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Analysis of Biologically Active Stilbene Derivatives

Ireneusz Chrz ↪↪aścik
Institute of Chemistry, University of Podlasie, Siedlce, Poland

An attempt of synthesis of information concerning chosen stilbene derivatives has been made.
These compounds show biological activity that is very important to the whole ecosystem. There
are known such derivatives of stilbene that are characterized by a confirmed anti-cancer, anti-
bacterial and fungistatic activity. Some of them have positive influences on the cardiovascular
system. Some others have properties of liquid crystals and the ability of complexing. Stilbenes
and their various derivatives are still arousing immense interest. High hopes are connected with
the possibility of more and wider pharmacological use and curing different diseases.

Keywords (E)-azastilbenes, biological properties, determination, chromatography, capillary elec-
trophoresis

INTRODUCTION
A need of synthesis of more and more new medicines coun-

teracting diseases typical for contemporary civilization (often
incurable) leads to necessary development of chemistry. This
development includes synthesis of new compounds, testing of
their biological activity as well as their determination in differ-
ent matrices by different techniques.

(E)-azastilbenes belong to a group of compounds widely
investigated in the whole world. This fact is confirmed by nu-
merous works published in different papers. Particular interest
in these compounds is caused by their biological activity, anti-
bacterial and anti-cancer activity and their use as liquid crystals
or complexing agents.

Until now, published reviews concerning chemistry of chosen
stilbene derivatives described only methods of synthesis, struc-
tures and properties of these compounds (1). Every year the
number of papers dedicated to these compounds increased. This
confirms rising interest of scientist in this group of molecules.
Therefore, this work is an attempt of synthesis of information
significantly widened by problems of separation and determi-
nation of stilbene derivatives by HPLC (high performance liq-
uid chromatography) and ITP (isotachophoresis) techniques.
Special attention was paid to properties and analysis of these
compounds. Because they are ionogenic, in the work in ad-
dition to typical chromatography, also, electromigrating tech-
niques were included. Optimization of separation and deter-
mination processes of (E)-azastilbenes by different techniques
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certainly will be useful in further research of chemistry of these
molecules.

Capillary electromigrating techniques are characterized by
reliability, good accuracy and precision of determinations. Cap-
illary ITP, which was used to separate chosen compounds and
their isomers (2–4) can serve as an example. This technique is
applied more and more often in analytic laboratories. High ef-
ficiency of resolution and short time of analysis causes the ITP
method to compete with HPLC as well as with other analytical
techniques (4).

(E)-azastilbenes are nitrogen-containing derivatives of stil-
benes. They have the structure of diphenylethylene. At present,
investigations concerning stilbenes as alternatives for antibiotic
growth stimulants are carried out in many scientific centers.
These compounds can be synthesized in plants from coumaric
acid and cinnamic acid. They can also be formed from chal-
cones and flavonols. They have fungistatic properties (they re-
strain growth of fungi), fungi toxic (they destroy fungi) and
estrogenic properties (5).

Natural stilbenes do not induce tumors and do not have harm-
ful side effects, typical for synthetic stilbestrol. However, they
should not be given to healthy men. Their estrogenic and anti-
androgenic activity can slow down activity of testosterone. On
the other hand, they are recommended to men suffering pro-
statism. Natural stilbenes, because of estrogenic activity, can be
used in the prevention of menopause effects in women, in pre-
venting of degenerative changes of hair glands and hair follicles.
They can be also used in the treatment of androgenic acne (6).

Stilbenes occur in coniferous plants (fir tree Abies, spruce
Picea, pine Pinus, juniper Juniperus, rhubarb Rheum and mul-
berry Morus). Natural stilbenes have positive influences on or-
ganisms, because they stimulate processes of proteine synthesis,
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increase retention of nitrogen, and accelerate growth and devel-
opment. These compounds can also be applied as natural anabol-
ics in the breeding of animals. Their estrogenic activity keeps in
an organism sodium and water. Moreover, they increase the con-
centration of alfa lipoprotein and decrease the concentration of
cholesterol in blood. They stimulate development of bones and
cartilages. They increase blood clotting by blocking of blood
clotting inhibitors. They widen blood vessels, improve circula-
tion, and increase penetration through blood vessel walls (7–10).

