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Synthesis and characterization of allyl propenyl-2-(4-derivatives phenylazo)butan-3-one (HL,) are
described. The monomers obtained contain N=N and carbonyl functional groups in different
positions with respect to the allyl group. This structural difference affects the stereochemical structure
of the uranyl polymer complexes prepared by the direct reaction of uranyl acetate with the monomers.
The polymer complexes are characterized by elemental analyses, 'H and *C NMR, electronic and
vibrational spectroscopy and other theoretical methods. The bonding sites of the hydrazone are
deduced from IR and NMR spectra and each of the ligands were found to bond to the UO,%* ion
in a bidentate fashion. The monomers obtained contain N=N and carbonyl functional groups in
different positions with respect to the allyl group. IR spectra show that the allyl azo homopolymer
(HL,) acts as a neutral bidentate ligand by coordinating via the two oxygen atom of the carbonyl
group, thereby forming a six-membered chelating ring. The v; frequency of UO,?* has been shown
to be a good molecular probe for studying the coordinating power of the ligands. The vs-values of
UO,2t from IR spectra have been used to calculate the force constant, Fyp (in 10~8 N/A) and the
bond length Ryo (in A) of the U-O bond. We adopted a strategy based upon both theoretical and
experimental investigations. The theoretical aspects are described in terms of the well-known theory
of 5d-4f transitions. The necessary structural data (coordination geometries and electronic structures)
are determined from a framework for the modeling of novel polymer complexes. The Wilson, G. F.
matrix method, Badger’s formula and the Jones and El-Sonbati equations were used to determine
the stretching and interaction force constants from which the U-O bond distances were calculated.
The bond distances of these complexes were also investigated. The effect of Hamett's constant is also
discussed. Copyright © 2006 John Wiley & Sons, Ltd.
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INTRODUCTION

The supramolecular assembly approach based on coordina-
tion compounds is primarily directed by the metal-ligand
affinities, stereochemistries and substitution properties of
the complexes involved. Another interesting property of
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supramolecularly assembled polynuclear homopolymers is
their ability to form homogeneous and adherent molecular
films.

From the many interesting supramolecular systems that
have been reported in the literature,! this study focuses
mainly on a remarkable series of species constituted by
homopolymers, uranium complexes, which has been system-
atically investigated in our laboratory for several years.>3
Molecular materials with unusual electric, magnetic or
optical properties may be prepared from low-molecular-
weight species capable of participating in supramolecular
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structures.* We are interested in the synthesis and char-
acterization of novel compounds containing 4-substituted
phenylazoallylacetoacetate (HL,) [Fig. 1(a)]. To our knowl-
edge, no structures of azoallylacetoacetate (HL,) transition
metal polymer complexes have been reported in the literature

Generally, the UO,2* cation adopts an octahedral geometry
with the uranyl oxygen in the apical position. However,
in the solid state, these materials can also be found as
polymers that contain eight-coordinated uranium through
oxygen atoms.? Such an interaction gives rise to a lowering
of the U=0 stretching frequency, which can be considered
as a diagnosis of the actual uranium environment.’> We are
particularly interested in complexes that are able to enter
into supramolecular associations through negatively charged
groups on the ligand periphery.

The inspection of the molecular model structure of the
above-mentioned compounds suggests that the characteristic
ligands should possess a polymeric array in the solid state
to create a rigid octahedral core. Accordingly, we have
considered a series of ligands, such as the azoallyl derivatives
(HL,) (Fig. 1) in which bis-coordination to U0o,** gives an
octahedral geometry? structurally comparable to the above-
mentioned azoquinolines.

The high polymer chemistry of HL, has become increas-
ingly important with considerable emphasis being placed
on the chemistry and uses of organometallic derivatives.>®
The difference in reactivity of these heterocyclic materials
and, unlike the p-derivative phenylazo group, their abil-
ity to induce protonation of the CH group [Fig. 1(a)] has
been the subject of detailed investigations.”~® As part of our
ongoing work**® in the area of supramolecular assembly
of polymer complexes based on aromatic amines, we report
herein the synthesis, characterization and structure of HL,
and properties of the first example of hydrazone uranyl
supramolecular polymer compounds [UO,(HL,),(OAc),],
[see Fig. 1(b)] based on coordination, semicoordination and
hydrogen bonds, which are of current interest due to their
potential application related to inclusion phenomena, guest
exchange and molecular-based uranium. Further studies are
in progress involving other d- and/or f-metals and different
stoichiometries in order to obtain a reasonable explanation
and a better insight into this field of magnetic interactions.

