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Synthesis of Polymeric Drugs Containing D-Glucosamine as a Spacer
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ABSTRACT : 5-FU-1-acetic acid, which is a derivative of 5-FU known to have remarkable an-
titumor activity, was synthesized. Glc-5-FU was synthesized by the reaction of D-glucosamine with
5-FU-1-acetic acid forming amide bond and MNGIe, as a new vinyl monomer, was synthesized by
the reaction of D-ghicosamine with methacryloyl-type monomer. For the purpose of providing the
polymeric drugs such as paly(MNGF-co- MNG), poly{MNGF-co-MA), and poly(MNGF-co-AAm), the
polymeriztion of MNGIc with MA and with AAm as well as the esterification of poly{ MNGlc), poly

(MNG-co-MA), and poly{MNG-co-AAm} with 5

FU-1-acetic acid were performed. In addition, poly

(MAGF-co-MA) prodrug was synthesized by the reaction of Gle-5-FU with poly{methacrylic acid)

homopolymer.

Introduction

Drug delivery systems (DDS} were used for

designing to maintain effective drug concentrations
in blood over long periods.
The term “polymer prodrugs’ means the polymer
itself shows its own pharmaceutical activity, al-
though the corresponding monameric species are
biologically inactive. The terms “polymer prodrugs’
or "polymeric drugs’ have been widely used for
pharmaceutically active macromolecules, especially
since the 173rd National Meeting of the American
Chemical Society in 1977. After the general con-
cept was elucidated by Ringsdorf, many in-
vestigations have been devoted to this field.

Recently, a great deal of attention have been
centered on utilizing hiocompatible and biode-
gradable polymers for regulating an effecting de-
livery of pharmaceuticals and veterinary drugs. So
far, a number of polymer-drug delivery systems
have heen succesfully developed to control the
rate of drug administration and prolong the du-
ration of therapeutic action as well as to target the
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delivery of drugs.

5-Fluorouracil (5-FU) is known to have an-
titumor activity and is in clinical use. But it has
strong toxic side effects. It is expected that the in-
troduction of 5-FU inte a macromelecules can
reduce the side effects and has a prolonged du-
ration of activity. There have been many reports
on the polymeric drug containing 5-FU as the pen-
dant group.'™

In comparison with low-molecular-weight pro-
drugs of 5-FU derivatives, such as 1-carbamoyl,® 1-
acryloxyalkyl,’ 1-alkylthiocarbamoyl,® and 1-al-
koxyl- alkyl-5-FU,’ polymeric drugs can be used to
overcome toxicity problems and to prolong the du-
ration of antitumor activity.

Ouchi e al7*°" reported that polymers fixing
5-FUs via cabamoyl bonds exhibit relatively high
prolongation of life of mice against p-388 lim-
phocytic leukemia. Ozaki ef al™ reported that vinyl
polymers having 5-FU attached to the main chain
through carbonyloxymethyl group showed higher
antitumor activity.

On the other hand, Yang ef al.” synthesized poly
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(L-cysteine) bonded covalently to 5-FU and tested
its antitumor activity against Ehrlich ascites car-
cinoma. Futhermore, Akashi ef al.*™" synthesized
copolymer of p—vinyl-benzoyloxymethyl-5-FU with
maleic anhydride, poly(VBOFU-co-MAn), and test-
ed its antitumor activity against Sarcoma-180 as-
cites.

On the contrary, the toxicities of hiodegradable
chitin and chitosan are known to be low. Partially
N-acetylated chitosan was reported to be selec-
tively collected in tumor cells and to inhibit
growth of tumor cells.”

Recently, water-soluble N-acetylchitohexaose
was found to show a remarkable growth-inhibitory
effect.”

In order to provide the polymeric drug in-
creasing durability of drug activity and reducing
toxicity as well as targeting of drug, this article
dealt with the synthesis of four kinds of polymeric
drugs containing D-glucosamine as a spacer, which
is a unit of chitosan having biocompatibility and
biodegradability.

