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Using 4,4-dimethoxybenzhydrol as soluble mimic of the reduced poly(aryl ether ether ketone) (PEEK) monomer
unit, we established the best experimental conditions to replace the hydroxyl group with an amine function, on the
one hand, and to fix an amino acid residue, on the other hand. The selected strategies were then adapted to the
surface functionalization of the PEEK-OH film obtained by reduction of the PEEK precursor. Thus, reaction with
phenylcarbamate followed by LiOH hydrolysis gave the PEEK;Nikin characterized by,,, multiple internal

reflection (MIR) and X-ray photoelectron spectroscopy (XPS). The PEEKM&$ further derivatized with 1,3-
propanesultone. Reaction of PEEK-OH withf-(9-fluorenylmethoxycarbonyl) Lj glutamine followed by
piperidine deprotection gave the PEEK-glutamine film characterized),pyIR and XPS.© 1998 Published by

Elsevier Science Ltd. All rights reserved.
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INTRODUCTION reactions led to the preparation of original modified PEEK
films, the surface of which exposed fluorinated mdtifs
carboxylic acid&

In the present work, we further make use of this
substitution strategy for the introduction of (protected)
amine functions, (i) directly on the benzhydryl motifs of the
PEEK-OH film and (ii)via a short spacer arm derived from
glycinamide or glutamine. Using 4A4limethoxybenz-
hydrol 1 as a model compouRY we first examined, in
solution, the feasibility of the envisaged sequences of
reactions. The best results were then adapted to the
heterogeneous chemistry on polymer films.

The modified PEEK surfaces were characterized by water
contact angle measurements, and by multiple internal
reflection (MIR) and X-ray photoelectron spectroscopy
(XPS) spectroscopies. Secondary ion mass spectrometry
0(SIMS) and fluorescence spectroscopies were punctually
sed.

Biocompatibilizatiort of synthetic polymers constitutes a
major objective of our laboratofy>. Pursuing our work
devoted to the controlled surface modification of poly(aryl
ether ether ketone) (PEEK) fiftn®, we report in this paper
the preparation of aminated surfaces using the wet-
chemistry approacit®

Surface-modified PEEK films are used as new substrates
for the in vitro cultivation of anchorage-dependent mam-
malian celld™*2 It was previously demonstrated that
supports displaying free amine functions significantly
improve the cellular adhesidfr*® This could result from
a primarily non-specific electrostatic interaction between
the negatively charged polysaccharides (proteoglycans) on
the cell surfact’ and the positively charged aminated
support at physiological pH. In addition, specific inter-
actions could also take place, mediated by proteins adsorbe
on the polar substrate. Interestingly, such interactions can be!
directed by the covalent grafting of peptide ligands
containing the active sequence (Arg-Gly-Asp) of the EXPERIMENTAL
extracellular matrix proteit§=2° In this respect, surface _
amine functions offer potential anchorage points for the Chemistry on model compounds
covalent coupling of peptides, and other biologically active )
agents susceptible to interact with cell receptors. Materials and methods

We have already established the synthetic versatility of ~ The reagents were of analytical grade and purchased from
the PEEK-OH film obtained by surface reduction of the Aldrich (Bornem, Belgium) and Acros Chimica (Beerse,
PEEK precursdt the hydroxyl groups displayed on the Belgium). The solvents were dried and distilled as usual.
surface could be easily substituted by weak nucleophilic Merck silica gel 60 (70-230 and 40-63 mesh ASTM)
reagents (anilines, amides) dissolved in acetic acid. Thesewas used for the column-chromatographies. Raesalues
were determined on Merck TLC 60,& plates with a
thickness of 0.2 mm (visualization with u.v., potassium
*To whom correspondence should be addressed permanganate and ninhydrine).
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Melting points are uncorrected (digital melting point

8.86 mmol). The mixture was stirred overnight at room

apparatus, Electrothermal, UK). The i.r. spectra were takentemperature, then poured into brine (100 ml) and extracted

with a Perkin-Elmer 1710 instrument (infra red Fourier

with ethyl acetate (320 ml). The organic phase was

transformer spectrometer) and calibrated with polystyrene washed with 0.3 N HCI, dried over MgSQconcentrated
(1601 cmY). The n.m.r. spectra were recorded on Varian and flash chromatographed on silica gel with CH-ethyl
Gemini 200 and 300 spectrometers with tetramethylsilane acetate (98:2) to give 0.6 g (40%) ®f as a yellow powder:
as internal standard. The mass spectra were obtained with an.p. 45.5-46.%C; Rr = 0.26; MS (El)m/e 169 (M — 1),

Finnigan MAT TSQ-70 instrument (EI mode, electronic

152, 83, 69, 56; i.r. (flmy 3305, 1724, 1556, 1421, 1219,

impact or FAB mode, fast atom bombardment, Xe, lon Tech 1166, 728 cm®; *H n.m.r. (CDCk, 300 MHz)6 6.9—7.1 (br
8 kV). The microanalyses were performed at the University m, 3 H), 4.35 (dJ = 6.2 Hz, 1 H).

College of London (Dr Alan Stones).

Preparation of compound3 (compoundsSa, 3band 3d
were prepared according to)

N-(4,4' -Dimethoxybenzhydryl)phenylcarbama8s). A
solution of 4,4-dimethoxybenzhydrol (0.6 g, 2.41 mmol,

N’-Trifluoroacetyl )-glutamine 5b. This product is
commercially available from Acros.

N’-Dansylglycinamidésc. To a solution of glycinamide
hydrochloride (0.721 g, 6.4 mmol) in dry pyridine (4 ml)
was added dropwise, under argon atmosphere, dansyl
chloride (2.62 g, 9.5 mmol, 1.5 equiv) in pyridine (6 ml).

