOE software (http://www.chemcomp.com/software.htm). In this
previous study,40 MLR-, factor-analyses and discriminant-analyses were used to
elucidate the most important physico—chemical properties of the antipsychotics
which are responsible for their binding properties, i.e., hydrophobic and refracti-
vity properties on subdivided surface areas (SlogP_VSA4, SlogP_VSAS,
SlogP_VSAQ9 (hydrophobicity descriptors, with Lj in different ranges; L; denotes
the contribution to log P(o/w) of atom i as calculated in the Slog P descriptor,
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http://www.chemcomp.com/software.htm) and SMR_VSA2, SMR_VSAS5,
SMR_VSA3, SMR_VSA4, SMR_VSA1, SMR_VSAT7 (refractivity descriptors
with R;j in different ranges; R;j denotes the contribution to molar refractivity of
atom i as calculated in the SMR descriptor, http://www.chemcomp.com/
/software.htm), electronic properties (PEOE_VSA+1, PEOE_VSA-4, PEOE_VSA-
-0), energetic term Egq (solvation energy), as well as properties due to the solvent
accessible surface areas (ASA_H) and the pharmacophore feature vsa-hyd. The
71 antipsychotic drugs analyzed before were used to extend the study by de-
veloping new 3D-QSAR-CoMSIA models.

The aim of this study is to develop predictive 3D-QSAR models to observe
which structural features are responsible for selective 5HTo4 antagonism vs. D)
receptor binding.

An objective of this study was to use 3D-QSAR models to predict the effect
of molecular properties, for example hydrogen bond donor/acceptor, hydropho-
bic, steric and electrostatic properties, on the inhibitor constant at dopamine and
serotonin receptors of a large number of antipsychotics: i) typical and atypical
antipsychotics already approved for clinical treatment,32:49-55 and ii) novel po-
tential antipsychotic agents, such as 3-aminoethyl-1-tetralones,30 piperazine,26
benzothiazepine?8.29 and pyrrolobenzazepine?’ derivatives, with favorable phar-
macokinetic properties. Preliminary, studies26-31 confirmed the superior pharma-
cological effects (significant reduction of spontaneous locomotor activity, a neg-
ligible increase of prolactine serum levels, therapeutic potential against cognitive
and negative symptoms of schizophrenia) of these novel drugs which are ad-
ministered in much lower doses compared to classical antipsychotics.

This encouraged the present study in which the above-mentioned molecular
properties led to powerful 3D-QSAR models for Kj prediction, despite the large
variety of chemical structures from different literature sources. The ultimate goal
was to design selective, high affinity D, and 5HT,a receptor antagonists with a
superior clinical profile for schizophrenia treatment, with the assistance of the
3D-QSAR models developed herein. Therefore, new 15 risperidone and 11
olanzapine derivatives with possible higher affinity to dopamine Do and ser-
otonin 5HToa membrane receptors were designed and their antipsychotic acti-
vities were predicted in accordance with the estimated 3D-QSAR models.

EXPERIMENTAL
Dataset for analysis

The inhibitor constant data, K;, of 71 dopamine D, and serotonin 5HT,, receptors
antagonists (typical and atypical antipsychotics already approved for clinical treatment and
novel potential antipsychotic agents) used in this study were collected from the literature.26-
32,49-55

A large range of observed inhibition constant K; (pK; from 5 to 10), favorable pharma-
cokinetic properties covering the interactions with dopamine and serotonine receptors, various
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substituents, covering as many as possible chemical classes of compounds (Tables 1-V) were
the selection criteria of the compounds considered in this study.

As a rule, a range in affinity of at least three logarithmic units is necessary to develop a
statistically significant 3D-QSAR model. The 5HT,a receptor affinities spread over a range of
nearly five logarithmic units, whereas the D, ligands covered four logarithmic units.

Even if the values of the inhibition constants originated from different studies, they were
mutually well comparable, as in following examples: clozapine (pKisyroa = 8.26,%0 8.00,27-2°
8.20,%2 8.04;%0 pKp; = 6.45,27-2% 6.26;%2 pKip, = 6.59,%0 6.60,27-2° 6.84,32 6.65)30 or haldol
pK;p, = 8.39,%0 8.60,32 8.32,27-2% 9.00).30 This enabled the affinity data of the compounds to
be combined in one set. The names of typical and atypical antipsychotics, corresponding to
the observed and predicted pK; values and also the 2D structures of potential antipsychotics
are given in Tables I-V.

TABLE I. Typical and atypical antipsychotics which are already approved for clinical treat-
ment49—55

Compound PKisHT2A08s PKisHT2apred PKipzos PKipzpred
Clozapine (N1) 8.26 8.68 6.59 7.12
Flupentixol (N2) 7.05 7.24 8.82 8.63
Haloperidol (N3) 7.27 7.48 8.39 8.21
Loxapine (N4) 8.11 7.86 7.92 7.79
Mesoridazine (N5) 8.31 8.08 7.72 7.87
Olanzapine (N6) 8.69 8.73 7.46 7.27
Quetiapine (N7) 6.99 7.20 6.61 6.47
Risperidone (N8) 9.76 9.30 8.18 8.34
Sertindole (N9) 9.23 9.15 8.04 7.74
Thiothixene (N10) 7.30 7.47 9.20 8.07
Thioridazine (N11) 8.00 8.23 7.95 8.06
Campazine (N12) 7.82 7.61 8.76 8.00
Ziprazidone (N13) 9.52 9.26 8.01 8.07

Molecular modeling and minimum energy performed for antipsychotics

Three dimensional structures of studied compounds were obtained using of the build
module from Sybyl 7 software.5657 In the first step, 2D structures of the antipsychotics that
were automatically changed into 3D structures were saved in Sybyl specific files .mol2.

In this study, the conformation of the antipsychotics with the minimum potential energy
was established using the Maxim 2 minimization routine in Sybyl 7, with Tripos force field,
conjugate-gradient algorithm and convergence 0.01 without constraint. After energy minimi-
zation, the Gasteiger—Marsili partial charges of the compounds®’ were loaded on the chemical
structures from the Sybyl 7 dictionary.

CoMSIA strategy and chemometric analyses

The CoMSIA method involves a “common scaffold”. As all the inhibitors had a six-mem-
bered ring in common (e.g., piperazine and piperidine), in this study, a “common scaffold”
was obtained by the superposition of the common six-membered ring belonging to compounds
and of the most active antagonist benzothiazepine (derivative, N66, pKip, = 9.36) to the
dopamine D, receptor and risperidone, pKisyr2a = 9.76 to the serotonin 5HT, 4 receptor.

The steric and electrostatic, hydrophobic and hydrogen bond donor/ acceptor properties
of each inhibitor were calculated at the intersections of a regularly spaced (2 A) grid in a grid-
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-box “‘create automatically’’ in Sybyl. Lennard-Jones 6-12 potential and Coulombic potential
functions, hydrophobicity, and hydrogen bond properties of compounds, within the Tripos
force field, using a sp® carbon probe atom, with a +1 charge, were considered.>6:57

TABLE II. 3-Aminoethyl-1-tetralones derivatives3°

(0]
R
NR'R'

Compound  Radical R NR’R’ PKistr2aons  PKisimoaped  PKipzobs  PKipzpred
N14 H 6.59 6.39 6.97 6.11
N15 OCH; Q 6.65 6.33 6.55 6.2

N

C e

N
N16 H N - - 5 5.07
N17 OCH, | - - 5 5.05

N

@
N18 H e 8.29 8.35 5.98 7.23
N19 OCH; ' 8.23 8.24 7.04 7.06

F

N
N20 H ¥ 5 5.94 5 5.15
N21 OCH, Oj D 5 4.98 5 5.15

N

N

N22 H 6.15 5.98 5 4.83

H
N
N23 OCHs, X" o 5.98 5.94 5 4.87
N

An energy cutoff of 30 kcal mol-! was used for both the electrostatic and steric con-
tributions. Regression analysis was performed by the partial least squares (PLS) algorithm
within Sybyl 7.2. The leave-one-out cross-validation method using the SAMPLS method was
employed to evaluate the predictable residual sum squares (PRESS), standard deviation (SD)
and cross-validated correlation coefficient (g2). The optimal number of orthogonal principal
components was chosen based on t the highest g2 value by the PLS using the leave-one-out
cross-validation method.%6:57

The minimum standard deviation threshold sigma was set to 2.0 kcal mol-l and 2.0 for
CoMSIA. Furthermore, the control criteria fitted correlation coefficient r2, standard error of
estimate (SEE) and Fisher test (F) were calculated using the CoMFA module by the non-
-cross-validated method.58:57 In addition, the representation of the hydrophobic and hydrogen
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bond acceptor descriptors as a 3D contour plot (the favorable and unfavorable area represen-
tation by polygons) formed just around the risperidone were performed in the Sybyl/ QSAR

module.56:57
[ ;[Oj
O

)

_ u]

TABLE III. Piperazine derivatives®®

Compound n Radicals R PKip2obs PKipzpred
N24 1 H 7.20 7.07
N25 2 H 7.34 7.79
N26 3 H 7.67 7.87
N27 4 H 8.29 8.00
N28 5 H 8.04 7.99
N29 3 4-F 8.09 7.86
N30 3 5-F 7.72 7.86
N31 3 6-F 7.83 7.85
N32 3 7-F 7.97 7.88
N33 3 5-OMe 7.82 7.87
N34 3 4-Cl 7.61 7.87
N35 3 5-Cl 7.50 7.87
N36 3 6-Cl 8.67 7.86
N37 3 7-Cl 7.80 7.9
N38 3 5-Me 7.97 7.88
N39 3 7-Me 7.79 7.93

R3
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TABLE Ill. Continued

Compound X v ZRadlcalRl R2 R3 PKib2obs  PKipzpred
N40 0] CH, CH, H H H 7.69 7.65
N41 NH CH, CH, H H H 7.94 7.64
N42 NMe CH, CH, H H H 7.04 7.62
N43 NH CH, CH, Me H H 7.82 7.66
N44 NH C(=0) CH, H H H 7.94 8.19
N45 NH C(=0) 0 H H H 8.36 8.56
N46 NH C(=0) 0 Me H H 8.34 8.6
N47 NH C(=0) O Me Me H 813 85
N48 NH C(=0) O (R)-Me H H 8.06 8.25
N49 NH C(=0) O (S)-Me H H 9.00 8.51
N50 NH C(=0) O (R)-Me H 5-F 8.16 8.31
N51 NH CE=0) O (R-Me H 7-F 827 851
N52 NH C(=0) O (S)-Me H 7-F 9.00 8.63
TABLE V. Benzothiazepine derivatives?829
Ry
S
-
S
pK; pK;
Compound R Rr?dlcal R’ PKisht2a0bs  PKisHT2apred K'SDZOb Kégz :
N53 Cl 1 Me 8.94 8.11 8.69 7.99
N54 H 1 Me 7.60 8.17 7.10 7.97
N55 F 1 Me 8.29 8.13 7.63 7.98
N56 Cl 1 Et 8.23 8.01 851 7.97
N57 Cl 1 CH,CH,0OH 8.06 7.79 823 81
N58 F 1 Et 8.36 8.22 8.02 8.22
N59 F 1 CH,CH,OH 7.13 7.70 7.66 7.98
N60 Br 1 Me 7.92 8.40 8.44 842
N61 Br 1 Et 7.64 8.29 8.40 8.40
N62 Br 1 CH,CH,0OH 7.65 7.84 830 821
N63 Me, 9.64 8.51 930 85
N
.
LD
s
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TABLE V. Continued

R1
\
)
-
X—v R2
N
s S

Radical
Compound R R1 R2  X-Y PKistr2aoms  PKisHT2apred PKib2obs PKip2pred
N64 H Me H C=CH 9.18 9.08 7.76 8.18
N65 F Me H C=CH 9.45 9.11 8.07 8.29
N66 Cl Me H C=CH 9.46 9.20 9.36 8.4
N67 Br Me H C=CH 9.08 9.26 9.34 8.48
N68 H Me Me C=CH 8.95 9.01 6.89 7.98
TABLE V. Pyrrolobenzazepine derivatives?’

