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Abstract

Some new acylpyrazolone Schiff bases have been synthesized from the
condensation reaction of two acylpyrazolone diketone precursors with phe-
nylhydrazine, 2,4-dinitrophenylhydrazine and sulfanilamide. They have been
fully characterized by elemental analysis and spectroscopic techniques (IR,*H
and '3C NMR, and mass-spectra). The single crystal structure of the benzoyl
derivative acylpyrazolone Schiff bases have been obtained and analyzed by
X-ray crystallography technique. Solid state X-ray diffraction revealed a keto
tautomer Schiff base in solid state.

Mn(II), Co(II), Ni(II) and Cu(Il) complexes with the Schiff bases have
been synthesized and characterized by elemental analysis, IR and UV-VIS
spectroscopy, magnetic susceptibility measurements, and thermal studies
(TGA and DTG). An octahedral geometry around the transition metal ion,
consisting of two bidentate Schiff base ligands bonding through the azome-
tine nitrogen and ketonic oxygen have been proposed based on careful in-
terpretation of available analytical and spectroscopic characterization results.
Two water molecules as ligands complete the octahedral geometry in all cas-
es. Using the invitro disc diffusion method for screening synthesized com-
pounds against selected gram positive and gram negative bacterial at 40
mg/mL, and the DPPH free radical scavenging methods at 0.50, 0.25 and
0.13 mg/mL, the synthesized Schiff base and metal complexes showed vary-

ing biological activities. 4-benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one sul-
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fanilamide showed more activity generally, exhibiting a broad spectrum ac-
tivity against all selected bacterial in some cases. Mn(II), Co(II) and Ni(II)
complexes of sulfanilamide Schiff base with the acetylpyrazolone derivative
4-acetyl-3-methyl-1-phenyl-2-pyrazolin-5-one sulfanilamide, exhibited a
stronger and very good DPPH radical scavenging activity as good as ascorbic
acid on comparing, but not with Cu(II). As such they could be important an-

titumour candidates.
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1. Introduction
Heterocyclic compounds have been useful therapeutic agents and active
pharmacological compounds, many of which have been in use clinically, for
example 1-3. Some are of natural origin (an example of this is the discovery
of antibiotic penicillin), and they have been employed either alone or in co-

ordination with metal ions as medicinal metal complexes (03MRR697).

SMe

Lincomycin Peniclillin Chloramephenicol
1 2 3

Heterocycles play a vital role in the organic processes of all living systems
required for life. The essential amino acids, proline, histidine, and trypto-
phan4 are examples. Also the pyrimidine and purine bases, adenine5 and
guanine, just to mention but a few, are the major constituents of the generic
material DNA and RNA. In addition, the hormones epinephrine, kinetine6
and heteroauxin are heterocycles needed for the proper functioning of the
living cells. Their applications in chemistry, both in fundamental and theoret-
ical studies, can be attributed to their complexity of being able to form a va-
riety of structurally novel compounds with a wide range of physical, chemical
and biological properties, bringing about a broad spectrum of reactivity and

stability.
30



NH,
0] /= H

N~ N N
QE/\H‘\OH </ JN \ / w
NT Sy Ne_ _NH o
HN NH> H X
L-Tryptophan Adenine Kinetine
4 5 6

Studies on Schiff bases, products of the condensation of a carbonyl group
with an amine, have been an active and steadily growing area of research.
This has been ascribed to its versatile coordination properties, as well as its
potential chemotherapeutic capabilities (01PIA257, 07CPB1070, 11I1JP26).
They are mostly nitrogen, oxygen, or sulfur donor ligands, particularly to-
wards transition metal ions, and have amongst their flexible coordination
characteristics, stability, potential application in the field of oxidation cataly-
sis, metal ion extraction in electrochemistry as well as known biological at-
tributes and as such have received a lot of research attention (03D748,
03MOL439, 04D2404, 07MOL1910). Their transition metal complexes have
been receiving appreciable interest as they have been observed to possess
improved biological activities (79JINC1229). Taking into consideration high
affinity of Schiff bases towards transition metal ions and therapeutic activity
of the relevant coordination compounds (91TMC276 and 03TMC229), we un-
dertook synthesis, structural characterization, as well as the study of biologi-
cal activity of heterocyclic pyrazolone-based Schiff bases and their transition

metal complexes. The study seeks to address the ongoing problems of in-
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creasing resistance of diseases pathogens to commonly administered drugs
and their toxicity effects.

Previous work on pyrazolone Schiff bases highlighted herein, have re-
vealed their interesting significant biological and pharmacological applica-
tions, their high reactivity and chelating properties with metal ions. In line
with this motivation and bearing in mind the huge need for the de-
sign/synthesis of new molecules with novel characteristics as a possible re-
placement for disease-resistant drugs and taking advantage of the modifica-
tion of molecules, resulting in an overall change in properties, this work is
aimed at synthesizing new acylpyrazolone Schiff bases and their Mn(II),
Co(II), Ni(II) and Cu(II) complexes that may be of therapeutic importance.

The specific objectives towards attaining this aim are;

e To synthesize acetyl and benzoyl derivative of acylpyrazolone.
e To synthesize the acylpyrazolone Schiff bases.
e To synthesize the Mn?*, Co?*, Ni** and Cu®* complexes of the synthesized

Schiff bases.

e To characterize the synthesized Schiff bases and their transition metal
complexes.

e To evaluate the in-vitro antibacterial activities of the synthesized Schiff
bases and their transition metal complexes.

e To evaluate the free radical antioxidant scavenging activities of the syn-

thesized Schiff base and their transition metal complexes.
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2. Review of Literature
2.1. Schiff Bases

Azomethine functional group is the common characteristic part of a group
of organic compounds known as Schiff bases which have a general formula
RR’C=NR” where R and R’ represent hydrogen, an alkyl, an aryl, a cycloalkyl
or heteroaryl, whereas R” could be an alkyl or an aryl group. They are re-
ferred to as anils when R” is an aryl. Schiff bases with aryl group bonded to
the nitrogen or carbon of the C=N with effective conjugation, are generally
more stable, and more readily synthesized. Those with alkyl substituent are
relatively unstable, and they decompose or polymerize rapidly (87MI1). The
electrophilic carbon atoms of aldehyde and ketone carbonyl groups serve as
good target sites for the nucleophilic attack of amines. During Schiff base-
formation, the carbonyl group C=0 is replaced by a C=NR azomethine or
imine group and can be structurally said to be a nitrogen analog of alde-
hydes and ketones (03CRV893). They are weak bases and in general stable
in alkaline solutions. Hydrolysis of a Schiff base to yield the corresponding
amine and an aldehyde occurs when in aqueous solutions. They occur
through a reversible condensation reaction and generally proceed under
acidic or basic condition as in eq. 1. The reaction mechanism for the for-
mation of a Schiff base is a nueclophillic addition scheme, where the amine

is the neuclophile. First, the amine reacts with the aldehyde or ketone to
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form an unstable addition intermediate called carbinolamine, which succes-

sively loses water by way of an acid-catalyzed hydration (eq. 2).

R! R"
R—NH, + c—o0 = C=—N—R + H,0 (1)
R' R'/
Primary amine  Carbonyl Schiff base
compound

~

&'—R +H,0 (2)
Carbingllamine

Aldehydes form Schiff bases more readily than ketones because the latter
contain an extra electron donating carbon, making it more sterically hin-
dered and less electrophilic (98MI1). Schiff bases are easily synthesized and
form very stable complexes with transition metals, and hence they are wide-
ly used compounds. In chemistry, they are been employed as the compo-
nents of dyes and pigments, carbon-nitrogen bonds intermediates in organic
and inorganic synthesis, as catalysts and as polymer stabilizers (0275357,
06DP71, 06POL1915, 07DP653). Furylglyoxal and para-toluidene based
Schiff base that showed antibacterial activities towards Staphylococcus au-
reus, Escherichia coli, Bacillus subtilis and Proteus vulgaris was synthesized
(87J1C685) from N-ethylethane-1,2-diamine and N-(2-hydroxyethyl)ethane-

1,2-diamine as starting materials with 4-methoxysalicylaldehydeZ and 3-
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ethoxysalicylaldehyde8, respectively, for the synthesis of salicylaldehyde

Schiff bases, which showed urease inhibitory activity (11ICC1636).

HEt
/EIWV AN
MeO OH HOCH,CH> OH

OEt
7 8

HEt

In the presence of anhydrous sodium acetate in ethanol, heterocyclic 4-
thiazolidinone derivatives9 have been synthesized via cyclisation by the re-
action of enaminolactones with ethyl 2-bromo propionate, a regiospecific cy-
clisation mechanism involving one of the nitrogen atoms and sulfur site was

proposed (100C14).

N—N N 0]

\( z

S

0]
R
(0]
R = H, Me
9

The presence of a carbonyl region and hydroxyl group in some synthe-
sized hydrazine Schiff bases with flavanoids have been reported to be the
reason they possess activity against methicillin-resistant Staphylococcus au-
reus strain (10JCPR558). It was observed that the hydrazones having elec-
tron donor group at the para-position of the aryl group showed a higher an-
timicrobial activity than those at the ortho- or meta-positions amongst some
synthesized quinoxaline derivatives (09APP169).
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Ethyl 2-arylhydrazone-3-oxobutyratel0 showed activity against staphy-
loccocus aureus amongst other derivatives which did not exhibit any activity

(99EIM153).

H —NH
N
/

\ °

G __N

N
N
Me _
— Q0
(0]

Et

=S

10

Schiff bases have shown metal corrosion inhibitory activity, some thio-
semicarbazides exhibited corrosion inhibition properties for mild steel in
H,SO, studied at different temperature and varying concentrations
(101JM2473), and inhibitory properties have been attributed to their spatial
arrangement and electronic structure (02ECA1365, 05IJMST61, 06JPC8928,
08ECA8287). Other interesting Schiff bases that can inhibit corrosion pro-
cesses have been reported in literature (81BCJ3157, 89BSF297, 08ACM60,
121JE3222).

For a series of 2-acetylpyridine thiosemicarbazones11, the N, N-
disubstituted Schiff bases have a higher activity than those which were N-
monosubstituted (R! = H) (80AAC27). Furthermore their investigation gave
an insight on how the nitrogen atom in the pyrimidine ring contributed to the

biological activity of the synthesized test compound by way of replacing the
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nitrogen atom in the ring with a carbon atom to form a derivative of the

Schiff base which gave a reduced activity.

% R' = H, R® = H, Me, Et, n-Pr, CH,CH=CH,, CH,C==CH,
| n-Bu, Ph, PhCH5, o-Tol, p-Tol, Cy, Naphth, and others
N | R! = R? = Mg, Et, i-Bu; R! = Me, R? = Cy
NNHCNR!R?
11

Much work has been done on thiosemicarbazones, their biological signifi-
cance follows from numerous applications such as antimalarial (79JME855),
antiviral  (92IJMC3288, 97TMC1), antineoplastic and antileukemic
(56CRS167), as well as antibacterial activities, part of which have been
mentioned earlier in this review chapter.

2.2 Transition Metal Complexes of Schiff Bases

Transition metals are capable of forming stable compounds with Schiff
bases basically because they are good Lewis acids that can form a wide
range of complexes with nitrogen, oxygen, and sulfur donor ligands. Most
first row transition metal complexes are characterized by octahedral geome-
try and to a lesser extent tetrahedral. Distorted geometries may also be
found, for example a d° Cu(II) complex. Schiff bases can form stable com-
plexes with most transition metal ions in their various oxidation states. Per-
haps, their huge interest in coordination chemistry is based on their easy
synthesis and remarkable applications. They have been usually prepared by
direct interaction of components. Some of the features of preparative meth-

ods have been outlined in a review on complexes of metal-Salen Schiff base
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(04CSR410). Properties of the Schiff base metal complexes depend on the
nature of a ligand and that of a metal ion. A particular Schiff base exhibits a
certain electronic environment around a metal ion which determines the
general behavior of a metal complex. Hence, their huge interest in bioinor-
ganic chemistry. More Schiff base metal complexes of salicylaldehyde have
been synthesized and thouroughly studied (66PIC83). The structures of N-
substituted Schiff bases of salicylaldimine and their Co?* and Cu®* complexes
were proposed by way of spectroscopic analysis, magnetic behavior, and
single crystal X-ray analysis (98IJC(A)1010). Zinc and beryllium complexes
of Schiff bases derived from calixarene cyclic oligomer exhibited blue lumi-
nescence, making them good light emission and charge transporter in organ-
ic light emitting diodes (OLEDs) (03CCL263). Some first row transition metal
complexes of newly synthesized chelating (1-formylferrocene)-3, 5-
dibenzyloxybenzoyl hydrazone exhibited antibacterial activity against
Esclerichia  coli  (07SRI263). Tetradentate mononuclear Cu®*and
Zn**complexes of 2-((2-(2-hydroxyethylamino)ethylimino)methyl)-4-
nitrophenol, 12-14, and those of some Schiff bases that showed positive ac-

tivity to urease inhibition is reported (08TMC1013, 10EIM3196, 10ICC996).

XN \N
VIR N PN
/ O\Cu/j
\o/ MeOC\O/ \ -~ o

13 14
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Vanadium crystal structures of oxovanadium(V) complexes, 15, that also
inhibited nickel-containing metalloenzyme (urease) causing the formation of
unwanted excess of ammonia and carbamate, which affect the pH level of
living systems negatively, have been investigated and it was concluded
based on structure-activity relationship that Schiff base ligands with shorter
terminal groups form stronger urease inhibiting oxovanadium (V) complexes

(11ICC636).

O
0\
o\
0~ o
R = Me, Et

15

There are known insulin-enhancing activities of some Schiff base metal

complexes of vanadium (10JEI599, 10JIB851).
2.3. Pyrazolone Schiff Bases and Metal Complexes

Pyrazolone is a ketone derivative of a five-membered ring heterocyclic
pyrazole. Studies on pyrazolone compounds have been on since 1883 when
Knorr synthesized its first derivative (83CB546, 12A]52). By reacting phenyl
hydrazine with ethylacetoacetate he synthesized a novel 1-phenyl-3-methyl-
5-pyrazolone. Their tautomerism and ability to exist either in enol or keto
form gives them the potential to form different types of interesting coordina-
tion compounds (07SC909, 10JPH2856). Acylpyrazolones are diketone de-
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rivatives of pyrazolone substituted at the position 4, hence mostly called 4-
acylpyrazolones. A suitable method for acylpyrazolone synthesis was report-
ed (59ACS1668) after it was first discovered in the nineteenth century
(97JPR145). They have been employed alone, as Schiff bases or in the form
of their metal complexes in the field of analytical chemistry (04BKC1121,
07ICA1599), as useful metal extractants and chelating reagents in the spec-
troscopic determination of metals in trace amounts (09JIR345, 04J0OM2192),
because of their versatile coordination properties (03MI1).

Pyrazolones have become a more important class of heterocycles due to
their significant applications in pharmacological and biological activities
(081JC(B)1555, 96IJME3920, 09EIM3480, 09IPH220), although their proto-
types antipyrines have been synthesized and used as clinical drugs over two
decades ago. O-((3-Methyl-5-oxo0-pyrazolin-1-yl)acetyl)salicylamide as a di-
rect precursor to the Schiff bases reveals anti-inflammatory and analgesic
activities (01APR171).

4-Acetyl-5-methyl-2-phenyl-2, 4-dihydropyrazol-3-one and alkyl amines
form Schiff bases existing practically exclusively in the enol-imine form 16 in
a solution and in a solid state (09JSC1159). Forms imine-one, 17 and 18, as
well as amine-one 19, are not revealed in any ways. Stabilizing factor for 16
is hydrogen bonding between amine hydrogen and the pyrazolone carbonyl
oxygen. In contrast, for 1-phenyl-3-methyl-4-aminomethylene pyrazolones

the tautomer similar to 19 and displayed as 20 (X = S, Se; R = Me, Ph; R!
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= H, Me, Et, i-Pr, t-Bu, Ph) is stabilized due to the intramolecular hydrogen

bond (01IMS15).

H
— NR —NR — NR HR NR?
— 7 7 H
N/ \ HN N/ N/ N/ /
\N OH \N \O \N \O \N \O \N \X'
Ph Ph Ph Ph R

16 17 18 19 20

Schiff bases derived from 3-methyl-1-(4’-methylphenyl)-2-pyrazoline-5-
one and aromatic amines can exist in three tautomeric forms: keto-imine
21, imine-enol 22, and keto-amine 23, the ketoamine form 23 being pre-
dominant in the solid state (04POL2465), which follows from the rigorous
structural proof. In 21-23, R! = R> = R®* = H; R! =Me, CI, R? = R® = H; R! =
H, R? = Me, Cl, R® = H; R! = R? = H, R® = Me, Cl. All the ligands form the
distorted octahedral geometry 24, on reaction with V0OSO045H50
(07POL1677) as obtained from spectral data. Their mononuclear copper(II)
complexes 25 prepared using copper(II) nitrate have a distorted octahedral
geometry around the copper(Il) ion, and are NO coordinated. Conclusions on
the complexes proposed geometry follow basically from the spectral but not

structural data only.
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The ligand prepared by condensation of 1-phenyl-3-methyl-4-benzoyl-5-
pyrazolone with p-aminoacetophenone gives neutral copper(Il) complex 26

with a distorted trigonal bipyramidal coordination unit (03AX(E)m128).
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N-(3’-Methyl-1'-phenyl-4'-valerylidene-2'-pyrazolin-5’-one)sulfadiazine,
N-(3'-methyl-1’-phenyl-4’-valerylidene-2’-pyrazolin-5'-one)sulfaguanidine,
N-(3’-methyl-1'-phenyl-4’-valerylidene-2'-pyrazolin-5’-one)-sulfanilamide,
and N’(-3'-methyl-1'-phenyl-4’-valerylidene-2’-pyrazolin-5’-one) sulfameth-
oxazole with VOS04-5H,0 form square-pyramidal bis-chelates 27 as judged

from spectral measurements, (06JMS24).

_NH2

27
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Condensation of acyl pyrazolones with 2-amino phenol gives rise to a se-

ries of Schiff bases 28 (R! = Me, Ph, R> = R* = H, R> = Me, R® = H; R! =
Me, R? = H, R® = CI) (10JPA68). With copper acetate, ligands form dimeric

square-planar dinuclear complex 29, according to spectral data only.

@ @ e

28
1-(n-Hexyl)-3-methyl-4-[1-phenylaminopropylidene]-2-pyrazolin-5-one

with Cu(CHsC0O0),-H,0 gives bis-chelate 30 (08IJCH1689).

\/\/\/'\%\I\é\(\
o) lNPh
\ /
Cu
/\
PhN
| _ )\1/\/\/\
=N
30

Phenylglyoxal-4-iminoantipyrine 31 and 4-N-(m-phenoxybenzylidene)-4-
iminoantipyrine 32 form a number of metal complexes, for which ONO-

coordination sites is postulated for the chelates of 31 and NO-coordination
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sites for the chelates of 32 with manganese(II), cobalt(II), nickel(II), chro-
mium(III), and iron(III) (03JIN61) on the basis of microanalysis and spectral

data only. The products possess notable antifungal activity.

Ph Ph
O N SN N\N/
0 L _
PhOCgH4
31 32

N,N’-Bis(1-(n-hexyl)-3-methyl-5-o0x0-2-pyrazolin-4-ylethyliden-1-yl) eth-
ylenediamine, N,N’-Bis(1-(n-hexyl)-3-methyl-5-ox0-2-pyrazolin-4-yl-
ethyliden-1-yl)-1,2-diaminopropane, and N,N’-bis(1-(n-hexyl)-3-methyl-5-
oXx0-2-pyrazolin-4-ylpropyliden-1-yl]ethylenediamine (04AX(C)o705,
051JBC179) with Mn(CH3COOQ)3:CH30H and then lithium chloride give manga-
nese(III) chloro 33 (R = Me, Et, Y = (CH;)2; R = Me, Y = CH,CHMe)
(O5NJC283). X-ray structural proof is available. Oxidation of the products us-
ing NH4OH-MeOH and then NaOCIl gives manganese(V) nitride 34 with the
same set of R and Y. These products are promising agents in the nitrogen

transfer reactions.

R R R R
—N-Y-/\I— — N-Y-N=
U
o o Ak P A A

Cl

CgHi3 CgH13 CeH13 N CeH13
33 34
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Bis-ketimino derivatives of 4-acetyl-3-methyl-1-phenyl-2-pyrazolin-5-one
and 4-acetyl-3-methyl-1-(3’-chlorophenyl)-2-pyrazolin-5-one 35 (R = Ph, 3-
ClCeH4; X = 0-CgH4, m-CgH4, p-CeH4, CH,-CH3) may exist not only in the tau-
tomeric form 35, but also 36 or 37 (04SRI697). Spectral and magnetic
studies (no X-ray structures) suggest that octahedral mononuclear chelates
38 based on 37 are formed, although for o- and m-phenylene derivatives
dimeric 39 is not excluded. Schiff bases prepared by the condensation of 4-
butyryl-3-methyl-1-phenyl-2-pyrazolin-5-one with o-, m-, p-
phenylenediamine, benzidine, and ethylenediamine form nickel(II) and co-
balt(II) chelates similar to 38 and 39 when reacted with nitrate salt of these

metals (09ICC2388).

— N-X-N=— — N-X-N—
)/ \ N/ \ \N
N\N \O O/ N/N \N OH O/ N/
R R R R

35 36
»fN-X-Ni_( — N\-X7N —

/ \ / Wi \
N \ / N N \\ H,0 /N\_OHZ/ N
N OH HO N N (0] (0] N
R R R R

37 38
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39
The Schiff base derived

from 4-aminoantipyrine,

3-hydroxy-4-

nitrobenzaldehyde and acetylacetone with copper(II), nickel(II), zinc(II)

chlorides, and vanadyl(IV) sulfate forms square-planar (metal ions) and

square-pyramidal (vanadyl) chelates 40 and 41 with promising antimicrobial

properties (09]JIC738).

|
~
O,N =\ __ N/M ~0 Cl |o,N
| NPh
HO N HO
~

40

41

S04

N,N’-Bis((1-phenyl-3-methyl-5-o0x0-4-pyrazolinyl)-a-furylmethylidyne)-

1,2-propylenediimine and N,N’-bis[(1-phenyl-3-methyl-5-0x0-4-pyrazolinyl)-

a-furylmethylidyne)-1,3-propylenediimine with UO2(NO3),- 6H,0O give neutral
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42 and 43 and with Th(NO3)4-4H,0 give cationic 44 and 45 (03JRN693).

