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Abstract

Two new uranyl(VI) Schiff base complexes [UOL(L"Y(DMSO)] (1), where L'= N,N'-di(5-
bromosalicylidene)-1,2-cyclohexyldiaminate ligand and [UOZ(LZ)(MeOH)] (2), where L*=N,N-
di(5-bromosalicylidene)-o-phenylenediaminate ligand, were synthesized and characterized by
elemental analysis, 'HNMR, FTIR, UV-Vis, fluorescence spectroscopy and molar conductivity
measurement. The structure of the HoL' free ligand and both complexes (1) and (2) were also
determined by single crystal X-ray diffraction. According to results obtained, the title complexes
have distorted pentagonal bipyramidal geometry where positions around U(VI) centre are
occupied by the ONNO donors of the deprotonated dibasic Schiff base ligands (L' for 1 and L
for (2)), two oxido groups and the oxygen of coordinated solvent. The antimicrobial activity of
ligands and complexes was also screened against gram positive bacteria Staphylococcus aureus
PTCC 1112, Micrococcus luteus PTCC 1110, Bacillus cereus PTCC 1015, Enterococcus
faecalis; gram negative bacteria Pseudomonas aeruginosa PTCC 1214, Escherichia coli
PTCC1330, Pseudomonas sp, Klebsiella pneumoniae); and fungus strain (Candida albicans).
The molecular docking of GIcN-6-P synthase with the synthesized compounds was also
performed. According to results, complex 2 displayed minimum binding energy and can be

considered as a good antimicrobial agent.

Keywords: dioxidouranium(VI); Schiff base complex; X-ray crystallography, Antimicrobial

activity
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Introduction

Schiff base ligands are one of the famous families of chelating ligands '. They coordinate to a
wide range of metal ions and form metal complexes with various oxidation states >. These
compounds have diverse applications in different fields, including efficient catalysts > *
antimicrobial and anticancer drugs > °, sensors ' magnetic properties *, and non-linear optical
applications *.

Coordination chemistry of f-elements is rapidly developing because their complexes show
unique luminescent and magnetic properties including relevance to luminescent systems with
long lifetimes, photostability and line-like emission bands '°. This makes complexes of f-
elements useful for diagnostic tools in biological sciences. For example, these compounds have
been used as markers for immunofluorescent assays or paramagnetic contrast agents in magnetic
resonance imaging " and second-order nonlinear optical (NLO) chromophores 2 Among f-
elements, uranium is particularly interesting since it exhibits both heavy metal characteristics and
radioactive properties .

Uranyl(VI) complexes play a central role in the development of coordination chemistry of
actinides due to their high chemical stability and low radiological hazard '*. Hence, they are
applied in environmental field for reduction of nuclear waste generated from reactor fuel, and for
the extraction of uranium from sea and soil "°. Also, uranyl complexes have possible catalytic
applications '°.

One of the most interesting properties of metal complexes is their antimicrobial activity '
Various methods have been reported to evaluate this activity. Glucosamine-6-phosphate synthase

(GIcN-6-P synthase) has been recently considered as a new target in antimicrobial studies

because GIcN-6-P produced by this enzyme is very crucial for the survival of the cell '*'°. It has
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been demonstrated that inactivation of GIcN-6-P synthase even for a short-time results in
morphological changes, agglutination and lyses and so, is lethal for pathogenic microorganisms
20 Therefore, each compound which interacts with the enzyme and inhibits its action can be
proposed as an antimicrobial agent. Molecular docking is an efficient technique providing
important information about the binding mechanism, affinity and activity of drug candidates to
their protein targets such as GIcN-6-P synthase *'.

Herein, the tetradentate Schiff base ligands H,L' and H2L2 and their dioxidouranium(VTI)
complexes were prepared and characterized using spectroscopic methods. Crystal structures of
the synthesized compounds were also determined using single crystal X-ray diffraction.
Furthermore antimicrobial activity of the synthesized compound was also evaluated against

microorganisms.

Results and discussion

The reaction of H2L1 or H2L2 with equi-molar quantity of UO,(OAc),-2H,O in DMSO and
methanol respectively gave the complexes [UO(L')(DMSO)] and [UO,(L*)(MeOH)]. The
synthesized complexes have orange red color. They are stable in air and soluble in most solvents
except n-hexane and diethyl ether. The molar conductivities of the title complexes are in good
agreement with their nonelectrolyte natures. The schematic diagram of the complexation process

is shown in Fig 1.

FT-IR studies
Assignments of selected IR bands of the Schiff base ligands (H,L"), (H,L?) and their pentagonal

bi-pyramidal U(VI) complexes are listed in the experimental section. Ligand H,L' and its U(VI)
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complex 1 show asymmetric vibration of CH, at 2921 and 2927 cm™, respectively. The
absorption bands at 2852 cm™ for H,L' and at 2857 cm™ for complex 1 corresponded to
symmetric vibrations of CH,. In the spectra of H,L', the strong band at 1631 cm™ is assigned to

22223 1n the

v(C=N) while this characteristic band appeared at 1628 cm™ in the spectrum of H,L
complexes these bands undergo a red shift indicating the coordination of the azomethinic
nitrogens to the U(VI) ion . FT-IR spectrum of H,L' revealed that this compound exists in enol
form, while for the free ligand H,L? , the bands at 2941 and 1734 cm™ correspond to v(NH) and
v(C=0), respectively **, which shows the presence of H,L in enol-keto form. Upon
complexation, disappearances of these peaks prove that the H,L? coordinates to the metal ion in
the enolic form. Moreover, red shift of C-O band from 1367 and 1363 and cem” in HoL! and
H,L? respectively, to 1349 for 1 and 1305 cm™ for 2 supporting the phenolic oxygen take part in

complexation.** %

Dioxidouranium(VI) complex with a trans-UO, moiety exhibits two strong
bands at 888 and 821 cm™ in 1 and at 899 and 828 c¢m’ in 2 assignable to Vg (trans-UO,) and
Vsy(trans-UQOy), respectively. After coordination, the various vibrations of v (U-O) and v (U-N)

are assigned to bands occurring at 484-431 cm™ .

