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Abstract—A graftable LDV (Leu-Asp-Val) peptidomimetic molecule (B-¢) has been prepared from 3-(5-amino-2-hydroxy)phenyl-
propionic acid, as 04, (VLA-4) integrin ligand. For that purpose, the mechanism of 3-(4-azidophenyl)propionic acid rearrangement
has been revisited. Activation of Durapore DVPP-hydrophilic membrane, by surface wet chemistry using triazine trifluoride, fol-
lowed by covalent coupling of B-¢ produced a modified filter (0.8% of derivatisation from XPS analysis) with improved capacity

of leukocyte retention.
© 2007 Elsevier Ltd. All rights reserved.

The design of smart materials for medical devices is an
actual challenge and most of the recent developments
in this field aim at controlling the cellular adhesion phe-
nomena.! Mammalian cells use transmembrane recep-
tors, called integrins, to mediate their adhesion on the
extracellular matrix (ECM).? Integrins are o, hetero-
dimeric proteins that bind peptide ligands.? Of the 25
known integrins, about one-third bind to the RGD
(Arg-Gly-Asp) ligand which is therefore frequently used
for the preparation of surface-modified biomaterials.*

We are interested in the covalent surface grafting of
non-peptide mimics of adhesive molecules as a general
strategy for the biocompatibilisation of synthetic poly-
mers.> We have previously developed RGD peptidomi-
metics as ligands of o3 integrin; their coupling to a
culture support made of poly(ethylene terephthalate)
(PET) promoted CaCo, (epithelial cells) adhesion.®
Now we are considering the adhesion of leukocyte cells
on blood filtration membranes in view of potential
applications for leukocyte depletion from blood prod-
ucts.” The ayP,; (also called VLA-4, very late antigen-
4) integrin is involved in the migration of mononuclear
leukocytes to sites of inflammation.® This integrin, ex-
pressed on all leukocytes except platelets, is known to
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bind ECM fibronectin via the LDV (Leu-Asp-Val) se-
quence of an alternatively spliced segment (CS-1).°
Due to the role of ayf; in the inflammatory response,
the LDV motif became the starting point in the discov-
ery of (non-peptide) small molecule antagonists.'® Re-
cently, compound A-a has been disclosed as a
nanomolar active antagonist (Scheme 1).!! We decided
to synthesize a structurally close molecule, but equipped
with a spacer-arm for grafting on a blood filter.

From the known antagonist A-a, we designed graftable
molecules A-c (n > 2), easily accessible via the key inter-
mediate A-b, featuring the following modifications
(Scheme 1): (i) the substituent R' of the diphenylurea
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Scheme 1. Design of graftable LDV peptidomimetics. Reagents: (a)
R!=Me; R? = H; R*=Me: ICso = 1.3 nM (A) and 2.5 pM (B) versus
4Py integrin. (b) R! = CF3; R? = OH; R*=H. (c) R' = CF5; R = O-
(CH,~CH,-0),~CH,-CH,-NH,; R® = H.
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portion is a trifluoromethyl instead of a methyl group;
this constitutes a spectroscopic tag for the X-ray photo-
electron spectroscopy (XPS) analysis of the derivatised
material surface'2; (ii) the substituent R? being a hydro-
xyl group is introduced on the 3-(p-aminophenyl)-propi-
onic acid portion; this represents the anchorage point
for the fixation of a spacer-arm of polyethylene glycol
(PEG) type!3 via an etherification reaction; (iii) the sub-
stituent R* (methyl group) of the propionic chain is sup-
pressed; this simplifies the synthesis and avoids the
control of a chiral centre which appears not too crucial
for the antagonistic activity.'!?

The choice of the position for the spacer-arm fixation on
the LDV peptidomimetic has been inspired from litera-
ture data showing that structural variations on this aro-
matic ring maintain the biological activity.!! Ethylene
glycol oligomers are usually considered for the coupling
of biologically active molecules on medical devices due
to their hydrophilic character and repulsive effect versus
non-specific adsorption of proteins.'* Finally, we have
selected an amine function as terminal group of the
spacer-arm because this versatile function allows the
grafting on polymer surfaces displaying either carboxyl
or hydroxyl groups.'?