1 equiv.) and phenylcarbamate (0.68 g, 4.81 mmol, 2 The mixture was stirred (in the dark) under heating ats0

equiv.) in dry HOAc (15 ml) containing 1% of }$0,

during 20 h. Addition of water (50 ml), extraction with

(catalyst) was stirred overnight at room temperature. The EtOAc (5 X 20 ml), washing of the organic layers with

mixture was poured into ice-cold water (150 ml). The
precipitate was filtered off, dissolved in GEl, (30 ml),
washed with 5% NaHC¢) dried over MgSQ and
concentrated to furnish 0.73 g (82%) 8t as a white
powder: m.p. 163—164°€ (recrystallization from i-propa-
nol); Re (SiO,, CH.Cl,) = 0.38; MS (El)nve = 363 (M*),
269, 227; i.r. (KBr)» 3321, 2836, 1733, 1702, 1611, 1539,
1512, 1252 cm®; *H n.m.r. (CDC}, 300 MHz)$ 7.2 (d,J =
8.7 Hz, 4 H), 7.42-7.1 (m, 5H), 6.8 (d,= 8.7 Hz, 4 H),
5.96 gd,J =8.1Hz,1H),5.68(dJ=8.1Hz,1H),3.8(s,3
H); C n.m.r. (CDC}, 50 MHz) ppm 159.12, 153.75,

brine (5 10 ml) and with 0.1 N HCI (5< 10 ml), drying
over MgSQ and concentration gave 2.13 g of crufle
Column-chromatography on silica gel (100 g) with gHi,-
iPrOH (95:5) yielded 1.28 g (65%) of pubg: m.p. 132.2—
(FAB) m/e 308; i.r. (KBr) » 2873, 2787, 1666, 1574, 1459,
1319, 1144, 786, 625 cm; *H n.m.r. (CDC}, 200 MHz)é
8.52 (d,J = 7.97 Hz, 1 H), 8.20-8.27 (dd,= 8.58 Hz and
6.87 Hz, 2 H), 7.48-7.61 (dd, 2 H), 7.24 (@~ 7.62 Hz,
1H),6.38(s,1H),5.93({1]=6.19 Hz, 1 H), 5.75 (s, 1 H),
3.52 (d,J = 6.14 Hz, 2 H), 2.89 (s, 6 H)-*C n.m.r. (CDC},

151.16, 133.92, 129.90, 128.42, 125.24, 121.5, 114.17,75 MHz) ppm 171.1, 153.3, 132.4, 132.2, 131.2, 129.96,

58.12, 55.31; Anal. Calc. for £§H,,NO, (363.41): C, 72.64;
H, 5.78; N, 3.85—Found: C, 72.58; H, 5.81; N, 3.80%.

Deprotection of compounds(preparation of 4,4
dimethoxybenzhydrylaming

Deprotection of3b. A solution of N-(4,4-dimethoxy-
benzhydryl) chloroacetamidgb (0.102 g, 0.317 mmol) in
dry pyridine (10ml) was heated at 8D for 1.5h.

129.4,126.5, 124.2,119.2, 116.5, 46.6, 46.4; Anal. calc. for
C1H17/N303S (307.36): C, 54.70; H, 5.57; N, 13.67—
Found: C, 54.63; H, 5.48; N, 12.87%.
N’-(9-Fluorenylmethoxycarbonyl}J-glutamine5d. To a
mixture of (L)-glutamine (1 g, 6.77 mmol), dioxane (10 ml)
and 10% aqueous N@O; (20 ml), vigorously stirred at
0°C, was added dropwise 9-fluorenylmethyl chloroformate
(.98 9, 7.45mmol, 1.1 equiv.) dissolved in dioxane

Concentration under vacuum gave the corresponding (15 ml). After complete addition, the mixture was further
pyridinium salt which was dissolved in aqueous NaOH stirred for 2 h at 28C. The mixture was then poured into

(0.264 g NaOH, 20 equiv., in 50 mlJ@). The mixture was
stirred at 40C for 17 h, then extracted with Ci&l, (3 X

water (200 ml) and extracted twice with ether. The aqueous
phase was acidified with conc. HCI to reach pH 2 (formation

10 ml). The organic phase was washed with water, dried of a white precipitate) and extracted with ethyl acetate (2
over MgSQ, concentrated and chromatographed on silica 50 ml). The organic layers were washed with water and
gel with hexane-ethyl acetate (1:1) to give 33 mg (42%) of concentrated under high vacuum to furnish 2.35 g (94%) of

pure amine4 as a white powder.

Deprotection of3e A solution of N-(4,4'-dimethoxy-
benzhydryl) phenylcarbamatge (0.2 g, 0.55 mmol) and
LiOH.H,0 (0.118 g, 2.75 mmol, 5 equiv.) in GEN-H,O
(1:1; 20 ml) was heated at 8D for 3 h. After evaporation
under vacuum, the residue was dissolved in,CH (20 ml),
washed with water, dried over MgS@nd concentrated to
furnish 0.12 g (90%) of4: m.p. 59-60.8C; Rr (SiO,,
CH,Cl,) = 0.12; MS (El)m/e 243 (M"), 227, 212, 135H
n.m.r. (CDCk, 200 MHz)é 7.27 (d,J = 8.7 Hz, 4 H), 6.85
(d,J=8.7Hz,4H),5.12(s,1H),3.77(s,6 H), 1.85 (br s, 2
H); **C n.m.r. (CDC}, 50 MHz) ppm 158.4; 138.1, 127.8,
113.7, 58.4, 55.2; Anal. calc. for ¢4,;NO, (243.3): C,
74.04; H, 7.04; N, 5.75—Found: C, 74.09; H, 7.06; N,
5.57%.

Preparation of protected amino acids
N’-Trifluoroacetyl glycinamidesa. To a suspension of
glycinamide chlorohydrate (1 g, 8.86 mmol) in pyridine

(15 ml), was added trifluoroacetic anhydride (1.26 ml,
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5d as a white solid: m.p. 195.8—198(, R (SiO,, i-PrOH)

= 0; MS (El)m/e 368 (M), 196, 179, 178, 165; i.r. (KBn)
3429, 3334, 1724, 1698, 1645, 1532, 1468, 1416GrH
n.m.r. (DMSO-d6, 300 MHz$ 12.8-12.4 (br m, 1 H), 7.9
(d,2H),7.7(d,2H),7.5-7.2(m, 6 H), 6.8 (brs, 1 H), 4.2 (d,
2H),3.95(t, 1 H),3.5-3.2 (brm, 1 H),2.2 (t, 2H),2.1-1.9
(m, 1H), 1.9-1.7 (m, 1 H)**C n.m.r. (DMSO-d6, 50 MHz)
ppm 173.6, 173.5, 156.1, 143.9, 140.7, 127.6, 127.1, 125.3,
120.1, 65.8, 53.6, 46.8, 31.5, 26.7; Anal. calc. for
C20H20N205 (36838) C, 65.2; H, 5.47; N, 7.6—Found:
C, 64.79; H, 5.41; N, 7.28%.

