
DOI: 10.1002/asia.201100750

Grafting of Metallacarboranes onto Self-Assembled Monolayers Deposited
on Silicon Wafers

Emilio Jos� Ju�rez-P�rez,[a] Michel Granier,[b] Clara ViÇas,[a] P. Hubert Mutin,[b] and
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The recent emergence of applications of carboranes as
materials for nanotechnology and pharmacophores in drug
design has greatly expanded the potential use of boron clus-
ters.[1] The cobaltabisdicarbollide anion [3,3-Co(1,2-
C2B9H11)2]

� (1) is a sandwich complex characterized by an
extraordinary chemical and thermal stability (Scheme 1).[2]

The cobaltabisdicarbollide is a hydrophobic[3] and weakly

nucleophilic anion.[4] Recently, Teixidor and co-workers re-
ported that this cosane presented an amphiphilic character
that led to the formation of monolayer vesicles at low con-
centration in water and small micelles at higher concentra-
tions.[5] All these properties make it suitable for the stabili-
zation of transient complex cation particles in catalysis and

for use as a strong non-oxidizing acid[1a] or as a solid electro-
lyte.[1a] It has also been proposed as a doping agent in con-
ducting polymers[4,6] and as an extractant of radionucli-
des.[1h,7] The cobaltabisdicarbollide and its derivatives have
several applications in medicine, for instance as specific in-
hibitors of HIV protease[8] and for boron neutron capture
therapy of cancer (BNCT).[9] The use of cobaltabisdicarbol-
lide in ion-selective poly(vinyl chloride) membrane electro-
des for chiral amino acids and tuberculosis drug analysis has
been recently published.[10] Great expectations have risen
from these promising pharmaceutical tectons, and studies
about their type of binding in the solid state, or association
in solution, are being developed in order to understand the
behavior of these borane compounds and their influence on
biological mechanisms.[11]

The modification of surfaces with boron clusters to obtain
new materials with specific properties and applications re-
sulting from the presence of these compounds has recently
attracted much attention.[12] The functionalization of gold,
silver, and magnetic nanoparticle surfaces with charge-neu-
tral ortho-carborane derivatives has been reported.[12] Never-
theless, to our knowledge very few examples of surface func-
tionalization with the cobaltabisdicarbollide anion have
been described. Recently, we reported the surface function-
alization of TiO2 nanoparticles with the cobaltabisdicarbol-
lide anion, in which two phosphorous-containing cobaltabis-
dicarbollide derivatives Cs ACHTUNGTRENNUNG[1,1’-m-(HO)(O)P-3,3’-Co(1,2-
C2B9H10)2], and Cs ACHTUNGTRENNUNG[8,8’-m-(OH)(O)-P(O)2-3,3’-Co(1,2-
C2B9H10)2] were grafted to the nanoparticles.[13]

In the course of our work dealing with the functionaliza-
tion of surfaces, we have looked for a convenient method to
chemically attach the cobaltabisdicarbollide anion to oxi-
dized silicon surfaces, which actually are by far the most
studied inorganic surfaces. Two different substitutions can
be carried out on the cobaltabisdicarbollide, either on
carbon or on boron atoms. Few examples have been report-
ed concerning direct substitutions on carbon atoms.[14] In
contrast, cobaltabisdicarbollide derivatives have been pre-
pared by substitution at boron under Friedel–Crafts condi-
tions[15] or with strong alkylating agents.[16] The high-yield
synthesis and easy preparation of the zwitterionic 8-dioxa-
nate derivative [3,3’-Co(8-C4H8O2-1,2-C2B9H10)(1’,2’-
C2B9H11)] (2) has been reported (see Scheme 1).[17] Com-
pound 2 has been shown to be susceptible to nucleophilic
attack on the positively charged oxygen atom, for example,
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Scheme 1. Structures of compounds 1, 2, and 3.
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by pyrrolyl,[18] imide, cyanide or amines,[19] phenolate, dialkyl
or diaryl phosphite,[20] alkoxides,[21] among others;[22] result-
ing in anionic species formed by the opening of the dioxane
ring. As a consequence, compound 2 has been attached to
different groups, such as nucleosides,[23] porphyrins,[24] calix-
arenes,[21] and dendrimers.[25]

