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Synthesis, Characterization and Photophysical Properties of Novel Dinuclear
Silver(r) and Mononuclear Palladium(i1) Complexes with 1,2-Bis|(anthracen-
9-ylmethyl)amino]ethane
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Silver(r) (3) and palladium(i) (4) complexes of 1,2-bis-
[(anthracen-9-ylmethyl)amino]ethane have been synthesized
and structurally characterized. X-ray crystal structure analy-
sis reveals that compound 3 exists as a dinuclear tris(ligand)
complex with formula [Ag,(2)3]-2NOg3, in which each silver
center is three-coordinate to form a slightly distorted planar-
trigonal geometry with three nitrogen donors originating
from two distinct ligands. Compound 4, on the other hand, is
a mononuclear bis(ligand) complex with formula [Pd(2),]:
20Ac, in which the palladium center is four-coordinate with

four nitrogen donors originating from two distinct ligands to
form a square-planar geometry. In crystals of both 3 and 4
strong intermolecular edge-to-face C-H---n packing interac-
tions are observed, which contribute to stabilize the crystal-
line solid. Studies of the photophysical properties of these
compounds (3, 4, and ligand 2) show apparent fluorescence
quenching effect by introduction of metal ions and likely “ex-
cimer” emission of anthracene in the crystalline solid.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

Introduction

Multichromophoric supramolecular architectures have
been receiving increasing interest in recent years!"-? because
of their potential applications in the areas of biomedicine,
molecular recognition, fluorescent sensors, and material sci-
ences.? 81 Anthryl and pyrenyl polyamine systems have been
found to have potential uses in anion recognition, metal ion
fluorescent sensors, as well as pH sensors.’'1l Although a
lot of anthryl polyamines and their metal ion complexes
have been extensively investigated,!'?! complexes of Ag! and
Pd™ are still unknown, hence it might be of considerable
importance to study the structures of these complexes and
correlate the structure and luminescent properties of the re-
sultant Ag! and Pd" complexes due to the promise of polya-
mine systems for use as optical chemical sensors.l! In this
paper, we report the synthesis and characterization of 1,2-
bis[(anthrancen-9-ylmethyl)amino]ethane (2) and its corre-
sponding Ag' complex 3 and Pd" complex 4, as well as the
results of photophysical investigation on these systems.

Results and Discussion

Synthesis

The Schiff base 1 was synthesized in excellent yield by
condensation of ethylenediamine with 2 equiv. of anthra-
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cene-9-carbaldehyde in DMF/MeOH at reflux. Upon treat-
ing 1 with an excess amount of NaBH, in CH,Cl,/MeOH
at room temperature, the corresponding diamine 2 was ob-
tained in good yield (Scheme 1). Both compounds 1 and 2
were fully characterized by combustion analysis, mass spec-
trometry, and 'H and '*C NMR spectroscopy.
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Ligand 2 was treated with silver nitrate and palladium
acetate in CH,Cl,/MeOH (2:1, v/v) to afford the corre-
sponding complexes 3 and 4 in yields of 70% and 64%,
respectively. Crystals of 3 and 4 are reasonably stable in the
mother liquors in the dark, while they slowly decompose
upon exposure to light and air for a long period. Complex
4 was found to have good solubility in most polar solvents
such as methanol, ethanol, dichloromethane, chloroform,
acetonitrile, THE, DMF, and DMSO, while complex 3 is
soluble in dichloromethane, chloroform, acetonitrile, DMF,
and DMSO and slightly soluble in THF, methanol, ethanol,
acetone etc.

