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Under suitable conditions, the single condensation of acetylacetone with ethylenediamine may occur to
yield a “half-unit”, 7-amino-4-methyl-5-aza3-heptene-2-one (AEH), which has been characterized by 'H
and 3C NMR. The existence of this ligand is definitively supported by a single-crystal X-ray structural
analysis of di-u-bromo-bis(7-amino-4-methyl-5-aza-3-heptene-2-onato)(1-)dicopper(Il). EPR spectra give
proof of spin-spin interactions between pairs of copper ions within dimers in the solid state and in
solution. Low temperature spectra suggest that the interaction is antiferromagnetic.

INTRODUCTION

There are numerous accounts in the literature describing the chemistry of metal
complexes of Schiff base ligands containing two, four, five and six donor atoms.
Particular attention has been paid to complexes of tetradentate diimino bases such
as NN'-ethylene-bis(acetylacetoneimine) (abbreviated as BAEH, in the following) or
NN -ethylene-bis(salicyl-ideneimine). These ligands result from the condensation of
two molecules of the keto-precursor with one molecule of diamine. Very few of the
ligands reported so far have arisen from the condensatio of the carbonyl function with
only one end of the diamine. Generally speaking, they have been prepared by template
synthesis and isolated as their metal complexes or by partial hydrolysis of symmetrical
quadridentate!>*# or quinquedentate Schiff bases. Furthermore, very few structural
data are mentioned in the literature.’$” We have recently reported® the possibility of
preparing a free Schiff base, 7-amino-4-methyl-5-aza-3-heptene-2-one |abbreviated as
AEH in the following since it can be considered as the half-unit related to
N N'-ethylene-bis(acetylacetoneimine) usually abbreviated as BAEH,; this analogy
suggests for AEH, the trivial name of N-(acetylacetoneimine)ethylenediamine] from
the single condensation of acetylacetone with ethylenediamine. According to its
terdentate character, this ligand (¢f Figure 1) is expected to be readily involved in
complexes belonging to the general type M(AE),. In the present paper we wish to
describe a less common type, ie, Cu(AE)X. We succeeded in growing single crystals of
the bromo derivative suitable for an X-ray diffraction study. The structural data support
definitively the existence of AEH which has been previously deduced from solution
studies. Furthermore, they show the complex to be a dimer involving pentacoordinated
copper atoms.

*To whom correspondence should be addressed.
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FIGURE | Ligand AEH.

EXPERIMENTAL

Microanalyses were carried out by the Service Central de Microanalyse du CNRS,
Lyon. IR spectra in KBr discs were measured using a Perkin-Elmer 983 instrument.
Electronic absorption and diffuse reflectance spectra were obtained by using a
Cary 14 spectrophotometer. Proton and '*C NMR spectra were run on a Bruker
WH90. Measurements of electrolytic conductance were made with 10 M
methanolic solutions. We obtained a value of 85 Q' cm? mole™ for the equivalent
conductivity which fits well with the value expected for a 1:1 electrolyte in
methanol (range 80-115 Q7' cm? mole™).?

Compound (CuAEBTr),.

To a 2 X 10 mol dm™® solution of AEH® in methanol was first added the
equivalent amount of LiOH.H,O and. a few minutes later, a solution of CuBr,
(2 X 107* mol dm~?) in methanol. The solution turned blue upon stirring at room
temperature for half an hour. After concentration of the solution, ether was added
and the solution was quickly filtered to remove the inorganic salts. Concentration
of the solution gave a blue-green powder. Found: C, 29.13; H, 4.70; N, 9.55;
Br. 28.05: Cu. 22.20%. C,H;BrCuN,O requires C, 29.53; H, 4.57; N, 9.84; Br, 28.09;
Cu. 22.32%. Slow crystallization from a dilute methanolic solution gave dark blue
crystals suitable for X-ray diffraction study.

Collection and Reduction of X-ray Data.

