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Syntheses and structural and luminescence studies of hydrolytic products of diphthalimidodiethylamine
(DPDA) and their lanthanide(III) compounds have been undertaken in order to determine the potential for
the phthalamate functionality to sensitize intense Eu31 and Tb31 emission via the ‘antenna effect’. Acid
promoted hydrolysis of the relatively simple DPDA is efficient; hydrolysis is negligible at pH > 11. At pH 2–3,
hydrolysis to phthalic acid (1) occurs which upon interaction with DPDA yields the phthalic acid–DPDA
supramolecular hydrate, DPDAH–HP?1.75H2O. With a potassium carbonate–ethanol–acetonitrile mixture
containing a small amount of water, the novel phthalamate–phthalimide H2?H2O is formed while at pH
ca. 9–10 the new diphthalamate Na23?3H2O is formed. These transformations have been confirmed by
single crystal X-ray analyses of DPDAH–HP?1.75H2O and H2?H2O. The crystal structures of DPDAH–HP?
1.75H2O and H2?H2O reveal that the phthalamates and phthalimides are stabilized by non-covalent (e.g.
ð–ð stacking and hydrogen bonding) interactions which are of interest as potential conduits for energy
transfer and are responsible for molecular aggregations seen in FAB mass spectrometry of H2?H2O and
Na23?H2O. Europium(III) compounds of 322 and H2 exhibit intense sensitized red emission which is,
surprisingly, temperature independent.

There is currently considerable interest in new types of organo-
chromophosphors capable of sensitizing intense red and green
emission from europium() [Eu31(5D0)] and terbium() [Tb31-
(5D4)] respectively.1–10 Emission from these cations is usually
weak because the electronic transitions involved are forbid-
den.11 But emission strong enough to be considered for use
in biomedical diagnostic agents may be obtained by suitable
coupling between electronic states of organo-chromophores
and those of the rare earth ions (Ln31) in which ligand-to-metal
energy transfer, ‘the antenna effect’,1–10 is efficient. Because of
our interest in phthalimides as preparative intermediates 12,13

and their broad emission in the visible region (400–600 nm) 14

which overlaps with key lanthanide() electronic absorptions,
such as 5DJ←7FJ9 (J = 0, J9 = 0 for Eu31 and J = 4, J9 = 6 for
Tb31),15 we have explored the potential for the phthalimide and
phthalamate functionality to bind to lanthanide() cations
with a concomitant ‘antenna effect’. Our interest in these
systems was inspired by the ease with which phthalates and
phthalimides engage in extended intermolecular inter-
actions,12,13 which we find to be attractive as potential conduits
for electronic excitation energy. In order to determine whether
the desired lanthanide() cation binding and coupling to
phthalimides and phthalamates are achievable we studied the
behaviour of a relatively simple diphthalimidodiethylamine
(DPDA) and its phthalamate derivatives, the carboxylate group
of which is a potentially better lanthanide() complexing
agent.16

Herein we report the preparation of the new supramolecular
complex of DPDA with phthalic acid (1) (DPDAH–HP?
1.75H2O), zwitterionic phthalimide–phthalamate H2?H2O and
bisphthalamate Na23?3H2O as well as the crystal structures of
H2?H2O and DPDAH–HP?1.75H2O and luminescence charac-
teristics of Eu31 and Tb31 complexes of H2 and 322.

Results and discussion

Hydrolysis and crystallography
The essential features of the pH dependent 17,18 hydrolytic
reactions are summarized in Scheme 1. Under acidic con-
ditions complete hydrolysis of the phthalimide functionality to
phthalic acid, which upon reaction with DPDA produces a
stable complex, DPDAH–HP?1.75H2O, dominates. Hydrolysis
under mildly basic conditions with potassium carbonate in an
acetonitrile–ethanol mixture containing small amounts of water
yields a novel phthalimide–phthalamate hydrate, H2?H2O;
stronger basic conditions employing sodium hydroxide in
ethanol–water at pH ≈ 9–10 yield the new diphthalamate, Na23?
3H2O. Strongly basic conditions (e.g. pH > 11) do not lead to
significant hydrolysis of the phthalimide moiety.

