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

LJIOUI I;Ei Journal of Liquid Chromatography & Related Technologies

CHR

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

High Performance Liquid Chromatography of Benzyl Derivatives of ES-
Silanates

Mariusz Kluska?®; Krzysztof Pypowski; Ireneusz Chrzascik®; Renata Gadzata-Kopciuch® Monika
Michel; Edvards Liepinsh?; Nikolai Erchak®

* Institute of Chemistry, University of Podlasie, Siedlce, Poland ® Chair of the Environmental
Chemistry & Bioanalytics, Nicolaus Copernicus University, Poland ¢ Pesticide Residue Department,
Plant Protection Institute, Poznan, Poland ¢ Latvian Institute of Organic Synthesis, Riga, Latvia

FieidSFlow Fractios
Proparstsa B Anaktical Sapg

Exfitess by
dack Cazes, Ph.D.

I l(::_;r_hl.!lf.rl:... s ‘

To cite this Article Kluska, Mariusz , Pypowski, Krzysztof , Chrzascik, Ireneusz , Gadzata-Kopciuch, Renata , Michel,
Monika , Liepinsh, Edvards and Erchak, Nikolai(2008) 'High Performance Liquid Chromatography of Benzyl Derivatives
of ES-Silanates', Journal of Liquid Chromatography & Related Technologies, 31: 8, 1195 — 1203

To link to this Article: DOI: 10.1080/10826070802000749
URL: http://dx.doi.org/10.1080/10826070802000749

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/10.1080/10826070802000749
http://www.informaworld.com/terms-and-conditions-of-access.pdf

17: 05 23 January 2011

Downl oaded At:

Journal of Liquid Chromatography & Related Technologies™, 31: 1195-1203, 2008
Copyright © Taylor & Francis Group, LLC

ISSN 1082-6076 print/1520-572X online

DOI: 10.1080/10826070802000749

High Performance Liquid Chromatography
of Benzyl Derivatives of ES-Silanates
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Abstract: Presented in this paper are results of investigations concerning optimization
of conditions of separation and determination of two newly obtained hyper coordinated
silicates, which belong to the group of ES-silanates. To this process were subjected:
1-[N-(phenylmethyl)aminiomethyl]spirobi(sila-2,5-dioxa-4,4-dimethylcyclopentane-
3-on)ate and 1-[N-(phenylmethyl)aminiomethyl]spirobi(sila-2,5-dioxacyclopentane-3-
on)ate. The analyzed compounds show biological activity. Three stationary phases
(octadecyl, octyl and naphthylpropyl), two mobile phases (acetonitrile, dichloro-
methane) with various flow were tested. The highest selectivity and separation
factors (a = 1.27) were obtained using the naphthylpropyl column and the mobile
phase consisting of pure acetonitrile. The octadecyl (which is recommended as
standard) phase did not enable satisfactory results.

Keywords: Hyper coordinated organosilicon compounds, Separation, Determination,
HPLC

INTRODUCTION

Obtaining more and more complex organosilicon structures forces one to look
for new methods of organic synthesis and to improve applied methods. This is
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connected with the immediate need to elaborate optimum conditions for
separation and probable determination of analyzed compounds. It is
advisable because these compounds are mainly analogues of natural
substance or/and show pharmacological activity. Some of these compounds
easily hydrolyze; this causes additional difficulties during their synthesis as
well as during the chromatographic analysis.

Organosilicon compounds have a remarkable place among other groups
of organic chemistry. They have been applied in numerous branches of
industry (e.g., in the building trades, metallurgy, polymer, and cosmetic pro-
duction) and agriculture due to differentiated and advantageous properties.
Some of them are used as hydrophobic agents, high boiling oils, heat
carriers, dielectrics, or elastomers.[! =4

Organosilicon compounds are widely applied in medicine. Silatranes, dis-
covered in 1962 by Voronkow," can serve as an example. They show biologi-
cal activity.®=®) Numerous organosilicon compounds are effective agents
taking part in bioregulation of the plant organism''®'"" Morpholinio-
derivatives of ES-silanates, e.g., show such activities. Also silatranes belong
to growth stimulating compounds. But they also belong to the class of chlor-
oorganic compounds; therefore, there is a possibility of formation of products
toxic to the environment.