Preliminary Weisenberg photographs indicated the crystal to be monoclinic, space
groups P2;/c or P2;/n. The structure was solved in the space group C,;°-P2;/n. The
selected crystal was a dark blue rhomb with boundary planes {010}, {101} and {101)}.
The distances from these faces to an arbitrary origin were 0.125, 0.162 and
0.138 mm., respectively. The crystal was sealed on a glass fiber and mounted on an
Enraf-Nonius CAD4 diffractometer. Cell constants were obtained from a least-
squares fit of the setting angles of 25 reflections. A summary of crystal and
intensity collection data are given in Table 1. A total of 2177 independent
reflections were recorded to a 26(Mo) maximum of 54° by procedures described
elsewhere!® Intensity standards. recorded periodically, showed only random,
statistical fluctuations. Data reduction was then performed. Absorption corrections
were made with use of the program AGNOST! (T, = 0.103, Ty, = 0.295). A
total of 1582 reflections for which Fo*>40(Fo*) were used in subsequent
calculations.
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TABLE 1
Summary of crystal and intensity collection data.
Compound: (C,H;;N,OCuBr), 0.3 HBr
Formula: C,H;,N,0,Cu,Br,,

Formula weight: 593.17
a=61707(6)A
b= 13.0452)A B = 102.237(6)°
c= 12719 A
V=10006A° Z =2 F(000)= 5856
Dm = 1.96 g/cm® (measured by flotation in CCl,-C,Br,)
Dc = 1969 g/cm?

Space group: Cyy?-P2y/n
Radiation: MoKa from graphite monochromator
Linear absorption
coeflicient: n=670cm!
Temperature: 20°
Receiving aperture: 4.0 X 40 mm; 30 cm from crystal
Take-off angle: 3.45°
Scan mode: 6-20
Scan range: (1.00 + 0.35 tan 8)°
26 limits: 54°

Structure Solution and Refinement.

The structure was solved!? by the heavy-atom method. The Patterson map revealed
the position of copper and bromine atoms. Subsequent Fourier maps revealed the
positions of all non-hydrogen atoms of the monomeric asymmetric unit and the
presence of a residual peak of 7e/A? height related to itself centrosymmetrically
(ca. 1.7R). This disordered atom was introduced as a bromine, Brf, and its
occupancy factor was first allowed to vary and then kept fixed to 15% in the final
cycles of refinement. All non-hydrogen atoms were refined anisotropically.

The hydrogen atoms were located on a difference Fourier map and introduced
in calculations in idealized positions (C-H = N-H = 095A ) with temperature
factors kept fixed. A difference electron density map omitting the H(C4) atom was
calculated to check the presence of this hydrogen peak. This peak is always
present, half-way between C(4) and the disordered bromine Brt.

The atomic scattering factors used were those proposed by Cromer and Waber'?
with anomalous dispersion effects.* Scattering factors for the hydrogen atoms were
taken from Stewart et al.!®

The final full-matrix least-squares refinement converged to
R=Z||Fo|-|Fc| /Z|Fo| = 0036 and R, = [Ew(Fo - Fc)*/Ew Fo?]'/2 = 0.046
with 1582 observations and 118 variables. The weighting scheme used in the
minimization of the function XZw( Fo - Fc * was defined as
w = 1/[0*(F0)+(0.044F0)*]. An analysis of variance showed no unusual trends.

The final atomic coordinates and thermal parameters with their estimated
standard deviations are given in Tables II and III. A list of observed and
calculated structure factors (8 pp.) is available from the Editor on request.
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TABLE 11
Final least-squares atomic coordinates and anisotropic thermal parameters (A2 x 100) with estimated
standard deviations in parentheses.

Atom  x/a wb 7/c Uy, Uy, Uy, U, U, Uss

Cu 0.43634(8) 0.36749(4) 0.49928(4) 2.72(3) 3.29(3) 3.72(3) 0.18(2) —047(2) —0.65(2)
Br 0.39511(7) 0.48794(3) 0.64353(3) 3.63(3) 3.89(2) 3.88(3) 0.132) 0.29(2) —0.75(2)