DMP/MeOH

reﬂux
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CHZCIZ/MeOH

Scheme 1.
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Crystal Structure of 3

The silver complex 3 crystallizes in the triclinic system
with space group P1I. The unit cell contains two crystallo-
graphically independent dinuclear tris(ligand) complexes,
three methanol molecules, and four nitrate counterions. An
ORTEP drawing of the dinuclear complex cation [Ag,(2);]**
is shown in Figure 1, and selected bond lengths and angles
are given in Table 1. The structure consists of two Ag! cen-
ters spanned by three ligands to form a unique dinuclear
tris(ligand) complex. Each silver center is three-coordinate
and adopts a slightly distorted planar-trigonal geometry
with three nitrogen atoms, two of which are from one li-
gand, and one from the other ligand. Furthermore, two Ag
atoms have almost identical coordination environments,
with Ag-N bond lengths in the range 2.239(5)-2.474(5) A.
All the bond lengths are among the ranges of those found
in analogous Ag! complexes reported hitherto.['3] Moreover,
the N-Agl(A)-N bond angles of 76.6(2)° for NI1(A)-
Agl(A)-N2(A), 141.4(19)° for N1(A)-Agl(A)-N3(A), and
140.4(2)° for N2(A)-Agl(A)-N3(A) are identical to the
corresponding N-Agl-N bond angles. In addition, two
NOj; ™ anions are present in the unit cell as counteranions;

the Ag-O bond length is 3.761 A, which is much longer
than that of a normal Ag-O bond.['¥ In the crystal of 3,
none of the anthryl moieties show intramolecular or inter-
molecular face-to-face m---m interactions, although signifi-
cant intermolecular edge-to-face C—H-+*n contacts are pres-
ent, and the shortest distance between an edge ring hydro-
gen atom and the anthracene ring center of another mole-
cule is 2.833 A [the angle C—H-*M(mid) is 156.9°], which is
in the usual range for C-H-+r interactions.!'>) Two adjacent
molecules which show C-H---7t interactions are depicted in
Figure 2, where it can be seen that the C-H---xt interactions
serve to stabilize the crystalline solid.

Table 1. Selected bond lengths [A] and angles [°] for complex 3.

Ag(1)-N@3) 2.239(5) Ag(2)-N(5) 2.338(5)
Ag(1)-N(1) 2.296(6) Ag(2) N(4) 2.431(6)
Ag(1)-N(2) 2.474(6) Ag(2)N(6) 2.234(5)
NG)-Ag(1)N(1)  1.44(19) N(6)-Ag2)-N(5)  146.19(19)
NG)-Ag(1)N(2)  140.4(2) N(6)-Ag2)N(4)  133.94(18)
N(1)-Ag(1)NQ2)  76.62) N(5)-Ag(2)-N(4) 77.6(2)
C(15)-N(1)-C(16) ~ 109.2(6) C(17)-N(2)-C(18)  114.8(6)
C(15)-N(I)-Ag(l)  117.3(5) C(17)-NQ)-Ag(l)  100.4(4)
C(16)-N(I1)-Ag(l)  109.2(5) C(18)-N(Q2)-Ag(l)  128.9(5)
C(47)N(3)-Ag(l) 117.2(4) C(48)N(3)-Ag(l)  114.2(4)

Figure 1. An ORTEP drawing of the complex cation of 3 with thermal ellipsoids at 30% probability. Hydrogen atoms, methanol, and

NO; counterions have been omitted for clarity.

Figure 2. Two adjacent molecules in the crystal packing of 3 showing the intermolecular edge-to-face C—H-+rt interactions.

1920 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Crystal Structure of 4

The palladium complex 4 also crystallizes in the triclinic
system with space group P1. The unit cell contains seven
crystallographically independent methanol molecules and
two acetate anions. An ORTEP view of the mononuclear
complex cation [Pd(2),]** is shown in Figure 3, and selected
bond lengths and angles are given in Table 2. In the crystal,
the palladium center is four-coordinate to two distinct li-
gands to form a slightly distorted square-planar geometry.
Due to the steric hindrance of the bulky anthracene group,
the Pd-NH bond lengths are found to be 2.061, 2.068,
2.071, and 2.089 A, respectively, which are slightly longer
than those distances found in regular (amino)Pd™ (Pd-NH)
complexes.l'® Interestingly, in the crystals of 4, very strong
aromatic/aromatic interactions with intermolecular edge-to-

Figure 3. ORTEP view of the complex cation of 4 with thermal
ellipsoids at 30% probability. Hydrogen atoms, methanol, and
OAc counterions have been omitted for clarity.

face C-H--m packing are observed [the distance between
one hydrogen atom from the center ring of one anthryl unit
and another molecular anthracene ring center is 2.703 A,
and the angle C-H--M(mid) is 158.1°] in contrast to 3,
which are comparable to previously reported strong C-—
H-m interactions (Figure 2 and Figure 4).113]

Table 2. Selected bond lengths [A] and angles [°] for complex 4.