"HNMR study

"H NMR spectra of the synthesized compounds were recorded in DMSO-d; and is shown in Figs.
S1-S4. For H,L', the singlet signal at 13.3 ppm is attributed to O1H and O2H protons. In the
spectrum of the ligand H,L?, the O1H and NIH signals appear at 12.9 and 10.9 ppm,
respectively, indicating the presence of free ligand in keto enol form. The coordination of
phenolic oxygen (enolic form) to U(VI) ion is confirmed by disappearance of these peaks in

spectra of their complexes. In the "HNMR spectrum of H,L', azomethine protons are revealed at
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8.4 ppm that after complexation shift to downfiled and appeared at 9.3 ppm confirming the
complextaion take place through methane nitrogen. In case of H,L? the single signals at 10.1 and
8.9 ppm are associated to azomethinic protons. Appearance of two peaks for azomethin
hydrogens is due to their different chemical environments in the structure of the ligand. In the
spectrum of the complex 2, the azomethine proton signal is appeared at 9.6 ppm as a singlet
signal, which confirms that azomethine nitrogen has been coordinated to the metal ion. In the
'HNMR spectrum of complex 1, CH; protons of coordinated solvent can be assigned at 2.43 ppm
as single signal. The signals of CH; related to cyclohexane ring are appeared at 1.4-1.8 and 1.5-
1.9 for H,L and [UO,(L')(DMSO)], respectively. Proton resonance of CH in H,L' disclosed at
3.3 ppm and in its U(VI) complex at 3.9 ppm. In the spectra of [UO,(L*)(MeOH)], the signals at
4.1 ppm and 3.1 ppm are respectively corresponded to the protons of hydroxyl and methyl
groups of the coordinated methanol. Finally, in the spectra of compounds, the protons of the

aromatic rings are observed in the range of 6.6 -8.0 ppm.

Fluorescence properties

The fluorescence properties of the ligands H,L', H,L? and the complexes 1 and 2 were
investigated at room temperature (298 K). H2L1 and H2L2 (10'3 M; EtOH solution) show an
emission band at 498 and 476 nm, respectively, which are correlated to intraligand transitions.
The fluorescence spectra of 1 and 2 (2x10” M; EtOH solution) are shown in Fig. S5. When
excited at 350 nm, the emission band of 1 is located at 408 nm while for 2 it is observed at 376
nm. The observed emission bands of 1 and 2 show blue shift of 92—124 nm compared with that

of its free ligand, which is due to the complexation. The fluorescent emission originates from
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ligand to metal charge transfer (LMCT) occurring between the d® orbital of U(VI) and the

chromophore ligand *’.

Electronic spectra

The electronic spectra were obtained in methanol at room temperature. In the UV-Vis spectrum
of ligands, the intense bands at 225 nm for H2L1 and 244 nm for H2L2 are attributed to m—mn*
transition of the aromatic rings and other bands are correlated to azomethine n—n* and n—mn*
transitions. These bands showed bathochromic shift in the electronic spectra of both complexes,
indicating the coordination of ligand to the U(VI) ion. The bands 396 nm and 429 nm for 1 and
356 nm and 398 nm for 2 can be associated to charge transfer bands ** **. The first CT band was
assigned to electron transfer from 2p of nitrogen to 5f of the U(VI) and the second band, similar
to other pentagonal bi-pyramidal U(VI) complexes, can be assigned to metal to ligand charge
transfer and/or apical oxygen— (5f % U(IV) transition which is allowed transition producing the

26
orange red color.

X-ray crystal structures
X-ray structure of H,L'
The ligand (R,R)-4,4'-dibromo-2,2'-[cyclohexane-1,2-diylbis(nitrilomethylidyne)]diphenol,
H,L', crystallized in the chiral monoclinic space group P2;, and was found to be the same
polymorph and enantiomer that was recently described *°; and comparable with the orthorhombic

form *°. A view of the asymmetric unit is shown in Fig. 2, and representative distances and
ym g P
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angles are given in Table 1. There are two strong intramolecular O-H...N hydrogen bonds
between the hydroxy O atom and the imino N atom, whose parameters are in Table 2.

The imine nitrogen atoms are implied in C-N-C angles of 118.9(3) and 117.0(3)°, and N-C-N
angles of 121.8(4) and 119.4(3)° which are very close to the theoretical 120° for sp2 hybridization
for both atoms. The C=N distances of 1.277(5) and 1.295(6) A correspond with a C=N double
bond *'. The dihedral angle between the benzene rings is 66.41(17)° i.e. close to the value
previously reported, 67.20(15)°. The cyclohexyl moiety is found with a chair ring conformation
as demonstrated by Cremer & Pople puckering parameters of Q: 0.580(5) A, 0: 177.4(5)° and o:
36(12)° ¥, and the nitrogen atoms bonded to the ring are both in equatorial position, in such a
way that the angles between the C-N bond and the plane of the ring are 66.7(2) and 64.5(2)°.

The supramolecular packing is directed by several C-H...n interactions with the phenyl rings as is
shown in Fig. 3 and 4. The parameters of these interactions are listed in Table 3. Fig. 3 shows
how a chain parallel to the ¢ axis is formed by two C-H...n interactions. Two new chains run

parallel to this, and they are connected also through C-H...n interactions, as is shown in Fig. 4,

generating a growing in the Miller plane (1,1,0). Combination of both interactions creates a

plane as can be seen in Fig. 5.

X-ray structure of [UOL(LY)(DMSO0)] (1)

In this structure, uranium(VI) is coordinated by two trans oxido groups, a tetradentate N,N'-di(5-
bromosalicylidene)-1,2-cyclohexyldiaminate ligand (L*) and a DMSO molecule. Like in 2, the
(L") tetradentate ligand acts as trischelating dianionic ligand. There are six fused rings, two
benzene ones, the cyclohexyl, two six-membered metallocycles and one five-membered

metallocycle. The asymmetric unit contains two molecules with different orientation of the
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DMSO ligand. One of the molecules with labelling scheme is shown in Fig. 6 while in Fig. 7
differences between the two molecules are highlighted. Table 4 contains selected bond lengths
and angles for easy comparison with those of 2.

The coordination sphere of the uranium atom is a distorted pentagonal bipyramid with the oxido
ligands in apical positions. Apical U-O distances between 1.777(9) and 1.800(9) A, and O-U-O
angles of 178.1(4) and 178.8(3)° are in the same range that was found in 2. The U-O(phenoxo)
bond lengths range between 2.230(8) and 2.297(9) A, only slightly shorter than in the salophen”
compound. The U-O(DMSO) bond lengths are 2.383(9) and 2.377(8) A for both molecules,
slightly shorter to that found in [UO,(salmnt)(DMSO)], 2.419(5) A, 33 but similar to those found
in the literature for other related complexes, for example between 2.375(9) and 2.381(6) A in the
DMSO uranyl compound derived from disalicylaldimine-N,N'-diphenylidene-propyl-
thiosemicarbazones **, and in other DMSO uranyl complexes. *>*°

Fig. 7 clearly shows the “book” conformation of the tetradentate N,O, Schiff base ligand, with
dihedral angle between the two salicylate rings of 61.2(6) and 66.0(6)°, i.e. more acute value that
the one found in 2, and even in the free ligand *. Like with the free ligand, the cyclohexyl
moiety exhibits a chair ring conformation with puckering parameters for the two symmetry
independent molecules evaluated as Q: 0.537(12), 0.577(13) A; 0: 177.1(13), 173.4(13)° 32,
Again, carbon atoms bonded to the equatorial nitrogen are the R,R enantiomer.