Herein, two approaches were investigated for the anchor-
ing of cobaltabisdicarbollide to oxidized silicon surfaces
(Scheme 2): a) in situ opening of the dioxane ring in 2 by re-
action with an amine- or an oxyamine-terminated monolay-
er deposited on the oxidized silicon wafer surface and
b) pre-opening of the dioxane ring of 2 by NH3 to form
compound 3 (see Scheme 1) and further reaction of 3 with
an isocyanate-terminated monolayer deposited on the oxi-
dized silicon wafer surface.

In the first approach we wanted to take advantage of the
well-documented ring-opening reaction of compound 2 by a
nucleophile.[18–25] For that purpose, NH2 and ONH2 terminat-
ed monolayers were deposited on oxidized silicon wafers by
reaction with (11-amino)undecyltrimethoxysilane or (11-
aminooxy)undecyltrimethoxysilane, as described in the Ex-
perimental Section. In both cases, the thickness determined
by ellipsometry was consistent with the formation of a mon-
olayer.[26] Then, these monolayers were further reacted with
compound 2 in the hope that nucleophilic attack of the
amine or oxyamine would open the dioxane ring
(Scheme 2 a). After the surfaces were washed and sonicated,
they were characterized by X-ray photoelectron spectrosco-
py (XPS). However, in both cases the peak at approximately
780 eV corresponding to Co 2p3/2 electrons could barely be
detected. The peak corresponding to B 1s electrons is ex-
pected at about 188 eV,[27] but in this region only a weak and
very broad peak between 195 and 180 eV was observed, in-
dicating strong interference by silicon plasmon peaks, which
prevented quantification. These results indicated that the in

situ dioxane ring opening approach was not successful, and
the samples were not further characterized.[28] The poor re-
activity is probably due to the mild conditions used as well
as to steric hindrance.[29] Flink et al. investigated the reactivi-
ty of amino-terminated SAMs toward different functional
groups, concluding that if the reactant was very bulky, the
conversion was low.[29] Thus, although in solution these reac-
tions go to completion, and the ring-opening reaction has
been a very useful way for anchoring cobaltabisdicarbollide
units to different platforms,[23–25] in our case this reaction did
not allow significant anchoring of anionic metallacarboranes
to the substrate. This result led us to look for an alternative
strategy.

In the second approach, the dioxane ring was opened with
an adequate nucleophile in solution prior to reaction with
an isocyanate-terminated monolayer. Thus, [NMe4][8-NH2-
C4H8O2-3,3-Co(1,2-C2B9H10)(1,2-C2B9H11)] (3) was obtained
by the reaction of 2 with aqueous ammonia (28%), using
the procedure described by Semioshkin et al. for oxonium
derivatives of [B12H12]

2�.[30] Compound 3 was isolated as a
tetramethylammonium salt by adding a saturated solution of
[NMe4]Cl. The structure of 3 (see Scheme 1) was corrobo-
rated by IR and 1H and 11B NMR spectroscopy data, which
agreed well with those described by Sivaev et al.[19] Then, an
isocyanate-terminated monolayer surface was prepared by
reaction of the oxidized silicon SiACHTUNGTRENNUNG(100) wafer with a solution
of 10-isocyanatodecyltrichlorosilane in trichloroethylene in
the presence of diisopropylethylamine. AFM and ellipsome-
try measurements indicated the formation of a homogene-
ous monolayer.[26] This isocyanate-terminated SAM was re-
acted with 3 to form urea bridges (NH�C=O�NH) between
the surface and the cobaltabisdicarbollide derivative
(Scheme 2 b).