EXPERIMENTAL

General procedure

Microanalysis of all samples was carried out at King
Khalid University Analytical Center, Saudi Arabia, using
a Perkin Elmer 2400 Series II Analyzer. The metal content
in the polymer complexes was estimated by standard
methods.3410-15 Infrared spectra were recorded as KBr pellets
using a Pye Unicam Sp 2000 spectrophotometer. 'H- and *C-
NMR spectra were obtained on a JEOL Fx 900Q Fourier
transform spectrometer with deuterated dimethylsulfoxide

Copyright © 2006 John Wiley & Sons, Ltd.

Materials, Nanoscience and Catalysis m

(DMSO-dg) as solvent and TMS as internal reference. The
magnetic moment of the prepared solid complexes was
determined at room temperature using the Gouy method.
Mercury(Il) tetrathiocyanatocobalt(Il) [Hg{Co(SCN),}] was
used for calibration of the Gouy tubes. Diamagnetic
corrections were calculated from the values given by
Selwood!? and Pascal’s constants.

Synthesis of the ligands
Allylacetoacetate, aniline and 4-R-aniline (R = OCHj;, CHj,
Br and NO,; Aldrich Chemical Co.) were used without any
further purification. The experimental technique has been
described previously.>38911-15

Preparation of allyl propenyl-2-(4-derivatives
phenylazo) butan-3-one (HL,)

In a typical preparation''1® 25ml of distilled water
containing hydrochloric acid (12 M, 2.68 ml, 32.19 mmol)
were added to aniline (0.979, 10.73 mmol) or a 4-alkyl-aniline.
The resulting mixture was stirred and cooled to 0°C and a
solution of sodium nitrite (740 mg, 10.73 mmol, in 20 ml of
water) was added dropwise. The diazonium chloride that
was formed was consecutively coupled with an alkaline
solution of allylacetoacetate, (0.142 mg, 10.73 mmol) in 20 ml
pyridine. The resulting brown precipitate, which formed
immediately, was filtered and washed several times with
water. The crude product was purified by recrystallization
from hot ethanol; yield 68%. The analytical data (Table 1)
confirmed the expected compositions. The ligands were also
characterized by 'H-NMR and IR spectroscopy.

Synthesis of the polymer complexes

The uranyl salt, UO,(CH3COO),.2H,O (Aldrich Chemical
Co.), was used as supplied. A 50 ml portion of a 0.5 M solution
of the metal salt in N,N-dimethylformamide (DMF) was
mixed with 50 ml of the monomer solution (0.1 M) in the same
solvent and 0.1%w/v azobisisobutyronitrile (AIBN) as an
initiator. The mixture was stirred under reflux for 6 h and the
resulting polymer complexes were precipitated by addition to
a large excess of distilled water containing hydrochloric acid
to remove the excess metal salt. The precipitate was filtered,
washed with water and dried in a vacuum oven at 40 °C for
several days.

Elemental analyses

The uranium content of each complex was determined by
igniting a definite mass of the complex at 1000°C and
weighing the residue as U3Os. The analytical data are given
in Table 1. The El-Sonbati equation was manipulated using a
computer program developed in our laboratories using the C
Language.

RESULTS AND DISCUSSIONS

The ligands and metal polymer complexes under study are
labeled as shown in Table 1 and Fig. 1. The elemental analyses
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Figure 1. General formula and proton numbering scheme of the allyl propenyl-2-(4-derivatives phenylazo) butan-3-one (HL,).

Polymer complexes

of the six new polymeric complexes agree with the assigned
formulae. The formation of the representative polymer
complexes is summarized by equations (1) and (2), i.e. the
polymer complexes were prepared by the reaction of the
appropriate uranyl acetate with two equivalents of HL, /H,L
in DMF. Liberation of hydrogen ions during complex
formation was established by conductometric titration'® of
metal solution (103 M) in ethanol with a solution of ligand
(5 x 1073 M) in the same solvent. The polymer complexes
are microcrystalline or powder-like, stable under ambient
conditions and are partially soluble in warm DMF and DMSO
to varying extents. The polymer complexes do not melt but
decompose on heating and are converted to U;Os around
700°C.? The molar conductivity in DMF indicates that the
complexes are non-electrolytes.!”