Pd-N(3) 2.058(5)  N(2)-C(17) 1.472(8)
Pd-N(2) 2.069(5) N(2)-C(18) 1.512(8)
Pd-N(4) 2.060(5)  N(3)-C(49) 1.494(8)
Pd-N(1) 2.095(5)  N(3)-C(50) 1.488(7)
N(1)-C(16) 1.468(8)  N(4)-C(48) 1.502(7)
N(1)-C(15) 1.503(7)  N(4)-C(47) 1.495(7)
N(3)-Pd-N(2) 174.65(19)  C(17)-N(2)-C(18)  113.8(5)
N(3)-Pd-N(4) 84.49(19) C(17)-N(2)-Pd 105.9(4)
N(2)-Pd-N(4) 96.0(2)  C(18)-N(2)-Pd 111.8(4)
N(3)-Pd-N(1) 95.39(19) C(49)-N(3)-C(50)  113.0(5)
N(2)-Pd-N(1) 84.73(19) C(49)-N(3)-Pd 106.5(3)
N(4)-Pd-N(1) 173.97(19) C(50)-N(3)-Pd 113.7(4)
C(16)-N(1)-C(15)  114.5(5) C(48)-N@)-C@7)  112.2(4)
C(16)-N(1)-Pd 106.7(4)  C(48)-N(4)-Pd 105.8(3)
C(15)-N(1)-Pd 109.7(3)  C(47)-N(4)-Pd 116.1(4)

Spectroscopic and Photophysical Properties

'H NMR Studies

The 'H NMR spectrum of complex 3 in CDCl; shows a
single set of proton resonances that can be fully assigned,
which suggests that it exists as a single species in solution.
Compared to the corresponding free ligand, complex 3
shows upfield shifts of 0.55-0.59 ppm for the protons of
the CH, groups and 0.14-0.38 ppm for the protons of the
anthracene rings, probably because of the intermolecular
C-H-m interactions resulting from the molecular aggrega-
tion in concentrated solution, which is consistent with the
case of the crystalline solid. Several attempts to measure
the '"H NMR spectrum of pure complex 4 in CDCl; or
CD;CN gave no satisfactory results for the signals of a sin-
gle species; the spectrum shows the signals of both free li-
gand and a small amount of complex, which indicates that
complex 4 is not very stable in solution and exists as an

Figure 4. Packing model along the b axis in the crystals of complex 4 cations showing the intermolecular edge-to-face C—H-n interactions.

Eur. J. Inorg. Chem. 2005, 1919-1926 www.eurjic.org

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 1921



FULL PAPER

G. Zhang, G. Yang, L. Yang, Q. Chen, J.-S. Ma

equilibrium between binding and disassociation due to the
low binding constant of palladium ions and ligand 2. Thus,
we cannot measure the steady-state photophysics of 4 in
solution, although the solid-state photoluminescence was
obtained.

Photophysical Properties of 2 and 3 in Solution

The steady-state absorption and fluorescence emission
spectra of 3 were measured and compared with those of
the free ligand 2. The results are reported in Table 3. The
electronic absorption spectra of 2 and 3 obtained in aceto-
nitrile at 5 uM concentration display the typical absorptions
of the anthracene chromophore in the range 320-400 nm
with a very slight (approximately 1-2 nm) bathochromic
shift due to the introduction of silver ions (Figure 5). More-
over, in contrast to 2, the UV/Vis spectrum of 3 shows re-
markably strong absorptions at about 300 nm, which are
absent in the case of the ligand as well as the silver salt
under the same conditions, indicating a strong interaction
between the ligand and silver ion (Figure 5).
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Figure 5. Electronic absorption spectra of ligand 2, its silver com-
plex 3, and free Ag" ions in acetonitrile at room temperature (conc.
S um).

