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ABSTRACT

The synthesis of three novel a-aminophosphonic acid diesters N,N-dimethyl-[N’-
methyl(diethoxyphosphonyl)-(2-furyl)]-1,3-diaminopropane,p-[N-
methyl(diethoxyphosphonyl) -(2-furyl)]toluidine and p-[N-methyl(diethoxyphosphonyl)-
(4-dimethylaminophenyl)]toluidine through an addition of diethyl phosphite to N,N-
dimethyl-N'-furfurylidene-1,3-diaminopropane, N-furfurylidene-p-toluidine and N-(4-
dimethylaminobenzylidene)-p-toluidine, respectively, are reported.[1] The o-
aminophosphonates have been characterized by elemental analysis, IR and NMR ('H,
3C  and °®%'P) spectra. [2] The pharmacological importance and utility of
aminophosphonate derivatives have stimulated extensive studies on various aspects
of their chemistry and biochemistry: synthetic routes, structural and spectral
characterization and evaluation of their biological property.[3] The compounds were
tested for antiproliferative effects against 4 human leukemic cell lines, namely LAMA-
84, K-562 (chronic myeloid leukemias), HL-60 (acute promyelocyte leukemia) and HL-
60/Dox (multi-drug resistant sub-line, characterized by overexpression of MRP-1
(ABC-C1)) and were found to exert concentration dependent cytotoxic effects. A
representative aminophosphonate compound was shown to induce oligonucleosomal
DNA fragmentation which implies that the induction of cell death

through apoptosis plays important role for its cytotoxicity mode of action. 7

INTRODUCTION

Aminophosphonic  acid derivatives constitute an important class of
organophosphorus compounds on account of their versatile biological activity. The
generally low mammalian toxicity of these compounds makes them attractive for use in
agriculture and medicine. Numerous of them possess antifungal, pesticidal, herbicidal
and plant growth regulatory activity and are of particular interest for agrochemistry.
Aminophosphonic acids are structural analogues of natural a-aminocarboxylic acids,
and have been found to act as inhibitors of specific enzymes as HIV protease,
thrombin and human collagenaze, and to suppress the growth of various tumors and
viruses.*! Moreover, some aminophosphonic acids inhibit bone resorption, delay the
progression of bone metastases, exert direct cytostatic effects on a variety of human
tumor cells and have found clinical application in the treatment of bone disorders and
cancer.5l Polymeric aminophosphonate analogues are used as bone seeking
radiopharmaceuticals.

Among the numerous synthetic approaches to aminophosphonates, the addition of
dialkyl phosphites to Schiff bases in the presence of sodium alkoxide and Lewis acids
is the most convenient procedure.

Chemistry

The novel a-aminophosphonic acid diesters - N,N-dimethyl-
[N’-methyl(diethoxyphosphonyl)-(2-furyl)]-1,3-diaminopropane (4),
p-[N-methyl(dietoxyphosphonyl)-(2-furyl)]toluidine (5) and p-[N-
methyl(diethoxyphosphonyl)-(4-dimethylaminophenyl)]toluidine (6), were synthesized
through addition of diethyl phosphite to the azomethine bond of the Schiff bases N,N-
dimethyl-N'-furfurylidene1,3diaminopropane (1), N-furfurylidene-ptoluidine (2) and N-(4 -
dimethylaminobenzylidene)- p-toluidine (3), according to the Scheme 1.

The reaction was carried out using NaOC,H; and Cdl, as catalysts, as well as without
catalyst. The addition of the phosphite to the Schiff bases was controlled by IR
spectroscopy. In the presence of the catalysts the aminophosphonates 4 - 6 were obtained
in good yields for 3 h, while in the absence of catalyst the reaction time was longer — up to
8 h. The products 4 and 5 are oils and 6 is crystalline solid. They are soluble in methanol,
ethanol, benzene, chloroform.

The synthesized compounds 4 - 6 gave

R R HsCo0 HsC:O iy satisfactory elemental analyses, and
=N+ P _P_ _N._their molecular structure was confirmed
HsC,0" 3R HeC20 ‘c‘;\R( R by IR and 'H, 1°C and 3'P NMR
e e spectroscopy
The IR spectra of 4 — 6 showed the
1,4 R= /O\ , R'= —CH,CH,CHN(CHg), expected absorption bands at

3375-3306 and 1250 -1239 cm-',

2,5 R= @\ R @CHS which are attributed to NH and P=0
o

stretching vibrations, respectively
3,6: R= QN(CHa)Z, R'= @cm

Scheme 1

CONCLUSION

v The starting Schiff bases 2 and 3 and the a-aminophosphonates 4 - 6 were evaluated
for cytotoxicity against 4 human leukemic cell lines, including the multi-drug resistant
model HL-60/Dox.

v The cytotoxicity data obtained revealed that the Schiff base 2 and the corresponding
aminophosphonate 5 provided to be the most potent cytotoxic agents among the tested
compounds.

