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ABSTRACT

A small drug molecule, L-DOPA, was converted into well-defined dendritic macromolecules. Their monodisperse nature was shown by NMR,
MALDI-TOF-MS, and PAGE. A third-generation L-Dopa dendrimer contained 30 L-Dopa residues, which made up its core, branches, and periphery.
Individual L-Dopa moieties in the dendrimer were connected to one another via hydrolyzable diester linkages. These Dopa dendrimers showed
a 20-fold increase in aqueous solubility and enhanced photostability in solutions over L-Dopa under identical conditions.

L-DOPA (levodopa, 3,4-dihydroxy-L-phenylalanine) is a drug
used to treat Parkinson’s disease. It is a prodrug capable of
passing the blood-brain barrier. It is decarboxylated in the
brain to become dopamine, the neurotransmitter, by the
enzyme aromatic-L-amino acid decarboxylase. L-DOPA can
relieve some of the dopamine deficit seen in Parkinsonism.1

However, it also induces side effects such as dystonia and
dyskinesia after large doses or chronic use. Slow release of

L-DOPA (e.g., long-acting forms of Sinemet and Madopar)
has shown the reduction of the problems associated with
long-term therapy.

Dendrimers are promising nanomaterials for medical and
pharmaceutical applications because they may improve the
therapeutic efficacy of many low MW drugs by utilizing the
dendritic voids inside to physically encapsulate the drugs or
the terminal groups on the periphery to chemically conjugate
them.2 To achieve high drug loading, dendrimers of relatively
large size have to be used. Linear polymer drugs such as

(1) The Columbia Electronic Encyclopedia, 6th ed.; Columbia University
Press: New York, 2005.
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PolyAspirin truly offer a huge capacity of drugs and an easily
manipulated system for drug delivery.3 However, the release
of drug units in a linear polymeric drug can still be “sudden”
because the hydrolytic degradation may occur at any spot
of the polymer backbone or even at multiple spots simulta-
neously.

In this communication, we demonstrate a novel approach
to incorporate multiple drug units (i.e., L-DOPA) into a
cascade structure to form a dendrimer prodrug (Figure 1)

based on L-DOPA.4 This is believed to be the first time that
a dendrimer is made of and used as an intrinsic drug or
prodrug instead of as a carrier for encapsulation or conjuga-
tion. Such a well-defined dendritic architecture will be
expected to provide a sequential and better controlled release
profile by losing the periphery drug entities first, then the
interior ones, and lastly the core units.

Synthesis of the L-DOPA dendrimer prodrugs started from
commercially available L-DOPA1 (Scheme 1), which was

converted to the corresponding methyl ester and then
immediately N-protected by treatment with di-tert-butyl-
dicarbonate to synthesize HO-DOPA-NHBoc-COOMe2.5

Then, the catechol function of2 was treated with potassium
carbonate, sodium iodide, and an excess of benzyl bromide

in refluxing acetone to give the BnO-DOPA-NHBoc-
COOMe3,6 which was hydrolyzed by 1 N aqueous NaOH
in MeOH/THF at room temperature followed by acidification
to afford BnO-DOPA-NHBoc-COOH4.7

Scheme 2 shows the synthesis of the building block6 and
the Boc-protected core8. Compound4 was treated with 4.5
equiv of ethylene glycol in the presence of dicyclohexyl-
carbodiimide (DCC) and 4-(dimethylamino)-pyridiniump-
toluenesulfonate (DPTS) to give5,8 which was then stirred
with succinic anhydride in pyridine to provide the building
block 6 for the continuous synthesis of high-generation
dendrimer prodrugs.9 The BnO-G0-NHBoc7 was produced
by simultaneously coupling two units of4 with ethylene
glycol in the presence of DCC and DPTS and then was
hydrogenolyzed with a palladium catalyst (5% Pd/C) to yield
the HO-G0-NHBoc8,10 which was used as the core to
develop high-generation dendrimer prodrugs.

