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POLY(ALKYLENE PHOSPHATE)S RELATED TO NUCLEIC AND
TEICHOIC ACIDS

STANISLAW PENCZEK? JOLANTA BARAN, PAWEL KLOSINSKI, GRZEGORZ
LAPIENIS, ANDRZEJ NYK AND JULIA PRETULA

Centre of Molecular and Macromolecular Studies, Polish Academy
of Sciences, 90-363 Lodz, Sienkiewicza 112, Poland

Abstract Preparation, some properties and applications of the
bioanalogous poly(alkylene phosphate)s, obtained according to
the methods elaborated in these authors laboratory, are review-
ed. Ring-opening polymerization, polyaddition, and two-step po-
lycondensation methods are effective in the synthesis of poly-
mers with various moieties of nucleic and teichoic acids (NA

and TA respectively). The major aim of the work is to find rela-
tively simple methods, allowing high molecular weight polymers
to be prepared. Thus, preparation of poly(glycerol phosphate),
poly(trimethylene phosphate) bearing NA bases, and other related
polymers with Mn > 104 are described.

INTRODUCTION

Backbones of both nucleic and teichoic acids (NA and TA, respecti-
vely) are composed of diesters of phosphoric acids: poly(alkylene
phosphate)s.

Synthetic polymers of this structure, mimicking NA and/or TA, may
find applications, either as models of the parent polymers or as bio-
analogous polymers with functions related to these, exhibited by the
parent biopolymers. Some of these polymers can be prepared in relati-
vely large quantities by simple polymerization processes. Several po-

1,2 have been shown to

ly(alkylene phosphate)s prepared in our group
have unusual cation-binding properties. These polymers are highly se-
lective and can be used as liquid membranes3, in analogy with some TA
functions.

It has to be mentioned, that extensive work has been devoted to the
synthesis of models of NA, differing from polymers discussed in this
paper. These models contain sugar and/or bases linked to chains with
repeating units differing from alkylene phosphate segments. The earl-

: . . 4
ier work was reviewed comprehensively by Jones , whereas the more re-
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cent work has been discussed by Overberger5 and by TakemotoS.

SYNTHESIS OF SIMPLE POLY(ALKYLENE PHOSPHATE)S CHAINS

It seems, that the first high molacular weight, simple poly(alkyle-
ne phosphate) was prepared in our laboratory]. For this purpose ring-
opening polymerization of a cyclic phosphite, with further oxidation

of the resulting poly(alkylene phosphite) was used:

0 0

oxdn ]
?ngf—ﬁzazj* G(CH2)30399+ (1
H

\_7" anionic "
A (-(CH2)30I|’0-)
0 H
H

1 2

Poly(trimethylene phosphate) (2) with ﬁ; = 8'104, obtained from |
with E; = ]OS, has, according to ]H—, 13C--, and 3'P-NMR, perfectly re-
20 and highly hydrophilic
films can be cast from H20 or H20/CH30H solution.

Since this first polymer was prepared, several simple-chain poly-

gular structure. This polymer is soluble in H

(alkylene phosphate)s were synthesized by other methods, involving
both polymerization and polycondensation approaches.

Polycondensation, in order to be successful, requires special
methods. We elaborated three ways, that can also be applied to the
more complicated system, and are involving dialkyl phosphites, tetra-
alkyldiamide of phosphorous acid or bis(diethylamino)methoxyphosphine
as phosphorylating agents.

All of these three methods of phosphorylation have already been
known for the low mol.wt compounds. However, in order to obtain relati-
vely high molecular weight polymers (ﬁ;>l04) the new multistep synthe-
ses with dimethyl phosphite had to be applied in order to avoid side

reactions.

POLY(ALKYLENE PHOSPHATE)S WITH SUGARS OR ITS ANALOGUES IN THE CHAIN

The next synthetic step, after having established general methods of
preparing high molecular weight simple chains, involved preparation of
polymers with further elements, existing in NA and TA. Polyphosphates
of glycerol or ribitol belong to simplest TA. The former has been pre-
pared by polymerization of the properly substituted cyclic monomer,

the corresponding 5-membered cyclic phosphite7.
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CH_OCOCH CH COOCH o CH_COOCH, O
20 03 3 2 oxdn 3777724
\P‘H (cn CH opo; Teutr. GCH CH- opoé (2)
H o met

According to the 31P—NMR spectra these polymers (Mnsl.S-]OQ) do not

have unique structures; besides the required head-to-tail enchainment
the other two (irregular) linkages are also present.

