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(724.6-711,4 eV), a-FeOOH (724.5-711.0 eV) and KFeO2 
(724.6-711.3 eV)5 having Fe3+ ions in the lattice. After the 
lithiation, Fe 2p core lines become sharper considerably and 
shift to lower B.E. region by~l eV (723.3-710.2 eV). The 
lowering of B.E. means the decreasing in valence state, from 
Fe3+ to Fe2+ in this case. The B.EJs of Fe 2p electrons in 
LiFeMoO4Cl also coincide with other Fe2+-containing com
pound such as FeO(723.8-710.3 eV)5. The B.E.of core level 
electrons of other elements in FeMoO4Cl(^., molybdenum, 
oxygen and chlorine) are not changed after lithiation. That is, 
intercalated lithium ions selectively reduce Fe3+ to Fe2+ 
rather than Mo6+. Generally the XPE spectra of paramag
netic Fe 2p levels are highly complex and have many satellite 
peaks with main XPE lines (FWHM = 3.3 eV for Fe 2力龄)， 

which are the characteristic feature of 난le compounds with 
3^-group transition metals6. The existence of complex satel
lites in 나】e Fe 2p spectra confirms that Fe3+ and Fe2+ are in 
high-spin state with 5 and 4 unpaired electrons, since no 
shake-up satellite peaks could be expected for the diamag
netic ions like Fe2+(^6^°) with low spin state.

B.E.'s of Mo 3知 and "咽 electrons for FeMoO4Cl and 
LiFeMoO4Cl are measured as (235.4 ± 0.1)eV-(232.2 + 0.1) 
eV, respectively, which are almost the same as those of other 
Mo6+ species such as MoO3<235.6-232.5 eV>, CoMoO4 
<235.0-231.8 eV>, Al2(MoO4)3<235.8-232.7 eV >and Fe2 
(MoO4)3 < 235 3 232.2 eV〉章.XPE lines for 0 1^(530.3 士 

0.1 eV) and Cl 2力(198.2 ±0.1 eV) in FeMoO4Cl and 
LiFeMoO4Cl are not changed as expected. Due to the 
broadening of Li Is line with long tail toward high B.E. 
region by overlapping with other lines such as Fe 3p and Au 
5代 and moreover with complicated satellites, the exact B.E. 
of Li Is line could not be measured.

In summary, it has been confirmed that ferric ions in 
FeMoO4Cl are selectively reduced to ferrous ions upon 
lithium intercalation with a decrease of crystal symmetry 
from tetragonal to monoclinic(LiFeMoO4Cl). From the mag- 
netic and XPS data along with X-ray structural analysis, it 
has been concluded that high spin configuration of Fe2+ 
(电％跄匕7碧勺I?), corresponding to 3Eg ground term in D4h 
symmetry, can be stabilized by the elongation of FeO4ClCr- 
distorted octah은dra in a weak ligand fi이d. And both com
pounds 아】ow an extensive 아)ort range intralayer antiferro
magnetic corr 이 ation.
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Various polyanions of both natural and synthetic origin 
are known to exhibit a broad spectrum of interesting biologi- 
cal activities.1'5 Among those synthetic polyanions, divinyl 
e나】er-maleic anhydride (1:2) alternating copolymer 
(DIVEMA) has been extensively studied due to its antiviral, 
antitumor and interferon-inducing properties.6-11

The structural feature of hydrolyzed product (I), an intrin
sic active form in the biological system of DIVEMA, (I) con
tains tetrahydropyran rings and carboxylate groups attached 
on the polymer backbone as functionalities.

Hypothesizing that the polymers having similar structure 
to that of DIVEMA would manifest relevant biological ac
tivities, we synthesized several copolymers which contained

both tetrahydropyran riii용s and carbonyl groups. It was sur
prising to find that most of the polyanions synthesized and 
tested up to date for their biological activities were designed 
to contain only carboxylates as polar and/or functional 
groups even though s나gar moieties-pyran or furan ring-may, 
in general, play rather important role in biological systems.
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Table 1. Copolyme페nation Data at 70°C

Copolymer
Comor 
Mi

lomer*2 
m2 Initiater6

Polym.