Me

/

(——N

Nj

_ R2

R gu—

\N%

R1

Radical
Compound R RL PKisr2aoss  PKisHT2Apred PKib2obs PKibzpred
N69 H H 8.13 8.67 6.23 7.50
N70 Cl H 8.86 8.85 7.14 7.95
N71 Me 8.66 8.65 8.07 8.21
(N
NJ

Training and test sets in the QSAR models

The ability of CoMSIA to predict the biological activities of the antipsychotics to the
dopamine D, and serotonin 5HT, receptors was evaluated by training and test sets in which a
variable number of molecules were used (Tables 1-V). Traditionally, external test sets are
used to check the predictive power of models derived from training sets. The predicted
binding affinities for the test sets are given in Tables I-V in bold numbers/characters.

Initially, to validate 3D-QSAR CoMSIA D, and 5HT,, models, individual hydrophobic,
hydrogen bond acceptor, hydrogen bond donor, steric and electrostatic fields in different com-
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binations were considered. Finally, choosing a set of descriptors sufficient to enable an ac-
curate validation of the QSAR models (g2 (cross-validated r2) not less than 0.6, r2 higher than
0.9), two 3D-QSAR models were presented: i) the 3-QSAR-CoMSIA D, model contains 5
compounds in test set (thiothixene (N10), campazine (N12), 3-aminoethyl-1-tetralones deri-
vative (N18), benzothiazepine derivative (N68) and pyrrolobenzazepine derivative (N69) and
the other 66 compounds in the training set) assessed with hydrogen bond acceptor, hydropho-
bic, steric and electrostatic as descriptors; ii) the 3D-QSAR-CoMSIA 5HT,, model contains 4
compounds in the test set (benzothiazepine derivatives: N53, N54, N61 and N63) and the
other 38 compounds in training set, assessed with hydrogen bond donor, hydrophobic and ste-
ric and electrostatic as descriptors.
Design of new D, and 5HT,, antagonist derivatives from risperidone and olanzapine with
possibly improvement in the antagonist potency

Taking into account the best correlations between the observed and predicted pK; for
risperidone and olanzapine to dopamine and serotonin receptors, 15 molecules derived from
risperidone and another 11 derivatives from olanzapine were designed and proposed as pos-
sible antipsychotic drugs, and their pK;p, and pKisyoa Values were evaluated. Molecular mo-
deling of risperidone and olanzapine derivatives was performed under the above-described
procedure. The risperidone and olanzapine derivatives were generated using the added atoms
(Cl, F) and groups (ethyl, iso-propyl, cyclohexyl, n-butyl, methyl, CH3;NC,Hs, OH, COOH,
NH,) from the Sybyl data base. The minimum potential energy for the risperidone and
olanzapine derivatives was established using the Maxim 2 minimization routine in Sybyl 7,
with Tripos force field, conjugate-gradient algorithm, and convergence 0.01. During energy
minimization, only the specific substituents were allowed free movement while the rest of the
molecule was kept rigid. After energy minimization, the Gasteiger—Marsili partial charges of
the compounds®’ were loaded on the chemical structures from the Sybyl 7 dictionary.
Prediction of inhibitor constants to dopamine D, and serotonin 5HT,, receptors of the ob-
tained derivatives was realized using QSAR models statistically validated during previous
phases of the study.

RESULTS AND DISCUSSION

The 3D-QSAR-CoMSIA D2, model predicted antagonist potency of 66 com-
pound by the leave-one-out cross-validated PLS analysis running with four prin-
cipal components led to a g2 cross-validated correlation coefficient of 0.71 and
by non-cross-validated PLS analysis, a fitted correlation coefficient r2 = 0.86,
standard error estimate of 0.40 and F value of 96.72 were obtained (Table VI).

The other goal of this study was to establish by 3D-QSAR/CoMSIA the con-
tribution of molecular properties, such as hydrogen bond donor/acceptor proper-
ty, hydrophobic and also steric/electrostatic fields, to the D receptor antagonist
potency.

The statistic parameters g2 — cross-validated correlation coefficient, r2 — fit-
ted correlation coefficient and the standard error estimate (SEE) were statistically
significant when the hydrogen bond acceptor, hydrophobic and steric and electro-
static fields were considered (Table VI). It was noticed that the hydrogen bond
acceptor (1.397) and hydrophobic (0.60) properties contributed significantly more
compared with the steric and electrostatic (0.283/ 0.496) properties.
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When the antagonist potency of compounds referred were studied to the se-
rotonin 5HT2A receptor, a second CoMSIA model was obtained and the statistic
parameters g2 cross-validated of 0.78, fitted correlation coefficient r2 of 0.95 and
SEE of 0.34 were evaluated (Table VI).

TABLE VI. Summary of the 3D-QSAR-CoMSIA statistical data

Statistical parameter 3D-QSAR D, model 3D-QSAR 5HT,, model
Molecules 66 38
Q2cv 0.71 0.78
Component used 4 3
SEEstimate 0.40 0.34
R squared 0.86 0.95
F value 96.72 250.53
Steric contribution 0.28 0.35
Electrostatic contribution 0.49 0.75
Acceptor contribution 1.39 -
Hydrophobic contribution 0.60 0.67
Donor contribution - 0.77

Analysis of the contribution of the molecular descriptors showed that the sig-
nificant statistical g2 cross-validated and fitted correlation coefficient r2 para-
meters were obtained when the descriptors steric and electrostatic, hydrophobic
and hydrogen bond donor were considered (Table VI). Noteworthy is that three
(electrostatic (0.75), hydrophobic (0.67) and hydrogen bond donor (0.77)) of the
four descriptors had contributions higher than 0.65; the most involved descriptor
in the interaction between the described compounds and the serotonine 5HToa
receptors seemed to be hydrogen bond donor.

Modeling of new risperidone and olanzapine derivatives with potentially superior
antagonist potency at the dopamine D2 and serotonin 5SHT2A membrane receptors

Due to their low affinities, the currently used atypical antipsychotics suffer
the disadvantage of high dose administration. Currently, the major problem of
using antipsychotic drugs is governed by the above-mentioned side-effects. Due
to the before-mentioned high importance of risperidone and olanzapine as anti-
psychotic agents, two sets of 15 new risperidone and 11 olanzapine derivatives
were made in order to predict improved pK; values for D and 5HTop receptors
using the above-presented 3D-QSAR models (Tables VII and VIII).

In designing the new risperidone and olanzapine derivatives, two strategies
were followed: first, the number of hydrophobic contacts on i) risperidone by ad-
ding methyl, ethyl, iso-propyl, n-propyl, n-butyl, cyclohexyl and phenyl substi-
tuents at 2,6-diazabicyclo[4.4.0]deca-1,3-dien-5-one and ethyl chain and ii) olan-
zapine by adding methyl, ethyl, iso-propyl, iso-butyl and phenyl at piperazinyl
and 10H-thieno rings, respectively.
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Secondly, CI, hydroxyl, carboxyl or amino substituents were generated on
risperidone. In addition, Cl, F and hydroxyl were generated on olanzapine (Tab-
les VII and VI1II). The chemical structures of the risperidone and olanzapine deri-
vatives, residual pK; values (the difference between template antipsychotics and
predicted pK; derivatives) and the predicted pKj values for the risperidone and
olanzapine derivatives are presented in Tables VII and VIII.

TABLE VII. Antagonist potency pKip, and pKisytoa for the risperidone derivatives and re-
sidual values (differences in the antagonist potency of the risperidone derivatives to the parent
antagonist potency are given in brackets)

R4

0. »
N R1
Nw_g/;N\ R2
R3 N >
(0]
. . . Group Predicted Predicted

Risperidone derivate R1 R2 R3 R4 PKins PKigimoa

1 C,Hs H H F 8.7 (0.54) 9.37(-0.39)
2 (CH5),CH H H F 8.74 (0.56) 9.46 (-0.3)
3 CH; (CHz), H F 8.55(0.37)  9.10 (-0.66)
4 (CH5),CH H OH F 8.60(0.42)  9.41(-0.35)
5 CeH1s H H F  7.46(-072) 8.41(-1.35)
6 H;C-NH, H H F 8.12 (-0.06) 9.30 (-0.46)
7 CH,N(CH3), H H F 8.66 (0.48)  9.42 (-0.34)
8 OH H H F 8.23 (0.05) 9.36 (-0.4)
9 C,H; H H F 8.18 (0) 9.00 (-0.76)
10 C,H; H NH, F 8.27 (0.09) 8.94 (-0.82)
11 CH;, H GCHs F  875(057) 9.30(-0.46)
12 C,H; H H OH 825(0.07) 9.52(-0.24)
13 C4H; H H Cl 8.27(0.09)  9.60 (-0.16)
14 C,H- H H COOH 8.42(0.24) 8.06 (-1.7)
15 C4H; CHy H F 742(-0.76) 8.15(-1.61)

In this study, good correlations between the observed and predicted antago-
nist potency of the compounds to the dopamine D2 receptor (Tables 1-V) were
obtained. As examples, the correlation between the observed and predicted anta-
gonist potency of compounds included in the training set were piperazine deri-
vative N40 (pKip2observed — PKip2predicted = 0.04), benzothiazepine N60

(PKiD20bserved — PKip2predicted = 0.02) and N61 (pKip2observed — PKiD2predicted =
= 0.001) derivatives. However, the residual value was not good when the anta-
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gonist potency was predicted for the 3-aminoethyl-1-tetralones derivative N18
(PKip2observed — PKiD2predicted = —1.03).

Data presented in Tables I-V are illustrated by graphical presentations of the
correlation between the observed and the predicted antagonist potency of the
compounds to the dopamine D, membrane receptor in Fig. 1.

TABLE VIII. Antagonist potency pKip, and pKisytoa for olanzapine derivatives and residual

values (differences in the antagonist potency of the olanzapine derivatives to the parent
antagonist potencyare given in brackets)

R4—N N

/

NS
N S
\) —
R2 R1

N
R3
Olanzapine derivate Group Predicted Predicted
R1 R2 R3 R4 PKip2 PKisHT2A
1 CH;-CH, H CH;, H 7.31(-0.15) 8.42(-0.27)
2 CH, CH, CHs; H 7.49 (0.03) 8.48(-0.21)
3 CH, CsH, CHs; H 7.46 (0) 8.99 (0.30)
4 CH,4 isobutyl  CHj H 7.51(0.05) 8.94 (0.25)
5 CH, H CH; CH; 6.97(-0.49) 8.69 (0)
6 CeHs H CH, H 7.30(-0.16) 8.27(-0.42)
7 CH;, H HC-CH, H 7.20(-0.26) 8.15 (~0.54)
8 CH, H C;H; H 7.16 (-0.3)  8.10(-0.59)
9 CH, H CH,F H 7.26 (-0.2)  8.20(-0.49)
10 CH,4 H CH,CI H 7.26 (-0.2)  8.65(-0.04)
11 CHs H CH,OH H  7.02(-0.44) 7.95(-0.74)
10
B o i
gg 8 g -
Sy 7 e
E = . — .0
ag 6 — .
£ 5
@
4 ; . . ; .
4 5 6 7 8 9 10

Observed antagonist potency
Fig. 1. Correlation between the observed and predicted antagonist potency pKip, of the
antipsychotic drugs when the hydrophobic, hydrogen acceptor bond, electrostatic and
steric properties are regarded as descriptors (the molecules from the test set
are represented by the square shape).
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The observed and predicted antagonist potency of serotonin 5SHT,a receptor
for the training and test (bold letters) sets are shown in Tables I-V.

CoMSIA statistic validation in this case leads to a good correlation of ob-
served and predicted antagonist potency for the pyrrolobenzazepine derivatives
N71 (pKisHT2A0bserved — PKisHT2Apredicted = 0.01) and N70 (pKisHT2A0bserved —
— PKisHT2Apredicted = 0.01). A graphical presentation of the correlation between
the observed and predicted antagonist potency of the compounds in interaction
with the serotonin 5HT2a receptor is presented in Fig. 2.