Structural elucidation is based on spectral results.
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44 45

Oximes derived from 4-acylpyrazolones 46-53 are characterized by a va-
riety of both tautomers and E/Z-diastereoisomers at the C=N double bond
and were stabilized by intramolecular hydrogen bonds (03EJO1209). For 4-
benzoyl-5-methyl-2-phenyl-3H-pyrazol-3-one and its methyl derivatives
they are present in enamino pyrazolone form 52, according to rigorous
structural proof, theoretical computations, and chemical evidence, in the sol-

id state and in a solution (03EJO1209).

48



R
~ ~
NOH _ NOH
N/ \ HN
“NT oH N o
R! R!
46 47
OH
/" " NHOH 7~n
R i ™~
N, Ne A
N o N~ o
R! R!
50 51

\ H
S
R NOH
- f
HN HN
\Nl A 0 \Nl A 0
R R
48 49
R NHOH
H
V N/ 7 R
f o~ [
AN - NP2 N
N o N o)
Rl Rl
52 53

1,3-Diphenyl-4-(salicylidenehydrazone)-phenylethylenepyrazolone-5

(H2L) with sodium hydroxide in methanol and Cu(MeCOOQO),-H,0 gives [CusL;]
54 (04ICC1306). The distorted square-planar structure was characterized by
the NNOO-coordination unit, and enol tautomeric form of the pyrazolones
Schiff base derivative. Under similar synthetic conditions, zinc acetate pro-
vides [Zn4L4] 55. Here, tetradenticity of the ligand is preserved. However,
each phenolic oxygen atom in addition serves as a bridge connecting two
zinc sites, and coordination number of each zinc site is five. In contrast, N-
(1,3-Diphenyl-4-benzal-5-pyrazolone)-salicylidene hydrazone (H,L) forms

the mononuclear complex Zn(HL),-2CH30H 56 where phenolic oxygen atoms

are not involved in the octahedral coordination unit (08JCX837).
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N-(a-(1-Phenyl-3-methyl-5-pyrazolone-4-ylidene)benzyl)-N’-3,4,5-trime-

\

thoxybenzoylhydrazine is characterized by keto-enol tautomerism 57558
(05ASx289). The inter or intramolecular N-H--O hydrogen bonds, together
with n—-n stacking interactions make structure 58 more favorable. Similarly,
N-(1-phenyl-3-methyl-4-benzalpyrazolone-5)-salicylidene hydrazine contains
two kinds of tautomers: the enol form predominating in the solid state
(021JCX255). Isomerization of the enol and keto forms is governed by the in-

tramolecular proton transfer.

OMe OMe
Ph Ph
= NN OMe NN OMe

R H 7 HH
N OMe N OMe

\N OH \N \O

Ph Ph

57 58

Photochromism of 1-phenyl-3-methyl-4-benzyl-5-one pyrazole S-methyl
thiosemicarbazone is due to the photoisomerization from the enol 59 to the

keto-tautomer 60 by the route of an intermolecular proton transfer
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(03JMS221). 1-Phenyl-3-methyl-4-benzal-5-pyrazolone 4-ethylthio-
semicarbazone in the process of photocolouration also transforms from the
enol form 61 by the route of two proton transfers: from N-H to the S atom
to form intermediate 62 and from hydroxyl group to the nitrogen atom in
thiosemicarbazone moiety under UV-irradiation to vyield keto form 63
(04IJMS217). 1-Phenyl-3-methyl-4-benzoylpyrazol-5-one thiosemicarbazone
and 1-phenyl-3-methyl-4-benzoylpyrazol-5-one S-methylthio-semicarbazone
exhibited photochromic properties (00JPP(A)23). The photocolouration in-
volves an intermolecular proton transfer from O-hydroxyl group to the nitro-
gen atom of adjoining molecular pyrazolone ring. With Co(OAc),-4H,0, 1-
phenyl-3-methyl-4-benzyl-5-one pyrazole S-methyl thiosemicarbazone (HL)
gives Col,-2H,0 of octahedral geometry and ONS-coordination mode 64
(021CX505). The Schiff base loses a proton from the tautomeric thiol form of

the type 62 and acts as a singly charged tridentate ligand.
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4-(p-Bromo-a-methylaminothiocarbonyl hydrazonobenzal)-2,5-dihydro -
3-methyl-5-oxo0-1-phenyl pyrazole, remarkable for its photochromism, may
exist as tautomers 65-68 (03JPP(A)117, 06CHJ569). Transformation of tau-
tomers from 65 through the stage of 66 to 67 occurs in the process of pho-
tocolouration reaction and involves intra- and intermolecular proton trans-
fers. 1-Phenyl-3-methyl-4-(salicylaldehyde hydrazone)-propenylidene-5-
pyrazolone, according to the structural data, exists mainly exists mainly in

enamino pyrazolone form 69 but not in a more common NH form 68

(051CX497).
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1-Phenyl-3-methyl-4-(4'-methylbenzal)-pyrazolone-5 thiosemicarbazone
prepared as 70 under UV-irradiation transforms into the keto-form 71 (sol-
id-state photochromism). In solution this form is largely presented as the
zwitterionic form 72, which in acidic medium is converted to species 73, the
process of mutual transformation 72573 being reversible in acidic/basic

medium (05JPP(A)243).

p-Tol
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2.4. Transition Metal Ions under Investigation
Mn?* is the most important oxidation state of manganese complexes due
to its stability and resistance to oxidation. A four-coordinated Mn?* complex

of either a tetrahedral or square-planar geometry and a six-coordinated oc-
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tahedral configuration are common. Based on Laporte selection rule, four
spin-forbidden bands usually of very low intensity with an €yax value being
approximately 0.01, typical of manganese(Il) complexes, are observed at
around 18800 cm™, 23000 cm™, 24900 cm™, and 25100 cm™ in the visible
region of their electronic spectra, corresponding to °A;;—*Tig, ®A1g—*Tag,
°A;14—*Eq and °A;o—*A, transitions, respectively. They also may exhibit
*A1g—"Eg(D), *A1g— T1g(P), °A1g—"A2g(F), °A1g—*Tig(F), and °Aig—*T2g(F)
transitions (94MI1). Studies on the reactivity of manganese complexes have
increased because of the importance of manganese ion sites in biological
systems (89AIC197, 90PIC97, 09]JSIR181). Manganese ions are useful com-
ponents in the metabolism of manganese peroxidase (95BCH7773), super-
oxide dismutase (91]JA4069), and manganese dioxygenase (96BCH160).
Complexes of manganese with Schiff bases have shown good activity in bio-
catalysis (10JPH2856).

Cobalt(II) complexes are the most important group of transition metal
complexes with a d’ configuration. They mostly exist in an octahedral or tet-
rahedral geometry. Octahedral cobalt(II) species exhibit three transitions
Vi(*T2g—T1g),  va(*A2g—T1g), and  vs(*Tig(p)—Tig). The vi(*To—%A7),
vo(*T1—*A,), and v3(*Ti(p)—?A,) transitions are peculiar for tetrahedral
Co(II), all three transitions however are equal to 10 Dg and those for the
six-coordinated situation are not exactly 10 Dq. This in turn makes it possi-

ble for the transitions to be observed easily in the four-coordinate species
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spectra rather than in the six-coordinate spectra. The v,(*A;—Tig) transi-
tion is usually observed as a weak band because the energy difference v, -
v1 is exactly equal to 10 Dg (68MI1). Cobalt complexes in different coordina-
tion numbers and geometry have generally been useful in biological sys-
tems, as potential antimicrobial agents amongst others (04BCA193,
13JCH1).

Ni(II) commonly forms four-coordinate square planar complexes, as well
as spin-free d® octahedral complexes. Their electronic spectra usually have
three bands in the visible region due to d-d transitions. These transitions are
assigned as >Ay;—>Tig(p) (U3), 3Ag—>Tig(F) (U2) and 3Ay—>Tig(F) (ul)
(68MI1).

Copper complexes mostly exist in its +2 oxidation state. The d° Cu®* is
characterized by a high degree of distortions bringing about unequal bond
lengths and inter-bond angles, hence their electronic spectra transitions
cannot be assigned for certain to justify the structure. The +1 and +2 oxida-
tion states are common and more stable than +3, which is uncommon. Elec-
tronic spectrum of an octahedral copper(Il) complex has an absorption band
which is due to *Eg —?T,q or *T,—2E transitions. The roles of copper in-vivo
have received a lot of attention. Cu(III) compounds although uncommon
have played a role in some biological processes. They generally form low-

spin diamagnetic complexes.
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2.5 Antibacterial activity

Antibacterial susceptibility testing (AST) has been employed for the de-
termination of the efficacy of potential antimicrobials (ligands and metal
complexes) against preselected bacterial isolates. Furthermore the MIC
(minimum inhibitory concentration) and MBC (minimum bactericidal concen-
tration) may be used to differentiate the kind of activity and the specific
amount of an antibacterial agent that is responsible for the specific activity.
The methods of diffusion assay (disc and agar well diffusion methods), dilu-
tion assay (agar dilution and broth-dilution methods), and bioautography
assay have been used to study the antimicrobial activities of potential thera-
peutic compounds. The differences in these methods are in varying inoculum
concentrations, pH of the medium, and components of the medium
(75AAC15). Many factors have been found to influence results from these
methods, making standardization technique difficult. Also, standardized
methods are often more likely to be reproducible experimentally than un-
standardized methods as this may affect the outcome of activity screening
and these methods may significantly influence inter- and intralaboratory re-
producibility (03CMI1). These factors include culture medium composition,
microorganisms, extraction method in the case of extracts from natural
products, pH and solubility of the test sample in the culture medium

(88JEP127).
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The agar diffusion assay uses either a disc, a well, or a cylinder as reser-
voirs for a test substance, which is grounded on the lead where the reservoir
containing an antimicrobial sample is brought into contact with an inoculated
medium (88JEP127).The diffusion of the test sample solution into the agar is
attained on reaching equilibrium. Filter paper cut into the circular disc is
prepared by way of sterilizing in a dry oven at 120°C for one hour and is
used as the test sample carrier in the disc diffusion method, while agar well
is bored on the solidified agar medium in the case of agar diffusion tech-
nique. The test sample solution diffuses into the solidified agar medium and
if the inoculated organisms show no growth in the area around the disc or
agar, it means that the test sample inhibits the growth and hence referred to
as positively active against the selected microbial isolate. This area of no vis-
ible growth is known as the zone of inhibition. Also, certain conditions are
employed during screening process like the nutrient agar, the amount of or-
ganism, concentration of the antimicrobial agent in solution, and incubation
conditions, such as time, temperature, and atmosphere are constantly main-
tained to give room for a variability of zone of inhibition in the disc diffusion
susceptibility method, for an optimum result. Turbidity standard is used to
standardize the selected microorganisms, and this may be a visual approxi-
mation with the McFarlan standard of 0.5 or by using a spectrophotometer at

600 nm with optical density of 1.0.
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Diffusion methods are more suitable for the preliminary testing of pure
compounds or an established chemical component. In the agar well diffu-
sion method it is important that the test samples are highly water-soluble to
allow for proper diffusion into the solidified water-agar solution. Also, it af-
fects alongside the antimicrobial agent molecular size, the extent of the area
of solution infiltration around the disc, which is an important determining
factor for the exact zone of inhibition. This method is not suitable for water-
insoluble synthetic compounds as with most synthesized ligands and metal
complexes regardless of if it is applied in a non polar solvent or not. There-
fore, the disc diffusion method is preferred for the antibacterial activity in-
vestigation in this study.

The dilution bioassay technique is carried out using different experimental
concentrations by way of serial dilution from a starting stock solution of
known concentration. Reports have shown that methanol and acetone as
solvents for antimicrobial test samples are advisable, because in addition to
the test samples being completely soluble in them they show no inhibition of
the microbes even at 2% final concentration (95JEP109, 97JEP177,
0O0PHC93). DMSO, with a dipole moment of 3.96 D has also been successful-
ly used for dissolving antimicrobial agents (96JET27, 00LAM379, 06TI]B65).
Increased sensitivity for small amount of an antimicrobial agent is one of di-
lution technique strong points, thereby having the ability to distinguish be-

tween bacteriostatic and bactericidal effect of test samples. Micro dilution
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method is a cheap and affordable technique, it gives room for reproducible
results, and it can be used for a wide variety of microorganisms. The use of
serial dilution assay for the quantitative determination of MIC values of some
bioactive compounds have been reported (98IMI113, 04JEP(94)279). For
non-fastidious organisms a recommended temperature of 35-37°C in air for
16-20 hours has been reported (03CMI1), and in the incubator at 37°C
(04JEP(95)253). Changes in turbidity of test plates is usually an indication of
organism growth (98JMI113), in some other cases, spectroscopy is used to
observe them (02BIJM97). Indicators like tetrazolium salts or resazurin dye
have also been used (08AJB1797).

In bioautography technique, a determined amount of an antimicrobial
agent is applied to a silica 60 gel TLC plate and developed with an appropri-
ate solvent; a suspension of the selected test bacterial is sprayed onto the
TLC plate. Growth detection is observed using tetrazolium salts as microbial
indicators (05MI0O779). After spraying the plates with the detector, they are
reincubated at 25°C for 20 hours or at 37°C for 3-4 hours (96SAJB158,
06CAM11). TLC plates disruptions of synergism between active constituents
in an antimicrobial agent, thereby reducing activity, is a disadvantage of the
bioautography technique, and it is also not an ideal method for the quantifi-
cation of biological activities of plant extract (94IPH87).

The chelation of Schiff bases to metal ion have been shown to increase in

their overall biological activity compared to that of the Schiff base. This is
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based on the theory of the overtone concept of cell permeability (86SRI257)
and that of chelation (931JC(A)446). The overtone cell permeability theory
says that the lipid membrane surrounding a microorganism cell, allows for
the passage of only lipid soluble materials, as a result liposolubility is a use-
ful factor affecting antimicrobial activity (86SRI257). Chelation theory ex-
plains that the polarity of the metal ion is greatly reduced due to the overlap
of the Schiff base orbital as a result of the partial sharing of the metal ion
positive charge with donor groups. In addition, it increases the delocalization
of n electrons over the chelate ring enhancing the lipophilicity of metal com-
plex. The penetration of the complex into the lipid membrane is therefore
enhanced by the increased lipophilicity thereby blocking the metal binding
sites on the enzymes of the microorganism and bringing about cell death.
2.6. Antioxidant Activity

Free radicals of any form within the cell tissue damage it. They could be
generated naturally witin the system and sometimes could be synthesized
and introduced into it by some biological processes (97EXP291). The dam-
age-free radicals may lead to the growth of cancerous cells. These extensive
cellular damage ranges from the polypeptides modification, lipid peroxida-
tion, and nucleic acid strand scission just to mention but a few
(01CUS1179). Antioxidants are capable of protecting the cell tissues by re-

acting with these free radicals thereby stabilizing them. By so doing, they
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slow down the oxidative chemical reaction that produces free radicals that
start chain reactions damaging cells.
2.7. Diseases and Resistance to Drugs

Medicinal clinical drugs usually inhibit the function of a biomolecule in a
living system responsible for a disease, thereby bringing therapeutic benefits
to a patient. But when a drug no longer serves the function of curing an ail-
ment for which it is responsible, the unavoidable disease resistance sets in,
which have been reported to be caused by the rapid replication and evolu-
tion of microbes (93]JCT361). It has been reported that disease resistance to
drugs has become a worldwide public health problem (05ADD1446,
06BPH1036). This phenomenon predates to the discovery of antimicrobials
itself. The excessive use of antimicrobial drugs is ascribed to drug resistance
wide spread level (92SCI1050, 92SCI1064).

Also, it has been reported that resistance rates of gram-negative patho-
gens in developing countries is higher than those in the developed countries.
Trimethoprim resistance for instance has been reported at high levels of 25
to 68% in South America, Asia, and Africa (85JID1107, 89]JAC(23)143,
89JAC(23)151, 89JAC(24)973, 90NIM285). It is observed that these re-
sistant isolates are easily transferred by travelers who are not open to anti-
microbial agents (82NJM130, 90AAC515). Microbes can commonly acquire
encoding genes via transfer from members of their own species or complete-

ly unrelated family, making them unnoticeable by the administered drug.
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The abuse and misuse of drugs have been attributed to the mutation of mi-
crobes, hence helping them to survive in the presence of an antimicrobial
agent. It has been reported that when rapid mutation takes place within the
microbial population, it is impossible to eradicate disease resistance
(99MI1). Multidrug resistance (MDR) is the resistance of tumor cells to the
cytostatic or cytotoxic actions of multiple, structurally dissimilar, and func-
tionally divergent drugs commonly used in cancer chemotherapy
(93CRS747). It could be intrinsic when the disease is refractory to chemo-
therapy from the outset, or acquired; or when the disease becomes insensi-
tive to treatment upon relapse. MDR has been responsible for the overall
poor efficacy of cancer chemotherapy. With the identification of proteins that
could mediate multidrug resistance, development of related drugs has been
attempted (90PHR155). Amongst these multidrug resistant organisms are
methicillin/oxacillin-resistant Staphylococcus aureus MRSA, vancomycin-
resistant enterococci VRE, extended-spectrum beta-lactamases (which are
resistant to cephalosporins and monobactams) ESBL, and penicillin-resistant
Streptococcus pneumonia PRSP (90PHR155). Studies on drugs have re-
vealed that there is no obvious chemical similarity that brings about multi-
drug resistance by microbes (93CR747). Enzymatic inactivation is the com-
mon mode of mechanism used by the disease microbes to become resistant,
which can chemically modify the antibiotic, render it inactive through physi-

cal removal from the cell, or modify target site so that it is not recognized by
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the antibiotic. In this process, an existing cellular enzyme is modified to re-
act with the antibiotic in such a way that it no longer affects the microorgan-
ism. Disease microbe antibiotic target sites alteration has been seen in most
drug resistance cases. Chloramphenicol, for instance, is affected by reduced
uptake into the cell system, tetracycline by active efflux from the cell, B-
lactams, erythromycin, lincomycin by its elimination or reduction of binding
to cell target and sulfonamides/trimethoprim is affected by metabolic bypass
of inhibition reaction and the over-production of antibiotic target (12MI1).
There have been reports on antimicrobial resistance in Salmonella, research
on this has been possible in the countries, with excellent systems to monitor
resistance to antibiotics (02JCM3574). A high level of bacterial resistance
which is the cause of acquired infections within the community has also been

documented (08IPS177).
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3. Experimental and Characterization Techniques
3.1. Materials
Analytical grade reagents, manganese(ll) chloride tetrahydrate
MnCl;-4H,0, cobalt(II) chloride hexahydrate CoCl,-6H,0, nickel(II) chloride
hexahydrate NiCl,-6H,0, copper(Il) acetate monohydrate (MeCOO),Cu-H-0,
phenylhydrazine, 2,4-dinitrophenylhydrazine, 4-aminobenzenedulfonamide,
3-methyl-1-phenyl-2-pyrazolin-5-one, calcium hydroxide and solvents were
used as supplied by Sigma Aldrich. 4-Benzoyl-3-methyl-1-phenyl-2-
pyrazolin-5-one74 and 4-acetyl-3-methyl-1-phenyl-2-pyrazolin-5-one75

were synthesized and purified as reported (04POL2465, 12IC1152).

S
74 75
3.2. Synthesis of Schiff bases
3.2.1. Synthesis of 4-Acetyl-3-methyl-1-phenyl-2-pyrazolin-5-one
Phenylhydrazine
To a solution of 4-acetyl-3-methyl-1-phenyl-2-pyrazolin-5-one (2.0

mmol, 0.43 g) in methanol (40 mL) was added in drops phenylhydrazine

(2.0 mmol, 0.22 g) in methanol (10 mL) and Ampp-Ph was precipitated. Af-
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ter 4 h of reflux the pale yellow solid was filtered, washed with methanol,
dried at room temperature and stored over fused CaCl;. Yield: 74%. M.p.:
183—-185°C.'H NMR (600 MHz, DMSO): & (ppm) = 12.40 (br, 1H, phenylhy-
drazine —-NH), 8.60 (s, 1H, C=N-H), 6.80 - 8.00 (m, 10H, Ar-H), 2.40(s, 3H,
CH5).>C NMR (600 MHz, DMSO): & (ppm) = 168.7 (s, C=0), 165.5 (s,
C=N), 147.3 - 97.3 (s, aromatic carbons), 17.3 (s, pyrazolone CHs), 14.6 (s,
acetyl CHz). IR (KBr, cm™): 3497 «(N-H), 2928 (C-H), 1630 «C=N), 1501
C=0). Elemental analysis for Ci;gH1sN4O (%): found C 70.14, H 5.84, N
18.13; calculated C 70.55, H 5.93, N 18.30. Mol. mass (g/mol): 306.15. AP-
CI-MS: m/z 307.15 ([M + H]*, 100%).

3.2.2. Synthesis of 4-Acetyl-3-methyl-1-phenyl-2-pyrazolin-5-one

Dinitrophenylhydrazine

To 4-acetyl-3-methyl-1-phenyl-2-pyrazolin-5-one (2.0 mmol, 0.43 g) in
methanol (40 mL) was added in drops dinitrophenylhydrazine (2.0 mmol,
0.40 g) dissolved in hot methanol (40 mL) while stirring and Ampp-Dh was
precipitated in good vyield. After 4 h of reflux, the red solid was filtered,
washed with methanol, dried at room temperature and stored over fused
CaCl,. Yield: 74%. M.p.: 217-218°C. 'H NMR (600 MHz, DMSO): & (ppm) =
10.8 (br, 1H, phenylhydrazine -NH), 8.8 (s, 1H, C=N-H), 8.4-7.2 (m, 8H,
aromatic-H), 2.30(s, 3H, CH3).>*C NMR (600 MHz, DMSO): & (ppm) = 146.2
(s, C=0), 137.7 (s, C=N), 137.9 - 116.0 (s, aromatic carbons), 16.2 (s, py-

razolone CHs), 14.9 (s, acetyl CHs). IR (KBr, cm™): 3486 v(N-H), 2913 v(C-
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H), 1627 »{C=N), 1501 1(C=0). Elemental Analysis for CigHisN¢Os (%):
found C 54.20, H 4.11, N 20.98; calculated C 54.53, H 4.07, N 21.21. Mol.
mass (g/mol): 396.12. APCI-MS: m/z 397.12 ([M + H]*, 100%).