[¢] 0.7291(5)  0.3309(2)  0.5732(2) 3.5(2) 3.5(2) 52(2) 07(1) -—-10(1) —0.8(1)
N(1)  0.3878(6) 02419(3) 0.4143(3) 3.6(2) 3.5(2) 33(2) -0.7(2) 03(1) —0.6(1)
C(l)  0.1695(7) 0.2410(4)  0.3393(3) 4.1(2) 5.0(3) 3.72) —152) —032) -10(2)
C(2) 0.1038(8)  0.3498(4)  0.3122(4) 3.3(2) 5.6(3) 4.6(3) 042) —08(2) —0.5(2)
N(2)  0.1430(6) 04102(3) 04126(3) 3.0(2) 53(2) 4.6(2) 0512) —0312) -1.002)
C(3) 0.8210(7)  0.2436(3)  0.5650(3) 3.4(2) 3.6(2) 3.8(2) 0.6(2) 0.8(2) 1.0(2)
4 0.7306(8)  0.1653(3) 0.4972(4) 4.7(3) 3.5(2) 4.8(3) 1.0(2) 1.002) 0.4(2)
C(5) 0.5208(8)  0.1643(3)  04236(3) 5.0(3) 3.0(2) 3.7(2) -0.6(2) 1.2(2) 0.0(2)
C(6) 1.0435(7)  02297(4)  0.6381{4) 4.0(3) 5.5(3) 5.0(3) 1.4Q2) 0.4(2) 1.0(2)
C(7)  04633(11) 0.0691(4)  0.3567(5) 9.45) 343)  63(3) —043) —00(3) —1202)
Br' 0.909%(6)  0.0469(2)  0.5033(3) 5.8(2) 29(2) 8403) 22(1) 2.6(2) 0.9(2)
TABLE I1I ]
Hydrogen atomic positional and thermal parameters (A? x 100).

Atom x/a wh z/c U

HI(C) 0.179 0.205 0.276 4.6

H2(C1) 0.063 0.209 0372 4.6

HI(C2) —0.049 0.353 0.278 4.6

H2(C2) 0.190 0.377 0.265 4.6

HI(N2) 0.144 0.481 0.397 4.6

H2(N2) 0.030 0.397 0.451 4.6

H(C4) 0.834 0.111 0.503 4.6

H1(C6) 1.062 0.199 0.707 6.5

H2(C6) 1.090 0.299 0.646 6.5

H3(C6) 1.130 0.194 0.597 6.5

HI(CT) 0.581 0.021 0.375 9.0

H2(C7) 0.442 0.086 0.283 9.0

H3(C7) 0.331 0.040 0.370 9.0

RESULTS AND DISCUSSION

The reaction of pentane-24-dione with 1.2-diaminoethane generally yields the
quadridentate Schiff base N, V'-ethylene-bis(acetylacetoneimine) (BAEH),. However, if
the reaction is carried out with a 1:1 ratio of the reagents in carbon tetrachloride or
chloroform and under dilute conditions, the “half-unit” AEH is formed. This reaction
is formally similar to the reaction of (o-hydroxyphenyl)-butanedione with
1.2-di-aminopropane® to yield a single condensation product. However, the steric
interaction, which is postulated to inhibit the formation of a double condensation
product in the latter case, cannot be invoked in the case of AEH. In spite of a moderate
stability at room temperature, AEH may be isolated with a reasonable degree of purity
by vacuum distillation. Its NMR (*H and *C) characteristics are reported in Table IV.
They do not differ greatly from those of the corresponding quadridentate Schiff base
BAEH,. The most significant difference is related to the CH, groups of the diamino
group which are equivalent in BAEH, and inequivalent in AEH as expected on the
basis of its supposed structure (Figure 1).

Copper(Il) complexes of AEH are prepared without difficulty. The reaction of AEH
with CuBr, in the presence of LiIOH gives complexes which, according to analytic data,
have to be formulated as CuAEBT. This compound appears as a blue powder. Crystals
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TABLE IV
'H and *C chemical shifts* (ppm vs TMS) of 7-amino-4-methyl-5-aza-3-heptene-2-one (AEH) and
N N'-ethylene-bis(acetylacetoneimine) (BAEH,).

CH, CH, CH CNH C=0 NH,

r ¥ 4 5 2 3 1
. AEH 1.87 1.82 3.19(q) 276(t) 486 10.80 — 139
i BAEH, 213 2.00 347(d+s) 498 114 - -
L. AEH 214 17.5 455 408 94,0 162.1 193.1 -
¢ BAEH, 286 184 434 959 162.7 1953 —

3(s) singlet; (d) doublet; (t) triplet; (q) quadruplet. J = 6Hz for (d), (t) and (q). Numbering of atoms as
in Figure 1.

suitable for X-ray diffraction study have been obtained by careful recrystallisation from
a dilute methanolic solution. However, the resulting crystals analyze as CuAEBr
0.15HBr. The presence of HBr may be due to traces of water in the solvent. Itis worthy of
note that dissolution of CuAEBr in methanol results in a large increase of the electrical
conductivity consistent with the formation of an ionic species, [CuAESolvent]*Br-.
This is further supported by spectroscopic (EPR, UV-visible) data (vide infra).

Description of the Structure of (CuAEBr),0.3HBr.