Experimental

Materials. 5-Fluorouracil (5-FU), D-glucosamine
hydrochloride, N,N'-dicyclohexylcarbodiimide(DCC)
(TCI, Japan), methacrylic anhydride (Aldrich,
USA), a-chloroacetic acid, and triethylamine (TEA)
(Junsei, Japan) were of commercial grade and were
used without further purification. Others were pu-
rified by the usual methods. Analysis of product
were conducted using FT-IR (JASCO FT/IR-5300),
UV (Kontron Uvikon 860), NMR, Elemental
analysis, and HPLC(Waters 510, column : Chem-
copak 05587).

Synthesis of Derivatives.

Synthesis of 5-FU-1-acetic acid (I): 5-FU-1-
acetic acid was synthesized according to Tada,
M.'s method.® Into a solution of 5-FU (1.3g, 10
mmol) and KOH (1.12 g, 20 mmol) in H:0 (7.5 mL),
a solution of a-chloroacetic acid (950 mg, 16 mmol)
in ILO (4 mL) was added. The mixture was stirr-
ed at room temperature. The pH of the reaction
mixture was adjusted to, and kept at 10 by the ad-
dition of KOH solution. The mixture was then re-
fluxed for 2 h, cooled, acidified to pH 2 by the ad-
dition of conc. HC), and freezed for overnight. The
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products were filtrated and washed with some-
what cold water and with acetone. Collected pro-
ducts was dried under rooin temperature (Yield : 45
).

'H-NMR spectrum (DMSO-de}: & 4.36 (2H sin-
giet. 1-CHs), 7.74-8.26 (14 doublet, He), 10.74-11.
93 ppm (1H broad singlet, 3-NH)

3C-NMR spectrum (DMSO-de): 8 49.5 (CH.), 131
(5-C, uracil ring), 150 (2-C, uracil ring), 158 (4-C,
uracil ring), 170 ppm (C=0, ester)

Anal. Caled for CHFNQ, @ C 38.31%, H 2.68%,
N 14.89%. Found * C 37.48%, H 2.43%, N 15.55%.

Synthesis of Glc-5-FU (II): Into a solution of
D-glucosamine hydrochloride (2.16g, 10 mmol}
and triethylamine (1.6 mL, 10 mmol) in N,N-di-
methyiformamide (DMF) (10mL), 1 (2.1g, 10
mmol) and DCC (2.3 g, 10 mmol) were added. The
mixture was stirred under 10 °C for 24 h. N,N'-di-
cyclohexylurea (DCU} and triethylamine salt form-
ed was filtered off. The reaction solution was pour-
ed into acetone to precipitate product. The ob-
tained product was filtered, washed with acetone
and with ethylether, and dried under room tem-
perature {Yield : 70 %).

IR spectrum (KBr pellet): 3433 (OH), 3296 (NH),
2955 (CH), 1710 (ester, C=0), 1682 cm™ (amide, C=0)

H-NMR spectrum (DMSO-de): & 2.5, 3.3
(glucosamine ring), 4.3 (2H singiet, 1-CH:-), 7.93-
8.62 (1H doublet, H6), 11.66-11.85 ppm {1H broad
singlet, 3-NH)

BC-NMR spectrum (DMSO-d.): & 39-41
(glucosamine ring), 150 (2-C, uracil ring), 167 ppm
(C=0, ester)

Anal. Caled for CHiWFN:Os : C 41.15%, H 4.57%,
N 12.00%. Found : C 41.52%, H 4.75%, N 11.05%.

Synthesis of Methacryloyl-N-D-Glucosamine
(MNGIc) (III): Methacrylic anhydride (1.7 mL. 10
mmol) were added inte a solution of D-glu-
cosamine hydrochloride (2.16g, 10 mmol) and
triethylamine (1.6 mL, 10 mmel) in DMF (10 mL).
The mixture was stirred under 10°C for 24 h.
Triethylamine salt formed was filtered off. The
reaction solution was poured into a mixture of ace-
tone and ethylether to precipitate product. The ob-
tained product was filtered, washed with acetone
and with ethylether, and dried under room tem-
perature (Yield : 71 %).