10

Predicted
antagonist potency
& O O N @
¥
+

4 5 6 7 8 9 10
Observed antagonist potency

Fig. 2. Correlation between the observed and predicted antagonist potency pKisytoa Of the
antipsychotic drugs belong to the training set when the hydrophobic, hydrogen donor bond,
electrostatic and steric properties are regarded as descriptors (the molecules from
the test set are represented by the square shape).

Graphical interpretation of the 3D-QSAR-CoMSIA models

The great advantage of the CoMSIA method is its ability to visualize the
descriptor fields as 3D contour plots (the favorable and unfavorable descriptor
areas are represented by polygons) formed just around the target molecule. Ac-
cordingly, in this study, with the contribution of the descriptors to the biological
activity, CoMSIA contour maps of the hydrophobic field and hydrogen bond ac-
ceptor were used for graphical analysis.

The favorable hydrogen acceptor bond areas (white polygons) and the un-
favorable hydrophobic areas (grey polygons) formed around risperidone when its
antagonist potencies at the dopamine D2 and setotonine 5HT,a receptors were
considered (pKjp2 = 8.18 and pKijsyT12a = 9.76) are shown in Figs. 3-5.

The contour maps for hydrophobic property obtained from risperidone (Fig. 3)
show that the presence of large unfavorable hydrophobic areas (2,6-diazabicyc-
lo[4.4.0]deca-1,3-dien-5-one and also isoxazol-rings) could be responsible for the
relatively low affinity of risperidone at D,. On the contrary, the hydrophobic pro-
perty distribution presented in Fig. 4 looks around risperidone and shows the
presence of favorable areas (white areas) around the isoxazol ring and ethyl
group, which might be a good explanation for the high antagonist potency of ris-
peridone at 5SHT,a receptor.
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Fig. 3. Representation of the favorable (white po-
lygons) and unfavorable (grey polygons) hydro-
phobic areas of risperidone (pKip, = 8.18) when
its antagonist potency at dopamine D, receptor is
considered.

Fig. 4. Representation of the favorable (white polyhedra) and un-
favorable (grey polyhedra) hydrophobic areas of risperidone
(PKisutoa = 9.76) when its antagonist potency at the serotonin
5HT, receptor is considered.

CoMSIA maps showing the hydrogen acceptor bond property are depicted in
Fig. 5; they correspond to regions of the putative protein environment which are
capable of donating hydrogen bonds. The three favorable regions which formed
around the 1,3-dien-5-one and piperidine rings could be important for the D>
receptor affinity.

Following the employed design strategy, four risperidone derivatives with
affinity for the dopamine D; receptor (1 (R1=CoHg, R2=H, R3=H, R4=F,
PKiresp2 = 0.54), 2 (R1=(CH3)2CH, R2=H, R3=H, R4=F, pKjresp2 = 0.56), 7
(R1=CH,N(CH3),, R2=H, R3=H, R4=F, pKiresp2 = 0.48) and 11 (R1=CH3, R2=H,
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R3=CgHs, R4=F, pKijresp2 = 0.57)) had higher predicted pKjp2 values than ris-
peridone. It should be mentioned that the presence of additional hydrophobic
contacts on R1 in 2,6-diazabicyclo-dione and R3, while simultaneously maintain-
ing F on R4, lead to an increased affinity of the new risperidone derivatives to the
dopamine D, receptor. The same observation could not be made if a substantial
increase of the hydrophaobic effect was obtained (derivatives 5 (R1=CgH13, R2=H,
R3=H, R4=F, pKjesp2 = —0.72) and 15 (R1=C4H7, R2=CHg3, R3=H, R4=F,
PKiresp2 = —0.76)). In the present study, it is interesting to note that an increased
number of hydrophobic contacts on risperidone did not result in a higher affinity
for the serotonin SHT2A receptor and sometimes a decrease in affinity could be
found (derivatives 5 (R1=CgH13, R2=H, R3=H, R4=F, pKjressHT2A = —1.35), 14
(R1=C4H7, R2=H, R3=H, R4=COOH, pKiresSHTZA = —1.70) and 15 (R1=C4H7,
R2=CHs, R3=H, R4=F, PKiressHT2A = —1.61)).

~ o0
| &
NP

Fig. 5. Representation of the favorable (grey
polyhedra) and unfavorable (black polyhedra)
hydrogen acceptor bond areas of risperidone
when its antagonist potency at the dopamine
D2 receptor is considered.

Analysis of the antagonist potency of the olanzapine derivatives at the dopa-
mine D5 receptor led to the observation that ten had a lower antagonist potency,
except derivative 3 (R1=CH3, R2=C3H7, R3=CH3, R4=H, pKjesp2 = 0), for
which an identical pKjp> was recorded The same observation could not be made
when the affinity of the olanzapine derivate 3 at the serotonin 5HTya receptor
was analyzed. The additional hydrophobic contacts on R2 led to clear affinity in-
creases for derivative 3, pKjressHT2A = 0.30 and derivative 4 (R1=CHs, R2= iso-
butyl, R3=CH3, R4=H, pKiressHT2A = 0.25). However, the addition of a hydro-
phobic contact on R4, i.e., a methyl group, resulted in the same affinity as the
template compound (derivative 5 (R1=CHj3, R2=H, R3=CHj3, R4=CHg,
PKiressHT2A = 0.00).
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CONCLUSIONS

3D-QSAR-CoMSIA models can give different information, for example re-
liable prediction of the affinity of compounds belonging to a data set and che-
mical interpretation of the results obtained. In this paper, alignment-dependent
3D-QSAR-CoMSIA studies using two QSAR models are reported of a series of
71 antipsychotic drugs already used in clinical practice, as well as representative
new chemical structures which exhibit antipsychotic activity and 15 risperidone
and 11 olanzapine derivatives proposed as possible antagonists of dopamine Dy
and serotonin 5SHToa receptors. The models were used to elucidate the most im-
portant physico—chemical properties responsible for the antagonist potency of the
chemical structures to dopamine D, and serotonin 5SHTya receptors. In this study,
hydrogen donor/acceptor and hydrophobic properties supplied by steric and
electrostatic fields were considered.

Significant PLS results were obtained when a hydrogen acceptor bond and
the simultaneous presence of hydrophobic, electrostatic and steric properties were
considered in the study of the antagonist potency at the dopamine D> receptor.
However, the serotonin 5HToa receptor affinity of the antipsychotics was go-
verned by the hydrogen bond donor ability and the simultaneous presence of hyd-
rophobic, electrostatic and steric properties.

Thus, judicious modulation of the physico—chemical properties, particularly
hydrogen bond acceptor/donor and hydrophobic properties may be very useful
for the design of new chemical structures as possible antagonists of Do and SHToa
receptors. Considering the above set of 15 risperidone and 11 olanzapine deri-
vatives, the established equations could be used to enhance or reduce the antago-
nist potency pK;, in accordance with the biological requirements.

It was noticed that additional hydrophobic contacts on R1 and R3 on risperi-
done rings, while simultaneously retaining F in R4, increased the antagonist po-
tency of risperidone derivatives to the dopamine D receptor. In addition, hydro-
phobic contacts on R2 resulted in a clearly enhanced antagonist potency of two
olanzapine derivatives.
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U3BOA

QSAR-CoMSIA MOJEJIN ITPUMEBEHN HA AHTUTICUXOTHUYKE JIEKOBE 1 BUXOBE
JOITAMUH D; U CEPOTOHHMH 5HT,4 MEMBPAHCKE PEIIETITOPE

SPERANTA AVRAM', DANIEL DUDA-SEIMAN?, FLORIN BORCAN?® n PETER WOLSCHANN*
1University of Bucharest, Faculty of Biology, Physiology and Biophysics Dept., 91-95 Spl. Independentei,
Bucharest-76201, 2University of Medicine and Pharmacy ““Victor Babes” Timisoara, Clinic of Preventive
Cardiology and Cardiovascular Rehabilitation, 49 C.D. Loga Bvd., Timisoara-300020, S\West University

Timisoara, Faculty of Chemistry, Biology and Geography, Chemistry Dept., 16 Pestalozzi Str.,

Timisoara-300115, Romania u 4University of Vienna, Institute for Theoretical Chemistry,

17 Wahringerstrasse, Vienna-1090, Austria

AHTHUIICUXOTHIM CY JICKOBH KOjH C€ KOPHCTE y TEepalliju IICUX03a, IPBEHCTBEHO CXH30(dpe-
HUje 1 OunonapHor mopeMehaja. AHTUIICHXOTHIH A€Tyjy Ha MIMPOK CIIEKTap perenTopa Koju ydec-
TBYjy Y OpOjHUM CHCTEMHMa TPaHCMHCH]jE Y MO3TY, JIi IJIaBHU Teparjcku eekar ocTBapyjy 0io-
kupajyhu nomamuacke penentope. Koncranra naxubunuje, Kj, Ha HUBOy MEMOPaHCKHIX perenTopa
je rnaBHa JeTepMHHaAHTa (papMaKOKHHETHKE U JIjCTBA OBHX JiekoBa. Y paay cy kopuinhemem 3D-
-QSAR-CoMSIA mopena oremeHe npeackasane nHxubunuone koncrante Kj 3a Hus og 71 anrtu-
ncuxotuka Beh ogo0peHnx 3a KIIMHUUKY MPaKCy, Kao ¥ 33 PENpe3eHTaTHBHE HOBE XEMH]jCKE CTPYK-
Type Koje IOKa3yjy aHTHUIICHXOTHYHY aKTHBHOCT. 3Ha4YajHEe BPEIHOCTH YHAaKpCHE Kopewamnuje (
(usmax 0,70) u duropane kopenamuje r? (u3may 0,80), mokasane Cy Ka OB MOJEIH MOTY Ja IPEi-
Buze Ouonomke apuHUTeTe 15 HOBUX pecnepuIOHCKMX M 12 HOBHX OJNaH3AaIMHCKUX JEpHUBaTa 3a
nonamuHcke D, u ceporonnncke 5HT,, peuenrtope, Te ce oBa jequmbeba MPeAIaxy 3a 1ajbe UCIHU-
THBAE.

(MTpumibero 6. aBrycra, peBuaupano 9. centembpa 2010)
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Abstract: In this work, the adsorption/desorption processes of iodides and cad-
mium cations in the presence of iodides onto/from Ag(111) were investigated.
It was shown that both processes were complex, characterized by several peaks
on the cyclic voltammograms (CV's). By PeakFit analysis of the recorded CVs
and subsequent fitting of the obtained peaks by the Frumkin adsorption iso-
therm, the interaction parameter (f) and the Gibbs energy of adsorption (4G,
for each adsorbed phase were determined. In the case of iodide adsorption, four
peaks were characterized by negative values of f, indicating attractive lateral
interaction between the adsorbed anions, while two of them possessed value of
f < 4, indicating phase transition processes. The adsorption/desorption pro-
cesses of cadmium cations (underpotential deposition — UPD of cadmium) in
the presence of iodide anions was characterized by two main peaks, each of
them being composed of two or three peaks with negative values of f. By the
analysis of charge vs. potential dependences obtained either from the CV's or
current transients on potentiostatic pulses, it was concluded that adsorbed io-
dides did not undergo desorption during the process of Cd UPD, but became
replaced by Cd ad-atoms and remained adsorbed on top of a Cd layer and/or in
between Cd the ad-atoms.

Keywords: Ag(111); iodide adsorption; iodide desorption; Cd underpotential
deposition; phase transition.