3.2.3. Synthesis of 4-Acetyl-3-methyl-1-phenyl-2-pyrazolin-5-one

Sulfanilamide

To a solution of 4-acetyl-3-methyl-1-phenyl-2-pyrazolin-5-one (2.0
mmol, 0.43 g) in methanol (40 mL) was added in drops sulfanilamide (2.0
mmol, 0.34 g) in hot methanol (40 mL) while stirring and Ampp-Sn was pre-
cipitated. After 4 h of reflux the yellow solid was filtered, washed with meth-
anol, dried at room temperature and stored over fused CaCl,. Yield: 74%.
M.p.: 232—234°C. 'H NMR (600 MHz, DMSO): & (ppm) = 13.1 (s, 1H, —-NH),
8.0 (s, 1H, C=N-H), 7.9 - 7.2 (m, 9H, aromatic-H), 2.4 (s, 3H, CHs).’C
NMR (600 MHz, DMSO): & (ppm) = 165.4 (s, C=0), 164.5 (s, C=N), 148.2
(s, C-S)142.8 - 116.6 (s, aromatic carbons), 17.6 (s, pyrazolone CH3), 17.5
(s, acetyl CH3). IR (KBr, cm™): 3496 WN-H), 2954 (C-H), 1633 (C=N),
1503 1{C=0). Elemental analysis for CigH18N4O3S (%): found C 58.42, H
4.88, N 15.18; calculated C 58.36, H 4.90, N 15.13. Mol. mass (g/mol):
370.11. APCI-MS: m/z 371.11 ([M + H]*, 100%).
3.2.4. Synthesis of 4-Benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one

Phenylhydrazine
To a solution of 4-benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one (2.0

mmol, 0.56 g) in methanol (40 mL) was added in drops phenylhydrazine
67



(2.0 mmol, 0.22 g) in methanol (10 mL) while stirring and Bmpp-Dh was
precipitated. After 4 h of reflux the yellow solid was filtered, washed with
methanol, dried at room temperature and stored over fused CaCl,. Suitable
block-like golden yellow single crystals of Bmpp-Ph for x-ray diffraction were
grown at room temperature from slow evaporation of methanol solution af-
ter four days. Yield: 71%. M.p.: 197—-199°C. 'H NMR (600 MHz, DMSO): &
(ppm) = 12.2 (br, 1H, phenylhydrazine -NH), 9.5 (br, 1H, C=N-H), 8.4—-6.8
(m, 15H, aromatic-H), 1.9(s, 3H, CH3).*C NMR (600 MHz, DMSO): & (ppm)
= 168.0 (s, C=0), 165.5 (s, C=N), 148—-115.3 (m, aromatic carbons), 15.8
(s, pyrazolone CHs). IR (KBr, cm™): 3491 yN-H), 2919 (C-H), 1634
C=N), 1501 »C=0). Elemental analysis for C23H20N4O (%): found C 74.61,
H 5.65, N 15.14; calculated C 74.97, H 5.47, N 15.21. Mol. mass (g/mol):
368.16. APCI-MS: m/z 369.17 ([M + H]", 100%).
3.2.5. Synthesis of 4-Benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one
Dinitrophenylhydrazine

To a solution of 4-benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one (2.0
mmol, 0.56 g) in methanol (40 mL) was added in drops dinitrophenylhydra-
zine (2.0 mmol, 0.40 g) in hot methanol (40 mL) while stirring and Bmpp-Dh
was precipitated. After 4 h of reflux, the red solid was filtered, washed with
methanol, dried at room temperature, and stored over fused CaCl,. Block-
like red single crystals of Bmpp-Dh suitable for X-ray diffraction were grown

at room temperature from slow evaporation of methanol solution after three
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days. Yield: 73%. M.p.: 240-242°C. 'H NMR (600 MHz, DMSO0): & (ppm) =
11.6 (s, 1H, phenylhydrazine -NH), 8.9 (s, 1H, C=N-H), 8.5-7.3 (m, 13H,
aromatic-H), 1.9(s, 3H, CH3). '*C NMR (600 MHz, DMS0): & (ppm) = 148.9
(s, C=0), 147.4 (s, C=N), 144.6-117.2 (m, aromatic carbons), 13.6 (s, py-
razolone CH3). IR (KBr, cm™): 3489 v(N-H), 2954 v(C-H), 1642 v(C=N),
1501 v(C=0). Elemental Analysis for Cy3HisNgOs (%): found C 60.18, H
3.58, N 18.40; calculated C 60.24, H 3.96, N 18.34. Mol. mass (g/mol):
458.13. APCI-MS: m/z 459.14 ([M + H]", 100%).
3.2.6. Synthesis of 4-Benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one
Sulfanilamide

To a solution of 4-benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one (2.0
mmol, 0.56 g) in methanol (40 mL) was added in drops sulfanilamide (2.0
mmol, 0.34 g) in hot methanol while stirring and Bmpp-Sn was precipitated.
After 4 h of reflux, the yellow solid was filtered, washed with methanol, dried
at room temperature, and stored over fused CaCl,. Suitable thread-like yel-
low single crystals of Bmpp-Dh for X-ray diffraction were grown at room
temperature from slow evaporation of methanol solution after seven days.
Yield: 69%. M.p.: 102—104°C. *H NMR (600 MHz, DMSO): & (ppm) = 12.8
(br, 1H, -NH), 8.0 (s, 1H, C=N-H), 7.8 - 7.1 (m, 14H, aromatic-H), 2.2 (s,
3H, CHs). *C NMR (600 MHz, DMS0): & (ppm) = 190.5 (s, C=0), 139.3 (s,
C=N), 148.2 (s, C-S) 132.2-110.7 (s, aromatic carbons), 16.5 (s, pyrazo-

lone CHs). IR (KBr, cm™): 3497 v(N-H), 2927 v(C-H), 1639 v(C=N), 1504
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v(C=0). Elemental analysis for C;3H20N403S (%): found C 63.84, H 4.67, N
12.79; calculated C 63.87, H 4.66, N 12.96. Mol. mass (g/mol): 432.13. AP-
CI-MS: m/z 433.13 ([M + H]*, 100%).

3.3. Synthesis of Transition Metal Complexes of Pyrazolone Schiff

Bases
3.3.1. Synthesis of Mn(Ampp-Ph)>(H>0),:2H,0

To a solution of Ampp-Ph (2 mmol, 0.61g) in hot ethanol (40 mL) was
added in drops aqueous solution of MnCl,:6H,0 (1 mmol, 0.23 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the pale yellow solid was
filtered, washed with ethanol/water (1:1), dried at room temperature, and
stored over fused CaCl,. Yield: 76%. M.p.: 140—142°C. Mol. Cond. (107> M
in DMF): 4.04 ohm™ cm? mol™. per(B.M.): 5.98. UV-Vis (DMF) Amax Nm: 230
(n—n*), 311, 321 (n—n*), 396 (d—d). IR (KBr, cm™): 3475 v(N-H), 3387
v(O-H), 2930 v(C-H), 1620 v(C=N), 839 v(H;0), 632 v(M-N), 485 v(M-0).
Elemental analysis for C36H42NgOsMn (%): found C 58.57, H 5.62, N 15.01;
calculated C 58.60, H 5.74, N 15.19. Mol. mass (g/mol): 737.26.

3.3.2. Synthesis of Co(Ampp-Ph)>(H>0)>:2H,0

To a solution of Ampp-Ph (2 mmol, 0.61 g) in hot ethanol (40 mL) was
added in drops, aqueous solution of CoCl>:4H,0 (1 mmol, 0.20 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to

precipitate the metal complex. After 4 h of reflux, the pink solid was filtered,
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washed with ethanol/water (1:1), dried at room temperature, and stored
over fused CaCl,. Yield: 75%. M.p.: 160—162°C. Molar cond. (107> M in
DMF): 6.78 ohm™ cm? mol™!. pe(B.M.): 4.49.UV-Vis (DMF) Amax nm: 223
(n—n*), 313, 324 (n—n*), 390, 536, 600 (d—d). IR (KBr, cm™): 3485 v(N-
H), 3391 v(O-H), 2923 v(C-H), 1619 v(C=N), 844 v(H;0), 621 v(M-N), 489
v(M-0). Elemental analysis for C3gH42NgOgCo (%): found C 57.95, H 5.63, N
15.40; calculated C 58.28, H 5.71, N 15.11, Mol. mass (g/mol): 741.25.
3.3.3. Synthesis of Ni(Ampp-Ph)>(H>0)>'H,0

To a solution of Ampp-Ph (2 mmol, 0.61 g) in hot ethanol (40 mL) was
added in drops, aqueous solution of NiCly-4H,0 (1 mmol, 0.20 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the pale green solid was
filtered, washed with ethanol/water (1:1), dried at room temperature, and
stored over fused CaCly. Yield: 73%. M.p.: 176—178°C. Molar Cond. (107> M
in DMF): 14.55 ohm™ cm? mol™ . per(B.M.): 2.87. UV-Vis (DMF) Amax nm:
226(n—n*), 322, 354 (n—n*), 407, 597, 793 (d—d). IR (KBr, cm™): 3483
v(N-H), 3390 v(O-H), 2925 v(C-H), 1621 v(C=N), 842 v(H;0), 623 v(M-N),
490 v(M-0). Elemental analysis for CsgH49NgOsNi (%): found C 59.92, H
5.55, N 15.23; calculated C 59.75, H 5.58, N 15.49, Mol. mass (g/mol):

723.00.
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3.3.4. Synthesis of Cu(Ampp-Ph)>(H>0)>

To a solution of Ampp-Ph (2 mmol, 0.61 g) in hot ethanol (40 mL) was
added in drops aqueous solution of Cu(CHsCOQO),-H,O (1 mmol, 0.20 g)
while stirring under reflux and followed by the addition of NaOH (2 mmol,
0.08 g) to precipitate the metal complex. After 4 h of reflux, the light brown
solid was filtered, washed with ethanol/water (1:1), dried at room tempera-
ture and stored over fused CaCl,. Yield: 79%. M.p.: 212—213°C. Molar cond.
(107* M in DMF): 12.05 ohm™! cm? mol™!. per(B.M.): 1.93. UV-Vis (DMF)
Amax NM: 217 (n—n*), 310, 323 (n—n*), 401, 594 (d—d). IR (KBr, cm™):
3493 v(N-H), 3399 v(O-H), 2926 v(C-H), 1618 v(C=N), 821 v(H,0), 628
v(M-N), 478 v(M-0). Elemental Analysis for CsgH3gNgO4sCu (%): found C
60.49, H 5.11, N 15.40; calculated C 60.86, H 5.40, N 15.78, Mol. mass
(g/mol): 709.85.

3.3.5. Synthesis of Mn(Bmpp-Ph)>(H20)>:2H,0

To a solution of Bmpp-Ph (2 mmol, 0.74 g) in hot ethanol (40 mL) was
added in drops aqueous solution of MnCl,:6H,0 (1 mmol, 0.23 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the pale-yellow solid was
filtered, washed with ethanol/water (1:1), dried at room temperature, and
stored over fused CaCl. Yield: 73%. M.p.: 120—121°C. Molar cond. (1073 M
in DMF): 8.28 ohm™ cm? mol™. per(B.M.): 5.63. UV-Vis (DMF) Amax NM: 228

(n—n*), 303 (n—n*), 393 (d—d). IR (KBr, cm™): 3492 v(N-H), 3397 v(O-
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H), 2943 v(C-H), 1621 v(C=N), 841 v(H,0), 631 v(M-N), 486 v(M-0O). Ele-
mental analysis for C46H46NgOsMn (%): found C 64.00, H 5.53, N 13.07; cal-
culated C 64.09, H 5.38, N 13.01, Mol. mass (g/mol): 861.29.
3.3.6. Synthesis of Co(Bmpp-Ph)>(H>0)>-H>0

To a solution of Bmpp-Ph (2 mmol, 0.74 g) in hot ethanol (40 mL) was
added in drops aqueous solution of CoCl,:4H,0 (1 mmol, 0.20 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the pink solid was filtered,
washed with ethanol/water (1:1), dried at room temperature and stored
over fused CaCl,. Slow evapouration of a solution of Co(Bmpp-
Ph)>(H20)2:H>0 in ethanol afforded crystals of Co(Bmpp)2(EtOH), suitable for
X-ray crystallography. Yield: 72%. M.p.: 125—-127°C. Molar cond. (1073 M in
DMF): 10.02 ohm™ cm? mol™ . per(B.M.): 4.45. UV-Vis (DMF) Amax NM: 230
(n—n*), 317 (n—n*), 554, 627, 708 (d—d). IR (KBr, cm™): 3480 v(N-H),
3373 v(0O-H), 2949 v(C-H), 1618 v(C=N), 826 v(H;0), 641 v(M-N), 485 v(M-
0O). Elemental analysis for Cs6H44NgOsCo (%): found C 65.06, H 4.96, N
13.14; calculated C 65.15, H 5.23, N 13.22, Mol. mass (g/mol): 847.28.

3.3.7. Synthesis of Ni(Bmpp-Ph)>(H20)>:2H>0

To a solution of Bmpp-Ph (2 mmol, 0.74 g) in hot ethanol (40 mL) was
added in drops aqueous solution of NiCl;-4H>,0 (1 mmol, 0.20 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to

precipitate the metal complex. After 4 h of reflux, the pale-green solid was
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filtered, washed with ethanol/water (1:1), dried at room temperature, and
stored over fused CaCl,. Yield: 72%. M.p.: 213—-215°C. Molar cond. (1073 M
in DMF): 11.43 ohm™! cm? mol™!. pe(B.M.): 2.94. UV-Vis (DMF) Amax NmM:
232 (n—n*), 309 (n—n*), 678, 808 (d—d). IR (KBr, cm™): 3487 v(N-H),
3393 v(0O-H), 2935 v(C-H), 1619 v(C=N), 845 v(H;0), 639 v(M-N), 498 v(M-
0O). Elemental Analysis for C4sH46NgOgNi (%): found C 63.80, H 5.79, N
12.18; calculated C 63.81, H 5.36, N 12.95, Mol. mass (g/mol): 865.05.
3.3.8. Synthesis of Cu(Bmpp-Ph)>2(H>0)>-H>0

To a solution of Bmpp-Ph (2 mmol, 0.74 g) in hot ethanol (40 mL) was
added in drops aqueous solution of Cu(CHsCOQO),-H,O (1 mmol, 0.20 g)
while stirring under reflux and followed by the addition of NaOH (2 mmol,
0.08 g) to precipitate the metal complex. After 4 h of reflux, the brown solid
was filtered, washed with ethanol/water (1:1), dried at room temperature,
and stored over fused CaCl,. Yield: 80%. M.p.: 195—-197°C. Molar cond.
(1073 M in DMF): 5.98 ohm™ cm? mol™!. per(B.M.): 1.94.UV-Vis (DMF) Amax
nm: 215 (n—n*), 304, 317 (n—n*),516, (d—d). IR (KBr, cm™): 3483 v(N-
H), 3378 v(O-H), 2923 v(C-H), 1618 v(C=N), 848 v(H,0), 627 v(M-N), 482
v(M-0). Elemental analysis for C46H46NsOsCu (%): found C 64.76, H 5.02, N
13.13; calculated C 64.80, H 5.21, N 13.15, Mol. mass: (g/mol): 851.89.

3.3.9. Synthesis of Mn(Ampp-Dh),(H>0)>-H>0
To a solution of Ampp-Dh (2 mmol, 0.79 g) in hot ethanol (40 mL) was

added in drops aqueous solution of MnCl,:6H,0 (1 mmol, 0.23 g) while stir-
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ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the dark red solid was fil-
tered, washed with ethanol/water (1:1), dried at room temperature, and
stored over fused CaCl,. Yield: 70%. M.p.: 209—-211°C. Molar cond. (1073 M
in DMF): 8.09 ohm™! cm? mol™ . pe(B.M.): 5.67.UV-Vis (DMF) Amax Nm: 270
(n—n*), 324, (n—n*), 451 (d—d). IR (KBr, cm™): 3489 v(N-H), 3395 v(O-
H), 2925 v(C-H), 1620 v(C=N), 840 v(H;0), 621 v(M-N), 485 v(M-0O). Ele-
mental analysis for C36H3sN12013Mn (%): found C 48.57, H 5.42, N 18.10;
calculated C 48.04, H 4.03, N 18.69, mol. mass (g/mol): 899.19.
3.3.10. Synthesis of Co(Ampp-Dh),(H,0)>

To a solution of Ampp-Dh (2 mmol, 0.79 g) in hot ethanol (40 mL) was
added in drops aqueous solution of CoCl>:4H,0 (1 mmol, 0.20 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the red solid was filtered,
washed with ethanol/water (1:1), dried at room temperature, and stored
over fused CaCl,. Yield: 71%. M.p.: 199-201°C. Molar cond. (107> M in
DMF): 11.80 ohm™ cm? mol™!. per(B.M.): 4.47.UV-Vis (DMF) Amax NM: 268
(n—n*), 324, (n—n*),414, 493 (d—d). IR (KBr, cm™): 3493 v(N-H), 3384
v(O-H), 2929 v(C-H), 1618 v(C=N), 843 v(H,0), 630 v(M-N), 484 v(M-0).
Elemental analysis for C36H34N12012Co (%): found C 48.61, H 3.63, N 18.79;

calculated C 48.80, H 3.87, N 18.98, Mol. mass (g/mol): 885.17.
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3.3.11. Synthesis of Ni(Ampp-Dh)>(H>0)>

To a solution of Ampp-Dh (2 mmol, 0.79 g) in hot ethanol (40 mL) was
added in drops aqueous solution of NiCl;-4H,0 (1 mmol, 0.20 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the red solid was filtered,
washed with ethanol/water (1:1), dried at room temperature and stored
over fused CaCl,. Yield: 69%. M.p.: 154—156°C. Molar cond. (107> M in
DMF): 4.40 ohm™! cm? mol . per(B.M.): 2.92. UV-Vis (DMF) Amax NM: 278
(n—n*), 324 (n—n*), 436, (d—d). IR (KBr, cm™): 3495 v(N-H), 3388 v(O-
H), 2921 v(C-H), 1617 v(C=N), 849 v(H;0), 633 v(M-N), 486 v(M-0O). Ele-
mental analysis for CsgH34N12012Ni (%): found C 48.70, H 3.85, N 18.74;
calculated C 48.82, H 3.87, N 18.99, Mol. mass (g/mol): 884.93.

3.3.12. Synthesis of Cu(Ampp-Dh)>(H>0)>

To a solution of Ampp-Dh (2 mmol, 0.79 g) in hot ethanol (40 mL) was
added in drops aqueous solution of Cu(CH3COOQO),-H,O (1 mmol, 0.20 g)
while stirring under reflux and followed by the addition of NaOH (2 mmol,
0.08 g) to precipitate the metal complex. After 4 h of reflux, the red solid
was filtered, washed with ethanol/water (1:1), dried at room temperature,
and stored over fused CaCl,. Yield: 78%. M.p.: 222-223°C. Molar cond.
(1073 M in DMF): 11.80 ohm™ cm? mol™!. pes(B.M.): 1.97. UV-Vis (DMF)
Amax NM: 251 (n—n*), 342 (n—n*), 467, 598, (d—d). IR (KBr, cm™): 3498

v(N-H), 3390 v(O-H), 2935 v(C-H), 1619 v(C=N), 833 v(H20), 620 v(M-N),
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492 v(M-0). Elemental analysis for C36H34N12012Cu (%): found C 48.49, H
3.96, N 18.54; calculated C 48.55, H 3.85, N 18.89. Mol. mass (g/mol):
889.79.
3.3.13. Synthesis of Mn(Bmpp-Dh),(H>0)>

To a solution of Bmpp-Dh (2 mmol, 0.92 g) in hot ethanol (40 mL) was
added in drops aqueous solution of MnCl,:6H,0 (1 mmol, 0.23 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the orange solid was fil-
tered, washed with ethanol/water (1:1), dried at room temperature, and
stored over fused CaCl. Yield: 76%. M.p.: 240—241°C. Molar cond. (1073 M
in DMF): 11.40 ohm™ cm? mol™ . per(B.M.): 5.65. UV-Vis (DMF) Amax Nm:
280 (n—n*), 324 (n—n*), 436, 462, (d—d). IR (KBr, cm™): 3496 v(N-H),
3392 v(0O-H), 2923 v(C-H), 1619 v(C=N), 833 v(H20), 629 v(M-N), 486 v(M-
0). Elemental Analysis for C4H36N12012MNn (%): found C 54.78, H 3.51, N
16.41; calculated C 55.02, H 3.62, N 16.75. Mol. mass (g/mol): 1003.19.