Coupling of5 to 4,4 -dimethoxybenzhydrdl (preparation
of the model compound®

N-(4,4'-Dimethoxybenzhydryl)¥ -(dansyl)glycinamide
6¢c. A mixture of 5¢ (95 mg, 0.31 mmol) and (39 mg,
0.16 mmol) in HOAc (2 ml) (plus one drop of 130,) was
stirred overnight, at room temperature (in the dark). The
mixture was poured in ice-cold water (15 ml) and filtered.
The precipitate was dissolved in GEl, (5ml). The
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aqueous phase was extracted with,CH (5 X 10 ml). The
organic layers were washed with 5% NaHE@ X 15 ml),
dried over MgSQ and concentrated to give 76 mg (90%) of
crude6¢. Column-chromatography on silica gel (GEl»-
iPrOH, 98.5:1.5) yielded 54 mg (64%) of puBe. Rg =
0.09; MS (FAB)m/e = 534; i.r. (KBr) » 2927, 1727, 1657,
1177, 831, 627 cm; *H n.m.r. (CDCk, 200 MHz) 6 8.55

(d, 1 H), 8.19-8.24 (d, 2 H), 7.43-7.54 (m, 2 H), 7.14 (d, 1
H), 6.98 (d, 1 H), 6.89 (dJ = 8.6 Hz, 4 H), 6.75 (d] =

8.8 Hz, 4 H), 5.97 (dJ = 8.36 Hz, 1 H), 5.73 (tJ =
6.42 Hz, 1 H), 3.76 (s, 6 H), 3.52 (d= 6.46 Hz, 2 H), 2.86

(s, 6 H); **C n.m.r. (CDC}, 75 MHz) ppm 166.6, 158.98,
133.4, 131.3, 130.8, 130.3, 129, 128.8, 128.3, 125.5, 123.2
118.2, 115.5, 114.1, 55.9, 55.3, 46.1, 45.4; Anal. calc. for
CyH31N305S (53364) C, 65.27; H,5.85; N, 7.87—Found:
C, 65.16; H, 5.92; N, 7.35%.

N- (4,4 -Dimethoxybenzhydryl\'-(9-fluorenylmethoxy-
carbonyl)-@¢)-glutamine 6d. A mixture of 5d (0.856 g,
2.32 mmol) andl (0.289 g, 1.16 mmol) in HOAc (15 ml)
containing 1% of HSO, (catalyst) was stirred overnight at
20°C.

The mixture was poured in ice-cold water (100 ml); the
white precipitate was filtered off, washed with ether and
dried under vacuum to give 0.644 mg (93%) &d: m.p.
165.6-166.8C; Re (SiO,, i- PrOH) = 0.16; MS (FAB)m/e
595 (M+ 1), 534, 453, 307, 242, 227, 154, 136; i.r. (KBr)
3295, 2835, 1692, 1640, 1611, 1543, 1510, 1450%GriH
n.m.r. (DMSO-d6, 300 MHz$ 12.7-12.6 (br m, 1 H), 8.7
(d,1H),7.9(,2H),7.7(,2H), 7.5-7.2 (m, 6 H), 7.1 (d,
4 H), 6.8 (d+ brd, 5H), 6.0 (d, 1 H), 4.3—-4.2 (br s, 2 H),
4.0-3.9 (brs, 1 H),3.69 (s, 6 H), 3.37 (m, 1 H), 2.3 (m, 2 H),
2.1-1.9 (m, 1 H), 1.9-1.7 (m, 1 H}¥*C n.m.r. (DMSO-d6,
50 MHz) ppm 173.7, 170.3, 158.1, 156.2, 143.7, 140.6,
134.9, 128.2, 127.5, 126.9, 125.1, 119.9, 113.55, 65.5,
54.96, 54.5, 53.5, 46.6, 31.7, 26.8; Anal. calc. for
C35H34N207 (59466) C, 70.69; H, 5.76; N, 4.71—Found:
C, 70.70; H, 5.70; N, 4.46%.

Deprotection of compounéd

N-(4,4' -Dimethoxybenzhydryl)} glutamine7d. Method
A: a solution of6d (100 mg, 0.168 mmol) in piperidine
(0.5 ml) was left for 45 min at room temperature, then
poured into ice-cold water (15 ml). The precipitateNs{9-
fluorenylmethyl) piperiding was filtered off. The filtrate
was concentrated under high vacuum to furmdt{~100%)
containing piperidine. Method B: a solution 6& (50 mg,
0.084 mmol) in CHCN (2 ml) was treated with piperidine
(0.017 ml, 0.168 mmol, 2 equiv.) and left for 3 h at°20

according to Refs 6-8. The amount of hydroxylated
monomer units was determined by X-ray photoelectron
spectroscopy (XPS), considering tBe— O/C—O0O and the
O=C/O—C atomic ratios in the fine structures of the;@nd
O,speaks. The percentages of surface reduction were within
70-90%, depending on the experimental conditions (tem-
perature: 100-12C, and duration of the treatment with
NaBH,-DMSO: 2—-4 h). From SEM analysis, the surface of
PEEK-OH was smooth. The PEEK-OH disks (1.12%m
used for the surface derivatizations were cut off a large
PEEK-OH sample (rectangle of 30 cm in length and 15 cm
in width).

. Water used for the rinsing of the modified polymer disks

was of HPLC grade and obtained with a Milli-Q system
(Millipore, Bedford, MA, USA).

The contact angles of water were measured at room
temperature using the sessile drop technique and an image
analysis system (CCD camera of MXR 5010 type and
contour processor PIO-12 with computer monitor 80 from
Electronish Ontwerp Bureau De Boer, The Netherlands).
The values given inTable 6 are the average of 10
measurements. The standard deviation is indicated in
parentheses.

The surface i.r. spectra (MIR mode) were recorded on PE
580 and PE 1760 spectrometers using an optical deviation
system from Perkin-Elmer and a thallium bromide-iodide
crystal KRS-5 (incidence angle: 95 the instrument was
coupled with a PE 3600 computer.

The scanning electron miscroscopy (SEM) was per-
formed using a Hitachi (Tokyo, Japan) S-570 system with
an accelerating voltage of 15 kV and a working distance of
approximatively 10 mm. The samples were gold coated in a
Balzers Union SCD 040 vapour disposition unit, at 15 mA,
for a period of 120 sec.

The XPS spectra were obtained with a SSI X-probe (SSX-
100/206) spectrometer from Fisons (Surface Science
Laboratories, Mountain View, CA, USA), equipped with
an aluminium anode (10 kV, 20 mA) and a quartz mono-
chromator. The direction of photoelectron collection made
angles of 55and 75 with the normal to the sample and the
incident X-ray beam, respectively. The electron flood gun
was set at 6 eV. The vacuum in the analysis chamber was
2.5 X 107" Pa. The binding energies of the peaks were
determined by setting the;Gcomponent due to carbon only
bound to carbon and hydrogen at a value of 284.8 eV. The
peak areas were determined with a linear background
subtraction. Intensity ratios were converted into atomic
concentration ratios by using the SSI ESCA 8.3D software

CH3CN was removed under vacuum, water was added andpackage. The peaks were curve-fitted using a non-linear

the mixture was extracted with GBIl,. The organic layer
containedN-(9-fluorenylmethyl) piperidin€. The aqueous
phase was lyophilized to gived (14 mg, 70%). Method C:

least square routine and assuming a Gaussian/Lorentzian
(85/15) function. The XPS experimental technique was fully
described in Ref. 8.