The ligand L' is more flexible than L*. This is probably the reason why the pentagonal
coordination plane is almost planar, with a root mean square deviation of the best plane
calculated for the five donor atoms of 0.037 and 0.123 A respectively for the two independent
molecules. The Uranium atom lies in the plane with negligible deviation 0.017 and 0.037 A. The

chelating angles in the pentagonal plane range from 64.8(3) and 64.4(3)° for the five-membered
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chelate rings, between 69.9(3) and 71.1(3)° for the six-membered chelate rings, and between
75.2(3) and 79.7(3)° for those where the DMSO ligand is involved. Although the dispositions of
these ligands are quite different in each molecule in the asymmetric unit, the value of these
angles does not differ more than one degree. Note that the DMSO ligands are also implicated in
weak non-classical hydrogen bonding interactions. In fact, the supramolecular structure is
formed via non-classical hydrogen bonding interactions, and at least three of them imply the
methyl groups of the DMSO ligand, as shown in Table 5 and Figs. 8 and 9. Also a very weak n—
7 interaction is found with distances between centroids of the two neighbour phenyl ring [symm.

op. x+1, y, z] of 4.294(8) A shown in Fig 10.

X-ray structure of [UOZ(LZ)(MeOH)] 2)

[UO,(L*)(MeOH)] consists of uranium(VI) coordinated by two trans oxido groups, a
tetradentate N,N’-di(5-bromosalicylidene)-o-phenylenediaminate ligand (L*)* and a methanol
molecule. The (L*)* tetradentate ligand acts as trischelating dianionic ligand. There are six fused
rings, three benzene ones, two six-membered metallocycles and one five-membered
metallocycle. An ellipsoid representation of the complex is shown in Fig. 11. The coordination
sphere of the uranium atom is a distorted pentagonal bipyramid with the oxido ligands in apical
positions. This geometry is usual for uranyl salophen®” complexes, incorporating and additional
ligand in the equatorial plane 3739, Apical U-O distances are 1.784(4) and 1.793(4) A, not very
different of values found in other seven-coordinated uranyl complexes (e.g., the complex with
salicylaldehydehydrazone ligands ** with U-O between 1.759(6) and 1.774(7) A; a complex with
thiodigycolate % with U-O between 1.751(7) and 1.779(7) A; a complex with hepta-coordinated

uranyl *” with U-O 1.79 A in average. They are, however, slightly shorter than those found in the

10
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closely related complex (N,N'-bis(3,5-di-z-butylsalicylidene)-4,5-dimethyl-1,2-
phenylenediamine)-(methanol)-dioxido-uranium(VI) ! which has U-O bond lengths between
1.786(4) and 1.805(4) A. The U-O(phenoxo) bond lengths are 2.330(4) and 2.246(4) A, clearly
shorter than the U-N(imine) bond lengths, 2.573(4) and 2.523(5) A, and even the U-O(MeOH)
bond length, 2.467(4) A. As expected, all of them are longer than those in the apical position,
since latter are formally double U=O bonds. These distances are comparable with those found in
other Uranyl salophenz' compounds 13. 3341 The U-O(MeOH) bond distance is shorter to that
found in the aforementioned related methanol complex (N,N'-bis(3,5-di-z-butylsalicylidene)-4,5-
dimethyl-1,2-phenylenediamine)-(methanol)-dioxido-uranium(VT) oor in [2,2-(2,2-
dimethylpropane-1,3-diyl)bis(azanylylidene)bis  (methanylylidene) diphenolate]-(methanol)-
dioxido-uranium(VI) **, but an important hydrogen bond interaction is found in that complex,
while it is absent in [UOZ(Lz)(MeOH)].

Tetradentate N,O, Schiff base ligands, such as salophenz', are effective chelators and they are
usually planar in their metal complexes because of the completely conjugated n-electron system.
However, uranyl complexes behave differently and the dianionic salophen® ligand shows a

.15, 33, 41
severely bent conformation >

, with dihedral angle between the two salicylate rings of
70.2(3)°, and with dihedral angles to the central 1,2-diimine phenyl ring of 40.4(3) and 58.5(3)°,
respectively. This “book™ conformation is best viewed along the O-U bond of the coordinated
MeOH because the “pages” are perpendicular to this bond (Fig. 12). The size of the uranyl
moiety is considered the reason of the bending.

The pentagonal coordination plane of donor atoms is also distorted. The root mean square

deviation of the best plane calculated for the five donor atoms is as high as 0.230 A. The

Uranium atom is located 0.015 A from this calculated plane, and the most deviated atom from

11
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this plane (0.326 A) is the phenolic oxygen atom Ol. When Ol is removed from these
calculations, the rms deviation for the new plane calculated using the remaining four donor
atoms is 0.023 A, Ol is situated at 0.7941 A from this plane and the uranium atom is 0.175 A out
of the plane. Other published uranyl salophen compounds *' also show significant deviation of
the pentagonal plane from the planarity with strongly deviated phenoxo oxygen.

The chelating angles in the pentagonal plane range from 63.7(2)° for the five-membered chelate
ring, 70.4(2) and 70.0(2)° for the six-membered chelate ring, and 76.5(1) and 80.3(1)° for those
where the MeOH is involved. The latter values are influenced by strong hydrogen bond (Table 6,
Fig. 13) formed between the OH group of the MeOH and the phenoxy group of another
molecule.

This interaction put limits on the position of MeOH. The structure also exhibits non—classical
hydrogen bond C-H...O (Table 6) and a m,n-stacking interactions (Table 7) established between
salicylidene and N,N'-phenylene rings, with distances between centroids 3.676(3) and 3.876(3)
A. These interactions cooperate to form chains of molecules along b (Fig. 14), while the above
mentioned strong O-H...O hydrogen bond connects the chains into slabs extended along bc

plane. Bromine is oriented to the space between the slabs (Fig. 15).

