This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1l \L OF
LIQUID

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Separation of Biologically Active Isomers of (E)-N-Meta- and Para-
Nitroazastilbenes by the HPLC Technique
Wiestaw Prukata®;, Krzysztof PypowskiP®; Ireneusz Chrzascik®; Mariusz Kluska®

| @ Faculty of Chemistry, Adam Mickiewicz University, Poznan, Poland ® Institute of Chemistry,
University of Podlasie, Siedlce, Poland

Supsoiical Fluid T
ana Tach:

Fi o Fract
Proparstsa & Anaktical Sap

Exfitess by
dack Cazes, Ph.D.

To cite this Article Prukata, Wiestaw , Pypowski, Krzysztof , Chrzascik, Ireneusz and Kluska, Mariusz(2008) 'Separation of
Biologically Active Isomers of (E)-N-Meta- and Para-Nitroazastilbenes by the HPLC Technique', Journal of Liquid
Chromatography & Related Technologies, 31: 4, 578 — 585

To link to this Article: DOI: 10.1080/01630560701815218
URL: http://dx.doi.org/10.1080/01630560701815218

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01630560701815218
http://www.informaworld.com/terms-and-conditions-of-access.pdf

17:12 23 January 2011

Downl oaded At:

Journal of Liquid Chromatography & Related Technologies®, 31: 578-585, 2008
Copyright © Taylor & Francis Group, LLC

ISSN 1082-6076 print/1520-572X online

DOI: 10.1080/01630560701815218

Separation of Biologically Active Isomers of
(E)-N-Meta- and Para-Nitroazastilbenes by
the HPLC Technique

Wiestaw Prukata,! Krzysztof Pypowski,2 Ireneusz Chrzascik,’
and Mariusz Kluska?

lFaculty of Chemistry, Adam Mickiewicz University, Poznan, Poland
%Institute of Chemistry, University of Podlasie, Siedlce, Poland

Abstract: Results of investigations concerning the chromatography of bromides of (E)-N-m-
and p-nitrobenzyl-4’-hydroxy-3'-methoxystilbazoles-4 are presented. Analyzed compounds,
similarly to other azastilbene halogenides show antimicrobial activity. Optimal conditions of
chromatographic separation and determination of two mentioned isomers have been elabo-
rated. In the investigation three stationary phases (octadecyl, octyl, and naphthylpropyl),
two mobile phases (acetonitrile, dichloromethane) and various flow were considered. The
best selectivity and the highest separation factor, @ = 1.74, were obtained using a naphthyl-
propyl column and 100% acetonitrile, as the mobile phase. An application of an octadecyl
phase, recommended by numerous analysts as standard, allowed only the observation of an
existence of two compounds, but did not yield satisfactory results.

Keywords: (E)-Azastilbenes, Isomers, Aryl, Octyl, Octadecyl stationary phases

INTRODUCTION

(E)-Azastilbenes are nitrogen containing derivatives of stilbenes. They belong
to a group of biologically active compounds with negative influence on
microbes.! ~® Cavallito and Grifantini showed their biological activity.l”~'"

Stilbenes are considered as derivatives of diphenylethylene. In plants they
can be synthesized, e.g., from coumaric acid and cinnamic acid. Stilbenes resist
the growth of fungi and destroy them, and also possess estrogenic activity. Some
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stilbenes belong to the group of synthetic estrogens (e.g., diethylstilbestrol) or
are used directly to synthesize these compounds. Earlier, synthetic diethylstil-
bestrol was applied as an estrogen in menstruation disturbance. Now, because of
the possibility of oncogenesis, induction is rarely used in medicine for humans.
However, it was utilized in veterinary medicine as hormonal stimulators;
therefore, its presence in meat products was found on frequent occasions.
Depending on the concentration, it can act as an estrogenic or antiestrogenic.

Between 1940 and 1960, stilbestrol was used in abortion prophylaxis.
However, this medicament later caused numerous cases of vaginal cancer.
Careful investigation of stilbestrol therapy consequences proved, that it had
caused an increase of formation defects in the sexual urinary system and an
increase of embryo mortality. But, in some countries (e.g., in China) stilbestrol
is still used in the health service. In Poland, its commercial confection Distilbene
(coated 4 mg tablets) was withdrawn from circulation about four years ago.

