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Synthesis of salicylate dendritic prodrugs
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Abstract—A small drug molecule, salicylic acid, has been converted into well-defined dendritic macromolecules. The mono-disperse
nature of these materials may be clearly shown by NMR and GPC. A third generation salicylic acid dendrimer contains sixty sali-
cylic acid residues, which make up its core, branches, and periphery. Individual salicylic acid moieties in the dendrimer are connected
to one another via hydrolyzable diester linkages.
� 2006 Elsevier Ltd. All rights reserved.
Considerable effort has been devoted to the field of drug
delivery devices to prolong the duration of drug release
and to deliver a drug selectively to a targeted location,
such as a tumor site.1 Polymers have played an impor-
tant role in the development of drug delivery systems
for controlled release formulations as well as site-direc-
ted delivery, since polymeric materials can be easily for-
mulated as microspheres, films, tablets or implantation
devices, for achieving sustained drug release with tempo-
ral and spatial distribution control in the body.2

Although many polymers and polymer conjugates have
showed promising results as drug carriers during in vitro
studies, a large number of them failed when subjected to
in vivo examinations, largely as a consequence of poly-
mer-related toxicity or lack of improved therapeutic
index.3 Another crucial limiting factor in the design of
polymer-drug conjugates may be low drug carrying
capacity.

In the past decade, more attention has been paid to den-
drimers as drug-delivery systems because of their cas-
cade three-dimensional structure with nearly perfect
monodispersity.4 Such highly branched architecture
along with outer functional termini and inner dendritic
nano-voids makes these novel macromolecules more
efficient drug carriers when compared with classic poly-
mers. First, the internal cavity of a dendrimer provides
an ideal site for a hydrophobic drug to achieve noncova-
lent encapsulation with the possibility of subsequent
controlled release as well as the enhancement of the drug
solubility in water. Second, the controllable multiva-
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lency of a dendrimer can be used to attach a
combination of drug molecules, targeting groups, and
solubilizing groups, to the periphery of the dendrimers
in a well-defined manner. Third, the more globular
shape of dendrimers, instead of the random coil struc-
ture of most linear polymers, may enhance their biolog-
ical performance; furthermore, the low polydispersity of
dendrimers should promote reproducible pharmacoki-
netic behavior.2 However, the biocompatibility and
non-toxicity of dendrimers must be considered before
the application for drug delivery; in addition, the forma-
tion of dendritic defects (i.e., lack of perfect growth of
all arms in a dendrimer) which can result in low drug
loading also needs to be carefully controlled during
the dendrimer synthesis. Herein is reported the first syn-
thesis of a highly loaded novel dendritic prodrug based
on salicylic acid, a commonly used nonsteroidal anti-
inflammatory drug (NSAID) (see Fig. 1).

The most attractive feature of the dendritic prodrug is
that the drug entities are chemically incorporated into
a dendrimer structure, not just attached as pendants
on the surface nor physically encapsulated inside the
cavities. This design not only incorporates a large num-
ber of drug units into the dendritic architecture but also
provides the unique potential that the drug molecules
can be controllably released via hydrolytic cleavage of
ester bonds sequentially and even quantitatively layer
by layer from the cascade architecture. In addition, the
functional groups at the surface of the novel dendritic
drug may be modified to permit the introduction of a
synergistic drug. Alternatively, the inner dendritic cavi-
ties may be utilized for encapsulation of such a drug.
The incorporation of salicylic acid into polymeric
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Figure 1. Structure of a dendritic salicylic acid prodrug.
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backbones has been reported.5 Salicylic acid-based poly-
esters have been shown to display in vitro degradation
lag time of a couple of days.6 The newly synthesized sal-
icylic acid-based dendrimers described here will also be
useful for sustained delivery.
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Scheme 1. The syntheses of building block 4 and core 6. Reagents and cond
DCC, DPTS, CH2Cl2, rt, 18 h, 87%; (c) 20% Pd(OH)2, 50 psi H2, THF, rt, 3 h
CH2Cl2, rt, 18 h, 78%.
Salicylic acid-based dendrimers HO-Gn (n = 0–3: the
generation number of the dendrimer) were synthesized
by means of ‘Lego’ or ‘click’ chemistry7 using biocom-
patible building blocks (salicylic acid, glycerol, and suc-
cinic acid) by typical stepwise and iterative processes of
OH

OH
O

HO

HO
O C

O
C

OBn

C
O

O
O

C

C
O

C

BnO

C
O

O
O

C

BnO

2

4

O

O

O

O

OBn

O

O

OH
O

O
O C

O
C
O

5

d

itions: (a) succinic anhydride, pyridine, rt, 18 h, 91%; (b) succinic acid,
, 85% for 4, and 94% for 6; (d) 2-benzyloxybenzoic acid, DCC, DPTS,



S. Tang et al. / Tetrahedron Letters 47 (2006) 7671–7675 7673
esterification and hydrogenolysis. The glycerol–succinic
acid monoester 2 and the pre-core 4 with a tetrahydroxy
focal point were first prepared.8 Compound 4 was cou-
pled to 4 equiv of 2-benzyloxybenzoic acid, followed
by subsequent hydrogenolysis to produce the core HO-
G0 6 in an overall 71% yield (Scheme 1).

