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Ahstraet-The preparation of polyamidoamines and polyesteramines by interaction between ampicillin 
and amoxiciUin and methylene-bis-acrylamide, 1,4diacryloylpiperazine and 1,3-propanedioldiacrylate is 
described. The prepared polymers contain a vinyl group at the end of the macromolecules which can be 
copolymerized with other monomers. All polymer products exhibit anomalous behaviour in solution, 
typical of polyelectrolytes. Copyright 0 1996 Published by Elsevier Science Ltd 

INTRODUCTION The compounds with activated double bonds used 
in this work were: methylene-bis-acrylamide (MBAA, 

In our previous work [1,2] we described the CHr~~CON~~~r~H~C~~~~), 1,4-di- 
preparation and properties of polyamidoamines acryloylpiperazine 
(PAA) and polyesteramines (PEA) from physiologi- 
cally active aromatic and aliphatic aminoacids. The 
aim of this paper is to prepare the same type of 
products from two largely used antibiotics containing 

(DAP, CH, = CHCON 

j?-lactam rings: ampicillin (X = H) and amoxicillin 
(X = OH) 

NH* I A x -- _- CH--- (J-jpJIj B-B r-g --- CH I I c vq, I 
O=C- N - CH--- COOH 

As is known, PAA and PEA are prepared via and 1,3-propanedioldiacrylate (PDDA, 
polyaddition of amines and amides or esters CHZ=CHCOO(CHW)OCCH=CHZ). According 
containing two activated double bonds [3-81. The to literature data [9], the reactions with the amine 
polymers obtained are stabilized by reacting with a group of the two antibiotics are performed mostly 
monofunctional unsaturated amide. in a mixture of water and organic solvent, usually 

nR’NH> + nCH2b=CH-R?-CH=CHz -DHN- -[- -CHrCH~R?-CHrCH_-N-1, _ , 

I I 
R’ R’ 

CH~=cHCONHI 
- -CH>CH_RWH=CH2 - 

H~NOCCH~CH~N---CH~CHrR~-CH~CHrN-]._ ,-CHZCH~R?CH=CH~ 

I I 
R’ R’ 

Thus, the products contain a vinyl group at the end acetone, in the presence of an organic or inorganic 
of the macromolecules, i.e. they can be regarded as base (sodium bicarbonate or triethylamine). There are 
macromonomers. some difficulties in the isolation of the reaction 

products due to the similar solubility of the reagents. 
The chemical sensitivity of the /I-lactam ring should 
also be considered. __~ 

*To whom all correspondence should be addressed. 
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of Scientific Research of Vietnam, Nghia Do-Tu Liem, The antibiotics were received as gifis with pharmacologi- 
Hanoi, Vietnam. cal purity as trihyrates from the !km Antibiotics, Razgrad, 
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Ftg. I. IR spectra of the products prepared m the mteractron between MBAA and amprcrlhn. u,. free acrd 
of the product no. I from Table I: 4:. trrethylammonium salt of the product no 2 from Table 1, a~. sodmm 

salt of the product no. 3 from Table 1 

Bulgaria and used wrthout further purrfication The other 
reagents were of the same origin and purity as our previous 
communicatrons [I. 21. 

General procedure 

0.01 mol of ampicilhn-trrhydrate or amoxrcrlhntrrhy- 
drate (4.04 and 4.20 g, respectively) were dissolved m 10 ml 
of water and 30 ml of acetone. The mrxture was cooled to 
(r5 C. 0.0 I mol (I .44 ml) of trrethylamine was added to the 
mixture and stirred to complete dissolution 0 01 mol of the 
product with activated double bonds was then added to the 
mixture, stirred for other 2 hr at O-5 C and left at ambtent 
temperature for 34 days The solvent was removed in 
raruo. The residue was drssolved m methanol and poured 
into excess diethyl ether upon stirring. The preciprtate was 
reprecipitated several trmes from methanol solutron m 
diethyl ether. Thus the triethylammonium salt of the 
polymer was prepared. 

To obtain the free acid, the ammomum salt was dissolved 
in 10 ml of water and 30 ml of acetone. The mixture was 
cooled to &5”C and brought to pH about 2 with 4 N 

hydrochloric acid. The clear solution obtamed was poured 
into excess diethyl ether upon strrring. The precrprtate 

was reprecrpuated several times from methanol solutron in 
ether 

Sodmm salt of the polymer acrd was prepared as follows. 
0 01 g of amonium salt was dissolved m a small amount of 
methylene chloride. Separately. 0.12 g of sodium ethyl- 
capronate was dissolved m 5 ml of methanol. The solution 
of sodmm ethylcapronate was added dropwise upon stirring 
to the solution of ammonium salt, cooled to (r5C. The 
clear solutron obtamed was poured mto excess isopropanol- 
rr-hexane mtxture (I 4) upon strrrmg. The precipitate was 
dried in vacua, dissolved in dimethylformamrde and 
reprecrpitated several times m drethyl ether. The purrty of 
the products obtained was checked by thm layer 
chromatography on Silicagel 60 and mobile phase 
rsopropanol-water (7.3) m UV light 