FMOC deprotection was conducted in toluene, as described The TOF-SIMS analyses were realized with a TRIFT-

in Method B (yield 80%). Method D: FMOC deprotection
was conducted in DMSO, as described in Method B (yield
100%):*H n.m.r. (DMSO-d6, 300 MHz} 9.0 (d,J = 4 Hz,

1 H), 7.16 (d,J = 8.5 Hz, 4 H), 6.84 (d) = 8.5 Hz, 4 H),
5.98(dJ=4Hz, 1 H), 3.70 (s, 6 H), 3.15 (m, 1 H), 2.32 (m,
2 H), 2.0-1.7 (m, 2 H).

CHEMISTRY ON POLYMER FILMS

Materials and methods

Amorphous PEEK film (Stabar K200; thickness of
25um) received from ICI (UK), was surface-reduced

TFS 4000 MMI spectrometer (ion beam of 15 keV, with a
diameter of 0.5um).

The fluorimetric analysis was performed with a SLM-
Aminco 48000 S DW 2000 apparatus (incidence anglé). 45

Reaction of PEEK-OH with amide (carbamag)
PEEK-NHCOCHCI. PEEK-OH disks (15 disks of
1.12 cnf) were immersed into a solution of chloroaceta-

mide 2b (3 g) in HOAc (100 ml) containing k5O, as
catalyst (0.1 g). The disks were stirred at@0for 48 or

72 h, then removed from the solution and rinsed with HOAc
(2 X 10 min), water (2< 10 min) and acetone (& 10 min).
The disks were dried under vacuum {60 3 h). The blank
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samples were obtained by similarly treating PEEK-OH
disks, but with omitting the acid catalyst; they did not
contain chlorine atoms. XPS analysis of PEEK-
NHCOCH,CI (48h): C 84.42% (284.9¢eV); @
13.49% (533.4¢eV); N, 1.13% (400eV); Cl, 0.66%
(200—-202 eV)—PEEK-NHCOCKLI (72 h): C;5, 82.82%;
Oy 14.93%; Ng, 0.89%; ClI, 1.35%.

PEEK-NHCOOPh PEEK-OH disks (15 disks of
1.12 cnf) were immersed into a solution of phenyl
carbamate2e (3 g) in HOAc (100 ml) containing k5O,
as catalyst (0.5 g). The disks were stirred at@@or 72 h,
then removed from the solution and rinsed with HOAc
(8X10 min), water (%10 min) and acetone 10 min).
The disks were dried under air atmosphere°@0 The
blank samples were obtained by similarly treating PEEK-
OH disks, but with omitting the acid catalyst; they did not
contain nitrogen atoms.

XPS analysis of PEEK-NHCOOPhH 1 (from PEEK-OH
displaying 82% of hydroxyl functions): {5 82.86%
(284.8eV); Qs 14.17% (533.31eV); N 2.97%
(400.13 eV)—PEEK-NHCOOPh 2 (from PEEK-OH
displaying 75% of hydroxyl functions): {5 83.55% (284.8
eV); O 13.86% (533.31 eV); N, 2.59% (400.21 eV).

Deprotection of PEEK-NHCOR (preparation of PEEK-
NH,)

PEEK-NH, from PEEK-NHCOCHCI. Disks of PEEK-
NHCOCH,CI (treatment of 72 h; 5 disks of 1.12 &rwere
immersed into pyridine (25 ml) at 80 for 1 h 30 min, then
into 0.5 M agueous NaOH (25 ml) at 4D for 24 h, under
stirring. The disks were removed from the solution and
rinsed with water (3 15 min), and acetone (& 15 min),
and then dried under vacuum (€0 3 h). The blank samples
were obtained by similarly treating PEEK-OH disks. XPS
analysis of PEEK-NH Ci, 79.96% (284.8¢eV); @
17.77% (533.4eV); N, 1.45% (399eV); Cl, 0.44%
(200-202 eV)-Blank: G, 80.46%; Q, 18.88%; N,
0.61%.

PEEK-NH, from PEEK-NHCOOPh Disks of PEEK-
NHCOOPh (2 disks of 1.12 cfi were immersed into a
solution of LIOH-H,O (0.203 g) in CHCN-H,O (1:1;
20 ml), and stirred at 5€ during 3 h. The disks were
removed from the solution and rinsed with water>310
min) and acetone (3x 10 min), then dried under air
atmosphere (2@€). The blank samples were obtained by
similarly treating PEEK-OH disks; they did not contain

14.97%; Ns 1.75%; S, 0.31%—Blank (2%): G
85.88%; Qs 13.63%; N 0.42%; S, 0.06%. PEEK-
dansyl (4%): G 85.46%; Qg 14.05%; Ny 0.39%; S,
0.11%—Blank (4%): G 85.95%; Qs 13.82%; N,
0.20%; S 0.03%.

PEEK-FMOC PEEK-OH disks (5 disks of 1.12 ¢in
were immersed into a solution d&d (0.25g) in HOAc
(25 ml) containing HSO, as catalyst (0.068 ml; 0.125 g).
The disks were stirred for 72 h at ZD), then removed from
the solution and rinsed with HOAc (8 10 min), water (3%

10 min) and acetone (8 10 min). The samples were dried
under air atmosphere (2D). The blank samples prepared as
usual, did not contain nitrogen atoms. XPS analysis of
PEEK-FMOC (from PEEK-OH displaying 82% of hydroxyl
functions): G, 80.35%; (284.88eV); @ 18.37%
(533.39eV); N, 1.26% (400.21 eV)—PEEK-FMOC
(from PEEK-OH displaying 75% of hydroxyl functions):
Cis 82.69%; Qg 15.62%; Ng 1.69%.

Preparation of PEEK-glutamine

Disks of PEEK-FMOC (4 disks of 1.12 cmsamples of
entry 5, Table 5 were immersed into a solution of
piperidine (0.581 ml, 1%) in toluene (50 ml) and stirred
for 3 h at room temperature. The disks were removed from
the solution and rinsed with toluene 8 10 min), acetone
(1 X 10 min), water (2< 10 min) and acetone (X 10 min).
The samples were dried under air atmospheréGR0The
blank sample was obtained by similarly treating a PEEK-
OH disk; the blank did not contain nitrogen atoms. XPS
analysis: Gs 81.59% (284.8 eV); @ 16.23% (533.3 eV);
Nis 2.18% (399.6 eV). SEM analysis: smooth surface, no
visible defects.

