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A characteristic of dendritic macromolecules is the pres-
ence of numerous peripheral chain ends that all surround a
single core.[1] If a long-range interaction could be introduced
between these multiple chain ends and the focal point it would
then be possible to influence the core of the macromolecule
by events that initially occur with a higher probability on the
dendrimer periphery.[2] Following this rationale we report that
it is possible to essentially create a light-harvesting antenna by
functionalizing a dendrimer with suitable interacting chro-
mophores.[3] In these dye-labeled dendrimers light absorbed
by the numerous peripheral chromophores is funneled to a
central fluorescent core with a remarkably high efficiency and
by a mechanism that is independent of the dendritic
architecture. Hence, this new strategy is different from all
the previous approaches to energy or electron transfer within

dendritic architectures,[4] where the transfer was achieved by
through-bond or ªhoppingº processes.

The array of terminal chromophores in the present macro-
molecules provides a large overall cross-section for collecting
energy and plays the role of an antenna for light harvesting,
while the focal dye (Figure 1) plays the role of a fluorescent

Figure 1. Molecular model (MM3) of the G-4 dendron showing peripheral
donor chromophores surrounding the core acceptor (indicated in dark
gray).

probe whose emission signals that energy is actually received
at a single localized site. Furthermore, both the peripheral
chromophores and the focal dye contribute to the absorption
of the entire macromolecule. Since their individual absorp-
tions each cover a different wavelength range, the absorption
of the whole macromolecule is particularly broad and
provides a larger spectral coverage than the focal dye alone.
The energy transfer process converts this broad absorption
into the narrow emission of the central laser dye. Therefore,
such a dye-labeled dendrimer represents both a spatial and
spectral light concentrator: the energy of any photon of any
wavelength absorbed anywhere in this ensemble of chromo-
phores is transferred to a single point and converted into a
relatively narrow emission spectrum.

This scheme is indeed reminiscent of the primary event of
photosynthesis, where solar energy absorbed anywhere in an
array of hundreds of chlorophyll molecules is efficiently
transferred to a single reaction center.[5] The higher the
dendrimer generation number, the higher the number of
terminal groups that surround the core,[1] and the larger the
cross-section for energy collection. However, the average
distance between the core and the peripheral groups also
increases as the generation number G-x (x� 1 ± 4) increases.
By considering the size of dendritic macromolecules,[1] energy
transfer from the periphery to the core would most likely take
place through a dipole ± dipole interaction. According to
Förster theory[6, 7] the efficiency of energy transfer decreases
as the inverse sixth power of the interchromophoric distance.
Clearly, it was necessary to determine whether this dipole ±
dipole interaction would be strong enough to achieve an
efficient energy transfer, even at high generations.
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To realize this concept we reviewed carefully the properties
of the chromophores currently available from commercial
sources.[8] We eventually chose the laser dye coumarin 2 as the
donor terminal chromophore, and coumarin 343 as the
acceptor focal dye (Scheme 1). A favorable intramolecular
charge transfer takes place in the excited state of these

Scheme 1. Structures and spectral characteristics of the donor and accept-
or dyes with extinction coefficients (L molÿ1cmÿ1) given in parentheses.

molecules, and accounts for their high extinction coefficients
and high dipole moments,[8] which are necessary for a strong
dipole ± dipole interaction. This pair of chromophores meets
the basic requirement for energy transfer: the donor emission
band strongly overlaps the acceptor absorption band (reso-
nance condition). In addition, the emission of coumarin 2
displays a large Stokes shift, which lowers the probability of
self-quenching between the numerous peripheral chromo-
phores. Furthermore, because of their high fluorescence
quantum yields and their solubilityÐa decisive advantage
for building multichromophoric macromoleculesÐthese cou-
marins are used extensively in dye lasers and are therefore
commercially available in high purity (>99 %).

