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This paper describes the synthesis, characterization and studies of dendrimers possessing an amino acid–metal
complex as the core. Using Fréchet-type polyaryl ether dendrons, -tyrosine–metal (ZnII and CoII) complex cored
dendrimers of 0–4 generations were synthesized. The metal complexation of the tyrosine unit at the focal point
of these dendrons took place smoothly, in excellent yields, even though the sizes of the dendrons increase as the
generations advance. Spectrophotometric titrations with CoII metal ion confirmed the formation of a 2 : 1 dendritic
ligand to metal complex and the existence of a pseudotetrahedral geometry at the metal centre is also inferred. Cyclic
voltammetric studies of dendrimer–CoII complexes showed that while the electron transfer of CoII to CoI was facile
for generations 0–2, such a process was difficult with generations 3 and 4, indicating a rigid encapsulation of the
metal ion centre by proximal dendron groups. Further reduction of CoI to Co0 and the corresponding oxidation
processes appear to be limited by adsorption at the surfaces of the electrodes.

Introduction
Architectural, structural and topological features of dendri-
mers continue to be the focus of a wide range of investigations,
ever since these macromolecules became prominent over a
decade ago.1 The flexibility to modify the dendrimer structures
has allowed the synthesis and study of a large number of differ-
ent types of functional dendrimer.2 Primary among covalent
modifications of dendrimers are those involving either the
core or the periphery of these macromolecules. While the func-
tional group cored dendrimers exhibit properties as a result
of evolution of ‘microenvironments’ and ‘site isolations’,3 a
precise and periodic functionalization of the peripheries of
a series of dendrimers is used often to understand the
collective properties of such functional groups placed on a
dendritic framework.4 In relevance to these features, a variety
of dendrimers incorporating ligand–metal complexes, biologic-
ally active molecules, chromophores, fluorophores, electro-
active and photoactive units have been synthesized and their
properties examined.5

Of the two modifications mentioned previously, it has been
suggested and tested that core modifications give rise to proper-
ties that are very different from those of the species under con-
sideration in the bulk environments.3 Pioneering contributions
by several groups on different types of dendrimer have demon-
strated consistently that solution and solid state properties of
the so-called ‘cored dendrimers’ can best be described in terms
of their ‘site isolations’ and ‘microenvironmental effects’ that
are attributable to dendritic architecture.6 As a result of our
desire to study these phenomena in other types of cored den-
drimer, we describe, in this report, the synthesis and studies of a
series of homologous dendrimers that are ‘cored’ with amino
acid–metal complexes. Amino acid–metal complexes are one
of the most well-studied among metal complexes of bio-
molecules.7 Several facets of amino acid and peptide–metal
complexes in selective organic reactions and biological studies
have been reviewed recently.8 In amino acids, the amine and
carboxylic acid functionalities take part invariably in metal
coordination and form a stable five-membered chelate ring
with the metal ion. Additionally, the side chain functionality,

wherever present, may also participate in metal coordination.
In this report, we describe the synthesis of dendronized tyrosine
amino acid functionalized with 0–4 generations of polyaryl
ether dendrons and their ZnII and CoII metal complexes,
followed by spectroscopic and electrochemical studies of these
metal complexes.

Results and discussion

Synthesis of dendronized tyrosine derivatives

We chose to employ Fréchet-type polyaryl ether dendrons 9 in
order to functionalize the tyrosine amino acid. The convergent
growth methodolgy developed for the synthesis of these den-
drons is flexible enough to enable the incorporation of almost
any type of functionalized core unit. An iterative procedure
consisting of phenolic-O-alkylation and conversion of a ben-
zylic hydroxy group into a benzylic bromide is often a standard
synthetic protocol to obtain these polyaryl ether dendrons.9

Dendrons of generations 0–4, consisting of 1, 3, 7, 15 and 31
benzyloxy groups, respectively, were used to functionalize the
phenolic hydroxy group of Boc-Tyr-OMe. While the zero
generation dendron, Bn-Tyr (1) was prepared according to a
known procedure,10 synthesis of 1–4 generation functionalized
tyrosine was carried out by O-alkylation of either Boc-Tyr-
OMe (2) 11 or 3,5-dihydroxybenzyl-Boc-Tyr-OMe (7) with
bromide functionalized dendrons 3, 4 and 8 9 (Scheme 1). Thus,
O-alkylation of 2 with first generation (3) and second gener-
ation (4) bromides, under basic conditions, afforded the G-1-
Boc-Tyr-OMe (5) and G-2-Boc-Tyr-OMe (6) in 96% and 94%
yields, respectively. Similarly, the reaction of 7 with second gen-
eration (4) and third generation (8) bromides led to the isolation
of G-3-Boc-Tyr-OMe (9) and G-4-Boc-Tyr-OMe (10) in 91%
and 85% yields, respectively. All the dendronized tyrosine
amino acid derivatives 5, 6, 9, 10 were purified by column
chromatography (SiO2) using hexane–EtOAc as the eluant
system. Their structures were confirmed by routine physical
methods (1H NMR, 13C NMR, MS and elemental analysis).
Deprotections of –OMe and Boc– groups were carried out on 5,
6, 9 and 10 by treatment with aq. KOH, followed by addition of
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Scheme 1

TFA to obtain dendron-functionalized free amino acids 11 to
14, again in excellent yields (Scheme 2).

Synthesis of dendronized tyrosine–metal complexes

Metal ion complexations of G-0- to G-4-Tyr dendrons (1, 11–
14) were carried out mainly with ZnII and CoII metal ions. Both
of these metal ions are known generally to assume tetrahedral

coordination geometry, although they are also known to adopt
other coordination geometries.12 Further, CoII derivatives
absorb radiation in the visible region, thereby rendering this
metal a good environmental probe to access coordination
geometries by UV–VIS spectroscopic techniques.13 ZnII and
CoII complexes were prepared by treatment of free amino acids
1 and 11 to 14 with either Zn(OAc)2 or CoCl2 (0.5 mol equiv.) in
THF at 50–60 �C for 3 h and the metal complexes (ZnII: 15–19
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and CoII: 20–24) were obtained in excellent yields (Scheme 3).
The facile formation of the metal complexes indicates that
the amine and carboxylic acid functionalities of the Tyr moiety
are freely available for metal complexation, even though it is
tethered to the bulky dendron pendant groups. The ZnII com-
plexes 15–19 were colorless, whereas the CoII complexes 20–24
exhibited a characteristic blue colour. While the ZnII complexes
were stable for prolonged periods, the CoII complexes were only
moderately stable and upon air exposure, these complexes
changed colour from blue to red, possibly due to oxidation at
the metal centre.