After rinsing and sonication, the modified wafers were
characterized by XPS, attenuated total reflectance Fourier

Scheme 2. Approaches used for the grafting of cobaltabisdicarbollide species to self-assembled monolayers (SAMs).
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transform infrared (ATR-FTIR) spectroscopy, ellipsometry,
water contact angle measurements, and AFM. XPS con-
firmed the efficiency of this approach. Indeed, the survey
scan showed the presence of both B and Co besides the C,
N, Si, and O (Figure 1). Quantification of the different ele-

ments indicated a large amount of carbon (45.9 at%) arising
in part from contamination. The B content (14.4�0.6 at%)
and Co content (0.6�0.2 at %) confirmed the presence of
the cobaltabisdicarbollide anion. The binding energies for
the B 1s and Co 2p3/2 peaks were 188.7 and 780.2 eV, respec-
tively, in good agreement with those reported in the litera-
ture for Cs ACHTUNGTRENNUNG[3,3-Co(1,2-C2B9H11)2].[4,27]

The AFM image (Figure 2) showed that the reaction of
the NCO-terminated monolayer with 3 led to an increase of
the root mean square (rms) roughness from 0.33 to 1.6 nm
(1 mm2 images). Similarly, ellipsometry indicated an increase

of the average layer thickness from 1.5�0.3 to 2.2�0.3 nm.
The water contact angle for the functionalized surface was
75.2�2.08. The increase of the contact angle corroborates
the grafting of the surface with the hydrophobic species
[3,3-Co(1,2-C2B9H11)2]

� .
The ATR-FTIR spectra of the NCO-terminated monolay-

er after reaction with 3 (Figure 3) showed a band at

2558 cm�1, characteristic of the n ACHTUNGTRENNUNG(B�H) vibrations in the co-
baltabisdicarbollide. A band at 2274 cm�1 indicated the pres-
ence of residual isocyanate groups. The band at 1687 cm�1

was ascribed to urea groups, resulting from the reaction be-
tween the isocyanate function and the amine group from
compound 3.

These results indicate that the reaction of the amino-co-
baltabisdicarbollide derivative [NMe4][8-NH2-C4H8O2-3,3-
Co(1,2-C2B9H10)(1,2-C2B9H11)] with a NCO-terminated
monolayer was successful for grafting metallacarborane
units to a silicon oxide surface. To our knowledge, this is
one of the few examples[4b, 31] evidencing the reactivity of a
derivative of compound 2 obtained by ring-opening reac-
tion. Furthermore, this method confirms the interest of iso-
cyanatotrichlorosilane as a coupling agent for the modifica-
tion of oxidized silicon substrates.[26]

In summary, two different approaches have been attempt-
ed for the anchoring of cobaltabisdicarbollide units to oxi-
dized silicon surfaces. The first approach was the in situ ring
opening of the dioxane in [3,3’-Co(8-C4H8O2-1,2-
C2B9H10)(1’,2’-C2B9H11)] by reaction with an amine- or an
oxyamine-terminated self-assembled monolayer that had
been previously deposited on the silicon wafer. The second
strategy was the pre-opening of the dioxane ring of [3,3’-
Co(8-C4H8O2-1,2-C2B9H10)(1’,2’-C2B9H11)] to obtain the
amino derivative [NMe4][8-NH2-C4H8O2-3,3-Co(1,2-
C2B9H10)(1,2-C2B9H11)], which reacted with an isocyanate-
terminated SAM. Although the first approach was not suc-
cessful, probably owing to steric hindrance, homogeneous
monolayers of cobaltabisdicarbollide covalently linked to
the silicon wafer surface were obtained using the second

Figure 1. XPS wide-scan survey spectrum and B 1s and Co 2p XPS peaks
of the cobaltabisdicarbollide 3 anchored by reaction with an isocyanate-
terminated monolayer on a Si wafer.

Figure 2. AFM image of the cobaltabisdicarbollide 3 anchored by reac-
tion with an isocyanate-terminated monolayer on a Si wafer.