Natural stilbenes exhibit different activity. They neither induce cancer, nor
cause harmful side effects, typical of synthetic stilbenes. However, they are not
recommended for healthy men, because they moderate the activity of testoster-
one and can distemper male attributes. On the other hand, stilbenes are pre-
scribed to patients with an overgrowth of the prostate, because they block
the disadvantageous influence on the gland epithelium. Natural stilbenes, as
estrogenic agents, can be used as a prophylaxis against the effects of
menopause. Furthermore, they improve the state of the hair and nails.

Subject to investigations mentioned above, isomers were obtained
according to a scheme (Figure 1, Table 1)."" Analyzed compounds are (E)-
azastilbene derivatives, they exhibit a negative influence on microorganisms
(Table 2). In consideration of the biological activity of their bromides, the
aim of this work-elaboration of optimal condition of separation and determi-
nation — is advisable. The optimization process concerns two isomers: (E)-N-
m- and p-nitrobenzyl-4’-hydroxy-3’-methoxystilbazoles-4.

EXPERIMENTAL

HPLC Analysis of (E)-Azastilbenes

Samples of (E)-N-(m- or p-)nitrobenzyl-4'-hydroxy-3'-methoxystilbazoles-4

(Figure l)”” were dissolved in methanol (HPLC purity, Fluka AG, Buchs,

Switzerland) to obtain a concentration at about 25 pg - mL~'. Analyses were
CH,~X

H - H
4 L OH +/ pY OH
O Q) — i
— H OCH,4 R R = H OCH,

Figure 1. General scheme of preparation of analyzed isomers, where: X = Br,
R = m-NO, or p-NO,.['!]
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Table 1. Chemical and physical data of compounds'"!

Analysis
(calc./found)
Formula M.p. IR (KBr) UV Ay —————
Compound  (mol. mass) °O) (crnfl) (nm) %C  %H %N
1 C,1H 9BrN,O4 57.01 433 6.34
(m-NO,) 443.13 237-240 970 HLS 5673 4.19 6.05
2 Cz]ngBrN204 57.01 433 6.34
(p-NO») 443.13 146-149 960 4125 56.75 439 6.09

performed at 412 nm and at temperature of 22°C. Three stationary phases were
examined: octadecyl (S. Witko — J.T. Baker, £.6dZ, Poland), octyl (S. Witko —
J.T. Baker, £6dz, Poland) and naphthylpropyl (RP Si—NAF, Figure 2).!'*
Dimensions of the steel columns were: for RP Si—C;g — 250 x 4.6 mm, for
RP Si—Cg and RP Si—NAF - 125 x 4.6 mm (Table 3). Two anhydrous
systems of mobile phase were applied: acetonitrile and dichloromethane.

The (E)-azastilbenes compounds were prepared by the method described
in the literature (Figure 1.t

1 (m-NO,): 'H-NMR (DMSO-d¢) & 3.88 (s, 3H, OCH3), 5.93 (s, 2H,
CH,-*N), 6.90 (d, 1H), 7.22 (d, 1H), 7.42 (s, 1H), 7.42 (d, 1H,
J=162Hz), 7.78 (t, 1H), 8.01 (d, 1H, J = 16.2 Hz), 8.07 (d, 1H), 8.23
(d, 2H), 8.29 (d, 1H), 8.55 (s, 1H), 9.11 (d, 2H), 9.89 (s, 1H, OH).

3C.NMR (DMSO-dg) 8: 55.83, 60.67, 110.87, 115.66, 119.73, 123.27,
123.45, 123.63, 124.03, 126.69, 130.70, 135.38, 135.43, 136.27, 142.27,
144.01, 147.96, 149.72, 153.99.

2 (p-NO,): 'H-NMR (DMSO-de) 5: 3.88 (s, 3H, OCH3), 5.96 (s, 2H, CH,-"N),
6.90 (d, 1H), 7.22 (d, 1H), 7.42 (s, 1H), 7.44 (d, 1H, J = 16.1 Hz), 7.81

Table 2. Antimicrobial activity of isomers""!