Structural characterization

With the exception of Bn-Tyr (1) and its metal complexes 15
and 20, higher generation amino acids 11 to 14 and the corre-
sponding metal complexes 16–19 and 21–24 were freely soluble
in non-polar solvents such as CH2Cl2, CHCl3, and Me2CO.
Melting point measurements showed that while G-0-Tyr (1) and
G-1-Tyr (11) were solids with melting points 286–290 �C
and 92–94 �C, respectively, G-2-Tyr (12) melted at 63–65 �C and
G-3-Tyr (13), G-4-Tyr (14) were foamy powders at room tem-
perature. A decreasing trend in the melting points of the metal
complexes was observed as the number of generations
increased. The higher generation metal complexes 18, 19, 23

Scheme 2

Scheme 3

and 24 exhibited melting points of ca. 100 �C, compared with
the corresponding metal-free dendrons 13 and 14, which were
foamy powders. It appears that the solid state packing
arrangement of free Tyr dendrons can be altered considerably
upon metal coordination and this effect is significant for higher-
generation metal complexes 18, 19, 23 and 24, in which the
metal ions constitute less than 1.6% of the overall molecular
mass of the complexes.

Specific and molar optical rotations

Optical rotation measurements were carried out for solutions in
CHCl3 for all the dendronized Tyr derivatives (11–14) and their
ZnII complexes (16–19). The data are given in Table 1. The
specific rotation values arising from chiral centre of the Tyr unit
were observed to decrease monotonously as the dendron size
increased. The corresponding molar rotations had a reverse
trend, which increased from G-1-Tyr (11) to G-4-Tyr (14). A
decreasing trend in specific rotation values has been observed
previously for polyaryl ether dendrons, containing a single
chiral unit at the core and this trend was attributed generally
to ‘optical dilution effects’.14 In these instances, the molar
rotations remained essentially constant. It appears that steric
crowding as well as higher rigidity of the Tyr unit in the den-
drons reported herein are likely to contribute to the increasing
trend of molar rotations as the generations increase. Optical
rotation measurements of ZnII complexes (16–19) also showed
a similar trend, in that while the specific rotation values
decreased, the corresponding molar rotation values increased
considerably with the higher generation dendrimer–metal
complexes.

Characterizations of dendrons and the metal complexes

The G-n-Tyr dendrons and their metal complexes were charac-
terized by FT-IR, 1H NMR and 13C NMR spectroscopic
methods and elemental composition analyses. Mass spectro-
metric and atomic absorption analyses were also performed in
order to ascertain the constitution and metal content of the
complexes. Additionally, UV–VIS spectroscopy was employed
to confirm the coordination geometry of the metal-ion core and
to study the stoichiometric complexation behaviour of the
ligand and the metal ion.

Pertinent changes in the IR spectrum of each metal complex
(15–24), when compared with the corresponding metal-free
dendrons (1, 11–14), were the disappearance of absorptions at
1678 cm�1 and 1240 cm�1 in the spectrum of the metal com-
plexes, which corresponded to their –NH2 (δ) and –OC–OH (δ)
frequencies. Apart from these changes, a comparison of the IR
spectrum also showed that vibrational frequencies due to the

Table 1 Optical rotation data a of dendrons and ZnII–dendrimer
complexes

 [α]/10�1 deg cm2 g�1 b [φ]/degrees

2 52 153.4
5 26 155.2
6 13 242.9
7 30 125.1
9 15 153.2

10 4 142.8
11 �19 �110.4
12 �15 �153.3
13 �13 �243.2
14 �4 �145.1
16 �15 �154.5
17 �9 �169.11
18 �10 �357.7
19 �9 �627.75

a The optical rotation was recorded at the D-line of Na. b In CHCl3

(c = 1) unless otherwise specified. 
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polyaryl ether dendron moiety became more prominent than
that of the Tyr unit as the generations increased. This behaviour
was observed in both G-n-Tyr dendrons as well as their metal
complexes.

1H and 13C NMR spectroscopic characterizations of the
dendronized Tyr derivatives and the ZnII metal complexes were
performed for solutions in CDCl3. Proton and carbon nuclei
associated with the Tyr residue as well as the dendron portion
could be observed clearly for dendronized Boc-Tyr-OMe (5, 6, 9
and 10). However, the resonances due to these nuclei became
broad for dendronized free Tyr derivatives 11–14, as well as ZnII

metal complexes 15–19. The diastereotopic Tyr –CH2– protons
resonated as two broad peaks in the 1H NMR spectrum of
these compounds. The severity of the crowding around the Tyr
residue and the higher intensities of the polyaryl ether portion
led to almost negligible appearance of protons and carbons
in the NMR spectrum of higher generation dendrons and the
corresponding metal complexes. Due to the paramagnetic
nature of CoII, NMR spectroscopic methods could not be
routinely applied for the CoII–dendrimer complexes. For these
complexes 19–22, other methods of characterization allowed
us to confirm the structures.

Elemental composition analyses were obtained satisfactorily
for all compounds. The composition of nitrogen was very low
for higher generations and thus the nitrogen content for higher
generation ligands and metal complexes could not be obtained
reliably. Mass spectroscopic analyses were performed to con-
firm the constitution of dendrons 5, 6, 9, 10, 12 and 13 and the
metal complexes 16 and 22. Lower generation dendrons and
metal complexes were susceptible to the FAB-MS technique,
whereas the higher generation dendrons were analysed by the
MALDI-TOF technique. Mass spectrometric analysis of
higher generation metal complexes was unsuccessful and thus
the metal ion content of these metal complexes was confirmed
through atomic absorption analysis. While the atomic absorp-
tion values for the ZnII complex 18 and CoII complexes 23 and
24 were close to the calculated values, no reliable value for the
fourth generation ZnII compex 19 could be obtained.

UV–VIS spectroscopic studies of CoII metal complexes

The nature of coordination geometry around the metal ion in
dendrimers 20–24 was probed through the UV–VIS spectro-
scopic technique. Complexes of CoII exhibit characteristic d–d
transitions in the visible region of the spectrum; such transi-
tions are dependent on the ligand geometry and other immedi-
ate environments of the metal centre.15 These properties of CoII

ion have been used widely in many metalloprotein structural
studies.13 The UV–VIS spectra of complexes 20–24 were
recorded for THF solutions. The visible absorption range of the
spectrum showed two major bands (∼670 and 592 nm) and two
shoulders (∼651 and 630 nm), indicating the presence of four
distinguishable electronic d–d transitions (Fig. 1). In addition, a
charge transfer band at ∼330 nm (ε > 20000 l M�1 cm�1), typical
of NH2 CoII and O� CoII, along with aromatic π–π* transi-
tions were also observed for all the metal complexes. Absorp-
tion maxima in the visible region are often used to assign the
coordination geometry of a complex. The presence of dis-
tinguishable absorption maxima in the case of dendronized
Tyr–Co complexes 20–24 indicated that a tetracoordinate
geometry at the metal centre can be assigned in these com-
plexes. The ε values, however, remained in the range 50–65 M�1

cm�1 at the absorption maximum (∼670 nm). From the intensity
considerations, it appears that these complexes may adopt
either a pseudotetrahedral geometry or a pentacoordinate
geometry. We can rule out the latter possibility on account of
the fact that pentacoordinate CoII complexes exhibit absorp-
tions between 833 and 714 nm, which is considerably higher
than the observed absorption range of between 730 and 545 nm
for the dendronized metal complexes. Further, in the absence of

absorptions at ∼500 nm, a six-coordinate complex formation
can be discounted. Thus, considering the presence of structured
bands and their intensities, it appears that these complexes
20–24 are most likely to exist in a pseudotetrahedral geometry.
It was also decided to ascertain the metal–ligand ratio in the
complexes 20–24 and for this purpose, spectrophotometric
titrations were performed for each complex.