Elemental analysis, IR and NMR spectra are consistent with
these formulations (Experimental section). The FAB mass
spectrum of H2?H2O is dominated by peaks at m/z = 763
([(H2)2 1 H]1), 400 ([H2?H2O 1 H]1) and 382 ([H2 1 H]1)
while that of Na23?3H2O features peaks at m/z = 400 ([H33]1),
422 ([NaH23]1), 444 ([Na2H3]1), 466 ([Na33]1). There are
also peaks due to dimers at m/z = 799.4 ([H5(3)2]

1), 843.3
([Na2H3(3)2]

1), 865.3 ([Na3H2(3)2]
1), 887 ([Na4H(3)2]

1), 909
([Na5(3)2]

1), and trimers with m/z = 1265 ([Na3H4(3)3]
1), 1287

([Na4H3(3)3]
1), 1309 ([Na5H2(3)3]

1), 1331 ([Na6H(3)3]
1), 1353

([Na7(3)3]
1). The ease with which H2 and Na23 dimerise and/or

trimerise in the FABMS analyses is indicative of the presence
of relatively strong non-covalent intermolecular interactions.
Since these interactions (especially π–π and other stacking
interactions) are of primary interest as potential conduits for
electronic energy, verification of their presence and better
understanding of their nature are required. For this reason and
the need for conclusive evidence for the success of the hydro-
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Scheme 1 Hydrolysis of DPDA
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lytic manipulations (Scheme 1) single crystal X-ray diffraction
analyses of the crystalline products H2?H2O and DPDAH–
HP?1.75H2O were undertaken.

Essential crystal data are shown in Table 1, while atomic
positions, bond distances and angles and other structural data
are available as supplementary material. The X-ray analysis
shows conclusively that partial hydrolysis of DPDA was suc-
cessful under mildly basic conditions. Phthalamate H2 in
H2?H2O has a folded conformation (Fig. 1) with the benzoate
group positioned above and almost parallel to the phthalimide
functionality; the π–π stacking separation (3.91 Å) is too long

Table 1 Crystal data

Compound

Chemical formula
Crystal system
Space group
a/Å
b/Å
c/Å
α/8
β/8
γ/8
V/Å3

Z
dc/g cm23

µ(Cu-Kα)/cm21

T/K
Crystal size/mm3

Reflections measured
θ Range/8
Reflections observed

[I > 2σ(I)]
Parameters refined
R1

wR2

H2?H2O

C20H19N3O5?H2O
Triclinic
P1̄
8.8221(2)
8.9664(3)
13.9424(5)
93.734(3)
92.092(5)
119.087(3)
958.80(5)
2
1.383
8.67
293(2)
0.31 × 0.31 × 0.27
2941
6.36–59.98
2619

275
0.0382
0.0997

DPDAH–HP?1.75H2O

C28H23N3O8?1.75H2O
Monoclinic
P21/n
13.6174(6)
11.3460(5)
17.2252(9)
90
91.189(4)
90
2660.8(9)
4
1.400
9.05
293(2)
0.32 × 0.30 × 0.20
4381
4.10–61.99
3350

382
0.0434
0.1076

for any significant interaction. The principal intramolecular
stabilizing interactions are (i) N]H ? ? ? O hydrogen bond (2.78
Å) between one of the amino N]H groups and the carboxylate
carbonyl [O(24)]; (ii) a pair of strong electrostatic carbonyl ? ? ?
carbonyl interactions between, in one case, the carboxylate
oxygen [O(24)] and the phthalimide carbonyl carbon C(2)
(2.92 Å) and in the other, between the amide oxygen O(16) and
the other phthalimide carbonyl carbon C(9) (2.90 Å). In both
instances of (ii), the approaches of the carbonyl oxygen atoms
to the phthalimide carbonyl groups are nearly orthogonal.