Minimal inhibitory concentration (MIC) pg - mL ™"

Compounds 1 2 3 4 5 6 7 8
m-NO, — — — — — — — 100
p-NO, — 100 — — — — — 250

1 - Staphylococcus aureus FDA209P, 2 - Streptococcus faecalis ATCC 8040, 3 -
Bacillus subtilis ATCC 6633, 4 - Escherichia coli PZH 026B6, 5 - Klebsiella pneumo-
niae 231, 6 - Pseudomonas aeruginosa S 85/2,7 - Candida albicans PCM 1499 PZH,
8 - Microsporum gypseum K1.
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a)
O CH,
} /
O—Si
\O CH,
b) O CH C)
/ 3 y /cH3
L 3OS
\ OCH, \CH3

Figure 2. Scheme of chemically bonded stationary phases: a) octadecyl (RP Si—Cs),
b) octyl (RP Si—Cg), and c¢) naphthylpropyl (RP Si—NAF).

(d, 2H), 8.03 (d, 1H, J = 16.1 Hz), 8.24 (d, 2H), 8.31 (d, 2H), 9.08 (d, 2H),
9.89 (s, 1H, OH).

13C.NMR (DMSO-dg) &: 55.69,60.73, 110.84, 115.68, 119.70, 123.34, 123.64,
124.03, 126.66, 129.74, 141.59, 142.34, 144.10, 147.61, 147.93, 149.72, 154.06.

Apparatus

Chromatographic measurements were performed on a liquid chromatograph
SPD-6A (Shimadzu, Kyoto, Japan) equipped with a gradient pump LC-6A,
UV/Vis detector, a sampling valve Rheodyne (Berkeley, CA, USA), model
7125, with a 20 L sample loop, and a Shimadzu C-R6 A data recorder.

'H NMR spectra were recorded on a Bruker-200 in DMSO-dg, with
HMDS as internal standard. The infrared (IR) spectra were recorded on a
Nicollet Magna-IR 760 in potassium bromide. Chemical and physical data
of (E)-azastilbenes compounds are described in Table 1. The antimicrobial
activity of isomers is described in Table 2.

RESULTS AND DISCUSSION

Results obtained during the optimization process are collected in Table 4.
Reported in this work are optimal data of chromatographic separation of two

Table 3. Characteristics of bonded phase

Stationary Type of Manufacturer ~ Carbon content Length of

phases packing of column vol. (%) column (mm)

Naphthylpropyl RP Si—-NAF  Home made 16.10 125 x 4.6

Octadecyl RP Si-Cig S. Witko— 18.09 250 x 4.6
J.T. Baker

Octyl RP Si—-Cg Home made 13.49 125 x 4.6
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Table 4. Chosen dependence k' for (E)-N-(m- or p-)nitrobenzyl-4'-hydroxy-3’-meth-
oxystilbazoles-4 from on type of stationary and mobile phase. Chromatographic con-
ditions: flow —1.0, 0.5 or 0.3 mL - min ™', wavelength —412 nm, temperature —22°C

Type of stationary

phase “Mobile phase/flow  kj (p-NO,) kb (m-NO,) «a=kh/k]
RP Si—Cg Acetonitrile/1.0 222 2.29 1.04
Acetonitrile/0.5 5.77 5.82 1.01
Acetonitrile/0.3 12.45 13.21 1.05
Dichlomethane/1.0 2.27 2.31 1.02
Dichlomethane /0.5 5.84 5.97 1.02
Dichlomethane/0.3 12.67 13.98 1.10
RP Si-Cg Acetonitrile/1.0 0.42 0.47 0.86
Acetonitrile/0.5 1.83 1.84 1.00
Acetonitrile/0.3 3.57 3.77 1.06
Dichlomethane/1.0 0.44 0.50 1.14
Dichlomethane/0.5 1.87 1.93 1.03
Dichlomethane/0.3 3.75 391 1.04
RP Si—-NAF Acetonitrile/1.0 1.81 2.15 1.31
Acetonitrile/0.5 3.11 3.77 1.18
Acetonitrile/0.3 3.60 6.27 1.74
Dichlomethane/1.0 1.92 2.28 1.19
Dichlomethane/0.5 3.22 3.89 1.21
Dichlomethane /0.3 3.75 6.34 1.69