An optically monitored titration of G-1-Tyr (21) with CoII is
shown in Fig. 2. A slightly red-shifted ligand field band was

observed in the spectra at lower [metal] : [dendron] ratio. This
spectrum saturated eventually, giving rise to the spectrum as
shown in Fig. 1. A similar pattern was observed for other
dendronized Tyr–Co complexes 20 and 22–24. A combined plot
of increase in absorbance with increasing ratios of [metal] :

Fig. 1 UV–VIS absorption spectra of dendronized Tyr ligand–CoII

complexes (20–24) in THF.

Fig. 2 A series of absorption spectra of a solution of 11 (∼16.5 mM)
in THF with various amounts of a solution of Co2� in MeOH.
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[dendron] is shown in Fig. 3. From this plot, it is evident that
the ratio of [metal] : [dendron] is close to 0.5, confirming the
formation of a 2 : 1 ligand–metal complex in each of the com-
plex studied. No further change in the absorption spectrum
occurred beyond this ratio, even when an excess of metal ion
was added. Thus, while the relative band intensities reflect a
pseudotetrahedral geometry, the complementary results of the
metal ion titration experiments confirm the formation of 2 : 1
dendron–metal complexes. The changes in the shape of the
spectrum may be explained on the basis of the formation of
other complex species during the early part of the titration. As
the ratio of dendron :metal is decreased by the addition of free
metal ion, which corresponds to later part of the spectrum, the
formation of 2 : 1 dendron–metal complex is favoured, wherein
the tetracoordination is assisted by the amine/carboxylate
functionalities present in the dendron ligand. The notion that
intermediate complex species may form is supported by the
presence of an isosbestic point at ∼730 nm in the spectra of
the titration experiments. Further, the extent of 2 : 1 dendron–
metal complex formation remained very similar for all the
complexes 20–24, indicating that the complex formation was
not affected severely by increasing sizes of dendron pendant
groups on the Tyr moiety. These results suggest that the den-
dronized amino acid has its amine and carboxylic acid func-
tionalities in unhindered locations. This also indicates that the
coordination of these dendronized amino acid ligands with
other desired metal ions is distinctly possible.

Electrochemical characterization of dendronized Tyr–CoII

complexes

Cyclic voltammetric (CV) methods were used to characterize
the redox potentials of CoII bound to Tyr residue in dendrimers
20–24, primarily to assess the effect of periodic increases in the
size of the ligands on the metal electron transfer properties at
the core in these dendrimers. Studies of electroactive dendrim-
ers incorporating transition metal ions have been performed
previously on different types of such metal ion containing den-
drimers.16 Specific interest in the study of electron transfer
properties in electroactive dendrimers relates largely to the
unique molecular architecture of dendritic macromolecules and

Fig. 3 A plot of the level of saturation of dendronized Tyr ligands
(11–14) with Co2� as a function of metal to ligand ratio.

their influence on the properties of the bound metal. Dendri-
mers 20–24, having the metal ion as core, can be considered as
metal complexes of Tyr amino acid ligands surrounded with
dendritic substituents of different generations. From this con-
sideration, the most commonly studied metal complex cored
dendrimers previously are those derived from porphyrins,17

polypyridines,18 ferrocenes 19 and iron–sulfur clusters.20 CV
experiments on dendrimers 20–24 were carried out in DMF
solution with Bu4N

� ClO4
� (0.1 M) as the supporting electro-

lyte. The zero generation CoII complex 20, which represents the
earliest of the series of CoII complexes, exhibited two reduction
(�0.78 and �1.17 V) and two oxidation (0 and 0.16 V) waves.
The first reduction wave was rather weak and it appeared that in
this two-electron transfer process, the first process, namely, CoII

to CoI was not as prominent as that of the second reduction
process, i.e., CoI to Co0. Similarly, in the oxidation process of
Co0 to CoII, represented by two waves, one of the waves was
weaker compared with the other. When CoII as CoSO4 was
tested in the solution phase under identical conditions, it exhib-
ited only one set of redox waves: one corresponding to a reduc-
tion (�1.1 V) and the other corresponding to an oxidation
(�0.2 V) process. Thus, the CoII to Co0 conversion occurred in a
single step in the case of uncomplexed CoII as CoSO4, whereas
the CoII–CoI–Co0 conversion was observed as two distinct
processes in the case of the zero generation CoII complex. The
redox potentials measured for dendritic CoII complexes 20–24,
in the range �1.6 V to �1.2 V, are presented in Table 2 and
the voltammograms corresponding to 22 and 23 are shown
in Fig. 4. All the CoII complexes exhibited quasi-reversible
voltammograms in general. Similar to the case of zero
generation 20, generations 1–4 exhibited two waves during the
reduction process CoII to Co0. The first wave, which was
weaker in magnitude, could be assigned to CoII to CoI

[Ered(I)]. A comparison across generations revealed that this
electron transfer process was affected severely by the struc-
tural changes. The observed order of the Ered(I) (in V) process
was 20 (�0.78) > 21 (�0.69) > 22 (�0.58) < 23 (�0.83) < 24
(�0.88). This trend can be attributed to the first electron
transfer becoming more facile in the order zero to second
generation dendrimer. However, the electron transfer process
shows the opposite effect in the case of 23 and 24 (�0.83 and
�0.88 V, respectively), probably due to increased encapsu-
lation of the metal ion and the greater distance between the
metal ion and the electrode surface. The higher reduction
potentials of Ered(I) reflect a slower and more difficult electron
transfer in these two higher generation metal complexes (23
and 24) and thus this process is very likely to be kinetically
controlled. In contrast, the second reduction potential
[Ered(II)], namely CoI to Co0, was comparable across the lower
to the higher generation dendrimer–metal complexes. One
possibility for this trend in Ered(II) is that this process involves
adsorption of the intermediate CoI complex and the sub-
sequent reduction of this complex to Co0, as opposed to the
reduction of freely diffusing complex. Alternatively, there could
be ligand dissociation during the reduction of CoI to Co0,

Table 2 Cyclic voltammetric data a for dendrimer–CoII metal
complexes

 E �red(I)/V E �red(II)/V E �ox(I)/V E �ox(II)/V

20 �0.78 b �1.17 0 b 0.16
21 �0.69 b �1.31 0 0.07
22 �0.58 �1.36 0.08 0.16
23 �0.83 �1.24 �0.10 0
24 �0.88 b �1.45 c  0.18 c

a Ar-purged DMF solutions (2.5 mM), room temperature, TBAP
supporting electrolyte; 100 mV s�1 sweep rate; glassy carbon working
electrode; Ag reference electrode; Pt counter electrode. b Weakly
resolved signal. c Broad signal. 
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which leads to the reduction occurring at similar potentials,
regardless of the nature of the ligand.