DMF
UO,(CH3C0O0),-2H,0 + HL,, ——

[UO2(HL)2(0Ac)2] (n = 1-5) )

DMF
UO,(CH3C00),-2H,0 + H,L ——

[UO,(HL);(H,0),] 4+ 2CH;COOH )

The magnetic measurements of the dioxouranium(VI) com-
plexes are independent of field strength and temperature’®
and the ground states of dioxouranium(VI) compounds con-
tain no unpaired electrons. The compounds are, therefore,
weakly diamagnetic, as observed by previous workers."” Allyl
propenyl-2-(4-derivatives phenylazo) butan-3-one (HL,) is
a ligand whose reactivity toward metal ions varies as a
function of the 4-substituents. The products, which are neu-
tral, have two coplanar O,0 metal-chelate rings in an O,0
(O,0) trans geometry. Consequently, in the UO,** case, the
uranyl atom should be a six-coordinate octahedron with the
oxygen atom in the apical position.® Bis(allyl propenyl-2-(4-
derivative phenylazo)butan-3-one uranyl has a low solubility
in water and in common organic solvents. Therefore, in order
to improve solubility, we have synthesized the azoallyl ace-
toacetate (Fig. 1), taking advantage of the high reactivity that
diazonium salts exhibit with phenols.

Characterization of the azo compounds

'H NMR spectra

The 'H NMR data (Table2) are in agreement with the
proposed structures. The 'H NMR spectra of the ligand (HL3)
and polymeric uranyl complex (3) supports the occurrence of
the form depicted in Figs 1and 2. A broad signal in compound
3 observed at 11.22 ppm is attributed to the NH proton. A high
field is seen for the CH resonance of the ligand, which appears
as a singlet at § 3.61 ppm; the last two protons disappear in
the presence of D,O. Further, the CH signal vanishes and a
new NH and C=N signal appears upon complexation, i.e. a
change from azo to hydrazo form. The aromatic protons have
resonances at 7.1-7.45 ppm for the ligand. Chelation causes
a downfield shift of ~0.7 ppm. The characteristic proton
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Figure 2. '"H NMR chemical shift (DMSO-dg) (ppm vs TMS): (a) HLs; (o) HLs with D,O. (c) Compound 3 and (d) compound 3 with
D-0.
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Polymer complexes

Table 1. Analytical data for UO,>" polymer complexes? of allyl propenyl-2-(4-derivatives phenylazo) butan-3-one (HL,) [for molecular

structures see Fig. 1(a, b)P

Compound*® Experimental (calculated) (%) Composition
Colour Code C H N Metal Colour
HL, 61.0 5.7 10.4 —
Brown (60.9) (5.8) (10.2)
1 41.0 4.1 6.2 25.6 [UO,(HL1)2(OAC): ],
(40.9) (4.0) (6.0) (25.3) Dark brown
HL, 64.5 6.1 11.0 —
Orange (64.6) (6.2) (10.8)
2 422 43 6.5 26.5 [UO,(HL;)2(OAC), ],
(42.3) (4.2) (6.2) (26.2) Dark brown
HL; 63.5 5.6 11.6 —
Orange (63.4) (5.7) (11.4)
3 41.0 4.0 6.6 26.8 [UO,(HL3)2(OAC): ],
(40.9) (3.9) (6.4) (27.1) Brown
HL, 479 39 8.8 —
Pale orange (48.0) (4.0) (8.6)
4 34.7 3.0 5.7 23.2 [UO,(HL4)2(OAC): ],
(34.7) (3.1) (5.4) (22.9) Dark brown
HLs 53.5 4.6 14.6 —
Yellow (53.6) (4.5) (14.4)
5 37.0 34 8.9 24.7 [UO,(HLs)2(OAC0), ],
(37.1) (3.3) (8.7) (24.5) Pale yellow

@ Microanalytical data as well as metal estimations are in good agreement with the stoichiometry of the proposed complexes.
b The excellent agreement between calculated and experimental data supports the assignment suggested in the present work.

¢HL1-HLs5 are the monomer and azomonomer as given in Fig. 1(a).

resonances of the substituted and unsubstituted and benzene
ring of the ligand and other polymer complexes are almost
unchanged.