The negative influence on the environment is, for many organic chemists,
the main reason of synthesis of new compounds, which exhibit desired prop-
erties. Optimum compounds stimulates the growth of plants, but does not
possess the disadvantages of silatranes. They should have a wide spectrum
of activity, low toxicity for the environment, and should be efficient towards
basic species of cultivated plants (the efficiency means increase of germina-
tion, increase of plant development rate, and generally increase of crops).

The other reason of organosilicon compounds synthesis is their success in
the area of chemotherapy. They caused elaboration of unusual valuable
synthetic drugs with many-sided activities. Drugs of this type are applied in
therapy of the gastric ulcer, tuberculoses, and cancer.”! Some organosilicon
derivatives increase effectiveness of a drug and elongate the time of its activity.!

Recently, extensive investigation concerning pent and six coordinated
silicon compounds were carried out.!®”'*! These compounds are interesting
because of their structure, which enables activation of bonds situated near
to the central silicon atom. Pent coordinated silicon compounds are organic
bicyclic systems; both rings are condensed by only one common silicon
atom. 314!

Information enclosed in the literature showed that hyper coordinated sili-
conorganic complexes could be formed in biologically connected liquids. "’
Also, proof of an existence of transition organosilicon complex, generated
during the cycle of the organism life was reported. It was confirmed that
hyper coordinated organosilicon compounds play an important part in assim-
ilation and transport of silica through biological systems. The existence of
such complexes can explain other questions concerning biogeochemistry of
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silicon, i.e., stability of dissolved silica in concentrated biological liquids,
biofractionation of silicon isotopes, and fractionation of germane from the
mixture with silicon. Organosilicon compounds containing pent coordinated
silicon can effectively increase solubility of silicon, transport this element
through tissues, and accumulate it in chosen utilization places.'"’
Considering the above mentioned rudimental information, it seems to be
advisable to elaborate methods of determination of this type of hyper coordinated
compounds. That is why the aim of our work was to obtain optimum data of sep-
aration and determination of two newly synthesized benzyl derivatives, which
belong to the group of ES-silanates: 1-[N-(phenylmethyl)aminiomethyl]spirobi
(sila-2,5-dioxa-4,4-dimethylcyclopentane-3-on)ate and 1-[N-(phenylmethyl)
aminiomethyl]spirobi(sila-2,5-dioxacyclopentane-3-on)ate.

EXPERIMENTAL
HPLC Analysis of ES-Silanates

Samples of 1-[N-(phenylmethyl)aminiomethyl]spirobi(sila-2,5-dioxa-4,4-
dimethylcyclopentane-3-on)ate and 1-[N-(phenylmethyl)aminiomethyl] spir-
obi(sila-2,5-dioxacyclopentane-3-on)ate (Figure 1)!'® were dissolved in
DMSO (HPLC purity, Fluka AG, Buchs, Switzerland); to obtain a concen-
tration at about 20 wg - mL ™', Analyses were performed at 326 nm and at a
temperature of 20°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).'”1 Dimensions of
steel columns were: RP Si-C;5-250 x 4.6 mm, RP Si-Cg and RP Si-NAF —
125 x 4.6 mm (Table 1). Two anhydrous systems of mobile phase were
applied: acetonitrile and dichloromethane.

The of ES-silanate compounds were prepared by the method described in
the literature (Figure 1).'®!

o (b) f
&CHB )H
o CH H T
H 3 0
Dol Do nizen—s!
CH;— N—CH,—Si- L BIN
2 ll' 2 | \

| \o H | o}
CH
o ° o}
Figure 1. Structures of: (a) 1-[N-(phenylmethyl)aminiomethyl]spirobi(sila-2,5-

dioxa-4,4-dimethylcyclopentane-3-on)ate, and (b) 1-[N-(phenylmethyl)aminiomethyl]
spirobi(sila-2,5-dioxacyclopentane-3-on)ate.
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Figure 2. Scheme of chemically bonded stationary phases: (a) octadecyl (RP Si-Cyg),
(b) octyl (RP Si-Cg) and (c) naphthylpropyl (RP Si-NAF).