The oxidative processes of Co0 to CoII were also observed to
have two potentials and the peak potentials were comparable
for all the compounds studied (Table 2). There were very few
changes in the metal oxidative properties upon dimeric com-
plexation with Tyr residues coated with dendrons of different
generations, the exception being that the oxidative waves were
shifted within a limited range of �0.16 V to �0.16 V for the
individual dendrimer–metal complex. This may be due to
adsorption on the surfaces of the electrodes. Further, the CV
behaviour was pronounced in the case of the fourth generation–
CoII complex 24, wherein both reductive and oxidative waves
were broad and the corresponding cathodic and anodic
currents were found to be very high, for the same concentration
of analyte. It is possible that there could be a ligand dissoci-
ation when Co exists as Co0 and the oxidation Co0–CoI–CoII

may have occurred without reformation of dendrimeric ligand–
metal complex. Fréchet-type polyaryl ether dendrons have been
used previously to build dendrimers around a [Ru(bpy)3]

2� core
by Vögtle, Balzani and coworkers.18c As reported in this work,
the oxidation processes at more positive potentials (�1.76 V
and �1.50 V), relating to the ligand-centred oxidation of
dioxybenzene- and oxybenzene-type units of the dendritic
branches, were also observed in the CV voltammograms of
21–24 when the experiment was carried out at a more positive
potential (up to 2. 0 V).

Conclusions
In conclusion, we have extended dendritic synthetic principles
to the synthesis of a number of dendron-encapsulated tyrosine
amino acid–metal complexes. In this metal ion–ligand self-
assembly, a fine degree of structural control exists such that
an ideal metal coordination of the amino acid at the focal point
of dendrons is possible, irrespective of the sizes of dendrons.
Spectrophotometric studies confirmed the 2 : 1 dendronized
ligand to metal ratio for the 0–4 generations of Fréchet-type
polyaryl ether dendron encapsulated tyrosine–metal (ZnII,
CoII) complexes. In this manner, we may consider that an
artificial environment is created around the metal complex
in which the dendrons act as a permanent trap for the metal
ion. We observe an effect of such encapsulation on the

Fig. 4 Cyclic voltammograms of a solution of 22 (5 mM) and 23
(5 mM) in DMF (0.1 M Bu4NClO4). Scan rate = 100 mV s�1.

electrochemical behaviour of the CoII metal ion. Specifically,
the one-electron reduction of CoII to Co1 becomes facile in the
order 0-generation Tyr–CoII complex (20) to second generation
Tyr–CoII complex (22). However, this reduction process
becomes more difficult with third- and fourth-generation
Tyr–CoII complexes (23 and 24), probably due to increased
encapsulation of the metal ion and the attendent lesser proxim-
ity of the metal ion to the electrode surface. To the extent that
these amino acid–metal complexes are encapsulated inside the
bulky dendrons, they may exhibit altered properties such as
catalytic properties, when compared with the parent Bn-Tyr–
metal complex. Exploring such properties will form the basis
of our future work with these dendron-encapsulated amino
acid–metal complexes.

Experimental
Chemicals were purchased from commercial sources and were
used without further purification. K2CO3 (AR grade) was dried
at 120 �C for 24 h before being used. Solvents were dried and
distilled according literature procedures.21 Analytical TLC was
performed on commercial Merck plates coated with silica gel
GF254 (0.25 mm). Silica gel (100–200 mesh) (Acme) was used for
column chromatography. Melting points were determined on a
Büchi B-540 apparatus and are uncorrected. Infrared spectra
were recorded on a JASCO FT-IR-410 spectrophotometer for
either KBr discs or neat samples. UV–VIS spectra of metal–
dendrimer complexes were run on a Shimazdu 2100 UV–VIS
spectrophotometer. Matrix-assisted laser desorption ioniz-
ation-time-of-flight mass spectra (MALDI-TOF-MS) were
recorded on a Kratos Kompact MALDI-III instrument using
gentisic acid matrix. Metal content analysis was performed on a
Thermo Jarrell Ash Video 11E atomic absorption spectrometer.
Aqueous solutions of metal ions for these analyses were pre-
pared by digesting the metal–dendrimer complex in HNO3–
H2SO4 followed by complete removal of acidic solutions. Elec-
trochemical characterizations of cobalt–dendrimer complexes
were performed on a CH 660A electrochemical workstation,
equipped with glassy carbon as working electrode and an Ag
wire as a reference electrode. The experiments were carried
out at ambient temperature, on DMF solutions (5 mM) that
contained tetrabutylammonium perchlorate as the support-
ing electrolyte (0.1 M). Dry Ar gas was passed through the
solutions for ∼5 min before the cyclic voltammograms were
recorded. Optical rotation measurements were recorded on a
JASCO DIP 370 polarimeter at ambient temperature. Micro-
analyses were performed on a Carlo-Erba automated C, H, N
analyser. 1H and 13C NMR spectral analysis was performed on
a JEOL JNM LA 300 spectrometer operating at 300 MHz and
75 MHz, respectively, with the residual solvent signal acting as
the internal standard. The following abbreviations were used
to denote the multiplicities: s, singlet; d, doublet; t, triplet; m,
multiplet; band, several overlapping signals; br, broad. The
following notations were used to describe the nuclei of NMR
spectra: Ph, peripheral phenyl rings, Ar, inner phenyl rings, Tyr,
tyrosine residue.