“In the table are placed only optimal data of analyzed isomers separation.

synthesized isomers: (E)-N-m- and p-nitrobenzyl-4’-hydroxy-3’-methoxystilba-
zoles-4. During selection of the separation and determination conditions, two
mobile phases (acetonitrile and dichloromethane) with various flow and three
stationary phases (octadecyl, octyl, and naphthylpropyl) were tested. Octadecyl
stationary phase is commonly considered as the standard for numerous determi-
nations by means of high performance liquid chromatography; therefore, it was
used for the experiments. Neither an application of various flow (Table 4) nor
an addition of other solvents increased the separation. Different compositions
of water containing solvent mixtures caused only an elongation of retention
times (these results are not reported in the tables). Because octadecyl phase did
not yield satisfactory results, octyl phase was used. It also did not help to
separate isomers in the proper way; however, retention times were shorter by
half. This failure led to a conclusion, that more and more frequently used so
called dedicated stationary phases can solve this problem. Such phases are
designed for determination of a special type of chemical structure, only.
Because analyzed compounds are contained in the structure aromatic
rings, an application of aryl phase was reasonable. As a dedicated phase,
naphthylpropyl chemically bonded stationary phase (RP Si—NAF) has been
chosen. This type of phase is, first of all, designed to determine 7 electron
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a)3_ b) 31

——p-
2.5 1 R 25y i
——m- =
1;5 1,51
1 T T 1 l T T 1
Si-C18 Si-C8 Si-NAF Si-C18 Si-C8  Si-NAF

Figure 3. Effect of the separation of (E)-N-(m- or p-)nitrobenzyl-4'-hydroxy-3'-
methoxystilbazoles-4 with the use of stationary phases RP Si—C;g, RP Si—Cg and
RP Si—NAF. Mobile phase: (a) acetonitrile (vol. 100%), flow rate: 0.3 mL - min~ !,
(b) dichloromethane (vol. 100%), flow rate: 0.3 mL - min~ !, detection —412 nm (see
Table 4).

containing compounds."?~ %' In the chromatographic process carried on with a
participation of stationary phase and analyzed substances, interactions of 7 —
are predominating. Owing to increased selectivity, in numerous determi-
nations, a separation was improved and retention times became shorter.
Separation of investigated isomers was possible by the use of aryl stationary
phase (RP Si-NAF) and acetonitrile (100%) or dichloromethane (100%) as the
mobile phase. This effect is shown in Figures 3—5. Optimal conditions of the sep-
aration of two isomers: (E)-N-m- and p-nitrobenzyl-4’-hydroxy-3’-methoxystil-
bazoles-4 are shown in Table 2. It was established that naphthylpropyl chemically
bonded stationary phase is characterized by the highest selectivity (o = 1.74).
The best separation was obtained using this stationary phase and acetonitrile as
the mobile phase, whereas results obtained by means of RP C;g and Cg only
showed an existence of two compounds, but the separation was not satisfactory.

—4—Si-C8 —8— Si-NAF
1,8 /.
1.6

= —

a2

Ink'

2,51 2,53 2,55 2,57 2,59
In k' [phase Si-C18]

Figure 4. Dependence of In k” of the RP Si—Cg and RP Si—NAF phases on In k'
obtained for the octadecyl phase for (E)-N-(m- or p-)nitrobenzyl-4'-hydroxy-3’-meth-
oxystilbazoles-4.
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Figure 5. A chromatogram of separation of the (E)-N-(m- or p-)nitrobenzyl-4’-
hydroxy-3’-methoxystilbazoles-4 on the stationary RP Si—NAF phase (m- 5.62 min
and p- 8.7 min). Mobile phase: acetonitrile (100 vol.%); flow —0.3 mL - min ! wave-

length —412 nm, temperature —22°C.

CONCLUSIONS

An application of octadecyl and octyl stationary phase did not enable desired
separation of analyzed isomers: (E)-N-m- and p-nitrobenzyl-4'-hydroxy-3’-
methoxystilbazoles-4. In order to obtain perfect separation of the isomers,
an HPLC technique with UV /Vis detection required the use of aryl (naphthyl-
propyl) stationary phase.
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