Copolymerizatton was performed with hydroxyethyl- 
methacrylate (HEMA) accordmg to the following pro- 
cedure, 0.76 g of PAA, obtained from I,CDAP and 
ampicrllin (product no. 2. Table 2) and 0.052 g of HEMA 
were dissolved in 20 ml of methanol and 0.002 g of 
benzoylperoxide was added followed by 0.001 g of 
drmethylaniline, both in methanol solutron. The solution 
was kept for 3 days at room temperature, the solvent was 

Table I Ohgoamrdoamme, prepared from mnhylene-bls-acrylamlde 

-- - - CH,CH,CONHCH,NHCOCH,CH,- N - - I.-- [ _ _ 

(CHJ2 C HC m-m HC-- mw -- CH--. 

0 
0 

--x 

-1 I I 
Rm_HC -mm-- N --se CO 

No. 

I 
2 
3 
4 
5 
6 

n From 
‘H NMR 

X R Yreld I%) m p r C) spectra 

H H 27 9 142-145 
H NEt> 93 0 98-99 6 
H Na 39 I 250 

OH H 55 6 163-165 
OH NEt, 69 5 lo&lOS 3 
OH Na 38 9 > 260 



Oligoamidoamines and oligoesteramines 959 

Table 2. Oiigoamldoamines prepared from 1,4-diacryloylpiperaine 

NCOCH,CH,- N -- In-- 

l 

/ \ I 
(CH,), C HC ___ HC-- mm mm f-H--. 

0 
0 

--x 

I I I 
Rm_HC ----I N -w-e CO 

No. 

n From 
‘H NMR 

X R Yield (%) m.p (‘C) spectra 

I H H 45.0 2 I l-220 - 

2 H NEta 90.0 8&85 3 
3 H Na 54.0 251 - 

4 OH H 48.6 135-138 
5 OH NEtT 90.0 95-100 6 
6 OH Na 57.6 >260 - 

distilled in racuo and the product obtained was dissolved in 
methanol and precipitated in acetone under stirring. The 
precipitate was washed several times with water to remove 
the unreacted monomers and then dissolved in methanol 
and reprecipitated in diethyl ether. Yield 0.48 g, m.p. 
218-222°C. 

The viscosity of the polymer solutions was determined in 
water or phosphate buffers on a capillary viscometer 
Ubbelohde type. IR spectra were recorded on a Specord 
M80 apparatus. A Brucker apparatus was used to record ‘H 
NMR spectra at 250 MHz and 297 K in deuterated 
DMSO-L with tetramethylsilane as internal standard. 

RESULTS AND DISCUSSION 

The prepared polymers are highly hygroscopic. 

- - C%-NZH, - - 

colourless substances. They are well soluble in water 
(with the exception of the products with a free 
carboxyl group), in dilute mineral acids, methanol, 
dimethylformamide and dimethylsulfoxide. They are 
not soluble in ether, ahphatic and aromatic 
hydrocarbons. 

IR spectra. All characteristic peaks of the 
functional groups, including those of the /I-lactam 
ring (1750_1780cm-I), are found in the IR spectra. 
As an example, Fig. 1 shows the IR spectra of 
products 1-3 from Table 1. 

‘If NA4R spectra. In the ‘H NMR spectra no peaks 
for the free amino group were registered, but all 
signals characteristic for protons of the structure 
were found in the spectra. 

s 

/ \ __ CH --- CONH --- CH --- CH 

I I 
C (CHJ, 
I 

O=C- N - CH--- COO- .NEt3 

Table 3. Oligoesteramines prepared from 1,3-propanedioldlacryiate 

- - [- - CH,CH,COO(CH,),OCOCH,CH,- N - - 1” - - 

S I 

/ \ 
(CH,), C HC e-w HC-‘m(,C -- CH--. 

0 
0 

--x 

I I I 
R(,(,C_HC ----. N me-- CO 

n from 
‘H NMR 

No X R Yield (%) m.p (‘C) spectra 

I H 17.4 168-170 - 

2 NEt, 54.5 105-I IO no signals for 
ansaturation 

3 H Na 27.3 248-250 - 
4 OH H 17.9 193-195 - 

5 OH NEtl 66 3 110-115 10 
6 OH Na 59.7 255256 - 
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N(CH2CH_) 

- NCH2CH$ONHCH2NHCOCH2CH2- 

I S' 

CH-CONH-C,h- c;i' ';(C'13;2 
I,/, A 

CO-N - CH-COON HiCH2Ct-$$ 

Fig. 2. ‘H NMR spectrum of the polymer prepared from MBAA and ampicdlin (product no. 2 from 
Table I) 