General procedure of O-alkylation of Boc-Tyr-OMe

A mixture of a dendron 9 (3, 4, 8) (1.05 mol equiv.), Boc-
Tyr-OMe (2) 11 (1.00 mol equiv.), K2CO3 (2.5 mol equiv) and
18-C-6 (0.2 molar equiv) in Me2CO was refluxed, under a
N2 blanket, until the bromide disappeared (∼24–72 h). The
solvents were then evaporated off and the residue that
remained was partitioned between CH2Cl2 and H2O. The
organic portion was separated and the aqueous portion was
extracted further with CH2Cl2 (3 × ∼15 ml). The combined
organic portions were dried (Na2SO4) and evaporated to
afford a crude product, which was purified by column
chromatography (SiO2).
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G-1-Boc-Tyr-OMe (5). G-1-Br (3) (3.83 g, 10 mmol) was
added to a stirred mixture of 2 (2.95 g, 10 mmol), K2CO3 (3.45
g, 25 mmol) and 18-C-6 (0.53 g, 2 mmol) in Me2CO (45 ml).
The reaction mixture was refluxed for 24 h. The solvents were
then evaporated off, and the residue was worked up as
described in the general procedure and purified by column
chromatography (hexane–EtOAc 5 : 1) to obtain 5 as a colour-
less gum (5.74 g, 96%). FT-IR (neat) ν/cm�1: 3376, 1745, 1715,
1595, 1243, 1160; EI-MS m/z: 597 [M]�; 1H NMR (CDCl3):
δ 1.42 (s, 9 H, Me), 3.00–3.07 (br, 2 H, CH2), 3.70 (s, 3 H, OMe),
4.54 (br, 1 H, CH), 4.96 (br, 3 H, ArCH2 & NH), 5.02 (s, 4 H,
PhCH2), 6.57 (t, 1 H, J = 2.1 Hz, Ar), 6.67 (d, 2 H, J = 2.1 Hz,
Ar), 6.87 (d, 2 H, J = 8.4 Hz, Tyr), 7.03 (d, 2 H, J = 8.4 Hz, Tyr),
7.29–7.43 (m, 10 H, Ph); 13C NMR (CDCl3): δ 28.2 (Me), 37.4
(TyrCH2), 52.1 (OMe), 54.5 (TyrCH), 60.3 (CMe3), 69.8
(ArCH2), 70.0 (PhCH2), 101.4, 106.3, 114.9 (Ar), 127.5, 127.9,
128.5 (Ph), 128.2, 130.3, 139.4, 136.7 (Ar), 155.0 (NHCO),
157.7 (Tyr), 160.1 (Ar), 172.4 (COO); Anal. calcd. for:
C36H39NO7: C, 72.36; H, 6.50. Found: C, 72.22; H, 6.71%.

G-2-Boc-Tyr-OMe (6). G-2-Br (4) (0.85 g, 1.05 mmol) was
added to a stirred mixture of 2 (0.30 g, 1 mmol), K2CO3 (0.35 g,
2.5 mmol) and 18-C-6 (0.053 g, 0.2 mmol) in Me2CO (30 ml).
The reaction mixture was refluxed for 24 h. The solvents
were then evaporated off, and the residue was worked up as
described in the general procedure and purified by column
chromatography (hexane–EtOAc 4 : 1) to obtain 6 as a colour-
less gum (1.01 g, 94%). FT-IR (neat) ν/cm�1: 3429, 1715, 1595,
1246, 1159, 1056; EI-MS m/z: 1021 [M]�; 1H NMR (CDCl3):
δ 1.40 (s, 9 H, Me), 2.99 (br, 2 H, CH2), 3.74 (s, 3 H, OMe), 4.51
(br, 1 H, CH), 4.95 (s, 7 H, ArCH2 & NH), 5.01 (s, 8 H, PhCH2),
6.52 (t, 1 H, J = 2.1 Hz, Ar), 6.55 (t, 2 H, J = 2.1 Hz, Ar), 6.64
(d, 2 H, J = 2.1 Hz, Ar), 6.69 (d, 4 H, J = 2.1 Hz, Ar), 6.86 (d,
2 H, J = 8.4 Hz, Tyr), 7.01 (d, 2 H, J = 8.4 Hz, Tyr), 7.27–7.413
(m, 20 H, Ph); 13C NMR (CDCl3): δ 28.3 (Me), 37.5 (TyrCH2),
52.2 (OMe), 54.5 (TyrCH), 69.8, 69.9 (ArCH2), 70.1 (PhCH2),
101.5, 101.6, 106.4 (Ar), 114.9 (Tyr), 127.5, 127.9, 128.6 (Ph),
128.2, 130.3 (Tyr), 136.7 (Ph), 139.2, 139.4, 160.0, 160.1 (Ar),
172.4 (NHCO); Anal. calcd. for: C64H63NO11: C, 75.22; H, 6.17.
Found: C, 75.17; H, 5.98%.

3,5-Dihydroxybenzyl-Boc-Tyr-OMe (7). To a solution of 5
(1 g, 2.4 mmol) in EtOAc–MeOH (80 : 20, 25 ml) was added
Pd–C (10%) (0.1 g) and the mixture was stirred under a positive
pressure of H2 for 6 h. The reaction mixture was then filtered
and the filtrate concentrated to obtain 7 as a white crystalline
solid (0.4 g, 96%). Mp 178–180 �C; FT-IR (KBr) ν/cm�1: 3370,
1729, 1686, 1511, 1300, 1243, 1159, 1055; EI-MS m/z: 417 [M]�;
1H NMR (CDCl3): δ 1.40 (s, 9 H, Me), 3.00–3.07 (br, 2 H, CH2),
3.62 (s, 3 H, OMe), 4.45 (br, 1 H, CH), 4.81 (s, 2 H, ArCH2),
4.95 (d, 1 H, NH), 6.21 (t, 1 H, J = 2.1 Hz, Ar), 6.34 (d, 2 H,
J = 2.1 Hz, Ar), 6.75 (d, 2 H, J = 8.4 Hz, Tyr), 6.92 (d, 2 H,
J = 8.4 Hz, Tyr); 13C NMR (CDCl3): δ 28.2 (Me), 37.5 (ArCH2),
52.3 (OMe), 54.5 (TyrCH), 69.7 (ArCH2), 102.4, 106.6 (Ar),
115.1, 128.2, 130.3 (Tyr), 139.8 (Ar), 155.5 (NHCO), 157.3
(Ar), 157.7 (Tyr), 172.7 (COO); Anal. calcd. for: C22H27NO7: C,
63.31; H, 6.47; N, 3.36. Found: C, 63.68; H, 6.64; N, 3.68%.

G-3-Boc-Tyr-OMe (9). G-2-Br (4) (1.00 g, 1.24 mmol) was
added to a stirred mixture of 7 (0.26 g, 0.62 mmol), K2CO3

(0.21 g, 1.54 mmol) and 18-C-6 (0.032 g, 0.12 mmol) in Me2CO
(30 ml). The reaction mixture was refluxed for 72 h. The
solvents were then evaporated off, and the residue was worked
up as described in the general procedure and purified by
column chromatography (PhMe–EtOAc = 19 : 1) to obtain 9 as
a colourless foamy solid (0.45 g, 91%, on the basis of recovered
starting materials). FT-IR (KBr) ν/cm�1: 3431, 1745, 1715,
1595, 1295, 1157; MS (MALDI-TOF) m/z: 1909.4 [M � K]�,
1893.7 [M � Na]�; 1H NMR (CDCl3): δ 1.40 (s, 9 H, Me), 2.99
(br, 2 H, CH2), 3.67 (s, 3 H, OMe), 4.52 (br, 1 H, CH), 4.92 (s, 2

H, ArCH2), 4.94 (s 13 H, ArCH2 & NH) 5.00 (s, 16 H, PhCH2),
6.52–6.55 (m, 7 H, Ar), 6.64–6.66 (m, 14 H, Ar), 6.86 (d, 2 H,
J = 8.4 Hz, Tyr), 6.99 (d, 2 H, J = 8.4 Hz, Tyr), 7.22–7.40 (m, 40
H, Ph); 13C NMR (CDCl3): δ 28.3 (Me), 69.9 (ArCH2), 70.0
(PhCH2), 101.6, 106.4 (Ar), 114.9 (Tyr), 127.5, 127.9, 128.6
(Ph), 128.2, 130.3 (Tyr), 136.7 (Ph), 139.2, 160.1, 160.0 (Ar);
Anal. calcd. for: C120H111NO19: C, 77.05; H, 5.94. Found: C,
77.17; H, 5.98%.