The fluorescence spectra of compounds 2 and 3 were re-
corded under the same conditions, and are given in Fig-
ure 6. The fluorescence excitation spectra were obtained by
monitoring the emission at 415 nm. For 3, except for the
typical excitation spectra of the anthracene chromophore, a
significantly strong excitation band in the region from 260

to 320 nm, with a maximum absorption at 293 nm, is con-
sistent with the absorption spectra, which indicates that
more efficient electronic energy transfer may take place
from the metal-centered excited state to the lower energy
excited state of the anthracene center.

Intensity (arb.unit)

— 1 M T T \I M T M T M T M T
280 320 360 400 440 480 520 560
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Figure 6. Fluorescence exitation (monitored at 415 nm) and emis-
sion spectra (excited at 367 nm) of 2 and 3 in acetonitrile at room
temperature (conc. 5 um).

The fluorescence intensity of the ligand 2 was found to
be significantly smaller than the emission of the anthracene
moiety due to a photoinduced intramolecular electron
transfer (PET) process!!” from the amine lone pairs to the
anthracene group, which is in agreement with previously
reported anthryl or pyrenyl polyamine systems.[”-!81 Upon
excitation of the anthracene S, —S; transition (Ao, =
367 nm), emission from the anthracene chromophore is evi-
dent as a Frank—Condon vibrational process with an origin
at 390 nm and a maximum intensity at 415 nm, which is in
agreement with the corresponding excitation spectra.
Furthermore, complex 3 displays the same quartet emission
bands, in spite of the obvious difference of emission inten-
sity. The quantum yields obtained for compounds 2 and 3
are 1.54x 1072 and 2.42x 1073, respectively (relative to qui-
nine sulfate in 0.1 N H,SO,!'?). The quantum yield of 3 is
lower than that of 2, which is indicative of a chelation-en-
hanced fluorescence quenching (CHEQ) effect, as reported
previously for similar systems.'8! Furthermore, the mea-
surement of fluorescence decay determines the fluorescence

Table 3. Steady-state spectroscopic data for ligand 2 and its complex 3 in CH;CN.

Compound Abs Emax Emission Quantum Decay timesl®! 7
Jmax [NM] ™ 'em ] Jomax [NM] yield, &¢ 7 [ns] (Yo)®!
2 366 19750 415 1.54x1072 1.3 (81.5%) 1.227
8.5 (18.5%)
3 367 56160 415 2.42x1073 1.7 (62.3%) 1.193
4.7 (37.7%)

[a] Zex = 367 nm, Ao, = 415 nm. [b] The percentage was obtained from: for the decay, Fit = A4 + B¢V + By-e", %(z,) = B/(B, +

B>).
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decay behavior of the ligand and complex systems (see Fig-
ure 7 for the decay profiles). The fluorescence decays of
both 2 and 3 were best fitted to double exponential decay
processes.
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Figure 7. Fluorescence decay profiles of 2 (top) and 3 (bottom) in
acetonitrile at an excitation wavelength of 367 nm. Emission moni-
tored at 415 nm.

The transient absorption spectra of ligand 2 and its com-
plex 3 were measured in argon-saturated acetonitrile at
room temperature with concentrations of 5x 10w for 2,
and 2% 10~* M for 3. The excitation wavelength generated by
a nanosecond laser was 355 nm. The transient absorption
spectrum of ligand 2, depicted in Figure 8a, can be assigned
to the triplet-triplet absorption (T;-T, absorption) of an-
thracene monomer based on the similarity of the spectra
obtained in solutions.”"! It is known that the T,-T,, absorp-
tion spectrum has a maximum peak at 423 nm with a molar
extinction coefficient value of 64700 M'cm™! in cyclohex-
ane.’Y) In the given anthryldiamine compound, the tran-
sient absorption spectrum keeps the characteristic of the
triplet-triplet absorption of anthracene monomer with max-
ima at about 400 nm and 423 nm. It decays without chang-
ing its shape and no new absorption band appears as a re-
sult of the decay, which suggests that no transient absorp-
tion of an intramolecular or intermolecular excimer occurs
under these conditions. The transient absorption spectrum
of complex 3 is shown in Figure 8b. No distinct absorption
band appears at around 400 nm, except for a broad peak