Fig. 1 Molecular structure of H2?H2O showing the intermolecular
hydrogen bonding and carbonyl–carbonyl interactions. Hydrogen
bonding geometries: N ? ? ? O 2.78 Å, H ? ? ? O 1.93 Å; N]H ? ? ? O angle
1568; O ? ? ? O 2.73 Å, H ? ? ? O 1.85 Å, O]H ? ? ? O angle 1778.
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Within the crystal, centrosymmetrically related pairs of
molecules are linked via a pair of N]H ? ? ? O H-bonds between
the amino N]H hydrogen atom (not involved in intramolecular
hydrogen bonding) of one molecule and one of the carboxylate
oxygens [O(23)] of another and vice versa (Fig. 2). These mole-
cules are further linked via hydrogen bonds between the amide
N]H and the included water molecule and between this water
molecule and one of the phthalimide carbonyl oxygen atoms.
These hydrogen bonded ‘dimer pairs’ are further linked via the
included water molecule to form chains that extend in the crys-
tallographic a direction (Fig. 2). Thus, the appearance of the
dimeric units [(H2)2 1 H]1 in the FABMS of H2?H2O is con-
sistent with the presence of strong non covalent intermolecular
interactions.

The X-ray analysis of the acid catalyzed hydrolytic product
reveals, as expected,17,18 that hydrolysis of DPDA at low pH is
more effective than the base promoted reaction. In this case
phthalic acid is produced and upon interaction with DPDA a
stable complex, DPDAH–HP?1.75H2O is formed. In the
anhydrous DPDAH–HP described previously,12 the molecule
adapts an extended conformation with a mixture of gauche and
anti geometries for the CH2CH2N

1H2CH2CH2 backbone with
the hydrogen isophthalate unit sandwiched between phthalim-
ide groups of adjacent DPDA molecules (See Figs. 3, 5 and 6 in
ref. 12). In sharp contrast, in the hydrated DPDAH–HP?
1.75H2O compound, the DPDA moiety is a host featuring a
horseshoe conformation with an all anti geometry for its
CH2CH2N

1H2CH2CH2 linkage; the hydrogen isophthalate unit,
being a guest, and inserted into the cleft formed by the two
phthalimide rings (Fig. 3). Stabilization of the resulting supra-
molecular complex is achieved via a combination of (i) π–π
stacking interactions between the hydrogen phthalate and one
of the phthalimide [N(1)]C(9)] rings (mean planar separation
3.49 Å; centroid–centroid separation from the C(3)]C(8) ring
3.99 Å; rings inclined by ca. 68) and (ii) N]H ? ? ? O hydrogen
bonding between one of the DPDAH aminium hydrogen atoms
and one of the hydroxy oxygen atoms, O(39) of the hydrogen
isophthalate (N ? ? ? O, H ? ? ? O distances 2.85, 1.95 Å,
N]H ? ? ? O angle, 1768). It is interesting to note that the ‘bite’ of
the DPDAH1 aromatic components is not enough to achieve
simultaneous π–π stacking between both phthalimido rings and
the trapped hydrogen isophthalate, the centroid–centroid sep-
aration between the C(31)]C(36) and C(17)]C(22) rings being
4.46 Å. The hydrogen isophthalate has, characteristically, a very

Fig. 2 Centrosymmetrically related hydrogen bonded ‘dimer pairs’ of
H2?H2O N(amine) ? ? ? O(carboxylate) 2.71 Å, H ? ? ? O 1.87 Å,
N]H ? ? ? O angle 1548; N(amido) ? ? ? O(water) 2.83 Å, H ? ? ? O 1.99 Å;
N]H ? ? ? O angle 1568; O(water) ? ? ? O(phthalimido) 2.84 Å, H ? ? ? O
1.98 Å, O]H ? ? ? O angle 1598

short intramolecular O]H ? ? ? O hydrogen bond of 2.39 Å
which would normally be expected to be symmetric.12,19 The
X-ray evidence, however, indicates a noticeable asymmetry in
the positioning of the hydrogen atom; the hydrogen position
was refined isotropically and unconstrained. The O(39)]H and
H ? ? ? O(41) distances are 1.11(3) and 1.28(3) Å respectively;
the associated O]H ? ? ? O angle is 1768. An interesting con-
sequence of this short H-bond coupled with a retention of near
co-planarity of the carboxylate groups with the phenyl ring is
an appreciable distortion of the sp2 geometries at C(31) and
C(32), the C(31)]C(32)]C(40) and C(37)]C(31)]C(32) angles
being enlarged to 127.7(2) and 129.2(2)8 respectively, i.e. the
oxygen atoms O(39) and O(41) being unable to approach any
closer.