Antimicrobial activity

The antibacterial activity of compounds against 5 reference strains (Pseudomonas aeruginosa
PTCC 1214, Staphylococcus aureus PTCC 1112, Micrococcus luteus PTCC 1110, Bacillus
cereus PTCC 1015, Escherichia coli PTCC 1330), 3 clinical strains (Pseudomonas sp, Klebsiella
sp, Eterococcus faecalis), and one yeast (Candida albicans PTCC 5027) were assessed by

evaluating the presence of inhibition zone (IZ), MIC and MBC values. The results demonstrated

12
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that all tested compounds are only effective against Gram positive bacteria and they have not
antimicrobial effect against gram negative strains (Table 8) while ciprofloxacine, as a standard
antibacterial agent showed no selectivity between gram- negative and —positive species. In
addition, this antibiotic had no significant activity against clinical samples. We found that
Eterococcus faecalis isolated from clinical samples were resistant to H,L%, [UOL(L)(DMSO)]
and Ciprofloxacin antibiotic while it was sensitive to H,L', [UO,(L)(MeOH)] and
UOy(0OACc),.4H,0. The MIC and MBC values for H,L, and both U(VI) complexes were in the
range of 30 mg/mL to 0.118 mg/mL ( H,L' was in range of 10 mg/mL to 39 pg/mL). The results
of our study showed that the compounds were effective on gram positive bacteria and C.
albicans PTCC 5027. It was observed that the compounds inhibited the growth of the
microorganisms and killed them (Table 9). According the biofilm formation results, it was
found that the chemical compounds repressed biofilm formation in some bacteria (Table 10).
However they could not stop biofilm formation in C. albicans PTCC 5027 before minimum
inhibitory concentration. Moreover, complexes 1 and 2 were compared with some similar U(VI)
complexes previously synthesized * in terms of antimicrobial activity against S. aureus (gram
positive), E. coli (gram negative) and C. albicans (fungi). According to the obtained results
(Table 11), 1 and 2 show activity against S. aureus and C. albicans while 3, 4 and 5 are active
against all three microorganisms. 6 and 7 are effective against C. albicans. Complex 8 shows
activity only against E. coli.

Generally, complexation mostly improves the antimicrobial activity of a complex in comparison
with its corresponding ligand which can be ascribed to: (i) increasing the lipophilicity of the
complex compared with the ligand due to the delocalization of m-electrons over the whole chelate

ring resulted in the enhancement of the penetration of the complex into the lipid membranes of

13
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the microorganisms *** and (ii) influence of the complex on the respiration process of the
g p p p

microorganisms which in turn restricts further growth of the cell **°

Molecular docking

GIlcN-6-P synthase was used as a target for antimicrobial activity of the synthesized compounds
as potential inhibitors. The in silico active pocket prediction of amino acids of GIcN-6-P
synthase involved in binding with the synthesized compounds, fluconazole and ciprofloxacine
are presented in Fig. 16. Docking of fluconazole, ciprofloxacine and the molecules synthesized
here with the enzyme showed that all of the inhibitors can bind to one or more amino acids in the
active site. Theoretical binding affinity of the tested compounds was obtained in the range of -
7.1 kecal/mol to -8.9 kcal/mol (Table 12). Among all docked molecules, complex 2 revealed the
less binding energy in comparison with other docked molecules that suggesting it may be
considered as a good inhibitor of GIlcN-6-P synthase and subsequently a good antimicrobial

agent. These data are in accordance with experimental results.

Conclusions

Two tetradentate Schiff base ligands H,L', N,N'-di(5-bromosalicylidene)-1,2-cyclohexyldiamine
and H,L?, N,N'-di(5-bromosalicylidene)-o-phenylenediamine, and their respective new
uranyl(VI) Schiff base complexes [UO(L')(DMSO)] and [UO,(L*)(MeOH)] were synthesized
and fully characterized using physicochemical and spectroscopic methods. X-ray structure
analysis revealed that both complexes have distorted pentagonal bipyramidal geometry around
uranium central atom where the metal ion chelated by donor atoms of deprotonated Schiff base

ligand, two oxido group and oxygen atom of coordinated solvent. The antimicrobial activities of

14
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the synthesized compounds were also investigated against microorganisms. Obtained results
indicate that complex 2 and H,L' have higher activity against selected bacteria and yeast. The
docking studies gave the same results as those obtained by experimental investigations.
According to in silico studies, among the all synthesized compounds and ciprofloxacine,
complex 2 shows minimum binding energy and may be considered as good inhibitor of GlcN-6-

P synthase that is accordance with experimental results.

Experimental

Chemicals and apparatus

All the chemical reagents used in experiments were of spectroscopic grade and used as received
without further purification. Melting points were measured on an Electrothermal 9100 apparatus.
Fourier transform infrared (FT-IR) spectra were recorded on a Schimadzu system FT-IR 8400
spectrophotometer using KBr pellets. Nuclear magnetic resonance spectra were recorded on
Bruker Avance-400 MHz spectrometer using DMSO-d; as solvent and TMS as internal standard.
Electronic spectra of the complexes were recorded at 4x10” mol L™ in methanol using Cary 50
spectrophotometer in the range of 200—800 nm. Fluorescence experiments were carried out on a

Cary Eclipse spectrofluorometer from 300 to 700 nm at room temperature.

Synthesis of Schiff base ligand Hle and H2L2
The Schiff base ligands H,L' and H,L? were synthesized as following procedure: 1 mmol of
appropriate diamine (1, 2-Diaminocyclohexan or 1, 2-Diaminobenzene) were added to a 10-mL

ethanolic solution of 5-bromo-2 hydroxy benzaldehyde (0.4 g, 2 mmol) and the reaction mixture

15
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was stirred for ca. 15 min at room temperature. The formed precipitate was separated after

filtration, washed with cold ethanol, and dried in desiccator over anhydrous CaCl,.

N,N’-di(5-bromosalicylidene)-1,2-cyclohexyldiamine (H,L"

Yield: 81%. m.p.: 165 °C. Anal. Calc. for CyoH,¢Br,N,O, (480.19 g mol'l): C, 50.02; H, 4.20; N,
5.83. Found: C, 50.03; H, 4.25; N, 5.89%. FT-IR (KBr), em’™: v(OH) 3490, v, (CH,) 2921,
Vey(CHy) 2852, V(C=N) 1631, W(C=Cying) 1474, v(C-O) 1367, 0opn(OH) 782, v(CBr) 558.'H-
NMR (400 MHz, DMSO-ds, 25 ‘C, ppm): & = 13.3 (s, 2H; OH), 8.4 (s, 2H; CH=N), 6.7-7.6 (m,
6H, Ar-H), 3.3 (s, 2H, CH), 1.4-1.8 (m, 8H, CH,). UV/Vis (MeOH) Ap,x, nm (loge, L mol ™ cm-

1): 225 (4.38), 260 (3.79), 341 (3.34)

N,N’-di(5-bromosalicylidene)-o-phenylenediamine (H,L?)