INTRODUCTION

The first ordered iodide structures on Ag(111) emersed from dilute HI so-
lutions were observed by Salaita et al.1 using the Ultra high vacuum—electroche-
mical (UHV-EC) technique: one with triangular splitting of subspots in the ne-
gative potential range and the other with hexagonal splitting in the positive po-
tential range. Severa adlayer structures were aso reported for iodine on Ag(111):
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scanning tunneling microscopy (STM) images of a flat adlayer of 1/Ag(111)
obtained in air being ascribed to the so-called (5x~/3) structure;24 contracted
(/3 x~/3)R=30° adlattice detected by X-ray photoelectron spectroscopy (XPS)
performed on iodine-covered Ag(111).5 Adsorption/desorption process of iodides
from iodide-containing solutions on oriented silver single crystal surfaces has
been investigated by capacitance, voltammetric and surface analytical techni-
ques.87 A common characteristic of the voltammetric investigations was the
presence of a broad peak at more negative potentials and a sharp peak at less ne-
gative potentials. The broad peak was ascribed to the formation of a randomly
distributed adlayer at potentials negative of —0.8 V vs. SHE and its transfor-
mation to a (+/3 x NE )R30° ordered structure between —0.8 and -0.13 V vs. SHE.
Further compression of such an ordered structure into an (8x8) iodide structure,
expressed by a sharp peak on the CV's, was detected at potentials slightly positive
of -0.13 V vs. SHE.%7 Detailed in situ STM and ex situ low energy electron
diffraction (LEED) studies of Yamadaet al.8 in K| buffered with KF-K OH at pH
10 and HI solutions confirmed the continuous compression of the iodide adlattice
from square (/3 x~+/3 R-30°), via (+/3 qRAFx+/3R-30°) (q = 1, 0 < A< 30), to
(+/3x+/3)R30° with increasing electrode potential, followed by an abrupt phase
transition into a rotated hexagonal (\/§ x+/3)R(30°+¢”) phase at potentials more
positive than the potential of the sharp peak on the CV. Their CV recorded in 0.1
mM Kl + 10 mM KF + 0.1 mM KOH at a sweep rate of 5 mV s was cha-
racterized by a nucleation loop at —0.06 V vs. SHE, by pair of sharp, phase tran-
sition peaks, at around —0.16 V vs. SHE and a pair of broad peaks between
around —0.61 and —0.96 V vs. SHE. The pair of broad peaks possessed two pairs
of small sharp peaks at potentials around —0.68 and —0.76 V vs. SHE. Except the
(/3 x~/3)R(30°+¢”) phase detected by in situ STM at potentials more positive
that the potential of the sharp (phase transition) peaks on the CV at around —0.16
V vs. SHE, all the other above-mentioned structures were detected in the so-
called double layer region, between the broad and the sharp peak on the CV. The
CV recorded at the same sweep rate in a solution of 0.1 mM HI possessed only a
nucleation loop at —0.06 V vs. SHE and a pair of sharp, phase transition peaks, at
around —0.16 V vs. SHE. From this solution, only ex situ LEED—Auger electron
spectroscopy (LEED-AES) experiments were performed. At an emersion
potential of —0.48 V vs. SHE, a (/3 x~/3)R30° adlayer structure was detected; at
an emersion potential of -0.28 V vs. SHE, a c(px\/§ R-30°) adlayer structure
with p = 0.264 was detected, while a (v/3 x~/3 )R(30°+¢”) phase was detected at
an emersion potential of -0.1 V vs. SHE, positive of a phase transition peak.
Hence, the appearance of different ordered structures was found to depend on the
solution composition.

Underpotential deposition (UPD) of cadmium onto silver single crystals has
not been studied extensively. Bort et al.9 found that on a Ag(111) surface, the
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UPD of Cd commenced at a potential of about —0.18V vs. SHE, with the for-
mation of a (+/3x+/3)R30° structure, The voltammetric peaks associated with
this process were reversible. A second cathodic peak, observed at about —-0.41 V
vs. SHE, was reported to correspond to a monolayer deposition of Cd, while the
charge associated with a third cathodic peak was consistent with that required for
a second monolayer of Cd. Almost identical results were obtained in the work of
Garcia et al.10 By in situ STM, it was shown that the Cd UPD process starts with
the formation of an expanded (diluted) adlayer with a superlattice structure
Ag(111)~(+/3 x~/19 )R23.4°, being transformed to a condensed close packed Cd
monolayer via afirst order phase transition. During long time polarization in the
potential range of monolayer formation, the monolayer transformsinto an Ag—Cd
surface alloy by place exchanging between Cd atoms and surface Ag atoms. At
more negative potentials, the formation of a second Cd monolayer, with pro-
nounced alloying between Ag and Cd, was found to occur.10 The formation of
the superlattice and both monolayers was clearly detected by in situ STM.10 The
kinetics of the aloying process was also investigated showing that de-alloying
led to the appearance of large number of 2D islands and monoatomic deep steps,
which rapidly disappeared at more positive potentials, suggesting a relatively
high mobility of the surface Ag atoms under such conditions.10 The same pro-
cesses (UPD and alloying of Ag with Cd) were also investigated in a chloride-
-containing solution.11 Identical conclusion were reached concerning UPD and
aloying, except that it was concluded in this work that chloride ad-atoms, which
are adsorbed on the silver substrate when UPD of Cd starts, did not undergo
desorption. They became replaced by Cd ad-atoms and remained adsorbed and
discharged on top of aCd layer.11

In the present work, an attempt to investigate the adsorption/desorption pro-
cess of iodides and the UPD of Cd onto Ag(111) in the presence of iodides was
made.

EXPERIMENTAL

All experiments were performed in a two-compartment electrochemical cell at 25+1 °C.
The single crystal electrode (Monocrystals Company, d = 0.9 cm) was sealed in epoxy resin in
such a way that only the (111) disc surface was exposed to the solution. The surface area of
the electrode exposed to the electrolyte was 0.636 cm?. The counter electrode (CE) was a Pt
sheet, which was placed paralel to the working electrode. The reference electrode (RE) was a
saturated silver chloride electrode (Ag/AgCl). All results are given vs. SHE. The RE was
placed in a separate compartment and connected to the working compartment by means of a
Luggin capillary. Solutions of 0.1 M Nal and 0.05 M Cdl, were made from supra pure
(99.999 % — Aldrich) chemicals and extra pure UV water (Smart2PureUV, TKA).

The single crystals were prepared by a mechanical polishing procedure followed by
chemical polishing in the solution containing NaCN and H,0,, as explained in a previous pa-
per.12 Before each experiment, the eectrolyte was purged with high purity nitrogen (99.999 %)
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for 45 min, while a nitrogen atmosphere was maintained over the solution during the expe-
riment to prevent contamination with oxygen.

All experiments were performed using a potentiostat Reference 600 and PHE 200 soft-
ware (Gamry Instruments Inc.).

The deconvolution of the experimentally recorded peaks on the CV's was performed by
the computer program PeakFit for Win32, version 4.05 (AISN Software). All fits were per-
formed with the Gauss + Lorenz Amp function. With this function it was possible to vary the
width and shape of the resulting peaks. In such away, it was possible to obtain a fitting curve
identical to the experimental one.

RESULTS AND DISCUSSION

lodide adsor ption/desorption in 0.1 M Nal

CV recorded at asweep rate of 200 mV s1in 0.1 M Nal is presented in Fig. 1.
The process of iodide adsorption/desorption is characterized by one pair of broad
peaks, composed of several small, sharp peaks in the negative potential region
(from = 0.7 to = —1.0 V) and one pair of sharp peaks at less negative potentials
(around —0.16 V). It is important to note that in the investigated solution (pH
around 7), the process of hydrogen evolution should commence at about —0.42 V
vs. SHE. Taking into account a certain overvoltage for hydrogen evolution onto
an Ag electrode, this value should be more negative (by about 0.2-0.3 V). Ac-
cording to the CV's presented in the work of Yamada et al.8 in a solution con-
taining 0.1 mM KI + 10 mM KF + 0.1 mM KOH (pH 10) at the sweep rate of 5
mV s, the CV started declining to the cathodic direction at about —0.68 V vs.
SHE (Fig. 1A), whilein a solution containing 0.1 mM HI (pH 4.3), the process of
iodide adsorption could not be seen since the massive hydrogen evolution (at a

20— — ——————————————
150 |- i

100 -

-2

50

0

Jj/pAcm

-50

-100 |- .

-150 1 , 1 , 1 . 1 ,
-1.0 -0.8 -0.6 -04 -0.2

E/V vs. SHE
Fig. 1. CV of Ag(111) in 0.1 M Nal recorded at a sweep ratev =200 mV s,
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sweep rate of 5 mV s1) started already at about 0.6 V vs. SHE (Fig. 1B). In or-
der to avoid simultaneous hydrogen evolution, taking into account that the pro-
cesses of anion adsorption are much faster, it was necessary to apply sweep rates
higher than 100 mV s-1. Hence, on the CVs recorded at the sweep rates > 100
mV s1, the declining of the CVs to the cathodic direction could be avoided and
well-defined CV's down to —1.0 V were recorded (see Figs. 1 and 44a), with no
charge of hydrogen evolution contributing to the charge required for iodide ad-
sorption. The sudden increase of the cathodic current density corresponding to
the hydrogen evolution was recorded immediately after the cathodic limit on the
presented CV's (not presented in Figs. 1 and 4a). As can be seen in Fig. 1, at po-
tentials close to zero, an anodic nucleation loop was obtained as a result of the
beginning of 3D nucleation of Agl, as was the case in other investigations.1-8 If
the anodic potential limit was set to more positive values, a large amount of Agl
(probably 3D islands) would form on the Ag(111) surface and its original orien-
tation would be destroyed, causing significant changes on the CV of the iodide
adsorption/desorption process (a similar effect was recorded for AgCl formation,13
but this effect is much more pronounced in the case of Agl).

By integrating the surface under the cathodic and anodic parts of the CV
shown in Fig. 1, the corresponding charge vs. potential curves were obtained,
which are presented in Fig. 2. As can be seen, mirror-like dependences were ob-
tained with a maximum anodic charge (Qg) of ~ 90 uC cm2 and a maximum ca-
thodic charge (Qc) of = 97 uC cm2. Taking into account that the theoretical
charge (assuming complete charge transfer) for an (+/3x~/3)R30° iodide ad-

100 T T T y T T T T T
920

80

70 .
60 L
50

Q/ puCcm?

40'
30
20-
10L

0

-1.0 -0.8 -0.6 -0.4 -0.2

E/V vs. SHE

Fig. 2. Cathodic (Q.) and anodic (Q,) charges as afunction of the potential obtained by
integration of the corresponding parts (from —1.02 to 0.1 V) of the CV presented in Fig. 1.
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layerl-8 amounts to 74 uC cm2, it seems that this adlayer forms under the broad
peak (sharp increase of the Q4 vs. E up to about 70 uC cnm2 at a potential of
~ —0.65 V), with its further compression expressed by the slow increase of the
anodic charge. Such behavior is in accordance with the findings of Yamada et
al.8 although their solution was composed of a mixture of iodide, fluoride and
hydroxide of mM concentrations.