The complex consists of dimeric units which are well separated from each other. A view
of the dimeric unit is given in Figure 2. The bridging Cu,Br, core is constrained to be
planar by the presence of a crystallographic inversion centre in the middle of the dimer.
The relevant interatomic distances and angles are listed in Tables V and VL

As can be seen in Figure 2 and from an examination of Tables V and VI, the
geometry at each copper(II) center is a severely distorted tetragonal pyramid with the
basal plane consisting of two nitrogen and one oxygen atoms from the AE ligand and a

FIGURE 2 ORTEP Plot of the [CuAEBr|, dimer with thermal ellipsoids drawn at 40% probability
level.
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TABLE V
Copper atom environment: bond lengths ( A ) and angles (°).
Cu-Br 2.4693(7) Br-Cu-Br’ 98.96(2)
Cu-Br 2.9561(7) Cu-Br-Cv’ 81.04(2)
Cu-N(1) 1.951(3) N(1)-Cu-N(2) 85.0(1)
Cu-N(2) 1.990(3) N(1}Cu-0 94.7(1)
Cu-0 1.912(3) N(2»Cu-0 175.2(2)
Br-Cu-N(1) 156.7(1) Br-Cu-N(1) 103.2(1)
Br-Cu-N(2) 90.5(1) - Br-Cu-N(2) 83.0(1)
Br-Cu-0 91.6(1) Br-Cu-0 92.4(1)
TABLE VI
Bond lengths ( A ) and angles (°).
N()-C(1) 1.477(5) C4)y-C(5) 1.428(6)
C(H-C(2) 1.496(7) C(5)-N(1) 1.292(6)
N2)-C(2) 1.476(6) C(3)-C(6) 1.497(6)
0-C(3) 1.287(5) C(5)-C(7) 1.505(6)
Cu-N(1)-C(1) 112.13) 0-C(3)-C(4) 125.5(4)
Cu-N(1)-C(5) 125.9(3) 0O-C(3)-C(6) 114.7(4)
C(1)-N(1)-C(5) 121.8(3) C4)-C(3)-C(» 119.7(4)
N(1)-C(1)-C(2) 107.8(4) C(3)-C4)-C(5) 127.5(4)
N(2)}-C(2)-C(1) 108.7(4) N(1)-C(5)-C(4) 121.5(4)
Cu-N(2)-C(2) 107.0(3) N(1)-C(5)-C(7) 121.7(4)
Cu-0-C(3) 124.6(3) C(4)-C(5)-C(T) 116.8(4)

bromine ion while the apical site is occupied by another bromine ion which is basal to
the second copper atom in the dimer. The distortions from the ideal square-pyramidal
(SP) geometry are important but less considerable than those related to trigonal
bipyramidal (TBP) geometry. For instance, the trans O-Cu-N(2) angle is 175.2(2)°
which is a typical value for tetragonal pyramidal complexes but the trans Br-Cu-N(1)
angle is only 156.7(1)°. Furthermore the four basal atoms deviate markedly from
coplanarity with O and N(2) being 0.234(3) and 0.373(4) A above the mean plane,
respectively, while Br and N(1) are 0.0036(4) and 0.348(3)A below the plane,
respectively. The copper atom lies out of this plane by 0.2257(5)A in the direction of the
Br’ apical atom, a condition which seems characteristic of five-coordinated copper(Il)
complexes. The copper atom also lies out of the N(1), Br, Br' plane by 0.1208(5)A and
the equatorial angles Br-Cu-N(1), Br-Cu-N(1) and Br-Cu-Br’ of103.2(1)°, 156.7(1)°, and
98.96(2)°, respectively., deviate considerably from the ideal value of 120° for trigonal
bipyramidal geometry.

The Cu-N distances of 1.951(3) and 1.990(3)A and the Cu-O distance of
1.912(3) A are within the range of values normally observed for such bonds. More
particularly. they are almost identical with those reported for N N'-ethylene-
bis(acetylacetoneiminato)copper(ll).!” Furthermore, the acetylacetone ring is planar
with no atom deviating from the least-squares plane by more than 0.05A , with the
copper atom lying only 0.0012(5)A out of this plane. On the other hand, the five-
membered ring defined by the copper atom and the ethylenediamine is definitely non-
planar. with distortions more pronounced than those observed for BAEH,. In both
cases. this ring has a gauche conformation.