Solvent
Polym. time 

(h)
Yield 

(%)

Reactivity 

n

Ratio 

r2

AADHP AA DHP AIBN Dioxane 20 48 1.18 ±0.004 0.00 ± 0.005
AADHPC AA DHPC &，2。8 h2o 2 41 2.11 ±0.01 0.00 ±0.008
AMDHP AM DHP AIBN Acetone 15 45 14.05 ± 0.01 0.00 + 0.002
AMDHPC AM DHPC 思，2。8 h2o 1 38 15.9 ±0.1 0.00 ± 0.01

-Comonomer concentration: [mol/Z]. [AA] = [DHP] = 0.725, [AA] = [DHPC] = 0.22. [AM] = [DHP] = 0.563, [AM] = [DHPC] = 0.22. *Ini- 
tiator concentration: 1 mol% of total monomer concentration.

Comonomers

CH^CHCOOH

ch2=chcon^

머2그더la*

(AA)

다处=머。)N0

(AMI

Copolymers Table 호. Characterization and Biological Acti너of the 
polymer compared with DIVEMA

Copolymer Composition0
iw
㈣ MEF?3LL。 BI6d

(AA)* 영(DHP)o.42 0.05 1389 1330 1587

(AA)o.65(DHPC)o.35 0.15 1313 878 301

(AM)o,5(DHP)o,25 0.15 2061 1909 1768

(AM)o.85(DHPC)o.i5 0.07 2168 1634 1729

(DIVE)o.5(MA)o,5 MW = 5,500 2504 1511 765

'Mole fraction of monomer component in the copolymer,虹D50 was 
defined as the concentration which reduced absorbance by 50% of 

control untreated w이Is in the MTT assay. All results represent the 
average of 8 wells；cLewis lung carcinoma originated from C57BL/6 

mouse. ^Malignant melanoma originated from C57BL/6 mouse. 

^Secondary mouse embtyofibroblast. /Intrinsic viscosity of the co

polymer.

In this paper we report the syntheses and biological ac
tivities of copolymers containing pyran ring and carbonyl 
functions. The synthetic outline of copolymers obtained by 
radical copolymerization are illustrated in Scheme 1.

3,4-Dihydro-2H-pyran(DHP) is known to homopolymeri- 
ze11 and copolymerize12 with thiophenaldehyde in the pre
sence of cationic initiators. While the radical copolymeriza
tion of DHP with maleic a가lydride,%" vinylidene cyanide,15 
benzaldehyde16 and acetonitrile17 are known, the copolyme
rization of DHP with acrylic acid (AA) and acrylamide (AM) 
are not reported. Moreover, the polymerization of sodium
3.4- dihydro-2H-pyran-2-carboxylate (DHPC) has not been at
tempted either by radical or by cationic initiators. The reac
tion conditions, initiators and reactivity ratios are summeriz- 
ed in Table 1.

All polymers obtained in 아lis study are very hygroscopic 
and readily soluble in water. The structures were confirmed 
by ir, i.e.f characteristic peak for carboxyl groups at 1800, for 
carboxylate group at 1750, for amide group at 1750 and 
1660, and for the ether group of pyran ring at 1200 cm-1. The 
AA components incoporating poly(acrylic acid-co-3,4-dihy- 
dro-2H-pyran) (AADHP) and poly (acrylic acid-co-sodium
3.4- dihydro-2H-pyran-2-carboxylate) (AADHPC) were deter
mined by titration of the carboxyl groups with NaOH, whe
reas AM Components in p이y (acrylic amide-co-3,4-dihydro- 
2H-pyran) (AMDHP) and poly (acryl amide-co-sodium 3,4- 
dihydro-2H-pyran-2-carboxylate) (AMDHPC) were mea

sured by elementary analysis of nitrogen.
Determination of the reactivity ratios were performed by 

changing mole fractions of each of the comonomer pairs and 
measuring mole fraction of monomer components in the co
polymer before a 10% conversion proceeds. The reactivity 
ratios^) for the copolymerization of AMDHP and AM- 
DHPC were found to be one order of magnitude higher than 
those of AADHP and AADHPC. This result can be attri
buted to the fact that the rate of polymerization of AM is 
faster than that of AA.

