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New Fluorenyl-Substituted Dioxotetraamine Ligands and Their Copper(II)
Complexes — Crystal Structure and Fluorescent Sensing Properties in Aqueous
Solution

Li-Jian Jiang,!*" Qin-Hui Luo,*!* Qing-Xiang Li,'?/ Meng-Chang Shen,?! and
Hong-Wen Hul?!
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Two new ligands consisting of a fluorenyl and dioxotetraaza
unit, namely, 2,10-diamino-6-(9H-fluoren-9-yl)-4,8-diazaun-
decane-5,7-dione (L!) and 1-(9H-fluoren-9-yl)-1,4,7,10-tetra-
azadecane-5,6-dione (L2) along with their copper(Il) com-
plexes have been synthesized. Their properties were exam-
ined by ES-MS and CV in aqueous solution and the crystal
structure of the copper(Il) complex of L! has also been deter-

mined. The recognition of the transition metal ions (Cu?*,
Ni?*, etc.) by receptors has been studied in aqueous solutions
using pH-potentiometric and fluorimetric titrations. The re-
sults show that the binding of Cu?* or Ni?* ion with L! leads
to quenching of the fluorescence of the fluorenyl group, but
on the contrary the fluorescence of L? is enhanced. The
mechanisms are discussed.

Introduction

The phenomena of luminescence quenching and en-
hancement resulting from metal—ligand interactions have
attracted much attention with regards to its application in
sensing metal ions in solution.["”) The dioxotetraamine li-
gands are interesting because they coordinate metal ions with
the release of two protons on the amide nitrogen atoms and
are able to stabilize a +3 oxidation state of transition metal
ions.’! Recently, chemists have been devoted to append a
luminophore to the framework of the dioxotetraamine li-
gands and to explore new fluorescent signaling systems. ¢
Although many luminescent signaling systems have been
presented,l’~*1 to date, hydrophilic luminescent ligands used
as receptors are still rarely reported.['"! In view of the high
quantum yield and long fluorescent lifetime of fluorene, we
linked it as a luminophore to the dioxotetraamine units and
obtained two new water-soluble ligands, 2,10-diamino-6-
(9H-fluoren-9-yl)-4,8-diazaundecane-5,7-dione (L') and 1-
(9H-fluoren-9-yl)-1,4,7,10-tetraazadecane-5,6-dione ~ (L?)
and synthesized their complexes [Cu(H_,L!")]-2H,O and
[Cu(H_,L?)]4H,O by the route shown in Scheme 1.
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Scheme 1. Syntheses of ligands and complexes
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It is interesting that L' and L? exhibit different fluores-
cent properties. The fluorescence of fluorenyl in L! is
quenched by transfer of electrons from the metal center to
the photoexcited state of fluorenyl during coordination of
Cu'" or Ni'. Conversely, fluorescence of L? is enhanced by
coordination of transition metal ions. Their different fluor-
escent properties result from different positions of fluorenyl
in the ligands. Because both ligands and complexes are
water-soluble, they might have an application in biological
analysis. To the best of our knowledge, the studies on en-
hancement of fluorescence of ligands by transition metal
ions in aqueous solution are limited.®

Results and Discussion

Characterization

The values of molar conductivities of [Cu(H_,L"]2H,O
and [Cu(H_,L?)]-4H,0 in aqueous solution indicate that
the amide protons are lost during coordination of the Cu?*
ion. In the IR spectra, both ligands exhibit two bands at
about 760 and 740 cm~! which are assigned to skeleton
stretching vibration of the fluorene ring. The bands at 1660
cm ™! are assigned to the vibration of the carbonyl groups
of L! or L? shifted by about 90 cm™! during the coordina-
tion of Cu®* ions. In the 'H NMR spectrum of L? there
are four groups of peaks at 6 = 7.46—7.88 assigned to the
resonance absorption of protons of the fluorene ring, con-
firming linkage of the fluorenyl group to the dioxotetraam-
ine unit. At § = 2.96—3.62 there are four groups of triple
peaks assigned to the four methylene groups. The resonance
absorption of protons on the nitrogen atoms disappeared
due to exchange with heavy water. The '"H NMR spectrum
of the ligand L! is similar to that of L.