v It implies that the presence of both furyl and N-tolyl moieties is an important
prerequisite for optimal activity in these substances.

v The studied compounds were far less active as compared to the referent anticancer
drug cisplatin, except the aminophosphonate 5, which effect towards K-562 cell line was
comparable with the referent.

v The Schiff bases 2 and 3 and aminophosphonate 6 failed to exert any significant
antiproliferative effects against the sensitive cell line HL-60.

v The ability of these compounds to selectively inhibit MRP-1 expressing HL-60/Dox
indicates that they could be considered as promising leads for further development of
agents active in chemotherapy refractory malignant disease.

v'The compound was shown to induce oligonucleosomal DNA fragmentation which
implies that the induction of cell death through apoptosis plays an important role for its
cytotoxicity mode of action.

v Taken together the biological data give us reason to consider the presented Schiff
bases and a-aminophosphonates as a novel class of antiproliferative agents. The
observed collateral sensitivity of multi-drug resistant cancer cell lines and the
established activity of a representative compound to trigger apoptosis at sub-cytotoxic

Pharmacology

The Schiff bases 2 and 3 and the aminophosphonates 4-6 were assessed for

cytotoxicity against a panel of cell lines representative for some important types of human
leukemia including the multidrug-resistant model HL-60/Dox. All compounds exerted
concentration - dependent antiproliferative effects after 72 h exposure which enabled the
construction of concentration-response curves and the calculation of the corresponding ICs,
values summarized in Table 1.

Cells IC,, value (uM)2

line 1 2 3 4 5 Cisplatin
LAMA-84° 39.9| 251.9 [>400.0| 71.2| 119.4 18.2
K-562° 209 | 2129 | 3529| 229 | 424 25.7
HL-60° >400.0 | >400.0 | 163.4| 74.8 | >400.0 7.8
HL-60/Dox°¢ | 68.6 2261 | 190.0 | 1152 | 107.2 145

Table 1. Comparative cytotoxic activity of compounds 2-6 vs. cis - DDP in a panel of
tumor cell lines after 72 h (MTT-dye reduction assay).

As evident from the cytotoxicity data the Schiff base 2 and the corresponding
aminophosphonate derivative 5 proved to be the most potent cytotoxic agents,
which implies that the presence of both furyl- and N-tolyl moieties is an important
prerequisite for optimal activity for these compounds. All tested compounds were
generaly less active as compared to the referent anticancer drug cisplatin,
although compound 5 showed superior activity against K-562 cells.

The level of internucleosomal DNA fragmentation, a key feature of apoptotoic cell
death after 24 h treatment with varying concentrations of the newly synthesized
aminophosohonate compound 5 is presented in Figure 1.

* As evident from the results obtained, the
[ ] exposure of LAMA-84 with the tested
agent evoked concentration-dependent
increase of the proportion of apoptotic
cells as evidenced by the enrichment of
cytosole with oligonucleosomal DNA-
fragments. These data unambiguosly
indicate that the induction of apoptosis
0 - . plays crucial role in the cytotoxic mode of
¢ 23 50 100 200 action of the aminophosphonates under
Concentration yM investigation.
Figure 1

levels suggest that these compounds necessitate further more detailed pharmacological
evaluation. V
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CUMYNALMU HA ENEKTPUYHMU NONETA U AN3AUH HA
KOJIEKTOPU 3A ENNEKTPOOBJIAKHABAHE

A. ToHuyeBa, K. Pawkos*, [1. MaHeBsa, H. MaHonosa, (Trom e o
JNla6bopaTopus 6MONOrMYHO aKTUBHM Nonumepu, UHCTUTYT No nonumepwm,
Bbnrapcka Akagemua Ha Haykute, 1113 Cocusa

EnekTpooBnakHsBaHETO € BbPXOBa TEXHONOrMs 3a noriydaBaHe Ha MMUKPO- M HaAHOBAKHECTU MaTepuanmu.
Knacuuyeckata nabopaTtopHa anapaTypa BKflOYBa TPU OCHOBHM efleMeHTa: U3TOYHMK Ha BUCOKO HarpexeHwue,
pesepBoap (cnpuHuoBka c¢ kanunapa)) u kKonektop!™, BBPXY KOWTO ce oTnaraT nosfyYeHUTe BrlaKHa.
PasnpeneneHneTo Ha NPUIIOXEHOTO €NIEKTPUYHO norie e KN4YoB (pakTop 3a HACOYeHOTO OTNaraHe Ha BrakHaTa,
3a TAXHaTa camMoopraHusauusiTa B CHonose unu npexau. Llenta Ha uscnenBaHeTo e TEOPEeTUYHOTO NpeAcKasBaHe
Ha eNeKTPUYHOTO NoJie B anapaTypu C pasnuyeH Au3anH U CpaBHEHMETO C eKCnepuMeHTanHuTe pesynTtaTu, 3a aa
ce HamepSAT YCNoBUATa 3a NosflyyaBaHe Ha HAHOBMIAKHECTU MaTepuaniu ¢ xefnaHa Mopdonorusa u opraHmsaums.
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NMobunu3rpane Ha ypeas3a B XMOpUIHU T'eJI0BE KOHCTPYUPAHU OT PO
OT MOJH (2-XUAPOKCU-ETUIIEH METAKpUJIAaT) U OOBUBKA OT MOJIU (€TUIICHOB OKCH])

J1. XKenesa!, IT. ITetpos!, X. LIperanos', 5. Tonanosa?, P. JlumMkoB?

