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Summary

2-acetoxymictinl-3,4-dihvdio-2H-pyian was synthesized and  polymenized using different
cationic cointtiators. namely boron irfluonide/dicthyl ether complex system; anhvdious
ferric chloride and p-toluene sulphonic acid. The obtained polyners have becn found io be
both low melecular weight and water soluble. The thermal as well as hvdrolvtic behaviour
of the polymeric samples wag mvestigated.

Introduction

Many industrial applications developing a variety of drug delivery devices are using some
polymers made from polyols and molecules containing two or more 3,4-dibydro-2H-pyran
groups {i-3). In a preceeding study, polydi(3,4-dihvdro-2H-pyran-2-methyl} adipaie was
gynthesized in presence of different cationic comitiators (4). The possibility to use such
polymers as vonirulled drug delivery hvdrogels was predicted. This prediction was made on
the basis of their thermal and hydrolvtic behaviour. Accordingly, the title polymer was
synthesized; characterized and investigated towards hydrolysis.

Results and discussion

In a preceeding study, polydi(3,4-dihydre-2H-pyran-2-methyl) adipate was synthesized in
presence  of different cationic coinitiators, namely, complex system of boron triflucride and
diethvl ether (BF3.0(C4H<)~): anhvdirous terric chloride (Fe€ly) and p-toluene sulphanic
acid (p-TSAj (4). BF.O(C+Hy)n and FeCly were used as conitiators in combination with
prolic impurities as inftiators present in polvmerization systems providing compiex gegen
ions, eg. BF3OH or FeCl30H. With Bronsted acid (HA} such as p-TS A, the initiating
protons are formed by dissociation icading 10 A gegen ions (5-7).

The present work aims at synthesis of a polymer containing hiodegradable 3, 4-dihydro-2H-
pyran unils that needs shorler hydrolvsis time  and consequenily shorier blodegradation
time. This was achieved through polymerization of 2-acetoxymethvl-3,4-dihvdre-2H-pyran
to make its catiomic polymerization possible.  The title polymer may be considered mare
advantageous than that of the adipate diester due to its linearity in nature,

From GPC determinalion ol the molecular weight, differences in Mn are not significant (o
make rsliable conclusion either on the effect of acids on polvmerization or molecular
weight on Tgand crystailization. It is noticed also that the polydispersity indices ( Mw /vin )
are slightiv higher than urity indicating that the obtained polymers have a narrow molecular
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weight disbuion {Exp. part). Such polymers with rarrow molecutar weight distnbution
arc suilable to produce precisely defined networks. It is interesting to mention that the
nurnber average molecular weight of the obtammed polymeric samples in case of using
anbydrous ferric chloride and p-toluene sulphonic acid are nearly close to each other. In s
separaie experiment, Z-aceioxvimethyl-3,4-dihydro-2H-pyran was polvmerized in presence
of BF4.(O(C+Hs): at 0°C in stead of 25°C. 1t leads to formation of similar produst to preat
extent but with shghty higher nunber average molecular weight and polvdispersity index.
This means that the polvmer sample formed at 25°C has narrower mwolecular weight
distribution than that obtained at 0°C. This may be attributed fo the inhomogeneily of the
reaction nyixture rosulted from different mobilities of the reaciing molecules when the
reaciion wag carried out at lower temperature.

On the other hand, the plass (ransition temperature (Tg) is an important facior affecting the
diffusion process. The free volume increases significantly with increasing temperamre
above Tg (¥). Tg and the crystalline melting points determined by DSC for polymer
samples IIla,b.c as well as that obtained at 0°C with BF3.0(C~Hg) as coinitiator were
lisied in ‘lable 1. From Tg values (Figure 1: 186, 248 & 205 K for sampies Lia,b.c. resp-
ecifvely) one can cenclude that polymer obtained in case of anhydrous FeCly changes info
the subbery state casier than that obtained ¢ither in case of BFq.O{C~Hq )y or p-TSA. This
means that the higher crystallinity e.g. in case of TIh, the fess mobile the polymer chains.
Asg avesult, the time of diffusion of an incorporated substrate such as a drug 1o be released,
through the polymer matrix increased and consequently long release time of it is expected.
Also the crystalline melting point of the polymers obtained with boron indlouride/ether
complex coinitiafor svstem was lower than that obtained with p-TSA. This would reflect
the lower crvsiallinity of such polymer type i.e. ITIe and 1T1c*,
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In the present work, the reaction was accured through addition polymerization mechanism
leading to backbone composed exclusively of C-C bonds (2.3) {Scheme 13 They are
normally resistant to hydrolysis and enzyme attack causing main chain degradation. This is
m contrast to the hydrogels composed of polyethvlene oxide, a compatible triol or polyol
and either diisocyanates (9-11) or the pyran monomer (8,12.13). This has been expected to
overcome the storage instability problem and it was the case as the polymeric samples are
gtill stable even after mors than nine months. Also synthetic water-soluble polymers can
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have biological activity (14.33) and it is possible o polvmenze certain fypes of drugs such
a9 steroid (16). In a separate experiment, a synthesized polymeric sample at 0°C in presence
of BF.((CaHs)y tmiator was hvdrolyzed m mild alkaline medivm (0. 1N NatH) at coom
temperature {=25°C). Tt is important to mention that the polymeric sample is completely
hvdrolyzed into soluble polvmer LV atter 16h. T hus. it is promising lo study ils utilization
as drug carrier for providing profonged action formutations.

e e g T ﬁiﬁ; 7;
- ) iy | ) } .
f ! o » il ! Cationic Addition | O Bk
1 ! ‘\‘ /’Lm OAC - - 1 . K {
o f.OH 0 ] . Polymerization i ]
H II 5] !
OAc ,,._fﬁ
I
Producti Hia | TiTh e |
Initiator; FeCl p-TSA|BF:.O(C, Hs)y e !
| 01\ 1 Hydrolysis 1
5%cONa -+ ; o } - —
Pl i
ol
v

Scheme 1: Cationic polymerization of poly(Z-aceionymeihyvi-3,4-dihydie-2I --pyran) and its
alkahne hvdrobysis product.