3.3.14. Synthesis of Co(Bmpp-Dh),(H20)>-H,0

To a solution of Bmpp-Dh (2 mmol, 0.92 g) in hot ethanol (40 mL) was
added in drops aqueous solutions of CoCl,:4H,0 (1 mmol, 0.20 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the orange solid was fil-
tered, washed with ethanol/water (1:1), dried at room temperature, and

stored over fused CaCl. Yield: 72%. M.p.: 248—250°C. Molar cond. (1073 M
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in DMF): 10.91 ohm™ cm? mol™!. pe(B.M.): 4.48. UV-Vis (DMF) Amax NM:
271 (n—n*), 323 (n—n*),425, 460 (d—d). IR (KBr, cm™): 3484 v(N-H),
3396 v(O-H), 2926 v(C-H), 1620 v(C=N), 832 v(H;0), 622 v(M-N), 487 v(M-
0O). Elemental analysis for CsH3sN12013C0 (%): found C 53.40, H 3.92, N
16.22; calculated C 53.84, H 3.74, N 16.39, Mol. mass (g/mol): 1025.20.
3.3.15. Synthesis of Ni(Bmpp-Dh)>(H>0)>-H>0

To a solution of Bmpp-Dh (2 mmol, 0.92 g) in hot ethanol (40 mL) was
added in drops aqueous solutions of NiCl;-4H,0 (1 mmol, 0.20 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the red solid was filtered,
washed with ethanol/water (1:1), dried at room temperature, and stored
over fused CaCl,. Yield: 72%. M.p.: 247-249°C. Molar cond. (107> M in
DMF): 6.34 ohm™ cm? mol™!. per(B.M.): 2.90.UV-Vis (DMF) Amax NM: 274
(n—n*), 324 (n—n*), 431, 463 (d—d). IR (KBr, cm™): 3494 v(N-H), 3394
v(O-H), 2925 v(C-H), 1619 v(C=N), 832 v(H;0), 624 v(M-N), 478 v(M-0).
Elemental analysis for C46H3sN12013Ni (%): found C 53.68, H 3.80, N 16.32;
calculated C 53.86, H 3.74, N 16.39. Mol. mass (g/mol): 1024.96.

3.3.16. Synthesis of Cu(Bmpp-Dh),;(H>0)>-2H>0

To a solution of Bmpp-Dh (2 mmol, 0.92 g) in hot ethanol (40 mL) was
added in drops aqueous solution of Cu(CHsCOQO),-H,O (1 mmol, 0.20 g)
while stirring under reflux and followed by the addition of NaOH (2 mmol,

0.08 g)to precipitate the metal complex. After 4 h of reflux, the brown solid
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was filtered, washed with ethanol/water (1:1), dried at room temperature
and stored over fused CaCl,. Yield: 79%. M.p.: 250-251°C. Molar cond.
(1073 M in DMF): 9.96 ohm™! cm? mol™ . pes(B.M.): 1.95. UV-Vis (DMF) Amax
nm: 268 (n—n*), 324 (n—n*), 426, 449 (d—d). IR (KBr, cm™): 3493 v(N-
H), 3396 v(O-H), 2930 v(C-H), 1619 v(C=N), 830 v(H;0), 623 v(M-N), 487
v(M-0). Elemental Analysis for C46H40N12014Cu(%): found C 52.65, H 3.75, N
15.83; calculated C 52.68, H 3.89, N 16.04, Molar. mass (g/mol): 1047.82.
3.3.17. Synthesis of Mn(Ampp-Sn),(H>0)>-H>0

To a solution of Ampp-Sn (2 mmol, 0.74 g) in hot ethanol (40 mL) was
added in drops aqueous solution of MnCl,:6H,0 (1 mmol, 0.23 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the golden yellow solid
was filtered, washed with ethanol/water (1:1), dried at room temperature,
and stored over fused CaCl,. Yield: 81%. M.p.: 210—212°C. Molar cond.
(107° M in DMF): 14.40 ohm™! cm? mol™!. per(B.M.): 5.61. UV-Vis (DMF)
Amax NM: 259 (n—n*), 377 (n—n*), 431 (d—d). IR (KBr, cm™): 3484 v(N-
H), 3392 v(O-H), 2920 v(C-H), 1624 v(C=N), 824 v(H;0), 634 v(M-N), 488
v(M-0). Elemental Analysis for C36H40Ng09S2Mn (%): found C 51.01, H 4.58,
N 13.21; calculated C 50.99, H 4.76, N 13.22, Molar. mass (g/mol): 847.17.

3.3.18. Synthesis of Co(Ampp-Sn)>(H>0)>
To a solution of Ampp-Sn (2 mmol, 0.74 g) in hot ethanol (40 mL) was

added in drops aqueous solution of CoCl>:4H,0 (1 mmol, 0.20 g) while stir-
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ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the pink solid was filtered,
washed with ethanol/water (1:1), dried at room temperature, and stored
over fused CaCl,. Yield: 82%. M.p.: 150—151°C. Molar cond. (107> M in
DMF): 11.22 ohm™ cm? mol™. pes(B.M.): 4.43. UV-Vis (DMF) Amax NM: 274
(n—n*), 377 (n—n*), 408, 632, 699 (d—d). IR (KBr, cm™): 3491 v(N-H),
3391 v(O-H), 2923 v(C-H), 1619 v(C=N), 831 v(H;0), 631 v(M-N), 486 v(M-
0). Elemental analysis for C3gH3gNg0sS>Co (%): found C 51.61, H 4.51, N
13.11; calculated C 51.85, H 4.60, N 13.45, Mol. mass (g/mol): 833.16.
3.3.19. Synthesis of Ni(Ampp-Sn),>(H>0)>-H,0

To a solution of Ampp-Sn (2 mmol, 0.74 g) each in hot ethanol (40 mL)
was added in drops aqueous solution of NiCl,-4H,0 (1 mmol, 0.20 g) while
stirring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g)
to precipitate the metal complex. After 4 h of reflux the greenish-yellow solid
was filtered, washed with ethanol/water (1:1), dried at room temperature,
and stored over fused CaCl,. Yield: 79%. M.p.: 157—158°C. Molar cond.
(107> M in DMF): 16.02 ohm™! cm? mol™!. per(B.M.): 2.93. UV-Vis (DMF)
Amax NM: 257 (n—n*), 324 (n—n*), 596, 674 (d—d). IR (KBr, cm™): 3488
v(N-H), 3398 v(O-H), 2934 v(C-H), 1620 v(C=N), 823 v(H;0), 622 v(M-N),
488 v(M-0). Elemental analysis for CsgH49oNgO9S;>Ni (%): found C 50.65, H
4.71, N 13.30; calculated C 50.77, H 4.74, N 13.16, Mol. mass (g/mol):

850.93.
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3.3.20. Synthesis of Cu(Ampp-Sn),(H>0)>-H,0

To a solution of Ampp-Sn (2 mmol, 0.74 g) in hot ethanol (40 mL) was
added in drops aqueous solution of Cu(CHsCOQO),-H,O (1 mmol, 0.20 g)
while stirring under reflux and followed by the addition of NaOH (2 mmol,
0.08 g) to precipitate the metal complex. After 4 h of reflux, the green solid
was filtered, washed with ethanol/water (1:1), dried at room temperature,
and stored over fused CaCl,. Yield: 83%. M.p.: 298—299°C. Molar cond.
(1073 M in DMF): 7.04 ohm™! cm? mol™. pes(B.M.): 1.90. UV-Vis (DMF) Amax
nm: 261 (n—n*), 365 (n—n*), 618, (d—d). IR (KBr, cm™): 3482 v(N-H),
3392 v(0O-H), 2922 v(C-H), 1617 v(C=N), 850 v(H;0), 628 v(M-N), 498 v(M-
0). Elemental analysis for C3gH4oNg0sS2Cu (%): found C 50.44, H 4.59, N
13.21; calculated C 50.48, H4.71, N 13.09, Mol. mass (g/mol): 855.78.

3.3.21. Synthesis of Mn(Bmpp-Sn),(H>0)>

To a solution of Bmpp-Sn (2 mmol, 0.87 g)in hot ethanol (40 mL) was
added in drops aqueous solution of MnCl,:6H,0 (1 mmol, 0.23 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the golden-yellow solid
was filtered, washed with ethanol/water (1:1), dried at room temperature,
and stored over fused CaCl,. Yield: 82%. M.p.: 180-182°C. Molar cond.
(1073 M in DMF): 8.19 ohm™! cm? mol™ . pe(B.M.): 5.82. UV-Vis (DMF) Amax
nm: 277 (n—n*), 378 (n—n*), 424, 589 (d—d). IR (KBr, cm™): 3483 v(N-

H), 3398 v(O-H), 2938 v(C-H), 1623 v(C=N), 844 v(H>0), 619 v(M-N), 470
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v(M-0). Elemental Analysis for C46H42Ng0sS2Mn (%): found C 57.72, H 4.14,
N 11.22; calculated C 57.91, H 4.44, N 11.75, Mol. mass (g/mol): 953.19.
3.3.22. Synthesis of Co(Bmpp-Sn)>(H20)>-H>0

To a solution of Bmpp-Sn (2 mmol, 0.87 g) in hot ethanol (40 mL) was
added in drops aqueous solution of CoCl>:4H,0 (1 mmol, 0.20 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the pale-pink solid was fil-
tered, washed with ethanol/water (1:1), dried at room temperature, and
stored over fused CaCl. Yield: 89%. M.p.: 144—146°C. Molar cond. (1073 M
in DMF): 10.30 ohm™ cm? mol™!. pe(B.M.): 4.46. UV-Vis (DMF) Amax NM:
262 (n—n*), 376 (n—n*), 408, 540 (d—d). IR (KBr, cm™): 3492 v(N-H),
3398 v(0O-H), 2925 v(C-H), 1618 v(C=N), 849 v(H;0), 624 v(M-N), 489 v(M-
0). Elemental analysis for C46H44Ng09S>Co (%): found C 56.33, H 4.92, N
11.16; calculated C 56.60, H 4.55, N 11.49, Mol. mass (g/mol): 975.20.

3.3.23. Synthesis of Ni(Bmpp-Sn)>(H>0)>-H>0

To a solution of Bmpp-Sn (2 mmol, 0.87 g)in hot ethanol (40 mL) was
added in drops aqueous solution of NiCl:4H,0 (1 mmol, 0.20 g) while stir-
ring under reflux and followed by the addition of NaOH (2 mmol, 0.08 g) to
precipitate the metal complex. After 4 h of reflux, the pale-green solid was
filtered, washed with ethanol/water (1:1), dried at room temperature, and
stored over fused CaCl,. Yield: 85%. M.p.: 190—192°C. Molar cond. (1073 M

in DMF): 11.62 ohm™ cm? mol™!. pe(B.M.): 2.89. UV-Vis (DMF) Amax NmM:
82



278 (n—n*), 377 (n—n*), 410, 683 (d—d). IR (KBr, cm™): 3489 v(N-H),
3390 v(O-H), 2935 v(C-H), 1619 v(C=N), 849 v(H,0), 625 v(M-N), 486 v(M-
0O). Elemental Analysis for C4gH44NgO9S,;Ni (%): found C 57.01, H 4.29, N
11.30; calculated C 56.62, H 4.55, N 11.49, Mol. mass (g/mol): 974.96.
3.3.24. Synthesis of Cu(Bmpp-Sn),(H>0)>

To a solution of Bmpp-Sn (2 mmol, 0.87 g) in hot ethanol (40 mL) was
added in drops aqueous solution of Cu(CHsCOQO),-H,O (1 mmol, 0.20 g)
while stirring under reflux and followed by the addition of NaOH (2 mmol,
0.08 g)to precipitate the metal complex. After 4 h of reflux, the pale-green
solid was filtered, washed with ethanol/water (1:1), dried at room tempera-
ture, and stored over fused CaCl,. Yield: 92%. M.p.: 238-240°C. Molar
cond. (1073 M in DMF): 6.41 ohm™ cm? mol™ . per(B.M.): 1.93.UV-Vis (DMF)
Amax NM: 273 (n—n*), 378 (n—n*), 442, 751 (d—d). IR (KBr, cm™): 3498
v(N-H), 3399 v(O-H), 2935 v(C-H), 1617 v(C=N), 840 v(H>0), 623 v(M-N),
484 v(M-0). Elemental Analysis for C46H42Ng0gS>Cu (%): found C 57.19, H
4.31, N 11.32; calculated C 57.39, H 4.40, N 11.65, Mol. mass (g/mol):
961.80.

3.4. Melting Point
The Gallenkamp melting point apparatus was used for all synthesized

compounds in this study.
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3.5. Elemental Analysis

The composition of a compound often expressed in terms of mass per-
centage can be determined by the quantitative and qualitative elemental
analysis. The information obtained helps for the proposition of the structure
of an unknown compound. It also gives some information on the purity of
the compound. This method utilizes the combustion analysis. When the test
compound is burned in excess of oxygen, the carbon dioxide, water, and ni-
tric oxide fractions are trapped and used to calculate the individual ele-
mental component. The CHN elemental analysis of the synthesized ligands
and metal complexes in this investigation were determined on a
LECO.TRUSpec Micro CHNS elemental analyzer. The correctness of proposed
structure and purity is when there is not more than 0.5% difference between
the calculated theoretical mass percentage of the synthesized compounds
components and the found elemental analysis values.

3.6. Conductivity Measurements

Conductivity measurement can give some information on the behavior of
metal complexes in solutions. Their structures in solution can thus be related
to that in solid state. The theory relates the conductivity values of the metal
complexes to the electrolyte type (71CCR81). The conductivity measurement

was determined using CON 6/TDS 6 hand-held conductivity/TDS meter.

84



3.7. Infrared Spectroscopy

The theory of infrared spectroscopy is based on exchange of the vibra-
tional energy between a molecule and the electromagnetic field. This occurs
when hv = AE, where AE is the difference between initial and final quantized
states. This method of characterization is usually employed to determine the
formation, breaking or/and modification of functional groups bonds. The IR
spectra of established standard compounds are compared with the spectra of
the newly obtained molecule to determine and ascertain changes. Infrared
absorption spectra usually cover the range 200-4000 cm™. Most times infra-
red spectrometers provide the spectrum in the form of % transmittance vs.
wavenumber cm™. Transmittance spectra give an idea of how weak or
strong absorptions in the spectrum are and it is dependent on the concentra-
tion of sample compound. Hence spectra of the same sample recorded at
different concentrations display different relative peak heights. Solid samples
are usually prepared in KBr disc while liquid samples in Nujol mull and
mounted using a NaCl window. In this study IR spectra were measured as
KBr pellets (4000-370 cm™!) on a Perkin-Elmer Model System 2000 FTIR
spectrophotometer ensuring that the pellets are moisture-free.

3.8. Electronic (UV-Vis) Spectroscopy

Transition metal complexes often have absorption bands displayed at the

visible region of the electronic spectra which is usually a result of the d-d

electron transfer (an excitation only due to the transition metal d-orbitals)
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or/and charge-transfer transitions. When there is more than one electron in
the d orbital of a transition metal complex or ion, there is more than one d-d
transitions. This is because the electrons feel each others’ presence and in-
teracts with one another, hence repel each other. In the presence of charge
transfer in a ligand field, more distinct terms are possible leading to many
possible transitions (10MI1). In this study, electronic spectra of metal com-
plexes and ligands were recorded on a Perkin-Elmer Lambda 25 spectropho-
tometer.
3.9. NMR Spectroscopy

The technique of characterization has been used to deduce the molecular
component and structure of organic and inorganic samples, hence giving in-
formation on the purity of the sample compound. For an unknown com-
pound, it can help matching its molecular composition with spectral libraries
and proposing possible structures. The theory is based on the fact that the
molecules have many nuclei, *H and 3C inclusive, and behave as a magnet
moving randomly about an axis because they have spin and are electrically
charged. In the presence of an external magnetic field, an energy transfer is
established between the base energy to another higher energy level, causing
the nuclei to spin flip. The nuclei are said to be in resonance with the applied
radiation when this spin flip takes place. This energy transfer process occurs
at a wavelength corresponding to radio frequencies and when the spin re-

turns to its base level, energy is emitted at the same frequency. The signal
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that matches this transfer is measured and processed into an NMR spectrum
representing the nucleus concerned. *H and '*C NMR spectra in deuterated
DMSO were recorded on a Bruker 600 MHz Avance II NMR spectrophotome-
ter with residual protons of deuterated DMSO as internal standards (DMSO-
De 2.5 ppm; CDCIl; 7.26 ppm) using trimethylsilane TMS as reference point.
Chemical shifts are given in ppm (d scale).
3.10. Mass Spectroscopy

The property of mass to charge ratio of ions is used to identify and then
quantify molecules in both simple and complex mixtures in a characteriza-
tion technique known as mass spectroscopy. This technique was developed
for measuring elemental molar atomic masses and the natural abundance of
specific isotopes almost a century back (88MI1). It was first used in biologi-
cal sciences to trace heavy isotopes (04BMB93) and in proteomics, the study
of proteins in biological systems (05NRM577, 10NBT695), which have been
enabled by the development of macromolecule ionization methods, including
electrospray ionization (ESI) and matrix-assisted laser desorption/ionization
(MALDI) (81NAT270, 89SCI64, 90BBR686). A more robust ionization method
is the atmospheric-pressure chemical ionization (APCI). Mass spectra for lig-
ands were determined by Bruker micrOTOF-Q II 10390 mass spectrometer.
All the ligands were analyzed with ACPI using a direct insertion probe (DIP).
An external calibration with sodium formate was performed to attain the cor-

rect accurate mass.
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3.11. Magnetic Susceptibility Measurements

Unpaired electrons of paramagnetic species can be attracted by a mag-
netic field. Magnetic susceptibility is a property that measures the force with
which magnetic field attracts or repels. The degree of this attraction can be
measured by calculating magnetic moment. In other words, magnetic mo-
ment of a compound is related to the number of unpaired electrons it has.
The electronic spectra of transition metal complexes can be studied by the
magnetic moment measurement using the method of Guoy which is still the
simplest. It was invented by Louis Georges Gouy, it determines the magnetic
susceptibility of molecules by measuring the obvious changes in the mass of
the molecule as it is repelled or attracted by the poles of an external mag-
netic field (68PHE272). The unpaired electron spinning of the paramagnetic
d-block ions creates a magnetic field. The magnetic susceptibility, y, as a re-
sult of the spinning of the unpaired electrons is given by the spin-only for-
mula:

u(spin — only) = \Jn(n +2)

Here, n is the number of unpaired electrons. This spin-only method of calcu-
lating magnetic moment in BM (Bohr Magneton) usually works well with the
first row transition metals. Magnetic property of d" configuration numbers of

transition metals under investigation is displayed in Table 1.
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Table 1. Magnetic Properties of d"Configurations of Interest

Metal ion d" configuration Meff (Spin-only) Mers (Observed)
Mn?* d’ 5.92 5.7-6.0
Co?* d’ 3.87 4.3-5.2
NiZ* d® 2.83 2.9-3.9
Cu?* d° 1.73 1.9-2.1

There could also be a d-orbital contribution to the overall magnetic mo-
ment which is usually controlled by the spin-orbit coupling constant applied
in another expression. Magnetic susceptibility measurement was carried out
on a Sherwood Scientific magnetic susceptibility balance with powder sam-
ples of complexes at room temperature and diamagnetism corrections were
estimated from Pascal’s constants.

3.12. X-Ray Crystallography Analysis

Atoms are arranged in a periodic manner in what is known as the crystal
structure of that molecule. X-ray crystallography can give information in de-
tail of a three-dimensional structure of compounds. For a successful x-ray
diffraction, the single crystal of the molecule must be grown, which is
mounted on the x-ray diffractometer with the help of an x-ray source and a
detector, and the three-dimensional structure is obtained. Single crystal x-
ray diffraction studies were performed at 200 K using a Bruker Kappa Apex
II diffractometer with graphite monochromator, Mo Ka radiation (A =
0.71073 A). APEXII (07MI1) was used for data collection and SAINT (07MI1)
for cell refinement and data reduction. The structure was solved by direct
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methods using SHELXS-97 (08AX(A)112) and refined by least-squares pro-
cedures using SHELXL-97 (08AX(A)112) with SHELXLE (11JAX1281) as a
graphical interface. Platon (03JAX7) and Ortep-3 (97AJC565, 08]AX466)
were used to prepare material and diagrams respectively.

The carbon-bound H atoms were placed in calculated positions (C-H 0.95
A for the aromatic carbon atoms and C-H 0.98 A for the methyl group) and
were included in the refinement in the riding model approximation, with
U(H) set asl1.2U~eq~(C). The H atoms of the methyl group were allowed to
rotate with a fixed angle around the C—C bond to best fit the experimental
electron density (HFIX 137 in the SHELXprogram suite (08AX(A)112), with
U(H) set to 1.5U~eq~(C)). The nitrogen-bound H atoms were located on a
difference Fourier map and refined freely with isotropic parameters.

3.13. Thermogravimetric analysis

The change in the physical and chemical properties of compounds as a
function of increasing temperature at a selected constant heating rate can be
monitored and measured in a thermal analysis process known as thermo-
gravimetric analysis(TGA). Molecular structures of materials can be predicted
with TGA, which is usually used to corroborate proposed structure from
spectroscopic and other characterization techniques. This is achievable by
way of measuring the organic and inorganic (ash content) of the molecule
through decomposition patterns. The instrument is continuously weighing

and recording the mass of the pre-weighed test sample as the temperature
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increases at a specific heating rate. A plot of temperature of the decomposi-
tions versus percentage mass loss gives a TGA thermogam. The TGA curve
is usually compared with the DTG which gives information about the major
decomposition points and also to what is attributed to the decomposition.
Thermal analyses were done on a NETZSCH STA 449 C instrument at a tem-

perature range of 20-900 °C with a heating rate of 15°Cmin™

in nitrogen
gas.
3.14. Antibacterial Assay

The concept of antimicrobial assay has been highlighted in the previous
chapter. Presented herein is the detailed procedure employed for this inves-
tigation. In-vitro antibacterial activity of the synthesized Schiff bases and
their transition metal complexes were screened against Gram positive
Staphylococcus aureus, Bacillus pumilus and Gram negative Proteus vulgar-
is, Aeromonas hydrophila bacterial isolates at 40 mg/mL concentrations in
DMSO using the Kirby-Bauer disc diffusion technique based on the size of in-
hibition zone formed around the paper discs with some modifications
(96AIP493).

3.14.1. Preparation of Nutrient Broth
Following the preparatory standard, 16 g of nutrient broth was completely

dissolved in 1 L of distilled water. The prepared solution was dispensed in

test tubes with a cork and autoclaved at 160°C for 1h.
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Table 2. Composition of Nutrient Broth

Meat extract 1.0

Yeast extract 2.0

Peptone 5.0

Sodium chloride 8.0
pH 7.1 £0.2

3.14.2. Preparation of Mueller-Hinton Agar
Also with standard method, 38 g of the solid Mueller-Hinton agar was dis-
solved in 1 L of distilled water while stirring and heated to boil. The Mueller-
Hinton agar solution was dispensed into McCartney bottles and autoclaved
for 1 h at 160°C.