The convergent synthesis of the target molecule A-c
(exemplified with n =2) required the preparation of
three building blocks (Scheme 2). 4-(3-(2-Trifluoro-
methyl)-phenylureido)-phenylacetic acid (3) was ob-
tained by reaction of 2-(trifluoromethyl)-phenyl
isocyanate (1) with 4-(amino-phenyl)-acetic acid (2)
(Eq. a).'® The spacer-arm 7, N-protected and O-acti-
vated, was prepared in four steps from 2-(2-(2-chloro-
ethoxy)-ethoxy)-ethanol (4); nucleophilic substitution
with NaNj gave the azide 5; reduction with PPhs and
amine protection with Boc,O furnished the carbamate
6'7; reaction with mesyl chloride led to 7 (Eq. b). We
planned to prepare the third portion of the peptidomi-
metic, namely 3-(4-amino-2-hydroxy)-phenyl-propionic

acid'®, from 3-(4-amino)-phenyl-propionic acid (8) by
using the protocol of Abramovitch et al.!® during their
study of acid-catalysed decomposition of arylazide 9,
they reported an intramolecular nucleophilic trapping
in para position with respect to the arylnitrenium func-
tion, by the carboxyl group leading to ipso-substitution
and spirolactone formation (Scheme 3, compound 12).
This intermediate further rearranged into dihydrocoum-
arin 14 (route a) whose hydrolysis should give our target
compound (this corresponds formally to the ortho-
hydroxylation of 8).

We prepared thus the azide 9 and submitted this com-
pound to the Abramovitch conditions. Reaction with
trifluoroacetic acid followed by addition of trifluoroace-
tic anhydride, aqueous work-up and chromatography
afforded the coumarin 16 instead of 14 (Scheme 3)! In
our hands,?° the isolated product resulted from the rear-
rangement of the spirolactone 12 by C-migration (route
b), and not O-migration (route a), leading to intermedi-
ate 15 whose positive charge is stabilized by mesomeric
effect of the oxycarbonyl function. The structure of 16
was unambiguously confirmed by 'H and '*C NMR
analysis.?! HMBC experiment showed the coupling of
H-3 with H-5, but not with H-7 or H-8; coupling of
H-2 with C-4 was also visible (see numbering of 16 in
Scheme 3). Strong acidic treatment of 16 deprotected
the aniline function and opened the lactone ring; the
resulting acid was esterified as usual to furnish 1772
(Scheme 2, Eq. c¢). This unexpected result forced us to
reconsider our initial objective (Scheme 1, molecules of
series A). The LDV peptidomimetic B-a is also described
in the literature,!' but its antagonistic activity versus
ol4B; integrin has been reported in the micromolar range.
Nevertheless, we decided to achieve the total synthesis of
the graftable LDV peptidomimetic B-¢ via the key-inter-
mediate B-b (Scheme 1, molecules of series B).

The coupling of synthons 3 and 17 in the presence of
carbodiimides as activation agents afforded the anilide
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Scheme 2. Synthesis of the three building blocks. Reagents and conditions: (i) THF, reflux, Et;N (cat.), 2 h; (ii) NaNj3 (excess), Nal (cat.), H,O,
50 °C, 48 h; (iii) a—Ph;P, THF, 1 h, 20 °C; b—H,0, 20 °C, 17 h; c—Boc,0, CH3CN, 1 N NaOH, 6 h, 20 °C; (iv) CH3SO,Cl, Et3N, acetone, 20 °C,
4 h; (v) NaNO,, NaN3, HCI-H,0, 0 °C, 1 h; (vi) a—TFA, 0 °C, 7 h; b—TFAA, 20 °C, 16 h; (vii) a—MeOH, 6 N HCI, reflux, 20 h; b—H;POy, (cat.),

MeOH, reflux, 12 h.
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Scheme 3. Rearrangement product of 3-(4-azidophenyl)-propanoic acid.
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Scheme 4. Synthesis of a graftable LDV peptidomimetic. Reagents and conditions: (i) PyBOP, DMF, 2 h, 20 °C; (ii) NaH, DMF, 20-60 °C, 17 h; (iii)

LiOH, CH3CN-H,0, 1 h, 20 °C; (iv) TFA, CH,Cl,, 1 h, 20 °C.