Phytoalexin and resveratrol (resveratrolum), among others,
are natural stilbenes. Resveratrol similar to other stilbenes, has
estrogenic, bacteriostatic and fungistatic activity. It prevents
prostate tumors in men. Plants rich in resveratrol can be used
as growth stimulants in the breeding of animals. Resveratrol is
a phytoncide that modifies a qualitative and quantitative com-
position of micro flora in an alimentary canal, similar to an-
tibiotic growth stimulants used earlier. Well composed natural
alternatives of antibiotic stimulants should be characterized by
the following properties: they can change composition and to-
pographic placement of microflora and microfauna in an ali-
mentary canal; they will restrain growth of bacteria, such as
Clostridium sp., Staphylococus sp., Streptococus sp., Baccillus
subtilis et cereus, Escherichia coli, Salmonella sp., and Shigella
sp.; they can restrain the processes of decay and fermentation in
an alimentary canal; they decrease production of ammonia, free
aliphatic acids, ketones and aldehydes in an alimentary canal;
and they can stimulate excretion of digestive juices (7–9).

IMPORTANCE OF STILBENES FOR THE ECOSYSTEM
Biological Activity

(E)-azastilbenes are known for their biological activity, es-
pecially their anti-microbial properties. Trans-styrylpyridines,
which are effective inhibitors of choline acetyltransferase (11,
12), can serve as an example. It was shown that N-substituted
derivatives of (E)-4′ (3′, 2′) hydroxystilbazole-4 are bacterio-
static and fungistatic. Tests were carried out on the following
strains: gram-positive cocci (Staphylococcus aureus 209P FDA,
Streptococcus faecalis ATCC 8040), aerobis bacilli (Bacillus
subtilis ATCC 1633), gram-negative rods (Escherichia coli PZH
026B6, Klebsiella pneumoniae 231, Pseudomonas aeruginosa
SR1), yeasts (Candida albicans PCM 1409 PZH), dermato-
phytes (Microsporum gypseum K1) and moulds (Aspergillus
fumigatus C1).

Minimum concentration of an inhibitor (MIC) was de-
termined by treating the investigated micro-organisms with
a series of prepared (E)-azastilbenes in DMSO with con-
centration from 1 to 1000 µg/mL and further incubation
for 3–7 days at 25◦C. The best results (i. e., the lowest
MIC) showed bromides of N-(o-, m-, p-)brombenzyl -(E)-2′-
hydroxystilbazole-4 used against Staphylococcus aureus with
the value of 5 µg/mL and bromide of N-(m-bromobenzyl)-(E)-
4′-hydroxystilbazole-4 and chlorides of N-(o-, m-)chlorobenzyl
-(E)-2′-hydroxystailbazole-4 used against Staphylococcus

aureus with the value of MIC equal to 7.5 µg/mL. Other
compounds showed MIC value over 100 µg/mL (11).

Significantly better choline acetyltransferase inhibiting prop-
erties show stilbazoles with a large, not polar, substituent in
position 3′ (3′-CH3, 3′-Cl and 3′-CH3O) (6, 12). The methoxy
group was introduced to the phenyl ring during synthesis of
new derivatives, in order to improve anti-microbial properties
of N-substituted haloids of (E)-4′-(3′, 2′)-hydroxystilbazoles.
N-substituted haloids of (E)-4′hydroxy-3′-methoxystilbazoles-
4 showed high activity against various strains, not only Staphy-
lococcus aureus.

The introduction of the new substituent caused a signifi-
cant increase of MIC for bacteria of Streptococcus faecalis
and Bacillus subtilis. The procedure of MIC determination
was the same as in the case of N-substituted derivatives with-
out a methoxy group. The same strains of micro-organisms
were used in the investigations. The highest activity showed
following four compounds: bromide of (E)-N-hexadecyl-4′-
hydroxy-3′-metoxystilbazole-4 against Staphylococcus aureus,
Streptococcus faecalis and Bacillus subtilis (MIC = 5 µg/mL);
bromide of (E)-N-dodecyl-4′-hydroxy-3′-methoxystilbazole-4
against Streptococcus faecalis (MIC = 7.5 µg/mL) and Staphy-
lococcus aureus (MIC = 10 µg/mL); bromide of (E)-N-
bromodecyl-4′-hydroxy-3′-methoxystilbazole against Staphylo-
coccus aureus (MIC = 7.5 µg/mL) and against Streptococcus
faecalis (MIC = 10 µg/mL); and bromide of (E)-N-decyl-4′-
hydroxy-3′-methoxystilbazole against Staphylococcus aureus
(MIC = 7.5 µg/mL) and against Streptococcus faecalis (MIC
= 10 µg/mL) (12).