G-4-Boc-Tyr-OMe (10). (G-3-Br) (8) (1.00 g, 0.60 mmol) was
added to a stirred mixture of 7 (0.12 g, 0.30 mmol), K2CO3

(0.10 g, 0.74 mmol) and 18-C-6 (0.032 g, 0.12 mmol) in Me2CO
(30 ml). The reaction mixture was refluxed for 72 h. The
solvents were then evaporated off, and the residue was worked
up as described in the general procedure and purified by
column chromatography (PhMe–EtOAc 4 : 1) to obtain 10 as a
white foamy solid (0.38 g, 85%, on the basis of recovered start-
ing materials). FT-IR (KBr) ν/cm�1: 3436, 1743, 1715, 1595,
1295, 1157; MS (MALDI-TOF) m/z: 3608.3 [M � K]�, 3594.3
[M � Na]�, 3545.3 [M]�; 1H NMR (CDCl3): δ 1.41 (s, 9 H, Me),
2.89 (br, 2 H, CH2), 3.57 (s, 3 H, OMe), 4.44 (br, 1 H, CH), 4.83
(s, 31 H, ArCH2 & NH), 4.88 (s, 32 H, PhCH2) 6.43–6.46 (m, 15
H, Ar), 6.56 (m, 30 H, Ar), 6.86 (d, 2 H, J = 8.4 Hz, Tyr), 6.99
(d, 2 H, J = 8.4 Hz, Tyr), 7.19–7.30 (m, 80 H, Ph); 13C NMR
(CDCl3): δ 28.3 (Me), 69.9 (ArCH2), 70.0 (PhCH2), 101.6,
106.3, 106.4 (Ar), 114.9 (Tyr), 127.5, 127.9, 128.5 (Ph), 128.2,
130.3 (Tyr), 136.7 (Ph), 139.2, 160.0, 160.1 (Ar); Anal. calcd.
for: C232H207NO35: C, 78.07; H, 5.84. Found: C, 78.04; H,
5.74%.

General procedure for the deprotection of dendronized tyrosine

A solution of a dendronized Boc-Tyr-OMe (5, 6, 9, 10) in
THF–MeOH was treated with aqueous KOH (0.1 M) and
stirred for 3 h. The solution was acidified (pH ∼ 4) with aqueous
HCl (1 M) and the volume of solvent was reduced in vacuo. The
resulting suspension was extracted with CH2Cl2, and the
organic layer was dried (Na2SO4) and filtered. A few drops of
TFA were added to this solution, which was stirred until the
starting material disappeared (TLC). The solvents were then
removed in vacuo to obtain dendronized tyrosine as its TFA
salt. The TFA salt was subjected to purification by column
chrmoatography (SiO2).

G-1-Tyr (11). A solution of 5 (0.90 g, 1.86 mmol) in EtOH
(50 ml) was treated with aq. KOH (1 M) (1.8 ml) and stirred for
3 h, then acidified with aq. HCl (1 M). The volume of solvent
was reduced in vacuo and the resulting suspension was extracted
with CH2Cl2 (3 × 10 ml). The organic portions were combined,
dried and filtered. A few drops of TFA were added to this solu-
tion, which was then stirred for 3 h. The solvents were evapor-
ated off in vacuo and the resulting crude product was purified
by column chromatography (CHCl3–MeOH 19 : 1) to obtain 11
as a white amorphous solid (0.85 g, 96.7%). Mp 92–94 �C;
FT-IR (KBr) ν/cm�1: 3437, 1725, 1673, 1596, 1292, 1162; 1H
NMR (CDCl3): δ 2.96 (br, 1 H, CH2), 3.19 (br, 1 H, CH2), 4.10
(br, 1 H, CH), 4.77 (s, 2 H, ArCH2), 4.88 (s, 4 H, PhCH2), 6.48
(br, 1 H, Ar), 6.56 (br, 2 H, Ar), 6.82 (br, 2 H, Tyr), 7.06 (br, 2 H,
Tyr), 7.29–7.43 (m, 10 H, Ph).

G-2-Tyr (12). A solution of 6 (0.71 g, 0.69 mmol) in THF–
MeOH (1 : 1) (25 ml) was treated with aq. KOH (0.1 M) (4 ml)
and stirred for 3 h. The resulting suspension was extracted with
CH2Cl2 (3 × 10 ml), and the organic portions were combined,
dried and filtered. A few drops of TFA were added to the solu-
tion, which was then stirred for 3 h. The solvents were evapor-
ated off in vacuo and the resulting crude product was purified
by column chromatography (CHCl3–MeOH 16 : 1) to obtain
12 as a white foamy powder (0.65 g, 92%). Mp 63–65 �C;
FT-IR (neat) ν/cm�1: 3066, 1724, 1676, 1596, 1296, 1157; MS
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(MALDI-TOF) m/z: 908 [M � H]�; 1H NMR (CDCl3): δ 2.89
(br, 1 H, CH2), 3.14 (br, 1 H, CH2), 3.97 (br, 1 H, CH), 4.74
(s, 7 H, ArCH2), 4.84 (s, 8 H, PhCH2), 6.29 (s, 1 H, Ar), 6.42
(s, 2 H, Ar), 6.55 (s, 6 H, Ar), 6.81 (br, 2 H, Tyr), 7.07 (br, 2 H,
Tyr), 7.23–7.52 (m, 20 H, Ph); 13C NMR (CDCl3): δ 69.9
(ArCH2), 101.5, 106.4 (Ar), 127.5, 127.9, 128.5, 136.7 (Ph),
139.1, 159.9, 160.1 (ArC); Anal. calcd. for C60H54NO11F3: C,
70.51; H, 5.28. Found: C, 69.23; H, 5.31%.