1-[N-(phenylmethyl)aminiomethyl]spirobi(sila-2,5-dioxa-4,4-dimethyl
cyclopentane-3-on)ate: 13C NMR (DMSO-dg) 6 (ppm) = 26.6 (CH3), 27.3
(CCH3), 35.3 (SiCH,), 48.9 (NCH,), 127, 128.6, 128.9 (a, B, y-C), 177.7
(C=0). 'H NMR, & (ppm)''®, UV (DMSO): Apmax = 326, 354.5, 356.5,
457.5, 478 nm. *°Si NMR (DMSO-dg) 6 (ppm) = —94.3.

1-[N-(phenylmethyl)aminiomethyl]spirobi(sila-2,5-dioxacyclopentane-
3-on)ate: '*C NMR (DMSO-dg) & (ppm) = 28.5 (OCH,), 34.8 (SiCH,), 49.4
(NCH,), 127.1, 128.8, 129 (a, B, y-C), 179.8 (C=0). 'H NMR, & (ppm),-'®!
UV (DMSO): Apax = 326, 354.5, 359, 457.5 nm. >°Si NMR (DMSO-dy)
o (ppm) = —95.1

Apparatus

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

'H, 13C, 29Si NMR spectra were recorded on a Varian Mercury 400 MHz
in DMSO-de, with TMS as internal standard. The UV/Vis spectra were

Table 1. Characteristics of bonded phase

Stationary Type of Manufacturer Carbon con- Length of

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

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

Naphthylpropyl RP Si-NAF Home made 16.10 125 x 4.6
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recorded on a spectrophotometer DU-68 (Beckman, USA). The infrared (IR)
spectra were recorded on a Nicollet Magna-IR 760 in bromide of
potassium.H®!

RESULTS AND DISCUSSION

Results obtained during optimization of chromatographic separation are
collected in Table 2. In this paper are presented optimum data of chromato-
graphic separation and determination of two benzyl derivatives, which
belong to the group of ES-silanates: 1-[N-(phenylmethyl) aminiomethyl]spiro-
bi(sila-2,5-dioxa-4,4-dimethylcyclopentane-3-on)ate and 1-[N-(phenylmethyl)
aminiomethyl]spirobi(sila-2,5-dioxacyclopentane-3-on)ate. Two mobile phases
(acetonitrile and dichloromethane) in different flow intensity and three stationary
phases (octadecyl, octyl, and naphthylpropyl) were tested during this research.

Table 2. Chosen dependence k' for 1-[N-(phenylmethyl)aminiomethyl]spirobi
(sila-2,5-dioxa-4,4-dimethylcyclopentane-3-on)ate and 1-[N-(phenylmethyl)aminio-
methyl] spirobi(sila-2,5-dioxacyclopentane-3-on)ate from on type of stationary
and mobile phase. Chromatographic conditions: flow —1.0, 0.5 or 0.3 mL - min™ ',

wavelength —326 nm, temperature —20°C

Type of

stationary

phase “Mobile phase/ ki k5 a=Kk)/k}

RP Si-Cyg Acetonitrile/1.0 2.77 2.86 1.03
Acetonitrile/0.5 6.91 6.93 1.00
Acetonitrile/0.3 9.22 9.41 1.02
Dichlomethane/1.0 2.81 2.87 1.02
Dichlomethane/0.5 6.94 6.97 1.00
Dichlomethane /0.3 9.34 9.52 1.02

RP Si-Cg Acetonitrile/1.0 0.82 0.84 1.02
Acetonitrile/0.5 4.34 4.45 1.03
Acetonitrile/0.3 7.85 7.92 1.01
Dichlomethane /1.0 1.18 1.21 1.03
Dichlomethane /0.5 4.52 4.61 1.02
Dichlomethane /0.3 7.78 7.91 1.02