In cases of other (E)-N-stilbazoles, MIC values were equal or
higher than 100 µg/mL [similarly as in the case of N-substituted
(E)-4′(3′, 2′)hydroxystilbazoles-4] (11).

Anticancer Activity
(E)-azastilbenes are investigated also considering their

anti-cancer activity. It was confirmed that some of them are
characterized by such properties. Especially important activities
show, first of all, two compounds, stilbazole derivatives of
sulfacetamides. Anti-cancer properties of HMN-176 [i.e.,
(E)-4{[2-N-(4-methoxybenzenesulfonyl)amino]stilbazole}1-
oxide] and HMN-214 [(E)-4-2-[2-(N-acetyl-N-[4-methoxy
benzenesulfonyl]amino)stilbazole]}1-oxide]. Formulas for the
above-mentioned compounds are shown in Fig. 1.

Properties of these compounds were compared with proper-
ties of therapeutically used preparations [cis-platinum (CDDP),
adriamycin (ADM), etoposide (VP-16), taxol and vincristine
(VCR)]. Investigations were carried out on 22 groups of human
cancer cells isolated from different tissues (two cases of cancer
of cervix, two of leukemia, two of prostate, two of pancreas,
three of stomach, three of breast, five of lungs, and three of
colon). Effective cytoxicity of HMN-176 has been confirmed. Its
effectiveness after intravenous and intraperitoneal administra-
tion of the solution in 0.9% aqueous sodium chloride was better
than that of ADM, VP-16 and CDDP, but lower than of taxol
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72 I. CHRZ ↪↪AŚCIK

FIG. 1. Structures of stilbazole derivatives of sulfacetamides: a) HMN-214 and b) HMN-176.

or VCR. Lower citotoxicity than HMN-176 showed (E)-4-2-
[2-(N-acetyl-N-[methoxybenzenesulfonyl]amino)stilbazole]1-
oxide (13).

A series of 43 other stilbene derivatives were investigated
concerning anti-cancer activity, which exhibited toxicity to-
wards human lungs carcinoma (A549) (14). They were sub-
jected to a different sort of molecular analysis and modeling of
genesis and progress of cancer process.

Influence of Stilbenes on Blood Circulation
Resveratrol (3,5,4′-trihydroxystilbene) belongs to natural

stilbenes, which as polyphenol has three hydroxy groups and
two aromatic rings (Fig. 2). It appears in plants in a cis or trans
form. Biological activity exhibits only trans isomer. Resveratrol
can occur also in form of glucoside. Stilbenes are widespread
in roots and wood of numerous plants, and also in stems, leaves
and fruits. Stilbenes have fungistatic activity and can cause anti-
platelet action (15–19). Stilbene influence on blood circulation
was most frequently described using resveratrol as an example.

Resveratrol belongs to the group of phenols and occurs in the
skin of many fruits, e.g., in red grapes, mulberry, blackcurrant
and in peanuts. Resveratrol is a very effective anti-oxidant and
not a toxic fungicide (antifungi agent); therefore, it is often used
as a food additive. A grand scale is obtained from the dried skin
of red grapes (15, 19).

Trans-resveratrol has the ability to activate the SIRT1
gene, which is present in a genome of all mammals (16).
Trans-resveratrol can be transformed in cis isomer by action of
UV radiation.

Resveratrol is synthesized by plants using stilbene synthase
enzyme. Besides anti-oxidant and anti-fungi properties, it has

FIG. 2. Structure of trans-resveratrol.

not quite explained the ability to prolong the life of mam-
mals. Initially, there was a theory that it can control a speed of
metabolism, but investigations did not confirm this assumption.
Probably its way of life prolongation is complex and includes
several mechanisms, starting from simple anti-oxidant action
(similar to action of vitamin C) and activation of SIRT1 gene
up to blocking of apoptosis, i.e., genetically programmed cell
death (18).

The structure of stilbene was described for the first time in
1829. Then many different stilbene derivatives were synthesized
and some of them showed anti-microbial action. Investigations
of stilbene properties were started beginning from observa-
tions of their antibiotic activity against bacteria and fungi. It
was shown by natural stilbene derivatives isolated from various
plants (7–9).