1. JTabopatopus [Tonumepusarmonnu npouecu, MucucryT no noaumepu, BAH
2. Karenpa “O6mia u npuioxsa xuapoduonorus”, buonorndecku paxynrer, CY “Cs. Knument Oxpuacku”

1.YBog
VYpeasure ca MHUPOKO PA3MPOCTPAHEHHU B MPUPOATa CH3UMH, KOUTO KaTAIM3UpaT XUAPOIN3aTa Ha ypes 10 aMOHSIK U BbIIIEPOJIHA
KucenuHa. Te3u eH3MMHU HaMHPAT MPUIOKEHHE KaTo OMOCEH30pH B MEAUIMHATA, XPaHUTEIHO-BKYCOBaTa IPOMHUWIEHOCT, CTPOUTEIICTBO
u ap. 3a Ja ce ONTUMHU3HPA U3IOI3BaHETO UM € He0OX0ANMO f1a ObIaT UMOOMIN3HPAHH.
HacrosmioTo u3cienBane npeacTapsi u3pab0OTBaHETO Ha OPUTHHAIICH METOJ] 332 HCKOBAJICHTHO MMOOWIN3UPAHE Ha ypeas3aTa u
e(heKTUBHOCTTAa MYy Ha 3aJbpKaHe.

2.CtpaTterus

2.3. Mop¢oJiorust Ha NOJTyYeHUTE
2.1. ITonyyaBaHe Ha OMOXUOPHIAHU Tresl0Be
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Q@uzypa 1. CxeMaTHYHO NpeJICTABSIHE HA MPoLeca HAa UMOOUIH3MPAHE HA eH3MMa ypeasa B
HOCHTEJHU OT NoJu (2-xuapokcuerns merakpuiat) (MXEMA) : a — pasrBop Ha ypeasa (1,5

Mmr/mi); 6 — uMOOMIM3UpaHe Ha eH3UMHUTE MoJeKyu B NXEMA kpuoren; B — GHOXUOpuaeH
rein

ITEO o6BuBKa SAnpo or nXEMA

2.2. llosryuaBaHe Ha XHOPH/EH reJl OT BH/IA SIAPO-00BMBKA

1) IIEO
3% pa3TBOp

O0OBHBKA

XuOpuaeH reja oT Buaa
S1Ip0-00BUBKA

Buoxudpungen rexa

@uzypa 3. CEM crumka (a) n  dotorpadceka
cHHMKa (6) Ha XHOPHIEH T'ell OT BUAa SAPO-00BHBKA

@Duzypa 2. CxeMaTHYHO NpPeACTABSIHE HA NMPOleca HA 00BUBaHe HA OMOXMOPHUIHUTE AAPa OT
nXEMA kpuore ¢ 06BuBKa 0T 101 (eTujieHoB okeua) (ITEO) xuapored.

3. PesyaraTu
Onpenemme CTeneHTa Ha 3a/IbpKaHe

Ta6mua Ne 1.  ExcriepuMeHTalIHH YCIOBHS 3a MOTy4YaBaHe .

Ha [1EO o6BuBKa

Bapuant

Crenen ya 3ybpaane, Yo
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BapuanT Ha XUOpMAHMS TeJl

@uzypa 4. EQexTUBHOCT Ha 3a/IbpKaHe HA ypeas3a

Ha ypeasa
3a 1a ce onpeney KOIMYeCTBOTO Ha CH3UMA,
KOWTO € NpeMUHaJI Ipe3 0OBUBKATa CE U3I0JI3Ba
MeTto1a Ha KoueToB 3a 6eNThYHO ChABPKAHHE.
IpenBapuTeIHO KbM BCsIKa po0a ce mpudaBs
peakTHB Ha BeHeMKT, B pe3ylTaT Ha KOSTO ce
T0JTy4aBa CHHbO OLBeTsBaHe. M3mepBa ce
abcopOrmsaTa Ha BCAKa IpoOa NpH JbJDKHHA Ha
BbaHaTa 330 HM ¢ Beckman Coulter DU 800
criektpodporomersp. OT HHTEH3UTETA HA
a0copOIMATa C HOMOILTA HAa CTAaHJaPTHA [IpaBa
ompezessiMe KOMMYECTBOTO Ha CH3MUMa.

TOJIEMHWHA Ha KyXWUHUTEC.