The 'H NMR spectrum of the HL; monomer showed the
expected peaks and pattern of the vinylic group (CH, = CH),
ie. § (DMSO-ds) 6.36 (dd, | =17, 11 Hz) for the vinyl
CH proton and § 5.21 ppm (AM part of AMX system dd,
] =17, 1Hz, and dd, ] = 11, 1Hz) for the vinyl CH, protons,
respectively. These peaks disappeared on polymerization
while a tripletat§ 1.98 (t,] = 7 Hz) and a doubletat § 1.86 ppm
(d, ] = 7 Hz) appeared. This indicates that the polymerization
of HL; monomer occurs on the vinyl group. It is worth noting
that the rest of the proton spectra of the monomer and
polymer remain almost unchanged.

The 3C NMR data (Table 2) related to both the free ligand
(HL;) and the uranyl complex (3) are obtained for the related
symmetrical species. The assignments are made based on
'H-coupled spectra and chemical shift values.

The 3C NMR spectra give information about the carbon
skeleton of the molecule. Assignment of different resonance
peaks to respective carbon atoms are presented in Table 2
and Fig. 1, considering the two carbonyl oxygens as non-
equivalent. In both, the C; and C, carbon atoms adjacent
to the more electronegative nitrogen atom of azodye group

Copyright © 2006 John Wiley & Sons, Ltd.

in the ligand [Fig. 1(a)] and the hydrazone group in the
case of the polymer complex [3, see Fig.1(b)] are shifted
further downfield when compared with the neighboring
carbon atoms. Also, the carbon atoms at the para position
of the aromatic carbon resonate at lower field values when
compared with the C; and C, of g-ally diketonate. However,
the non-protonated carbons show more downfield shift in the
side chain due to an increased electron density resulting from
the presence of electronegative nitrogen and / or oxygen atoms
and m-electron delocalization in the magnetic environment.
In the proton-decoupled *C NMR spectrum of compound
3, the carbon resonance of the azomethine group [see
Fig. 1(b)], adjacent to the allyl g-diketonate group, is found at
8 =150.3 ppm.

The effects of complexation may be deduced from a com-
parison throughout the series of symmetrical compounds.
As expected the C-1 [C-1 of monomer =194.8 and C-
2 of uranyl complex = 177.3] and the C-2 nuclei [C-2 of
monomer = 194.4 and C-2 of uranyl complex = 176.9] are the
most affected.

As previously mentioned, the large differences observed
between the chemical shift of similar carbons in the
symmetrical complexes and the free ligand HL, have been
attributed to the inductive effect of the methoxy group.?

Appl. Organometal. Chem. 2006; 20: 819-829
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Table 2. 'H and *C NMR chemical shift (ppm vs TMS)?

Compound Group 'H-NMR (ppm)°® C-NMR (ppm)*

HL; CH,=CH 6.05.4 122.2139.0
CH, 48 68.0
CH; 1.85 13.9
CH 3.61 109.8
@ 7.1-7.45 110-140.0
C-1 194.8
C-2 194.4
Complex3 CH,-CH 6.215.3 65 55
CH, 4.8 68.3
CH; 221 14.1
@ 6.95-7.5 117.3-137.0
C=N 7.95 150.3
NH 11.22
C-1 177.3
C-2 196.9

2The agreement experimental data supports the assignment
suggested in the present work.

bSee Figs 1 and 2;

¢ see Fig. 1.

Furthermore, the chemical shift differences are much smaller
in the free ligand than in the uranyl polymer complex,
suggesting the polarizing influence of the metal center.

Finally, both the 'H and *C NMR spectra provide strong
support for the bonding characteristic of the HL,, in forming
polymer complexes with UO(II) ion through the two carbonyl
oxygen atoms.

Infrared spectra and nature of coordination

By tracing the IR spectra of the uncomplexed azo, no
vNH, stretching vibrations are apparent. This supports the
formation of azodye ligands. The mode of bonding of the
HL, to the metal ions was elucidated by comparing the IR

Materials, Nanoscience and Catalysis m

spectra of the polymer complexes with literature data for
related systems.

The spectra exhibit a medium to strong band in the
region 1400-1500 cm™!, which could be assigned to v N=N
stretching vibration.? The C=C stretching vibrations of the
phenyl ring at 1500~1600 cm™! are due to the symmetric and
asymmetric vibrations, respectively (Table 3).

The strong bands located at 1690-1640 cm™ due to
carbonyl stretching vibrations modes are expected to occur in
this region. Several authors®!?> have confirmed the existence
of these carbonyl groups, where the highest frequency
band is assigned to the CO symmetric stretch while the
lowest frequency band is due to CO antisymmetric stretch,
respectively. The two bands in the 1600-1500 cm ™! region are
characteristic of the six-membered ring system formed. The
region between 1500 and 900 cm™ is due to C-N stretching
and out-of-plane C-H bending vibrations. The symmetric
and antisymmetric C=C stretching modes are expected to
exist in this region.