Resveratrol occurs in over 70 plants, most of them are ed-
ible. Its main sources in the human diet are grapes and wines
produced from them, and in less extent peanuts (Arachidis hi-
pogea), and fruits of mulberry, apricots and pineapples. It is
present in medicinal plants such as: Cassia quinaquangulata,
Cassia garrettiana, Ficus barteri (fruits), Reynoutria japonica,
Erythroplenum lasiantum and Polygonum cuspidatum (roots)
used in Chinese and Japanese folk medicine in diseases of blood
circulation. Oxyveratrol occurs as a natural ingredient in Morus
alba and Scirupus maritimus. Isomers of resveratrol were also
identified in genus Gentum and in Sophora leachiana (8–10,
21).

The concentration of resveratrol in grapes is 50–400 µg/g
in fresh plants, in red wines produced from grapes 0.92–
1.37 mg/mL, white wines 0.04 mg/mL, and in grape juice
0.05 mg/mL (22). The present state of investigations concern-
ing the role of resveratrol in human diet and the mechanism
of its action is unsatisfactory and fragmentary. The biolog-
ical role of resveratrol can be connected with various pro-
cesses. These problems were a subject of numerous papers
(23–27).

Resveratrol contained in plants is transferred by alimentary
canal to different parts of the human organism. Its concentration
is small in blood as well as in various organs, but sufficient to
have an influence on their action. Distribution of resveratrol in
human blood is as follows: plasma-54.8%, erythrocytes-36.0%,
leukocytes-4.9% and platelets-1.2% (21). Many investigations
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proved its positive influence on the function of blood circulation
(15, 18, 24).

Resveratrol, similarly to flavonoids, belong to the most
important polyphenols present in wine and possessing anti-
oxidant properties. Comparing the action of resveratrol and
other polyphenols affirmed that the most important in these
compounds is the presence of hydroxy group 4′ in the ring B
and metahydroxy structure in the ring A, because they are crucial
to the anti-oxidant action of stilbenes (25).

Until now, investigations carried out in vitro and in vivo show
that resveratrol restrain some steps of blood platelets activation.
It reduces a synthesis of tromboxane A2, a compound increasing
reactivity of platelets, and limits a cramp of blood vessels (26–
30).

Resveratrol restrains the first step of platelets activation, that
is adhesion of platelets to collagen and fibrinogen (28, 29) and
restrains aggregation of platelets caused by different agonists
(trombine, ADP, collagen) (28, 31). An aggregation of platelets
caused by collagen is reduced in 50% in the presence of resvera-
trol concentration 3.6 µg/L. Red wine containing natural resver-
atrol in 1.2 µg/L concentration only and other polyphenols (3.6
µg/L) caused inhibition of aggregation induced by collagen
in 42%. With an addition of resveratrol in order to obtain a
2.4 µg/L concentration, the inhibition of aggregation was in-
creased to 78%. Executed investigations exhibited interaction
between resveratrol and other ingredients of red wine. In the
presence of other polyphenols an amount of resveratrol nec-
essary to the inhibition of platelet aggregation can be smaller
(15, 31). Resveratrol also decreases a level of reactive forms of
oxygen in blood platelets (28).

Reseveratrol has also a positive influence on lipid
metabolism. A significant decrease of intracellular concentra-
tion of apolipoprotein B occurs as a response to increasing con-
centration of resveratrol. Moreover, the concentration of esters
of cholesterol and triglycerides is decreased in the presence of
resveratrol. It suggests a decrease of LDL and VLDL production
(32–37).

Properties of Liquid Crystals and Formation of Complexes
(E)-azastilbenes unsubstituted in the N position have on the

nitrogen atom a free electron pair. They are bases according to
Lewis’ theory. The free pair of electrons cause these compounds
to be good ligands. These compounds are well-known connec-

(a) (b)

W

L

CO

COCO

CO

CO

W

L

CO

COL

CO

CO

FIG. 3. Structures of complex derivatives of (E)-azastilbene
compounds: a) with one azastilbene ligand and b) with two
azastilbene ligands.