Yield: 85%. m.p.: 190 °C. Anal. Calc. for Cy0H;4Br;N,O, (474.15 g mol'l): C, 50.66; H, 2.98; N,
5.91. Found: C, 50.53; H, 2.90; N, 5.88%. FT-IR (KBr), cm™': v(OH) 3629, v(NH) 2941, v(C=0)
1734, v(C=N) 1628, v(C=Cying) 1455, v(C-O) 1363, Soopp(OH) 778, V(CBr) 537."H-NMR (400
MHz, DMSO-ds, 25 ‘C, ppm): 6 = 12.9 (s, 1H; OH), 10.9 (s, 1H; NH), 10.1 (s, 1H; =CH-NH),
8.9 (s, 1H; CH=N), 6.6-7.9 (m, 10H, rings). UV/Vis (MeOH) Amax, nm (loge, L mol™ ecm™): 244

(4.21), 275 (4.01), 345 (3.87).

Synthesis of dimethylsulphoxide- N,N’-di(5-bromosalicylidene)-1,2-cyclohexyldiaminate
dioxidouranium(VI) [UOZ(LI)(DMSO)] a1
A reaction flask containing H,L' (0.048 g, 0.1 mmol) in 7 mL DMSO was placed in an oil bath,

then 0.1 mmol of UO,(OAc),-2H,0 (0.04 g) was added to the mixture with constant stirring. The
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mixture was refluxed for ca. 10 min. after cooling, the obtained dark orange precipitate was
filtered off, and dried under vacuum over anhydrous CaCl,.

Yield: 67%. m.p.: >300 °C. Anal. Calc. for Cy;H4Br,N,O,SU (826.34 g mol'l): C, 33.95; H,
3.11; N, 3.60. Found: C, 33.93; H, 2.97; N, 3.68%. FT-IR (KBr), em’: Vasy(CH2) 2927, v4(CH>)
2857, v(C=N) 1616, v(C=Cing) 1461, v(C-O) 1349, v (S=O)pmso 963, vasy(trans-UO,) 888,
Vy(trans-UQ;) 821, v (CSC) 636, v(CBr) 536."H-NMR (400 MHz, DMSO-d;, 25 ‘C, ppm): § =
9.3 (s, 2H; =CH-NH), 6.9-7.8 (m, 6H, Ar-H), 3.9 (s, 2H, CH), 2.43 (s, 6H, S-CH3), 1.5-1.9 (m,
8H, CH,). UV/Vis (MeOH) Amax, nm (loge, L mol™ cm™): 233 (4.65), 243 (4.63), 356 (3.79),

398(3.51). Molar conductance (1x10° M, MeOH): 5 ohm™ cm” mol™.

Synthesis of methanol- N,N'-phenylene-bis(5-bromosalicylideneaminato)
dioxidouranium(VI) [UOZ(LZ)(MeOH)] 2)

A 5 mL methanolic solution of (H,L?) (0.047 g, 0.1 mmol) was added drop wise to a methanolic
solution of UO,(OAc),'2H,0 (0.04 g, 0.1 mmol) with constant stirring. The solution
immediately turned to orange. The mixture was refluxed for 1 h. After cooling, the formed
precipitate was collected by filtration, and washed successively with cold methanol, and dried
under vacuum over anhydrous CaCl,. Appropriate single crystals were obtained from the mother
liquor with slow evaporation after 2 days.

Yield: 74%. m.p.: > 300°C. Anal. Calc. for C,;H;¢Br,N,OsU (774.20 g mol'l): C, 32.58; H, 2.08;
N, 3.62. Found: C, 32.52; H, 2.01; N, 3.73%. FT-IR (KBr), em’™: v(OH) 3388, v(C=N) 1606,
V(C=Ciing) 1455, v(C-0) 1308, vusy(trans-UO,) 899, vy (trans-UO,) 828, So0pp(OH) 751, v(CBr)
541."H-NMR (400 MHz, DMSO-dg, 25 ‘C, ppm): 6 = 9.6 (s, 1H; CH=N), 6.9-8.0 (m, 10H,

rings), 4.1 (s, 1H; OH), 3.1 (s, 3H; CHs). UV/Vis (MeOH) Amax, nm (loge, L mol™ cm™): 252
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(4.50), 308 (4.12), 354 (4.03), 396 (3.89), 429 (3.80). Molar conductance (1x10”° M, MeOH): 9

ohm™ ¢m? mol™.

Crystal structure determination

The X-ray single crystal diffraction was measured using the Gemini diffractometer of Oxford
Diffraction controlled by CrysAlis Pro **. The radiation source was Mo-Ka produced by the
classical sealed LFF tube, monochromated with the graphite monochromator and collimated by
the Mo-Enhance fibre-optics collimator. For detection, we used the CCD detector Atlas. The
samples H,L' and 2 were twinned by twinning operation of 180° rotation about c¢* in H,L' and
about a* in 2, resulting in partial overlaps in diffraction spots. In order to account for these
overlaps, we used the hklf5 reflection file format where the overlaps were defined by the data
reduction software Crysalis PRO. The sample 1 was a two domain crystal for which a reasonable
twinning law could not be found. The samples 1 and 2 were moderately strong absorbers, but the
analytical absorption correction based on crystal shape was used for all three samples.

The structures were solved by charge flipping software SUPERFLIP *® and refined with Jana
2006 *'. Hydrogen atoms were discernible in difference Fourier maps and could be refined to
reasonable geometry. According to common practice, hydrogen atoms bonded to carbon atoms
were kept in ideal positions with C-H = 0.96 A. The hydrogen atoms attached to oxygen atoms
were refined with restrained bond lengths. In both cases the Uiy, was set to 1.2 Ugq of parent
atom. In case of 1 and 2 only the heavy elements were refined with harmonic ADPs, since the
harmonic ADPs of the second period elements resulted in just negligible improvements in R
values. Thus, for the second period elements isotropic refinement was sufficient for proper

description of the electron density. In case of HoL' all non-hydrogen elements were refined with
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harmonic refinement. Structures H2L1 and 1 were non-centrosymmetric; therefore the Flack
parameter was refined. In case of H,L' we determined the Flack parameter in a separate
calculation because input data in hklf5 refinement could not be used for direct refinement of

Flack parameter. Details concerning collection and analysis are reported in Table 13.