IR spectrum (KBr pellet): 3472 (OH), 3342
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(NH), 2930 (CH), 1657, 1539 (amide, C=0), 1616
cm {(C=C)

-NMR spectrum (DMSO-de): & 1.8 (CHs, 3H),
2.5, 3.4 (glucosamine ring), 5.3 (trans, CH=C-), 64
ppm (cis, CH=C-)

"G NMR spectrum (DMSO-de): 8 19 (CHs), 39-
41 (glucosamine), 120 () C=CH-), 140 (» C=CH-),
168 ppm ( » C=0, ester)

Anal. Caled for C.HuNO: ¢ C 48.64%, H 6.88%,
N 5.66%. Found : C 47.48%, H 7.09%, N 5.65%.

Preparation of Polymeric Drug.

Synthesis of Poly(MNGIlc): The polymerization
of MNGIc(IIT) was carried out in H:0 by using
both of ammonium peroxysulfate and N,NN',N'-
tetramethylethylenediamine (TEMED) of 1%10°
mole as an initiator at room temperature for 24 h
under nitrogen atmosphere. The reaction solution
was poured into ethanol to precipitate product.
The obtained product was filtered, washed with
ethylether, and dried under room temperature
(Yield : 91 %).

FT-IR spectrum (KBr pellet): The disappear-
ance of the absorption at 1618 em™ (C=C)

The molecular weight(M,) estimated in DMF by
GPC was 5.4 % 10, and (M./M.) was 2.54.

Synthesis of Poly(MNGF-co-MNG) (Prodrug
IV): The solution of triphosgene (0.2g) in DMF
was added dropwise to a solution of I (0.38g)
DMF with stirring in an ice bath. After stirring for
1 h, the reaction solution was heated at 60 °C for 2
h under nitrogen atmosphere. Without isolation of

an acid chloride, the solution of the acid chloride
was added dropwise into a solution of poly(MNGle)
{(1.2g, 4.85mmol) and TEA (0.28 mL} in di-
methylsulfoxide (DMSO) {20 mL), and then the
reaction solution was stirred at 50°C for 24 h.
Triethylamine salt formed was filtered off. The
reaction solution was poured into ethanol io pre-
cipitate product. The obtained preduct was filtered,
washed with ethylether, and dried under room tem-
perature (Yield : 83 %).

FT-IR spectrum (KBr pellet): 3402 (OH), 2932
(CH), 1707 (C=0), 1562 (amide, C=0), 1037 cm’
(C-0-C)

UV (H0, pH 7) ¢ =270 nin

Synthesis of Poly(MNG-co-MA): The co-
polymerization of MNGl(IID (1.12g, 70 moi%)
with methacrylic acid (0.17 g, 30 mol%) was car-
ried out in H/ (20mL) by using both of am-
monium peroxysulfate and TEMED of 1 %10 mole
as an initiator at room temperature for 24 h under
nitrogen atmosphere. The reaction solution was
poured into acetone to precipitate product. The ob-
tained product was filtered, washed with ethyl-
ether, and dried under room temperature (Yield :
85 ).

FT-IR spectrum (KBr pellet): The disappear-
ance of the absorption at 1616 cm™ {(C=C)

The molecular weight (M) estimated in DMF
by GPC was 6.8x10%, and (M./M,) was 2.87.

Synthesis of Poly(MNGF-co-MA) (Prodrug V)
The solution of triphosgene (0.2g) in DMF was

Scheme L. Synthetic steps of Gle-5-FU(D and MNGIle(IID).
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added dropwise to a solution of 1 (0.38 g} in DMF
with stirring in an ice bath. After stirring for 1 h,
the reaction solution was heated at 60°C for 2 h
under nitrogen atmosphere. Without isolation of an
acid chloride, the solution of the acid chloride was
added dropwise into a solution of poly(MNG-co-
MA) (1.2 g) and TEA (0.28 mL) in DMSO (20 mL},
and then the reaction solution was stirred at 50°C
for 24 h. Triethylamine salt formed was filtered
off. The reaction solution was poured into ethanol
to precipitate product. The obtained product was
filtered, washed with ethylether, and dried under
room temperature {Yield : 89 %).