C8H17O
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C8H17O
N

C8H17O
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(c) 

(b) 

(a) 

FIG. 4. The structure of ligands [of the derivatives (E)-
azastilbenes] used to complex reaction.

tions of trans-styrylpyridines with transition metals (such as sil-
ver, ruthenium, osmium, zinc, wolfram, molybdenum) (38–41).

Vanadium complexes are hexacoordinated. Azastilbenic lig-
and occupies one or two places. The rest places are occupied by
carbonyl ligands. Three different azastilbene derivatives differ-
ing by a substituent in phenyl rings were used for the synthesis
of this type of compound. Generally, six complex compounds
with various properties were synthesized. Structures of obtained
compounds are shown in Fig. 3 (38). Structures of ligands are
shown in Fig. 4.

Next metal forming complexes with stilbazoles is molybde-
num, which belong to the six group of periodic system. It forms
a mixed complex compound, where (E)-azastilbene presents
one ligand. Three different azastilbene derivatives differing by

FIG. 5. Structure of molybdenum complex with (E)-azastilbene
substituted as a ligand, where R = C6H13, C8H17, C11H23.
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FIG. 6. Scheme of axially substituted metalloporphyrine com-
plexed with zinc and (E)-stilbazole.

a substituent in phenyl rings (39) were used for the synthesis of
this type of compound. The structure of this complex is shown
in Fig. 5.

Especially interesting complex structures form (E)-
stilbazoles as ligands with metalloporphyrines. Porphyrine is
axially substituted by phenyl groups and complexed with zinc
forming two kinds of complexes with two different azastil-
benes (40). The structures of these complexes are shown in
Fig. 6.

Next metalloporphyrines, which form complexes with (E)-
azastilbenes, are porphyrines complexed with ruthenium (II) and
osmium (II). The metals in these compounds form bonds with
the nitrogen atoms of pyrrole rings, with the nitrogen atom in
aromatic ring of (E)-azastilbene and with carbonyl group (Fig. 7)
(40). (E)-azastilbenes also form complexes with silver ions.
Earlier compounds described were mixed complexes, that is (E)-
azastilbezole was not only ligand complexing metals. Ag+ ion
is complexed by two molecules of 4-alkoxy-4′-stilbazole (41).
The general structure of this complex compounds is shown on
Fig. 8. There are also complex silver compounds with 4-alkoxy-
3′-stilbazole and 4-alkoxy-2′-stilbazole (41).

FIG. 7. Axially substituted metalloporphyrine complexed with
(E)-azastilbene and carbonyl group.

Some complex compounds of (E)-stilbenes show properties
of liquid crystals. This interesting behavior exhibits complexes
with silver, molybdenum and wolfram. During transformation
from solid state of aggregation into liquid state, they form liq-
uid crystalline phase. Every complex of silver and wolfram de-
scribed in the literature exhibits at adequate temperature trans-
formation from crystalline phase, by smectic phase C, smectic
phase A, nematic phase, to isotropic phase. It enables further
investigations and the use of these compounds in the resiliently
developing electronic industry that takes advantage of liquid
crystals (9, 10, 12).

Preparation of Samples for Analysis
Biological activity of stilbenes and their derivatives is the

reason for special interest in this group of compounds. This
interest also includes (E)-azastilbenes. Their biological activity
was proved by Cavallito et al. (42–44) and Arena et al. (45).
It is interesting that some of them can be estrogenic or antie-
strogenic, depending on a concentration. Because of biological
activity and a wide possibility of application, stilbenes and their
derivatives are one of the more important group of compounds.
Their synthesis and/or extraction from different environmental
matrices cause many troubles because of the possibilities of the
appearance of various isomers (Fig. 9). Therefore, proper prepa-
ration of samples and then their chromatographic analysis is an
important task.

Due to immense development of specific packing liquid-solid
extraction is the most often used isolation method of compounds
from different matrices. However, the most widespread separa-
tion and determination technique is still HPLC (46–50). For
many stilbene derivatives optimum conditions of determination
were elaborated by HPLC and capillary electrophoresis tech-
niques (51, 52); therefore, these methods are reviewed in this
paper.

Preparation of samples for an analysis usually requires pri-
mary isolation of compounds, often from a very complicated
matrix. It especially concerns HPLC analyses. Solution analy-
ses by electrophoresis are easier. This technique does not re-
quire concentration, and contents of determined compounds
do not need be comparable. Stilbenes and their derivatives
described here are hydrolytic stable. Due to this fact, water
and water-containing solvents can be used, depending on a
need.