Experimental

Muterials and methods

Elemental micreanalysis was canded out at Cairo Undversity, Egypt. IR was recorded on
Perkin-Eimer 237 Grating IR -spectrophotemeter. UV analvsis was achieved using Cecl CE
3501 W double beam spectrophotometer. 'H-NAIR was recorded on Varian 60 MHz and
thermal anaivsis was carried out using DSC V2,24 DuPont 9900, Moleccular weiglyt
measurements were carried out on 745 GPC Prosram Version 1.9 (Y/N).

Svathesis

1. Preparation of 2-aceroxymethyl-3,4-dilvdre-2H-pyran (0:

To ap ice cold solution of 37 g (0.5 mole) of 3,4-dihydro-2H-pyran-2-methanol in 40 ml
pyriding, 45 ml (0.52 mole) of acetic anhydride was slowly addext with stirring over a2 2 h
period.  Afier additional stirring for 3h af room femperalure was followed by treaiment with
sodium bicarbonate sofution and subsequent extraction with ether. The product wias worked
up in the usual manner and fractionated thioe times. 2% of a polvmeric form of diphenyl-
methane disocyanate was added 1o the final distiflation step to remove completely the
hydrosnlic Tmpurnitios. A colorless laquid (335 g) of boiling point 86.5-87°C was obtained in
=70% wvicld. It has been stored over calcium hvdride and distilled immediately prior to use.
{EPBr) v=3080, 1740, 1655, 1100 e, UV A 2408 nm; TENMR(CDCL):
§—1.8-2.2 ppm (aliph.CH»): 4-3 ppm (pyran protons); 4.6 & 6.4 ppm (pyran unsaf.
protons), Elememal analvsis: Cgll -Gy (156.18): Calealated: €, 61.53; 11, 7.69; Found:
C.60.58; L 7.96.
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2 Svmthaests of poly (J-veetoxvmme divci=3 d-dilpedro-2H-pvrani (I a-ci:

The pobvmeric product was batch synthesized by a cotionie bulk polymerization process,
‘Three ditferent cationic mitiators were used in 1.0 wt %o of total weight of the reacianis.
They are: a) anhydrous ferric chiorids; b p-toluene sulphenic acid (p-1SA) and ¢) soluting
of 7 2y boron trifluoride in diethyl sther. 1he inidator {30 mg) was added to 2 ml monomer
(ITy in 18 m! dichlorocthane under nitrogen atmosphere and shaked well at 25°C for 6h.
The polymerization reaction was stopped by adding Imi of 10 % solution of ui-n-butyi
aming, Afier gvaporation of solvent and subsequent washing with dilute HCT and distilled
water and finally drving ai ambient femperaiure over P-Og in vacuum, pale vellow thick
fiquid was obtained and spectroscopically characterized. IR(KBr) v= 1740, 1040 con-! and
no absorption at 3080 and 1635 cm-} confirming the polymerization process: UV A =
232 am for all samples and 315.5 nm for 111a only; 1H—I\IMR(CDCl3): 8§ = 1.9-2.2 ppm
{aiph. CH»); 4-4.8 ppm (pyran sat. protons) and no bands at 4.6 and 6.4 ppm reflecting
the disappearence of the pyran double bonds due to polymerization. Number average
molecular  weight (Mn ) and polvdispersity index { Mw /Mn ) were determined by GPC and
the data obtained are listed I table 1. In a scparal ¢xperiment, the monomer was

polvimerized in presence of boron trifluoride in diethyl ether at 0°C. Tt led to formation of
practically similar product as that obtaingd at 23°C with slight differences in some

characteristic parameters such as Mn and Idisp. Also it has Tg of 182K ie. lower ihan that
of the correspending polymet obtainad at 25°C!. The polymerization vields with respect to
monomer conversion as well as the average dearse of polymerization { DP) arc not

significantly different from each other to conclude an effect of acids on the molecular

weight. DP were ranged between 23 and 23,

Acid Yiehi (%) Mn Mw /Mn Te (K3 Te (K)
Anhyd FeCly 93 3850 1.08 186 266
p-TSA o4 3850 i.07 748 276
BI.(Colls)y 92 | 3590 1.04 205 236
BFQ.C‘(C:\"HS )2* 95 N 36607 b i 657 1 glwgéi T -_A‘:‘?h%— T

Table 1: Polymerization yicld % number average molecular weight (Mn ); polydispersity
index (Mw/Mn); glass fransition temperature and crystalline melting points (Tg & T,
respectively) of polvi 2-acetoxymethyi-3,4-dihvdio-2H-pyran) determined by GPC.

{*) The reaction carried out at 0°C.

Characierization

Differeniicl scanning calorimetry

Crvsialline meliing points were obfained using a DuPont 9900 thermal analvzer. Small
samples {(10-13 mg) of polvmers were sealed in ahnndnun pans and melting endotherii
were obtained by DSC at heating raie 10 k.min-| under nitrogen atmosphere (Figure 1),

Hudrolvsis of 11 inre pole (2-bydroxvaesinl-3, 4-dibwdro-2H-pwranl (1F):

0.25 g of THa was added to 100 ml of 0.1 N sodium hydroxide solution with stiming at
37°C until it completely soluble (=24 ). The hvdrolysate was exiracted with chlaroform,
diied over magnesium sufphale and the sohvent was then cvaporated.

IR (KBr) v = 3300 - 3500, 1030 cm- &,
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