Test strains and culture media

Strains of bacteria and yeast were obtained from PTCC (Persian Type Culture Collection,
Tehran). Antimicrobial activity of compounds against 5 reference strains (Pseudomonas
aeruginosa PTCC 1214, Staphylococcus aureus PTCC 1112, Micrococcus luteus PTCC 1110,
Bacillus cereus PTCC 1015, Escherichia coli PTCC 1330), 3 clinical strains (Pseudomonas sp,
Klebsiella sp, Eterococcus faecalis) , and one yeast (Candida albicans PTCC 5027) were
studied. The species of bacteria were grown in Mueller Hinton Agar/Broth (Merck). Brain Heart
Infution Agar/Broth (Merck) was used for culturing of Eterococcus faecalis. Candida albicans
PTCC 5027 was grown in Sabouraud Dextrose Agar/Broth (Merck). The concentrations of

microbial suspensions were adjusted to 10%cells/mL.

Antibacterial assay

The agar well diffusion method, described by Irshad et al. was used for the antimicrobial
screening . An overnight culture of each bacterium and yeast strains (18-24h) adjusted to a
turbidity equivalent to a 0.5 McFarland standard "7 The inoculums suspension of the microbial
stains was swabbed on the entire surface of agar media. Wells were cut and 50 pl of the
compound (30 mg/mL except H,L'=10 mg/mL) were added. The plates were incubated at 37°C

for 24- 48 h. The antimicrobial activity was assayed by measuring the diameter of the inhibition
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zone formed around the well. The diameter of the zone of inhibitions was measured by
measuring scale in millimeter (mm). DMSO as solvent was used as a negative control whereas
media with ciprofloxacin (standard antibiotic) and fluconazole (standard antifungal drug) were

used as the positive controls. The experiments were performed in triplicate.

Determination of minimum inhibitory and bactericidal concentration

In order to determining of the minimal inhibitory concentration (MIC) and minimal bactericidal
concentration (MBC) of the synthesized compounds, a broth microdilution method which
previously described by Carson et al. was selected *°. Using Mueller Hinton broth (Merck),
series of twofold dilutions of the title compounds were performed in sterile 96 well microtiter
plates. Serial dilutions ranging from 30 mg/mL to 0.118 mg/mL were prepared in medium except
H,L' that used Serial dilutions ranging from10 mg/mL to 39 pg/mL. 100 pL of each dilution
were mixed with an equal volume of bacterial suspension. Positive and negative growth controls
were prepared. The plates were incubated for 24h, at 37°C, under normal atmospheric conditions.
The MIC was defined as the lowest concentration (highest dilution) of the compounds that
inhibited the visible growth (no turbidity), when compared to the control. Afterwards, 10ul of
each well was transferred to Mueller Hinton agar plates and incubated for 24h, at 37-C. The
lowest concentration associated with no visible growth of bacteria on the agar plates was

considered the MBC. All dilutions were performed in triplicate.

The biofilm formation assessment
In order to assay of anti-biofilm effect of the compounds, Microtiter plate adhesion assay was

employed *°. In this study, a culture of the bacteria and yeast were grown over night in the broth
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media. Then, the overnight cultures were diluted 1:100 into fresh medium for biofilm assays. 100
uL of the dilution was added on well in a 96 well dish. For quantitative assays, we typically use
4-8 replicate wells for each treatment. The microtiter plate was incubated for 24 h, at 37°C.
After incubation, 25 ul of 1% Crystal Violet was added to each well, shaking the plates three
times to help the colorant to get the bottom of the well. After 15 minutes at room temperature,
each well was washed with 200 pl sterile PBS to remove the planktonic cells and stain not
adhered to the well. This process was repeated three times. Only the adhered bacteria forming
the biofilm were kept on the surface of the well. The Crystal violet bound to the biofilm was
extracted later with two washes of 200 pl of ethyl alcohol. The liquid washing alcohol was
transferred to a glass tube containing 1.2 mL of alcohol and agitated. To determine the degree of
biofilm formation, the absorbance was determined at 540 nm in an UV spectrophotometer.
Controls were performed with Crystal Violet binding to the wells exposed only to the culture
medium without bacteria. Data for biofilm formation of all strains were compared with the data

for the negative control.

In silico studies

The crystal structure of GIcN-6-P synthase was obtained from Protein Data Bank
(http://www.pdb.org/pdb/home/home.do) with the PDB ID of 2VF5 at a resolution of 2.90 A®°",
Binding site of the target was selected based on the amino acid residues involved in binding to
glucosamine-6-phosphate of GIcN-6-P synthase as obtained from PDB with ID 2VF5 which
would be considered as the best accurate active region solved by experimental crystallographic
data. The coordination sphere of ciprofloxacine, as standard antimicrobial agent and the

synthesized ligands and complexes were generated from their X-ray crystal structure as a CIF
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file. Mercury software (http://www.ccdc.cam.ac.uk/) was then applied to convert the CIF files to

PDB format. Finally, molecular docking studies were carried out using Autodock vina software
32 with the grid box size set at 27, 24, and 21 A for x , y and z, respectively, and the grid center
set at 30.59, 15.822 and -3.497 for x , y and z, respectively. All molecular images and

animations were produced using Discovery Studio Visualizer 4.5 package.

Supplementary data

CCDC 1031426, 1063191 and 1063192 contain the supplementary crystallographic data for
[UOL(L)(MeOH)], H,L' and [UO,(L")YDMSO)], respectively. A copy of this information may be
obtained free of charge from The Director, CCDC, 12 Union Road, Cambridge, Cb2 1EZ, UK

(fax: +44 1223 336 033); web page: http://www.ccdc.cam.ac.uk/cgibin/catreq.cgi
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Figure captions:

Fig. 1. Schematic diagram for complexatin process.

Fig. 2. ORTEP view of H,L'.

Fig. 3. Chain of H,L' molecules connected by weak interactions along the ¢ axis.

Fig. 4. Chain (top) and sheet (bottom) of H,L' molecules. The sheet is parallel to the plane
(-1,1,0).

Fig. 5. Sheet of H,L' molecules parallel to the Miller plane (-1,1,0) view along the a axis.

Fig 6. Ortep view of one of the molecules (that with "A" labels) found in the asymmetric unit of
[UO,(L")(DMSO)].

Fig. 7. View of the two molecules found in the asymmetric unit showed along the U-Opmso)
vector.

Fig. 8. DMSO as donor for hydrogen bonds between two neighbor molecules of
[UO,(L"Y(DMSO)].

Fig. 9. Other hydrogen bonds between molecules of [UO,(L'Y(DMSO)].

Fig. 10. m,n-stacking interactions in [UO,(L")(DMSO)].

Fig. 11. ORTEP view of [UO,(L*)(MeOH)].

Fig. 12. “Book” conformation of (LY)*. The compound is showed along the N(1), N(2), O(2)
plane.

Fig. 13. Hydrogen bonds between two neighbor molecules of [UO,(L*)(MeOH)].