18 in poor yields (=25%); the use of BDDC (bis-(4-(2,2-
dimethyl-1,3-dioxolyl)-methyl)-carbodiimide),?*  which
makes easier the work-up and purification, did not sig-
nificantly improve the yields. Finally, good results were
obtained with PyBOP (benzotriazolyloxy-tris (pyrrolidi-
no)-phosphonium hexafluorophosphate) as coupling
agent®* (Scheme 4). The next step was the coupling of
the spacer-arm (7) to the peptidomimetic core (18). This
was realized under the Williamson conditions of etheri-
fication. Compound 19 was isolated in modest yields
after column chromatography. Applying the Mitsunobu
conditions of etherification (phenol 18 + alcohol 6), we
did not obtain 19. Lastly, saponification of the methyl
ester (acid 20) and TFA deprotection of Boc carbamate
gave the target compound B-¢ (n = 2)*° (Scheme 4).

A reference molecule 23 featuring the bis-aryl urea motif
solely and the spacer-arm was prepared by conventional
chemistry, as described in Scheme 5.2° Indeed, this moi-
ety is frequently found in the structures of various
peptidomimetics.?’

The biologically active molecules of interest were further
covalently fixed to a blood filtration membrane made of

poly(vinylidene difluoride) (PVDF). We used the com-
mercial filter Durapore DVPP-hydrophilic from Milli-
pore whose open surface displays hydroxyl functions
resulting from a graft-copolymerization treatment per-
formed by the manufacturer. We have previously devel-
oped a method of surface derivatisation of such a filter
based on the reaction with cyanuryl fluoride by wet
chemistry:?® one fluorine atom of the cross-linking agent
is substituted by the polymer hydroxyl group; the
remaining fluorine atoms of the triazine motif are fur-
ther substituted by the molecules via an amine function
(Scheme 6). The efficiency of the method has been as-
sayed by coupling a radioactive probe, namely [*H]ly-
sine:?® under the conditions used to graft
peptidomimetic or peptide molecules, we measured by
LSC (liquid scintillation counting) the fixation of about
135 pmol of lysine per cm? of open surface. The grafting
of LDV peptidomimetic (molecule B-¢), urea (molecule
23), GRGDS (Gly-Arg-Gly-Asp-Ser) and GGGGG
(Glys) as reference peptides was realized according to
Scheme 6.2° The resulting surface-modified filters were
analysed by XPS to determine their atomic composition
(on the apparent surface). Results of Table 1 showed the
presence of nitrogen atoms due to the cross-linking
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Scheme 5. Synthesis of the graftable urea motif. Reagents and conditions: (i) DCC, THF/CH,Cl, (5:1), 3 h, 50 °C; (ii) TFA/CH,Cl, (1:1), 30 min,
20 °C and NaOH work-up.
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Scheme 6. Coupling of molecules on PVDF hydrophilic membrane (with cyanuryl fluoride as cross-linking agent). Reagents and conditions: (i)
C3N3F; (1.5%), EtOAc, 20 °C, 1 h; then washing twice with EtOAc; (i) 107> M Lys* (or B-¢, 23, GRGDS, GGGGG) in phosphate buffer/acetone
(9:1, v/v), 4 h, 37 °C; then several washings.