CA - CHZ 

/ \ 
-N N- 

\ / 

CHz - CH1 

I CH1)? - 6H. singlet at 1.47-I 53 ppm 

H’ - I H. singlet at 4.67 ppm 

H’. Hb - 2H, two doublets at 5.37-5.41 ppm 

H’ ~ IH, singlet at 4.06 ppm 

aromattc ring (SH, at 7.20-7.35 ppm). 
COCH2 - 4H, triplet at 2.42 ppm 

CONH - 2H, triplet at 8.75 ppm 

N-C& - 2H, multiplet with centre at 3.53 ppm 

COOCH? - 2H, triplet at 4.18 ppm 

COOCH2CH2 - 2H, triplet at 2.63 ppm 

NHCH,NH - 2H. triplet at 4.47 ppm 

NCHzCHj - 6H, quadruplet at 2.88-2.96 ppm 

NCHKH> - 9H, triplet at 1.18 ppm 

8H, multiplet with centre at 3.5 1 ppm 

As an example, Fig. 2 shows ‘H NMR spectra of 
the product prepared from MBAA and ampicillin 
(product no. 2, Table 1). 

Elemental analyses 

In most cases the elemental analyses of oligomers 
dtd not show good reproducibility (differences up to 
I 6% in the nitrogen content), although in some cases 
the differences were between 0.20 and 0.50%. 
Presumably, the hygroscopicity of the oligomers 
plays an Important role. 

' I I 1 

3500 3100 2700 2300 1900 1500 1100 700 

Wavenumber(cmf ) 

Fig. 3. IR spectra of copolymer (-) and monomer PAA (- - - -). 
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(b) 

Fig. 4. ‘H NMR spectra of polymers: (a) PAA in DMSO; 
(b) poly(HEMA) in CDIOD; (c) copolymer in DMSO. 

Molecular nyeights 

No reliable data for molecular weight could be 
obtained from gel permeation chromatography. The 
results show that associates (micelles) are formed in 
the solution. Some information can be obtained from 
the unsaturation determined by ‘H NMR spectra 

(peaks at 5.50-6.87 ppm, see tables). The results 
indicate that in most cases the products obtained are 
mainly oligomers. 

The copolymer of PAA and HEMA is a colourless 
solid, soluble in methanol, DMSO and dilute mineral 
acids, insoluble in water, acetone, diethyl ether and 
hydrocarbons. Its structure was established by IR 
and ‘H NMR spectra. The IR spectrum (Fig. 3) 
indicates all characteristic peaks for the functional 
groups for PAA, including for the /?-la&am ring 
(1750-1780 cm-‘), as well as for the functional 
groups of HEMA: at 1720, 1150 and 1065 cm-’ for 
vc+ vCa (ester) and vca (alcohol). Figure 4 
represents the ‘H NMR spectrum of the copolymer 
and of the starting monomers. The signals at 3.90 and 
4.20 ppm are characteristic of the methylene groups 
of poly(HEMA). The signals at 3.51 ppm (piperazine 
ring) and at 7.26-7.63 ppm (aromatic ring) are 
characteristic of the starting PAA. These results show 
that the resulting polymer possesses both poly 
(HEMA) and PAA portions. 

The ability of the obtained polymers to copolymer- 
ize reveals interesting possibilities for preparation of 
different graft copolymers, including polymers with 
complex biological activity. 

Dilute solution viscosity 

The dependence of reduced viscosity on concen- 
tration is not linear. Its value decreases with the 
concentration, which is typical of polyectrolytes. 
Only in individual cases when using the Fuoss- 
Strauss equation [lo]: 

was it possible to show that the reciprocal value of the 
reduced viscosity depends on the square root of the 

- C1/2(g.d,-+ _ 
0.10 0.20 0.30 0.40 

I 
I I I 

Fig. 5. Dependence of the reduced viscosity on the concentration of the polymer solutions: a. al, product 
no. 2 from Table I, phosphate buffer, pH 7.2, 25°C; b, 6, 1 product no. 2 from Table 2, phosphate buffer, 

pH 7.2, 25°C; c, c,, product no. 5 from Table 3, distilled water, 30°C. 
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concentration, which allows estimation of the intrinsic 2 Do Thi Bich Loan. I. B. Rashkov and I. M. Panayotov. 
viscosity. In most cases the Fuoss equation led to Macromol. Chem. Ph~s. I%, 3525 (1995). 

inexplicable results. Figure 5 shows some dependences 3 F Danusso and P. Ferruti. Po!,mer 11, 88 (1970). 

of the viscosity on the concentration of the obtained 4 P Ferruti and R. Barbuccl. .4&. Po!,m. .Sci 58. 55 

polymers. Since the /?-lactam ring is very sensitive. it 
(1984). 

was impossible to follow the dependences in a stronger 
5 P Ferrutl, M. A. Marchlsio and R Barbuccl. PO~WW 

acid or stronger alkaline medium. 
26. 1336 (1985). 

6. R. Barbucci. M. Casdaro. M. Nocentini, Scoreui. 
P. Ferruti and V Barone. Macromolecules 19, 37 

Future work 

Investigations on the behaviour of polyamido- 
amines and polyesteramines in solution, including the 
determination of molecular weights, as well as on 
biological activities, are in progress and will be 
published later. 
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