In order to investigate more precisely the process of iodide adsorption, the
anodic part of the CV shownin Fig. 1 (aswell asin Fig. 4a) was analyzed by the
PeakFit program. The results of such an analysis are presented in Fig. 3. As can
be seen in Fig. 3a, al peaks obtained by deconvolution overlap, indicating that
during this dynamic process, different structures could start forming during the
formation of some other structure. The sum of all peaks, A, A1-A4 gives the cur-
ve presented with solid line showing the best fit of this part of the experimental
curve (O). Thisis most likely the reason why in situ STM could not detect any
ordered structure in this potential region8 and ordered structures were detected at
more positive potentials in the “double layer region”. Simultaneously, the process
of “random adsorption” (characterized by peak A) occurs in the potential range
between —1.0 and —0.7 V, which is most likely adsorption of iodides at the mono-
atomic steps, since this type of adsorption is energetically favorable and usually
finishes when the whole electrode surface is covered with the adsorbed anions.
Hence, all these processes occur more or less simultaneously and deconvolution
of the recorded anodic j—E curve was necessary for their differentiation. After
deconvolution, five peaks were obtained. Each of them is considered asa CV of a
single adsorption process and each peak was separately analyzed. After integra-
tion of the anodic j—E curve for each peak, the total charge for this particular
peak was obtained and this value was used as Qmax. & was calculated as Q/Qmax-
In such away, @varied from O to 1 for each peak. The sharp peak at less negative
potentials (around —0.16 V) could be fitted with only one peak B. Adsorption
isotherms (6 vs. E dependences, presented with squares and circles) for peaks A
and B are shown in Fig. 3b. Those for the peaks A1-A4 (presented with squares,
circles and triangles) are shown in Fig. 3c. All adsorption isotherms presented in
Figs. 3b and 3c were fitted with the Frumkin adsorption isotherm (fitting results
are presented with solid, dashed, dotted, and dash—dot lines) expressed by the
Equation:14

RT 0

Ez?{ln(ﬁj+ f9—|n(Kads,9_>oCO)} Q)
where K 4. »_,0Co is the equilibrium constant for adsorption, f = r/RT repre-
senting interaction parameter (with r being the rate of change of the Gibbs energy
of adsorption with coverage), cg concentration of anions, while R, T and F have
their usual meaning.
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=100 mV sb: O — experi-
mental curve; solid line — cur-
ve obtained by the PeakFit
procedure; all peaks obtained
by this procedure are marked
with A, A1-A4 and B; b) ad-
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fitting curve; c¢) adsorption
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ve for peak A1; dotted line —
fitting curve; O — experi-
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dash-dot line — fitting curve;
A — experimental curve for
peak A3; dash-dot-dot line —
fitting curve;, V — experi-
mental curve for peak A4;
solid line —fitting curve.
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The values of the Gibbs energies of adsorption were obtained from a fol-
lowing relation:14

The best fits for the isotherms presented in Figs. 3b and 3c were obtained
with the parameters given in Table |. As could be expected, the adsorption iso-
therm for peak A (Fig. 3b) is characterized by a high positive value of the inter-
action parameter (f = 9.1), indicating repulsive lateral interaction between the ad-
sorbed iodides. The adsorption equilibrium constant is aso very high, 9.4x1020
and an accordingly high negative value of the Gibbs energy of adsorption is ob-
tained (-119.8 kJ mol—1). The interaction parameter f of the adsorption isotherm
for the peak B, which, according to Y amada et al .8 represents the phase transition
of the (v/3x+/3)R30° adlayer into the rotated hexagonal (/3 x~/3)R(30°+¢°)
phase, possess a negative value (f = —4.3), confirming the attractive lateral inter-
action between the adsorbed iodide anions and the phase transition process, since
it is more negative than the critical value of f for the phase transition (f = —4).14
The adsorption equilibrium constant is by several orders of magnitude lower than
that for peak A, 1.1x10% and, accordingly, a much smaller negative value of the
Gibbs energy of adsorption is obtained (-34.5 kJ mol—1), Table I. Taking into
account the shape of the CV (there are no peaks between —0.6 and -0.2 V, this
part practically represents the double layer region), it seems reasonable to ascribe
peak B to the process of phase transition of the (/3 x+/3)R30° adlayer into the
rotated hexagonal (\/§ x+/3 )JR(30°+¢”) phase. The values of f for peaks A1, A3
and A4 are aso negative, indicating attractive lateral interaction between the ad-
sorbed anions, but only one, for peak A4, is more negative than f = —4, con-
firming the phase transition process at the end of the broad peak between —1.0
and 0.7 V. Taking into account that continuous compression of the iodide adlat-
tice from square (/3x+/3R-30°), via (v/3qRB °x~/3R-30°) (=1, 0< A<
< 30), to (v/3x+/3)R30° occurs with increasing electrode potential, it seems rea-
sonable to ascribe peaks Al, A3 and A4 to the processes of the formation of
these three ordered adlayers. While their compression is a dynamic process ac-
companied with the adsorption of new anions, it appears that the fina step, the
formation of the (ﬁx 3)R30° adlayer represents a phase transition process,
which isin good agreement with an in situ STM analysis.8 Peak A2 should also
represent a process of iodide adsorption in which some disordered — random
structure, characterized by a positive value of f is formed, most probably at the
beginning of the formation of the ordered structure characterized by peak A3.
This is often the case in anion adsorption.1® The main difference between the re-
sults and those presented previously8 is the potential region in which the above-
mentioned ordered structures (peaks Al, A3, and A4) were formed. From the
present analysis, it appears that these three structures were formed under the
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broad peak, at more negative potentials than those in the literature.8 There are
two reasons for such a difference: first, STM can detect only stable, ordered
structures and during the dynamic change of the adsorbing conditions under the
broad peak, the formation of ordered structures most likely cannot be seen; se-
cond, the solution for in situ STM study8 contained KOH at the same concen-
tration as Kl, with the adsorption of OH~ onto Ag(111) starting at more positive
potentials than —0.56 V vs. SHE;”:1° thus in the in situ STM investigations, com-
petitive adsorption of iodide and hydroxide anions, influencing the potential of
stable iodide adlayer formation, was possible. Considering results for the HI so-
lution,8 in which the peaks of iodide adsorption/desorption were not seen (they
were overridden by hydrogen evolution), while the adlayer (+/3 x~/3)R30° was
detected by in situ STM at the potential of hydrogen evolution (-0.76 V vs.
SHE), it seems that the difference between the previous and present results could
be the consequence of both the above-mentioned reasons. Hence, it could be
stated that athough by the presented analysis it is not possible to obtain infor-
mation about the exact structure of the adsorbed adlayers, valuable information
concerning their adsorption kinetics could be obtained.

TABLE |. Results of the fitting peaks presented in Fig. 3 by Frumkin adsorption isotherms

Peak f K ads, 650 AGs/ kImol™
A 9.1 9.4x10%° -119.8
B 43 1.1x10° -345
Al -1.6 6.6x10" —1132
A2 15 3.7x10% -111.8
A3 -17 3.7x10% -94.6
Ad 45 2.6x10% -88.1

Cadmium UPD from 0.05 M Cdl» + 0.1 M Nal

Since both ions, Cd2* and |- adsorb with the formation of ordered structures,
this system is very convenient to investigate the influence of anion adsorption on
cation adsorption. The process of Cd UPD onto Ag(111) in the presence of iodide
anions was investigated in this work for the first time by the cyclic voltammetry
and potentiostatic pul se techniques.

The CVs of Ag(111) recorded at a sweep rate of 100 mV s1 in the absence
(solid line) and presence of Cdl, in the solution (dotted line) are shown in Fig.
4a. As can be seen, the UPD of Cd starts at about —0.25 V with a sharp increase
in the cathodic current density, while the shape of the CV at more positive po-
tentials only slightly changes and still shows the sharp peak of the phase tran-
sition of the (v/3x~/3)R30° iodide adlayer into the rotated hexagonal (~/3 x
x+/3 )R(30°+¢”) phase. The dightly different shape of this peak is most probably
the consequence of the presence of Cd2* in the double layer. The shape and po-
sition of this peak does not depend on the cathodic potentia limit. Hence, al-
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though the process of Cd adsorption/desorption (UPD) occurs at a more negative
potential of —0.25 V, after Cd desorption, the (+/3 x+/3)R30° adlayer of iodide
still remains adsorbed on the Ag(111) surface and its transformation into the
(+/3x+/3)R(30°+¢) phase occurs at the same potential as in the absence of
Cd?2*. If the anodic limit is set to a more positive value, a well-defined nucleation
loop of Agl formation and dissolution was detected, Fig. 4b.

T s T N T 8 T . T

30 ' i
20 | = |

-------
------------

j ! pA cm?
o

-100 -

L 2 = (b) ]
-200 . 1 . . . L
-0.10 -0.08 -0.06 -0.04
E/V vs. SHE

Fig. 4. 8 CV of Ag(111) recorded at a sweep ratev =100 mV s inasolution of 0.1 M Nal
(solid line) and in a solution containing 0.1 M Nal + 0.05 M Cdl, (dotted line); b) CV of Agl
formation and reduction recorded at a sweep ratev = 100 mV s1
in the solution containing 0.1 M Nal + 0.05 M Cdl,.

T
-
~

In order to obtain much better insight into the UPD process, CV's were re-
corded at alow sweep rate of 5mV s1. The corresponding CVs and Q vs. E de-
pendences are presented in Figs. 5a and 5b, respectively. Three cathodic potential
limits were set: one after the first peak C (solid line), one after the second peak D
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Fig. 5. 8 CVsof the process of UPD of Cd onto Ag(111) recorded at asweep ratev=5mV s1
in the solution containing 0.1 M Nal + 0.05 M Cdl,: cathodic potential limit —0.38 (solid line),
—0.47 (dotted line) and —0.49 V (dashed line); b) corresponding cathodic (Q.) and anodic (Q,)

charges as afunction of potential obtained by integration of the CVs presented in (a).