Table 1. XPS analysis of derivatised PVDF membrane

Entry Sample Atomic composition (%) N/C x 100 Surface grafting (%)
Cls Ols Nils Fls

1 Native filter 54.65 14.43 — 30.93 — —

2 PVDF + B-¢ 56.69 11.18 0.97 31.15 1.71 0.8

3 PVDF + urea 56.56 10.07 1.21 32.16 2.10 1

4 PVDF + GRGDS 54.66 9.60 1.31 34.44 2.40 0.7

5 PVDF + GGGGG 57.60 12.90 <0.5 29.38 <0.87 <0.4
agent and the coupled ligands. In one case (entry 5), the isation with B-c was excellent: two batches indepen-
measurement of N concentration was close to the XPS dently prepared gave similar N/C x 100 ratios of 1.7—

detection limit. The reproducibility of the filter derivat- 1.8. The fluorine tag incorporated in our peptidomimetic



1088 M. Momtaz et al. | Bioorg. Med. Chem. Lett. 18 (2008) 1084—1090

Table 2. Filtration of ‘buffy coat’ solutions

Entry Filter % Leukocyte in filtrate®
1 Native filter 9.74 (£6.10)
2 PVDF + B-¢ 1.37 (£0.75)
3 PVDF + urea 2.36 (£0.79)
4 PVDF + GRGDS 3.45 (£3.40)
5 PVDF + GGGGG 2.19 (£1.24)
#Mean of two independent experiments with n = 4.

molecule is not useful in the case of a PVDF membrane
to determine the amount of grafted molecules from the
F/C ratio (this tag has been used to measure the percent-
ages of grafting on polyester membranes).’° However,
we could estimate the percentages of apparent surface
derivatisation from the N/C atomic ratios: values rang-
ing within 0.7-1% are calculated for the filters grafted
with B-¢, 23 and GRGDS, and a lower value of about
0.4% is estimated for GGGGG.?

The native Durapore filter and the modified filters
were tested for leukocyte depletion. Filtration experi-
ments were performed with ‘buffy coats’ (concentrated
solutions of human leukocytes) as described else-
where.3® Leukocyte solutions were passed through
the PVDF membranes and the number of cells recov-
ered in the filtrates was determined by flow cytometry.
Results of Table 2 showed that the native filter (entry
1) retains about 90% of leukocytes, most probably by
steric and non-selective physico-chemical interac-
tions.>! All the modified filters showed improved per-
formances by retaining between 96% and 99% of
leukocytes, and the filter grafted with LDV peptidom-
imetic (entry 2) was clearly the most efficient one.
From the statistical analysis,? it appeared significantly
different from the native PVDF membrane (reference).
Filters grafted with urea (entry 3) and GRGDS pep-
tide (entry 4) were found less efficient and not signif-
icantly different from the reference. This latter result is
quite surprising since RGD is usually considered as
the ‘universal adhesive-peptide sequence’.?? Interest-
ingly, GGGGG peptide used as negative control re-
vealed in fact to be active for leucoreduction.
Although the corresponding modified filter (entry 5)
was less performant than the one grafted with LDV
peptidomimetic, this result is statistically significant’?
compared to the reference (entry 1).

The improvement of leukocyte retention into the
membranes is indicative of novel adhesive interactions
with cells,3* created most probably by the binding of
integrins to the immobilized ligands. In the case of
PVDF derivatised with LDV peptidomimetic (Table
2, entry 2), the involvement of oyuf; integrin is as-
sumed on the basis of the structural similarity of B-
¢ with the known antagonists A-a and B-a (Scheme
1). For PVDF derivatised with GGGGG peptide (en-
try 5), other integrins could participate in the cell
adhesion phenomenon, for instance receptors of the
B, family. Those are expressed on leukocytes,®> and
LLG (Leu-Leu-Gly) containing peptides have been
identified as their antagonists.>® One can assume that

a peptide devoid of functional residues, such as
(Gly)s, could play a similar role.

Anyway, leukocyte depletion by filtration is a complex,
multi-parametric phenomenon?!; our preliminary results
in this field indicate that the use of surface-modified fil-
ters with LDV peptidomimetics could be a valuable
strategy. To our knowledge, only one example of LDV
peptide immobilization on a PET support to promote
adhesion of umbilical cord blood CD34" cells has been
reported in the previous literature.3” On the other hand,
the use of LDV peptidomimetics in the field of medical
devices was not yet mentioned. Our work paves the
route towards smart filters and new devices dedicated

to the filtration of blood products.
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