Table 3. Composition of Mueller—-Hinton Agar

Meat infusion 5.0
Casein hydrolysate 17.5
Soluble starch 1.5
Agar 14.0

pH 7.4 +£0.2

3.14.3 Preparation of Test Samples
Test samples (Schiff bases, metal complexes, and the standard drug,
chloramphenicol), 400 mg, was each dissolved in 10 ml of DMSO to form a
stock solution of 40 mg/mL.
Bacterial isolates were grown in freshly prepared nutrient broth media to
obtain a minimum of 0.1 optical density OD suitable for screening. 0.1mL of
test bacteria was spread over the surface of solidified 20 mL Mueller-Hinton

agar in Petri plates using a sterilized spreader. Pre-sterilized filter paper
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discs having a diameter of 6 mm which were impregnated into prepared so-
lutions of synthesized test samples solutions, were placed in the inoculated
Petri plates ensuring a reasonable equidistance from each other. Filter paper
disc treated with DMSO was used as control while antibacterial chloramphen-
icol served as a standard drug and was used as a reference to compare the
potency of the tested compounds under the same conditions. The Petri dish-
es were left for a few hours in the refrigerator for pre-diffusion and finally
transferred to an incubator at 37°C for 24 h. This procedure was performed
in triplicates. The bactericidal activities were determined by measuring the
diameter of the zones showing complete inhibition of bacterial growth in mil-
limeters minus the diameter of the filter paper disc and values calculated as
mean of triplicates.
3.15. Antioxidant assay

Free radical scavenging activity of Schiff bases and its metal complexes
was tested against the free stable radical of 1,1-diphenyl-2-picrylhydrazyl
(DPPH), employing the method of Blois (58NAT1199) with few modifications.
A solution of 0.1 mmol DPPH in methanol was prepared, and 1 mL of this so-
lution was added to 3 mL of the prepared solutions of the test compounds in
a mixture of DMSO and methanol in a mole ratio of 9:1, respectively at dif-
ferent concentrations (0.13, 0.25 and 0.50 mg/mL). The same procedure
was carried out for standard drug, ascorbic acid and an equal volume of a

dissolving solvent as control. The mixture was shaken vigorously and al-
93



lowed to stand at room temperature in the dark for 30 min. With the use of
a spectrophotometer at a wavelength of 517 nm, the absorbance was meas-
ured. The capability of synthesized compounds to scavenge DPPH radical

was calculated using the expression:

. . Ag — A;
Scavenging activity (%) = y x 100
0

Here Ay is the absorbance with control reaction sample and A; is the absorb-

ance with test samples including that of a standard drug.
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4. Results and Discussion
4.1. Acetylpyrazolone-Based Phenylhydrazone Schiff Bases and
their Metal Complexes

The water soluble phenylhydrazine PhNHNH, with a molecular formula
CeHgN> and of molar mass 108 g/mol exists as a golden yellow oily liquid at
room temperature. Analytically, it can be determined in aqueous solution us-
ing its reducing ability. It reduces Cu(II) to Cu(I), and this has been used as
a basis for spectroscopic analytical method for measuring colored complexes
(88AL633, 88AL1917), although the method is not specific as it can be due
to other reducing compounds (88AL633). Phenylhydrazine turns reddish-
brown in the presence of oxygen due to auto oxidation, which is enhanced
by heating.

H>N

/

NH

76
Phenylhydrazine 76 has been used mainly as a chemical intermediate in
the pharmaceutical, agrochemical and chemical industries. They form im-
portant compounds in the form of Schiff bases, generally referred to as hy-
drazones. Two new Schiff base ligands, 4-benzoyl-3-methyl-1-phenyl-2-
pyrazolin-5-one phenylhydrazone Bmpp-Ph and 4-acetyl-3-methyl-1-phenyl-

2-pyrazolin-5-one phenylhydrazone Ampp-Ph alongside their Mn(II), Co(II),
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Ni(II) and Cu(II) complexes have been characterized, applied, and discussed
accordingly in this chapter.
4.1.1. Synthesis
Synthesized acetyl and benzoyl pyrazolone Schiff base precursors were
reacted with phenylhydrazine in a condensation reaction to afford the Schiff
bases 4-acetyl-3-methyl-1-phenyl-2-pyrazolin-5-one Phenylhydrazine and 4-

benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one Phenylhydrazine (eq. 3).

MeOH, 4 hr, reflux_
- H,O

R = Ph, Me

They exist in hygroscopic solid form, stable at room temperature and are
soluble in methanol, ethanol and most common organic solvents. Schiff ba-
ses were precipitated in good yield and purity was monitored by TLC after
washing continuously with solvents used for synthesis, which was corrobo-
rated by a sharp melting point range. Due to their favorable solubility the
single crystal structure of Bmpp-Ph has been obtained but not for Ampp-Ph,
even with appropriate mixed solvent systems. They have been fully charac-
terized by elemental analysis, IR, UV-VIS, *H and *C NMR, mass spectros-
copy. In addition, X-ray crystallographic analysis is available for Bmpp-Ph.
All the metal complexes were synthesized by the treatment of Bmpp-Ph

or Ampp-Ph with the appropriate metal salt in a general synthetic scheme
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formulated as eq. 4. They are in solid form and in unlike colours. The com-
plexes are generally insoluble in water, ethanol and in most non-
coordinating solvents but completely soluble in polar solvents with strong
donor strength like DMF and DMSO, and as such attempts to grow their sin-
gle crystals were unsuccessful. Their molar conductance values inferred
non-electrolyte behavior in DMF (71CCR81, 75MI1).
MX5 * nH,O0 + 2L EtOR/MQ MLy(H20),: nH,O (4)
L = Bmpp-Ph or Ampp-Ph; M = Mn, Co, Ni, X =CI; M = Cu, X = MeCOO
4.1.2. Elemental Analysis

The percentage CHN composition data of Bmpp-Ph, Ampp-Ph and their
metal complexes found, were in agreement with calculated values according
to proposed structures. Octahedral metal complexes formed with the corre-
sponding Schiff base are proposed. The metal ion is coordinated with two
molecules each of the Schiff base and two molecules of water to complete its
octahedral geometry. Some of their physical properties, melting point range,
electrical molar conductivities, elemental composition and percentage yields
are presented in the experimental section of chapter 3.

4.1.3. 'H and 3C NMR Spectroscopy

'H and *C NMR spectra of the Schiff bases, Bmpp-Ph and Ampp-Ph
(Fig.1-4) were recorded in DMSO-dg solutions, and chemical shift assigned
with trimethylsilane TMS as an internal reference. The *H-NMR spectra dis-

played two broad peaks downfield which were almost unnoticeable at around
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12.2 and 9.5 ppm integrating for approximately one proton each assigned to
the hydrogen atoms of the -NH and the C=NH azomethine group respective-

ly in Bmpp-Ph.
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Figure 1. *H NMR Spectrum of Bmpp-Ph

In Ampp-Ph, the proton of the-NH showed chemical shift at 12.4 ppm
and the azomethine C=NH proton at a lower chemical shift at 8.6 ppm, both
integrating for one proton each. The aromatic protons H-Ar were observed
as a multiplet at 6.8-8.4 and at 6.8-8.0 in Bmpp-Ph and Ampp-Ph respec-
tively. The resonating peak in the aliphatic region with a chemical shift of 1.9
ppm in Bmpp-Ph and at 2.4 ppm in Ampp-Ph spectra is due to the methyl
protons attached to the pyrazolone ring each integrating for approximately
three protons. The peak at around 3.4 ppm in both spectra integrating at an
unusually large value is due to the presence of acetone probably within the

NMR tube. This peak was peculiar to all the spectra.
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Figure 2. *H NMR Spectrum of Ampp-Ph
13C NMR of Bmpp-Ph and Ampp-Ph in DMSO-ds solution displayed clear
signals that add value to information obtained from *H NMR. The signals at
168.0 ppm in Bmpp-Ph may be assigned to carbon of the pyrazolone bonded
to oxygen C=0, and the signal at 165.5 ppm is due to the azomethine car-

bon atom C=N (10COC281).
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Figure 3. 13C NMR Spectrum of Bmpp-Ph
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These signals were observed at 168.7 and 165.5 ppm respectively in
Ampp-Ph. Aromatic ring carbon atoms of Bmpp-Ph resonated at 115.3-
148.0 ppm in Bmpp-Ph and at 116.5-148.0 ppm in Ampp-Ph. Signals due to
pyrazolone methyl carbon resonates at 15.8 ppm in Bmpp-Ph and at 17.3

ppm in Ampp-Ph. The second methyl group carbon in Ampp-Ph was ob-

served at 14.6 ppm.
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Figure 4. 13C NMR Spectrum of Ampp-Ph
4.1.4. Mass Spectroscopy
The mass spectra of Schiff bases were investigated to further justify re-
sults obtained from NMR spectroscopy. Molecular ion peak M™ was observed
at m/z 369 in Bmpp-Ph (Fig.5) and at m/z 307 in Ampp-Ph(Fig.6) corre-

sponding to [M + H] .
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Figure 5. Mass Spectrum of Bmpp-Ph
Fragmentation of the corresponding Schiff base precursors (Bmpp and
Ampp) is peculiar with the mass spectrum of both Schiff bases. These peaks
were seen at m/z 278 in Bmpp-Ph and m/z 216 in Ampp-Ph (Fig.6) which

agreed with theoretical mass and due to C;7H13N>0> and Ci2H11N,0,, respec-

tively.
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Figure 6. Mass Spectrum of Ampp-Ph
4.1.5. Infrared Spectroscopy
Relevant bands from infrared spectra of ligands and metal complexes
were carefully assigned and presented in the experimental section. The pos-

sible coordination donor sites of these Schiff base ligands are the azome-

101



thine nitrogen, the heterocyclic pyrazolone nitrogen and the ketonic oxygen.
It is proposed that the ligand bond to the metal ion in a bidentate form
through the azomethine nitrogen -C=N and the ketonic oxygen -C=0. The
existence of a band observed at 1634 and 1630 cm™ in Bmpp-Ph and Ampp-
Ph respectively due to azomethine group -C=N (78]JINC793, 81D1241,
94TMC611), formed from the combination of the carbonyl carbon of the ke-
tone and nitrogen N of the amine, peculiar to Schiff base ligands, is an evi-
dence of the formation of the acylpyrazolone phenylhydrazone, corroborat-
ing the X-ray crystal structure of Bmpp-Ph reported (12AX(E)1280). These
strong bands are modified and appeared at a significantly lower wavenumber
of 1618 -1621 cm™ in the spectra of the complexes indicative of the interac-
tion of the transition metal ion, hence the coordination through the nitrogen
of the azomethine. A broad band peaking at around 3491 cm™ in Bmpp-Ph
and at 3497cm™ in Ampp-Ph corresponding to the v(N-H) stretching vibra-
tion (01TMC131), which is due to the inter- and intramolecular hydrogen
bonding were observed in the metal complexes in the range of 3493 to 3373
cm’?, but also due to v(O-H) stretching vibration associated with either the
coordinated or the non-coordinated water molecule alongside v(N-H). The
coordination of the water molecule to the central ion is evident and comple-
mented by the existence of a band in the far-infrared region at 848 - 821
cm? in the spectra of all eight metal complexes reported in this chapter

(97MI1). Also, in the IR-spectra of ligands, the band vibrating at 1501 cm™
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due to the ketone carbonyl C=0, and evidence of the existence of the Schiff
base ligands in keto tautomer form was seen as a small band or have disap-
peared in the spectra of the metal complexes, an evidence that the second
coordination site of the bidentate ligands is through the pyrazolone keto ox-
ygen (00POL2599). New bands observed at the regions 641-621 cm™! and
498-478 cm™! may be assigned to M-N and M-O, respectively (06MOL904,
07T1C623). IR spectra of all the compounds in this study are presented in
the appendix.
4.1.6. UV-Vis Spectroscopy and Magnetic Moments

The electronic spectra of all the reported metal complexes show absorp-
tion bands in the UV region due to the organic Schiff base conjugate bonds
in DMF. These absorption bands, usually intense, are assigned to charge
transfer from the = orbital of the donor ligand to the d orbital of the metals,
d—n* and inter-ligand n—r* transitions (97POL1771, 09]JCC156). However,
the assignment of a particular band to the type of transition is not clear-cut,
as quantum-mechanical calculation is needed. Also charge transfer transi-
tions may interfere with each other hence preventing the observation of the
expected transitions in the electronic spectra of compounds (93TMC221).
Weak to medium intensities are peculiar for the electronic spectra of metal
complexes as compared to the UV-region strong intensity bands of free

Schiff base ligands. The UV-VIS absorption bands of Bmpp-Ph, Ampp-Ph and
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their metal complexes have been assigned and presented in the experi-
mental chapter.

In the electronic spectra of Mn(Bmpp-Ph),(H>0),:2H,0 and Mn(Ampp-
Ph),(H20)2:2H,0 (Fig. 7 and 8)there is a single absorption band appearing
weak at 393 and 395 nm, respectively close to the UV region. The other vis-
ible region transition bands expected of a high spin d° octahedral Mn(II) may
have superimposed on each other and hence are not visible. It may also be
worth of noting that Mn(II) complexes with a °S ground term cannot be
made to split by the crystal field of any symmetry. Also, their pale yellow
colour may be another contributing factor for this observation, which makes
them show d-d transitions rarely. These bands may be assigned to °A;;—*Aiq
transition (86JA2309,94IC1875). In corroboration of the spin 3d> configura-
tion of the manganese complexes, the magnetic susceptibility measurement
gavemagnetic moments of 5.63 and 5.98 BM for Mn(Bmpp-Ph),(H>0),:2H>0
and Mn(Ampp-Ph),(H,0),:2H,0 respectively, expected for an octahedral

Mn(II) (07PIP301).
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Figure 7. Electronic Spectrum of Mn(Bmpp-Ph),(H20),:2H,0
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Figure 8. Electronic Spectrum of Mn(Ampp-Ph),(H,0)>-2H,0

Both cobalt complexes show three d-d bands each, in the visible region
(Fig.9 and 10). Co(Bmpp-Ph),(H>0),-H,0 exhibits a very weak, broad and
almost unnoticeable band at 554 nm, followed by a second band at 627 nm
shoulder to a third band at 708 nm. The respective band positions for
Co(Ampp-Ph)2(H20)2-2H,0 are 390 nm, 536 nm, and 600 nm. These bands
may be assigned to (*Tag—"T1g), (*A2g—"T1g) and (*Tig(p)—"*T1g) transitions,
respectively, attributed to the octahedral Co(II) (66]JIM521). Magnetic mo-
ment values of 4.45 and 4.49 BM were obtained for Co(Bmpp-
Ph)2(H20)2:H,O and Co(Ampp-Ph)2(H20),:2H,0 respectively, which falls
within the range of 4.40 to 4.53 B.M. expected for a high-spin octahedral

Co(II) with a d’ configuration (07EQ7).
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Figure 9. Electronic Spectrum of Co(Bmpp-Ph),(H;0),-H,0
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Figure 10. Electronic Spectrum of Co(Ampp-Ph),(H20),:2H>0
Two bands in the Vvisible region were observed in Ni(Bmpp-
Ph),(H,0),:2H,0 at 678 nm and 808nm assigned to *A,;—°Ti4(F) and
3Aq—>T2g(F), respectively (Fig.11). Ni(Ampp-Ph),(H,0),-H,0 exhibited a
sharp band close to the UV region at 407 nm, followed by two weak bands at
597nm and 793 nm assigned to *Ay;—>>T14(p), Azg—>T14(F), and 3Azq—>T24(F)
respectively. The electronic transitions of both complexes correspond to an

octahedral Ni(II). The magnetic moment of 2.94 BM for Ni(Bmpp-
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Ph)z(HzO)z'ZHzO and 2.87 BM for Nl(Bmpp—Ph)z(HzO)zszO were obtained
which further supports the proposed octahedral geometry around the nickel

ion in agreement with reported data (02SRI819).
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Figure 11. Electronic Spectrum of Ni(Bmpp-Ph),(H20)2:2H>0
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Figure 12. Electronic Spectrum of Ni(Ampp-Ph),(H>0)2-H,0
A broad band corresponding to a distorted octahedral Cu(II) with a d°
configuration at 516 nm assigned to °B;;—°B,, transition was observed in
Cu(Bmpp-Ph)2(H20),:-H,0 spectrum (Fig.13). In Fig.14, the same transition

is seen as a weak but broad band at 594 nm for Cu(Ampp-Ph)>(H>0)2
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(07311IB95, 08EJC529). Cu(Bmpp-Ph),(H>0)2-H,0 showed a magnetic moment

of 1.94 BM and 1.93 BM for Cu(Ampp-Ph)>(H>0)> which corroborates the d°

octahedral Cu(II) complex proposed (07PJP301, 12BCE95).
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Figure 13. Electronic Spectrum of Cu(Bmpp-Ph)2(H20)2-H,0
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4.1.7. X-Ray Crystallography

Single crystal of Bmpp-Ph reported as 3-Methyl-1-phenyl-4-[(phenyl)(2-

phenylhydrazin-1-yl)methylidene]-1H-pyrazol-5(4H)-one (12AX(C)01280)

was grown by slow evaporation of a methanol solution of Bmpp-Ph at room
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temperature. A summary of crystal data (crystallographic and refinement
parameters) is presented in Table 4. Molecular structure with the atom num-
bering scheme is shown in Figure 4.15. Bmpp-Ph crystallizes in a monoclinic

space group P2;i/c.

Table 4. Crystal and Refinement Data for Bmpp-Ph

Compound Bmpp-Sn
Formula C23H20N4O
Crystal colour and form | Golden Yellow/Block like
Formula mass 368.43
Crystal system monoclinic
Space group P2:/c
a 8.6806 (2) (A)
b 20.4319 (4) (A)
C 10.6100 (2) (A)
B 99.713(1)°
% 1854.83 (7) (A%
Z 4
D caic) 1.319 (Mg Cm_l)
F(000) 776
8 range 2.6-26.6 (°)
. 0.59 x 0.40 x 0.22
Crystal size
(mm)
Reflections measured 17965
Independent/observed 4607/3891
Mu(MoKa) 0.084( /mm)
Temperature 200 (K)
Parameters 262

In the crystal structure n-stacking occurs between the phenyl groups of
adjacent phenylhydazone moieties with a centroid to centroid distance of

3.6512 (7) A and slippage of 0.922 & (Fig. 15).
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Figure 15. Molecular structure of Bmpp-Ph(C,3H20N40)

The dihedral angles formed by the least square planes between the phe-
nyl of the phenylhydrazone group with the pyrazole and the C21-C26 aro-
matic ring are 85.29(6)° and 77.88(6)°, respectively. The phenyl on the py-
razole group is slight twisted out of the pyrazole plane by 12.84(4)°.Intra
molecular C—H::-:N, C—H:--:O and N—H:----O interactions occur while inter
molecular interactions include C—H-:---O, phenylhydrazone =-stacking and
N—H----n interactions (Fig.16), for clarity the N—H:---x interaction is not

shown). The packing diagram of Bmpp-Ph is shown in Fig.17.
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Figure 17. Molecular Packing Diagram of Bmpp-Ph
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Despite the good solubility property exhibited by the acetyl derivative of
acylpyrazolone phenylhydrazone Ampp-Ph, attempts to grow the crystal
structure were not successful. Single crystals of an unprecedented cobalt
complex with the 4-benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one (12AX(E)
m1107) were isolated from an ethanolic solution of Bmpp-Ph on slow evapo-
ration at room temperature. This has been attributed to the hydrolysis of the
Schiff base ligand before chelation to metal ion occurred, as Schiff bases are
known to easily undergo hydrolysis in solution to form its corresponding al-
dehyde or ketone (59]JA475,60]A1773).

Table 5. Crystal and Refinement Data for C3gH3gCoN4Og

Compound Bmpp-Sn
Formula [Co(C17H13N202)>(CoHe0)7]
Crystal colour and form Orange / Block
Formula mass 705.65
Crystal system Triclinic
Space group P1
a 11.0484 (3) (A)
b 11.2282 (3) (A)
c 14.8425 (4) (R)
a 89.205 (1)°
B 87.678 (1)°
% 1792.56 (8) (A%
Z 2
D caic) 1.307 (Mg cm™)
F(000) 738
8 range 3.8-31.5 (°)
Crystal size 0.49 x 0.36 x 0.12 (mm)
Reflections measured 32307
Independent/observed 8869/7482
Mu(MoKa) 0.71073 (/mm)
Temperature 200 (K)
Parameters 108
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The molecular X-ray crystal structure has been reported as bis(4-benzoyl-
3-methyl-1-phenyl-1H-pyrazol-5-olato-K?0,0")bis(ethanol-«0O)cobalt(II)
formulated as CsgH3sCoN4Og (12AX(E) m1107), Crystal data summary is pre-
sented in Table 5.