Preparation of PEEK-SgH

Disks of PEEK-NH (3 disks of 1.12 cri samples of
entry 4, Table 2 were immersed into a solution of 1,3-
propanesultone (0.25 g, 1%) in toluene (25 ml) and stirred
respectively at 20 for 31 h, at 86C for 10 h and at 8@
for 20 h. The samples were rinsed with toluene X3
10 min), methanol (3 10 min) and acetone (Z 10 min),
then dried under air atmosphere {29.

XPS analysis of PEEK-SH (20°C, 31 h) Cy,, 83.12%
(284.6 eV); Qg 13.24% (533.2 eV), I\, 2.62% (398.9 eV);
Syp 0.81% (168.9 eV)—Blank: ¢, 85.34%; Qg 14.23%;
Nig 0.27%; S, 0.16%. PEEK-SGH (8C°C, 10 h): G
74.99% (284.8eV); @, 20.44% (533.0eV); N, 1.97%

nitrogen atoms. SEM analysis: smooth surfaces; no visible (401.4 eV); S, 2.60% (168.6 eV). PEEK-S@I (8C°C,

defects. XPS analysis of PEEK-NH(from PEEK-
NHCOOPhH, 90%): G, 85.27% (284.8 eV), @ 11.27%
(533.39 eV); Ny 3.46% (398.87 eV)—PEEK-NH(from
PEEK-NHCOOPh, 75%): ¢, 83.75%; Qs 13.12%; N
3.12%.

Reaction of PEEK-OH with compoun8s

PEEK-dansyl PEEK-OH disks (2 disks of 1.12 c¢in
were immersed into a solution &fc (respectively 0.086 g
(1%), 0.172g (2%) and 0.351 g (4%)) in HOAc (9 ml)
containing HSO, (0.025 ml, 0.5%). The disks were stirred
for 72 h at 20C, in the dark, then removed from the solution
and rinsed with HOAc (2< 10 min), water (4X 10 min)
and acetone (Z 10 min). The samples were dried under
vacuum (60C, 3 h) and storred in the dark. XPS analysis of
PEEK-dansyl (1%): G, 76.44% (284.9 eV); @ 16.82%
(533.1eV); Ng 4.23% (399.9eV);, & 2.52%
(168.7 eV)—Blank (1%): G, 78.03%; Qs 16.8%; N,
2.39%; S, 1.86%. PEEK-dansyl (2%): {5 83.06%; Q

5362 POLYMER Volume 39 Number 22 1998

20 h): C,g 78.16%; Qg 17.92%; N, 1.88%; S, 2.04% —
Blank: Cyq, 78.77%; Qs 18.87%; N, 0.66%; Sy, 1.71%.

RESULTS AND DISCUSSION

PEEK derivatization with amine functions is poorly
documented in the literature. Some bulk modifications
resulted from the use of functionalized units in the polymer
synthesis, i.e. aromatic amine-terminated PEEK oligofriers
andp-aminophenyl(4,4difluorobenzophenone)imif

Surface modifications of PEEK films, under wet-
conditions, were initially reported by McCarthy in
particular, the reactions with hydroxylamine and 2,4-
dinitrophenylhydrazine were performé&d but the subse-
qguent reductive depotections to furnish aminated surfaces
were not achieved. At last, plasma treatments withaNd
N,/O, mixtures were examined; however, the incorporation
of amine functions could not be detectéd

Amorphous PEEK film was easily reduced by immersion
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Table 1 Preparation of 4,4dimethoxybenzhydrylamine

Entry R @ Yield 32 Deprotection conditions Yield®
1 H a, 85% KOH, THF-HO-MeOH (3:1:1), reflux, 25 h ~30%
2 CH.CI b, 85% (i) pyr., 80C, 1 h 30 min; (ii) NaOH, HO, 40C, 16 h ~50%
3 CR; c, 0% — _

4 OCHs d, 75% KOH, THF-H,0-MeOH (3:1:1), 60C, 60 h ~20%
5 OPh e, 82% LiOH, CH,CN-H,0 (1:1), 50C, 3 h ~90%

#Yield after recrystallizatioﬁYieId after purification by column chromatography on silica gel

Table 2 XPS analysis of PEEK-NHCOR and PEEK-NH

Entry PEEK-OH PEEK-NHCOR PEEK-NH
(% of reduction)

R Treatment X/C atomic ratio % X/C atomic ratio % (corrected)
1 89 CH,CI 48 h Cl/C X 100= 0.782 15 — —
2 89 CH,CI 72h Cl/ICx 100= 1.630 32 N/Cx 100= 1.052 21 (10)
Cl/IC x 100= 0.550 11
3 82 OPh 72h N/Cx 100= 3.584 90 N/Cx 100= 4.058 78
4 75 OPh 72h N/Cx 100= 3.099 75 N/Cx 100= 3.725 72

#Percentage of modified polymer units

Table 3 XPS analysis of PEEK-S{]

Entry Conditions N/Cx 100 Corrected S/ 100 Corrected % of grafted
sultone
1 1% sultone, toluene, 3.152 2.836 0.974 0.787 15
20°C,31h
PEEK-OH blank 0.316 0.187
2 1% sultone, toluene, 2.627 1.789 3.467 1.296 25
80°C, 10 h
PEEK-OH blank 0.838 2.171
3 1% sultone, toluene, 2.405 1.567 2.610 0.439 9
80°C, 20 h
PEEK-OH blank 0.838 2.171

into a solution of sodium borohydride in dimethylsulfoxide of which was more easily conducted in aqueous NaOH,
at 120C for a few hours. The resulting surface exposed overnight at 40C, to give 50% of the free aming(entry 2).
hydroxyl functions in high amounts (70-90% of reduced Finally, the carbamat8&e was found to be quantitatively
monomer units from XPS analysis), the reactivity of which cleaved by LiOH in agueous acetonitrile, for 3 h afG0
has been previously demonstrdtedl This film, called (entry 5). The procedures 2 and 5 were selected for the
PEEK-OH, constitutes our actual starting material for the polymer modification.

development of amination procedures by wet-chemistry. PEEK-OH samples were immersed into a solution of
chloroacetamide2b in acetic acid containing 0.1% of
Direct amination of the PEEK-OH film H,SO, as catalyst; after 48 and 72 h of reaction, the samples