Investigations of the packing of the 1 :1 DPDAH–HP
complexes reveal the formation of an extended stack structure
(Fig. 4) with both phthalimido rings being stacked with Ci

related counterparts. The degree of overlap of each ring differs
within the case of the N(1)]C(9) ring, there being almost total
head-to-tail overlap with the mean inter-planar separation of
3.37 Å, while for the N(15)]C(23) ring only the phenyl rings
overlay each other—mean inter-planar separation 3.38 Å. In
one direction the stacks are co-directional with adjacent chains
approximately anti-phase to each other and they are cross-
linked via H-bonds between one of the hydrogen phthalate car-
bonyl oxygen atoms and the included water molecules to form a
sheet that extends within the 011 plane. Symmetry related
sheets in the crystallographic a direction are parallel but have
their π–π stacking directions inclined by ca. 658. Adjacent

Fig. 3 Horseshoe conformation of DPDAH1 and the trapped hydro-
gen phthalate anion in DPDAH–HP?1.75H2O

Fig. 4 Extended H-bonding in DPDAH–HP?1.75H2O leading to a
layer motif
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sheets are cross-linked via additional hydrogen bonds involving
this time the aminium N]H hydrogen atom (not involved in
intramolecular hydrogen bonding) and the included water
molecules.

Lanthanide(III) complexes
DPDA itself turned out to be a very poor binder for Ln31 ions,
therefore complexes of the new chelates 22 and 322, the prepar-
ations of which were inspired by the potential for the phthal-
amate anion to chelate lanthanide() ions and sensitize intense
green Tb31(5D4) and red Eu31(5D0) emission, were of greater
interest. Preliminary luminescence experiments revealed that
the new monophthalamic acid (H2), and phthalimides gener-
ally, exhibit broad white light emission which overlaps many
lanthanide f–f absorptions in the region 400–600 nm and there-
fore meet a crucial Förster–Dexter requirement for ligand-to-
metal energy transfer.20 It was therefore interesting to prepare
compounds of Ln31 ions (Eu31 and Tb31) with phthalamates
H2 and Na23?3H2O and study their electronic properties in
order to determine whether compounds featuring beneficial
electronic coupling leading to efficient ligand-to-Ln31 energy
transfer and subsequent intense sensitized Ln31 emission can be
so derived.

The europium() compound of H2 was isolated as pale
thick irregularly shaped crystals with the stoichiometry Ln-
(H2)3(NO3)3?2H2O (4), based on elemental analysis; efforts to
grow good crystals of suitable quality for single crystal X-ray
diffraction analyses were not successful. FABMS of 4 is con-
sistent with the above formulation and indicates that the com-
pound is unstable under FABMS conditions. Products of its
extensive fragmentation include H2: m/z = 382 ([H2 1 H]1) and
763 ([(H2)2 1 H]1), both of which were seen in the FABMS of
the parent phthalimide–phthalamate, H2?H2O (vide supra). It
would seem, from the stoichiometry of 4 and its instability, that
only the carboxylate anionic site of zwitterionic H2 binds the
Ln31 cation. For this reason and the low yields of H2, we
turned to diphthalamate Na23?3H2O for which the two carb-
oxylate moieties are likely to bind the lanthanide ions more
strongly.12

Europium() and terbium() complexes of 322 are readily
obtained from a water–ethanol mixture as insoluble powders
having the stoichiometry Ln23(OH)3(OCH3), Ln = Eu (5), Ln23-
(OH)2(OCH3)2, Ln = Gd (6) and Tb (7). Efforts to grow crystals
of 5–7 suitable for single crystal X-ray analyses were unsuccess-
ful. Even the larger lanthanide() ions formed insoluble
powders of the stoichiometry Ln23(OH)3(OCH3), Ln = La (8)
and Pr (9) while neodymium formed the compound NdNa3-
(OH)2 (10).