The Co(II) complex crystallizes in a triclinic space group with two 4-
benzoyl-3-methyl-1-phenyl-1H-pyrazol-5-olate (BMPP) and two ethanol lig-
ands forming an octahedral geometry (Fig. 18). There are two half-
molecules of the complex in the asymmetric unit with cobalt ion located at
an inversion centre, and for clarity not all atoms label are shown. The etha-
nol ethyl groups exhibit disorder: in one complex in a ratio of 0.76:0.24 and
to a much less extent in the other complex molecule (and hence not mod-
eled). Each BMPP is deprotonated with the negative charge delocalized over
021.--C21:-:C22::-C25:::022 and O11:--C11:-:C12:::C15:--012. The average
Co-O bond length is 2.042 (39) & and 2.135 (15) A for the BMPP and ethanol
oxygen atoms respectively. The least squares dihedral angles of the BMPP
phenyl groups with the pyrazole ring are 16.61(9) and 61.27(9)° for one
complex and 24.64(9) and 62.86(10)° for the other. The hydrogen atom of
the hydroxyl group of each ethanol is hydrogen bonded to a pyrazole nitro-
gen in an adjacent BMPP (Fig.19). In this way each complex is hydrogen
bonded to four adjacent complex molecules. In addition there are inter and

intra molecular contacts and C—H---Cr-interactions (Fig. 20).
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Figure 19. Hydrogen Bonding in [Co(C17H13N203)2(C2H0)2]
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Figure 20. Crystal Packing Diagram of [Co(C17H13N205)2(C2HgO): ]
4.1.8. Thermogravimetric Studies

To obtain the TGA (thermogravimetric analysis)/DTG (derivative ther-
momogravimetric) curves of metal complexes, presented in Figs. 21-28, test
samples were subjected to thermogravimetric analysis under nitrogen gas at
a heating rate of 15 °C min~! from 20 °C to 900 °C. All the metal complexes
are generally thermally stable having a steady progressive decomposition
with multiple decomposition patterns observed and as a result assigning de-
composed components of compounds to the various percentage decomposi-
tions in the TG/DTG curve is not favourable. Two coordinated water mole-
cules are common to all metal complexes and are expected to decompose at
around 140-300°C (05TMC341), and the uncoordinated water usually de-

composes a little earlier. Also, the final mass losses associated with the
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thermograms of a good number of the metal complexes corresponding to

the percentage mass of the remaining metal oxides.
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Figure 21. TGA and DTG Curves of Mn(Bmpp-Ph),(H20),:2H>0

In Mn(Bmpp-Ph)2(H20)2:2H,0, the first few decompositions totaling to
about 8.0% at around 200°C may be due to the removal of coordinated and
uncoordinated four water molecules calculated as 8.4%. A major decompo-
sition at 475°C with a % weight loss of approximately 48% may be due to
the removal of one Schiff base ligand molecule which is theoretically calcu-
lated as 43%. A final decomposition at 800°C with a total mass loss of ap-
proximately 93% is tentatively due to the removal of the water molecules
and decomposition of the Schiff base ligands calculated as approximately 92
%, leaving behind the corresponding manganese oxide with approximately

7% calculated as 8.2%.

116



r 01661

/
bl
Y
/
)

. klH \H k{; ____l\ ) 7 N / 1 I
L ?\ / ~ {J" 2 g
éﬁ“ | ! A ; o
i 50 2 by { * %
g 40 \' T I ? z

30 1‘ j]' ;\-...______ & %

20 \LJ |!| | H\ 7 °

10 / \\_ &

o

-5.994
20 100 200 300 400 500 EO0 700 800 00
Temperature ["C)

Figure 22. TGA and DTG Curve of Mn(Ampp-Ph)>(H>0),:2H,0

Thermal analysis for Mn(Ampp-Ph)>(H>0),:2H,0 shows multiple decompo-
sitions obvious from the DTG curve. The first mass losses at around 80°C
and at 198°C are due to the removal of the coordinated and lattice water
molecules. The final decomposition shows the removal of the two ligand
molecules and the water molecules at around 820°C with a total mass loss of
approximately 91% calculated as 91%. The leftover manganese oxide is cal-
culated as 9.5 % which observed as 9 % in the TGA curve, Fig.22. The
thermal analysis of both cobalt complexes as seen in their thermograms
(Figure 23 and 24), exhibited multistep decompositions. However, the de-
composition around 170 and 300°C corresponds to the elimination of water
molecules. The final mass loss of 92.3% calc as 91.2% at >900°C for
Co(Bmpp-Ph)2(H20)2:H,0 and a final mass loss of 89.9% calc as 90.6% at
>900°C for Co(Ampp-Ph),(H20),-2H,0 corresponding to the decomposition

of the water molecules and ligands were observed, leaving behind a residue
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of cobalt oxide with percentage mass of 10.4% (calc. 9.5%) and 10% (calc.

10.1%), respectively.
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Figure 23. TGA and DTG curve of Co(Bmpp-Ph),(H;0),-H,0
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Figure 24.TGA and DTG Curve of Co(Ampp-Ph),(H20),-2H,0
The total mass percent loss of about 12% in two steps observed in
Ni(Bmpp-Ph)2(H>0)2:2H,0 thermogram can be attributed to the loss of water
molecule (Fig. 25). Also the same trend of decomposition pattern has been

observed in Ni(Ampp-Dh),(H20),-H,O (Fig. 26). A major decomposition is
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observed at around 440°C in thermograms for both complexes with a mass
percentage loss of 58%, which may be attributed to one molecule of the lig-
and calculated at approximately 43%. The third decomposition at 760°C in
both nickel complexes may be the removal of the second and last ligand
molecule, leaving behind a residue of the metal oxide with a mass percent-
age loss of 8% (calc. as 8.6%) and 10.5% (calc. as 10.3%) for Ni(Bmpp-
Ph)2(H20)2:2H,0 and Ni(Ampp-Dh),(H>0)2:H,0, respectively. This was in

agreement with the proposed geometry.
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Figure 25.TGA and DTG curve of Ni(Bmpp-Ph),(H,0),:2H,0
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Figure 26.TGA and DTG curve of Ni(Ampp-Ph),(H20),-H,0

Three main decompositions has been observed for Cu(Bmpp-
Ph),(H20)2:H,0 amongst other decomposition according to DTG curve (Fig.
27) that could not be directly assigned. However, the decomposition at
290°C may be a result of the removal of the two coordinating water mole-
cules, followed by a second major mass percentage loss at 420°C assigned
to the removal of a molecule of the Schiff base ligand. The final mass per-
centage loss at 785°C is equivalent to the removal of the water molecules
and the ligands, leaving behind the copper oxide with a remaining mass per-
centage of approximately 12%, which is calculated as approximately 10%.
One major decomposition at 370°C was obtained in the thermogram of
Cu(Ampp-Dh)2(H,0), (Fig. 28), which may be assigned to the removal of the
two coordinating water molecules, although other component of the copper

complex cannot be accounted for with the minimal information from its
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TG/DTG curves, a final decomposition at >900°C gave a residue

percentage mass of 11.8% calculated for 11.2%.
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On the basis of elemental and characterization techniques presented, the

structure of metal complexes can be proposed as follows, 77-86.
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4.1.9 Antibacterial Screening

Antibacterial activity of Bmpp.Ph, Ampp-Ph and their metal complexes in
DMSO was determined using the disc diffusion method in duplicates. They
were screened in-vitro against selected Gram positive; Staphylococus aure-
us, Bacillus pumillus and Gram negative; Proteus vulgaris, Aeromonas hy-
drophillia at 40 mg/ml. Schiff base ligand and their metal complexes have
been grouped together and compared with standard drug Chloramphenicol
for ease of discussion. A generally low anti bacterial activity has been ob-

served with Bmpp.Ph, Ampp-Ph and metal complexes. Bacterial growth inhi-
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bition zones, an indication of antibacterial activity of test samples were rec-
orded in millimeters and presented in Table 6.
Table 6. Zone of Growth Inhibition Exhibited by Ligands and Metal Complex-

es at 40 mg/mL (mm)

. Staphylo- Bacillus Proteus | Aeromonas
Ligand and complexes . ; s
cocus aureus | pumillus vulgaris | hydrophillia
Bmpp-Ph 12.0 10.0 8.0 NI*
Ampp-Ph 3.0 NI 4.0 NI
Mn(Bmpp-Ph),(H,0),:2H,0 10.0 NI 8.0 NI
Cu(Bmpp-Ph),(H,0),-H,0O 12.0 6.0 8.0 NI
Mn(Ampp-Ph),(H,0),:2H,0 8.0 NI 12.0 NI
Ni(Ampp-Ph),(H,0),:H,0 4.0 4.0 NI NI
Cu(Ampp-Ph),(H,0), 4.0 4.0 NI NI
Chloramphenicol 30.0 20.0 42.0 40.0
DMSO NI NI NI NI

NI = no inhibition

The highest zone of inhibition of 12 mm was observed in Bmpp-Ph
against Staphylococus aureus, in Co(Bmpp-Ph),(H20), against Bacillus pu-
millus, Cu(Bmpp-Ph)>(H.0), against Staphylococus aureus, and Co(Ampp-
Ph),(H>0), against Bacillus pumillus. Benzoyl derivative Bmpp-Ph has a
higher activity compared to the acetyl derivative Ampp-Ph as Bmpp-Ph ex-
hibited a generally higher zone of inhibition against more bacterial isolate.
Also the metal complexes of Bmpp-Ph seem to be more active as Ni(Bmpp-
Ph)2(H20)2, and Cu(Bmpp-Ph)2(H,0), both showed activities against three
different bacterial isolates whereas other metal complexes were active

against two, even though some of them may have a high zone of inhibition.
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In general from Table 6 we can infere that the antibacterial activity of the
Schiff base ligand is higher than the metal complexes based on size of zones
of inhibition. Although it is on record that chelation of metal ion does in-
crease the possibility of growth inhibition in microbial isolates, but the ob-
served variation may be as a result of impermeability of bacterial isolates
cell wall or the nature of their ribosomes (86SRI257).
4.1.10 Antioxidant (Free radical scavenging) activity

Antioxidants can induce reduction capability of DPPH radicals by way of
scavenging, which is a measure of the decrease in its absorbance at 517nm
(02JAF3444). The Schiff base and metal complexes generally display a mod-
erate to good free radical scavenging activity. At 0.5 mg/mL, a good antioxi-
dant activity compared with ascorbic acid (Table 7) was observed for Bmpp-
Ph, Mn(Bmpp-Ph),(H20)2, Mn(Ampp-Ph),(H20)2, and Co(Ampp-Ph)2(H;0),,
with Mn(Ampp-Ph),(H20), being the most active, in agreement with reported
results on metal chelates of Schiff bases (06]JAFC7735, 09SA(A)1901,
12BCA1). Co(Ampp-Ph)>(H,0), showed the highest activity amongst the
other complexes at 0.25 mg/mL and 0.13 mg/mL. Bmpp-Ph generally dis-
played a higher activity than Ampp-Ph, but at 0.13 mg/mL the reverse is the
case.

Scavenging activity chat of free ligand and their metal complexes (Fig.

29) show that the Schiff base has a higher activity on comparing with stand-
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ard drug, ascorbic acid. Co(Ampp-Ph)>(H>0), generally has the strongest ac-
tivity (Fig. 30).
Table 7. Antioxidant Scavenging Activity Data of Phenylhydrazine Schiff Ba-

ses and Their Metal Complexes (%)

Ligand and complexes Percentage antioxidant scavenging activity
0.50 mg/ml 0.25 mg/ml 0.13 mg/ml
Bmpp-Ph 62.48 89.11 87.79
Ampp-Ph 31.52 19.15 90.01
Mn(Bmpp-Ph),(H,0),-2H,0 52.42 42.76 64.61
Co(Bmpp-Ph),(H,0),-H,0 17.22 3.13 32.32
Ni(Bmpp-Ph),(H,0),:2H,0 37.33 4.17 40.94
Co(Ampp-Ph),(H,0),:2H,0 60.07 87.25 80.64
Ni(Ampp-Ph),(H,0),:H,0 25.22 81.58 77.07
Cu(Ampp-Ph),(H,0), 38.35 57.36 44.76
Ascorbic acid 87.62 93.63 91.99
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Figure 29. Chart Showing the Scavenging Activity of Bmpp-Ph and its Metal

Complexes
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Figure 30. Chart Showing the Scavenging Activity of Ampp-Ph and its Metal
Complexes
4.2. Acylpyrazolone Derived Dinitrophenylhydrazine Schiff Bases
and Their Metal Complexes

Dinitrophenylhydrazine is a nitro substituted phenylhydrazine at positions 2
and 4 of the phenyl group with the formula CgHgN4O4. The reddish yellow
compound 87 was used for a quantitative identification of carbonyl function-
al groups, developed by Brady and Elsmie (26A77). Presented in this chapter
section are the synthesis, characterization, and biological studies of two
Schiff base ligands, 4-benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one dinitro-
phenylhydrazone Bmpp-Dh and 4-acetyl-3-methyl-1-phenyl-2-pyrazolin-5-

one dinitrophenylhydrazone Ampp-Dh with their metal complexes.
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4.2.1. Synthesis
Acetyl and benzoyl pyrazolone Schiff base precursors were reacted with
dinitrophenylhydrazine in a condensation reaction to afford the Schiff base
ligands 4-acetyl-3-methyl-1-phenyl-2-pyrazolin-5-one dinitrophenylhydra-
zine and 4-benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one dinitrophenylhy-

drazine as seen in the synthesis scheme, eq. 5.

O2N OoN
H H
MeOH reflux N=
2 + — 0~ 5
-H,0 H \ (3)
O2N R=Me Ph o, ~ I|\I/N
Ph

The synthesized Schiff bases were in solid form and stable at room tem-
perature. They are soluble in methanol, ethanol, and most common organic
solvents. Schiff bases were precipitated in a reasonably moderate yield and
purity was confirmed by TLC, which was corroborated by a small range melt-
ing point. Block-like single crystals of Bmpp-Dh suitable for X-ray crystallog-
raphy were afforded by a slow evaporation at room temperature from a

methanol solution of Bmpp-Dh. They were fully characterized by elemental
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analysis, IR-spectroscopy, UV-VIS-spectroscopy, 'H and ?*C NMR-
spectroscopy, mass-spectroscopy, and X-ray crystallography analysis for
Bmpp-Ph.

A total of eight metal complexes were synthesized by the treatment of
Bmpp-Dh or Ampp-Dh with the metal salt that corresponds in a synthesis
scheme illustrated in eq. 6. They were obtained in an air-stable powder form
and in different colors. The complexes are generally insoluble in water, etha-
nol and in non-coordinating solvents but fairly soluble in methanol and solu-
ble in polar solvents with strong donor strength, like DMF and DMSO. Molar
conductance values of metal complexes infer non—electrolytes behaviour in

DMF (71CCR81, 75MI1).

AN/H>0
reflux 4h

Mn2*, Co?*, Ni** or Cu?*, X = CI" or MeCOO"
Bmpp—Dh or Ampp-Dh

MX5 - nH>O + 2L M(L)z(HzO)z - nH>0 (6)

M=
L =
4.2.2. Elemental analysis
The percentage composition values of CHN in Bmpp-Dh, Ampp-Dh and metal
complexes found were in agreement with calculated values. Octahedral met-
al complexes with the corresponding Schiff base have been proposed. The
complexes have two molecules of the bidentate Schiff base and two water
molecules to complete their octahedral geometry. Some of their physical

properties, melting point range, elemental composition, conductivity and

percentage yield are presented in the experimental chapter.
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4.2.3. 'H and 3C NMR Spectroscopy

Structurally Bmpp-Dh and Ampp-Dh is similar to Bmpp-Ph and Ampp-Ph,
respectively, discussed above, since dinitrophenylhydrazine is a derivative of
phenylhydrazine. Therefore their *H and '*C NMR spectra looked almost alike
in DMSO-dg solution, all other conditions remaining constant. In Bmpp-Dh
(Fig. 31), the —NH proton and that of the azomethine carbon atom C=NH,
respectively, resonated in the downfield region with chemical shift at 11.6
and 8.9 ppm integrating for one proton each. A multiplet due to aromatic
hydrogen was observed at 8.5-7.3 ppm, but the integrating protons are not
equivalent, which may be due to the overlap of equivalent protons. Finally,
the resonance peak due to methyl hydrogen was displayed as a sharp signal
upfield of the NMR spectrum at 1.9 ppm integrated for three hydrogen at-

oms as expected.
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Figure 31. 'H NMR Spectrum of Bmpp-Dh

130



Ampp-Dh (Fig. 32) showed a singlet with broad base integrating over a
wide range for one proton at 10.8 ppm which is assigned to the —-NH of the
hydrazine. This was followed by another singlet resonating at 8.8 ppm due
to hydrogen attached to the azomethine carbon atom C=N. There is a weak
signal at 2.4 ppm which may be assigned to the methyl protons but its inte-
gration showed otherwise considering that it has been unusually merged
with the DMSO peak. However, the mass spectrum molecular peak and
fragmentations discussed below, corroborates the proposed composition for
Ampp-Dh. Also the aromatic protons H-Ar are observed as a multiplet at

8.4-7.2 ppm.
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Figure 32. 'H NMR Spectrum of Ampp-Dh
13C NMR spectra of Bmpp-Dh and Ampp-Dh (Fig. 33 and 34) displayed
aromatic carbon atoms at a chemical shift of 144.6-117.2 and 137.9-116.02

ppm, respectively. Signals due to azomethine carbon and the pyrazolone
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carbonyl C=0 is seen at a lower chemical shift value of 147.44 and 148.9
ppm in Bmpp-Dh, which may be a result of dinitrophenylhydrazine steric na-
ture compared to the phenylhydrazine counterpart above. Finally in Bmpp-
Dh, the only methyl carbon appears as a single signal in the aliphatic region
at 13.6 ppm. In Ampp-Dh, chemical shifts due to C=N and C=0 were ob-
served at 137.7 and at 146.2 ppm, respectively. The two methyl groups car-
bons are observed at 16.2 and 14.9 ppm assigned to the pyrazolone methyl

and the acetyl methyl, respectively.
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Figure 33. »*C NMR Spectrum of Bmpp-Dh
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Figure 34. 3C NMR Spectrum of Ampp-Dh

4.2.4. Mass-Spectroscopy

The highest intensity peaks in the mass spectra of Bmpp-Dh and Ampp-

Dh corresponds to the molecular ion peak M™ observed at m/z 459 in Bmpp-

Dh (Fig.35) and at m/z 397 in Ampp-Dh (Figure 36).The fragmentation peak

at m/z 279 in Bmpp-Dh is due to the protonated benzoyl Schiff base precur-

sor, Ci17H14N>0,. The molecular ions observed in both Schiff base ligands

confirm the calculated theoretical molar mass plus hydrogen M + H]™.
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Figure 35. Mass-Spectrum of Bmpp-Dh
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Figure 36. Mass-Spectrum of Ampp-Dh
4.2.5. Infrared Spectroscopy

The IR-spectra of the Schiff base ligands and their metal complexes
closely look alike with modifications in the spectra of the metal complexes
due to the interaction of the metal ion with the ligands. Octahedral complex-
es of the synthesized acylpyrazolone ligands have been proposed which were
in accordance with previously reported (78JINC793, 81D1241, 94TMC611).
Bmpp-Dh and Ampp-Dh existed in keto tautomer form with IR spectra hav-
ing a strong band vibrating at 1642 and 1627 cm™ corresponding to the az-
omethine v(C=N). The metal ion in the metal complexes coordinates through
the donor nitrogen of the azomethine group and based on this the azome-
thine band in the IR spectra of metals complexes are observed at a signifi-
cantly lower wavenumber in the range of 1620-1617 cm™. The broad band
at 3489 cm™ in Bmpp-Dh and 3486 cm™ in Ampp-Dh due to inter- and in-
tramolecular hydrogen bonding of the v(N-H) stretching band was observed

in the range of 3498-3384 cm™ due to v(N-H) and v(0O-H) from the water
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molecules. The ketone carbonyl v(C=0) group was observed at 1498 and
1501 cm™, which was absent in the IR-spectra of the metal complexes, an
evidence of the coordination of the metal ion through the oxygen of the car-
bonyl thereby forming -C-0O-M bond. The two coordinated water molecules
that completed the proposed octahedral geometry of metal complexes can
be corroborated with the existence of a new band at around 849-830 cm™.
A new band at around 633-620 cm™ and 492-478 cm™* was assigned to the
newly formed v(M-N) and v(M-0) bonds respectively.
4.2.6. UV-Vis Spectroscopy and Magnetic Moments

The ligands and their complexes showed absorption bands in the UV re-
gion due to n—»n* and n—r* transitions. The point of absorptions displayed
some modifications in the metal complexes as a result of metal ion coordina-
tion. In general the electronic spectra of all the metal complexes in this
chapter exhibited an unusual display but their magnetic moment values
agreed with theoretical predictions in line with reported data. The energy
values closeness of different states of transitions may be the reason for the
disappearance of some expected bands. Electronic spectra absorption bands
and values in nanometers are displayed in the experimental section.

Mn(II) complexes of the dinitrophenylhydrazone with acylpyrazolone
show an unusual electronic spectral band in the visible region but close to
the UV region (Fig. 37, 38). Two bands were observed at 436 nm and 462

nm in Mn(Bmpp-Dh);(H20),, and a band at 451 nm in Mn(Ampp-
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Dh),(H20),-H,O. These bands may be attributed to 6Alg—>4Alg transition a

characteristics of an octahedral Mn(II) complex.
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Figure 37. Electronic Spectrum of Mn(Bmpp-Dh)2(H20)>
The magnetic moment, of dinitrophenylhydrazone Schiff base complexes

with Mn(II), which further confirm their geometry, are 5.65 and 5.67 BM for

Mn(Bmpp-Dh)>(H,0), and Mn(Ampp-Dh),(H,0),-H>0, respective-
ly(07PJP301).
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Figure 38. Electronic Spectrum of Mn(Ampp-Dh),(H20),-H>0
Electronic spectra of cobalt complexes show similar absorbance in the

same region as the manganese complexes. Co(Bmpp-Dh),(H20)2-H,0 dis-
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play bands at 425 nm and 460 nm (Fig.39), and Co(Ampp-Dh),(H,0), at 414

nm and 493 nm (Fig. 40) corresponding to (*T,g—*T14) transition of an octa-

hedral Co(II) complex.
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Figure 39. Electronic Spectrum of Co(Bmpp-Dh),(H20)2:H,0
The measured magnetic moment for Co(Bmpp-Dh)2(H20),-H,0 was 4.48
BM and 4.47 BM for Co(Ampp-Dh),(H,0), which were in agreement with the

expected values for an octahedral Co(II) complex (07EQ7).
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Figure 40. Electronic Spectrum of Co(Ampp-Dh),(H20)>
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The d-d bands in the visible region were observed in Ni(Bmpp-
Dh),(H20)2-H,0 at 431 nm and 463 nm (Fig. 41). One band was observed
for Ni(Ampp-Dh),(H,0), at 436 nm (Fig. 42). However, three different bands

are attributed to A,—>T14(p) transition of an octahedral Ni(II).
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Figure 41. Electronic Spectrum of Ni(Bmpp-Dh)2(H>0),-H>0
Ni(II) complexes presented herein has a magnetic moment value of 2.90
and 2.92 B.M for Ni(Bmpp-Dh)2(H20)2:H>O and Ni(Ampp-Dh),(H20)», respec-

tively (02SRI819).
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Figure 42. Electronic Spectrum of Ni(Ampp-Dh),(H,0)2
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Like most of the complexes with dinitrophenylhydrazone Schiff base pre-
sented here, the copper complexes exhibited d-d transition close to the UV
region. Cu(Bmpp-Dh),(H20),:2H>0 (Fig. 43) exhibited two bands at 425 nm
and 460 nm corresponding to ?B;4—°E, transition associated with a magnetic
moment of 1.95 BM. Cu(Ampp-Dh),(H,0)2(Fig. 44) having a magnetic mo-
ment of 1.97 BM, shows a band at 467 nm attributed to ?B;4—°E, transition,
and a broad band peculiar to a distorted octahedral Cu(II) at 598 nm corre-

sponding to *Bi1q—Byyg .