In general, the presence of electron attracting group
minimizes the charge transfer from the phenyl ring and
this leads to increased the CO band intensity. The three
bands located at 2995, 2960 and 2860 cm™! are a strong
indication of the presence of a methoxy group (HL;). The
strong bands at 1530 and 1490 cm™! support the presence of
v(N=N). The BC-H, §C-H and yC-H modes of vibrations
are identified by the presence of strong bands in the ranges
1180-1110, 1030-930 and 840-780 cm™?, respectively. The
C-C vibrations are also identified by the presence of several
bands at frequencies lower than 755 cm™!. Generally, the
electron donor methoxy group enhances the charge transfer
from the phenyl ring to the heterocyclic moiety. This leads to
increase in polarizability of the carbonyl group. The methyl
group attached to aromatic rings have been studied in detail
by several authors.?? A large number of hydrocarbons
containing methyl groups gave two strong bands at 2960
and 2870 cm™, corresponding to asymmetric and symmetric
C-H stretching modes of vibration, respectively. The three
bands located at ~1490, ~1450 and ~1420 cm™~! are due to

Table 3. Selected IR spectral data (cm~") of the free ligand and uranyl polymer complexes [for molecular structures see Fig. 1(a, b)]

Frequency (cm™!)

Compound? vC=N v-NH vC-0-C vC=0 uN=N vC=CP
Ligands — — 1080 1690-1640 1485-1445 1660-1630
1 1625 3340 1083 1680 — —

2 1620 3280 1083 1665 — —

3 1618 3260 1083 1660 — —

4 1610 3215 1081 1640 — —

5 1615 3245 1083 1655 — —

6 — — 1081 1635 — —

2 The serial number corresponds to that used in Table 1 and Fig. 1(b).
b Acrylic double bond.

Copyright © 2006 John Wiley & Sons, Ltd.
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methyl deformation for C—H bending absorption expected to
be present in the ligand (HL,).

The free ligand exhibits a strong broad due to the
carbonyl groups attached to the allyl group in the region
1690-1640 cm ™! and at 1080 cm ™' due to v(C-0-C).?* In the
IR spectra of the corresponding uranyl polymer complexes,
the broad band changed and the band at 1080 cm™! appeared
almost in the same region. This suggests that the bonding
takes place through the carbonyl groups to the UO,*" ion.

A study and comparison of infrared spectra of free ligands
and their UO,*" polymer complexes (Table2) imply that
these ligands behave as neutral bidentate donors to the UO,>"
coordinated through the O,0 of the two carbonyl groups. The
strong broad bands observed in the 1690-1640 cm~! region in
the free ligand have been assigned to v(CO) vibrations. Hence,
upon complexation, these frequencies were observed to be
shifted to lower wavenumber (Table 2) and the intensities
of the bands are also reduced. The absorption bands at
3340-3215 and at ~1620 +5 cm™! after complexation have
been assigned to v(NH) and v(C=N), respectively.

The possibility of azo-hydrazone tautomerism in these
ligands has been ruled out since no bands around 3500 and
1630 cm™!, characteristic of v(OH) and §(OH) groups, are
displayed in the infrared absorption. The three fundamental
modes of vibrations of the UO,*" ion are IR active in the
present polymer complexes which explain the linearity of the
uranyl entity.>? The v(C=O0) of the acetate in the uranyl
polymer complexes is probably merged with the band of the
carbonyl groups present in the IR spectra of the complexes.

It is known that g-diketonate vibrations, especially with
frequencies lower than ~700cm™!, are not characteristic
because of strong delocalization of w-electron density. M—O
bonds with participation of chelate ring deformation and the
radicals give the most substantial contribution to vibrations
in the region 400-700 cm~!. Participation of the v(C...0),
v(C...C) bonds increases in vibrations with frequencies
higher than 1000 cm™'. Increasing the r-electronic density in
a chelate ring correlated with decreasing the effective charge
on oxygen atoms and lowered the strength of the U-O bonds.