Figure 3. ATR-FTIR spectrum of the NCO-terminated monolayer after
reaction with compound 3.
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strategy. Work is in progress to explore potential applica-
tions of these grafted cobaltabisdicarbollide species.

Experimental Section

Instrumentation: ATR IR spectra of modified surfaces were recorded on
an FTIR Perkin–Elmer 2000 spectrometer equipped with a narrow band
liquid-nitrogen-cooled mercury cadmium telluride (MCT) detector and a
thermoregulated ATR flow cell using a trapezoidal Si single crystal cut
from a two-sides polished p-type (1,0,0) silicon wafer (458, 72 � 10�
1 mm3) as internal reflection element. The sample compartment was
purged with dry air. All the spectra were recorded at a resolution of
1 cm�1, and 128 scans were accumulated. Surface composition was stud-
ied by XPS using an ESCALAB 250 (Thermo Electron) instrument
equipped with a monochromatic AlKa (1486.6 eV) source. The analyzed
surface had a 400 mm diameter. The background signal was removed
using the Shirley method.[32] Surface atomic concentrations were deter-
mined from photoelectron peak areas using the atomic sensitivity factors
reported by Scofield.[33] The C 1s component at 285.6 eV was used for
calibration of binding energy. Ellipsometric measurements were made on
a Plasmos SD 2300 ellipsometer with a rotating analyzer as modulating
element. The laser source was a helium/neon laser with a wavelength of
632.8 nm. The angle of incidence was 708 and the spot size was about
2 mm. The substrate was silica which has grown on silicon. The refractive
index is 1.46 for silica and 3.83 for silicon. A refractive index of 1.45 was
used for the silane layers. An atomic force microscope (Dimension 3100
with Nanoscope IIIa Digital Instruments) was used for roughness analy-
sis. Measurements were performed in the tapping mode, and commercial
silicon cantilever probes with a nominal radius of 5–10 nm and a spring
constant in the range of 20–70 N m�1 were used. Data were acquired on
1 mm�1 mm frames, and the images were flattened and no other filtering
was done before analyzing roughness. A Digidrop-GBX contact angle
meter G1 goniometer was used to determine the chemical properties of
the surfaces (such as hydrophobic character). The measurements were
performed by using HPLC water (Acros organics). About six drops were
deposited onto the surface using a microsyringe, and the reading was
taken 6 s after deposition.

Materials: All manipulations were carried out under an argon atmos-
phere using standard Schlenck techniques at room temperature unless
otherwise mentioned. Solvents were reagent grade and were purified by
distillation over appropriate drying agents before use. Cs[3-Co-1,2- ACHTUNG-TRENNUNG(C2B9H11)2] (1) (Katchem Ltd., Prague) was used as received. (11-ami-
no)undecyltrimethoxysilane, (11-aminooxy)undecyltrimethoxysilane and
10-isocyanatodecyltrichlorosilane were purchased from Sikemia company.
[3,3’-Co(8-C4H8O2-1,2-C2B9H10)(1’,2’-C2B9H11)] (2)[17] and [NMe4][8-NH2-
C4H8O2-3,3-Co(1,2-C2B9H10)(1,2-C2B9H11)] (3)[30] were prepared accord-
ing to the literature procedures.

Preparation of the samples: 1) Preparation of oxidized silicon Si ACHTUNGTRENNUNG(100).
The native oxide layer was removed from the Si ACHTUNGTRENNUNG(100) by immersion in
aqueous HF (40 %) until total dewetting of the surface was achieved
(about 10 s). The substrates were cleaned by rinsing them with HPLC
water. The substrates were then treated for 30 min in a homebuilt UV/
ozone chamber to eliminate organic impurities from the surface and to
oxidize the silicon surface. The wafers were placed at a maximum dis-
tance of 5 mm from a two-wavelength low-pressure mercury lamp (l=