Cu(Bmpp-Dh),(H,0),-2H,0

Absorbance
o - N w H (0] (o)}

200 300 400 500 600 700 800
Wavelength

Figure 43. Electronic Spectrum of Cu(Bmpp-Dh),(H,0),:2H,0
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Figure 44. Electronic Spectrum of Cu(Ampp-Dh),(H>0)»
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4.2.7. X-Ray Crystallography
Bmpp-Dh single crystals were obtained from slow evaporation of the
methanolic solution at room temperature and subjected to X-ray diffraction.
Crystal data summary is presented in Table 8.

Table 8. Crystal and Refinement Data for Bmpp-Dh

Compound Bmpp-Dh
Formular Ca3H1sNgO5-CoHgO
Crystal colour and form Red / Block
Formula weight 504.50
Crystal system Monoclinic
Space group P2:/c
a 12.8289 (4) (R)
b 14.3247 (4) (R)
c 14.4213 (4) (R)
B 111.347 (1)°
v 2468.38 (12) (A%
Z 4
Dcaic) 1.358 (Mg cm'l)
F(000) 1056
8 range 2.9-28.9 (°)
. 0.16 x 0.43 x 0.39
Crystal size
(mm)
Reflections measured 23873
Independent/observed 6124/5136
Mu(MoKa) 0.71073 ( /mm)
Temperature 200 (K)
Parameters 94

In Cy3H18NgOs5:CoHeO (Fig. 45), the least square plane of the pyrazolone
ring makes a dihedral angle of 53.56(3)° with the least squares plane of all
the phenyl rings C;1-Ci6, C21—-Cy6, and Cs31—-Cse. The largest deviation dis-

tance from the phenyl ring plane is Ci4 at 0.2688(16) A. The dihedral angles
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with the individual least square planes through the phenyl rings with the py-

razolone plane are 45.87(7)°, 58.29(7)° and 55.84(7)°, respectively.

Figure 45. Molecular crystal structure of C;3H18NgOs:CoHgO
The ethyl group of the ethanol solvent molecule is disordered over two
set of sites [occupancy ratio 0.762(5):0.238(5)]. H4N, the hydrogen on N4,
has two intra molecular contacts of 2.023(17) A and 2.040(17) A with O;and
0., respectively. A Css—Hse-+-N3 intra molecular contact of 2.34 A also occurs

(Fig. 46).
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Figure 46. Hydrogen Bondig inC23H18N6O5-C2H60
Molecules of the title compound are stacked in the c axis direction and
linked via the ethanol solvent molecule with N—H>N:--Og and Og—Hg---O1 in-
termolecular contacts of length 1.711(18) A and 1.72(2) A, respectively, Fig.

47. Adjacent molecules have a Cos—Hag:++Os interaction of 2.43 A.
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Figure 47. Packing Diagram of Cy3H18NgO5:CoHgO
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Schiff bases with substituted aryl moieties having more conjugation have
been reported to be more easily prepared and stable, hence the reason for
the unsuccessful attempts to obtain crystal structure of Ampp-Dh.

4.2.8. Thermogravimetric Studies

Metal complexes of acylpyrazolone dinitrophenylhydrazone Schiff bases
are generally thermally stable. In the thermograms presented, a multistep
decomposition pattern was observed with the final decomposition occurring
beyond 900°C, marking their assignment to be unfavorable. However, it is
expected that their final decomposition is equivalent to the mass losses as-
sociated with leftover of the corresponding metal oxides. The two coordinat-
ed water molecules common to all metal complexes are expected to decom-

pose at around 140-300°C (05TMC341) and the uncoordinated water usually

decomposes a little earlier.
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Figure 48. TGA and DTG curves of Mn(Bmpp-Dh),(H20)»
Two decompositions of about 11% mass loss was observed in Mn(Bmpp-

Dh)2(H,0), at 240°C, which may be due to the coordinated water molecules
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and others which the complex have absorbed as lattice water (Fig. 48). At
around 390°C a major decomposition occurred followed by another one over
a wide temperature range extending above 900°C which may be a result of

the removal of the Schiff base ligands.
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Figure 49. TGA and DTG Curves of Mn(Ampp-Dh),(H20),-H,0

A similar decomposition pattern was observed in  Mn(Ampp-
Dh)>(H>0)2-H,0 (Fig. 49), having a loss of the coordinated and non coordi-
nated water molecules around 190 °C with a weight percentage loss of 10
%. The major decomposition at around 310 °C may be due to one Schiff
base ligand and the wide temperature range decomposition extending be-
yond 900 °C tentatively due to the second Schiff base ligand molecule leav-
ing behind the metal oxide of manganese.

The removal of the water molecules can be observed in the thermogram
of Co(Bmpp-Dh),(H20)2-H,O (Fig. 50), as a multiple decomposition occurring
at 240°C with a total mass percentage loss of about 11% which is calculated

as 5.3%. The major decomposition at 360°C from DTG curve may be due to
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one of the Schiff base ligand but was not clear. Also, the last decomposition

observed extend beyond 900°C.
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Figure 50. TGA and DTG Curves of Co(Bmpp-Dh),(H20),-H>0
The absence of an uncoordinated water molecule can be evident in the
thermogram of Co(Ampp-Dh)>(H>0),, Fig.51. The major decomposition at
370°C may be due to the elimination of two water molecules. The other two
decompositions observed from DTG at around 510 and 600°C cannot be as-

signed. The formation of a gaseous product may be the cause of the unusual

thermograms observed.
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Removal of the coordinated water molecules in Ni(Bmpp-Dh),(H>0)>-H,0
was evident from the multistep decomposition occurring at around 240°C,
Fig. 52, which is followed by a major decomposition at 390°C which may be
assigned to the removal of one Schiff base ligand. The last decomposition
over a wide range of temperature may be due to the second Schiff base
leaving behind the residue of the metal oxide. A similar pattern was ob-
served in Ni(Ampp-Dh),(H>0), (Fig. 53). The water molecule removal was
evident from the DTG cure of decomposition at 160°C, the major decomposi-
tion at around 298°C may be attributed to the removal of the ligand, alt-
hough the decomposition temperature is low. Multiple decompositions are

observed and complex components assignment was not possible.

=]
[=]

0.8016
a0 I-‘\"_'__"“ °
| W) T ;
ol MY N~ S e
- 1N -
& B0 e B;’
g 50 \ \-‘"“"‘\ ® %
i | ~ :
‘ | N
0 ! \\- a0 O
10 L1z
0 1309

20

Figure 52. TGA and DTG Curves of Ni(Bmpp-Dh),(H20),-H,0
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Figure 53. TGA and DTG Curves of Ni(Ampp-Dh),(H20)»

Both copper complexes of acylpyrazolone Schiff bases with dinitrophenyl-
hdrazine exhibited a major decomposition at 380°C, this decomposition may
be due to the removal of one Schiff base ligand and followed by another de-
composition over a wide temperature range which is associated with the re-
moval of the second Schiff base in both cases (Fig. 54 and 55). The presence
of the uncoordinated water molecule is obvious in Cu(Bmpp-
Dh),(H20),:2H,0 with a decomposition at around 100°C followed by the re-
moval of coordinated water molecule at 200°C. DTG curve reveals some de-
composition around 220°C which is due to the coordinated water molecule
and absence of any decomposition earlier than this is an evidence of no lat-
tice water molecule.

Based on elemental, spectroscopic and thermal studies the proposed

structure for metal complexes is presented in 88-95.
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Figure 54. TGA and DTG Curves of Cu(Bmpp-Dh)2(H>0),:2H,0
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4.2.9 Antibacterial Screening

The zones of inhibition from invitro antibacterial screening of dinitro-
phenylhydrazine Schiff base and their metal complexes using the paper disc
diffusion method is presented in Table 9. All the reported compounds show a
generally low antibacterial activity compared to chloramphenicol. Ampp-Dh
showed a highest zone of inhibition at 24 mm against Staphylococus aureus,
which was followed by Co(Ampp-Dh),(H20), with 20 mm against Gram
negative Aeromonas hydrophillia. Ni(Bmpp-Dh),(H20)2-H,O displayed a
broad spectrum activity, having a positive activity against all selected bacte-
rial isolates and may be referred to as most active compound on the list
(80AAC27).

Table 9. Zone of Growth Inhibition Exhibited by Dinitrophenylhydrazine

Schiff Bases and Metal Complexes at 40 mg/mL (mm)

. Staphylo- Bacillus Proteus Aeromonas
Ligand and complexes . ; s
cocus aureus pumillus vulgaris | hydrophillia
Bmpp-Dh 4.0 8.3 NI NI
Ampp-Dh 24.0 9.5 NI 4.5
Mn(Bmpp-Dh),(H,0), 8.0 7.0 NI NI
Ni(Bmpp-Dh),(H,0),-H,0 10.5 6.0 12.0 12.0
Cu(Bmpp-Dh),(H,0),:2H,0 NI 8.5 NI 12.0
Co(Ampp-Dh),(H,0), 15.5 4.0 NI 5.0
Ni(Ampp-Dh),(H,0), 8.0 12.5 NI 8.3
Cu(Ampp-Dh),(H,0), 13.0 12.3 NI 20
Chloramphenicol 30.0 20.0 42.0 40.0
DMSO NI' NI NI NI

INI = no inhibition

150




4.2.10. Antioxidant (Free Radical Scavenging) Activity

Although at 0.50 mg/mL the two Schiff base ligands Mn(Bmpp-Dh),(H>0)-»
and Co(Ampp-Dh),(H20)> did not show any activity, all the compounds un-
der investigation show free-radical
Mn(Ampp-Dh),(H20),-H>O had the strongest antioxidant activity with per-
centage scavenging activity values close to that of standard drug, ascorbic

acid (Table 10). This was in agreement with reported work on synthesized

compounds with metal ion coordination (01RJP61).

scavenging properties with DPPH.

Table 10. Antioxidant Scavenging Activity Data of Dinitrophenylhydrazine

Schiff Bases and Their Metal Complexes (%)

Ligand and complexes

Percentage antioxidant scavenging activity

0.50 mg/ml 0.25 mg/ml 0.13 mg/ml
Bmpp-Dh - 31.05 30.70
Ampp-Dh - 63.27 76.33
Mn(Bmpp-Dh),(H,0), - 68.83 52.28
Co(Bmpp-Dh),(H,0),:H,0 8.58 59.56 47.11
Ni(Bmpp-Dh),(H,0),-H,0 87.92 62.80 61.28
Cu(Bmpp-Dh),(H,0),:2H,0 2.28 89.90 53.76
Co(Ampp-Dh),(H,0), - 55.50 55.98
Ni(Ampp-Dh),(H,0), 65.32 84.01 84.83
Cu(Ampp-Dh),(H,0), 35.73 85.40 82.98
Ascorbic acid 87.62 93.63 91.99

All metal complexes with Bmpp-Dh exhibited a generally increased activi-
ty than their ligand, Specifically, Ni(Bmpp-Dh),(H20)2:H,O and Cu(Bmpp-
Dh),(H20),:2H,0 showed a significant increase in antioxidant property at 0.5

and 0.25 mg/mL respectively compared to its free Schiff base ligand Bmpp-

Dh, Fig.56.
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Figure 56. Chart Showing the Scavenging Activity of Bmpp-Dh and its Metal
Complexes

A generally higher antioxidant activity for metal complexes have been ob-

served with metal complexes of acetyl pyrazolone Schiff base with dinitro-

phenylhydrazine as this was peculiar in all different concentrations.

Mn(Ampp-Dh).(H,0),-H>0 exhibited a strongest activity across all concentra-

tion values, Figure 57.

100 ~

a0

B0

30

&

70

e

% g0 B 0.50 mg/ml
= 50 -

a0 W0.25 mg/ml
B 40 -

= 013 mg/ml
z

L=

a

20
10 +°

Adh Mn

Figure 57. Chart Showing the Scavenging Activity of Ampp-Dh and its Metal

Complexes
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4.3. Acylpyrazolone Derived Sulfanilamide Schiff Bases and Their
Metal Complexes

Sulfanilamide drugs are well-known antimicrobial agents used as thera-
peutic agents over a century for the prevention and cure of bacterial infec-
tions in humans (01D774). Sulfonamides, as they are generally referred
were the first set of drugs with a selective action towards various diseases
both as a preventive and therapeutic agent (04A0C221, 07SA(A)1271).
Structurally, the sulfanilamide group resembles p-aminobenzoic acid, a me-
tabolite, which is capable of blocking folic acid synthesis in bacteria, thereby
causing cell death; hence the reason for their strong antibacterial activity
(05TMC411). Metal complexes of sulfanilamides have also proven to be very
significant therapeutic agents and thus have been used as such (92POL1507,
95MBD81, 01D774). Sulfanilamide is the simplest member of the sulfa drugs
family having four potential coordinating sites towards metal ions, 96; the
sulfanyl oxygen atoms as well as the amino group nitrogens by deprotona-
tion. The numbers of coordinating chelating sites have been increased by the
formation of remarkable Schiff base ligands with even better biological and
therapeutic properties (10CJS69). The single crystal structure of sulfanila-
mide Schiff base with salicylaldehyde was reported in a monoclinic crystal
system (10CJSC69). This section discusses the synthesis, characterization,
and the biological studies of two Schiff bases ligand of sulfanilamide, 4-

benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one sulfanilamide Bmpp-Sn and 4-
153



acetyl-3-methyl-1-phenyl-2-pyrazolin-5-one sulfanilamide Ampp-Sn, includ-
ing their Mn(II), Co(II), Ni(II) and Cu(II) complexes.

H>

NH>
96

4.3.1. Synthesis
Presented in eq. 7 is the synthetic scheme of sulfanilamide Schiff bases
obtained from the condensation reaction between the synthesized pyrazo-

lone Schiff base precursors and 4-aminobenzenesulfonamide in a 1:1 molar

ratio.
0 0=
[
\ MeOH
HZN—SONH2+
(II) o= N~ —H>0

4 h reflux
Sulfanilamide

4-acyl-3-methyl-1-phenyl-2-pyrazolin-5-one  Bmpp-Sn or Ampp-Sn
R = Ph, Me
The Schiff bases were obtained in an air-stable solid form at room tem-
perature and soluble in methanol, ethanol, and most common organic sol-

vents. They were in more than average in yield, and purity was monitored

by TLC after continuous washing with methanol. The small melting point
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range gave an idea of its purity. Single threadlike crystal structure of Bmpp-
Sn distorted with a water molecule was afforded from slow evaporation of a
solution of methanol, while that of Ampp-Sn was not successful. The Schiff
bases have both been fully characterized by elemental analysis, IR-
spectroscopy, UV-VIS-spectroscopy, 'H and 13C NMR spectroscopy, mass
spectroscopy and X-ray crystallographic analysis for Bmpp-Sn.

Treatment of Bmpp-Sn or Ampp-Sn with an appropriate metal salt afford-
ed metal complexes as presented in a general synthesis scheme, Eq. 8. They
were in a powder form and in different colors. The metal complexes are gen-
erally insoluble in water, ethanol, and in most non-coordinating solvents but
sparingly soluble in methanol and soluble in DMF and DMSO. Attempts to
grow crystal structure for X-ray crystallography were unsuccessful but a sin-
gle crystal structure of the benzoyl Schiff base precursor with cobalt was ob-
tained instead, from slow evaporation of Bmpp-Sn in DMF. Their molar con-

ductance values infer non-electrolyte behavior in DMF (71CCR81, 75MI1).

EtOH/H,OQ
reflux 4 h
M = Mn?*, Co?*, Ni°" or Cu?*, X = CI" or CH5COO"
L = Bmpp—Sn or Ampp-Sn

MX5*nH,O + M(L)2(H20)2-nHO  (8)

4.3.2. Elemental analysis
The CHN elemental analysis result in percentage of Bmpp-Sn, Ampp-Sn,
and metal complexes found was in agreement with calculated composition

values. Octahedral metal complexes with the corresponding Schiff base are
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proposed, having two molecules each of the Schiff base and two molecules
of water to complete its octahedral geometry. Some of their physical proper-
ties, melting point range, elemental composition and percentage yield are
presented in the experimental section.
4.3.3.'H and *C NMR Spectroscopy

The *H NMR spectra of Bmpp-Sn (Fig. 58) showed a multiplet at 7.8-7.1
ppm due to the aromatic protons and a singlet each at 12.8 ppm and at 8.0
ppm assigned, respectively, to the -NH and the azomethine nitrogen H-N=C
protons. The resonance peak due to methyl protons is displayed upfield at

2.2 ppm integrating for an unequivalent number of hydrogen atoms.

SEE s o=

Figure 58.'H NMR Spectrum of Bmpp-Sn
'H NMR spectra of Ampp-Sn (Fig. 59) was inconclusive as resonance
peaks were not resolved enough to assign all necessary chemical shifts;
however, the peak on the far downfield is due to NH, hydrogen -NH at 13.1

ppm integrated for one proton. The two sharp peaks on the far upfield is due
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to the methyl proton groups, pyrazolone methyl at 2.5 ppm and the acetyl

methyl at 2.4 ppm although integrated for a higher proton value. The signals

at 7.9-7.2 ppm are assigned to the aromatic protons while the peak at 8.0

ppm is due to azomethine hydrogen H-N=C.
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Figure 59. 'H NMR Spectrum of Ampp-Sn

A signal at 190.5 ppm in Bmpp-Sn and that at 165.4 ppm in Ampp-Sn

may be assigned to the carbonyl carbon C=0. The azomethine carbon can

be observed at 139.3 ppm in Bmpp-Sn (Figure 60), while

played at 164.5 ppm.

in Ampp-Sn dis-
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Figure 60. »*C NMR Spectrum of Bmpp-Sn
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Signals due to aromatic carbon atoms are resonating at a chemical shift
of 132.2-110.7 ppm in Bmpp-Sn and 142.8-116.6 ppm in Ampp-Sn. Ali-
phatic methyl carbon may be assigned to a signal at around 16.5 ppm in
Bmpp-Sn and the two methyl groups in Ampp-Sn is assigned to the signals
at 17.6 and 17.5 ppm. The resonance signal due to C-S may be assigned to
signal at 148.2 ppm in Ampp-Sn (Fig.61). Unfortunately, this particular sig-
nal could not be accounted for in Bmpp-Sn but its mass spectrum and crys-

tal X-ray structure does confirm the proposed molecular structure.
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Figure 61. *C NMR Spectrum of Ampp-Sn
4.3.4. Mass Spectroscopy
The molecular ion peak of the APCI source mass spectrum of Bmpp-Sn
and Ampp-Sn was observed at m/z 433 and m/z 371, respectively, and

completely agree with the calculated theoretical molar mass plus one hydro-
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gen [M+H]". Also the protonated benzoyl Schiff base precursor fragmenta-

tion peak was observed at m/z 279 i.e. C17H14N,0> in Fig.62, while a frag-

mentation peak of acetyl Schiff base precursor CioH11N>0O, was seen at m/z

216 in Bmpp-Sn spectrum, Fig.63.
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Figure 62. Mass Spectrum of Bmpp-Sn
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Figure 63. Mass Spectrum of Ampp-Sn

4.3.5. Infrared Spectroscopy

The successful formation of the sulfanilamide Schiff base with acylpyrazo-

lone in a keto tautomer form was evident in the presence of the azomethine

(C=N) and ketone carbonyl (C=0) vibrating bands. The (C=N) was observed

at 1639 cm™ in Bmpp-Sn and 1633 cm™ in Ampp-Sn which is modified and

appeared at a lower wave number region of 1627-1617 cm™ in the IR spec-

tra of metal complexes. Ketone carbonyl group (C=0) was observed at 1504
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cm™ in Bmpp-Sn and 1503 cm™ in Ampp-Sn, which was not obvious in the
metal complexes spectra showing a transformation of the double bond of
carbonyl into a metal oxygen bond -C-O-M. The octahedral Schiff base
metal complexes were completed with two water molecules each and this
bond can be seen from the formation of a vibrating band at around 850-823
cm™t in addition to the broad band at 3498-3390 cm™ in the metal complex-
es, which appeared at 3496-3497 cm™ in the Schiff base ligands. The bands
that appeared at 634-619 cm™ and 498-470 cm™ are due to metal nitrogen
bond M-N and metal oxygen M-0, respectively. The IR spectra of ligands
and their respective metal complexes are presented in the Appendix.
4.3.6. UV-Vis Spectroscopy and Magnetic Moment

Bmpp-Sn and Ampp-Sn exhibited the expected bands at the UV region
due to n—n* and n—n*. Absorption bands and wavelength values carefully
assigned are presented in the experimental section. Mn(Bmpp-Sn)2(H20),
shows two bands in the visible region at 424 nm and 589 nm assigned to
®A14—'T2q and °A;4—*Ty4 transitions respectively corresponding to a d° octa-
hedral Mn(II) environment (Fig.64). One band at 431 nm is assigned to
®A14—T2g in MN(Ampp-Sn),(H,0),-H,0 (Fig.65). The high spin d° octahedral
manganese complexes was corroborated with the magnetic moment values
of 5.82 and 5.61 BM for Mn(Bmpp-Sn)2(H.0), and Mn(Ampp-

Sn)2(H20)2-H>0 respectively (07PJP301).
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Figure 64. Electronic Spectrum of Mn(Bmpp-Sn),(H20)»
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Figure 65. Electronic Spectrum of Mn(Ampp-Sn),(H20)2-H,0
Co(Bmpp-Sn)2(H20)2-H,0 displays two bands in the visible region at 408
nm and 540 nm corresponding to 1 (*T2g—'Tig), and (*Ag—*T14) transitions
respectively, Fig. 66. It also has a magnetic moment value of 4.46 BM ex-
pected for an octahedral Co(II). Three bands were observed in the electronic
spectra of Co(Ampp-Sn),(H,0), with magnetic moment of 4.43 BM, at 408

nm, 632 nm and 699 nm assigned as (*T.;—*Tig), (*Axg—*Tig) and
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(*T14(p)—"*T1,) transitions, respectively (Fig. 67), expected of a d’ octahedral

geometry (07EQ7).
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Figure 66. Electronic Spectrum of Co(Bmpp-Sn)2(H>0),:-H>0
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Figure 67. Electronic Spectrum of Co(Ampp-5Sn),(H>0)»

The bands at 410 nm and 683 nm were assigned to >A,;—>Ti4(p) and
3Aq—>T14(F), respectively in Ni(Bmpp-Sn),(H,0),-H,0 (Fig. 68). In Ni(Ampp-
Sn)2(H,0)2'H,O the d-d bands at 596 nm and 674 nm is assigned
as>Ayg—>T14(F) and 3A,—>To4(F) respectively, Fig.69. These transitions cor-
respond to a d® Ni(II) with octahedral geometry. Their magnetic moment of
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2.89 and 2.93 BM for Ni(Bmpp-Sn)(H;0)2-H,O and Ni(Ampp-

Sn),2(H20)2-H,0O, respectively, further justify the predicted geometry

(02SRI819).
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Figure 68. Electronic Spectrum of Ni(Bmpp-Sn)(H,0),-H,0
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Figure 69. Electronic Spectrum of Ni(Ampp-Sn)2(H>0),-H>0
Two bands in the electronic spectra of Cu(Bmpp-Sn),(H,0), observed as a
strong band 442 nm and a broad band that peaks at 751 nm were assigned

to ’B1,—°E4 and 2By1,—°By, transitions, respectively, with a magnetic moment
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value of 1.93 BM, Fig.70. Cu(Ampp-Sn),(H,0),-H,O exhibited one single
broad band characterized by a distorted octahedral Cu(II) at 618 nm which

is assigned to ZBlg—>szg transition Fig. 71, with a magnetic moment value of

1.90 BM.
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Figure 70. Electronic Spectrum of Cu(Bmpp-Sn),(H>0),
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Figure 71. Electronic Spectrum of Cu(Ampp-Sn)2(H20)2-H>0
4.3.7. X-Ray Crystallography
Slow evaporation of Bmpp-Sn solution in methanol afforded needle-like

single crystals of Bmpp-Sn with a water molecule distortion formulated as
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Ca3H20N403S-H,0. A summary of crystal data (crystallographic and refine-
ment parameters) is presented in Table 11.