Eur. J. Inorg. Chem. 2005, 1919-1926 www.eurjic.org

between 400 and 460 nm, and the maximum of the T,-T,
absorption is still at about 423 nm. This may be due to the
formation of new triplet species in acetonitrile from the me-
tal-incorporated anthryldiamine 3, although it maintains
partially the characteristic of ligand 2. In acetonitrile, the
lifetime of the triplet species of ligand 2 was estimated to
be 20% 1 ps based on the fitting to a single exponential de-
cay curve. Obviously, a much faster triplet decay of the li-
gand occurs than that of triplet-state anthracene alone in
solution.??) The triplet lifetime of 3 was determined as
5.720.1 us with good single exponential decays, which
shows that more efficient quenching occurs for the triplet
species of the silver complex relative to that of the free li-
gand.

| /\\ 26.0n

40.8n
63.0u
96.3 1

n n un u

A
EAN

A(0.D)

400 420 440 460 480 500

W avelength /nm

Figure 8. Transient absorption spectra of ligand 2 (a) and its silver
complex 3 (b) in Ar-saturated acetonitrile at room temperature.

Photoluminescence in the Solid State

We measured the solid-state photoluminescence of both
the ligand and complexes at room temperature. Although
we could not measure the photophysical properties of com-
plex 4 in solution due to its instability, the measurement of
the solid-state photoluminescence is still helpful for under-
standing the emission behavior of the complex. More signif-
icantly, the solid-state spectra usually exhibit the features of
the aggregated state of molecules in combination with the
crystal structure in the solid state. Obviously, both the free
ligand and complexes are photoluminescent in the solid
state (Figure 9) when excited at 366 nm. However, the emis-
sion position is remarkably bathochromic relative to that in
solution, which may be attributed to the increased intermo-
lecular interaction as a result of closer packing of the mole-
cules in the solid state, and, interestingly, both the ligand
and complexes display emission even in the longer wave-
length range (>500 nm), which is possibly attributed to an
“excimer” emission of anthracene?!-??! reminiscent of the

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 1923
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structural characterization of the two complexes depicted
above. The obviously weak emission of 4 in the solid state
may be due to a CHEQ effect similar to the situation of 3
in solution.
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Figure 9. Solid-state photoluminescence spectra of 2 (solid), 3
(dot), and 4 (dash) at room temperature.

Conclusions

In summary, we have synthesized a new anthryldiamine
ligand 2 as well as the corresponding silver complex 3 and
palladium complex 4. In the solid state, complex 3 forms a
dinuclear tris(ligand) supramolecular architecture, while 4
is a mononuclear bis(ligand) complex. The preferential co-
ordination in these complexes matches the requirements of
the steric hindrance of the bulky ligands and the nature of
the metal ions. Significantly strong intermolecular edge-to-
face C—H--n packing interactions are observed in crystals
of both 3 and 4, which contribute to stabilize the crystalline
solid. Complex 3 is very stable while 4 partially disassoci-
ates in solution due to its low binding constant. Photophys-
ical studies have shown that the PET process is present in
ligand 2 and an efficient CHEQ effect is also observed for
its metal complexes. The transient absorption spectra al-
lowed us to determine the absorption features and decay
lifetimes of the triplet species of 2 and 3. The solid-state
photoluminescence studies showed the bathochromic emis-
sion relative to that in solution and likely “excimer” emis-
sion of anthracene in the crystalline solid, thereby indicat-
ing the presence of intermolecular interactions, in agree-
ment with the results of '"H NMR studies and the crystal-
structure analysis.

Experimental Section

Materials and General Methods: All the reagents were commercially
available. Anthracene-9-carbaldehyde, ethylenediamine, sodium
borohydride, silver nitrate, and palladium acetate were used with-

