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An Alternative Approach for Acetylation of Amine Terminated Poly-
amidoamine (PAMAM) Dendrimer
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RESUMEN

Objetivos. Las propiedades inherentes de la poliamidoamina (PAMAM) la han convertido en el na-
notransportador de eleccién en la era actual de la innovacién. A pesar de que sufren de toxicidad
hemolitica que podria ser reducido mediante la proteccién del grupo amino libre. En el presente trabajo
se discutié el método alternativo de acetilacién para los dendrimeros PAMAM.

Material y Métodos. El enlazador 1-Etill-3-(3-dimetilaminopropil) carbodiimida (EDC) se utiliz6 para
la acetilacion. El conjugado acetilado se evalué mediante la reaccién de color, mediante espectroscopia
Ultravioleta visible, espectroscopia infrarroja con transformado de Fourrier, Calorimetria Diferencial de
barrido y los estudios de los espectros de Resonancia magnetica nuclear..

Resultados. Los dendrimeros PAMAM se sintetizaron utilizando el método divergente y mas acetilado.
Cambio en los valores Amax 282,0 a 282,5 nm se observé para dendrimeros acetilados. El pico caracte-
ristico del NH de amina primaria a 3284,16 cm-1, desaparecié debido a la conversion de amina primaria
a amina secundaria. Un nuevo pico de - (CO) -NH se obtuvo a 1640,28 cm-1 (medianas), que muestra
la unién de grupo de superficie de dcido acético. Se observaron los cambios en el pico endotérmico de
120,56 a 110.40 °C que muestra las modificaciones superficiales de dendrimeros PAMAM. El pico de
-NH, en 2,99 ppm fue sustituido por (-NHCOCH,) a 2,42 ppm apoya aun mas la prueba de acetilacion.

Conclusion. Los datos espectrales revelaron claramente que este enfoque para la acetilaciéon da consid-
erable cantidad de acetilacién en menos tiempo de duracién con la eliminacién de disolvente organico.
Este método podria ser empleado para regular la acetilacién de las aminas terminales de nanovehiculos.
El enlazador EDC de grupos amino abre una nueva via para la acetilacién de amina terminales de pro-
teinas / péptidos.

Palabras clave: dendrimeros, poliamidoamina (PAMAM), Etylenediamine, acetilacién, vinculador,

Propiedades de la superficie.

ABSTRACT

Aim. Polyamidoamine (PAMAM) dendrimers inherent properties have made it the nanocarrier of choice
in the current era of innovation. Dendrimer based products are growing and mushrooming like anything
in the current time. Although it suffer from hemolytic toxicity which could be reduced by protecting free

amino group.

Methods. In the present work alternate acetylated method for PAMAM dendrimers was discussed.
1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide Linker was used for acetylation. The acetylated conju-
gate was evaluated for color reaction, Ultraviolet-visible spectroscopy, Fourier Transform infrared spec-
troscopy, Differential scanning calorimetric, Nuclear magnetic resonance spectra studies.

Results. The PAMAM dendrimers were synthesized using divergent approach and further acetylated.
Change in A _values from 282.0 to 282.5 nm was observed for acetylated dendrimers. Characteristic
peak of N-H stretch of primary amine at 3284.16 cm-! was disappeared due to conversion of primary
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amine to secondary amine. A new peak of —-(CO)-NH stretch was
obtained at 1640.28 cm-1 (medium) which shows attachment of
acetic acid surface group. The changes in Endothermic peak from
120.56 to 110.40°C were observed which shows the PAMAM den-
drimers surface modifications The peak of -NH? at 2.99 ppm was
replaced by (-NHCOCHS3) at 2.42 ppm further supports the proof
of acetylation.

Conclusions. The spectral data clearly revealed that this approach
for acetylation gives considerable amount of acetylation in less
time duration with elimination of organic solvent. This method
could be employed for regular acetylation of amine terminated na-
nocarriers. EDC linker mediated capping of amine groups opened
a new avenue for acetylation of amine terminated protein/pep-
tides.

Keywords: Dendrimers, Polyamidoamine (PAMAM), Etylenedi-
amine, Acetylation, Linker, Surface Properties.