Lanthanide(III) luminescence spectra and decay dynamics
Even though the coordination details of 4–10 are still
unresolved, it is possible and indeed important to seek to
obtain clues regarding the potential effectiveness of the
phthalamate functionality in H2 and 322 as ‘antenna groups’
for lanthanide() ions. We thus studied the luminescence
behaviour of europium() (4 and 5) and terbium() (7)
compounds of H2 and 322 to explore the potential of the
phthalamate moiety to serve as a building block for new
photonic devices.

Compound 4 emits visible intense red light at 615 nm [Fig.
5(a)] following excitation into the ligand states at about 300 nm
for both 300 and 77 K. The excitation spectrum [Fig. 5(b)] is
dominated by broad H2 absorptions onto which typically weak
sharp europium() absorptions are superimposed. Direct laser
excitation of Eu31 electronic states leads to very weak emission,
which shows that H2 is responsible for sensitizing most of the
observed intense red europium emission. Peaks in the emission
spectrum [Fig. 5(a)] are typically those of Eu31(5D0) in moder-
ately low symmetry. Remarkably, quenching processes in 4 are
so inefficient that emission from the Eu31(5D1) state (which is

normally very readily quenched via multiphoton relaxation
processes 21a) is also observed (even at low temperature). This
emission is most evident in the time resolved spectra (TRS)
recorded using comparatively short delay (20 µs) and gating (10
µs) times of the LS5 spectrometer [compare Fig. 5(c) and 5(d)
and emission lifetimes: Eu31(5D1), ≈10 µs; Eu31(5D0), ≈500 µs].
Such good luminescence features are a hallmark of inorganic
phosphors such as Y0.95Eu0.05VO4 in which quenching due to
molecular and lattice vibrations is minimal.21b Thermalized
quenching of Ln31 emission by vibrational or electronic states
of organic fragments has generally been a serious limitation in
the development of sensitized Ln31 photonic devices based on
organochromophores.22,23 Therefore the temperature independ-
ent emission behaviour of Ln31 bound to phthalamates could
be an important breakthrough worth detailed exploration.

In order to determine whether the origin of the efficient
‘antenna effect’ exhibited by H2 is the phthalamate or phthalim-
ide functionality we studied the luminescence behaviour of
compounds (5, 7) of the bis-phthalamate 322. Both Eu31 and
Tb31 emit strongly upon excitation into the broad phthalamate
ligand absorption at ca. 300 nm. While the emission of 5 and 7
is due to metal ion transitions, the broad ligand absorption at
ca. 300 nm and its shoulder at roughly 400 nm feature promin-
ently in the corresponding excitation spectra (Figs. 6 and 7).
Since the excitation spectra of Eu31 emission from 4 and 5 are
essentially similar, the observed ‘antenna effect’ exhibited by
chelates H2 and 322 is in both cases due to the phthalamate
functionality.

Consistent with the above spectral observation, the emission
intensity and decay rates of Eu31(5D0) emission in 4 are essen-
tially temperature independent; the decay rates are 1.9 × 103

and 2.1 × 103 s21 at 77 and 300 K respectively following initial
excitation buildups of roughly 3 × 105 (77 K) and 5.6 × 105 s21

(300 K). The Eu31(5D1) emission, monitored at 533 nm, follows
non-exponential decay kinetics at 77 K but the decay rates of
both the slow and fast components are roughly 105 s21. At 300
K this Eu31(5D1) emission is exponential and decays at 3.7 × 105

Fig. 5 Luminescence and excitation spectra of Eu(H2)3(NO3)3?2H2O
(4): (a) emission spectrum (300 K); λexc = 300 nm, gating time tg = 1 ms,
delay time td = 1 ms; (b) excitation spectrum (300 K); λem = 610 nm
[Eu31(5D0)], tg = 1 ms, td = 1 ms; (c) emission spectrum (77 K); λexc = 300
nm, tg = 1 ms, td = 12 ms; (d) emission spectrum (77 K); λexc = 300 nm,
tg = 0.01 ms, td = 0.02 ms
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s21. These decay rates of the Eu31(5D1) state are similar in
magnitude to the excitation buildup rates of the red Eu31(5D0)
emission. This feature and the occurrence of the 5D1←7FJ tran-
sitions in the excitation spectrum of the Eu31(5D0) emission
indicate that the Eu31(5D1) state in 4 is quenched by internal

Fig. 6 77 K (λexc = 300 nm) and excitation (λem = 610 nm) spectra of 5

Fig. 7 77 K (λexc = 300 nm) and excitation (λem = 540 nm) spectra of 7

conversion to the lower Eu31(5D0) state. Further, H2-to-Eu31

energy transfer appears to be efficient and fast compared to the
timescale limits of our measurements (roughly 0.1 µs).