185 and 254 nm) under an O2 stream. After 30 min of exposition, a hy-
drophilic silica surface free of organic pollution (contact angle q ca 108)
was obtained. The thickness of the silica layer, measured by ellipsometry,
was about 1.8–2.0 nm and its rms roughness, measured by tapping mode
atomic force microscopy (1 mm2 image), was about 0.15 nm.[26]

2) Grafting of (11-amino)undecyltrimethoxysilane to the oxidized silicon
surface. The oxidized silicon wafer was placed into a Schlenk tube under
a nitrogen atmosphere. The grafting solution contained (11-aminooxy)un-
decyltrimethoxysilane (10�2

m) in trichloroethylene (10 mL). The wafer
was treated with the solution at 0 8C for 24 h under a nitrogen atmos-
phere without stirring. The modified wafer was then washed with tri-
chloroethylene, THF, and CHCl3. The layer thickness measured by ellips-

ometry was 1.5�0.2 nm. The rms roughness, measured by tapping mode
atomic force microscopy (1 mm2 image), was about 0.24 nm.[26]

3) Grafting of (11-aminooxy)undecyltrimethoxysilane to the oxidized sili-
con surface. The oxidized silicon wafer was placed into a Schlenk tube
under a nitrogen atmosphere. The grafting solution contained (11-amino-
oxy)undecyltrimethoxysilane (10�2

m) in trichloroethylene (10 mL). The
wafer was treated with the solution at 0 8C for 24 h under a nitrogen at-
mosphere without stirring. The modified wafer was then washed with tri-
chloroethylene, THF, and CHCl3. The rms roughness determined by
AFM was 0.15 nm (1 mm2 images) and the layer thickness measured by
ellipsometry was 1.9�0.2 nm.

4) Deposition of 10-isocyanatodecyltrichlorosilane monolayer onto the
oxidized silicon surface. The oxidized silicon wafer was placed into a
Schlenk tube under a nitrogen atmosphere. The grafting solution contain-
ing 10-isocyanatodecyltrichlorosilane (10�2

m) and diisopropylethylamine
(2 � 10�1

m) in trichloroethylene (15 mL) was introduced into the tube.
The wafer was treated with the solution at 0 8C for 45 min under a nitro-
gen atmosphere without stirring. Then, the solution was removed, and
the modified wafer was washed with trichloroethylene, THF, and CHCl3.
The rms roughness determined by AFM was 0.33 nm (1 mm2 images) and
the layer thickness measured by ellipsometry was 1.5�0.3 nm.

5) Reaction of the immobilized amine or oxyamine groups with 2. The
wafers modified by the amine-terminated or the oxyamine-terminated
monolayer were immersed in a solution of 2 (205 mg, 0.5 mmol) in aceto-
nitrile (5 mL). After 48 h reaction at room temperature under argon the
wafer was washed with acetonitrile, THF, and chloroform under sonica-
tion.

6) Reaction of the immobilized isocyanate with 3. A solution containing
3 (64 mg, 10�2

m) in acetonitrile (15 mL) was introduced into a Schlenk
tube. The wafer modified with NCO-terminated monolayers was treated
with this solution at 0 8C for 2 h under an argon atmosphere. Then the
wafer was rinsed under sonication with acetonitrile (5 min), methanol
(5 min), THF (5 min), and CHCl3 (5 min) and dried in a stream of nitro-
gen.
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s, B. Št�br, F. Teixidor, B. Gr�ner, C. ViÇas, J. Organomet.
Chem. 2009, 694, 1599 –1601; c) P. Matejicek, J. Brus, A. Jigounov, J.
Plestil, M. Uchman, K. Prochazka, M. Gradzielski, Macromolecules
2011, 44, 3847 –3855.