Compound 2 (4 equiv) was coupled to the core HO-G0,
6, to afford compound 7, Ben-G0.5. The benzylidene
acetal protecting groups were later removed by hydro-
genolysis to provide compound 8, HO-G0.5, to which
the eight units of 2-benzyloxybenzoic acid were then
coupled by esterification to yield compound 9, BnO-
G1.0. Again, hydrogenolysis afforded the first genera-
6: HO-G0

7: Ben-G0.5
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Scheme 2. The syntheses of salicylate dendritic prodrug G1.0–G3.0 (10–18). R
for 7, 24 h for 11, 36 h for 15; (b) 20% Pd(OH)2, 50 psi H2, THF, rt, 3 h; (c) 2
48 h for 17.
tion dendritic drug HO-G1.0, 10, in an overall 47%
yield. The second generation dendritic prodrug 14,
HO-G2.0, was synthesized in four similar steps. Com-
pound 10 was treated with 2 to generate compound
11. Hydrogenolysis of 11 afforded compound 12, which
were subsequently coupled with 16 units of 2-benzyloxy-
benzoic acid to produce 13. The acetal protecting groups
were subsequently removed by hydrogenolysis. The
third generation dendritic prodrug HO-G3.0, 18, was
prepared in an analogous stepwise procedure, whereby
2 was coupled to 14 followed by hydrogenolysis to af-
ford compound 16. 2-Benzyloxybenzoic acid was subse-
quently coupled to 16 followed by routine
hydrogenolysis (Scheme 2).
9: BnO-G1.0

8: HO-G0.5
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Figure 2. (a) 1H NMR spectra of salicylate dendritic prodrugs G0.0–G3.0, here, *peaks are from the residual protons of the solvent (CDCl3), **peaks
are from the protons of CH2Cl2 (DCM used as the solvent in the synthesis), and ***peaks are from the methylene protons of ethyl acetate used in the
column chromatography separation; (b) the plots of 1H NMR spectral expansions for the methine proton resonance region of the glycerol entities in
the salicylate dendritic prodrugs G0.0–G3.0.

Table 1. GPC data for the dendritic salicylate prodrugs G0.0–G3.0

Dendrimer Retention volume (mL) PDI (Mw/Mn)

Run 1 Run 2 Average Run 1 Run 2 Average

G0.0 10.22 10.21 10.22 1.030 1.031 1.031
G1.0 9.59 9.59 9.59 1.042 1.040 1.041
G2.0 9.15 9.15 9.15 1.056 1.049 1.053
G3.0 8.83 8.82 8.83 1.044 1.047 1.046
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The structures of all generations of salicylic acid-based
dendrimers were confirmed by FTIR, 1H and 13C
NMR, and MALDI-TOF-MS.8 The strong O–H char-
acteristic stretch around 3220 cm�1 in the FTIR spec-
trum confirmed the presence of free hydroxyls in the
dendritic structures. The 1H NMR spectra (Fig. 2) of
the different generation dendritic drug HO-Gn (n = 0–
3) exhibit a clear correlation of the growth of higher gen-
eration dendrimers with the increasing characteristic sets
of well resolved peaks. Additionally, the relative integra-
tion area of exterior and interior benzyl and glycerol
proton resonances in the NMR spectra clearly indicates
that the next higher generation of the desired prodrugs
had been formed from the previous generation, that is,
the conversion of one generation to the next was cleanly
accomplished.9
Figure 3. Overlay of GPC chromatograms of salicylate dendritic prodrugs G
The polydispersity indices (PDI) of these dendritic pro-
drugs listed in Table 1 were determined by gel-permeation
chromatography (GPC) (Fig. 3), indicating the high pur-
ity and monodispersity of the dendrimers formed.10

This represents the first synthesis of salicylic acid-based
dendrimers. These newly synthesized dendritic prodrugs
0.0–G3.0. Here, *peaks are from the solvent (THF).
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possess a number of drug entities cascading from the
core, interior and exterior regions, and also display a
large number of functional groups at the periphery.
Such a novel dendritic prodrug design provides a prom-
ising hydrolyzable drug delivery system for sequential
and quantitative drug release. With a much higher drug
loading than has heretofore been archived, the dendritic
prodrug could potentially greatly exceed the effective-
ness of the current repertoire of drug vehicles and offer
a new platform for drug delivery.
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