Once the choice of chromophores was secured, a synthetic
strategy had to be specifically developed to functionalize the
chain ends of a poly(arylether) convergent dendritic back-
bone by the nucleophilic amino group of coumarin 2, and its
focal point by the electrophilic acid functionality of coumar-
in 343. Since this reactivity polarity is reversed relative to the
ªclassicalº convergent synthesis of poly(arylether) dendrim-
ers originally reported by Hawker and FreÂchet,[9] the distri-
bution of reactive groups on the dendron, and hence the
monomer, had to be inverted so that the same efficient
coupling reactions could still be employed. Therefore, the
AB2 monomer used for the building of the ªreversedº
dendritic structure was a hexadecanesulfonate protected 3,5-
bis(bromomethyl)phenol (1, Scheme 2),[10] instead of the
commonly employed 3,5-dihydroxybenzyl alcohol. The syn-
thetic strategy for the preparation of the dye-labeled poly-
(arylether) dendrons[11] of generation 1 to 4 began with the

nucleophilic attack of two coumarin 2 dyes on the benzyl
bromide functionalities of the protected monomer. The
resulting dye-labeled fragment was then deprotected with
sodium hydroxide in refluxing absolute ethanol to yield the
phenol 2. This phenol could be coupled to coumarin 343 with
N'-(3-dimethylaminopropyl)-N-ethylcarbodiimide (EDC)
and 4-dimethylaminopyridine (DMAP) in CH2Cl2 to produce
the fully dye-labeled first generation dendron 3. The G-1
phenol 2 was coupled to the AB2 monomer by the convergent
strategy of dendrimer synthesis[9] to yield the second gener-
ation protected fragment, which now contained four coumar-
in 2 dyes. The deprotection and coupling steps were repeated
to obtain the G-2 4 and G-3 5 dendrons functionalized with
both coumarin 2 and coumarin 343 (Scheme 3). The fourth
generation fragment was deprotected using sodium ethoxide
in DMF. The coupling of the fourth generation phenol to
coumarin 343 produced the fully dye-labeled G-4 macro-
molecule 6. This synthetic strategy also gives access to model
compounds that possess the same arylether backbone but lack
either the acceptor dye at the focal point (7), or the donor
chromophores at the periphery (8). The purity of all
compounds was carefully monitored by NMR spectroscopy
and by matrix-assisted laser desorption/ionization time-of-
flight (MALDI-TOF) spectrometry (Figure 2), with special
attention being paid to the complete functionalization of the
dye-labeled dendrons.

The optical properties of each interactive component were
investigated using the model compounds 7 and 8.[7] As
expected the emission band of the donor moiety strongly
overlaps the absorption band of the acceptor fragment, thus
enabling a highly efficient energy transfer (Figure 3). More-
over, the high probability of heterotransfer over homotransfer
can be visualized by comparing this large spectral overlap
(gray) to the very weak overlap of the absorption and the
emission bands of the donor moiety (black). Whereas the
former represents energy transfer to the focal dye, the latter is
associated with competitive self-quenching between the
terminal chromophores.

Figure 3 also shows that the absorption maximum of each
donor or acceptor fragment corresponds exactly to a low
minimum for the complementary moiety. It is therefore
possible to selectively excite either the donor chromophores
or the acceptor dye, which ensures the reliability of the energy
transfer results and considerably simplifies analysis of the
data. Most importantly, a transfer of energy through the
dendritic backbone can be safely ruled out since the poly-
(arylether) structure itself does not absorb beyond 310 nm:
indeed, there is no energy band gap within the internal

dendritic framework that is
small enough to match the
energy of donor emission
(418 nm) or the energy of
the incoming photons under
irradiation at wavelengths
�lmax of the peripheral
chromophores (343 nm).

The absorption of the
whole macromolecule at
each generation was foundScheme 2. Synthesis of the fully dye-labeled G-1 dendron.
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Figure 2. MALDI-TOF mass spectra of the G-1 to G-4 dye-labeled
dendrimers 3 ± 6 (from top to bottom, respectively).

to closely match the sum of the contributions of each of its
individual fragments. This not only confirms the validity of the
models, but also demonstrates that there is no interaction in
the ground state between the two kinds of laser dye within the
same dendron. Consequently, the absorption capacity of the
dendrimer increases as a function of the number of terminal
chromophores, and the light-harvesting antenna becomes
more and more effective as the dendrimer generation
increases.