[23] a) A. B. Olejniczak, J. Plesek, O. Kriz, Z. J. Lesnikowski, Angew.
Chem. 2003, 115, 5918 –5921; Angew. Chem. Int. Ed. 2003, 42, 5740 –
5743, b) Z. J. Lesnikowski, E. Paradowska, A. B. Olejniczak, M.
Studzinska, P. Seekamp, U. Sch�bler, D. Gabel, R. F. Schinazi, J.
Plesek, Bioorg. Med. Chem. 2005, 13, 4168 –4175; c) A. B. Olejnic-
zak, J. Plesek, Z. J. Lesnikowski, Chem. Eur. J. 2007, 13, 311 – 318.

[24] a) M. Sibrian-Vazquez, E. Hao, T. J. Jenssen, M. G. H. Vicente, Bio-
conjugate Chem. 2006, 17, 928 – 934; b) E. Hao, M. Sibrian-Vazquez,
W. Serem, J. C. Garno, F. R. Fronczek, M. G. H. Vicente, Chem. Eur.
J. 2007, 13, 9035 –9042; c) F. Li, F. R. Fronczek, M. G. H. Vicente,
Tetrahedron Lett. 2008, 49, 4828 – 4830.

[25] R. NfflÇez, E. J. Ju�rez-P�rez, F. Teixidor, R. Santillan, N. Farf�n, A.
Abreu, R. Y�pez, C. ViÇas, Inorg. Chem. 2010, 49, 9993 – 10000.

[26] a) N. Ardes-Guisot, J. Durand, M. Granier, A. Perzyna, Y. Coffinier,
B. Grandidier, X. Wallart, D. Stievenard, Langmuir 2005, 21, 9406 –
9408; b) A. Perzyna, C. Zotto, J. O. Durand, M. Granier, M. Smieta-
na, O. MeInyk, I. G. Stara, I. Stary, B. Klepetarova, D. Saman, Eur.
J. Org. Chem. 2007, 24, 4032 –4037.

[27] E. A. ll’inchik, V. V.; Volkov, O. V. Volkov, J. Struct. Chem. 1999, 40,
299 – 309.

[28] During the preparation of this manuscript, the immobilization of
metallacarboranes on aminopropyl silica by using more extreme
conditions (reflux, 30 h) than ours (room temperature, 48 h) was re-
ported: D. Sykora, M. Vosmanska, P. Metejka, V. Kral, J. Chroma-
togr. A 2011, 1218, 3029 –3036.

[29] S. Flink, F. C. J. M. van Veggel, D. N. Reinhoudt, J. Phys. Org.
Chem. 2001, 14, 407 – 415.

[30] A. Semioshkin, E. Nizhnik, . I. Godovikov, Z. Starikova, V. I. Bre-
gadze, J. Organomet. Chem. 2007, 692, 4020 –4028.

[31] B. A. Wojtczak, A. Andrysiak, B. Gr�ner, Z. J. Lesnikowski, Chem.
Eur. J. 2008, 14, 10675 –10682.

[32] D. A. Shirley, Phys. Rev. B, 1972, 5, 4709 – 4714.
[33] J. H. Scofield, J. Electron Spectrosc. Relat. Phenom. 1976, 8, 129 –

137.
Received: September 5, 2011

Published online: November 30, 2011

Chem. Asian J. 2012, 7, 277 – 281 � 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemasianj.org 281