Analysis of biologically active substances is of great impor-
tance in pharmacy and medicine. For isolation and separation of
complex mixtures, an application of selective columns is usually
necessary. Stability and reproducibility of columns, extractive
as well as chromatographic, is essential for proper analytic pro-
cedure. In chromatography and related techniques, the most
important is the selection of mobile and stationary phases with
reference to determined substances.

In solid phase extraction (SPE) and HPLC column packings
with various polarity are applied. Silica stationary phases are
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N Ag
+

N
CnH2n+1O

OCnH2n+1

X-

FIG. 8. General structure of complex of (E)-4-stilbazole with silver ion, where X− = BF4, NO3, C8H17OSO3, C12H25OSO3.

N C
C

OCH3

H

H
CH2

OH
X-
+

N C
C

OCH3

OH
H

H

+

CH2 X

R R

FIG. 9. General reaction scheme of chosen (E)-azastilbene preparation, where X = Br, Cl, I and R = Cl, Br, NO3.

widespread in extraction as well as in chromatography. They
are used mainly in reverse phase systems; the most important
are modified sorbents (Fig. 10).

The process of retention in reverse phase chromatography is
based on specific and unspecific interactions between stationary
phase, mobile phase and chromatographed substance. Optimiza-
tion is performed by changes of type, composition and character

FIG. 10. Scheme of chemically bonded stationary phases: a)
octadecyl, b) phenylbutyl, c) naphthylpropyl, d) octyl and e)
PGC.

of a mobile phase or changes of type, properties and typography
of a stationary phase (53, 54). Effectiveness of these two phases
in separation of a mixture depends on thermodynamic proper-
ties of the chromatographic system. A column is an essential
point of a separation system.

Separation and Determination of Chosen (E)-azastilbenes
by HPLC and ITP Techniques

Among techniques used for the determination of stilbenes
and their derivatives capillary electrophoresis is especially im-
portant. Effective separation and determination of a series
of these compounds were carried out using a capillary elec-
trophoresis analyzer EA 202M produced by Villa Labeco s.r.o.
in Spisska Nova Ves (Slovakia) (Fig. 11).

The separation of the compounds was performed on the
base of differences of analyzed ion mobility. The difference
between ion mobility in the analyzed mixture was only
slight; therefore, isotachophoretic determinations caused
numerous troubles. In order to do this it was necessary
to have an elaboration of suitable terminating electrolytes.
Two ionic compounds were used in the investigations:
1-(N-morpholiniomethyl)spirobi(1-sila-2,5-dioxacyclopentan-
3-on)ate and 4,4′-bis{1-(perhydroazepiniomethyl)[spirobi(1-
sila-2,5-dioxacyclopentan-3-on)]ate} (Fig. 12) (55, 56). These
compounds belong to the ES -silanate group. They are hyperco-
ordinated organosilicon compounds, which are characterized by
substantiated biological activity (56–59). Optimum conditions
for a method of separation and determination of a mixture chlo-
ride of (E)-N-(m-chlorobenzyl)-4′-hydroxystilbazole -4 (A1)
and chloride of (E)-N-(m-chlorobenzyl)-2′-hydroxystilbazole-4
(A3) are shown in Table 1. The final result of the elaboration of
optimum conditions is confirmed by obtained isotachophore-
gram (Fig. 13). Good separation of two isomers was obtained
in less than 7 minutes (60).

During determinations carried out by ITP techniques, the ap-
plied electric field causes that ion of samples introduced between
a system of two electrolytes—leading and terminating—to mi-
grate to adequate potential. Ions move in turn from the highest
mobility to the lowest.
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N C
C

OCH3

H

H
CH2

OH
X-
+

R

Cl

X
CH2 N

H

H

OH
+

-

(a) (b)

FIG. 11. Examples of structures of chosen (E)-azastilbenes, subjected to optimization of chromatographic separation and deter-
mination conditions: a) bromides of (E)-N-o-(m- or p-)nitrobenzyl-4′-hydroxy-3′-methoxystilbazoles, where X = Br, R = o-NO2,
m-NO2, p-NO2, b) chlorides of (E)-N-o(m- or p-)chlorobenzyl-γ -azastilbeneols-2′(3′ or 4′), where X = o-Cl, m-Cl, p-Cl.