The capacity to focus the energy absorbed by the peripheral
antenna of the dendrimer to the central dye is demonstrated
in Figure 4 for the G-3 dendron. Excitation of the terminal
chromophores at 343 nm is followed by efficient energy
transfer to the core and results mainly in the fluorescence at
470 nm (band b) of the focal dye alone. In contrast, excitation
of the same peripheral chromophores in the G-3 model
compound that lacks the acceptor focal dye results in their
single emission at 418 nm (as illustrated in Figure 3 for the
G-2 model donor compound). Therefore, the central coumar-
in functions as a ªsinkº or spatial energy concentrator that
drains energy from the dendrimer periphery. The low
intensity of fluorescence at the emission maximum lem of
the peripheral dyes (Figure 4, band a) indicates that fluores-
cence quenching is remarkably efficient, whereas emission
from the central chromophore (band b) demonstrates that the
quenched energy is actually received on a localized site and

Scheme 3. Structures of the G-2 4, G-3 5, and G-4 6 dye-labeled dendrimers as well as the model donor 7 and model acceptor 8 compounds.
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Figure 4. Total fluorescence of the G-3 dendron (c� 1.17� 10ÿ6m).
a) Spontaneous emission from the peripheral dyes; b) emission from the
core dye after energy transfer from the peripheral chromophores;
c) emission from the core dye upon direct excitation. All emission spectra
have been corrected for slight variations in excitation intensity by dividing
out the relative lamp output at each excitation wavelength.

used to excite the focal dye, instead of being
dissipated nonradiatively.

The energy transfer efficiency for any given
generation of the fully labeled dendrons can
be determined in several ways.[7a] One method
involves comparing the absorption spectrum
with the fluorescence excitation spectrum
recorded at the lem of the focal chromophore.
When these two spectra are normalized at the
lmax value of the central dye the decrease in
intensity at the lmax of the peripheral chro-
mophores in the excitation spectrum relative
to the absorption spectrum represents the
energy lost in the transfer step.[12] The sim-
ilarity between the two normalized spectra for
G-1 to G-3 is remarkable, and attests to a very
high transfer efficiency (close to 100 %). The
efficiency starts to decrease in G-4 when the
donors are excited at their lmax values, as
shown in the emission spectrum by some
spontaneous fluorescence from these periph-
eral dyes.[11] A more quantitative analysis of
energy transfer efficiency involves the study
of the fluorescence quenching of the donor
dyes by the acceptor.[7a] Indeed, the fluores-
cence intensity of the donor dyes in the
presence of the acceptor was found to dimin-
ish by more than 40-fold in the first three
generations, which indicates an energy trans-
fer efficiency of greater than 97 %. In the
fourth generation the quenching was slightly
less effective, and the energy transfer effi-

ciency was found to decrease to 86 %. Hence, the synthesized
molecules display efficient energy transfer up to the fourth
generation.

Figure 4 clearly demonstrates the concept of a spectral
energy concentrator. Almost all of the absorbed energy is
used to excite the focal dye regardless of the irradiation
wavelength, and is eventually converted into its single
emission spectrum. In addition, at high generations (G-3
and G-4) the spatial concentration of energy in these
molecules results in a net fluorescence amplification when
the direct to sensitized excitation of the focal dye are
compared (see bands b and c in Figure 4). Since the fluo-
rescence quantum yield of the central dye is large, the whole
macromolecule appears to be an effective optical device with
excellent absorption and emission features and very few
energy losses.

We believe that our approach to energy transfer provides
unprecedented flexibility since any dendritic architecture can,
in principle, be used to build this type of photoactive device.
Not only does this system take advantage of the specific
properties of dendritic polymers (high solubility, processabil-
ity, exact characterization, and well defined structure) in the
design of multichromophoric arrays, but the ability to choose
the dendritic framework provides versatility for the introduc-
tion of an additional key property, such as affinity towards a
cell, a protein, or a drug, specific viscosity, specific glass
transition, and electron/hole transport capacity. Moreover,

Figure 3. Absorption and emission spectra of the G-2 model donor and acceptor fragments in
toluene. Spectral overlaps for heterotransfer and homotransfer are shaded in gray and black,
respectively.
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any pair of chromophores can be employed as long as they
meet the requirements for mutual interaction. As a result, the
emission wavelength of the device can in principle be set in
the entire visible range, which is a key property for the design
of light emitting materials. Therefore, such dye-labeled
dendrimers are promising candidates for a variety of appli-
cations, which range, for example, from catalysis (cleavage
and release of a photoactive drug or degradation of a
photosensitive toxic substance) to amplification for display
or mapping, low threshold stimulated emission,[13] solar
energy collection, spectral and spatial refocusing of light in
fiber optics coatings, and organic optical media.