FT-IR spectrum (KBr pellet): 3375 (OH), 2937
(CH), 1635, 1537 (amide, C=0), 1033 cm™(C-0-C)

UV (H0, pH 7) © R 272 nm

Synthesis of Poly(MNG-co-AAm): The co-
polymerization of MNGIc(liD (1.12g, 70 mol%)
with acrylamide (0.14 g, 30 mol%) was carried out
in H0 (20 mL) by using hoth of ammonium peroxy-
sulfate and TEMED of 1x10™ mole as an nitiator
at room temperature for 24 h under nitrogen at-
mosphere. The reaction solution was poured into
ethanol to precipitate product. The obtained pro-
duct was filtered, washed with ethylether, and dri-
ed under room temperature (Yield : 93 %).

Scheme II. Synthetic steps of prepared polymeric drug.
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FT-IR spectrum (KBr pellet): The disappear-
ance of the absorption at 1620 cm™ (C=C)

The molecular weight estimated in DMF by GPC
was 7.0%< 10, and (M./M.) was 2.68.

Synthesis of Poly(MNGF-co-AAm) (Prodrug
VID: I (0.38g, 2mmol) and DCC (0.42 ¢, 2 mmol)
were added to a solution of poly(MNG-co-AAm)
(1.2¢) in DMSO (20mL) and the mixture was
stirred for 24 h. DCU formed was filtered off. The
reaction solution was poured into ethanol to pre-
cipitate product. The obtained product was filtered,
washed with ethylether, and dried under room tem-
perature (Yield : 87 %).

FT-IR spectrum (KBr pellet): 3404(0H), 2940
(CHD), 1653, 1539 (amide, C=0), 1035 em™ (C-0-C}

UV (H.O, pH 7) : A 266 nm

Synthesis of Poly(methacrylic acid): The free-
radical polymerization of mathacrylic acid was car-
ried out in benzene by using AIBN 2x107% mol/L
as an initiator at 70°C for 4 h under nitrogen at-
mosphere. precipitated poly(methacrylic acid) was
filtered, washed with benzene and ethylether, and
dried under room temperature (Yield : 95 %).

FT-IR spectrum (KBr pellet): The disappear-
ance of the absorption at 1620 cm™ (C=C)

The molecular weight (M,) estimated in
methanol by viscometry was L6x1¢°, and (M.J/M.)
was 3.00.

Synthesis of Poly(MAGF-co-MA) (Prodrug
VID: Gle-5-FU {ID) (0.53g, 10mol%) and DCC
(0.31 g, 10 mol%) were added to a solution of poly
(methacrylic acid) (1.29g, 15 mmo}) in DMF (20
mL) and the mixture was stirred for 24 h. DCU
formed was filtered off. The reaction solution was
poured into acetone to precipitate product. The ob-
tained product was filtered, washed with ethyl-
ether, and dried under room temperature (Yield :
75 %).

FT-IR spectrum (KBr pellet): 3427 (OH), 2940
{CH), 1653, 1541 (amide, C=0), 1034 cm™ (C-0-C)

UV (HO, pH 7) © A 268 nm

IH-NMR spectrum (DMSO-do): 8 2.5, 33
(glucosamine ring), 4.3 (2H, 1-CHr), 7.93-8.12
{1H doublet, H6), 12.3 ppm ('H broad singlet, 3-
NH) :

Figure 1 shows 1H-NMR spectrum of poly(MAGF-
co-MA) prodrug.

Determination of Drug Amount: In order to
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Figure 1. HPLC analysis of synthetic monomer at buffer 7.4
(flow rate:0.8mL/min, AT:32): (@) 5FU, () 5-FU-1-
acetic acid, {c) Glc-5-FU.

determine the amount of drug bound to polymeric
drugs, hydrolysis of polymeric drugs were carried
out in 3N-NaOH aqueous solution at 60°C for 24 h
and it was estimated by means of UV/Vis meas-
urement.