Fig. 14. Chain of molecules of [UO,(L)(MeOH)] connected by weak interactions along the b
axis.

Fig. 15. Slabs of molecules along bc plane, with bromine oriented to the space between the slabs.
Fig. 16. Docked H,L', H,L’, [UO,(L'(DMSO)], UO,(L*)(MeOH)], fluconazole and
ciprofloxacine in the active pocket of GlcN-6-P. All images were generated using Discovery

studio 4.5.
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Fig. 2.
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Fig. 3.
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Fig. 4.
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Fig. 8.
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Fig. 9.
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Fig. 10.
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Fig. 11.
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Fig. 12.
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Fig. 14.
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Table 1. Selected bond lengths [A] and angles [°] and torsion angles [°] for H,L'.

0(1)-C(9) 1.360(5) 0(2)-C(16) 1.344(4)
N(1)-C(1) 1.471(5) N(2)-C(2) 1.466(5)
N(1)-C(7) 1.295(6) N(2)-C(14) 1.277(5)
Br(1)-C(12) 1.911(4) Br(2)-C(19) 1.905(4)
C(1)-N(1)-C(7) 118.9(3) C(2)-N(2)-C(14) 117.03)
N(1)-C(7)-C(8) 121.8(4) N(2)-C(14)-C(15) 119.4(3)
N(1)-C(1)-C(2) 109.1(3) N(2)-C(2)-C(1) 108.1(3)
N(1)-C(1)-C(6) 109.0(3) N(2)-C(2)-C(3) 108.5(3)
C(1)-N(1)-C(7)-C(8) 177.5(4) C(2)-N(2)-C(14)-C(15)  179.9(4)
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Table 2. Hydrogen bonds parameters [A and °] for H,L'.

D-H..A d(D-H) d(H...A) d(D..A) <(DHA)
O(1)-H(101)...N(1) 0.80(3) 1.92(3) 2.631(4) 147(3)
0(2)-H(102)...N(2) 0.85(3) 1.80(3) 2.579(4) 153(3)
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Table 3. Summary of C-H-- -7 interaction parameters for H,L', [A] and [°].

Interaction (*) H..Cg[A] H-Perp [A] v[°] X-H..Cg X..Cg[A] X-H--n
C4-H...Ctl' 2.80 -2.79 3.68 156 3.696(5) 64
C5-H..Ct2" 2.82 2.82 2.36 149 3.680(6) 61
CI3-H...Ct1" 2.90 2.85 10.40 125 3.536(4) 45
C20-H...Ct2" 2.84 -2.82 6.82 132 3.561(4) 47

(*) Code: Symmetry operations: i: X, y, z+1; ii: 1-x, y-1/2 ,2-z; iii: -x, 1/2+y ,2-z; H-Perp, Perpendicular
distance of H to ring plane; y, Angle between Cg-H vector and ring normal; X-H---xt, angle of the X-H bond
with the m-plane
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Table 4. Selected bond lengths[A] and angles [°] for [UO,(L?)(MeOH)] and [UO,(L")(DMSO)].

[UOy(L*)(MeOH)] [UO,(L")(DMSO)] [UO,(L")(DMSO)]

Mol. A Mol. B
Ul-Olu 1.784(4) 1.779(9) 1.799(9)
U1-O2u 1.793(4) 1.777(9) 1.800(9)
Ul1-01 2.330(4) 2.275(9) 2.297(9)
U1-02 2.246(4) 2.235(7) 2.230(8)
U1-N1 2.573(4) 2.582(9) 2.587(9)
UI-N2 2.523(5) 2.499(10) 2.542(9)
U1-O1m(*) 2.467(4) 2.383(9) 2.377(8)
O1u-U1-O2u 176.56(19) 178.1(4) 178.8(3)
O1u-U1-01 84.16(17) 91.4(3) 91.4(4)
02u-U1-01 97.60(17) 90.1(4) 89.0(3)
O1u-U1-02 86.31(16) 89.5(3) 88.7(4)
02u-U1-02 93.35(17) 89.5(4) 91.5(3)
Olu-Ul-N1 93.91(17) 91.8(3) 83.7(4)
02u-U1-N1 83.86(17) 87.7(4) 95.3(3)
Olu-Ul-N2 85.86(18) 87.8(3) 92.2(4)
02u-U1-N2 90.79(18) 90.4(4) 86.7(3)
O1u-Ul-Olm 99.72(16) 91.4(3) 89.6(4)
02u-U1-Olm 83.59(17) 90.0(4) 91.6(3)
N1-U1-N2 63.68(16) 64.8(3) 64.4(3)
01-U1-N1 71.99(16) 70.4(3) 71.1(3)
01-U1-N2 133.63(15) 135.1(3) 134.6(3)
02-U1-N1 133.93(16) 134.7(3) 133.7(3)
02-U1-N2 70.41(15) 69.9(3) 70.5(3)
01-U1-Olm 76.55(14) 76.0(3) 79.7(3)
02-U1-Olm 80.31(14) 79.0(3) 75.2(3)
O1m-U1-N1 144.10(16) 146.2(3) 149.8(3)
O1m-U1-N2 149.82(15) 148.9(3) 145.6(3)
01-U1-02 153.04(15) 154.93) 154.93)

(*) Olm represents the oxygen donor atom of monodentated ligand, MeOH or DMSO. Other labels

follows the [UO,(L)(MeOH)] scheme.
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Table 5. Hydrogen bonds parameters [A and °] for [UO,(L"Y(DMSO)].

RSC Advances

D-H..A d(D-H) d(H...A) d(D..A) <(DHA)
C23A-H..05B 0.96 2.42 3.325(16) 156
C24A-H..02B' 0.96 2.47 3.364(17) 154
C24B-H..04A" 0.96 2.57 3.428(17) 149
C3B-H..O1B 0.96 2.37 3.252(16) 152
C8A-H..O1A" 0.96 2.38 3.273(13) 154

Symmetry transformations used to generate equivalent atoms:
i x, I+y, z; 1i: x, y-1, z; 111, 1-x, y-1/2, 1-z; iv, 2-x, y-1/2, 2-z
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Table 6. Hydrogen bonds parameters [A and °] for [UO,(L?)(MeOH)].

D-H..A d(D-H) d(H...A) d(D..A) <(DHA)
Olm-H..Ol' 0.86(5) 1.94(4) 2.783(6) 164(6)
C7-H..02u® 0.96 2.48 3.399(8) 160

Symmetry transformations used to generate equivalent atoms:
i: 2-x, -y, -z; a: 2-x,1/2+y, 1/2-z.
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Table 7: 7, n-stacking interaction parameters for [UO,(L*)(MeOH)].