Experimental Section

Absorption spectra (ODmax< 0.1) were recorded in toluene (unless
otherwise noted) on a Uvicon 933 spectrophotometer. Extinction coef-
ficients were calculated from the Beer ± Lambert law, which is followed by
all compounds up to an optical density of at least 0.6. The same samples and
cells (1 cm) were used to record the emission and excitation spectra directly
on an ISA/SPEX Fluorolog 3.22 equipped with a 450 W Xe lamp, double
excitation and double emission monochromators, and a digital photon-
counting photomultiplier. Slit widths were set to 1.3 nm bandpass on both
excitation and emission. Correction for variations in lamp intensity over
time and wavelength was achieved with a solid-state silicon photodiode as
the reference. The spectra were further corrected for variations in
photomultiplier response over wavelength and for the path difference
between the sample and the reference by multiplication with emission and
excitation correction curves generated on the instrument. The photo-
stability of the dye-labeled dendrons was ascertained by monitoring the
emission intensity of the central dye under irradiation at the lmax of the
peripheral chromophores: no photodegradation could be detected after 1 h
of irradiation. Mass spectra were measured by MALDI-TOF on a
Perseptive Biosystems Voyager-DE spectrometer in delayed extraction
mode and with an acceleration voltage of 20 keV. Samples were prepared
by using a 1:20 ratio of analyte (5 mg mLÿ1 in THF) to matrix solution
(trans-indoleacrylic acid, 10 mg mLÿ1 in THF).

Synthesis of G-1 3 : A mixture of 1 (0.590 g, 1.04� 10ÿ3 mol), coumarin 2
(0.674 g, 3.10� 10ÿ3 mol, 3 equiv), and K2CO3 (0.576 g, 5.43� 10ÿ3 mol,
5 equiv) was dissolved in dry acetonitrile (27 mL) and stirred at reflux
under argon for 72 h. The mixture was then cooled, filtered, and evaporated
to dryness in vacuo. The product was purified by chromatography on silica
gel using hexanes:ethyl acetate (8:2) as the eluent (yield: 582 mg, 67%).
Deprotection of this G-1 fragment (0.475 g, 5.65� 10ÿ4 mol) was accom-
plished by stirring it in refluxing ethanol (200 mL) containing 10 equiv of
NaOH for 3 hours. The deprotected product, (C2)2-[G-1]-OH, was isolated
by chromatography on silica gel using CH2Cl2:ethyl acetate (8:2) as the
eluent (82 %). The fully dye-labeled G-1[11] molecule was synthesized by
mixing the deprotected phenol 2 (0.100 g, 1.81� 10ÿ4 mol) with coumar-
in 343 (0.103 mg, 3.62� 10ÿ4 mol, 2 equiv), EDC (0.086 g, 4.53� 10ÿ4 mol,
2.5 equiv), and DMAP (0.005 g, 3.62� 10ÿ5 mol, 0.2 equiv) in CH2Cl2 and
stirring the mixture under argon at room temperature overnight (93 %).

The higher generation dendrimers[12] were synthesized by subsequently
coupling phenol 2 with the monomer 1, then deprotecting, and coupling
either to coumarin 343 (to obtain the fully labeled dendron) or to the
monomer (to go to the next generation). Note that deprotection of G-4 was
done in DMF rather than ethanol.

3 : 1H NMR (300 MHz, CDCl3, TMS): d� 0.99 (t, J� 7.0 Hz, 6 H), 1.96 (m,
4H), 2.34 (s, 6 H), 2.36 (d, J� 1.0 Hz, 6 H), 2.75 (t, J� 6.1 Hz, 2H), 2.87 (t,
J� 6.3 Hz, 2 H), 2.99 (q, J� 7.0 Hz, 4 H), 3.33 (q, J� 6.1 Hz, 4H), 4.14 (s,
4H), 6.10 (q, J� 1.0 Hz, 2 H), 6.68 (s, 2 H), 6.97 (s, 1 H), 7.03 (s, 2H), 7.13 (s,
1H), 7.33 (s, 2 H), 8.47 (s, 1H); 13C NMR (100 MHz, CDCl3): d� 11.82,
18.56, 18.72, 20.05, 21.11, 27.41, 46.23, 49.97, 50.36, 56.57, 105.75, 107.67,
109.10, 112.54, 114.81, 119.47, 120.46, 124.91, 126.60, 127.33, 129.51, 139.87,
149.11, 150.12, 151.22, 152.43, 152.65, 153.70, 158.50, 161.59, 162.80; MS
(MALDI): m/z : 818.53 [M�], 842.03 [M�Na�], calcd: 819.95, 842.94; UV/
Vis (toluene): lmax (e)� 343 (25 000), 437 nm (45 000).