Grafted Metallocarboranes on Silicon Wafers

http://dx.doi.org/10.1021/jp060930q
http://dx.doi.org/10.1021/jp060930q
http://dx.doi.org/10.1021/jp060930q
http://dx.doi.org/10.1021/jp060930q
http://dx.doi.org/10.1002/1521-4095(200008)12:16%3C1199::AID-ADMA1199%3E3.0.CO;2-W
http://dx.doi.org/10.1002/1521-4095(200008)12:16%3C1199::AID-ADMA1199%3E3.0.CO;2-W
http://dx.doi.org/10.1002/1521-4095(200008)12:16%3C1199::AID-ADMA1199%3E3.0.CO;2-W
http://dx.doi.org/10.1002/1521-4095(200008)12:16%3C1199::AID-ADMA1199%3E3.0.CO;2-W
http://dx.doi.org/10.1002/1521-4095(20020605)14:11%3C826::AID-ADMA826%3E3.0.CO;2-C
http://dx.doi.org/10.1002/1521-4095(20020605)14:11%3C826::AID-ADMA826%3E3.0.CO;2-C
http://dx.doi.org/10.1002/1521-4095(20020605)14:11%3C826::AID-ADMA826%3E3.0.CO;2-C
http://dx.doi.org/10.1002/1521-4095(20020605)14:11%3C826::AID-ADMA826%3E3.0.CO;2-C
http://dx.doi.org/10.1002/ange.201100410
http://dx.doi.org/10.1002/ange.201100410
http://dx.doi.org/10.1002/ange.201100410
http://dx.doi.org/10.1002/anie.201100410
http://dx.doi.org/10.1002/anie.201100410
http://dx.doi.org/10.1002/anie.201100410
http://dx.doi.org/10.1002/anie.201100410
http://dx.doi.org/10.1002/1521-4095(20020318)14:6%3C449::AID-ADMA449%3E3.0.CO;2-4
http://dx.doi.org/10.1002/1521-4095(20020318)14:6%3C449::AID-ADMA449%3E3.0.CO;2-4
http://dx.doi.org/10.1002/1521-4095(20020318)14:6%3C449::AID-ADMA449%3E3.0.CO;2-4
http://dx.doi.org/10.1002/1521-4095(20020318)14:6%3C449::AID-ADMA449%3E3.0.CO;2-4
http://dx.doi.org/10.1016/j.polymer.2005.10.092
http://dx.doi.org/10.1016/j.polymer.2005.10.092
http://dx.doi.org/10.1016/j.polymer.2005.10.092
http://dx.doi.org/10.1021/jp0755443
http://dx.doi.org/10.1021/jp0755443
http://dx.doi.org/10.1021/jp0755443
http://dx.doi.org/10.1021/jp0755443
http://dx.doi.org/10.1088/0957-4484/18/48/485301
http://dx.doi.org/10.1016/j.polymer.2006.04.017
http://dx.doi.org/10.1016/j.polymer.2006.04.017
http://dx.doi.org/10.1016/j.polymer.2006.04.017
http://dx.doi.org/10.1039/b415649h
http://dx.doi.org/10.1039/b415649h
http://dx.doi.org/10.1039/b415649h
http://dx.doi.org/10.1158/1078-0432.CCR-05-0035
http://dx.doi.org/10.1158/1078-0432.CCR-05-0035
http://dx.doi.org/10.1158/1078-0432.CCR-05-0035
http://dx.doi.org/10.1158/1078-0432.CCR-05-0035
http://dx.doi.org/10.1016/j.bmc.2005.10.037
http://dx.doi.org/10.1016/j.bmc.2005.10.037
http://dx.doi.org/10.1016/j.bmc.2005.10.037
http://dx.doi.org/10.1016/j.bmc.2005.10.037
http://dx.doi.org/10.1039/b512416f
http://dx.doi.org/10.1039/b512416f
http://dx.doi.org/10.1039/b512416f
http://dx.doi.org/10.1039/b813285b
http://dx.doi.org/10.1039/b813285b
http://dx.doi.org/10.1039/b813285b
http://dx.doi.org/10.1039/b910645f
http://dx.doi.org/10.1039/b910645f
http://dx.doi.org/10.1039/b910645f
http://dx.doi.org/10.1039/b910645f
http://dx.doi.org/10.1021/jp070524m
http://dx.doi.org/10.1021/jp070524m
http://dx.doi.org/10.1021/jp070524m