4. U3Boan

* MakponopecTuTe KpHOorenoBe ca MOAXOSIIN 3a UMOOHII3upaHe Ha OM000eKTH, OnarogapeHie Ha TIXHaTa HHEPTHOCT, BUCOKA MOPHO3HOCT U

» Hamepenu ca ycinoBust, npu kKouto ooBuBkata ot [IEO-xuaporen ycnemHo 3a1bp>ka CH3UMHATE MOJICKYJT HMOOWIM3HPaHH B AapaTa oT IXEMA

KpHTel, KaTo OCUTYpsiBa CBOOOJHO nuyHANpPaHE HA CyOcTpaTa M KpalHIS IPOAYKT HA PEaKIUsTa.
* [TomyuennTe XUOPHIHY TEIOBE MOTAT Jja CE M3IMOI3BAT KaTO MHANKATOPH 3a 3aMbPCSBAHE HA BOJHU IIPOOH C TEKKH METAIIH.

obacTTa Ha MoJMMepHaTa XUMusl, HPU3UKa U HHKEHEPCTBO”
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PROTON CONDUCTING SEMI-INTERPENETRATING NETWORKS
BASED ON POLYBENZIMIDAZOLE AND CROSSLINKED POLYACIDS

D. Budurova, V. Sinigersky, St. Shenkov
Institute of Polymers, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

Introduction

Interpenetrating polymer network (IPN) is an assembly of interpenetrating networks of two crosslinked polymers, which could have or not chemical interaction, but at least one of them is
synthesized and crosslinked in presence of the other [1]. If only one component of the assembly is crosslinked, the system is termed as a semi IPN. Depending on the synthetic approach,
nature of the components and many other factors, IPN can be classified into defferent categories. Generally this is a suitable combination of crosslinked polymer whith another polymer in
linear or crosslinked (network) form. These materials exhibit specific properties as improved solvent resistance, high water uptake, good thermal and mechanical properties, etc.

The direct methanol fuel cells (DMFCs) are promising energy conversion devices due to their high energy efficiency, stable and simple operating conditions at a relatively low temperature,
and no requirement of fuel reforming process [2-3]. The proton exchange membrane (PEM) is one of the most important components in DMFC. The PEMs with high proton conductivity have
huge potential in DMFC applications. The main aim of this study is to obtain the PEMs with high proton conductivity and low methanol diffusion coefficient for DMFC applications. To
achieve this objective two acids - the cheap and easily available 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) and vinylphosphonic acid (VPhA) were introduced into the PBI
matrix. By introducing AMPS/VPhA the proton conductivity of membrane would be improved greatly due to the superior ability of sulfonic acid /phosphonic acid groups originated from
AMPS /VPhA in supporting proton conduction. By crosslinking, the water swelling and methanol diffusion could be restricted and stability of membranes can be enhanced owing to the
formation of compact network structure.

Preparation of porous PBI films

Preparation of porous PBI films from a dry PBI foil

A dry PBI foil (cast from dimethylacetamide solution) was swollen in a bath containing 70-85% phosphoric acid.
After achieving the desired degree of swelling, the film was washed in deionized water. In this way a porous

PBI membrane, containing up to 60 wt.-% water can be prepared.
Parameters varied:

- Bath composition

- Conditions of swelling (time, temperature)

- Weight uptake - up to 1000% (usually 300-900%)

Preparation of porous PBI films from phosphoric acid doped PBI ( Celtec P® membrane- trade mark of BASF FC)

The membrane is calandered to the desired thickness(100-200 um) and was washed in deionized water. The result is porous film

containing up to 80 wt.-% water.
Parameters varied:

- Film thickness

- Water content

H
N N
+ O
N N
H

Polybenzimidazole (PBI)

Calandered CeltekP® membrane

Preparation of s-IPNs- membranes containing water insoluble phosphonic and sulfonic acid groups

The present s-IPNs are prepared using a two step simultaneous technique: the polyacids are synthesized in situ from the monomers (VPhA, AMPS) and simultaneously crosslinked within

the PBI matrix.

1. Membranes, prepared by polymerization /crosslinking of VPhA in a
porous PBI film

2N PO,H,  vPhA

Mixture containing VPhA, 2,2’-Azobis( methylpropionamidine) a initiator system,
triallyl-s-triazine-2,4,6 a crosslinking agent and water were stirred continuously until
a transparent solution was obtained. Then porous PBI film was immersed in the solution
for 2 hs.

In this way the water in the porous film was replaced by the reagents of the mixture.
The resulting film was placed on a glass substrate and dried in vacuum. The
polymerization was carried out by UV irradiation.

Parameters varied:

- Bath composition: (monomer- 60-90 wt.-%; initiator-0,5-3 wt.-%;

crosslinking agent- 2-5 wt.-%)

- Polymerization/Crosslinking conditions-(irradiation time and temperature)
Applying this procedure dense and homogeneous membranes of good quality with
PBl/water insoluble crosslinked acid ratio from 1:2 to 1:3,5 were prepared.