Our synthetic plan for the surface amination of PEEK-OH Were adequately rinsed and analysed by X-ray photoelec-
film was based on the substitution of the hydroxyl groups tron spectroscopy (XPS). They contained nitrogen and
with protected amines, followed by selective deprotection. chlorine atoms; from the CI/C< 100 atomic ratios, we
This strategy was first examined in homogeneous solution, calculated*, respectively, 15% and 32% of surface deriva-
with 4,4 -dimethoxybenzhydroll considered as a good tization Scheme ZTable 2. Blank samples were prepared
mimic of the reduced PEEK monomer unit. Using our Dby omitting the acid catalyst in the wet-chemistry

standard condition&: we reactedl with formamide 2a, procedure. These films did not contain chlorine atoms
chloroacetamide2b, methyl carbamate2d and phenyl from XPS analysis, thus confirming that protonation of the
carbamate 2e, to furnish the corresponding\-(4,4 - polymer hydroxyl functions is necessary for the substitution
dimethoxybenzhydryl) amideSa and 3b, and N-(4,4- to occur. The two step deprotection procedure was applied

dimethoxybenzhydryl) carbamatésl and 3e (Scheme 1 to the PEEK-NHCOCHCI sample of entry 2. The film was
Table 1. The trifluoroacetamid@c was not nucleophilic ~ successively treated with pyridine for 1 h 30 min af®0
enough to give the substitutiéh Various deprotection — and with aqueous NaOH for one day at@0then rinsed as
conditions of compound8 were systematically studiéd usual. The XPS analysis (entry 2) revealed the presence of
treatment of 3a with a solution of KOH in aqueous hitrogen atoms and residual chlorine atoms corresponding
tetrahydrofurane-methanol for one day at@Qyave 30%

of 4,4'-dimethoxybenzydrylaminé (entry 1); similarly, the

basic hyd-meSis ofsd yielded- 20% of4 (entry 4): The *We considered a theoretical monomer unit consisting of [(PEEK,QH)
deprotection of chloroacetamidb was performed in two (PEEK-NHCOCHCI),], i.e. [(C1603)x + (CoONCI),}, wherex + y— 1.

9. ; ; AT
step§ . reaction W|th. py”dm(.a at 8w peruced a8  Forx=0.68 and/ = 0.32, the calculated Cl/& 100 atomic ratio was 0.32/
pyridinium salt by chlorine substitution, the basic hydrolysis 19.64x 100= 1.629 (experimental value 1.63).
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| 1 HOAc
OMe + R—C—NH,
H*, 20°C
2
Deprotectlon

(see table 1)
NH,

Scheme 1 Preparation of 4,4dimethoxybenzhydrylamine from 4:4
dimethoxybenzhydrol

q@o@o PEEK
(o] m
t NaBH,, DMSO, 120°C, 3h

cp—@o—@—o PEEK-OH
OH m
HoN— c R (3%), HpSO, (0.1 to 0.5%), HOAG,
20°C, 48 to 72h
@ —Q % PEEK-NHCOR
PaTTa TR S —
Ii Soz toluene, 80°C, 10h
CﬁQo@o PEEK-SO3H
hH m

R = CH,CI: (i) pyr., 80°C, 1h30; (ii) NaOH,
(CHp)3—SO3H

H,0,40°C, 24h
R'= OPh: LiOH, H,0 - CHyCN, 50°C, 3h

Scheme 2 Preparation of PEEK-NKHand PEEK-S@H

to 21% and 11% of surface functionalization, respectivelyt.
The chloroacetamide hydrolysis was thus uncomplete
(corrected yield of PEEK-NK 10%); but under more

drastic conditions, surface erosion occurred (SEM analysis)

The reaction of PEEK-OH with phenyl carbam&e in
acetic acid containing 0.5% of 480, gave PEEK-
NHCO,Ph film in high yield Scheme 2Table 3. The

MIR spectrum clearly showed the carbamate function at
! (Figure 1A. The water contact angle of 78.8
(Table 6 indicated a more hydrophobic surface in

1739 cm

comparison to the starting PEEK-OH film (7%9.8The

XPS analysis of two samples of different origins (entries 3
and 4) gave N/Cx 100 atomic ratios of 3.584 and 3.099,
corresponding to 90% and 75% of modified polymer unitst.

T We considered a theoretical monomer unit consisting of [(PEEK+4OH

PEEK-NH;), + (PEEK-NHCOCHCI),], i.e. [(CidO5 + C10.N), +

(C203NCI),], wherex + y = 1. Forx = 0.89 andy = 0.11, the calculated
CI/C X 100 atomic ratio was 0.11/19.22 100 = 0.572 (experimental

value= 0.55).

F We considered a theoretical monomer unit consisting of [(PEEK;GQH)

(PEEK-NHCGOPh)], i.e. [(C1603)x + (C2604N),], wherex +y = 1. Forx

=0.25andy = 0.75, the calculated N/& 100 atomic ratio was 0.75/24.25

X 100= 3.093 (experimental value 3.099).
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Figure 1 MIR spectrum of PEEK-NHC@Ph and PEEK-NH films. (A)
PEEK-NHCO,Ph film; (B) PEEK-NH, film

The fine structure of the g peak Figure 2) revealed the
presence of carbon atoms simply bound to a nitrogen atom
(C-N at 285.5 eV) and carbon atoms doubly bound to the
oxygen atom of the carbamate function 0{-= O)O at
289.5 eV). The secondary ion mass spectrometry (SIMS,
negative mode) confirmed the presence of phenyloxycar-
bonyl groups vz 121).

The deprotection of PEEK-NHC®Ph was realized by
immersing the film into a solution of LiOH in aqueous
acetonitrile for 3 h at 5TC. The MIR spectrum confirmed

the efficiency of the treatment: the carbamate band at

1739 cm* has well disappearedrigure 1B. The water

"contact angle of 727Avas indicative of a more hydrophilic

surface, as compared to the starting matefiabf{e §. From

the N/C X 100 atomic ratios, given by the XPS spectra

(Table 2 entries 3 and 4), we calculated a percentage of
derivatization within 72—78%8. The fine structure of thg C
peak Figure 3) showed an importan€-N contribution at
285.5 eV, and the disappearance of the carbamate contribu-

tion. Accordingly, in the SIMS spectrum, the peaknafz

121 was also missing. Thus all the spectroscopic data are
consistent with the complete deprotection of PEEK-
NHCO,Ph to give the fully aminated surface called
PEEK-NH,.