INTRODUCTION

Despite of its short history of nearly three decades it has
proved itself in the market. Dendrimers based products
are contributing significantly and efficiently. Top lead-
ers and Pharma giant companies are strengthening their
global presence by launching dendrimer based products .
The exposed groups on outer surface are available to bind
the moieties that can facilitate in drug targeting. Dendrim-
ers claims plethora of medicinal activities and is carrier of
choice in delivering the drug at the area of interest*®. Cross
linkers help to couple ligand with dendrimers. Hemolysis
toxicity mainly due to free amine groups is major problem
that limits their utilization in clinical applications. Research
scientist across the world is actively working on this seg-
ment to solve the issue. Surface capping may contribute to
make nanocarriers nontoxic, biocompatible, biodegradable.
Their pharmacodynamic and pharmacokinetic attributes
may be improved 7. Acetylation is one more approach for
capping the free amine groups of dendrimers. Dendrimer
acetyl conjugates may reduce the hemolytic toxicity and cy-
totoxicity problems associated with unmodified dendrim-
ers. Pioneering work in this segment was performed by
Majoros et al.., 2003 with commercial success of this novel
method &

Literature survey disclosed that remarkably few methods
are reported for the acetylation of PAMAM dendrimers °
Solubility enhancements of poorly soluble compounds
is facilitated by acetylated conjugates ®. Acetic anhydride
is popularly used for acetylation of amine terminated
PAMAM dendrimers. Utilization of dendrimers for drug
delivery applications while reducing their cytotoxicity is
the area were scientist are working actively. Plethora of
strategies are used to minimize the cytotoxicity of den-

drimers . Neutralizing charges by amine acetylation
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enhances the transfection efficiency of plasmid DNA
Quite a number of examples have appeared recently where
researchers have nicely illustrated the biomedical applica-
tion of surface modified dendrimers '>°. In present research
work a new approach have been developed that may open

new horizons for the drug delivery.
MATERIALS AND METHODS
Materials

Ethylenediamine (Merck Specialities (P) Ltd) and Methy-
lacrylate (Loba Chem (P) Ltd., Mumbai) were used after
redistillation. Glacial acetic acid was obtained from (Loba
Chem (P) Ltd., Mumbai). EDC was obtained from (Loba
Chem (P) Ltd., Mumbeai). Rest all the chemicals were pur-
chased from Loba Chem (P) Ltd., Mumbai. All Solvent was
HPLC grade.

Preparation of Acetylated 4.0G PAMAM Dendrimers

Acetylation of PAMAM 4.0G dendrimers was done us-
ing EDC as a cross linking agent. PAMAM dendrimer (1.0
gm) was solubilized in distilled water and cooled down
to 0-5°C. In another round bottom flask glacial acetic acid
(32 equimolar) was taken and aqueous solution of EDC (32
equimolar) was added drop wise for half an hour at 0-5°C
to with constant stirring. In this reaction mixture solution
of PAMAM 4.0G dendrimer was added dropwise at 0-5°C
for 1 h with constant stirring. Mixture was kept aside for
24 h. Finally by-products were removed by dialysis. Final

product was concentrated under vacuum (Scheme 1).

Scheme 1. Scheme for Acetylation of 4.0G PAMAM
dendrimers using EDC as a cross linking agent.
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Evaluation of Acetylated 4.0G PAMAM Dendrimers
Color test

PAMAM dendrimers and acetylated derivatives were treat-

ed with aqueous solution of copper sulphate (1%w/v)
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Ultraviolet Spectroscopy

0.01% w/v concentration of PAMAM dendrimers was
scanned in the range of 200 nm to 500 nm against distilled

water. The changes in A___values were analyzed '*.
FT-IR Spectroscopy

The 4.0G PAMAM dendrimer and acetylated derivatives

were subjected to FT-IR spectroscopy analysis .
Differential Scanning Calorimetric (DSC)