Since DIVEMA is an alternating copolymer, an attempt 
was made in this study to synthesize copolymers having similar 
alternating sequences by changing the. feeding mole ratios of 
the monomers. The DHP component incoporated in the co
polymers was increased adjusting mole ratios of the DHP 
monomer at the onset of copolymerization. The results are 
summerized in Table 2. AADHP was found to be nearly an al
ternating copolymer while the other three copolymers con
tained more a-olefins than dihydropyran components.

For the purpose of biological activity comparison, 
DIVEMA wa으 made in acetone18 and the molecular weight of 
the DIVEMA was regulated with tetrahydrofuran as a transfer 
agent.19 Because of DIVEMA of MW range 1,000-10,000 has 
been shown to have high antitumor and antiviral activities 
while at the same time low toxicity,1 DIVEMA having MW of 
5500 with polydispersity of 1.3 was chosen for authentic sam
ple in this study.

For biological activity measurement, MTT [3-(4,5-dime- 
thykhiazol-2-yl)-2,5-diphenyl tetrazolium bromide ] assay 
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method was applied. MTT assay is dependent on the cellular 
reduction of MTT by the mitochondrial dehydrogenase of vi
able cells to a blue formazan product which can be measured 
spectrophotometrically. 2 x 103 3LL or B-16 cells, 2 x 104 
MEF(mouse embryo fibroblast) cells were inoculated in each 
well of flatbottomed 96-well microtiter plates in 0.18 m/ of 
culture medium to which 0.02 mZ of 10 x concentrated drug or 
medium was added. On the 4th day, the media from the plates 
was aspirated complexly and 50 卩I of the MTT solution (1 
mg/mZ) was added to each well and incubated at 37 °C for a 
further 4 h. Following the incubation, to majority of the 
MTT solution was aspirated, in order not to disturb the for
mazan crystals, and 50 aZ DMSO was added to each well and 
plates were placed on a plate shaker for 5 min and absorbance 
was read at 570 nm with a enzyme-linked immunosorbent 
assay reader.20

Biological activities of polymers synthesized in this study 
expressed by ID50 are summerized in Table 2. The ID50 values 
of DIVEMA, AADHP and AMDHP for normal mouse em
bryo fibroblasts were 765,1587, and 1768“g/m/ respectively. 
There were no striking differences between values for nor
mal and neoplastic cells; the ID^ values in most cases, in vitro 
ranged from 1300 to 2500 pg/mZ. The anticancer effects of 
DIVEMA in 折。。have been speculated to be mediated via a 
macrophage system21'24 which cannot be reflected by simple 
direct cytotoxicity in vitro, as shown by this experiment. Thus 
these results also support the finding옹 reported by others that 
the cytotoxic activity of DIVEMA can not be differentiated 
between normal and neoplastic cells in vitro. Studies on the an
ticancer effect of DIVEMA and the copolymers synthesized in 
this study in vivo are currently in progress.
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Synthetic polymers have been extensively employed as 
catalysts for organic reactions. The catalysis by the polymers 
may be attributed to the increased effective concentrations of 
reactants bound on the polymer,1 effective pH on the poly

mer domain which is different from that in the bulk medium,2 
or the hydrophobicity created on the surface of the polymer.2 
In addition, ion-exchange resins catalyze some organic reac
tions by acting as heterogeneous sources of acids and bases.3