1924 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

out further purification. Solvents for syntheses were purified ac-
cording to standard methods, while those for spectral measure-
ments were purchased as spectrophotometric grade. Samples for C,
H, N analyses were dried under vacuum and the analyses were
performed with a Carlo Erba-1106 Instrument. 'H NMR spectra
were measured with a Bruker dmx 300 MHz NMR spectrometer at
room temperature in CDCI; with tetramethylsilane as the internal
reference. The ESI and MALDI-TOF MS measurements were car-
ried out with a Bruker APEX II instrument. UV/Vis absorption
spectra were obtained with a Hitachi UV-3010 absorption spectro-
photometer. Steady-state excitation and emission spectra were re-
corded with a Hitachi F-2500 fluorescence spectrophotometer.
Fluorescence lifetime was detected at 415 nm with a fluorescence
lifetime analytical spectrometer (Erdinburgh FLS-920) and the
samples were excited at 367 nm (maximum absorption wavelength).
Time-resolved transient absorption spectra were measured with an
Edinburgh LP920 nanosecond flash photolysis instrument.

1,2-Bis|(anthracen-9-ylmethylene)amino]ethane (1): Anthracene-9-
carbaldehyde (9.5 g, 46.1 mmol) was dissolved in 120 mL of DMF/
MeOH (1:5, v/v), and then heated at reflux. A solution of ethyl-
enediamine (1.6 mL, 23.0 mmol) in 10 mL of methanol was added
dropwise to this mixture with vigorous stirring. A yellow precipi-
tate appeared after a few minutes, and the mixture was refluxed for
an additional 4 h. Upon cooling, the yellow precipitate was sepa-
rated by filtration under reduced pressure, then washed with a few
drops of DMF and a large volume of methanol. The product was
recrystallized from CH;OH/CH,Cl, to give yellow plates. Yield:
9.2 g (92%), m.p. 229-230°C. '"H NMR (300 MHz, CDCl;, 25°C,
TMS): 0 = 4.52 (s, 4 H, CH,), 7.11 (dd, J = 7.8, J = 7.8 Hz, 4 H,
anthryl-H), 7.36 (dd, J = 7.8, J = 7.2 Hz, 4 H, anthryl-H), 7.96 (d,
J = 8.4 Hz, 4 H, anthryl-H), 8.41 (s, 2 H, anthryl-H), 8.45 (d, J =
7.2 Hz, 4 H, anthryl-H), 9.50 (s, 2 H, imine-H) ppm. '3C NMR
(75 Hz, CDCl;): ¢ = 31.0, 63.1, 125.0, 125.2, 126.5, 128.6, 129.3,
130.0, 131.2, 162.4 ppm. MALDI-TOF-MS: m/z = 436 [M™].
C3,H,4N, (436.2): caled. C 88.04, H 5.54, N 6.42; found C 87.58,
H 5.56, N 6.29.

1,2-Bis|(anthracen-9-ylmethyl)amino]ethane (2): NaBH, (1.3 g) was
dissolved in 10 mL of anhydrous methanol and then added in small
portions to a suspension of 1 (1.3 g, 3 mmol) in 150 mL of CH,Cl,/
MeOH (2:1, v/v) at 50 °C under N, over 2 h. The mixture turned
gradually to a clear yellowish color and the resulting solution was
allowed to react at room temperature overnight. The solvent was
then removed under reduced pressure and the residue was treated
with excess water. The insoluble materials were then collected by
suction, and recrystallized twice from CH,Cl, to give light-yellow
needles. Yield: 0.9 g, 68%, m.p. 185-186 °C. '"H NMR (300 MHz,
CDCl3, 25°C TMS): 6 = 3.07 (s, 4 H, CH,), 4.72 (s, 4 H, CH,),
7.44 (m, 8 H, anthryl-H), 8.00 (d, J = 6.0 Hz, 4 H, anthryl-H), 8.29
(d, J =7.89 Hz, 4 H, anthryl-H), 8.40 (s, 2 H, anthryl-H) ppm. 13C
NMR (75 Hz, CDCl;): 0 = 45.5, 49.6, 124.0, 124.8, 126.0, 127.1,
129.0, 130.1, 131.4 ppm. MALDI-TOF-MS: m/z = 440 [M™].
C3,HsN»:1/4H,0 (444.7): caled. C 86.28, H 6.40, N 6.29; found C
86.30, H 6.41, N 6.20.