The ES-MS spectrum of L? that coexisted with the Cu?"
ion in methanol solution at pH = 9 is shown in Figure 1.
The simplicity of the spectrum is attributed to the thermo-
dynamic stability and kinetic inertness of the ligand. No
obvious ligand fragmentation peaks were observed, show-
ing that the ligand is quite stable under the ES-MS spec-
trum conditions.
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Figure 1. ES-MS spectrum of L? + Cu?* (1:1) system at pH = 9:
1. [HLZ*, 2. [Cu(H_,L?]*, 3. [Cu(H_.L?-MeOH]*, 4.
[CuL(C1O,)]*
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Crystal Structure of [Cu(H_,L")]-2H,0

In Figure 2 the crystal structure of the copper(I) com-
plex [Cu(H_,LY]-2H,0 is shown. Selected bond lengths
and angles are listed in Table 1. From Figure 3 and Table 1
it can been seen that the copper(Il) atom is situated in the
center of a slightly distorted square composed of four nitro-
gen atoms. The distance between the plane and copper
atom is 0.1628(4) A. The distances of Cu—N are
1.941-2.022 A. Two methyl groups are situated on the
same side of the plane composed of four nitrogen atoms,
and the carbon atoms (C-1, C-9) of the methyl groups devi-
ate from the plane by 1.705(9) and 1.751(6) A, respectively.
The six-membered ring composed of N-2, Cu-1, N-3, C-6,
C-5 and C-4 has a chair conformation. The fluorene ring is
linked to the six-membered ring by the C-5 atom and forms
a dihedral angle of 45.7 ° with the plane composed of N-2,
N-3, C-6 and C-4. The complex was linked to the water
molecules by the hydrogen bonds and formed a two-dimen-
sional network structure.

Figure 2. Crystal structure of [Cu(H_,L"]-2H,0O

Table 1. Selected bond lengths [A] and angles [°] of [Cu(H_,L")]

Cul—NI1 2.012(4) 01-C4 1.252(5)
Cul—-N2 1.941(3) NI-C2 1.478(6)
Cul—N3 1.955(3) N2-C3 1.467(6)
Cul—N4 2.022(3) N2—C4 1.319(5)
N2—Cul—N3 95.12(14) C3-N2—Cul 111.8(3)
N2—Cul —N4 167.57(15) Cl1-C2—NI 109.6(5)
N4—Cul—N3 83.73(14) NI1-C2—C3 106.1(4)
N4—Cul-N1 95.50(15) C2-C3-N2 107.3(4)
NI1-Cul—N3 173.57(16) C4-N2—C3 118.6(4)
C2-N1—-Cul 109.3(3) 01-C4—-N2 125.6(4)
C4—N2—Cul 126.4(3) 01-C4-C5 119.1(4)
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Electrochemistry

The cyclic voltammetrical diagrams of [Cu(H_,L")] and
[Cu(H _,L?)] have similar features. During anodic scanning
from 0—1.0 V, the ligands L! and L? do not show redox
processes, but the two complexes display a pair of redox
peaks. The separation between the anodic and cathodic
peaks was 78 —88 mV and the peak height ratio is near unit.
A variation of the peak potential separation with scan rates
(from 40 to 400 mVs™') was also observed. Furthermore,
peak heights for the two complexes are proportional to the
square roots of scan rates. The electron numbers of elec-
trode oxidation reactions for [Cu(H_,L")] and [Cu(H_,L?)]
are 0.98 and 0.96 respectively, obtained by controlled po-
tential analysis. These features are indicative of a one-elec-
tron quasi-reversible electrode process. Their values of Ej/,
are listed in Table 2.