The synthesis of a high generation of drug dendrimers was
achieved with a routine coupling and deprotecting procedure
(Scheme 3). The core8 was coupled with four units of the
building block 6 to afford BnO-G1-NHBoc9, which was
then deprotected back to the catechol function by hydro-
genolysis with H2/Pd-C (Parr apparatus) to give HO-G1-
NHBoc 10. The deprotection of amine groups of10 via
acidification gave the desired first-generation L-DOPA
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Figure 1. Structure of the second-generation L-DOPA dendrimer
prodrug (HO-G2-NH2).

Scheme 1. Synthesis of Boc- and Bn-Protected
L-DOPA-COOH4

Scheme 2. Synthesis of Building Block6 and Core8
(Boc-G0)
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dendrimer prodrug (HO-G1-NH2) 11, which was character-
ized by NMR and MALDI-TOF-MS (observed [M+ Na]+

1735.7 Da and [M+ K] + 1751.7 Da; C80H92N6O36 requires
1713.6 Da). Meanwhile, HO-G1-NHBoc10 was coupled
with eight units of building block6 to yield BnO-G2-NHBoc
12, which was hydrogenolyzed to generate HO-G2-NHBoc
13. Boc deprotection by acidifying13 then afforded the
desired second-generation L-DOPA dendrimer prodrug (HO-
G2-NH2) 14, which was also characterized by NMR and
MALDI-TOF-MS (observed [M+ Na]+ 4324.2 Da and [M
+ K] + 4339.8 Da, C200H228N14O92 requires 4300.2 Da).
Furthermore, coupling HO-G2-NHBoc13 with 16 units of
the building block 6 afforded the fully protected third
generation of dendrimer prodrugs BnO-G3-NHBoc15, which
was then converted into the third generation of the dendritic
L-DOPA prodrug, HO-G3-NH2 17, via the same deprotection
steps as those shown in the previous syntheses of the
dendrimers11 and 14. NMR and MALDI-TOF-MS were
also used for the characterization of17 (observed [M+ H]+

9474.0 Da, C440H500N30O204 requires 9472.8 Da).

Gel electrophoresis on 10% acrylamide gels was performed
on these newly synthesized dendrimers (G0-G3) under
acidic conditions as reported earlier.11 The electropherogram
shown in Figure 2 clearly showed relatively sharp and
discrete bands representing species with low polydispersity.
For comparison, the commercially available ethylenedi-
amine-core amine terminated G4 PAMAM [generation 4
poly(amido amine)] dendrimer was run under the same
conditions. As with the PAMAM dendrimers, our dendritic
L-DOPA prodrugs showed a decrease in migration with

increasing generation number. The HPLC chromatograms
of G0-G3 L-DOPA dendrimers12 showed that the clean
products were obtained from the syntheses.

Solubility studies on these prodrugs have been performed
in deionized water and 140 mM NaCl solution. The results
clearly show that the newly synthesized L-DOPA dendrimers
(>50 mg/mL) are much more soluble in water than L-DOPA
(<5 mg/mL). Photodegradation studies have also been
conducted for these dendritic prodrugs in comparison with
L-DOPA. The results from UV-vis studies12 demonstrate
that the dendritic prodrugs are much more photostable than
L-DOPA. The hydrolysis of these novel dendritic prodrugs
was also studied by NMR and HPLC.12 The results display
a sequential degradation mechanism for these dendritic
prodrugs.

In conclusion, we have reported a successful synthetic
route of novel dendritic L-DOPA prodrugs (generations

(11) Sharma, A.; Mohanty, D. K.; Desai, A.; Ali, R. A.Electrophoresis
2003,24, 2733-2739.

(12) The data are available in the Supporting Information.

Scheme 3. Syntheses of Dendritic Prodrugs G1-G3

Figure 2. PAGE of novel dendritic L-DOPA prodrugs (G0-G3).
Lane assignments are as follows: 1) 50 µg of G3; 2 ) 50 µg
of G2; 3 ) 50 µg of G1; 4 ) 150 µg of G0; 5 ) 5 µg
of ethylenediamine-core amine terminated PAMAM dendrimer
G4.
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1-3). More biological and pharmacological studies on these
new dendritic prodrugs will be pursued.
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