Spectroscopic studies

HI, exhibits bands four bands within the regions: A
(24980-23255cm™'), B (34460-33890 cm™!), C (36360-
35700 cm™!) and D (40990 cm™!). According to previously
reported results® on similar compounds, the two bands C
and D are assigned to phenyl transitions (ph—ph*, w-7*).
Band B is assigned to the carbonyl (CO) and azo (N=N)
groups and the phenyl ring transitions (n-7*, w—n*). The
absorption band observed within the wavelength A arises
from a transition involving electron migration along the
entire conjugate system of the ligands, ie. it comprises
charge transfer (CT) from the substituted phenyl ring to
the carbonyl groups by resonance and from the phenyl
ring by induction. This latter assumption is substantiated
by the fact that this band is highly influenced by the nature
of the substituent R. The donor substituents cause a red

Copyright © 2006 John Wiley & Sons, Ltd.

Polymer complexes

shift relative to the unsubstituted derivative (H) in the order
OCHj; > CH; > H > CI > NO,. The R-phenyl moiety acts as
an electron acceptor conjugated system and the CT takes
place between these two centers.

In the case of bromo and nitro derivatives, Amay iS more
or less similar to that of the unsubstituted compound. This
behavior can be ascribed to antagonistic effect viz. mesomeric
and inductive effects.

Complexation effect on uranyl ion spectra
Substituent effects on reactivities depend mainly on the
rate-controlling step and the nature of the transient species.
Hamett’s equation related the reactivity trends in ligands and
complexes to the stability, i.e. the lower the stability the higher
the reactivities. Based on Hamett’s relationship, electron-
withdrawing substituents to ligands in their complexes
enhance the stabilities of these complexes owing to the
decrease in electron density at the metal central atom and thus
the increase in the positive charge on the metal. Therefore, this
effect results in decreasing reactivity. In contrast, electron-
donating substituents increase the electron density at the
metal and leading to decrease the stability of the metal
chelates

The uranyl ion UO,*" is quite characteristic in its own
structure and in its coordination compounds.®>*2¢ The ion
retains its identity over a wide range of vibrations in
experimental conditions and can be considered from the
geometric point of view, as a single particle. In the present
investigation, the v(U=0) in all complexes has been assigned
as 925-900 cm™! (v3) and 818-791 cm™! (v;) (Table 4). The
v3 values decrease as the donor characteristic increase, as
observed for m-electron substituents, where the basicity of
the donating atom increases.

In the equatorial bonding the more effective overlap of
the O-U-O group orbital by oxygen—oxygen orbitals in the
ligands leads to lower v; values for UO,*" complexes.>?” The
phenomenon is also observed in the present uranyl complex,
where the number of donor ligands in the equatorial plane
increases. A group theoretical consideration® shows that
a linear and symmetrical triatomic UO,*" ion possessing
Dsn symmetry gives rise to three fundamental modes of
vibrations.

Although the change in v3(UO,) observed in the present
uranyl polymer complexes is comparable with those observed
by Paolucci et al.,” a clear-cut correlation is not possible in
these species as the coordination in the equatorial plane is
almost similar in these complexes.

The experimental results reveals a linear relation between
v and vs with the slope corresponding to (1 4+ 2Mo/My)'/?,
where Mo and My are the masses of oxygen and uranium
atoms respectively [Fig.3(a)]. Similar results have been
reported by McGlynn and Smith.* It is clear that good
linearity is obtained also in case of v;" and v3' (Fig. 4).

Instead of the linear relation between v; and v; frequencies,
the El-Sonbati equation® has focused attention on their

Appl. Organometal. Chem. 2006; 20: 819-829
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Figure 5. The relation between v;2vs?/viuz VS vs.
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Figure 7. The relation between wy vs wj.

and/or v vs force constant for the U-O (Fy.o 1078 N/A
or F¥y.o 1078 N/A) and the U-O bond distance (ry.o A or
r3u-0 A) gives a straight line with an increase in the value
of vy +v3 and/or v; decrease ry.o and an increase in the

Copyright © 2006 John Wiley & Sons, Ltd.
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Figure 9. The relation between riy.o and Fy-o VS vs.

force constant of the U-O bond (Figs 8—10). There is also a
straight line relationship between ry.o and the p-subsistent,
Hamett’s constant (o®) with negative slope, i.e. the higher
the value of oR, the lower ry.o and the higher the force
constant of the U-O bond (Fig. 11). Also, plotting of ry, 13,
r3 and r; (bond distance, ry.o) versus vs gives straight lines
with increase in the value of v; and decrease in ry.o (Fig. 12).
Our results also showed an inverse relationship between vs
and ry.o. This can be explained: the electron-withdrawing p-
substitute increases the positive charge on the UO* leading
to an increase in v3 and Fy.o and subsequently a decrease in
ry-o. Accordingly, ry.o values can be arranged in the order:
p-OCH; > p-CH; > H > p-Br > p-NO,, consistent with the
values of their o},