(dotted line) and one at —0.49 V (dashed line). The corresponding Q vs. E depen-
dences, obtained for cathodic limits of —0. 47 and —0.49 V clearly indicate that
the charge obtained for peak C (inflection point at Q. vs. E at around —0. 36 V)
amounts to = 150 pC cm2, confirming the formation of the (/3 x+/3)R30°
structure of Cd. In order for Cd to occupy the same (+/3x+/3)R30° sites, all of
the iodide ad-atoms must first be desorbed from the (111) face of silver, con-
tributing with an additional chargel8 of approximately 74 uC cm2 (since a small
charge was exchanged during the rearrangement of this ordered structure into
randomly arranged adsorbed anions) to the 149 uC cm2 cathodic charge asso-
ciated with the adsorbed (/3 x~/3)R30° Cd structure.11 The results presented in
Fig. 5b clearly show that this was not the case since the charge attributed to the
early stage of Cd UPD is about 150 uC cm2, which is quite close to the theo-
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retical charge required for the (\/§ x+/3 )JR30° Cd structure (assuming complete
charge transfer between Cd and Ag). Based on these results, it is obvious that
desorption of iodide ad-atoms does not occur during Cd UPD, but they become
replaced by cadmium ad-atoms, remaining adsorbed onto Cd layer and/or in bet-
ween the adsorbed Cd ad-atoms. The sharp increase in the cathodic charge bet-
ween -0.47 and —-0.49 V overcomes the charge needed for the formation of a
close packed monolayer (= 450 uC cm2) of Cd (Q(—0.49 V) and Q4(-0.49 V)
curves of Fig. 5b), indicating alloying of Ag and Cd,%-11 aswell as 3D deposition
of Cd. Since the process of aloying has already been investigated in sulfates®.10
and chlorides!! containing solution, the intention in the present study was to in-
vestigate more closely the processes occurring under peaks C and D. In the first
instance, by considering the shape of the CVs shown in Fig. 5a, it is clear that the
anodic peaks are composed of more than one peak, while for cathodic peaks, it
appears that they could be fitted with one peak only. The results of the PeakFit
analysis for both the cathodic and anodic peaks are presented in Figs. 6-6¢ and
Ta—7c, respectively. Since the current density between cathodic and anodic peaks
C and D was not small as the one before the peak C (representing the double
layer charging current density), it was decided to correct these voltammograms
for the base line in order to avoid the influence of all the processes that are not
represented by peaks C and D (replacement of ad-atoms, double layer charging,
exchange of anions in the inner and outer Helmoholtz layer, etc.) and the cor-
rection for the base line is presented in Fig. 6afor the cathodic CV and in Fig. 7a
for the anodic CV. As can be seen in Fig. 6b, the cathodic peaks C and D are
composed of two peaks each, 1 (dashed line), 2 (dash-dot-dot line), 3 (dash-dot
line) and 4 (dotted line), respectively. By the same procedure as in the previous
analysis, adsorption isotherms (6 vs. E dependences) for all four peaks were ob-
tained and fitted with the Frumkin adsorption isotherm (Eq. (1)). The experi-
mental points are presented with squares, circles, and triangles, while the corres-
ponding fitting results are presented by dashed, dotted, dash-dot and dash-dot-dot
linesin Fig. 6¢. The results of the fitting procedure are given in Table Il. As can
be seen, al peaks are characterized by the negative values of the interaction pa-
rameter f, indicating that the UPD in all casesis characterized by attractive lateral
interaction between the adsorbed cadmium ad-atoms. This value for peaks 1, 3
and 4 overcomes the critical one of —4, confirming phase transition process. These
results are in good agreement with the findings of other authors®-11 that peak C
represents phase transition into the (v/3x+/3)R30° ordered Cd structure, while
under peak D, phase transition of this structure into a close packed monolayer oc-
curs. However, the shape of peak C, as well as the shape of awhole CV, changes
in dependence of the presence of sulfates, 910 chlorides!! and iodides. In sulfate
and chloride electrolytes, peak C is characterized with a broad (broader in sulfate
than in chloride) and a sharp peak. The broad peak corresponds to the random ad-
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Fig. 6. a) Cathodic part of the
CV presented in Fig. 5a ex-
perimental points (O) and cor-
responding baseline (bl — so-
lid line) — cathodic potential
limit —0.47 V; b) cathodic
part corrected for the base
ling; O — experimental curve;
solid line — curve obtained by
the PeakFit procedure; all
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isotherms obtained by analy-
sis of the corresponding peaks
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2; dashed line — fitting curve;
/A — experimental curve for
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sorption of Cd (the value of f is positive), while the sharp one represents phase
transition into the (/3 x~/3)R30° ordered Cd structure (f < —4). In both solu-
tions, anions (sulfate or chloride) are already adsorbed on the Ag(111) surface
when the UPD of Cd commences (peak C). The adsorbed adlayer of chlorides is
known to transform from (\/§>< 3)R30° chloride adlayer into a randomly ad-
sorbed chloride adlayer just before the commencement of Cd UPD.1,6,11,1316-20
The structure of adsorbed sulfate ad-atoms is unknown and there are only three
papers deadling with the structure and coverage of the adsorbed sulfate onto
Ag(111).21-23 Schweizer and Kolb2! detected a c(3x3+/3) ordered sulfate struc-
ture on Ag(111), but this “structure was found to be stable only for a relatively
short time (about 1 h) at potentials between —0.25 and 0.05 V vs. SCE”. These
experiments were performed in 0.1 M HSOy4, in which HSO4~ prevail, while
most of the Cd UPD experiments were performed in solutions of high concen-
trations of NapSOy, in which SO42~ prevail 910 In a previous paper,23 it was
found that in 0.2 M NaxSOg4, the adsorption of sulfates onto Ag(111) is charac-
terized by two peaks at potentials between —0.45 and —0.15 V vs. SHE. The ad-
sorbed sulfate structure is less dense than that expected for a sulfate monolayer
and the process of sulfate adsorption follows a Frumkin adsorption isotherm with
a high positive value of the interaction parameter f = 16.5, indicating repulsive
lateral interaction between the adsorbed anions,23 i.e., randomly distributed sul-
fate ad-atoms (it was also found that complete charge transfer occurs). Hence, it
could be concluded that in both cases, the Cd UPD starts on the Ag(111) surface
which is not covered with adsorbed anions characterized by attractive forces bet-
ween each other. The beginning of the Cd UPD in sulfate solution is placed at
around —0.17 V vs. SHE and in chloride solution at around —0.20 V vs. SHE. In
the case of iodide solution, the (+/3 x+/3 )R30° iodide adlayer is on the surface8
when the Cd UPD process commences at around —0.34 V vs. SHE. From this
behavior, it is obvious that the Cd UPD moves to more negative potentials with
increasing attractive forces between the adsorbed anions, e.g., more energy is
required to replace the adsorbed iodides with Cd cations. Simultaneously, peak
C, representing this process, changes its shape from a combination of a broad and
sharp peak to one sharp peak only. As can be seen in Fig. 6b, this processis ac-
tually the simultaneous occurrence of two processes, both characterized with at-
tractive forces between the adsorbed ad-atoms (Table I1). It is not possible to de-
termine the origin of both peaks. Peak 4 corresponds to the formation of the
(\/§ x+/3 )R30 structure of the adsorbed Cd, while peak 3 might be ascribed to
the rearrangement of the (\/§ x+/3 )R30° iodide adlayer into some undefined, or-
dered structure on top of the Cd adlayer and/or in between the Cd ad-atoms, or to
a continuation of the formation of the (\/5 x/3 )R30° structure of the adsorbed
Cd. A similar supposition could be made for peak D, corresponding to the for-
mation of a close packed Cd monolayer, with peak 1 representing the phase tran-
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sition of the (\/§ x+/3 )JR30° Cd adlayer into a close packed monolayer and peak
2 representing a rearrangement of the adsorbed structure of iodide on top of a Cd
monolayer, or a continuation of the process of close packed Cd monolayer for-
mation. Slightly different results were obtained by the deconvolution of the ano-
dic peaks C and D presented in Figs. 7a—7c. It appears that peak 1 correspondsto
the phase transition of the Cd monolayer into a ( V3x+/3 )R30° Cd adlayer, while
peaks 2 and 3 correspond to the process of desorption of the (\/§ x+/3 )R30° Cd
adlayer. This s consistent with the observations of Stuhlmann et al.24 that the Cd
adlayer is stabilized by chloride, thereby forming a CdCl»-like layer on the cop-
per surface. It appearsthat in the case of Ag(111) in iodide solution, the cadmium
adlayer replaces the surface iodide, with the iodide remaining adsorbed on the Cd
monolayer. Hence, peak 4 could be ascribed to the formation of (/3 x+/3)R30°
iodide adlayer on the Ag(111) surface, since it is characterized with an f value
more negative than the critical one for phase transition (f = -8.0, Table I1), as
well as with the lowest value (1.3x108) of adsorption equilibrium constant for all
peaks reflecting the UPD process (Table I1). Taking into account that the
(/3 x+/3)R30° iodide adlayer in the absence of Cd ad-atoms is formed at a po-
tential around -0.75 V (Fig. 3), it seems reasonable that its formation at more
positive potentials should be faster, which is reflected by the high negative value
of f and the small value of the equilibrium adsorption constant. It should be stated
here that it is quite possible that Cd and iodide ad-atoms form some kind of
mixed structures in the potential region between and around peaks C and D, as
was the case with the Tl and bromide ad-atoms,2> but to prove this it would be
necessary to perform in situ X-ray investigations with accelerated electrons.

TABLE Il. Results of fitting the peaks C and D presented in Figs. 6 and 7 by Frumkin ad-
sorption isotherms

Cathodic peak f K ags 650 AG s/ kImoal™
1 76 1.7x10% 521

2 43 7.4x10% -55.6

3 -3.3 4.6x10° 716

4 -8.1 3.0x10° -61.3
Anodic peak

1 5.0 4.5x10™ —-62.1

2 2.7 5.2x10° —57.2

3 -75 2.7x10° -51.7

4 -8.0 1.3x10° —49.9

Considering the adsorption isotherms presented in Figs. 3b (B), 3c (A4), 6¢
(1, 2 and 4) and 7c (1, 3 and 4), it can be seen that the fitting curves deviate from
the experimental ones, having an “S’ shape. Thisis typical for f values more ne-
gative than —4. The experimental curves are characterized with a sudden increase
of coverage with potential, while the fitted ones show that the “coverage in-
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creases with decreasing potential”. Such a behavior obviously does not represent
the physical reality of the process.14 Hence, for al isotherms with f < —4, the ex-
perimental curves would show sudden transition from low to high coverage,
while the fitted ones will possess an “S’ shape. Complete discontinuity on the
isotherms was discussed previously in more details (Fig. 15 in Ref. 12). It is ob-
vious that in the cyclic voltammetry experiments, particularly those recorded at
sweep rates higher than 1 mV s1, such discontinuity cannot be obtained. It is
possible to record discontinuous isotherm only with pulse experiments if the po-
tential step is about 1 mV, as shown in Fig. 5 of Ref. 26 for the Pb UPD onto
Ag(111).

The UPD of Cd was also investigated by the potentiostatic pulse technique.
The initial potential was set at —0.1 V and cathodic pulses were applied in a se-
guence of 10 mV starting from —0.3 V. The duration of the cathodic pulses was
either 40 or 50 ms and then an anodic pulse back to the initial potential was ap-
plied. Since the anodic j—t transients were much better defined, they were used
for further analysis. The anodic j—t transients for most of the applied potentials
are presented in Fig. 8. As can be seen, monotonously falling transients of short
duration (up to 2 ms) were recorded for potentials more positive and in the region
of the beginning of peak C (from —0.30 to —0.35 V). For cathodic potentials more
negative than the potentials of peak C (from —0.37 to —0.41 V), the shape of the
anodic j-t transients changed indicating the occurrence of the Cd UPD process
and a much larger charge was recorded for these pulses. At more negative pulse
potentials (from —0.45 to —0.49 V), two waves could be detected on the anodic j—t
transients, indicating that two processes occurred (desorption of both the Cd mo-
nolayer and the ( 3><\/§)R30° Cd adlayer). By integration of the anodic j—t
transients, the Q vs. E dependence was obtained, which is presented in Fig. 9 (the
same dependence was obtained by the integration of the cathodic j—t transients,
not shown here). This dependence is characterized by three inflection points: the
first one (I) corresponding to the beginning of the Cd UPD process, the second
one (I1) corresponding to the formation of a (v/3x+/3)R30° Cd adlayer (at
around 150 uC cm2) and the third one (I11) reflecting the beginning of the
formation of aclose packed Cd monolayer. The charge required for the formation
of the close packed Cd monolayer is reached at a potential of —0.49 V. Com-
paring the shape of Q vs. E dependence obtained by the analysis of potentiostatic
pulse results (Fig. 9) with the one obtained by integration of the CV recorded at a
sweep rate of 5 mV s1 (Fig. 5b, Q¢(-0.49 V)), it can be seen that they are prac-
tically identical.

Finally, as stated for iodide adsorption, the presented analysis cannot give
information about the exact structure of the adsorbed adlayers but valuable in-
formation concerning their adsorption kinetics could be obtained. In the case of Cd
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UPD in the presence of iodide anions, the question arises whether it would be
possible to detect the (\/5 x+/3 )R30° Cd adlayer and close packed Cd monolayer
if some ordered structure of iodide ad-atomsis formed on top of the Cd layer. For
sulfate solution,19 as well as for chloride solution,24 this was possible since the
formation of the (+/3x+/3)R30° Cd adlayer commences on an (111) surface co-
vered with randomly adsorbed anions, and it seems unrealistic to expect an or-
dered structure of these anions on top of the Cd layer. In the case of iodide an-
ions, the formation of the (\/§><\/§)R30° Cd adlayer starts on an Ag(111) sur-
face covered with the same structure of adsorbed iodide and it is possible that the
same, or a similar ordered structure of iodide, could be formed on top of the Cd
adlayer and/or in between the Cd ad-atoms, which would make the determination
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of the Cd under-layer difficult by in situ STM. According to the STM analysis of
Pd monolayer formation onto Pt(111)27 from a sulfate containing electrolyte, it
appears that the ordered sulfate structure (/3 x~/7 )R19.1° adsorbed onto the Pd
monolayer masks the structure of the under-layer (Pd monolayer). Hence, if
something similar occurs in the case of Cd UPD onto Ag(111) in the presence of
iodide anions, it would be (most likely) possible to detect some adlayer of iodide
ad-atoms only on the bare Ag(111) surface (between the adsorbed Cd ad-atoms
in the (v/3x~/3)R30° structure). This is obviously a problem which deserves
attention and it is believed that someone having the possibility to performin situ
STM measurements on this system (which is not the case for us), should in-
vestigate this process.

500 I N I ' ] ' ] ' L] ! 1

400 |-

® 200

Q. / pC cm™

100 +

1 1 L L
-0.50 -0.45 -0.40 -0.35 -0.30 -0.25
E/V vs. SHE

Fig. 9. Charge vs. potential curve obtained by integration of the anodic
j—t transients presented in Fig. 8.