The samples were kept in aluminum disc and set in a Per-
kin Elmer DSC apparatus (Uberlingen, Germany) over the
range of 50-200°C. Analysis was performed at a heating rate
maintained at 20°C per minute in a nitrogen atmosphere.
Alumina was used as a reference substance. Spectrum was

recorded using TA 60W software and obtained spectra .
NMR Spectroscopy

The dendrimers were evaluated by NMR spectroscopy.
D,0 was used to solublize 4.0G and acetylated dendrimers.
Deuterated methanol was used as co-solvent and analyzed
at 300 MHz. NMR signal were recorded for 4.0G PAMAM

and acetylated analogs 2.
RESULTS AND DISCUSSION
Color Reaction

The plain dendrimers gives violet color due to free -NH,
groups. The acetylated dendrimers shows less instance vio-
late color due to decreases in free -NH, groups on acetyla-
tion. The color reaction provides preliminary information

regarding the surface modification of 4.0G dendrimers.
Ultraviolet Spectroscopy

Absorption maxima (h__ ) were recorded for 4.0G dendrim-
ers and surface modified dendrimers. The change in A__
values from 282.0 to 282.5 nm was observed for surface
modified dendrimers, which indicates change in surface
chemistry of PAMAM dendrimers.

FT-IR Spectroscopy

The 4.0G and acetylated derivatives were analyzed by FT-
IR spectroscopy analysis by FTIR 470 Plus, Jasco, Japan. The
FT-IR peaks provide the proof of modification of free amino
group into amide group. The characteristic peak of 4.0G
PAMAM dendrimers were of N-H stretch of primary amine
at 3284.16 cm’, N-H stretch of anti-symmetric substituted
primary amine at 3146.67cm-!, C-H stretch at 2919.48cm-"
IR spectra of Acetylated PAMAM dendrimer, characteris-
tic peak of N-H stretch of primary amine at 3284.16 cm-
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was disappeared due to conversion of primary amine to
secondary amine. A new peak of -(CO)-NH stretch was ob-
tained at 1640.28 cm-1 (medium) which shows attachment
of acetic acid surface group. FT-IR spectra of 4.0G PAMAM
dendrimers and Acetylated dendrimers are given in Figure
1 and Figure 2 respectively.

Figure 1. FTIR Spectra of 4.0G PAMAM Dendrimers
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Figure 2. FTIR Spectra of Acetylated PAMAM Dendrimers
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Differential Scanning Calorimetric (DSC)

The changes in Endothermic peak were analyzed. The
changes in Endothermic peak from 120.56 to 110.40°C were
observed which shows the PAMAM dendrimers surface

modifications.
NMR Spectroscopy

NMR spectra further confirm the Acetylation of PAMAM
dendrimers. The sample was analyzed by NMR spectros-
copy by Bruker DRX-300. D,O was used to dissolve 4.0G
PAMAM dendrimers and Acetylated PAMAM dendrimers
and methanol as co solvent and analyzed at 300 MHz. Shifts
in peaks was for terminal groups of -NHCH2CH2NH?2 at
3.46 & 2.99 ppm. The NMR spectra and shifts of Acetylated
PAMAM dendrimers provide the proof of acetylation. The
peak of -NH? at 2.99 ppm was replaced by (-NHCOCH3)
at 2.42 ppm. The results obtained are given in Table 1. The
NMR spectra of 4.0G and Acetylated dendrimers are given

in Figure 3 and Figure 4 respectively.
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CONCLUSIONS

Acetylation done using EDC as a cross linking agent and
glacial acetic acid gives a alternative way for the surface

modification of PAMAM dendrimers. It proves to be a bet-

Figure 3. NMR Spectra of 4.0G PAMAM Dendrimers
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ter technique for Acetylation of dendrimers. Therefore, in
the future, more attention should be paid to improving the
synthesis and surface modification of novel dendritic poly-

mers and exploring the novel possible applications.

Figure 4. NMR Spectra of Acetylated PAMAM Dendrimers
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Table 1. NMR shifts and interpretation of the spectrum of 4.0G Polyamidoamine (PAMAM) and Acetylated dendrimers

Interpretation

Acetylated 4.0G
PAMAM
d values (ppm)

4.0G PAMAM
d values (ppm)

-NCH,CH,N- -NCH,CH,N- 2.93 2.93
-NCH,CH,CO- -NCH,CH,CO- 2.98 2.98
-NCH,CH,CO- -NCH,CH,CO- 291 2.93

~-CONHCH,CH,N- ~-CONHCH,CH,N- 3.30 3.30
~-CONHCH,CH,N- -CONHCH,CH,N- 2.95 2.95
-CONHCH,CH,NH -CONHCH,CH,NH,- 3.46 3.34
~CONHCH,CH,NH, -CONHCH,CH,NH,- 2.99 -

-NHCOCH, -NHCOCH.- — 242
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