Table 2. Half-wave potential £, (vs. SCE) for Cu"/Cu"' redox
process of [Cu(H_,L)] (L = L', L?), pH = 9.8, scan rate 16 mV-s~ !,
Na,SO, concentration = 0.5 mol-dm ™3

[Cu(H_,L") [Cu(H_,L2)]
Epq [V] 0.743 0.500
Epe [V] 0.655 0.422
AE [mV] 88 78
Eip [V] 0.699 0.461

Stability of the Complexes

The pH-potentiometric titration curves of ligand L! and
L?2HBr and that of the ligands plus metal ions(Cu’",
Ni%*, Co?*, Zn?") are shown in Figure 3. In Figure 3 (a)
all the curves 1—5 have two steps with defined inflection
points. The first steps of all the curves are at ¢ = 2 (a de-
notes the number of equivalents of base per mol of ligand),
corresponding to free acid to be neutralized. The second
step for the ligand L! (curve 1) is at @ = 4, corresponding
to protons of the amino cations to be neutralized. For the
system of L! coexisting with the metal ions (curves 2—5),
the second steps are at a = 6, corresponding to the forma-
tion of the predominant species [M(H_,L")].

The curves 6—8 in Figure 3 (b) are the titration curves of
ligands L? and L? with the metal ions. At a > 2, the curves
of the L? system are obviously different from those of the
L! system. Curve 6 has two steps at ¢ = 3 and a = 4,
showing that the two amino nitrogen atoms have different
abilities to bind protons. Two indistinct inflection points on
curve 7 (Cu?>™ 4+ L?) at a = 4 and a = 5 correspond to the
formation of the dominant species [CulL?** and
[Cu(H_,L?)]", respectively. The obvious step of curve 8 at
a = 6 shows that in the alkaline region [Ni(H_,L?)] is the
dominant species. Assuming that the above-mentioned spe-
cies are formed, logarithms of the equilibrium constants,
listed in Table 3, were obtained by curve fitting.

From Table 3 it can be seen that the stability sequence of
the species [ML] and [M(H_,L)] (L = L! or L?) is Cu! >
Nill > Zn! > Co'l, being consistent with the Irving—
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Figure 3. pH-potentiometric titration curves: (a) L' system, L!/
M(NO;),/HNO; = 1:1:4; L' = 1.8 X103 mol-dm3: 1. M = none,
2.M =Cu?*,3. M = Ni*",4. M = Zn>*, 5. M = Co>*; L>2HBr
system, L>2HBr/HNO; = 1:2; L>2HBr = 1.86 X 1073 mol-dm3:
6. M = none, 7. Cu?™ = 2.05 X 1073, 8. Ni?* = 2.08 x 1073
mol-dm 3

Williams sequence. Stabilities of the complexes of L? in
which an amino nitrogen atom is linked to a large fluorenyl
group are lower than that of L!. The species distribution
curves of L! + Cu?* and L? + Cu?" systems are shown in
Figure 4 and Figure 5, respectively.

Fluorescent Properties of the Ligands in Aqueous Solution

The maximum fluorescence emission of L! in aqueous
solution is located at 312 nm (pH = 9.0) by excitation of
280 nm. The intensity and position of the maximum emis-
sion remains constant at pH = 3—8. Figure 6 shows the
dependence of the fluorescence intensity /r (312 nm) and
absorbance 4 (508 nm) of L' on the pH in the presence of
Cu?" ions. Both curves 1 and 2 show a typical sigmoidal
shape. The dependence of the absorbance A4 on the pH is
contrary to that of the fluorescence intensity. The curve of
A vs. pH can be conveniently superimposed on the distribu-
tion diagram of [Cu(H_,L")] (Figure 4, curve 2), indicating
that the formation of species [Cu(H_,L")] leads to quench-
ing of the fluorescence by an electron transfer from the Cu'!
center to the photoexcited state of the fluorenyl group FI*.
The fluorescent mechanism is similar to that of its anal-
0gs.[*1 The electron-transfer process is described by Equa-
tion (1). The variation of potential of the electron transfer
(AE7) can be calculated by Equation (2).
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Table 3. Logarithm of equilibrium constants of the ligands and complexes, 30+0.1 °C, KNOj; concentration = 0.10 mol-dm™