CH NH

’ CH,| ° .2HCI
HN _N
N NH
CH,

NH,

2,2’-Azobis( methylpropionamidine)

2. Membranes, prepared by polymerization/crosslinking of VPhA/ AMPS in

a porous PBI film
H
N
/\’( >(\803H AP

O H,C CH;,

Mixture containing 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) , 2,2’-Azobis
(methylpropionamidine) as initiator system, trimethilolpropan-tri(vinylphosphonic
acid)ester as crosslinking agent and water were stirred continuously until a transparent
solution was obtained. Then porous PBI film was immersed in the solution for 2 hs.

In this way the water in the porous film is replaced by the reagents of the mixture.

The resulting film was placed on a glass substrate and dried in vacuum. The
polymerization was carried out thermally for several hours.

Parameters varied:

-Bath composition: (monomer- 10-25 wt.-%; initiator-0,5-1,5 wt.-%;

crosslinking agent- 1-3 wt.-%)

-Polymerization/crosslinking conditions-(time and temperature)

Applying this procedure dense and homogeneous membranes of good quality with
PBl/water insoluble crosslinked acid weight ratio from 1:1,2 to 1:3,2 were prepared.

O
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trimethilolpropan-tri(vinylphosphonic acid)ester

O

o-T =

triallyl-s-triazine-2,4,6 )

Proton conductivity and mechanical properties measurements as well as long term stability determination are in progress.
Conclusion: Membranes based on PBI were modified by the introduction of crosslinked PVPhA and crosslinked PVPhA/PAMPS which were prepared by in situ polymerization. The additional
acid groups into the PBI should increase the proton conductivity and decrease the methanol permeability. It is believed that semi-IPNs could be a good material for DMFC.
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STATE OF CURE MEASUREMENTS BY DIFFERENT TECHNIQUES IN ELASTOMERIC MATRIX COMPOSITES
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Abstract

In this study we look for: quantify the state of cure by different technigues (chemical; mechanical; thermal; spectroscopic); Comparison among the used experimental methods for measuring state of cure is made by choosing the following criteria:
destructivity, need of specific sample geometry, reversion detection, error and timing; validating the numerical simulation with experimental results.; validating the numerical simulation with experimental results. As a first step test sheets were obtained from
tested rubber-based compound. Different methods (DSC, NMR, mass swelling, tensile test, compression set test, relaxation, hardness, shear stress) were used to quantify the state of cure experimentally. The same techniques were applied for obtaining the
state of cure in a thick part obtained from the tested compound. Then the results for the thick part were correlated with the results for the test sheets obtained by rheometer. Finally is made a comparison among the used methods by several criteria. Also
numerical data obtained for evolution of state of cure in the thick part is compared by special software with the experimental data.

Introduction

The state of cure at the end of rubber parts moulding determines the essential of the parts properties [1]. Rubber material mainly consists of long polymer chains. In the uncured state, under mechanical stress, relative chains sliding is possible: the material
has a plastic behaviour. After vulcanization, in the cured state, a three-dimentional chains network is created. Chemical cross-links between the chains prevent them from relative sliding : the material has an elastic behaviour [2]. There is, therefore, a strong
dependence of the mechanical properties with the cross-link density during the vulcanization process [2].

B. Bluemich [3] uses NMR and swelling methods for determining the cross-link density. In his study he observes that with increasing curing time, cross-link density increases as the cross- linking reaction proceeds leading to a decrease in T, and the
degree of swelling. Some rubber types show reversion, i.e. a decrease in the shear modulus at high curing times due to chain scission starting to dominate cross- linking. For measuring the state of cure Richard J. Pazur [4] uses in his study several
methods- NMR, tension test, swelling method, compression set and hardness tests. In our study we use a great number of methods (DSC, NMR, mass swelling, tensile test, compression set test, relaxation, hardness, shear stress) for measuring the state of
cure distribution in elastomeric matrix composites. El Labban et all [5] have developed a simulation tool that predicts and controls the temperature and the state of cure distribution within thin-section rubber parts. The heat transfer model was experimentally
validated. The curing kinetic model was validated qualitatively by the location of vulcanization front (dividing the surface between vulcanized and unvulcanized materials). The purpose of the present paper is: to quantify the state of cure by different
technigues (chemical, mechanical; thermal; spectroscopic); to compare the used experimental methods for measuring state of cure by choosing the following criteria: destructivity, need of specific sample geometry, reversion detection, error and timing; to
validate the numerical simulation with experimental results.