G-3-Tyr (13). A solution of 9 (0.25 g, 0.13 mmol) in THF–
MeOH (20 : 9) (15 ml) was treated with aq. KOH (0.1 M)
(1.3 ml) and stirred for 3 h. The resulting suspension was
extracted with CH2Cl2 (3 × 10 ml), and the organic portions
were combined, dried and filtered. A few drops of TFA were
added to the solution, which was stirred for 3 h. The solvents
were evaporated off in vacuo and the resulting crude product
was purified by column chromatography (CHCl3–MeOH 13 : 1)
to obtain 13 as a white foamy powder (0.22 g, 88%). FT-IR
(KBr) ν/cm�1: 3430, 1678, 1595, 1295, 1156; MS (MALDI-
TOF) m/z: 1757.4 [M]�, 1780.1 [M � Na]�, 1796.2 [M � K]�;
1H NMR (CDCl3): δ 2.87 (br, 1 H, CH2), 3.18 (br, 1 H, CH2),
3.94 (br, 1 H, CH), 4.76 (s, 15 H, ArCH2), 4.85 (s, 16 H,
PhCH2O), 6.43–6.45 (m, 7 H, Ar), 6.55 (s, 14 H, Ar), 6.80 (d,
2 H, Tyr), 7.03 (d, 2 H, Tyr), 7.22–7.27 (m, 40 H, Ph); 13C NMR
(CDCl3): δ 69.9 (ArCH2), 70.0 (PhCH2), 101.4, 106.3 (Ar),
127.4, 127.8, 128.4, 136.7 (Ph), 139.1, 159.9, 160.0 (Ar); Anal.
calcd. for C116H102NO19F3: C, 74.48; H, 5.45. Found: C, 74.90;
H, 5.72%.

G-4-Tyr (14). A solution of 10 (0.37 g, 0.1 mmol) in THF–
MeOH (5 : 3) (18 ml) was treated with aq. KOH (0.1 M) (1 ml)
and stirred for 3 h. The resulting suspension was extracted with
CH2Cl2 (3 × 10 ml), and the organic portions were combined,
dried and filtered. A few drops of TFA were added to the solu-
tion, which was then stirred for 3 h. The solvents were evapor-
ated off in vacuo and the resulting crude product was purified
by column chromatography (CHCl3–MeOH 9 : 1) to obtain 14
as a white foamy powder (0.31 g, 84%). FT-IR (KBr) ν/cm�1:
3064, 1713, 1595, 1295, 1151; 1H NMR (CDCl3): δ 2.84 (br, 1 H,
CH2), 3.23 (br, 1 H, CH2), 3.88 (br, 1 H, CH), 4.79 (s, 30 H,
ArCH2), 4.87 (s 32 H, PhCH2), 6.46 (s, 14 H, Ar), 6.57 (s, 31 H,
Ar), 6.82 (br, 2 H, Tyr), 7.04 (br, 2 H, Tyr), 7.26–7.28 (m, 80 H,
Ph); 13C NMR (CDCl3): δ 69.9 (ArCH2), 70.0 (PhCH2), 101.5,
106.3 (Ar), 127.4, 127.8, 128.4, 136.7 (Ph), 139.1, 159.9, 160.0
(Ar); Anal. Calcd. for C228H198NO35F3: C, 76.73; H, 5.48.
Found: C, 76.87; H, 5.77%.

General procedure for the preparation of metal complexes

A solution of the dendronized tyrosine ligands (11–14) in
CH2Cl2 was treated with aq. NH4OH for 30 min, after which
the organic portion was separated, evaporated in vacuo and
dried thoroughly. The resulting ligand (2.0 mol equiv.) in THF
was then added to either Zn(OAc)2 or CoCl2 (1.0 mol equiv.)
and the solution was stirred for 3 h at 50–60 �C. The solvents
were then removed and the resulting residue washed several
times with Et2O, MeOH and H2O to obtain the desired metal
complex.

G-0–Zn complex (15). A solution of 1 (0.135 g, 0.5 mmol) in
MeOH (20 ml) was added to 0.1 M aqueous NaOH (2.5 ml)
and Zn(OAc)2 (0.055 g, 0.25 mmol), and the mixture was stirred
at 50–60 �C for 3 h and then worked up as described in the
general procedure to obtain 15 as a white amorphous solid
(0.096 g, 63%). Mp 345–350 �C; FT-IR (KBr) ν/cm�1: 3430,
1630, 1511, 1251, 1105; Anal. Calcd. for C32H32N2O6Zn: C,
63.46; H, 5.33. Found: C, 61.91; H, 5.21%.

G-1–Zn complex (16). G-1-Tyr (11) (0.12 g, 0.25 mmol) in
THF (10 ml) was mixed with Zn(OAc)2 (0.023 g, 0.08 mmol)

and stirred at 50–60 �C for 3 h. The reaction mixture was
worked up as described in the general procedure to obtain 16 as
a white amorphous solid (0.11 g, 94%). Mp 176–177 �C; FT-IR
(KBr) ν/cm�1: 3439, 1595, 1510, 1296, 1156, 1052; EI-MS m/z:
1051 (22%), 1053 (11%), 1055 (10%) [M � Na]�, 1030 [M � 1]�;
1H NMR (CDCl3): δ 2.94 (br, 2 H, CH), 3.47 (m, 4 H, CH2),
4.91 (s, 4 H, ArCH2), 4.99 (s, 8 H, PhCH2), 6.55 (s, 2 H, Ar),
6.66 (s, 4 H, Ar), 6.90 (d, 4 H, Tyr), 7.15 (d, 4 H, Tyr), 7.25–7.61
(m, 20 H, Ph); 13C NMR (CDCl3): δ 54.4 (TyrCH), 69.8
(ArCH2), 101.4, 106.3 (Ar), 114.9 (Tyr), 127.5, 127.9, 128.5
(Ph), 128.2, 130.3 (Tyr), 139.4, 136.7 (Ar), 155.0 (C��O), 157.7
(Ar), 160.1 (Ar), 172.4 (CO); Anal. calcd. for C60H56N2O10Zn:
C, 69.94; H, 5.44; N, 2.72. Found: C, 69.91; H, 5.35; N, 2.70%.

G-2–Zn complex (17). G-2-Tyr (12) (0.13 g, 0.14 mmol) in
THF (10 ml) was mixed with Zn(OAc)2 (0.013 g, 0.07 mmol)
and stirred for 3 h at 50–60 �C. The reaction mixture was
worked up as described in the general procedure to obtain 17 as
a white amorphous solid (0.12 g, 87%). Mp 139–141 �C; FT-IR
(neat) ν/cm�1: 3439, 1595, 1510, 1296, 1156, 1052; 1H NMR
(CDCl3): δ 2.89 (br, 2 H, CH2), 3.14 (br, 2 H, CH2), 3.97 (br,
2 H, CH), 4.74 (s, 12 H, ArCH2), 4.84 (s, 16 H, PhCH2), 6.29
(s, 2 H, Ar), 6.42 (s, 4 H, Ar), 6.55 (s, 12 H, Ar), 6.81 (br, 4 H,
Tyr), 7.07 (br, 4 H, Tyr), 7.23–7.52 (m, 40 H, Ph); 13C NMR
(CDCl3): δ 69.9 (ArCH2), 101.5, 106.4 (Ar), 127.5, 127.9, 128.5,
136.7 (Ph), 139.1, 159.9, 160.1 (Ar); Anal. calcd. for C116H104-
N2O18Zn: C, 74.13; H, 5.54. Found: C, 74.06; H, 5.48%.