During the optimization of the separation and determination
process of the above-mentioned (E)-azastilbenes different con-
ditions of methods were tested. The time of analysis, pH range
(from 0–7, because cationic forms were analyzed), the intensity
of electric current, the level of limitation of high voltage, and the
kind of columns (pre-separational column or pre-separational
column with analytic column) were changed. Analyses were
carried out changing the voltage from 9,000 to 15,000 V. At
the voltage lower than 9,000 V separation was not achieved.
The best results of separation were obtained at limitation of the
voltage to 12,000 V.

Analyses were carried out in acidic medium. During one
analysis, only ions of the same sign were determined, in this case
cations. The separation was performed on the base of differences
in electrophoretic mobility of analyzed ions.

By the use of the capillary ITP method proper separation and
determination of analyzed (E)-stilbenes have been performed.
All analyses were performed applying two-dimensional analysis
with switching the column. Qualitative analysis was carried out
on the base of zone height on obtained isotachophoregrams.
These heights of zones were compared with those obtained on
isotachophoregrams of standard solutions.

Separation of (E)-azastilbene isomers was very difficult, be-
cause these compounds have only different positions of the
substituents in the ring and because of that are characterized by

similar mobility. During the process of optimization, the inten-
sity of the electric current was changed (it was justified by the
mobility dependence on the electric field intensity), along with
pH of solutions of electrolytes and samples. By a process of
trial and errors, it was proven that the optimum pH for analyzed
isomers was 3.8. At a pH close to neutral, isotachophoregrams
were characterized by steep zones for investigated mixtures and
a blurred zone for the terminating electrolyte.

At a pH of 3.8, it was necessary to select adequate intensity
and time for individual steps of analysis. All things considered,
selection of these three parameters allowed the optimum sepa-
ration of analyzed isomers to be obtained (Fig. 13).

Time of analysis was variable and depended on a number of
compounds in analyzed samples. The shortest times were ob-
tained during determination of the individual compound. How-
ever, times of analysis of mixtures were twice as long.

The applied technique was characterized by high precision
and accuracy of obtained results (Table 2). Linearity was be-
tween 2 and 30 mg/L and the detection limit was 1 mg/L. The
precision and accuracy of results obtained by the capillary ITP
method is better than in classic methods.

High efficiency of separation by capillary ITP is compa-
rable with electrophoresis methods, showing that ITP can, in
many points, compete not only with HPLC but also with other
techniques.
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FIG. 12. Scheme of structures of compounds used as terminating electrolytes to determinations by ITP method: a) 1-(N-
morpholiniomethyl)spirobi(1-sila-2,5-dioxacyclopentan-3-on)ate and b) 4,4′-bis1-(perhydroazepiniomethyl)[spirobi(1-sila-2,5-
dioxacyclopentan-3-on)]ate.
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TABLE 1
Optimum conditions of determination of a mixture chloride of (E)-N-(m-chlorobenzylo)-4′-hydroksystilbazolu-4 (A1) and

chloride of (E)-N-(m-chlorobenzylo)-2′-hydroksystilbazolu-4 (A3)

Optimum parameters

Intensity Composition Conductometric
Step Time (s) (µA) (10 mV) Column determination

1 100 100 0 Upper
2 150 250 0 Upper X
3 65 10 0 Lower
4 10 120 0 Lower
5 25 100 50 Lower
6 100 30 0 Lower X

ITP enables good separation and determination of stilbene
derivatives. The main advantage of ITP is the possibility of
simultaneous determination of micro and macro ingredients
in times under 20 minutes. No complicated preparation of
samples is needed before analysis. It is convenient for rou-
tine analytical procedures. No toxic reagents and solvents are
needed; therefore, ITP can be numbered among green chemistry
techniques.

The next technique commonly used in different analyses
is HPLC. Analysis of three isomers (E)-N-(o-, m- and p-)
nitrobenzyl-4′-hydroxy-3′-methoxystilbazoles-4 were carried
out at wavelength 412 nm. Only anhydrous mobile phases were
used—acetonitrile, methanol and dichloromethane with various
flow. Because of long retention times and bad separation water
containing solvent mixtures were not considered. Five different
stationary phases were tested—octadecyl, octyl, phenylbutyl,
naphthylpropyl and porous graphitized coal (PGC) (51–54).