3

Reactionl?! H Cu Ni Co Znl°]

H* + L! < (HLY)* 9.11+0.01

2H* + L! < (H,L)** 17.43%0.03

M2+ + L! < [ML'P* 7.80+0.02 4.80=0.02

M2t + L < [M(H_,LYH]" + H* 1.84+0.03 —5.85+0.02 —3.82+0.02
M2+ + L! < [M(H_,LY)] + 2 H* —4.12%0.03 —9.73%0.03 ~14.39+0.03 —13.17+0.03
H* + L?> < (HL*»™" 8.98+0.01

2H* + L2 <(H,L?)?* 15.51+0.03

M2+ + 12 < [ML?2+ 7.68+0.0201 3.110.020

M2t + L2 < [M(H_,LY)]" + HF 1.68%0.031

M2+ L2 5 [M(H_,L»)] + 2 H* —6.48=0.03! —11.09+0.03[1

[l For each system, two titrations were performed; during each titration more than 60 points were recorded. ™ At 25+0.1 °C.
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Figure 4. Species distribution curves and dependence of the ab-
sorbance 4 (M) on the pH for the L' + Cu?* system (Cu’t =
L' = 2.6 X 10"*mol-dm3): 1. Cu?*, 2. [Cu(H_,L")], 3. [CuL'}**,
4. [Cu (H_,LY*
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Figure 5. Species distribution curves and the dependence of the
fluorescence intensity /- (H) on the 3pH for the L? + Cu?" system
(Cu?* = L? = 6.8 X 107> mol-dm ): 1. Cu?*, 2. [Cu(H_,L?)], 3.
[Cul??*, 4. [Cu(H_,LH]", 5. [HL?*

AEr

*Fl + [cal(HLLY) FI™ + [cu™H LY (1)

AEr = E°(*Fler) — E°(Cu/Cul") + E°(FU/FI7) = 0.63 V ?)
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Figure 6. Dependence of fluorescence intensity /i (1) and ab-
sorbance A4 (2) on the pH for an aqueous solution containing L!
plus 1 equiv. Cu®* ions

In Equation (2), the redox potential E°(FI/F17) of the
fluorenyl group linked to the dioxotetraaza moiety is —2.65
V, E°(Cu/Cu") is the redox potential obtained from cyclic
voltammetrical experiments (0.699 V), and E°(*Flcy), the
potential of the excited state, is 3.92 V, an approximation
calculated from the energy of the emission band of the li-
gand.

The AEr value of [Cu(H_,L")] is higher than that of
[Cu(H_,L3]1%1 (0.57 V) (L3 denotes 6-(9H-fluoren-9-yl)-
1,4,8,11-tetraazaundecane-5,7-dione), because in the for-
mer, two methyl groups that substituted two hydrogen
atoms on the carbon atom of the ethylenediamine decreases
the redox potential E(Cu™/Cu'") and increases the excited
fluorescent potential of [Cu(H_,L")], thus favoring transfer
of an electron from Cu'! to the fluorenyl group. The elec-
tron transfer behavior of L! in the presence of Ni2* is sim-
ilar to that in the presence of Cu?*. For [Ni(H_,L")], AEy
(+0.57 V) was obtained by the same calculated method as
that for [Cu(H_,L")]. It is shown from Table 3 that the
stability constants of the complexes of L' with Co'' and
Zn" are quite low, and the complexes [M(H_,L")] (M =
Co, Zn) cannot be formed at pH = 8.0, therefore the elec-
tron transfer cannot proceed. When the solution of ligand
L' was adjusted to pH = 7.0 with NaOH and Ni*" ions
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were gradually added to it, no obvious decrease of I was
observed (Figure 7). When Cu?" ions were added to the
same solution, /r decreased linearly to a minimum value,
corresponding to ncy/np = 1. Based on the above-men-
tioned results, L' could be employed as a fluorescent sensor
to discriminate between Cu?>* and Ni**, as well as Cu?*
and Ni’>* ions from other divalent 3d metal ions.
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Figure 7. Plotting of Ir of H,L! aqueous solution vs. ny/n; (M =
Cu, Ni): 1. Ni?>" was added to a solution of H,L! at pH = 7.0, 2.
Cu”" was added to the solution of 1.