A relevant structural element is the quadrangle defined by the CuBrCu’Br’ core. The
geometry of this bridging unit is compared with that observed in related dimeric bromo
complexes in Table VIL The (CuAEBT), complex is characterized by a low value of the
Cu-Br’-Cu bridging angle whereas the out-of-plane Cu-Br’ distance of 2.956(1)A is
intermediate between the quoted values which range from 2.868 to 3.872A . These two
features result in a short Cu-Cu’ separation of 3.5445(7)A .
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TABLE VII
Bond lengths ( A ) and angles (°) in related compounds.

Complex? Cu-Br Cu-Br Cu-Cu' Cu-Br-Cu  Ref.

in-plane out-of-plane
|Cu(DMG)Br,}, 2.387 2.883 3.599 85.59 18
[Cu(dmen)Br,), 2.868 3.570 83.71 19
[Cu(2-pic),Br,), 3.872 4.926 100.4 20
[Cu(4-Metz),Br,], 3.033 4.063 94.16 21

2.385
[Cu(C,H,N,)Br,], 3.260 3.737 80.77 2

2422
[CuAEBT}, 2.469 2.956 3.545 81.04 this work

2igand abbreviationss DMG = dimethylglyoxime; dmen = NN-dimethylenediamine,

2-pic = 2-methylpyridine; 4-Metz = 4-methylthiazole.

Spectroscopic Data.

Regarding the infrared spectrum, we note the occurrence of two bands at 3270 and
3320 cm™ which are attributed to the NH, group. Three bands at 1600, 1570 and
1515 em™ are assigned to Vc=gq, Vo=c and ve=n. The band at 1600 cm™ which does not
appear in the spectrum of [5,7,12,14-tetramethyl-14,8,11-tetraazacyclotetradeca-
4,6,11,12-tetraenato](2-)nickel(II) can be confidently attributed to vc—o->

Although the electronic spectra of copper(Il) complexes do not generally provide
valuable information on geometry, a criterion for distinguishing between trigonal
bipyramidal (TBP) geometry and square pyramidal (SP) geometry has been
proposed.?* An absorption band in the 550-670 nm region is suggested to be
indicative of SP geometry whereas an absorption in the 800-850 nm region is
supposedly characteristic of TBP geometry. This generalization would imply that
(CuAEBr), which displays an absorption at 650 nm has a SP geometry.

The X-band EPR spectrum of a powdered sample shows an intense absorption
at about 3120 G and a very weak signal at ca 1500 G, the latter being assigned to a
AMg = 2 transition of a typical triplet species. This “half-field” transition is easily
observed in frozen (CH,Cl, + CH,;C¢H,) solutions together with a broad
unsymmetrical band which lies in the range 1800-3500 G and a weak, broad
absorption centered at about 4100 G. A sharp intense line at 3370 G is likely
attributable to a mononuclear species. Indeed at very low temperature (ca 5 K), this
signal is almost the only feature discernible in the spectrum. Addition of methanol
to the solvent mixture causes the observation of a well-resolved spectrum of the so-
called tetragonal pattern with g, = 2.243, A, = 200 G and g = 2.044. Five lines are
clearly resolved in the perpendicular signal with a spacing of 11 G suggesting an
interaction of the unpaired spin with two nitrogen nuclei.

Assignment of resonance fields in the triplet spectrum is made impossible by the
broadening of the spectrum and the presence of signals related to a mononuclear
species. From the position of the “half-field” transition and by making use of Kottis-
Lefebvre’s formula,® the zero-field splitting parameter is evaluated, D, 2 1250 G. From
the absence of a triplet signal at low temperature, it may be concluded that an
antiferromagnetic interaction is operative.

Finally, it is clear that the dimeric structure is retained in non-coordinating solvents
leading to the observation of a triplet spectrum. In methanol, a coordinating solvent, the
dimer dissociates. The observation of superhyperfine structure on the perpendicular g
signal suggests that the AE ligand remains coordinated to the metal. The electronic
spectrum of this solution with respect to that of a solid sample is extremely altered. Two
absorptions are detected; one at 615 nm (¢ = 75) and one as a shoulder at
430 nm (¢ = 70) near the charge transfer bands. These two observations are consistent
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with square planar geometry. Furthermore. the conductivity data in methanol given in
the experimental section fit well with a 1:1 electrolyte. Thus, it secems likely that
breaking of Cu-Br bonds and entry of a solvent molecule into the copper(Il)
coordination sphere has occurred.
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