Experimental

The tested compound is natural rubber based reinforced with carbon black and sulfur vulcanized. From the compound were vulcanized two thick parts (sample A and sample B) with two different curing times giving two different state of cure distributions in
the part’s thickness. For characterization of the composite vulcanization properties is used rheometer type RPA2000 with moving die . The frequency is 1,66Hz and angle 0,5° (standard setup conditions) . Rheometer specimens were prepared at different
temperatures (130°C, 140°C, 150°C, 160°C, 170°C). Test sheets were cured for different curing times (test sheets thickness 2mm) in order to obtain different state of cure for temperatures of 140°C and 170°C. The sheets were immediately put in ice cold
water in order to freeze the state of cure. The curing temperature was measured and saved by using thermo-couples on the press form boundaries. The state of cure values of the test sheets expected by the rheometer measurements were calculated and
correlated by a finite element software in order to take to consideration the increasing of state of cure during cooling. Mass swelling was carried out for 72h until equilibrium using ambient temperature according to 1ISO 1817. As a solvent is used
cyclohexane. The chemical cross-link density (1/2Mc) was calculated using the Flory-Rehner [5] equation. Simple stress-strain tests were made by using dynamometer and rate of 500mm/min. Compression set is measured in agreement with ISO 815-1 for
72h and 25% deformation. For measuring shear stress is used apparatus MetraviB for ambient temperature and frequency 5Hz for different level of deformation. Hardness is measured by using two different methods- Shore A and IRHD. Relaxation test
data was carried out in accordance with ISO 2285 for 24h and 200% deformation for ambient temperature and temperature of 70°C. A wide line NMR-MOUSE (MObile Universal Surface Explorer) spectrometer was used to collect the relaxation data. For
performing DSC-test is used apparatus DSC METTLER TOLEDO. To obtain the simulation of state of cure distribution in thickness of sample A and sample B is used special software called COMSOL.
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1. Comparison between different experimental methods
The normalized properties as a function of state of cure, measured by the different methods (for the test sheets) are shown in fig. 1 and fig. 2. The property values are
increasing with the state of cure measured by the methods of hardness and elongation modulus. Exactly the opposite is the dependence for the values measured by the
methods of NMR, DSC, compression set, relaxation and swelling. DSC and compression set are decreasing linearly. For shear modulus can be observed 3 stages- first the
values of the property are rising slowly with the state of cure, after we have section with constant values an third rapid increasing of the property values, the measurements
were made only for one sample for each state of cure. This must be completed with more measurements in order to have accurate results. Table 1 shows the comparison of
the used methods by several criteria.

Normalized property
i s e s T s Y e Y e Y s Y s
= [N LW T~ 00 D

i e MR

0 0,2 0.4 06 0.8 1
State of cure (by rheometer at140°C)

Table 1 Comparison of the used methods

Figure 1. Normalized properties as a function of state of cure measured by:

DSC, mass swelling, relaxation, compression set and NMR tests Method Destructivity gseﬂﬁ?gfyﬂr?eﬂégfd EE\:EEIDH Error | Timing
elecuon
1 - DSC Destructive Mot needed Don't detects /-7 30 min
1=='__.~ 0.9
m u NMR Mot destructive | Not needed Detects \\ 1min
E 0,7
= gg Mass swelling Destructive Mot needed Detects \\‘ 7Z2h
9 0,
|
= 33 Tensile test Destructive Needed Detects ‘\‘ 1 min
E DIE p - F*IDI‘,r.(Hardnesle'.HD}
S gy gl B e ohia Compression set | Destructive Not needed Don't detects N\ 72h
x ' ' ' ' test
: e i o e 1 Relaxation Destructive MNeeded Don't detects \ 24h
State of cure (by rheometer at140°C) : :
Hardness Destructive Not needed Detects ‘\‘ Tmin
Figure 2. Normalized properties as a function of state of cure measured by: Shear stress Destructive Not needed Don't detects /,, Ih
Hardness, shear stress and tensile tests.

2. Comparison between numerical and experimental results
The results from the comparison of the measurements obtained by using different techniques for the thick part are displayed in fig. 3 and fig.4. There was also made a numerical simulation of distribution of the state of cure in the tested thick part. We have
always the same evolution of the curves — from the borders to the center the level of vulcanization is decreasing and unvulcanized center. In one of the borders we have reversion. In fig. 3 and fig.4 is also observed that numerical and experimental data have
close values which makes the numerical prediction of distribution of state of cure reliable. The curve obtained by using swelling method has the closest values with the numerical results compared to the other used methods. Unfortunately the results are
obtained with different error for the different methods and it is hard to be determined which one is the most precise. But in general can be said that we have good correlation between numerical and experimental results.
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Figure 3. Comparison between numerical and experimental Figure 4. Comparison between numerical and experimental
results for the thick part (sample A) results for the thick part (Sample B)

Conclusion

1. Different methods (chemical, mechanical, thermal and spectroscopic) were applied successfully for measuring the state of cure in the test sheets.
2. Some of the mechanical methods (shear stress, stress-strain, compression set and relaxation) are not suitable for measuring the state of cure in thick parts.
3. From the comparison of the methods used in this study according to some criteria, it can be concluded that:
-all of used methods are destructive except for NMR;
-DMA(shear stress) and DSC gives high values of error and don’t detect reversion;
-for relaxation and tensile test is needed a specific geometry of the specimen;
-NMR, mass swelling, tensile and hardness test gives reliable results for measuring the state of cure in rubber parts.
4. A good correlation has been found between numerical and experimental results which give the possibility to make a reliable prediction on the distribution of state of cure in thick parts. Mass swelling method gives better results than other methods.
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Tuning of the Surface Biological Behavior of Poly(L -Lactide)-Based
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[NSrimueor ParvfERS