The emission and excitation spectral profiles of crystalline
H2?H2O are similar to those of H2 in 4 [emission TRS shows
short and long lived components at λmax ≈ 410 and 480 nm
respectively (Fig. 5)]. But the 77 K decay rates (7 s21 for the slow
parts) of crystalline H2 are slower [compare to a decay rate
of the long lived component (≈12 s21) for H2 in 4]. Ligand
emission in 4 is much weaker compared to that of Eu31(5D0)
[Fig. 5(a)].

The luminescence decay curves of Eu31(5D0) (λexc = 337 nm,
λem = 613 nm) in 5 show rises of ca. 9 × 104 (77 K) and
3.6 × 105 s21 (300 K) followed by nearly exponential and mar-
ginally temperature dependent decay (rate ≈3 × 103 s21). Again
the quenching processes are so inefficient that Eu31(5D1) emis-
sion is also observed even at room temperature [decay kinetics
are complicated but rates are of the order of 1 × 106 (300 K)
and 1 × 105 (77 K) s21]. The rise rates of Eu31(5D0) emission
and the fast decay components of Eu31(5D1) are of similar
magnitude and 5D1←7FJ absorptions are found in the excitation
spectrum of the Eu31(5D0) emission (Fig. 6). We thus attribute
the rise on the decay curve of the Eu31(5D0) emission to internal
conversion from the upper Eu31(5D1) state. Ligand-to-Eu31

energy transfer again appears to be too fast to measure on our
system. The luminescence of Tb31(5D4) in 7 (λexc = 337 nm;
emission monitored at λem = 613 nm to minimize ligand inter-
ference) at 77 K shows a rise of ca. 8 × 104 s21 and is followed
by exponential decay at ca. 1 × 103 s21. At 300 K the decay
process is not exponential but the tail decays at ca. 1 × 103 s21.
These results suggest that the Tb31(5D4) emission is somewhat
quenched at room temperature.

Conclusion
We conclude that the phthalamate functionality of H2 and 322

is an efficient sensitizer for visibly strong Eu31(5D0) and Tb31-
(5D4) emission and remarkably the desirable ‘antenna effect’ is
achieved without the usual 22,23 active temperature dependent
quenching processes for Eu31(5D0); for Tb31(5D4), some quench-
ing is observable at room temperature. Frequently, the desirable
strong coupling between the ligand and Ln31 electronic states
leads to two dichotomous effects: strong sensitization of Ln31

emission, usually at low temperature (e.g. 77 K), and quenching
of this emission at room temperature through efficient therm-
ally activated metal-to-ligand back energy transfer.22–24 The
above encouraging results, in which ligand-to-metal energy
transfer remains faster and more efficient than quenching
processes, reveal the attractiveness of phthalamate moieties as
potentially new types of building blocks for photonic devices.

Experimental

Elemental analyses
Carbon, hydrogen and nitrogen were obtained from MEDAC
Ltd., Brunel University, Uxbridge, UK.

Spectral measurements
Routine IR and 1H NMR spectra were acquired from the
Perkin-Elmer 1600 FTIR and Bruker ACE200 spectrometers
described earlier.12 500 MHz NMR spectra were obtained at
Cambridge University using a DRX500 spectrometer. Fast
atom bombardment mass spectra were obtained using
AutoSpecQ (Imperial College) or Kratos MS50 (Cambridge
University) instruments. The Perkin-Elmer LS5 luminescence
spectrometer and the nitrogen laser set used to acquire decay
curves were described previously.25

Preparations
H2?H2O. Solid DPDA suspended in a mixture of ethanol and
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dichloroethane containing about five drops of water was stirred
at 50 8C for one week. The mixture was then filtered and slow
evaporation of the filtrate yielded clear crystals of H2?H2O in
about 10% yield (Found: C, 60.65; H, 5.39; N, 10.24%.
C20H21N3O6 requires C, 60.1; H, 5.3; N, 10.5). δH(500 MHz)
3.24 (m), 3.92 (m), 7.46 (m), 7.75 (s), 7.95 (m).