4 : 1H NMR (300 MHz, CDCl3, TMS): d� 1.01 (t, J� 7.0 Hz, 12 H), 1.99 (m,
4H), 2.37 (s, 24H), 2.78 (t, J� 6.1 Hz, 2 H), 2.90 (t, J� 6.4 Hz, 2H), 3.00 (q,
J� 7.0 Hz, 8H), 3.36 (q, J� 6.4 Hz, 4H), 4.13 (s, 8 H), 3.84 (s, 4H), 6.10 (s,
4H), 6.80 (s, 4 H), 6.86 (s, 2 H), 6.88 (s, 4H) 6.98 (s, 1 H), 7.26 (s, 2 H), 7.31 (s,
1H), 7.35 (s, 4 H), 8.48 (s, 1H); 13C NMR (100 MHz, CDCl3): d� 11.86,
14.10, 18.56, 18.71, 20.03, 21.07, 22.63, 25.26, 25.59, 27.39, 31.57, 34.64, 46.25,
49.97, 50.35, 56.62, 67.95, 69.29, 105.61, 105.74, 107.63, 108.99, 112.45, 113.16,
114.66, 119.49, 120.43, 126.55, 127.33, 129.36, 138.78, 139.94, 149.15, 150.08,
151.34, 152.42, 152.61, 153.74, 158.90, 161.56, 162.70; MS (MALDI): m/z :
1486.61 [M�], 1510.88 [M�Na�], calcd: 1490.75, 1513.74; UV/Vis (tol-
uene): lmax (e)� 343 (45 000), 438 nm (40 000).

5 : 1H NMR (300 MHz, CDCl3, TMS): d� 0.99 (t, 3J� 7.0 Hz, 24H), 1.96
(m, 4 H), 2.34 (s, 48 H), 2.75 (t, J� 6.1 Hz, 2 H), 2.87 (t, J� 6.3 Hz, 2H), 2.99
(q, J� 7.0 Hz, 16H), 3.33 (m, 4 H), 4.12 (s, 16 H), 4.95 (s, 8H), 5.06 (s, 4H),
6.08 (q, J� 1.2 Hz, 8 H), 6.80 (s, 8H), 6.85 (s, 4H), 6.86 (s, 8 H), 6.93 (s, 1H),
6.99 (s, 4 H), 7.06 (s, 2H), 7.30 (s, 2H), 7.32 (s, 9H), 8.44 (s, 1H); 13C NMR
(100 MHz, CDCl3): d� 11.84, 18.53, 18.67, 20.01, 20.04, 21.03, 25.57, 27.37,
35.38, 46.22, 49.92, 50.32, 56.59, 67.94, 69.35, 69.66, 105.42, 105.67, 107.53,
108.95, 112.42, 113.16, 113.30, 114.64, 118.97, 119.48, 120.37, 122.96, 126.53,
127.27, 129.30, 138.64, 138.90, 139.90, 149.16, 150.01, 151.40, 152.39, 152.58,
153.71, 158.34, 158.95, 159.09, 161.49, 162.73; MS (MALDI): m/z : 2828.37
[M�], 2852.23 [M�Na�], calcd: 2832.37, 2855.35; UV/Vis (toluene): lmax

(e)� 343 (82 000), 441 nm (39 000).