The octadecyl column was used as a reference column. The
best results of separation were obtained using naphthylpropyl
as the chemically bonded phase and acetonitrile (100%) as the
mobile phase. Optimum time of separation and determination
in these conditions did not exceed 6 minutes (Fig. 14).

However, the same solvent system and PGC yielded slightly
shorter retention time, but did not allow for satisfactory sep-
aration. The phenylbutyl column was characterized by better
selectivity, but times of retention were few minutes longer.

The octyl phase was characterized by relatively weak inter-
actions between analyzed compounds and the stationary phase;
independently of flow intensity separation was not observed.
The use of methanol and dichloromethane gave results compa-
rable with results obtained applying acetonitrile.

The PGC column was characterized by other kinds of sur-
faces than the remaining columns (Fig. 10). It yielded shorter
times of retention but worse selectivity.

FIG. 13. Isotachophoregram of a mixture chloride of (E)-N-(m-chlorobenzylo)-4′-hydroksystilbazolu-4 (A1) and chloride of
(E)-N-(m-chlorobenzylo)-2′-hydroksystilbazolu-4 (A3).
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FIG. 14. Results of separation chlorides of (E)-N-(o-, m- or p-)nitrobenzyl-4′-hydroxy-3′-methoxystilbazoles-4′ with the use of
stationary phases: Si–C18(octadecyl), Si–C8 (octyl), Si–PB (phenylbutyl), Si–NAF (naphthylpropyl), and PGC. The mobile phase:
acetonitrile (100%).

SUMMARY
In summary, one can say that chromatographic investigations

concerning this group of compounds, especially separation of
isomers, is connected with numerous difficulties, independent
of the analytical technique used. However, these investigations
leading to better knowledge of this group of compounds are
advisable because of biological activity and the wide possibili-
ties of application. In particular, anti-cancer and anti-microbial
activity is a convincing argument for this research. Therefore,
stilbenes and their derivatives are investigated by many scien-
tists all around the world.

For determinations of these types of compounds, HPLC
as well as capillary electrophoresis can be used. Many
mixtures of (E)-azastilbenes have been successfully sep-
arated. Optimum conditions have been elaborated using
ITP with conductometric detection, in spite of small differ-
ences of electrophoretic mobility of analyzed compounds.
New terminating electrolytes were used: solutions of

TABLE 2
Characteristic of used analytical method

Parameter Unit For examined ion

Precision1 % 2–3.5
Recovery2 % 92 ± 4
Linearity3 mg/L 2–30
Limit of identification4 mg/L 1

1n = 5, the samples were analyzed twice
2The sample was enriched with 1.5 mL of a solution containing
1 mg/mL of examined ion, n = 5
3Correlation coefficient above 0.97
4Calculated from the limit of identification and coefficients of the
calibration curve

1-(N-morpholiniomethyl)spirobi(1-sila-2,5-dioxacyclopentan-
3-on)ate and 4,4′-bis{1-(perhydroazepiniomethyl)spirobi(1-
sila-2,5-dioxacyclopentan-3-on)]ate}.

Optimum conditions of separation and determination of these
compounds have been elaborated with success also using the
HPLC technique. Independent of the kind of mobile phase, the
highest selectivity exhibited naphthylpropyl stationary phase.
In addition to high selectivity, this phase was characterized by
the shortest retention times of analyzed compounds. The main
reason of this behavior was the presence of additional inter-
actions of π electrons between stationary phase and analyzed
compounds. Then, the PGC phase was characterized by the
shortest times of retention of analyzed compounds but separa-
tion was unsatisfactory. These differences can be explained by
differences of the structure of surfaces. The phenylbutyl phase
exhibited even worse separation and longer times of retention
of analyzed (E)-azastilbenes. The longest retention times were
obtained using alkyl phases.

Optimization of conditions of determination of this group of
compounds by HPLC and capillary electrophoresis certainly
will contribute to the development of the chemistry of stil-
benes and their derivatives. This work is an attempt of synthesis
of information concerning biologically active stilbene deriva-
tives and would enable further progress in the chemistry of
stilbenes.
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and N. Erchak, Separation of chosen derivatives of hoszczawa-
silanates with taking advantage of π–π interactions. Journal of
Liquid Chromatography & Related Technologies 31 (2008): 2812–
2820.
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