Fluorescent properties of L? are different from L' and
the fluorescent intensity of L? is low. A plot of Iz vs. pH in
the presence of 1 equiv. of Cu?>* or Ni*>" ions is shown in
Figure 8. In Figure 8, two systems display a similar fluores-
cent feature, when pH values of solutions are higher than
5.5. Fluorescence intensities increase with an increase of pH
and reach a maximum value at pH =~ 10. The curve of I
vs. pH for systems of L? plus the Cu?" ion can be superim-
posed on the distribution curve of [Cu(H_,L?)] (Figure 5,
curve 2), indicating that the formation of species
[Cu(H_,L?)] leads to an enhancement of the fluorescence.
The distinction of the fluorescent properties between L!
and of L? results from the difference of the structures. In
L2, a fluorenyl group substitutes a hydrogen atom of an
amino group in the ligand and forms an imido group. The
nitrogen atom of the imido group linked to the fluorenyl
group can transfer its lone electron pair to a proximate ex-
cited fluorenyl group, quenching its fluorescence. When so-
lutions of L? in the presence of metal ions were titrated with
NaOH, an increase in the pH value led to binding of the
metal ions. The electron transfer from the nitrogen atom to
the fluorenyl group is suppressed, resulting in an enhance-
ment of the fluorescence. The analogous mechanism has
been reported by previous authors.[':%12] The detailed study
on the fluorescence mechanism is in progress. Quantum
yields of the ligand in the absence and presence of metal
ions are listed in Table 4. From Table 4 it can be seen that
L? has much lower quantum yields than L! in the absence
of metal ions and the quantum yield of L? increases by
about one order of magnitude upon binding of metal ions.
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Figure 8. pH dependence of I for aqueous solutions containing
L? plus metal ions; Cu>* (M), Ni>" (A); L? = Cu®>" = Ni** = 6.8
X 1073 mol-dm—3

Table 4. Quantum yields of L? and L? plus metal ions (1:1) in aque-
ous solutions at 25 °C; L? = Cu?>* = Ni** = 5 X 107> mol-dm 3

Sample pH @, [

L! 9.2 1.3 x 1073
L? 9.2 2.0 X 1074
Cu*t + L? 5.0 52 X 1074
Cu?t + L2 9.2 2.7 X 1073
Ni?*t + L? 5.0 2.6 X 107¢
Ni?*t + L? 9.2 3.4 X 1073
Trytophan!® 7.2 0.14

[l Deviation of measurement is +15%. [®! Concentration of tryto-
phan is 6.6 X 107¢ mol dm™3.

It has been known for a long time that transition metal
ions (especially Cu®™") effectively quench the fluorescence of
the systems by an electron transfer mechanism. Recently,
Bharadwaj and co-workers®! reported for the first time that
Cu?* and Ni?>" could enhance the fluorescence intensity of
a ligand in THF/H,O (9:1). In our systems, the enhance-
ment of the fluorescence by Cu?>* and Ni?* is carried out
in aqueous solution. To the best of our knowledge, there
are few reports!”! on enhancement of the fluorescence by
transition metal ions in aqueous solution.