The deoxyribose containing polymer was also prepared by both poly-
condensation and polymarization methods. The highest 55g=46 was obtain-
ed in the anionic polymerization of cyclic amide of phosphorus acid 8:

]1.anh

0 0 anionic 0 AcOé 0
\ H,ocH, 2222t H,0CH ————» H, OCH
P 3 2.0xdn 3
\
(c.E).N o 0PO> 0-p-03  (3)
2752 N ok
N(C2H5)2 0 0°H

Closely related to these TA models are polyphosphates bearing cyc-
lic furanoside like rings. Thus, poly(!,4-anhydroerythritol phosphate)

has recently been prepared9

Polyaddition of H3ggﬂ or “3394 and their derivatives to diepoxides.

A new route to polyphosphates.

Below, a scheme of reaction of H3P03

this way high molecular weight product is formed, containing hydroxyl

with diepoxide is shown. In

groups in the repeating unit, like in some TA. As diepoxides either di-

epoxybutane or diglycidyleters of ethylene glycols have been usele:
O
ﬁ 0 ? OH 0
HOPOH + CH,_~CHRCH-CH 25 €CH CHRCHCH 09044—4» €CH CHRCHCH 0909
\2/ \/2 2 2 2|_+

H 0 E;j 0 H OH OH
(D (4)

Dihydropyran has been used to block ¢n statu nascend? the hydroxyl
groups, to prevent branching due to the subsequent addition of epoxy
group.

An interesting novel family of water soluble polymers was prepared
by direct addition of phosphoric acid to diepoxides. At certain condi-
tions insoluble but highly swelling in water polymers are obtained.

Linear polymer with less branching were prepared recently by poly-

addition of diepoxides to disilyl esters of methylphosphoric ac1dll
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POLY(ALKYLENE PHOSPHATE)S WITH BASES IN THE CHAINS

As indicated in the introduction, several polymers, containing NA
elements, nucleosides or bases only, attached to various chains, have
been prepared in various laboratories. These polymers are mostly hydro-
phobic and studies of their interactions in water solutions thus not
possible. Only recently synthesis of elements of NA, attached to hydro-
philic chains, has been undertaken by 0verberger5 and Takemoto6.

NA analogous polymers have also been prepared in our laboratory by
attaching NA bases directly to the P-atom through a spacer. The gene-
ral method of preparation is based on the following polymer-analogous

reactions (only the phosphoryl unit is shown):

8 C12 ﬁ Im 8 HOCHchZB ﬁ
...—or;o-...——»...-oz:o—...—»...—01.>0-...————»...-OI.’0-... (5)
H Cc1 Im OCHZCHZB
where B = Ade,Ura
Polymers with unique or mixed structures were prepared; e.g.:
0
{ECHZCH CH OPO? QCH CH CH20P09—3- ; where x>0
OCH CHZB

When only a fraction of acidic groups in phosphodiester units are sub-
stituted, polymers are water solublelz. The M of these polymers are

up to l.2']04 (when B is N-substituted imidazole)13

REFERENCES

l. K.Kaluzynski, J.Libiszowski and S.Penczek, Macromolecules, 9,365
(1976).
2. S.Penczek, T.Biela, P.Klosinski and G.Lapienis, Makromol.Chem.,
Macromol.Symp., 6,123(1986).
. R.Wodzki and K.Kaluzynski, Makromol.Chem., 190,107(1989).

. A.S.Jones, Int.J.Biolog.Macromolecules, 1,194(1979).

A.G.Ludwick and C.G.Overberger, J.Polym.Sci., Polym.Chem.Ed., 20,
2123,2139(1982).

. K.Takemoto and Y.Inaki, Adv.Polym.Sci., 41,1(1981).

. P.Klosinski and S.Penczek, Macromolecules, 16, 316(1983).
G.Lapienis, J.Pretula and S.Penczek, Macromolecules, 16,153(1983).
. G.Lapienis and S.Penczek, J.Polym.Sci., submitted.

. P.Klosinski and S.Penczek, in preparation.

11. A.Nyk and S.Penczek, in preparation.

12. G.Lapienis and S.Penczek, J.Polym.Sei., in press.

13. J.Pretula, K.Kaluzynski and S.Penczek, Macromolecules, 19,1797

(1986).

w

£

w

O W oo~y