The PEEK-NH film could be further functionalized by
reaction with 1,3-propanesultone in toluensclieme 2

8§ We considered a theoretical monomer unit consisting of [(PEEK;QH)
(PEEK-NH,),], i.e. [(C1403)x + (C1902N),], wherex 4+ y = 1. Forx=0.22

andy = 0.78, the calculated N/& 100 atomic ratio was 0.78/19 100=
4.10 (experimental value: 4.058).
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:284.82eV 1.25eV
:286.43eV 1.25eV
1289.69eV 1.25eV
:285.50eV 1.25eV
:287.00 eV 1.18 eV
1291.55eV 1.68 eV
:293.15eV 1.87 eV

79257.52 cts
23314.47 cts
4808.32 cts
10127.41 cts
3486.05 cts
6925.04 cts
3419.68 cts

60.35%
17.75%
3.66%
7.71%
2.65%
5.27%
2.60%
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Figure 2 XPS analysis of PEEK-NHC&Ph film; detailed G peak

292.96

288.96 280.96

Binding Energy(eV)

1:284.83 eV 1.25eV 90601.56 cts 62.86%
2. 2:286.56 eV 1.25eV 22260.20cts 15.44%
5 3:287.00eV 1.25eV 1787.03cts  1.24%
3 4:285.85eV 1.25eV 18318.40cts 12.71%
s 5:29276eV 2.04eV 1612.16¢cts 1.12%
5 6:291.60eV 240eV 955745cts 6.63%
o}
w

292.72

288.72 280.72

Binding Energy (eV)

Figure 3 XPS analysis of PEEK-NHfilm; detailed Gs peak

Table 3. The resulting PEEK-SEH was analysed by XPS;

Table 4 Fixation of glycimamide and glutamide derivatives on '4,4

depending on the experimental conditions (temperature anddimethoxy benzhydrol

duration of the treatment), the amount of grafted sultones
varied within 9—25%. The best result was obtained after
10 h of reaction at 8@ (entry 2, Table 3 Figure 4.
However, in all cases, surface erosion occurred (i.e.
progressive dissolution of the modified interface), as
evidenced by the diminution of the N/& 100 atomic
ratios. In those experiments, the PEEK-OH blank samples
showed a relatively important adsorption of the sultone
reagent, and some amine contamination.

Indirect amination of the PEEK-OH film

We envisaged fixing glycinamide and glutamine on the
PEEK-OH surface using their primary amide function as a
nucleophilic anchorage point. For that purpose, their

respective amine function has to be irotected. The selected product
1

protecting groups were trifluoroacet§| 5-dimethylamino-
1-naphthalenesulfonyl (dansif) and 9-fluorenylmethox-
ycarbonyl (FMOCS™. They are classical masking groups in

9 We considered a theoretical monomer unit consisting of [(PEEKzQH)
(PEEK-NHy), + (PEEK-SQH)/, ie. [(CidO3)x + (CiON)y +
(C,0:5NS)], wherex + y + z= 1. For &k + y) = 0.75 andz = 0.25, the
calculated S/Cx 100 atomic ratio was 0.25/19.75 100= 1.266 (experi-
mental value= 1.296).

Entry| n X R Yield 5 Yield 6 Yield 7
110 H -COCF3 a, 38% (@ <10%(®) NE"
2 | 2|COOH -COCF3 b © 54%(0) NE
3 [of H -0,S ¢, 65% (@ 90%(b) NE

>’

NS

NMe,

4 | 2| COOH -coz?Hz d, 94% () 93%(b) 100%(b)

(a) isolated after column chromatography; (b) crude; (c) commercially available

Non Evaluated

peptide synthesis; moreover, they will provide useful

spectroscopic tags for the analysis of the corresponding

modified polymer surfaces (XPS, fluorescence, SIMS).
The N-protected glycinamideSa and 5¢, and theN'-

protected glutaminesb and 5d were prepared using

conventional methods (see Experimental sectidcheme

3, Table 4. Their reactivity, in homogeneous solution,
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Figure 4 XPS analysis of PEEK-Sg film; general spectrum

Table 5 XPS analysis of PEEK-OH films coupled to (N-protected) amino-amide derivaiives

Entry PEEK-OH PEEK-NHCO-(CH),-CH(X)NHR Conc. of5 N/C x 100 % of modified
polymer units

n X R Blank Sample Corrected
1 84% 0 H 1%b5c¢ 3.063 5.533 2.470 16
o)
e
2 88% (PEEK-dansyl) 2%c 0.489 2.107 1.618 11
3 88% 4%5¢ 0.232 0.456 0.224 2
4 82% 2 CQH COO?H2 19%5d 0 1.568 — 18
7N
5 75% (PEEK-FMOC) 19%d 0 2.044 — 24
6 — 2 COH H (PEEK-glutamine) (fromentry 5) 0O 2.672 — 26

#Percentage of reduction

towards 4,4-dimethoxybenzhydrol was first investigated,; X HoAc
the reactions were conducted in acetic acid, at room Meo—Q—CIH—@OMe + HZNCO-(CH)).CHNHR  —— =~
temperature, with sulfuric acid as catafjstHigh yields OH 5 '

1

of coupling (products6c and 6d) were obtained with piperidine

compoundssec and 5d (Scheme 3Table 4; these amides foluene.

were thus selected for the anchorage on the polymer film. Meo@CHOOMe;MeoOCHOOMe
Deprotection of6d with piperidiné! was considered NH NH

under various conditions (see experimental section); the O,,C—(CHz)an-NHR o,/C—(CHz)z‘(I:H‘NHz
FMOC cleavage was quantitative. 6 X 7d COOH

PEEK-OH film samples were immersed during 72 h into
different solutions ofN'-(dansyl) glycinamidesc in acetic Scheme 3 Fixation of glycinamide and glutamine derivatives on’4,4
acid containing 0.5% of k80,. The solution with 1% of dimethoxybenzhydrol
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PEEK-OH + HoNCO-(CH,),-CH(X)NHR 5

HOAG, 0.5% H,SO,

20°C,72h
5
9O~ Oro}
WH m %T
o tormgunvn CEER S ooy
X

toluene, piperidine (1%}, 20°C, 3h.

FOr 901 A

> \(CHZ)Z-?H-NHZ PEEK-Glutamine
COLH

Scheme 4 Preparation of PEEK-glutamine

Table 6 Water contact angles COOH
Sample ow
1 PEEK-OH (75%) 758( = 0.9) %t
2 PEEK-NHCQPh (from PEEK-OH 82%) 78% + 1.1) °
3 PEEK-NH, (from PEEK-NHCGQPh) 72.7(+1.2)
4 PEEK-FMOC (from PEEK-OH 75%) 81°2 + 0.8)
5 PEEK-glutamine (from PEEK-FMOC) 75.7 = 1.5)
. . . B
reagent was homogeneous, while the solution with 2% and
4% of 5¢c were cloudy and unhomogeneous, respectively.
Blank samples were prepared by similarly treating PEEK-
OH, but omitting the acid catalyst. After rinsing as usual, the