Experimental Section

Materials: Reagents and organic solvents were of reagent grade and
purified prior to use. 9-Bromofluorene was prepared by literature
methods.["3 Diethyl 2-(9H-fluoren-9-yl)malonate and N,N'-bis(2-
aminoethyl)oxamide were synthesized by a method reported previ-
ously.[1%! Carbonate-free NaOH for pH titration was prepared by
Powell’s method.[") M(NO3),-6H>O (M = Cu, Ni, Co, Zn) (reagent
grade) were recrystallized from doubly distilled water and their
stock solutions were standardized by titration with EDTA.

Spectral Measurements: IR spectra were measured as KBr discs
with a Nicolet 5SDX FT IR spectrophotometer. UV spectra were
measured with an UV-3100 spectrophotometer. Luminescence
spectra were recorded with an AB2 luminescence spectrometer.

Eur. J. Inorg. Chem. 2002, 664—670
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Concentrations of metal ions and equivalent ligands in spectropho-
tometric titrations and in fluorimetric titrations were 2.6—4.3 X
10~% and 5.4—6.6 X 10~° mol-dm 3, respectively. The solutions
were deaerated for ca. 15 min before measurements. Quantum
yields @ of fluorescence were calculated by literature methods!!'!
using tryptophan as a standard. The quantum yield @ of trypto-
phan is 0.14 in aqueous solution at 25 °C. Electrospray mass spec-
tra (ES-MS) were obtained in positive mode with a Finnigan LCQ
mass spectrograph. The diluted solutions were electrosprayed at a
flow-rate of 2 X 10~% dm3*min~! with a needle voltage of 4.5 kV.
The mobile phase was a methanol solution. '"H NMR spectroscopy
was carried out with a Bruker AM500 spectrometer (TMS as in-
ternal reference).

Electrochemical Measurements: Cyclic voltammetry was carried out
with a Model-270 electrochemical analysis system. A glassy carbon
electrode was employed as working electrode, a saturated calomel
electrode (SCE) as reference electrode and a platinum plate as aux-
iliary electrode. Experiments were performed under purified argon
at 25 °C. Concentrations of the complexes were 1.0 X 1073 to 1.0
X 107* mol:dm~3 in 0.2 mol-dm—3 potassium nitrate or in 0.5
mol:dm 3 sodium sulfate. The solutions were deaerated for ca.
15 min before applying the voltage. The half wave potentials E,
were approximately calculated from (Ep, + Epc)/2. In a controlled
potential coulometer, a platinum web electrode was employed as a
working electrode instead of a glassy carbon.

pH Titration: The aqueous solutions containing L!, M(NOs), and
HNO; (1:1:4; M = Cu, Ni, Co, Zn) or L?>2HBr, M(NO3), and
HNO; (1:1:2; M = Cu, Ni) were titrated with carbonate-free 0.1598
mol-dm~3 NaOH using a microsyringe with a precision of =2 pL
in a sealed jacketed vessel at 30 °C under nitrogen. The pH values
were measured with a Corning pH meter equipped with a glass/
silver/silver chloride combination electrode with a precision of
+0.001 pH units. The combination electrode was standardized with
buffer solutions of potassium hydrogen phthalate and sodium bor-
ate. The ionic strength was kept at 0.10 mol-dm > with KNO;. The
protonation constants of ligands were determined under the same
conditions. The equilibrium constants were obtained by pH-poten-
tiometric titrations. The protonation constants of the ligands were
calculated by the PKAS program.!'® The equilibrium constants of
complexes were calculated by using the program LEMIT,!'” which
is based on the Newton—Raphson and Gauss—Newton method for
minimizing U in Equation (3), where C§{°d-and CgP-denote the cal-
culated and experimental values of H* concentration at the ith
point.