Centroids  Distance Ct-Ct(A) « B v Ctl-Perp (A) Ct2-Perp (A)
Ctl-Ct2*  3.676(3) 8.4(3) 23.0 21.5 -3.421(2) 3.382(2)
Ctl-Cr2®  3.876(3) 84(3) 262 343 3.202(2) 23.478(2)

Symmetry transformations used to generate equivalent atoms:
a=2-x, 1/2+y, 1/2-z; b =2-x, y-1/2, 1/2-z.
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Table 8. In vitro antimicrobial activity of synthesized compounds (30 mg/mL) and H,L' (10

mg/mL) by measurement inhibition zone diameter (mm).

Inhibition zone (mm)

Microorganism
H,L>  H,L' 1 2 UO,(0Ac),.4H,0  Ciprofloxacin ~ Fluconazole

P. aeruginosa PTCC 1214 0 0 0 0 0 22 0
S. aureus PTCC 1112 10 0 8 21 9 25 0
M. luteus PTCC 1110 12 45 9 33 12 31 0
B. cereus PTCC 1015 9 15 0 22 9 24 0
E.coli PTCCI1330 0 0 0 0 0 27 0
Pseudomonas sp* 0 0 0 0 0 0 0
Klebsiella sp* 0 0 0 0 0 0 0
E. faecalis* 0 15 0 13 10 0 0
C. albicans PTCC 5027 0 13 8.5 19 7 0 35

* clinical bacteria
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Table 9. Minimum inhibitory and lethal concentration of compounds. (MIC and MBC, mg/mL).

H,I* Hol' 1 2 UO,(0Ac), 4H,0
Microorganism
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
S. aureus PTCC 1112 0.465 0.938 - - 7.5 15 3.75 15 1.875 7.5

M. luteus PTCC 1110 0.465 0938 0.625 1.25 1.875 7.5 0.937 1.875  0.937 1.875

B. cereus PTCC 1015 1.875 - 1.25 2.5 - - 0.937 1.875 1.875 7.5
E. faecalis* - - 1.25 2.5 - - 1.875 7.5 0.937 1.875
C. albicans PTCC 5027 - - 2.5 5 1.875 7.5 7.5 15 15 30

* clinical bacteria
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Table 10. Comparison of Anti-biofilm formation effect and MIC of compounds. (mg/mL)

RSC Advances

H,L' H,L? UO,(0Ac), 4H,0
Microorganism

ABF MIC ABF** MIC ABF MIC ABF MIC ABF MIC
S. aureus PTCC 1112 - - 0.235 0.465 1.875 7.5 0.937 3.75 0.937 1.875
M. luteus PTCC 1110 0.156  0.625 0.235 0.465 ND 1.875  0.469 0.937 0.469 0.937
B. cereus PTCC 1015 ND 1.25 ND***  1.875 - - ND 0.937 0.937 1.875
E. faecalis* 0.625 1.25 - - - - 0.937 1.875 0.235 0.937

C. albicans PTCC 5027 ND 2.5 - - ND 1.875 ND 7.5 ND 15

* clinical bacteria

** Anti-biofilm formation effect

*** Not Determined
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Table 11. Comparison of the anti microbial activity of the complexes synthesized here with those
reported in the literatura.

Page 52 of 54

Gram-positive Gram-negative Fungi
Compound Ref.
S. aureus E.coli C. albicans
[UOL(L')(DMSO)] (1) ° o ° Present work
[UO,(LY)(MeOH)] (2) P o P Present work
[UO,(CTP-en)](OCH;CO),. 6H,O/CIP-en (3) P P P 43a
[(L"YUO,] 2MeOH (4) ° ° ° 43b
[(L*)UO,] 2H,0 (5) ° ° ° 43b
[UO5(L)(H,0),] (6) ° ° o 43¢
[UO,(HL)(H,O)(NO5)]1.5H,0 (7) P P o 43d
[UOy()] (8) ®) ® 0] 43e
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Table 12: calculated binding affinity of synthesized compounds and standard drugs against GIcN-6-P synthase

Compound Binding affinity Compound Binding affinity
(kcal/mol) (kcal/mol)
H,L' -7.8 Complex 2 -8.9
H,L? -7.5 Fluconazole -7.1
Complex 1 -7.4 Ciprofloxacin -7.7
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Table 13. Crystal data and structure refinement.
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Compound

Empirical formula
Formula weight
Temperature (K)
Wavelength (A)

Crystal system

Space group

Unit cell dimensions (A, ©)

Volume (A%)

4

Densitye,e (Mg/m?)
p(mm™)

F(000)

Crystal size (mm)

® range for data collection
Reflections collected
Independent reflections
Reflections observed (>30)
©® Completeness at 98 % (°)
Absorption correction

Max. and min. transmission
Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [[>3o(])]

R indices (all data)
Flack parameter

Apmaxy Apmin (e-/A3)
CCDC number

[UO,(L")(MeOH)] (2)
Cy1 Hig Br; N, Os U
774.2

120

0.71073
Monoclinic
P2,/c
a=13.7720(6)
b =7.2047(3)

¢ =22.2442(9)
B=106.684(4)
2114.22(16)

4

2.4315

11.494

1432
0.436x0.277x 0.104
2.98 t0 29.27°
9132

9045

7327

28.89
Analytical
0.323 and 0.052
9045/1/ 144
1.81

R, =0.0415
wR, =0.1087
R, =0.0511
wR,=0.1131
no

2.21,-2.34
1031426

H,L'

Cy Hy Br; N, O,
480.2

120

0.71073
Monoclinic

P2,
a=5.8929(3)
b=18.6661(11)
¢ =9.0072(8)

B =93.252(6)
989.17(12)

2

1.6117

4.121

480

0.498 x 0.356 x 0.183
3.15t029.26°
7584

7557

5769

28.85
Analytical
0.509 and 0.213
755773 /242
1.20

R; =0.0306
wR, = 0.0765
R, =0.0453
wR, =0.0814
0.03 (6)
0.57,-0.27
1063191

[UOy(L)(DMSO)] (1)
Cy» Hyy Bry N, Os SU
826.3

120

0.71073
Monoclinic

P2,
a=12.9681(6)
b=28.6124(4)

¢ =24.0605(10)
B=104.035(4)
2607.0(2)

4

2.1054

9.406

1552

0.488 x 0.163 x 0.088
2.87 to 29.37°
22973

12121

9608

27.60
Analytical

0.46 and 0.1
12121/0/308
1.36

R; =0.0528
wR,=0.1211
R; =0.0687
wR, =0.1340
0.29 (7)
5.22,-4.25
1063192
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