6 : 1H NMR (500 MHz, CDCl3, TMS): d� 0.98 (t, J� 7.5 Hz, 48 H), 1.93 (m,
4H), 2.32 (s, 96H), 2.70 (m, 2 H), 2.81 (m, 2H), 2.98 (q, J� 7 Hz, 32H), 3.33
(m, 4H), 4.10 (s, 32H), 4.94 (s, 16 H), 5.02 (s, 8 H), 5.09 (s, 4 H), 6.05 (s,
16H), 6.78 (s, 16H), 6.84 (s, 24 H), 7.00 (s, 8H), 7.05 (s, 4H), 7.06 (s, 4 H), 7.12
(s, 2H), 7.31 (s, 16H), 8.44 (s, 1H); 13C NMR (125 MHz, CDCl3): d� 11.86,
18.52, 18.68, 25.59, 46.24, 56.53, 67.96, 69.69, 108.91, 112.41, 113.15, 113.33,
114.62, 120.37, 126.54, 129.26, 138.73, 138.86, 139.89, 152.38, 152.57, 153.69,
158.95, 159.18, 161.45; MS (MALDI): m/z : 5515.05 [M�], 5534.46
[M�Na�], calcd: 5515.59, 5538.58; UV/Vis (toluene): lmax (e)� 344
(152 000), 442 nm (38 000).
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The First Direct Synthesis of Corroles from
Pyrrole**
Zeev Gross,* Nitsa Galili, and Irena Saltsman

Core-modified porphyrins have been receiving increased
attention in recent years,[1] mainly because of their superiority
over porphyrins in many applications, most notably as agents
for photodynamic therapy.[2] Some of these macrocycles form
complexes with transition metals, which due to the alteration
of the ligand structure have very different properties than the
analogous metalloporphyrins. The most interesting com-
pounds in this regard are corroles, whose skeletons are
contracted by one carbon atom with respect to porphyrins
(Scheme 1).[3] In contrast to the diprotonic porphyrins,
corroles act as tetradentate trianionic ligands toward metal
ions. The most remarkable feature of corroles is the stabiliza-
tion of unusually high oxidation states, such as iron(iv),
cobalt(iv), and cobalt(v).[4] Surprisingly, however, there is no
reported application in any field for either corroles or their
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Scheme 1. Schematic representation of tetraarylporphyrins TpFPPH2,
TdFPPH2, and TdCPPH2 (left) and the corresponding triarylcorroles
1 ± 3 (right).

metal complexes. The reason for that is almost certainly the
lack of obvious procedures for their preparation. Thus, in spite
of the significant progress in corrole synthesis, even the most
simple procedures reported to date require starting materials
that are not commercially available.[5] Similarly, the first
synthesis of a meso-substituted corroleÐmeso-aryl substitu-
tion is most likely a prerequisite for the utilization of
metallocorroles in catalysisÐappeared only in 1993.[6]

Owing to our ongoing interest in the synthesis of porphyrins
and their core-modified analogues,[7] we explored a new
approach, the solvent-free condensation of pyrrole and
aldehydes. The research goal was the development of a
simple synthetic methodology for the preparation of porphyr-
ins, driven by the anticipation that the rather unusual reaction
conditions might also lead to the formation of some porphyrin
isomers. We have focused on two aldehydes: benzaldehyde, as
the prototype of other meso-aryl-substituted porphyrins, and
perfluorobenzaldehyde, because the metal complexes of the
corresponding porphyrin (TpFPPH2, Scheme 1) are among
the most efficient oxygenation catalysts. The reaction con-
ditions were very simple indeed, consisting of mixing pyrrole
and the aldehyde in equimolar quantities on a solid support,
heating to 100 8C for four hours, oxidation with 2,3-dichloro-
5,6-dicyano-1,4-benzoquinone (DDQ), and chromatographic
separation. The reaction vessel was open to air, which not only
simplifies the procedure but was also found to be required.
With benzaldehyde as reactant, tetraphenylporphyrin (TPPH2)
was obtained in 5 ± 8 % yield, depending on the solid support
(see Experimental Section).

When the same reaction conditions (best with basic alumina
as solid support) were applied for perfluorobenzaldehyde,
very different results were observed. Only traces of the
corresponding porphyrin (TpFPPH2) were obtained, accom-
panied by a compound (1, isolated in 11 % yield) which
showed a strong porphyrin-like fluorescence and an electronic
spectrum similar to that of TpFPPH2 (Figure 1). However,
while the 1H NMR spectrum of TpFPPH2 consists of two
singlets in a ratio of 8:2 at d� 8.91 (sharp) and ÿ2.93 (broad)
for the b-pyrrole and the inner nitrogen hydrogen atoms,
respectively, in the spectrum of 1 three doublets (J� 4.5 Hz)
in the ratio of 1:1:2 were obtained in the pyrrole hydrogen
region (d� 9.10, 8.75, and 8.57) together with an extremely
broad resonance at d�ÿ2.25 (Figure 1, inset). Similarly, the
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