http://dx.doi.org/10.1021/jp070524m
http://dx.doi.org/10.1039/b916561d
http://dx.doi.org/10.1039/b916561d
http://dx.doi.org/10.1039/b916561d
http://dx.doi.org/10.1021/nn800673d
http://dx.doi.org/10.1021/nn800673d
http://dx.doi.org/10.1021/nn800673d
http://dx.doi.org/10.1021/nn800673d
http://dx.doi.org/10.1021/ic960811x
http://dx.doi.org/10.1021/ic960811x
http://dx.doi.org/10.1021/ic960811x
http://dx.doi.org/10.1021/ic960811x
http://dx.doi.org/10.1002/chem.200400361
http://dx.doi.org/10.1002/chem.200400361
http://dx.doi.org/10.1002/chem.200400361
http://dx.doi.org/10.1002/chem.200304970
http://dx.doi.org/10.1002/chem.200304970
http://dx.doi.org/10.1002/chem.200304970
http://dx.doi.org/10.1021/om030135o
http://dx.doi.org/10.1021/om030135o
http://dx.doi.org/10.1021/om030135o
http://dx.doi.org/10.1021/om030135o
http://dx.doi.org/10.1039/b211860m
http://dx.doi.org/10.1039/b211860m
http://dx.doi.org/10.1039/b211860m
http://dx.doi.org/10.1016/S0022-328X(01)01352-3
http://dx.doi.org/10.1016/S0022-328X(01)01352-3
http://dx.doi.org/10.1016/S0022-328X(01)01352-3
http://dx.doi.org/10.1016/S0022-328X(01)01352-3
http://dx.doi.org/10.1002/ejoc.200400811
http://dx.doi.org/10.1002/ejoc.200400811
http://dx.doi.org/10.1002/ejoc.200400811
http://dx.doi.org/10.1002/ange.200352505
http://dx.doi.org/10.1002/ange.200352505
http://dx.doi.org/10.1002/ange.200352505
http://dx.doi.org/10.1002/ange.200352505
http://dx.doi.org/10.1002/anie.200352505
http://dx.doi.org/10.1002/anie.200352505
http://dx.doi.org/10.1002/anie.200352505
http://dx.doi.org/10.1002/chem.200600740
http://dx.doi.org/10.1002/chem.200600740
http://dx.doi.org/10.1002/chem.200600740
http://dx.doi.org/10.1021/bc060047v
http://dx.doi.org/10.1021/bc060047v
http://dx.doi.org/10.1021/bc060047v
http://dx.doi.org/10.1021/bc060047v
http://dx.doi.org/10.1002/chem.200700752
http://dx.doi.org/10.1002/chem.200700752
http://dx.doi.org/10.1002/chem.200700752
http://dx.doi.org/10.1002/chem.200700752
http://dx.doi.org/10.1016/j.tetlet.2008.06.021
http://dx.doi.org/10.1016/j.tetlet.2008.06.021
http://dx.doi.org/10.1016/j.tetlet.2008.06.021
http://dx.doi.org/10.1016/j.chroma.2011.03.057
http://dx.doi.org/10.1016/j.chroma.2011.03.057
http://dx.doi.org/10.1016/j.chroma.2011.03.057
http://dx.doi.org/10.1016/j.chroma.2011.03.057
http://dx.doi.org/10.1002/poc.372
http://dx.doi.org/10.1002/poc.372
http://dx.doi.org/10.1002/poc.372
http://dx.doi.org/10.1002/poc.372
http://dx.doi.org/10.1016/j.jorganchem.2007.06.001
http://dx.doi.org/10.1016/j.jorganchem.2007.06.001
http://dx.doi.org/10.1016/j.jorganchem.2007.06.001
http://dx.doi.org/10.1002/chem.200801053
http://dx.doi.org/10.1002/chem.200801053
http://dx.doi.org/10.1002/chem.200801053
http://dx.doi.org/10.1002/chem.200801053
http://dx.doi.org/10.1016/0368-2048(76)80015-1
http://dx.doi.org/10.1016/0368-2048(76)80015-1
http://dx.doi.org/10.1016/0368-2048(76)80015-1