n

U= E (Ca caled. Chi exp.)Z 3)
i=1

Preparation of Compounds

2,10-Diamino-6-(9 H-fluoren-9-yl)-4,8-diazaundecane-5,7-dione (L'):
A mixture of diethyl 2-(9 H-fluoren-9-yl)malonate (6.48 g, 0.02 mol)
and freshly distilled propylenediamine (30 mL) was stirred at room
temperature for two weeks. Excess propylenediamine was distilled
off under reduced pressure. After cooling, the yellow residue was
washed with ethanol and diethyl ether successively; L' (5.8 g, 76%)
was obtained as a white solid. IR (KBr): v, = 3250 m (NH),
3030 w and 2930 w (CH), 1660 s (CO), 1540 s (NH), 760 m and
742 m cm™! (C—C). UV (MeOH): Ayax (¢ [dm3mol™l-em™!]) =
266 (18700), 291 (4300) and 302 nm (4600). '"H NMR (500 MHz,
[Dg]DMSO, standard SiMey): 6 = 0.92 (q, 6 H, k-CH3), 2.91 (m,

Eur. J. Inorg. Chem. 2002, 664—670

2 H, i-CH), 2.98 (t, 4 H, j-NH,), 3.06 (m, 7 H, h-CH,, £-CH, g-
CONH), 4.35 (d, 1 H, e-CH-Ar), 7.24 (m, 2 H, c-Ar-H), 7.39 (t, 2
H, b-Ar-H), 743 (d, 2 H, d-Ar-H), 7.86 (d, 2 H, a-Ar-H).
CrHyN,O, (380.5): caled. C 69.45, H 7.42, N 14.72; found C
69.23, H 7.28, N 14.54.

1-(9 H-Fluoren-9-yl)-1,4,7,10-tetraazadecane-5,6-dione Hydrogen
Bromide (L?2HBr): To a solution of N,N'-bis(2-aminoethyl)oxam-
ide (1.4 g, 0.008 mol) in DMF (30 mL), a solution of 9-bromofluor-
ene (1.97 g, 0.008 mol) in DMF(20 mL) was added dropwise whilst
stirring at 80 °C. After heating for 5 h at 80 °C, the mixture was
cooled and filtered. The filtrate was added dropwise ice-cold water
(400 mL). After filtering, the filtrate was concentrated to almost
dryness and 30 mL of diethyl ether was added. The resultant prod-
uct was separated and washed with diethyl ether, and 0.5 g of white
solid was obtained. The white solid was recrystallized from 95%
ethanol, and L?>2HBr (0.4 g, 10.0%) was obtained. IR (KBr):
Vmax = 3500 m to 2500 b (NH3%), 1660 s (CO), 1580 s (NH), 1520
s, 1440 s, 1070 m, 765 m and 745 m cm~! (C—C). UV (MeOH):
Amax (¢ [dm*mol~l-cm™1]) = 268 (15000), 294 (4130) and 304
(3730). '"H NMR(500 MHz, D-O, standard SiMe,): § = 2.96 (2 H,
t, //-CH,NCO), 3.21 (2 H, t, g’-CH,NCO), 3.51 (2 H, t, /'-CH,-
NAr), 3.62 (2 H, t, kK'-CH,N%), 5.56 (1 H, s, ¢’-CH), 7.46 (2 H, t,
¢'-Ar-H), 7.59 (2 H, t, b’-Ar-H), 7.74 (2 H, d, d'-Ar-H), 7.88 (2 H,
d, a'-Ar-H). Ci9H,4Br,N4O, (500.2): caled. C 45.62, H 4.84, N
11.20; found C 45.96, H 5.11, N 11.45.