THE AIM of the study is modification of the surface biologi cal behavior of electrospun textiles based on poly(L- lactide) (PLLA)
using the polyelectrolyte complex formation tool. T his is achieved by consecutive deposition of N-carboxyethylchitosan (CECh)
and poly(ethylene oxide)- b-quaternized poly[2-(dimethylamino)ethyl methacrylat e] (PEO-b-PDMAEMAQ100) on PLLA or PLLA/

poly(ethylene glycol) micro- and nanofibrous material s.

CH
CH,CH,COONa CHs
! CHgo{CHTCHijLnsCHZ)Z*O*(‘F*(‘Z{CHz*(‘:(CHa)};Br

OH OH
NH NH
—PO—CH—(": HO ~ o d Ho ~ o} d POE-b-PDMAEMAQLO0; p=114,¢=119
o" OH OH

) /\ M, (POE-block) = 5 000 g/mol [ +
COCH;3 Hz(‘l (‘:HZ M,(PDMAEMA-block) = 18 700 g/mol (CH)N(CHg)sl™
CECh M, /M, =1.27
M,, = 670 000 g/mol NaOOCH,C CH,COONa w ' ¥ln
PLLA/PEG
CECh POE-b-PDMAEMAQ100

water water

water/

water/
ethanol

ethanol

Lpore =370 =70 nm Lpore =240+ 50 nm Lpore =120+ 30 nm Because of the high hydophobicity of

mee =160 + 40 nm Dpore =120+ 30 nm Dpore =100 + 20 nm PLA mats water/ethanol mixed solvent

48 pores/ 9 pm?2 22 pores/ 9 pm?2 1R naree/ O 1m?2 (1/1 viv) was used for preparation of the
coating solutions.

[C-HIC-C)/[C-0)/[0=C-OJ/[C-N] =

[C-HIC-C)/[C-O)/[0=C-O)/[C-N] = 43/19/26/12

[C-HIC-CJ/[C-0)/[0=C-O] =
47/25/28

The developed approach
for coating of PLA-based
materials is a suitable one
as evidenced by the
presence of a C-N peak in
the C 1s XPS spectra of
the coated mats.

290 280 290 . 290
Binding Energy (V) Binding Energy (V) Binding Energy (eV)

Behavior of the
(non)coated mats in
contact with blood
cells.

Behavior of the

(non)coated mats
in contact with
S. aureus

CONCLUSION: The preparation of a coating from CECh( crosslinked) or CECh(crosslinked)/PEO- b-PDMAEMAQ100 complex is a feasible route for
modification of the surface properties of PLLA and PLLA/PEG electrospun materials. Coating with CECh(cr  osslinked) leads to the preparation of novel
materials, which are characterized by good compatib ility with the blood cells and reduce the adhesion of pathogenic microorganisms. These materials
can find potential applications in tissue regenerat ion. The preparation of a CECh(crosslinked)/PEO- b-PDMAEMAQ100 complex coating imparts
haemostatic properties to the PLLA and PLLA/PEG mat  s. In addition, the PEC coating reduces the adhesio  n of pathogenic microorganisms. Thus, the

PEC-coated PLLA and PLLA/PEG mats are potential can didates for wound healing applications.

Refs: Yancheva E., Paneva D., Manolova N., Mincheva R., Danch ev D., Dubois Ph., Rashkov _ I. Tuning of the Surface Biological Behavior of Poly (L-Lactide)-Based

Electrospun Materials by Polyelectrolyte Complex For mation. Biomacromolecules 11: 521-532 2010. m
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Polymeric Protective Agent for Radiotherapy of Cancer
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Introduction: Poly(oxyethylene H- phosphonate)s are especially attractive materials because of the relative easiness of their preparation from commercially available
building blocks, the variety of molecular weights attainable, and the relatively narrow molecular weight distributions of the polymers formed. Poly(oxyethylene H-
phosphonate)s are quite promising for biomedical application because of their biodegradation and low citotoxicity. Amifostine (S — 2- [(3- aminopropyl)amino]ethane - thiol
dihydrogen phosphate ester; WR2721) is a radioprotective agent used clinically to minimize damage from radiation therapy and to protect normal tissues. WR2721 is, in fact,
a pro- drug which must be dephosphorylated by membrane- bound alkaline phosphatase to the active metabolite, 1- (3- aminopropyl)aminoethanethiol (WR1065).

The purpose of this study: The synthesis and characterization of polymer complexes constructed from the radioprotective agent WR2721 and biodegradable
poly(oxyethylene H- phosphonate), poly(hydroxyoxyethylene phosphate), or poly(methyloxyethylene phosphate) via an ionic bond, and physical complexation, respectively.
The structure of the complexes formed is elucidated by 'H, 13C, 3'P NMR and FTIR spectroscopy.