Perhaps new light can be shed on the problem by looking
at the values of ry, r, and r; from a different point of

Appl. Organometal. Chem. 2006; 20: 819-829
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Figure 11. The variation of p-substituted Hammett's with
@) ru-o (A) and (b) Fu.o (1078 N/A).

view. It might be worthwhile to focus attention on their
normalized differences. Thus a new relationship between
them with respect to r; (Table 4) was determined by global
error, which shows that the validity is in the sequence:

Vs —1)? > /(11 = 1)? > /(12 — )%

Stereochemistry and the structure of the
complexes

Allyl propenyl-2-(4-derivatives phenylazo)butan-3-one (HL,)
react with UO,(CH;C00),.2H,0 (molar ratio 2:1 in DMF)

Copyright © 2006 John Wiley & Sons, Ltd.
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vs vs; and (4) r; Vs vs.

forming [UO,(HL,),-(OAc);], stoichiometry with the neutral
bidentate nature of the ligand and monodendate acetate
groups; thus it is revealed that the coordination number
of UOy(VI) is 8 in these complexes® [Fig.1(b)]. The
proposed structures of the polymer complexes are given
in Fig. 1.

It is well established? that the uranyl ion possesses planar
hexagonal structure with two oxygen atoms in the axial
position. In the present complexes, two ligand units and
two acetate molecules remain in the equatorial plane. It is
also suggested that the two acetate molecules remain in the
trans-position.

Force constant, Fy_o, and bond lengths, Ry_o,
of the uranyl polymer complexes

Owing to small scattering power of the oxygen atoms,
reports of the determination of U-O bond length of some
uranyl complexes by X-ray study are scanty. From infrared
spectra, the stretching and interaction force constants in the
present complexes have been calculated.*>?% The results
are in turn used to evaluate the U-O bond distances using
the El-Sonbati equation,® Badger’s formula® and Jones’s
equation.¥** The values are given in Table4 and such a
report is also found for other uranyl complexes.?>%7-30-33.3¢ The
variation of bond length in the complexes is due to presence
of electron-releasing or electron-withdrawing substituents in
the equatorial position.

CONCLUSION

From the overall studies presented, HL, behaves as a
chelating bidentate neutral ligand, bonding through two

Appl. Organometal. Chem. 2006; 20: 819-829
DOI: 10.1002/aoc
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oxygen atoms. The ligands have several isomers which
are probably involved in coordination towards metal ions.
The possible structures of the coordination compounds were
determined in order to verify that the experimental structures
were stable. Two different types of coordination compounds
are suggested. In the first type, the ligand coordinates as a
chelate through two carbonyl oxygen atoms as a bidentate.
The second type of coordination behaves as bidentate through
the (N=N) and oxygen atom of carbonyl group. The
excellent agreement between calculated and experimental
data supports the assignment suggested in the first type as in
the present work.

It is of interest to compare these results with earlier
findings. The definite absence of the N=N and the appearance
of the bands implied NH and C=N after complexation.
These bands were cited as evidence for the formation of the
hydrazone system (Fig. 2) in the uranyl polymer complexes.

The analytical data of the uranyl polymer complexes
are in a good agreement with 1:2 stoichiometries. The
data also indicate the presence of acetate molecules (see
Fig. 2).

In conclusion, the results arising from the present investiga-
tions confirm that the selected allyl propenyl-2-(4-derivatives
phenylazo) butan-3-one (HL,) ligands are suitable for
building a supramolecular structure. Moreover, since the
azo and/or hydrazo compounds experience photochemical
isomerization and are, therefore, of interest for applica-
tive purposes,®® the allyl propenyl-2-(4-derivatives pheny-
lazo) butan-3-one (HL,) moiety are considered promising
supramolecules that could be useful in molecular materi-
als. Work is underway on the synthesis and characterization
of further ruthenium, rhodenium and vanadyl polymer com-
pounds of this family of ligands and towards the development
of the materials they produce. Further studies with the title
ligand, using different metal ions, are in progress and will be
published in due course.
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