CONCLUSIONS

From the results presented in this paper, it could be concluded that the
process of iodide adsorption is characterized by one broad and one sharp peak.
The broad peak could be deconvoluted into five peaks: A, A1-A4. Peak A
represents the random adsorption of iodide anions, mainly at the monoatomic
steps as favorable locations for adsorption, while peaks Al, A3 and A4 are
characterized by negative values of f, indicating attractive lateral interaction bet-
ween the adsorbed anions. Only one peak, A4, possesses a value of f < —4, in-
dicating a phase transition process. Peak B also corresponds to the phase tran-
sition process of the (1/3x+/3)R30° iodide adlayer into a rotated hexagonal
(v3x+/3)R(30°+¢) phase.
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The adsorption/desorption process of cadmium cations in the presence of
iodides is characterized by two main peaks, each of them being composed of two
or three peaks with negative values of f. By analysis of the charge vs. potential
dependences obtained either from the CVs or the current transients on poten-
tiostatic pulses, it was concluded that the adsorbed iodide anions did not undergo
desorption during the process of Cd UPD, but became replaced by Cd ad-atoms
and remained adsorbed on top of a Cd layer and/or in between Cd ad-atoms.
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U3BOJI

TTPOLIECU AJICOPITLIUIE/JIECOPITLMJE JOANJIA U KATJIOHA
KAJIMAJYMA HA Ag(111)

BJIAZAUMUP [1. JOBU'h u BOPKA M. JOBUh
Hnciauiniyin 3a myaiiuoucyuiiaunapta uciipaxcusarsa, i. up. 33, 11030 beozpao

V 0BOM pajly Cy HCIUTUBAHH MPOIIECH a[COpIIUje/aecopiiyje joquaa 1 KaTjoHa KaaMujyma
y npucyctBy jomuaa Ha Ag(111). ITokasano je ma cy oba mpoueca KOMIUICEKCHA U [1a CY OKapak-
TEpHCaHH Ca M0 HEKOJIHMKO IHKOBAa HA LUKIMYHUM BosTamorpamuma. I[Tomohy PeakFit anammze
J0OMjeHnX BOJTAMOrpaMa M HaKHAJHOT (JUTOBama CBAKOI PETHCTPOBAHOr NMHKa PPYyMKHHOBOM
aJICOPIIMOHOM H30TEpPMOM ojipeheHn cy mapameTpu mporeca ajacopiiyje, Gakrop uarepakuuje (f)
u T'ubcosa enepruja ancopruuje (AGgys) 3a cBaky ancopboBaHy (asy. Y ciydajy aacoprimje
jolMa YeTHPHU THKa Cy IoceqoBajia HeratuBHe BpexHocTd f, ykasyjyhu Ha mpuBiauHe cuie u3-
Mmeljy ancopGoBaHHX aHjoHa, oK ¢y BpeaHoctH f 3a nBa nmuka Guie HeratuBHHUje ox —4 wTo je Ouia
MOTBp/a OIUrpaBama mnpoueca hasHe TpaHchopmauuje npu aacoprnuuju joxuna. [Iporec ancopr-
uje/ necoprnuje katjona kaamujyma (UPD) y npuCyCTBY jo/nia OKapakTeprcaHa je ca JiBa riiaBHa
IIMKa, IPH YeMy je CBakH MUK OMO CAacTaBJbEH OJ JIBa WJIM TPHU NHKa ca BpeaHoctuma f Herarus-
HUjUM 0] —4. AHaNIM30M 3aBUCHOCTH HaeJeKTpUcamha O MOTCHIHjalla 3aK/bYUeHO je J1a ce afcop-
0OBaHM jOIUAM He JAecopOyjy IpH MpoLecy afcoplilrje KaTjoHa KaaMujyma, Beh UX Ha MOBPIIMHU
MOHOKpHUCTaJIa 3aMeHyjy al-aTOMH KaJMHjyMa JIOK jOJUIU OCTajy afcopOOBaHM Ha CJIOjy aIcop-
OoBaHOr KagMujyma u/unu usmel)y agcopOoBaHUX a-aToMa KaJMHUjyMa.

(TMpumsbeno 1. jyma, peumupano 23. asrycra 2010)
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I sother mal vapour—liquid equilibria in cyclohexanone +
dichloroalkane binary mixtures at temperatures
from 298.15t0 318.15K
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Abstract: The vapour pressures of binary mixtures of cyclohexanone + dichlo-
roalkane (1,3-dichloropropane and 1,4-dichlorobutane) were measured at tem-
peratures between 298.15 and 318.15 K. The vapour pressures vs. liquid phase
composition data were used to calculate the activity coefficients of the two
components and the excess molar Gibbs energies GE for the mixtures, using the
Barker method and the Redlich—Kister, Wilson, NRTL and UNIQUAC equa-
tions, taking into account the vapour phase imperfection in terms of the 2nd
viria coefficient. No significant difference between the GE values obtained
with these equations was observed.

Keywords: vapour pressure; vapour—iquid equilibria; excess Gibbs energy;
mixtures, cyclohexanone; dichloroalkanes.

INTRODUCTION

As part of aseries of experimental vapour—iquid equilibria (VLE) studies on
mixtures of cycloketones with chloroalkanes, measurements on (cyclohexanone
+ 1,3-dichloropropane and + 1,4-dichlorobutane) binary mixtures, for which no
such experimental data are available,1.2 are reported herein.

In addition, no experimental excess Gibbs free energy, GE, or excess en-
thalpy, HE, data for these mixtures could be found in the literature.?

In previous papers, experimental VLE data for cyclopentanone + 1,2-di-
chloroethane and + 1,1,1-trichloroethane,3 1,1,2,2-tetrachloroethane + cyclopen-
tanone and + cyclohexanone,# cyclopentanone + 1,3-dichloropropane, + 1,4-di-
chlorobutane, + 1-chlorobutane,® 1,2-dichloroethane + cyclohexanone, chloro-

* Corresponding author. E-mail: ddragoescu@chimfiz.icf.ro
doi: 10.2298/J5C090127020D
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306 DRAGOESCU et 4.

form + cyclopentanone and chloroform + cyclohexanone® and cyclohexanone +
+ 1-chlorobutane, + 1,1,1-trichloroethane’ were reported.

To correlate the experimental VLE data, different expressions for excess
Gibbs energy GE, i.e, Redlich-Kister,8 Wilson,® NRTL10 and UNIQUAC1!
equations were used.

These studies will be used to estimate the interaction parameters for the
group contribution methods DISQUAC, for a possible comparison with n-al-
kanone + chloroalkane systems in terms of molecular surface interaction, steric
and ring strain effects, and electron-donor ability of the cyclo-carbonyl group
with chloroalkanes.

EXPERIMENTAL
Materials

The chemicals used, of the highest available purity, were commercia products from Al-
drich (cyclohexanone and 1,3-dichloropropane) and Merck (1,4-dichlorobutane). The purity of
the substances, checked by gas chromatography, was not less than 99.8 mol %. Evidence of
chemical purity was also provided by comparison of the measured refractive indices,
Np(298.15 K), densities, p(298.15 K) and vapour pressure with the literature values, given in
Tablel.

The liquids were dried and stored over 4A molecular sieves and used without further
purification.

TABLE |. Physical properties of the pure compounds at 298.15 K

Temperature, K Mo plkgm” p/kPa
' Thiswork Literature Thiswork Literature Thiswork Literature
Cyclohexanone
298.15 14482 1.4480% 9430 94252 0.64 0.585
308.15 1.16 1.05%
318.15 1.92 1.79%
1,3-Dichloropropane
208.15 14459 1.4460" 11814 11818 272 2.24%
308.15 4.40 3.82%
318.15 6.89 6.26%
1,4-Dichlorobutane
298.15 14519 1.4518" 11328 1134.02"° 0.78 0.56%,
1.4522% 1133.17 0.77%
308.15 1.38 1.00%,
1.25%
318.15 2.10 1.74%,
1.99"8

Apparatus and procedure

The vapour pressure, p, of the pure compounds and the binary mixtures were measured
by a static method, in which the total pressure was measured as a function of the overall com-
position in an equilibrium cell.
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Use was made of an isoteniscope based on the Surovy design.® The working procedure
and the performance of the apparatus were described in previous papers?21 and detailed in
other.67

The equilibrium cell, of total volume of 80 cmd, was tightly connected with an Hg-filled
U-tube as a null manometer surrounded by a thermostated jacket. The cell was equipped with
other fittings-on the thermostated mantle. The temperature of this mantle was the actually
equilibrium temperature, T, while the temperature of the jacket of the null manometer was
maintained 1 to 2 K higher in order to prevent the partial condensation of vapours in the upper
part of the apparatus. The isoteniscope was joined via the null manometer to an external mer-
cury manometer, which enabled the pressure to be accurately measured within the range of
0.1-100 kPa.

After thermostating the equilibrium cell at the required temperature, the difference of the
mercury levelsin the null manometer was equalized with dry air and the pressure, p, was read
on the precision Hg manometer connected to the apparatus. The manometric readings were
performed with a Griffin and George Ltd. (London, UK), type 4214 cathetometer, to within
+0.01 mm, equivalent to an uncertainty of +3 Pa. The measured equilibrium pressures were
reproducible to better than 20 Pa. In order to avoid modifications of the cell volume, the level
of the mercury in the null manometer was maintained always at the same position. In this way,
the volume of the vapour space in the cell was kept nearly constant (70 cmd).

Mixtures of known composition of about 10 cm?® were prepared by weighing to within
107 kg and thorough degassing in the equilibrium cell by alternate freezing, high vacuum
pumping and thawing, as described by Ronc?? and Y oung.23 During the vapour pressure mea-
surement, the liquid in the equilibrium cell was stirred by means of a magnetic stirrer.

The equilibrium temperature, T, was measured with an accuracy of 0.1 K against |ST-90
(International Temperature Scale of 1990) by means of mercury thermometers previously
checked at the National Institute of Metrology, Bucharest, Romania.

Finally, the experimental uncertainties were: oT = 0.1 K, op = 0.02 kPa, ox, = 0.001 for
temperature, pressure and molar fraction, respectively.

RESULTS

The vapour pressures of the pure components, cyclohexanone, 1,3-dichloro-
propane and 1,4-dichlorobutane, were measured in the same apparatus at the
working temperatures and were in good agreement with the literature values
(Tablel).

The direct experimental values, x—p-T, and the calculated vapour phase
compositions, y, for the binary systems cyclohexanone + 1,3-dichloropropane
and + 1,4-dichlorobutane at temperatures from 298.15 to 318.15 K are presented
in Tables |l and 1.