P

Synthesis of radioprotective agent:
Amifostine (S — 2- [(3- aminopropyl)amino]ethane- thiol dihydrogen
phosphate ester; WR2721)

NH,CH,CH,CH,NHCH,CH,OH + 3HBr — > 2HBr.NH,CH,CH,CH,NHCH,CH,Br
-H20

H,0

2HBr.NH,CH,CH,CH,NHCH,CH,Br + NaO—II’—ONaﬂ

ONa
[0}

NHZCHZCHZCHZNHCHZCHZ—S—I]’—OH<—
HO

Immobilization of WR2721 onto polyphosphoesters:
Product P5 - WR-2721 was immobilized onto polymer 1 via
hydrogen bonding.

Product P6 - WR-2721 was immobilized onto polymer 2 via
electrostatic interactions.

i
FI’—OH .2H,0
OH
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Table 1. Radioprotective Efficiency of WR-2721 Polymer Complexes in

Mice Exposed to 8.5 Gy (LD100/14) Gamma Radiation

Synthesis of polymer carriers:

Polymer P1 - the precursor poly(oxyethylene H- phosphonate) was obtained via
polytransesterification of dimethyl H phosphonate with PEG 600

Polymer P2 - poly(methyloxyethylene phosphate) was obtained from Polymer 1
and methanol via the Atherton- Todd reaction

Polymer P3- poly(hydroxyoxyethylene phosphate) was obtained from Polymer 1

and water via the Atherton- Todd reaction

120-140 °C
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= 3
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i i
CH,0—P o—<CH20Ho P—OCH; ~—
| 13
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Scheme 1. Survival of 10 Gy irradiated MEF ligd+/+ cells in the
presence of WR-2721 and its polymer complex

Conclusions

< The product of practical interest is the
immobilized of WR2721 onto poly
(hydroxyoxyethylene phosphate) via ionic bond,
which possesses the highest protective activity

Equivalent 30-day MST:  PF Tl Pl a8
Compound dose of WR-2721 survival, % days

mglkg  mmolkg

POEP(OCH,)- 50 0.20 30 16.3 1.30 7.34
WR-2721

100 0.40 80 19.5 1.80  5.656 1017

Surviving fraction

200 0.80 70 213 1.70 9.60

POEP(OH)- 50 0.20 50 14.8 1.50

200 0.80 20 26.0 1.90 17.78

WR-2721 50 020 30 121 130 537
100 0.40 40 16.3 1.40 413 5.78 -
200 0.80 50 220 150 6.20

Control group - - 0 107

(20 mice)

. . . . ate
.4 . .4 X . 008
. .. B X 7 aos
. . . 14.04 a4
WR-2721 Fwnn. l[\
100 0.40 50 183 150 936  14.04 o ? -
a0 N
ouM 20uM 100 ubd 00 uM

Do
I \wEF ligd+/+ cells, 10 Gy with WR-2721

MEF lig4+/+ cells, 10 Gy with polymer complex Operational

(Pl - 17.78) and low toxicity (TI- 9.36).

< The clinically approved radioprotectors WR
2721 could be successfully immobilized on
poly(hydroxyoxyethylene phosphate).

< The polymer dug complexes show significant
radioprotection efficiency by comparison with the
basic components.
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[lonyyaBaHe Ha NONMMMEPHM HaHoyacTuum oT amdudunnHmu nonu(CTMpeH-cb-AneH)-on-nonnetep ONOKOBM CbLNONMMMEPU CbC
ctabunmnamnpaHa mopdonornsa. acnegBaHe Ha Bb3MOXXHOCTUTE 3a NPOMSAHAa B CTPYKTypaTta (34p0/KOpoHa) Ha YacTuuuTte B XKenaHa
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N3cnepBaHa e 3aBucuMMoOcCTTa Ha dopmarta M pasmMepuTe Ha YacTuuure OT HayuMHa Ha nosiydaBaHeTo UMM, BuAa Ha W3MOn3BaHUS pa3TBOPUTENT KakTO M CbCTaBa Ha
cbnonumepa. [leMoHCTpUpaHn ca Bb3MOXHOCTUTE 3a obpbllaHe CTpykTypaTa (SApo/KOpoHa) Ha YacTuumuTe B XKenaHa nocoka, ype3 gobaBsHe Ha Noaxodsill, CenekTUBEH
pa3TBopuTen. CtabununampaHe Ha NMornyyYeHUTe CTPYKTYPU € OCbLUECTBEHO Ype3 obnbyBaHe Ha NONMMMeEpPHUTE pas3TBopu ¢ YB cBeTnnHa B NpUchbCTBUE Ha POTOMHMLIMATOP
VI V-ITbYM.
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Fig. 2a. Pure epoxy
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Fig. 2b. 0.03 wt% MWCNTs

Fig. 2d. 0.3 wt% MWCNTs
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