Ag' Complex 3: A solution of 2 (132 mg, 0.3 mmol) in CH,Cl,
(20 mL) was slowly added to 10 mL of a methanolic solution of
AgNO; (25.5 mg, 0.15 mmol). The resulting colorless solution was
stirred at room temperature for 30 min and then filtered. The clear
filtrate was allowed to stand in the dark at room temperature, and
after about two weeks colorless block-like single crystals suitable
for X-ray analysis were collected by filtration. An analytical sample
was dried under vacuum to remove the solvents. Yield: 87 mg
(70%) based on AgNO;. M.p. 161-162 °C. '"H NMR (300 MHz,
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CDCls, 25°C TMS): 6 = 2.52 (s, 12 H, CH,), 4.13 (s, 12 H, CH,),
7.27-7.33 (m, 24 H, anthryl-H), 7.74 (d, J = 8.1 Hz, 12 H, anthryl-
H), 7.91 (d, J = 7.89 Hz, 12 H, anthryl-H), 8.08 (s, 6 H, anthryl-
H) ppm. MALDI-TOE-MS: m/z = 7674 [M — 2 NOP*.
CosHgsAgoN>2NO5*CH;0H (1690.5): caled. C 68.79, H 5.24, N
6.62; found C 68.91, H 5.24, N, 6.65.

Pd" Complex 4: Complex 4 was prepared by a procedure similar
to that of 3. A solution of 2 (132 mg, 0.3 mmol) in CH,Cl, (20 mL)
was slowly added to 10 mL of a methanolic solution of Pd(OAc),
(33.7 mg, 0.15 mmol). The resulting orange solution was stirred at
room temperature for 30 min and then filtered. The clear filtrate
was allowed to stand at 5°C, and after about one week, light-
orange, block-like single crystals suitable for X-ray analysis were
obtained. An analytical sample was dried under vacuum. Yield:
101 mg, 64%; M.p. 119-121 °C. ESI-MS: m/z = 985.5 [M - 2 OAc —
H]*. CssHegN4Pd-20Ac-CH3;0H-H,O (1154.4): caled. C 71.71, H
5.93, N 4.85; found C 71.30, H 5.60, N 4.73.

X-ray Crystallography: Crystals suitable for X-ray diffraction stud-
ies were obtained by slow evaporation of the solvents from CH,Cl,/
MeOH solutions. Accurate unit-cell parameters were determined
by a least-squares fit of 26 values measured for 200 strong reflec-
tions. Intensity data sets were measured with a Bruker Smart 1000
CCD or Rigarku Raxis Rapid IP diffractometer with Mo-K, radia-
tion (A = 0.71073 A) at room temperature. The intensities were cor-
rected for Lorentz and polarization effects, but no corrections for
extinction were made. All structures were solved by direct methods.
The non-hydrogen atoms were located in successive difference Fou-
rier syntheses. The final refinement was performed by full-matrix
least-squares methods with anisotropic thermal parameters for
non-hydrogen atoms on F2. The hydrogen atoms were added theo-
retically as riding on the appropriate atoms. Crystallographic data
and experimental details for structure analyses are summarized in
Table 4. CCDC-230566 (3) and -230567 (4) contain the supplemen-
tary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data
Centre via www.ccde.cam.ac.uk/data_request/cif.

Table 4. Crystallographic data for complexes 3 and 4.

3 4
Empirical formula C96H84Ag2N806 C75H83N4011Pd
Formula mass 1658.46 1322.85
Color colorless pale yellow
Crystal system triclinic triclinic
Space group Pl Pl
T [K] 293(2) 293(2)
J[A] 0.71073 0.71073
a[A] 14.497(7) 12.978(3)
b [A] 16.595(9) 14.094(3)
c[A] 17.707(9) 18.590(4)
a [°] 85.859(9) 80.59(3)
£ 77.817(8) 84.13(3)
y [1 75.575(8) 84.23(3)
VA3 4032(4) 3324.7(11)
zZ 4 2
F(000) 1770 1390
Pealc [gem 3] 1.408 1.321
Goodness-of-fit on F? 1.021 0.998
u [mm] 0.551 0.344
Rl 0.0625 0.0778
wR2P] 0.1449 0.2066

[a] R = X(Fy — F)IZ(F,). [b] wR2 = Tw(F,? — F2XXw(F,2)?]">.
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