RP Si-NAF Acetonitrile/1.0 0.41 0.52 1.27
Acetonitrile/0.5 2.04 2.17 1.06
Acetonitrile/0.3 8.75 10.35 1.18
Dichlomethane/1.0 0.45 0.51 1.13
Dichlomethane/0.5 2.13 2.19 1.03
Dichlomethane /0.3 9.87 10.36 1.05

“In the table are presented only optimum data of separation of the analyzed
derivatives.
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Octadecyl stationary phase is commonly recommended as a standard
phase in numerous determinations performed by the use of HPLC. Different
compositions of water containing solvent mixtures caused only an elongation
of retention times (these results are not reported in the tables).

As results obtained on the octadecyl phase were not satisfactory, the octyl
phase was applied. But it also did not yield suitable separation of the analyzed
compounds. Retention times of analyzed compounds were similar for both
alkyl columns. When flow intensity was 0.3 mL - min~ ', retention time was
less than 20 min.

Then, the aryl (naphthylpropyl) column was applied. Usually, this type of
phase is designed only for determination of a specific group of compounds,
which contain an aromatic ring."®?°! In the chromatographic process
carried on with participation of such stationary phases and analyzed sub-
stances, interactions of 77— type are predominating. Due to these interactions
in numerous investigations, as well as in our work, good separation was
achieved.

The use of aryl phase shortened the retention times of analyzed
compounds by a half. Retention time of (benz.2) obtained due to the aryl
stationary phase, did not exceed 2 min when the flow intensity was
1 mL - min~ ! and as the mobile phase acetonitrile (100%) or dichloromethane
(100%) was used. Separation effects of the three stationary phases, which were
applied, were presented in Figures 3-5.

Optimum conditions of separation and determination of the two above
mentioned derivatives are shown in Table 2. It has been demonstrated that
the naphthylpropyl chemically bonded stationary phase is characterized by
the highest selectivity (o = 1.27). The best separation was obtained by the
use of pure acetonitrile as the mobile phase (Table 2, Figures 4-5).
Octadecyl and octyl phases were incapable of achieving satisfactory
results.

(a) (b)
- —a—benz.1 1 —e—benz 1
—e—benz.2 —mbenz?
0,5 1 0,5 1
< ]
£ 0 T T ml £ 0 T 1
Si-C18
-0,5 1 0,5 -
-1 - -1 4
Si-C18 Si-C8 Si-NAF

Figure 3. Effectof the separation of benz. 1 and benz. 2 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:
1.0 mL - min_ ', (b) dichloromethane (vol. 100%), flow rate: 1.0 mL - min~ ", detection
—326 nm (see Table 2).
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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 1-[N-(phenylmethyl)aminiomethyl]spirobi(sila-
2,5-dioxa-4,4-dimethylcyclopentane-3-on)ate and 1-[N-(phenylmethyl)aminiomethyl]
spirobi(sila-2,5-dioxacyclopentane-3-on)ate.

:

11401

—f

12818

STOP

Figure 5. A chromatogram of separation of the 1-[N-(phenylmethyl)aminiomethyl]-
spirobi(sila-2,5-dioxa-4,4-dimethylcyclopentane-3-on)ate (11.401 min), and 1-[N-
(phenylmethyl)aminiomethyl]spirobi(sila-2,5-dioxacyclopentane-3-on)ate (13.818 min)
on the stationary RP Si-NAF phase. Mobile phase: acetonitrile (100 vol. %); flow
—0.3 ml - min~!, wavelength —326 nm, temperature —20°C.
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CONCLUSIONS

Suitable separation of two analyzed derivatives of ES-silanates: 1-[N-(phenyl-
methyl)aminiomethyl]spirobi(sila-2,5-dioxa-4,4-dimethylcyclopentane-3-on)
ate and 1-[N-(phenylmethyl)aminiomethyl]spirobi(sila-2,5-dioxacyclopentane-
3-on)ate was obtained only when aryl column was used. The highest separation
factor («) was achieved by the application of acetonitrile as the mobile phase.
Analyses carried out on octadecyl and octyl stationary phases did not yield
desired effects.
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