Results and Discussion

Two derivatives, MNGIc and Glc-5-FU, con-
taining D-glucosamine as a spacer and four poly-
meric drugs were synthesized as shown in
Schemes I and IL

The resulis of UV ahsorption data depending on
pH values for the derivatives are shown in Table L.
This result suggests that 5-FU-l-acetic acid ob-
tained similar to UV data observed by Tada.” In ad-
dition, UV absorption peak of Glc-5-FU appears at
268 nm.

Figure 2 shows HPLC profiles of the derivatives.
In Figure 2, it is found that the derivatives were
obtained purely.

From FT-IR specirum and UV data of polymeric
drugs, it is found that the bond of polymers and
derivatives was achieved by absorption peak of
C-0-C, and it is certained that the polymeric drugs
containing 5-FU derivatives were synthesized by
A values of drugs.

The amount of drug bound to the polymeric
drugs are shown in Table II, which was measured
by using UV/Vis spectrometry. In Table IL it is
found that the measurements of the bound drugs
for prodrug IV, V, and VI were 4.52, 2.14, 1.17
mol%, respectively, That for prodrug VII was about
30.1 mal%.

In this paper. poly{MNGF-co-MNG). poly

Korea Polym. J., Vol. 4, No. 1, 1996
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Table I. UV Absorption Data Depending on pH Values

drugs 0.1M HCl pH 4 pH 74 pH 8 0.1M NaCH
5FU 264 nm 264 nm 265 nm 266 nm 279 nm
r 268 nm’ 271 nm 272 nm 271 nm 271 nm*
mw - 268 nm 268 nm 268 nm -

¢ o FU-1-acetic acid, ® Gle-5-FU, © 269 nm in ref. 20, 4 271 nm in ref. 20.

{a} (B 2]

1.0

w
b
" Ji=
e

;L il
Figure 2. HPLC traces of monomers synthesized in a buff-

er=7.4 (flow rate: 0.8 mL/min, AT :32}: (@) 5FU, (b) &
FU-1-acetic acid, {c) Glc-5-FU.

.34

(MNGF-co-MA), and poly(MNGF-co-AAm) were
designed inducting to release drug due to hy-
drolysis of polymer attached 5-FU-1-acetic acid by
ester bond. In the same manner, poly{MAGF-co-
MA) were designed inducting to release of drug
due to hydrolysis of poly(methacrylic acid) at-
tached Glc-5-FU by ester bond.

At present, We feel the necessity of investigation
into whether prepared polymer such as poly
(MNGIc), poly(MNG-co-MA), and poly(MNG-co-
AAm) have biocompatibility and whether the Gle-5-
FU have antitumor activity as good as 5-FU.

Conclusions

5-FU-1-acetic acid, which is a derivative of 5-
FU known to have remarkable antitumor activity,
was synthesized. Glc-5-FU was synthesized by the
reaction of D-glucosamine with 5-FU-1-acetic acid
forming amide bond and MNGlec, as a new vinyl
monomer, was synthesized by the reaction of D-
glucosamine with methacryloyl-type monometr.

For the purpose of providing the polymeric
drugs such as poly(MNGF-co-MNG), poly(MNGE-
co-MA), and poly(MNGF-co-AAm), the polymer-
ization of MNGlc with MA and with AAm as well
as the esterification of poly(MNGIc), poly(MNG-co-

Korea Polym. J., Vol. 4, No. 1, 1996

Table TI. Amount of Drug Bound to the Polymeric

Drugs
polymeric drug kind of drug amount of drug
{mol%)
prodrug IV 1 4.52
prodrug V I 214
prodrug VI 1 117
prodrug VII LI 30.1

MA}, and poly(MNG-co-AAm) with 5-FU-1-acetic
acid were performed. In addition, poly(MAGF-co-
MA) prodrug was synthesized by the reaction of
Cle-5-FU  with poly(methacrylic acid) homo-
polymer.

In vitro and/or in vive testing for these polymeric
drugs are in progress and the results will be re-
ported elsewhere.
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