Figures 1 and 2 show the experimental and calculated isotherms fitted to the
3d order Redlich—Kister Equation for GE:

GE =R > A (%) ™ o)
A good agreement between the data was observed.
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TABLE Il. Experimental VLE data for 1,3-dichloropropane (x) + cyclohexanone (1-x) mix-
tures

X Vealc Pec | kP2 (Pexp—Pca) / kP2 G-/ Jmol™
T=298.15K
0.000 0.000 0.64 0 0
0.100 0.210 0.72 0.00 -163
0.176 0.368 0.79 -0.02 —259
0.267 0.533 0.92 -0.02 -343
0.348 0.654 1.12 0.03 -390
0.430 0.751 1.28 0.00 414
0.565 0.861 1.62 0.03 -403
0.667 0.915 1.88 0.02 -356
0.729 0.940 2.01 -0.02 312
0.825 0.968 2.22 -0.06 223
0.909 0.986 2.43 -0.06 -124
0.958 0.994 2.58 -0.03 —60
1.000 1.000 2.72 0 0
T=308.15K
0.000 0.000 1.16 0 0
0.100 0.207 1.18 -0.12 -135
0.176 0.352 1.40 -0.05 221
0.267 0.504 1.62 -0.03 -303
0.348 0.620 1.94 0.08 -357
0.430 0.718 2.19 0.07 -301
0.565 0.838 2.61 0.02 —402
0.667 0.901 3.01 0.01 —370
0.729 0.930 321 -0.05 332
0.825 0.964 358 -0.10 —246
0.909 0.985 3.90 -0.13 -142
0.958 0.994 4.16 -0.07 -71
1.000 1.000 4.40 0 0
T=318.15K
0.000 0.000 1.92 0 0
0.100 0.218 2.11 -0.09 -100
0.176 0.361 2.40 -0.05 -168
0.267 0.504 2.76 -0.01 -233
0.348 0.613 3.16 0.05 279
0.430 0.707 3.62 0.12 311
0.565 0.825 413 -0.06 327
0.667 0.890 4.84 0.04 -306
0.729 0.921 5.12 -0.07 278
0.825 0.959 5.75 -0.04 —209
0.909 0.982 6.31 -0.03 -122
0.958 0.993 6.55 -0.09 61
1.000 1.000 6.89 0 0
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TABLE I1l. Experimental VLE data for 1,4-dichlorobutane (x) + cyclohexanone (1—x) mix-
tures

X Vealc P | kPa (Pexp—Peaic) / kPa GF/Jmol?
T=308.15K
0.000 0.000 1.16 0.00 0
0.067 0.086 1.19 0.02 14
0.121 0.149 1.20 0.01 24
0.200 0.241 1.23 0.00 38
0.296 0.344 1.25 -0.00 51
0.418 0.467 1.27 -0.01 61
0.522 0.566 1.30 -0.01 64
0.634 0.669 1.33 -0.00 62
0.712 0.739 1.35 0.00 56
0.812 0.828 1.37 0.01 42
0.898 0.905 1.38 0.01 26
1.000 1.000 1.38 0.00 0
T=318.15K
0.0000 0.000 1.92 0.00 0
0.067 0.075 1.93 0.00 4
0.121 0.133 1.94 0.00 7
0.200 0.218 1.95 -0.00 10
0.296 0.318 1.99 0.00 13
0.418 0.442 2.00 0.00 16
0.522 0.544 2.03 0.00 16
0.634 0.653 2.04 -0.01 15
0.712 0.728 2.06 0.00 13
0.812 0.823 2.08 0.00 10
0.898 0.904 2.09 0.00 6
1.000 1.000 2.10 0.00 0

CORRELATION AND DISCUSSION

The vapour pressures of the pure component agree fairly well with literature
data in the range of the VLE measurements (Table |). The literature values for
vapour pressure shown in Table | were calculated using specific equations, as
given in the mentioned references.

The isothermal (vapour—iquid) equilibrium data of the mixtures were corre-
lated by Barker’s method?4 using well-known expressions for GF, i.e., the Red-
lich-Kister,8 Wilson,® NRTL 10 and UNIQUAC Equations.11

The model coefficients were determinate by regression through minimi-
zation of the objective function Q, Eq. (2):

N [ Desici — Pexoi 2
Q:Z{M} )
i Pexp, j
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where the subscripts calc and exp denote the calculated and experimental values
of the pressure of an experimental point j, N being the total number of experi-
mental points for one isotherm.
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Fig. 2. Isothermal VLE for 1,4-dichloro-
butane (x) + (1) cyclohexanone mixture.
The symbols represent the experimental data
at T=308.15 (@), 318.15 (A) K and the
curves were obtained from a 3"-order
Redlich—Kister Equation.

Fig. 1. Isothermal VLE for 1,3-dichloropro-
pane (X) + cyclohexanone (1—x) mixtures.
The symbols represent the experimental data
at T=298.15 (@), 308.15 (A) and 318.15
(M) K and the curves were obtained from a
3% order Redlich—Kister Equation.

Vapour phase imperfection was accounted for in terms of the 2nd molar
virial coefficient, estimated by the method of Tsonopoulos?®, while the molar
volumes were calculated by the Rackett26 Equation with coefficients taken from
Lide and Kehiaian.2? Critical properties of substances were used as founded in
the report of Ambrose.28

For the mixtures under study, the standard deviation op values were between
3.0and 76 Pa(Table V).

In this Table, A1, A2 and Az denote the binary parameters of the models: (kj; —
— kij) for the Wilson Equation, (gj; — gii) for the NRTL equation and (ujj — ujj) for
the UNIQUAC Equation and they represent the energies of interactions between
unlike molecules 1-2 and 2-1 (being expressed in J mol-1). For the Redlich—
—Kister Equation, they are without physical significance. The third NRTL para-
meter, ¢, is related to the non-randomness in the mixtures that for the studied
class of systems had afixed value of 0.3.

For the mixture 1,3-dichloropropane + cyclohexanone, the correlation with
NRTL and UNIQUAC models failed, probably due to some numerical problems
in the fitting procedure.
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CYCLOHEXANONE + DICHLOROALKANE BINARY MIXTURES 311

The results presented in Figs. 1 and 2 show that the studied systems behave
differently. For the mixture 1,3-dichloropropane + cyclohexanone, the deviations
from the Raoult Law were negative, while the mixture 1,4-dichlorobutane + cyc-
|lohexanone showed small positive deviations from the Raoult Law.

TABLE V. Parameters of the equations used to correlate the VLE data for 1,3-dichloro-
propane (X) + cyclohexanone (1—x) and 1,4-dichlorobutane (x) + cyclohexanone (1—x) binary
mixtures and the standard deviation op at 298.15, 308.15 and 318.15 K
T/K A or A, A or Ay Ag op®/ kPa
1,3-Dichloropropane (x) + cyclohexanone (1-x)
Redlich—Kister Equation (3%-order)

298.15 -0.67100 0.007450 - 0.033
308.15 -0.63092 -0.05575 - 0.076
318.15 —0.49198 —0.08619 — 0.068
Redlich—Kister Equation (4™-order)
298.15 -0.69235 0.21735 —0.27949 0.027
308.15 —0.65264 0.21043 -0.56714 0.040
318.15 —0.49341 0.02619 —0.26056 0.049
Wilson Equation
298.15 -176.1683 -0.9786 - 0.032
308.15 7.0019 —172.6808 - 0.075
318.15 82.1212 —199.5170 — 0.065

1,4-Dichlorobutane (x) + cyclohexanone (1-x)
Redlich—Kister Equation (3 order)

308.15 0.10047 0.01354 - 0.010
318.15 0.02447 0.0004 — 0.004
Redlich—Kister Equation (4™ order)
308.15 0.06521 0.01080 0.21734 0.003
318.15 0.02113 0.00023 0.02081 0.004
Wilson Equation
308.15 188.0812 -118.4118 - 0.009
318.15 5.3689 2.4429 - 0.004
NRTL Equation (o =0.3)
308.15 195.9862 -137.5274 - 0.010
318.15 6.0756 1.7278 - 0.004
UNIQUAC Equation
308.15 —86.2824 47.8833 - 0.010
318.15 —79.6637 31.8715 — 0.004

%the average standard deviation of the total vapour pressure: P = (2 (Pep = Peac) “/(N=M)™* 'y here Nis the
number of experimental points and misthe number of equation parameters

The calculated excess Gibbs energy GFE increases with increasing tempe-
rature, for the first mixture and decreases with increasing temperature, for the
second mixture, asis observed in Figs. 3 and 4.
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The equimolar excess enthalpies, HE, estimated from the temperature depen-
dence of GE, for the 1,3-dichloropropane + cyclohexanone mixture are; 1761 J
mol—1, at an average temperature of 308.15 K, and 1543 J mol-1 for the 1,4-di-
chlorobutane + cyclohexanone mixture, at an average temperature of 313.15 K.
However, it is well known that the calculation of excess enthalpy from vapour
pressure data implies a great uncertainty,2® which was also mentioned by other

authors, also very recently39; hence, in the absence of the calorimetrical data, the
calculated HE values are qualitative only.
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Fig. 3. Molar excess Gibbs energies for Fig. 4. Molar excess Gibbs energies for
1,3-di (;hloropropane (x) + cyclohexanone 1,4-dichlorobutane (x) + (1-X) cyclohexanone
(1) mixturesal T=298.15 (), 30815 (b), ixturesat T= 308.15 (a), 318.15 ( b) K.
318.15 (c) K.

The behaviour of the system 1,4-dichlorobutane + cyclohexanone, with
small positive values of GE, unlike the negative values for cyclohexanone + 1,2-
-dichloroethane® and + 1,3-dichloropropane shows a decrease in specific inter-
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actions between the Cl groups of the chloroalkanes and the CO group of the cyc-
loketone (Fig. 5), similarly to linear ketone + «,w-dichloroalkane mixtures.3!
This behaviour agrees with that expected from the proximity effect: the more the
two Cl groups are separated, the less they influence each other and the behaviour
of these systems is the same of systems with 1-chloroalkane, for which both GE
and HE are positive.32,33

CONCLUSIONS

The experimental vapour—iquid equilibrium data for cyclohexanone + di-
chloroalkane binary mixtures at temperatures from 298.15 to 318.15 K are re-
ported. For the mixture 1,3-dichloropropane + cyclohexanone, the deviations
from the Raoult Law are negative, while the mixture 1,4-dichlorobutane + cyc-
Ilohexanone shows small positive deviations from this Law.

The vapour pressures vs. liquid phase composition data were used to cal-
culate the activity coefficients of the two components, and the excess molar
Gibbs energies GE for the mixtures, using the Barker method. The GE values
were represented by the well-known Redlich—Kister, Wilson, NRTL and
UNIQUAC Equations. No significant difference between the GE values obtained
with these equations was observed.

The calculated excess Gibbs energy GFE increases with increasing tempe-
rature for the first mixture and decreases with increasing temperature, for the
second mixture.

NOMENCLATURE
A — Redlich—Kister parameters
A Anp — Binary parameters of the Wilson, NRTL and UNIQUAC Equations
GE — Excess Gibbs free energy
HE — Excess enthal py
m — Number of equation parameters
Np(298.15 K) — Refractive index at 298.15 K
N — Total number of experimental points for one isotherm
p — Vapour pressure
Q — Objective function in EqQ. (2)
T — Thermodynamic temperature
X; — Liquid-phase mole fraction
y — Vapour-phase mole fraction
Subscripts
cac — calculated
exp — experimental
j — jth experimental point
Greek |etters
o — NRTL parameter

p(298.15K)  —Liquid density at 298.15 K
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o — Standard deviation

U3BOJ

N30TEPMCKA PABHOTEXA [MTAPA-TEYHOCT BUHAPHUX CMEIIA
HUKIIOXEKCAHOH + IUXJIOPAJIKAH ¥V TEMIIEPATYPHOM MHTEPBAIJIY
0]1 298,15 10 318,15K

DANA DRAGOESCU, ALEXANDRU BARHALA, MARIANA TEODORESCU 1 DANIELA CHISCAN
» llieMurgulescu” Institute of Physical Chemistry, Splaiul Independentei 202, 060021 Bucharest, Romania

W3BpiueHa cy Mepema HalloHa mapa OMHAPHUX CMella LHKIOXeKCaHOH + muxmopankaH (1,3-
-muxJoprpornad, 1,4-muxiaop0OyTan) y TemmepaTypHoM uHTepBaty on 298,15 no 318,15 K. Koedu-
LIMjEHTH aKTHBHOCTH KOMIIOHEHATa M onyHcKe Monapue Gibbs-ose enepruje (GF) cmerna, nspauy-
HaTH ¢y bapkepoBoM MeTOJ0M KOpHIIhemeM EKCIepPUMEHTAIHHX I10JaTaka 3aBUCHOCTH HAIlOHA
nape oj1 cacrasa Teune dase. GE BpeaHocTH cy m3pauyHasane u momohy Redlich-Kister-ose, Wil-
son-oee, NRTL 1 UNIQUAC jennaunna, pu 4eMy je HeHIeaTHOCT racoBute dase onpelhena mpe-
KO JIPYroTr BHpHjanHOT Koehuimjenara. Hucy mobujere 3HauajHe pasiike npu npopadyny G- mo-
Mohy paznHYUTHX jeTHAYNHA.

(Mpumsseno 27. janyapa, peBuaupano 21. cenremOpa 2010)
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