Eu(H2)3(NO3)3?2H2O (4). The complex was prepared by
reacting Eu(NO3)3?nH2O (1 mmol) with H2?H2O (0.3 mmol) in
ethanol. Slow evaporation of the resulting solution yielded
Eu(H2)3(NO3)3?2H2O as pale yellow thick irregular crystals
which gradually become wet when exposed to the atmosphere
(yield ≈16%) (Found: C, 47.49; H, 4.02; N, 11.08%. C60-
EuH60N12O26 requires C, 47.4; H, 4.0; N, 11.1).

Na23?3H2O. One mmol of DPDA was suspended in 100 cm3

ethanol and 2 mmol sodium hydroxide in 10 cm3 of water were
added. The suspension was stirred at room temperature and
maintained at about pH 9 and then refluxed for 1 h. Upon
cooling the solution yielded the salt as a white powder in almost
quantitative yield (Found: C, 48.70; H, 5.35; N, 8.50%. C20H25-
N3Na2O9 requires C, 48.3; H, 5.1; N, 8.5). δH(200 MHz;
D2O): 3.41 (4H, t), 3.74 (4H, t), 7.37–7.61 (8H, m). δC 41.47,
48.94, 129.48, 130.74, 131.91, 132.74, 137.82, 175.91, 178.22.
The hydrogen chloride salt, [H23?HCl]?0.5H2O, was obtained as
small needles by recrystallizing the sodium salt Na23?3H2O
from a hydrochloric acid solution of pH ≈ 2.5 (Found: C, 54.29;
H, 5.05; N, 9.49%. C20ClH22N3O6.5 requires C, 54.0; H, 5.2; N,
9.5).

Lanthanide(III) complexes of 322. 1.5 mmol of Na23?3H2O
were dissolved in 150 cm3 of water and 3 mmol of lanthanide
() nitrates dissolved in 50 cm3 of methanol were added. The
resulting solution was evaporated slowly until a white precipi-
tate was deposited. Once deposited the compounds are insol-
uble in water (yield ≈ 18–68%). [5: Found: C, 32.47; H, 3.42; N,
5.28%. C21Eu2H25N3O10 requires: C, 32.2; H, 3.2; N, 5.4. 6:
Found: C, 32.44; H, 3.42; N, 5.28%. C22Gd2H27N3O10 requires
C, 32.7; H, 3.4; N, 5.2. 8: Found: C, 32.08; H, 3.29; N, 4.93%.
C21H25La2N3O10 requires: C, 32.2; H, 3.2; N, 5.4. 9 (as 9?H2O):
Found: C, 32.40; H, 3.39; N, 4.29%. C21H27N3O11Pr2 requires:
C, 32.4; H, 3.5; N, 5.4. 10 (as 10?H2O): Found: C, 38.68; H,
3.86; N, 6.84%. C20H23N3NaNdO9 requires: C, 38.96; H, 3.8; N,
6.8].

Crystallography
Data for H2?H2O were measured on a Siemens P4/RA dif-
fractometer and for DPDAH–HP?1.75H2O on a Siemens P4/
PC diffractometer; in both cases graphite-monochromated Cu-
Kα radiation and ω scans were used. The structures were solved
by direct methods and the non-hydrogen atoms refined aniso-
tropically using full matrix least squares 26 based on F2.

Atomic coordinates, bond distances and angles, thermal
parameters have been deposited at the Cambridge Data Centre.
For details of the deposition scheme, see ‘Instructions for
Authors’, J. Chem. Soc., Perkin Trans. 2, available via the RSC
Web page (http://www.rsc.org/authors). Any request to the
CCDC for this material should quote the full literature citation
and the reference number 188/133.
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