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Synthesis and biological evaluation of PEG-tirofiban conjugates
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Abstract—We have conjugated tirofiban, an antagonist of the GPIIb/IIIa integrin receptor, to PEG, and shown that these polymers
effectively inhibit platelet aggregation. This inhibition decreased with the size of the polymer. Our goal was to develop new cryo-
protective agents to store frozen platelets. Surprisingly, tirofiban-conjugated PEG did not exhibit any protection.

© 2008 Elsevier Ltd. All rights reserved.

Platelets cannot be conserved more than five days,
which causes regularly some shortage in the stocks of
blood banks. Consequently, there is an ongoing need
to develop a method to store platelets for a longer time.
Their storage in the frozen state has been limited by the
toxicity and the lack of efficiency of cryoprotective
agents.! DMSO protects platelets from the stress of
freezing and thawing, however, residual DMSO in plate-
let concentrate induces nausea, vomiting, local vaso-
spasm and garlic-like taste, which makes it unsuitable
for clinical purposes.!:? On the other hand, polyethylene
glycol (PEG), which has been used for many years as
a cryoprotectant for several tissues and cells, is well tol-
erated by the organism. However, its cryoprotective effi-
ciency is not sufficient for platelets.’> The main damages
occur at the level of the plasmic membrane that loses its
integrity due to formation of ice crystals during freezing
and thawing.

We aimed at improving this cryoprotection by conjugat-
ing PEG to the ligand of a membrane receptor concen-
trate the polymer close to the membrane where it could
display its cryoprotective effects (Fig. 1). We expected
this layer of cryoprotective polymer to maintain mem-
brane integrity during freezing and thawing. The
membrane receptor that we selected is the GPIIb/IIla
integrin receptor because it is the most abundant one
at the platelet surface (more than 40,000 copies per
platelet).* The ligand had to be an antagonist to prevent
it from triggering the aggregation of platelets.
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Figure 1. Platelet wrapping by PEG conjugated to a GPIIb/II1a
antagonist.

The first task of our research program was to design and
synthesize a GPIIb/IIla antagonist that could be easily
conjugated to PEG. Tirofiban (1) is an antithrombotic
drug developed by Merck scientists that binds with a
high affinity to GPIIb/IIIa receptor even when platelets
are not activated (K4 =13 nM).> On the basis of SAR
studies that showed that the butylsulfonamide moiety
could be replaced by various arylsulfonamides,® we envi-
sioned compound 2 to be a suitable ligand for conjuga-
tion to PEG (Fig. 2).

The general approach to prepare 2 was based on the
synthesis of tirofiban developed by Merck scientists
(Scheme 1).7 Deprotonation and alkylation of picoline
3 with bromide 4 followed by deprotection afforded
pyridinylbutanol 5 (71% from 3). Hydrogenation over
Adams’ catalyst and N-Boc protection gave 6 (57%, 2
steps). This alcohol was used to alkylate protected tyro-
sine 7 by a Mitsunobu reaction (76%). Removal of the
Cbz and sulfonylation of the free amine completed the
synthesis of the GplIb/IITA-binding moiety of the
ligand.

Completion of the synthesis required the introduction
of the linker moiety by a Sonogashira’s reaction with
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Figure 2. Tirofiban (1) and its analogue to be conjugated (2).
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Scheme 1. Synthesis of ligand 2 and its conjugation to PEG.
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alkyne 12. This reagent was easily prepared in 3 steps
from butynol 10. Reaction of this alcohol with an excess
of 4-nitrophenylchloroformate cleanly provided an acti-
vated carbonate, whose reaction with an excess of dia-
mine 11 and subsequent protection as a Boc efficiently
afforded 12 (67%, 3 steps).

Optimization of the Sonogashira coupling between 9
and 12 led to a satisfying yield of 74% under Jeffery’s
conditions.® Saponification of the ester and deprotection
of the N-Boc afforded the ligand 2 (90%, 2 steps).

Initial attempts to conjugate 2 to PEG using 4-nitrophe-
nylchloroformate according to Schiavon’s procedure
gave low yields.” However, the use of di-succinimidyle
carbonate 13'° in presence of DMAP in dioxane affor-
ded the corresponding activated PEG in 95% yields.
First attempts to conjugate these activated carbonates
with ligand 2 in chloroform or pyridine gave poor yields.
Finally, we found that performing this conjugation with
ligand 2 in an aqueous buffer at pH 9 efficiently afforded
the expected adducts 14-16 (65-78% yields).!!-12

Before examining the cryoprotective properties of
14-16, we tested whether PEG conjugates retain the
binding and pharmacological properties of tirofiban.
We checked that these conjugates inhibit the aggrega-
tion of platelets activated by ADP, collagen or TRAP
(a thrombin receptor agonist) according to established
procedures (Fig. 3).'> We showed that better inhibition
of platelet aggregation is achieved with a shorter poly-
mer conjugate: PEK 2K conjugate 14 abolished totally
the aggregation at a 10 uM concentration, while PEG
5K and 10K conjugates 15 and 16 required a 10-fold
higher concentration to achieve the same effect. This
could be due to the repulsive effect of PEG that tends
to repel these conjugated polymers from the membrane
and its receptors.

We observed that the aggregation induced by collagen
and TRAP was less sensitive to the inhibition by PEG

Next, we examined the cryoprotective properties of 14,
16 and regular PEG using Dayan’s method for freezing
platelets.'* Briefly, a solution of the polymer was added
to a suspension of human platelets in a glycerol-glucose
medium. This preparation was frozen in liquid nitrogen
using Dayan’s statically controlled cooling rate device,
carefully thawed in a bath at 37 °C, and washed by
centrifugation. We examined the swirling and the aggre-
gating properties and compared them to a non-frozen
sample. In all frozen samples, swirling was slightly
reduced, which indicates that a portion of the platelets
changed their shape and were not able to aggregate any-
more. Platelet frozen in the presence of regular PEG 2K
and PEG 10K retained partially their ability to aggre-
gate in response to ADP (Table 1).

Surprisingly, this ability was totally lost with 14 and 16,
indicating that conjugating tirofiban analogue 2 to PEG
abolishes cryoprotective properties of PEG. This might
be explained by a destabilization of the membrane
bilayer by PEG due to a depletion interaction.'>

None of the platelet samples responded to collagen,
which shows that the activation by collagen is more sen-
sitive to freezing stress, than the one by ADP.

Several drugs have been conjugated to PEG in order to
modify their bioavailability.!® None of them were
designed for cryopreservation. We provided therein the
first experimental evidence that such an approach is
unlikely to be successful. We also demonstrated that
PEG-tirofiban conjugates effectively inhibit platelet
aggregation, and that this inhibition decreases with the
size of the polymer.

Table 1. Aggregation properties of platelet samples that were frozen in
the presence of 0.2 mM PEG or PEG-2 conjugates (expressed as a
percentage relative to a non-frozen sample)

% Aggregation % Aggregation
induced by ADP induced by collagen

conjugates than the one induced by ADP, however, Control (no polymers) 0 0
the activity profile remained the same. Overall, these PEG 2K 40 0
data confirmed that PEG conjugates 14-16 efficiently 14 0 0
bind to the GPIIb/IIIa receptor and do not exhibit del- PEG 10K 32 0
eterious effects on platelet function. 16 0 0
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Figure 3. Effect of PEG conjugates 14-16 on human platelet aggregation induced by ADP (5 uM), collagen (2.5 mg/ml) or TRAP (1 uM). The
concentrations of polymers are based on the quantity of conjugated tirofiban (* 0% aggregation).
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