[Cu(H_,L")]-2H,0: To a solution of L' (1.14 g, 3.0 mmol) in water
(50 mL), CuSO45H,0 (0.75 g, 3.0 mmol) was added. Whilst stir-
ring, the mixture was adjusted to pH = 10 with dilute Ba(OH),
solution. After heating at 80 °C for 2 h, the mixture was filtered.
The filtrate was concentrated and cooled; purple-red crystals of
[Cu(H_,LY]-2H,0 (0.32 g, 22.3%) were obtained. IR: v, = 3350
m (OH), 3200 m (NH), 3100 m, 2950 w and 2900 w (CH), 1570 vs
(C=0), 760 w and 730 w cm (C—C). UV (Hy0): Apax (€
[dm3-mol~-cm™1]) = 265 (4280), 274 (3440), 291 (1210), 302 (1120)
and 504 (69) nm. A,, (H,O, 25 °C) = 68.75 S:cm*mol .
Cy,H30CuN,O, (478.1): caled. C 55.27, H 6.33, N 11.72, Cu 13.27,
found C 55.61, H 6.25, N 11.57, Cu 13.13.

[Cu(H_,L?)]-4H,0: L>2HBr (0.25 g, 0.5 mmol) and CuSO,-5H,0
(0.125 g, 0.5 mmol) were dissolved in water (20 mL). The solution
was adjusted to pH = 10 with a dilute solution of Ba(OH), whilst
stirring. After stirring for 1 h at 80 °C, the solution was cooled
and filtered. The filtrate was concentrated and a purple solid of
[Cu(H_,L?]-4H,0 (0.12 g, 50.9%) was obtained. IR (KBr): Viax =
3350 m (OH), 3200 m (NH), 2900 w (CH), 1651 s (CO), 1600 s
(CO), 1100 m, 745 m and 620 cm™~! (C—C). UV (H,0): A (¢
[dm3mol~-cm™]) = 268 (15000), 294 (4130), 304 (3730) and 536
(154). A,, (H,O, 25 °C) = 69.10 S:em*>mol!. C;oH,3CuN,4O4
(472.0): caled. C 48.36, H 5.98, N 11.87; found C 48.54, H 6.08,
N 11.57.

X-ray Structure Determination of [Cu(H_,L")]-2H,0: Crystal data:
C,,H3qCuN4O,4, M = 478.04, monoclinic, space group P2,/n, a =
17.264(4) A, b = 7.6627(16) A, ¢ =19.559(4) A, B = 114.582(15) °,
V = 2352.9(8) A3, Deyrea. = 1.349 Mgm 3, F(000) = 1004, Z =
4, graphite-monochromated Mo-K radiation (A = 0.71073 A), n=
0.962 mm~!, T = 293(2) K. Data collection and processing: A
crystal of [Cu(H_,L)]-2H,O with dimensions 0.40 X 0.30 X
0.30 mm, wrapped with resin, was mounted on a glass fiber and
used for structure determination. The intensities were collected at
293 K with a Siemens P4 four-circle diffractometer with 6/20 scan
mode with a variable scan speed of 4.0—60.0 min~! in ®. A total
of 5316 reflections (4129 unique) were collected in the range of
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2.06° < 0 < 25.0°. The data were corrected for Lorentz and polar-
ization effects during data reduction using XSCANS.I'8! Structure
analysis and refinement: The structure was solved by direct
methods. All non-hydrogen atoms were refinedanisotropically on
F? by full-matrix least-squares methods. The hydrogen atoms were
placed in calculated positions assigned fixed isotropic thermal
parameters at 1.2 times the equivalent isotropic U of the atoms to
which they are attached and allowed to ride on their respective
parent atoms. The contributions of these hydrogen atoms were in-
cluded in the structure-factor calculations. The final least-squares
cycle gave R = 0.0542, Rw = 0.1280 and GOF = 1.075. The max-
imum and minimum peaks corresponded to +0.665 and —0.290
eA3, respectively. All computations were carried out using the
SHELXTL PC program package.l'”l Crystallographic data for the
the crystal structure of [Cu(H_,L'")]-2H,O have been deposited
with the Cambridge Crystallographic Data Centre as supplement-
ary publication no. CCDC-163292. Copies of the data can be ob-
tained free of charge on applicaton to CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK [Fax: (internat.) + 44-1223/336-033;
E-mail: deposit@ccdc.cam.ac.uk].
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