various samples were analysed by XB8lieme 4Table 5.
The corrected percentages of modified polymer liniere
respectively 16%, 11% and 2%, for samples treated with
increasing concentrations 6€. The unfavourable effect of
heterogeneous reactive solutions on the surface chemistry | : i ;
has been previously pointed 8uln these experiments, the 1800 1700 1600 1500 cm
blank s_amples ShO_WEd .a.m important _contribution of the Figure 5 MIR spectrum of PEEK-FMOC and PEEK-glutamine films. (A)
adsorption of the lipophilic reagerfic. The presence of  pggk-FMOC film; (B) PEEK-glutamine film
dansyl motifs on the polymer surface (samples of entry 2,
11% of derivatization) was qualitatively confirmed by
fluorescence spectroscdfy'* The typical emission was  |ipophilic fluorenyl motifs. The presence of these groups
moderate yield of5c grafting, we did not studied the  qf positive ions revealed peaksratz 165 and 179, typical of
deprotection step on the PEEK-Dansyl samples. the fluorenyl- and 9-fluorenylmethylene cations. The FMOC
The N'-(9-fluorenylmethoxycarbonyl)ef-glutamine 5d group could not be detected by SIMS on the blank samples;
was similarly fixed on PEEK-OI—_I samples to furnish PEEK- this confirmed the XPS analyses. The MIR spectrum of
FMOC (Scheme ATable 3. In this case, the blank samples  pgEK-FMOC Figure 54 showed clearly a broad band
did not contain nitrogen atoms (XPS analysis); the more centred at 1714 cit, corresponding to the absorption of the
hydrophilic reagenbd (presence of the C{1 group) was  carbamate and carboxyl functions. The amide function gave
not adsorbed. From the N/G 100 atomic ratios of 3 pand at 1650 ct, just near the PEEK carbonyl band due
PEEK-FMOC samples, we concluded** that the surface tg the benzophenone motifs of the bulk. In the XPS analysis
derivatization was within 18—24%. The water contact angle (Figure @, the C.I.S fine structure also C|ear|y showed the
at 289.65 eV), and the amide functidd=£O contribution at
 We considered a theoretical monomer unit consisting of [[PEEK;GH) 288.55 eV); the contribution of th€-N bonds appeared

(PEEK-dansyl)], i.e. [(C1¢03)x + (Ca0sN3S),], wherex + y = 1. For at 285.32 eV.

x = 0.83 andy = 0.17, the calculated N/ 100 atomic ratio was 0.51/ The deprotection step was conducted by treatment of

2138 100= 238 (experimental value 247). PEEK-FMOC with piperiding3. Using piperidine as
We conS|dered_at eoretical monomer unit consisting of [([PEEK-OH) solvent and reagent, we recovered a polymer film the

(PEEK-FMOC)], i.e. [(C1903)x + (C3907N7),], wherex + y = 1. Forx = . i .

0.76 andy = 0.24, the calculated N/& 100 atomic ratio was 0.48/23:8 surface of which was similar (XPS analysis) to the one of

100= 2.017 (experimental value 2.044). the blank sample (PEEK-OH immersed in piperidine); we
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1:284766V 1246V 68490.91cts  49.00%
2:28532eV 124V 2440559 cts  17.46%
| 3286456V 124eV  2395015cts  17.13%
4287200V 1246V 5679.88cts  4.06%
5280656V 1246V 3452060ts  2.47%
6:29122eV 1716V 493120cts  353%
L 7.2046ev  249eV  665253cts  4.76%
) 8288556V 1246V 222662cts  159%
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x | i o ' i —
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Binding Energy (eV)
Figure 6 XPS analysis of PEEK-FMOC film; detailed,peak

_  1:28477eV 123eV 57316.90 cts 51.99% /
2:28551eV  1.23eV 17936.26 cts 16.27% L:
3:286.54eV  1.23eV 19499.63 cts 17.69% / -

| 4:287.49eV 123 eV 2629.77 cts 2.39% !
5:288.26eV  1.23eV 1555.50 cts 1.41%
6:289.55eV  1.23eV 1420.04 cts 1.29%
7:291.72eV  3.07 eV 9880.23 cts 8.96%

Electron Counts

\-J\/\/\.f\'\/\.r\“q\w

i ! i ! | ]
300.17 296.17 29217 288.17 28417 280.17
Binding Energy (eV)

Figure 7 XPS analysis of PEEK-glutamine film; detailed peak

concluded that the modified interface was soluble in neat 288.26 eV (1.4%). A typical fragment of glutamine was
piperidine. Therefore, we immersed the PEEK-FMOC film found in the SIMS spectrum (negative mode)naz 89
into a diluted solution of piperidine in toluene, during 3 hat (C3;H;NO,). The MIR spectrum Kigure 5B showed the
room temperatureScheme ATable 5. After rinsing, the carboxyl band at 1742 cm. The water contact angle of
XPS analysis of the PEEK-glutamine film gave a NtC.00 PEEK-glutamine was 75:{Table §, a value significantly
atomic ratio of 2.672, corresponding to 26% of modified lower than the value measured for the PEEK-FMOC
polymer unitstt. The fine structure of the;Qeak Figure precursor.
7) revealed a significant diminution of the =O
contribution at 289.6 eV due to the disappearence of the
carbamate function, but the remaining of the carboxyl CONCLUSION
function (2.5% in PEEK-FMOC and 1.3% in PEEK- In this paper we have further illustrated the usefulness of
glutamine). The amide contribution was visible at PEEK-OH as a key intermediate for the designed grafting of
Py ored atheoretical consisting of [PEEK.0H) various chemical motifs on the PEEK surface by wet
€ consiaered a theoretical monomer unit consisting o g i -
(PEEK-glutaming)] i.e. [(CxO5)s + (CoiON2)J, Whe?ex Ly, chemistry. The surface hydroxyl groups of PEEK-OH could

Forx=0.74 andy = 0.26, the calculated N/& 100 atomic ratio was 0.52/ ,be qu‘?mitaﬂvely reF_"a(?ed bY amine functions in two steps,
20.3x 100= 2.561 (experimental value 2.672). involving the substitution with phenylcarbamate and the
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basic hydrolysis of the PEEK-NHC®h intermediate. This 6.

procedure led to the PEEK-NHfilm displaying amine
functions directly fixed on the polymer backbone. The level

of functionalization was high, corresponding to about 70— g

80% of the monomer units analysed by the XPS technique

(50—100 Adepth). 3
The grafting of glutamine also proceeded in two steps, 1
involving the PEEK-OH substitution byN’-FMOC 11

protected glutamine and the deprotection with piperidine.

The PEEK-glutamine film displayed-amino acid motifs 12.

fixed on the polymer backbone via a short spacer-arm. The
level of functionalization was medium, corresponding to about

25% of the monomer units analysed by the XPS technique. 14,
Finally, we could prepare a PEEK film (PEEK-g) 15.

displaying sulfonic acid motifs on its surface; this resulted
from the nucleophilic opening of 1,3-propane sultone by 1
PEEK-NH,. Our procedure constitutes a valuable alter-

native to the direct sulfonation of PEEK samples with 17.
concentrated sulfuric acid. Indeed, it is well established that 13-
1

such treatment leads to the polymer dissolutfoii
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