G-3–Zn complex (18). G-3-Tyr (13) (0.05 g, 0.02 mmol) in
THF (10 ml) was mixed with Zn(OAc)2 (0.0026 g, 0.014 mmol)
and stirred for 3 h at 50–60 �C. The reaction mixture was
worked up as described in the general procedure to obtain 18 as
a white amorphous solid (0.049 g, 96%). Mp 94–96 �C; FT-IR
(KBr) ν/cm�1: 3439, 1595, 1510, 1296, 1156, 1052; 1H NMR
(CDCl3): δ 2.85 (br, 2 H, CH2), 3.22 (br, 2 H, CH2), 3.94 (br,
2 H, CH), 4.78 (s, 28 H, ArCH2), 4.88 (s, 32 H, PhCH2), 6.49 (s,
14 H, Ar), 6.59 (s, 28 H, Ar), 6.86 (br, 4 H, Tyr), 7.03 (br, 4 H,
Tyr), 7.27–7.40 (m, 80 H, Ph); 13C NMR (CDCl3): δ 69.8, 69.9
(ArCH2), 101.5, 106.3 (Ar), 127.5, 127.9, 128.5, 136.7 (Ph),
139.1 (Ar), 159.9, 160.0 (Ar); Anal. calcd. for C228H200N2O34Zn:
C, 76.56; H, 5.68; Zn, 1.63. Found: C, 76.20; H, 5.69; Zn,
1.61%.

G-4–Zn complex (19). G-4-Tyr (14) (0.05 g, 0.014 mmol) in
THF (10 ml) was mixed with Zn(OAc)2 (00012 mg, 0.007 mmol)
and stirred for 3 h at 50–60 �C. The reaction mixture was
worked up as described in the general procedure to obtain 19 as
a white amorphous solid (0.045 g, 89%). Mp 100–102 �C;
FT-IR (KBr) ν/cm�1: 3430, 1595, 1509, 1296, 1156, 1051; 1H
NMR (CDCl3): δ 2.82 (br, 2 H, CH2), 3.10 (br, 2 H, CH2), 3.96
(br, 2 H, CH), 4.73 (s, 60 H, ArCH2), 4.82 (s, 64 H, PhCH2),
6.43 (s, 30 H, Ar), 6.53 (s, 60 H, Ar), 6.72 (br, 4 H, Ar), 7.00 (br,
4 H, Ar), 7.19–7.36 (m, 160 H, Ph); 13C NMR (CDCl3): δ 69.9
(ArCH2), 101.5, 106.3 (Ar), 127.5, 127.9, 128.5, 128.6, 136.7
(Ph), 139.1 (Ar), 159.9, 160.0 (Ar); Anal. calcd. for C452H392-
N2O66Zn: C, 77.85; H, 5.69. Found: C, 76.76; H, 5.71%.

G-0–Co complex (20). A solution of 1 (0.1 g, 0.37 mmol) in
THF (10 ml) was admixed with CoCl2 (0.024 g, 0.18 mmol) and
stirred for 3 h at 50–60 �C. The reaction mixture was worked up
as described in the general procedure to obtain 20 as a blue
amorphous solid (0.095 g, 90%). Mp 240–250 �C; FT-IR (neat):
ν/cm�1: 3438, 1623, 1513, 1251, 1116; UV λmax/nm (MeOH–
THF 1 : 1): 666 (ε = 49), 644 (ε = 49), 627 (ε = 49); Anal. Calcd.
for C32H32N2O6Co: C, 64.10; H, 5.38. Found: C, 62.34; H,
5.24%.

G-1–Co complex (21). G-1-Tyr (11) (0.1 g, 0.21 mmol) in
THF (10 ml) was mixed with CoCl2 (0.014 g, 0.11 mmol) and
stirred for 3 h at 50–60 �C. The reaction mixture was worked up
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as described in the general procedure to obtain 21 as a blue
amorphous powder (0.095 g, 90%). Mp 138–140 �C; FT-IR
(KBr) ν/cm�1: 3423, 1595, 1510, 1296, 1243, 1156, 1052; UV
λmax/nm (CHCl3): 666 (ε = 50), 644 ε = 38), 627 (ε = 32); Anal.
calcd. for C60H56N2O10Co: C, 70.37; H, 5.51; N, 2.72. Found: C,
69.94; H, 5.26; N, 2.80%.

G-2–Co complex (22). G-2-Tyr (12) (0.03 g, 0.033 mmol) in
THF (10 ml) was mixed with CoCl2 (0.002 g, 0.016 mmol) and
stirred for 3 h at 50–60 �C. The reaction mixture was worked up
as described in the general procedure to obtain 22 as a blue
amorphous solid (0.029 g, 94%). Mp 139–141 �C; FT-IR (neat):
ν/cm�1: 3431, 1595, 1510, 1296, 1156, 1052; UV λmax/nm
(CHCl3): 666 (ε = 50), 644 (ε = 37), 627 (ε = 33); LSI-MS m/z:
1872 [M � 1]�; Anal. calcd. for C116H104N2O18Co: C, 74.40; H,
5.57. Found: C, 74.61; H, 5.82%.

G-3–Co complex (23). G-3-Tyr (13) (0.026 g, 0.0148 mmol) in
THF (10 ml) was mixed with CoCl2 (0.001 g, 0.0074 mmol) and
stirred for 3 h at 50–60 �C. The reaction mixture was worked up
as described in the general procedure to obtain 23 a blue
amorphous solid (0.075 g, 95%). Mp 97–99 �C; FT-IR (KBr)
ν/cm�1: 3431, 1510, 1295, 1156, 1052; UV λmax/nm (CHCl3):
666 (ε = 67.7), 644 (ε = 52), 627 (ε = 42); Anal. calcd. for
C228H200N2O34Co: C, 76.70; H, 5.65; Co, 1.62. Found: C, 75.84;
H, 5.73; Co, 1.59%.

G-4–Co complex (24). G-4-Tyr (14) (0.055 g, 0.0154 mmol) in
THF (10 ml) was mixed with CoCl2 (0.001 g, 0.0077 mmol) and
stirred for 3 h at 50–60 �C. The reaction mixture was worked up
as described in the general procedure to obtain 24 as a blue
amorphous solid (0.054 g, 97%). Mp 99–101 �C; FT-IR (KBr)
ν/cm�1: 3064, 1713, 1682, 1595, 1295, 1151, 1051; UV λmax/nm
(CHCl3): 666 (ε = 57), 644 (ε = 40), 627 (ε = 37); Anal. calcd.
for C452H392N2O66Co: C, 77.92; H, 5.67; Co, 0.831. Found: C,
77.17; H, 5.98; Co, 0.78%.
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