Table 11. Crystal and Refinement Data for Bmpp-Sn

Compound Bmpp-Sn
Formula C23H20N4O3S-H20
Crystal colour and form Orange / Block
Formula weight 450.52
Crystal system Monoclinic
Space group C2/c
a 23.3366 (4)(R)
b 14.7706 (3)(R)
c 12.5787 (2) (R)
a 90 (1)°
B 100.727 (1)°
% 4257.21 (13)(A%)
V4 8
Dcaic) 1.406 (Mg cm'l)
F(000) 1888
8 range 2.2-28.3 (°)
Crystal size 0.24 x 0.38 x 0.56 (mm)
Reflections measured 19945
Independent/observed 5285/4408
Mu(MoKa) 0.71073 ( /mm)
Temperature 296 (K)
Parameters 108

The H atoms on Nj, N2, and O4 were located on a difference Fourier map
and refined with U(H) set to 1.2Uee(N) and 1.5Ue(O). The SO,NH; group
shows rotational disorder, which could not be effectively modeled. The data
was corrected for absorption effects using the numerical method implement-
ed in SADABS. Two reflections were omitted from the refinement because

they were obscured by the beam-stop. Solid state Bmpp-Sn-H,O as seen in
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Fig. 72, is essentially planar with the plane of the methylpyrazolone group
but with the phenyl groups turned out of the plane. The phenyl rings Cii-
Ci6, C21-Ca6 and C31-Css make dihedral angles of 39.44(12)°, 66.26(13)°

and 34.38(13)°, respectively with the methylpyrazolone group.

Figure 72. Molecular Crystal Structure of Bmpp-Sn-H,0

There are three intra-molecular bonds: one short N2:::H2:--O3 hydrogen
bond of 1.90 &, and two long C13::-H13:::02 and C32:--H32:--03 hydrogen
bonds of 2.48 A each (Fig. 73). Pairs of Bmpp-Sn-H.O are alternatively
stacked in the c-axis direction and connected with two C22:--H22:--03 hy-
drogen bonds of 2.45 A, two C16---H16---C (pyrazole ring) n-ring interactions
of 2.66 /3\, and two N1::-H1B:--:C (C31-C36 phenyl ring) =-ring interaction of

2.70 A. A water molecule connects adjacent Bmpp-Sn-H,O in the b-axis di-
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rection with two hydrogen bonds N1:-:H1A:-:04::-H4B-:-N4 of length 1.74

and 2.13 &, respectively.

Figure 74. Molecular parking diagram of Bmpp-Sn-H,0
A Co(II) complex with Bmpp single crystal was obtained from a solution
of Co(Bmpp-Sn),(H20),:2H,0 in DMF, an unsuccessful attempt to grow the
single crystal structure of Co(Bmpp-Sn),(H20)2:2H>0. The orange block-like

crystal has two Bmpp molecules coordinating to the metal ion in a bidentate
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form through the ketone oxygen and that of the benzoyl formulated as
C40H40CoNgOg, Fig. 75. Two molecules of DMF complete the octahedral ge-
ometry observed (Fig. 76). Summary of crystal data is presented in Table

12.

Table 12. Crystal and Refinement data for Co(Bmpp)2(DMF)»

Compound Co(Bmpp)2(DMF),
Formular C40H40CoNgOg
Crystal colour and form Orange / Block
Formula weight 759.71
Crystal system Monoclinic
Space group P21/c

a 10.1110 (5)(R)
b 9.3904 (4)(R)
C 21.3390 (8) (A)
a 90 (1)°
B 117.241 (2)°
% 1799.43 (14)(A3)
Z 2
Dcaic) 1.402 (Mg cm'l)
F(000) 794
B range 2.1-28.4 (°)
Crystal size 0.22 x 0.44 x 0.56 (mm)
Reflections measured 49492
Independent/observed 4515/4132
Mu(MoKa) 0.534 ( /mm)
Temperature 200 (K)




Figure 75. Molecular Crystal Structure of Co(Bmpp)2(DMF)»
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Figure 76. Molecular Packing Diagram of Co(Bmpp).(DMF),

Details of Co(Bmpp)2(DMF), crystal and other single crystals have been

submitted to CCDC Cambridge and are presented in the Appendix.

4.3.8. Thermogravimetric Studies

TGA in collaboration with DTG curves shows a similar multistep decompo-
sition pattern in the thermograms of metal complexes of the acylpyrazolone
sulfanilamide Schiff base. Generally low thermal decomposition mass losses

observed below 300°C are due to the removal of the coordinated and non-
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coordinated water molecules, although they have not been observed in some
these complexes with coordinated water molecule. Also, most metal com-
plexes exhibited multiple steps, for which assignment was not unequivocal.
In Mn(Bmpp-Sn)2(H20)2-H,O (Fig. 77), the removal of the four water
molecules have been observed in a decomposition at 220°C. The major de-
composition at around 550°C with a mass loss of about 44% may be at-
tributed to the removal of a Schiff base ligand molecule calculated as 45.3%.
This decomposition was followed by a second one over a wide temperature
range extending beyond 900°C that may be attributed to the second Schiff
base ligand leaving a residue of manganese oxide. The Mn(Ampp-
Sn),(H20)2-H,0 (Fig. 78) exhibited a different trend in decomposition due to
the presence of an acetyl derivative Schiff base. Decomposition due to the
elimination of the water molecules can be observed at 150 and 290°C. It was
followed by a major decomposition at around 450°C attributed to the de-
composition of the Schiff base ligand with a mass loss of 40% and calculated
as 43.7%. The final decomposition due to the second ligand extends beyond

900°C leaving the metal oxide.
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Figure 77. TGA and DTG Curve of Mn(Bmpp-Sn),(H20),-H,0
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Figure 78. TGA and DTG Curve of Mn(Ampp-5Sn),(H>0)2-H,0
The removal of water molecules from Co(Bmpp-Sn),(H20),-H,0 was ob-
served at around 100°C, Fig.79. The major decomposition at 400°C was at-
tributed to the loss of the Schiff base ligand with a mass percentage of 45%
which was calculated as 44.3%. The third decomposition over a wide tem-
perature range was attributed to the second Schiff base ligand leaving a co-
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balt oxide residue behind with remaining mass percent of 6.9% and calcu-
lated as 7.7%. The thermogram for Co(Ampp-Sn),(H20), (Fig. 80) exhibited
many decompositions bringing about unequivocal assignments. However,
the water molecules elimination can be observed in the decomposition at

160°C. The TGA curve extends beyond 900°C.
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Figure 79. TGA and DTG Curve of Co(Bmpp-5Sn)2(H20)2-H>0
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Figure 80. TGA and DTG Curve of Co(Ampp-5Sn)2(H20)»
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Ni(Bmpp-Sn),(H20),-H,O exhibited decomposition due to water molecules
at around 80 and 140°C (Fig. 81). Its major decomposition occurred at
420°C associated with the removal of a molecule of Schiff base ligand with
an equivalent mass loss of 50% and calculated as 50.9%. The final decom-
position at around 810°C was attributed to the removal of a total of four
molecules of water and two molecules of the Schiff bases ligand leaving be-
hind a nickel oxide residue with mass percent of 9% and calculated as 8.7%.
Ni(Ampp-Sn)2(H20),-H,O (Fig. 82) exhibited a multistep decomposition. The
elimination of the water molecules was evident from the decompositions at
170 and 280°C. A major decomposition due to the removal of one Schiff
base molecule was observed at 440°C with a mass loss of 44% which agree
with the calculated mass loss of 43.5%. The final decomposition due to the
removal of the second Schiff base extends beyond 900°C which was termi-

nated with the left over nickel oxide.
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Figure 81. TGA and DTG Curve of Ni(Bmpp-Sn)2(H20)2:H>0
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Figure 82. TGA and DTG Curve of Ni(Ampp-5Sn),(H>0)2-H,0

The thermal decomposition of Cu(Bmpp-Sn)>(H>O). showed an unex-
pected one decomposition step at 330°C which cannot be easily assigned,
Fig.83. This observation may be due to the formation of gaseous reaction
products. Also unexpectedly, the coordinated water molecule in Cu(Ampp-
Sn),(H20)2-H,O (Fig. 84) cannot be accounted for in the TGA curve but a
major decomposition at 440°C may be due to the elimination of one Schiff
base ligand with a mass loss of 45%, calculated as 43.2%. This was followed
by a second and final decomposition attributed to the fragmentation of the
last Schiff base liagnd, leaving behind a residue of the metal oxide with a

remaining mass of around 11%, calculated as 8.8%.
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Figure 83. TGA and DTG Curve of Cu(Bmpp-Sn),(H20)2
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Figure 84. TGA and DTG Curve of Cu(Ampp-Sn),(H20),-H,0
Based on careful analysis of the elemental, analytical, spectroscopic and
thermogravimetric studies, the geometry of metal complexes 97-104 may

be proposed accordingly.

175



O\M,//
// n\OHz
98

100

99

102

101

176



H20
N 07 orz el ‘H,0
\

103 104
4.3.9 Antibacterial Screening

From the zones of inhibition presented in Table 13, the highest zone of
inhibition was exhibited by benzoyl derivative Bmpp-Sn against Aeromonas
hydrophillia. Bmpp-Sn also showed a broad spectrum activity (showing ac-
tivity against all selected bacterial isolate) an indication of a good bactericid-
al compared to standard drug. Co(Bmpp-Sn)2(H,0),-H,O, Ni(Bmpp-
Sn)2(H20)2-H20, Ni(Ampp-Sn)2(H,0)2:-H,O and Ampp-Sn on the other hand
exhibited activity against three selected bacterial isolates. Generally a low to
moderate antibacterial activity was observed based on zone of growth inhibi-
tion values. Sulfonamide Schiff bases chelated to a metal center have been
reported to increase in its biological activity (01]JICS474), but in these
acylpyrazolone Schiff bases with sulfanilamide presented here in, there have
not been any remarkable increased bacterial activities in their metal com-

plexes.
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Table 13. Zone of growth inhibition exhibited by sulfanilamide Schiff bases

and metal complexes at 40 mg/ml (mm)

Ligand and complexes Staphylo- Bacillus Proteus Aeromonas
cocus aureus | pumillus vulgaris | hydrophillia
Bmpp-Sn 12.5 7.5 10.3 24.0
Ampp-Sn NI 5.0 8.5 4.0
Mn(Bmpp-Sn),(H,0), 8.5 NI NI 8.0
Co(Bmpp-Sn),(H,0),-H,0 13.3 16.0 NI 15.0
Ni(Bmpp-Sn),(H,0),-H,0 8.0 NI 11.5 21.0
Cu(Bmpp-Sn),(H,0), NI 10.3 NI 8.0
Mn(Ampp-Sn),(H,0),-H,0 NI NI NI 8.5
Co(Ampp-Sn),(H,0), NI 9.0 NI NI
Cu(Ampp-Sn),(H,0),-H,0 NI NI 8.5 15.0
Chloramphenicol 30.0 20.0 42.0 40.0
DMSO NI NI NI NI

NI = no inhibition

4.3.10. Antioxidant (Free Radical Scavenging) Activity

There have been reports on the potential antioxidant properties of some
naturally occurring ingredients from plants and synthetic analogs having
electron-donating groups (08CAM1, 12BCA1, 12TJP285). The inductive ef-
fects of the sulfur and nitrogen groups in Bmpp-Snh and Ampp-Sn may push
electron density towards the free radicals to produce a relatively stable mol-
ecule. The free-radical scavenging properties of most of the metal complexes
presented here are low compared to standard drug ascorbic acid (Table 14).
However, Ni(Ampp-Sn).(H20),-H,O showed very strong antioxidant activities
having values almost as that of ascorbic acid in all three different concentra-
tions. Mn(Ampp-Sn),(H20)2:H,O as well as Co(Ampp-Sn),(H20), exhibited
strong antioxidant properties higher than their Ampp-Sn Schiff base ligand
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which is in agreement with reported compounds coordinated with transition

metal ions (01BPH677,0411B1457, 07MOL1352).

Table 14.

ses and Their Metal Complexes (%)

Antioxidant Scavenging Activity Data of Sulfanilamide Schiff Ba-

Ligand and complexes Absorbance at 517 nm wavelength
0.50 mg/ml 0.25 mg/ml 0.13 mg/ml

Bmpp-Sn 65.15 46.00 44.88
Ampp-Sn 15.41 44.61 54.10

Mn(Bmpp-5Sn).(H,0), - 14.60 -
Co(Bmpp-Sn),(H,0),-H,0 - 16.22 30.95
Nl(Bmpp'Sn)z(Hzo)szo - - 8.50

Cu(Bmpp-Sn),(H20), - - -
Mn(Ampp-Sn),(H,0),-H,0 29.42 92.93 90.38
Co(Ampp-Sn),(H,0), 24.87 89.69 86.93
Ni(Ampp-5Sn),(H,0),-H,0 78.98 94.45 85.82
Cu(Ampp-Sn),(H,0),-H,0 - 14.60 5.30
Ascorbic acid 87.62 93.63 91.99

On comparing the metal complexes with their corresponding ligands
(Fig.85 and 86), the benzoyl pyrazolone derivative Bmpp-Sn showed a
stronger free-radical scavenging property at all three different concentra-

tions.
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Figure 85.
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However, with Ampp-Sn and its metal complexes, the complexes are

stronger antioxidants at concentrations 0.25 and 0.13 mg/mL. Ni(Ampp-

Sn),(H20)2-H,0 exhibited the strongest antioxidant property at 0.25 mg/mL.
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5. Conclusions

Acetyl and benzoyl derivatives of acylpyrazolone diketones were em-
ployed in the synthesis of some new Schiff base ligands with phenylhydra-
zine, dinitophenylhydrazine, and sulfanilamide, a study that was motivated
by interesting biological and chelating properties of acylpyrazolone Schiff ba-
ses towards alternative therapeutic agents as a possible replacement for dis-
ease-resistant clinically used drugs. These Schiff base ligands have been
characterized using a routine set of identification techniques and in some
cases X-ray structural analysis.

'H and 3C NMR spectroscopy display resonance of the important newly
formed bonds as an evidence of the successful synthesis of the Schiff base,
although peaks due to impurities from the dissolving solvent were also ob-
served. Mass spectra for all the Schiff base ligands reveal a molecular ion of
[M + H]", which is in close agreement with elemental analysis.

Chelation of Schiff bases to transition metals is known to improve their
biological activities. Mn(II), Co(II), Ni(II) and Cu(II) complexes with newly
synthesized acylpyrazolones are generally insoluble in polar and non-polar
solvents, but soluble in coordinating DMSO and DMF. Non-electrolyte behav-
ior of complexes from conductivity measurement is observed. On compari-
son of the IR spectra, metal complexes with those for bidentate acypyrazo-
lone Schiff bases, coordination to the transition metal ion through the azo-

methine nitrogen C=N and ketone oxygen -C-O have been proposed. Octa-
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hedral complexes are typically formed with two molecules each of bidentate
Schiff base and water.

Electronic spectra of metal complexes along with their magnetic moments
from the magnetic susceptibility measurement gave an idea of the preferred
coordination of Schiff bases around the metal ions, which is in agreement
with proposed structures based on elemental microanalysis and IR spectra.

Thermal (TGA and DTG) studies show generally stable metal complexes.
Metal complexes of the benzoyl pyrazolone Schiff base of sulfanilamide
(Bmpp-Sn) have a more regular decomposition pattern, which is an indica-
tion that they are more thermal stable than their acetyl derivative counter-
part.

Invitro antibacterial screening of synthesized compounds using the disc
diffusion techniques against selected bacterial isolates show that they are all
bactericidal. A few of them have a broad spectrum activity, showing activity
against all selected bacterial isolates. The zones of inhibition of bacterial
growth alone cannot tell which ligands or metal complexes are more active,
hence further studies on the MIC and MBC of the active compounds need to
be performed.

Free radical scavenging (antioxidant) capability of the synthesized com-
pounds against DPPH radicals is evident from the values of percentage ab-
sorbance obtained. Mn(II), Co(II) and Ni(II) complexes of sulfanilamide

Schiff base with the acetylpyrazolone derivative Ampp-Sn, exhibited a very
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good radical scavenging property in relation to ascorbic acid, and higher
than that of the uncoordinated Schiff base at 0.5, 0.25 and 0.13 g/mL, but
not with Cu(II). This group of compounds could be important antitumour
candidate, therefore a strong recommendation for their anticancer studies.

New acylpyrazolone Schiff bases obtained from the acetyl and benzoyl
derivatives of the pyrazolone ketone along with their transition metal com-
plexes appeared to have interesting therapeutic potential due to their bacte-
rial growth inhibition effect and antioxidant activity. A reasonable number of
these metal chelates show a higher biological activity. This study serves as a
steering point for subsequent research work towards development of alter-
native synthetic biological compounds among other applications, and in view
of this, the recommendations below will come in handy for possible further
work.

Schiff bases and metal complexes reported here are generally insoluble in
water. Their poor solubility in water to a great extent limits their biological
application, hence possible structural modifications are of importance and
strongly recommended in subsequent works. It is evident from crystal struc-
tures of the benzoyl acylpyrazolone Schiff base derivative Bmpp, not suc-
cessful for the acetyl derivative Ampp, that Schiff bases with aromatic
groups are more easily synthesized and stable, so the acetyl derivatives
could also undergo structural modifications that could introduce more aro-

matic groups into the system. In addition to the NMR spectra a two dimen-
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sional correlation spectra COSY 'H-'H can be recorded. Also heteronuclear
single quantum 'H-'H HSQC correlation spectra can be carried out to identify
13C NMR of compounds. And lastly to identify the chemical shifts of carbon
not bound to the hydrogen atoms the distantbond *H-'3C HMBC heteronucle-
ar correlation spectra will come in handy. Mixed-ligand metal complexes ap-
proach towards structural modifications is also recommended for further
studies, to investigate a possible synergic contribution to the efficiency of
these metal chelates. A look at the antibacterial activities of the synthesized
compounds based on zones of bacterial growth inhibition is not essential to
ascertain the actual biological activities, hence the concentration-dependent
MIC and MBC determination should be carried out to determine to what ex-
tent exactly does this molecule inhibit or kill these bacterial microbes. Be-
cause platinum group metals have been significant in cancer chemotherapy,
a look at the platinum group metal chelates with these Schiff bases is en-
couraged, especially with those having high antioxidant properties. It is
worth noting that Schiff bases and their metal complexes are very versatile
compounds in terms of its reactivity and application of these compounds as
catalysts in some important process could become an interesting research

focus.
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Table S1 - Crystal Data and Details of the Structure Determination

for: ca013

Formula

Formula Weight
Crystal System
Space group

a, b, c [Angstrom]
alpha, beta, gamma [deg]
V [Ang**3]

Z

D(calc) [g/cm**3]
Mu(MoKa) [ /mm ]
F(000)

Crystal Size [mm]

Temperature (K)
Radiation [Angstrom]
Theta Min-Max [Deg]
Dataset

Tot., Unig. Data, R(int)

R = 0.04

Crystal Data

C23 H20N4 O

368.43

Monoclinic

P21/c (No. 14)
8.6806(2) 20.4319(4) 10.6100(2)
90 99.713(1) 90
1854.83(7)

4

1.319

0.084

776

0.22 x 0.40 x 0.59

Data Collection

200

MoKa 0.71073

2.4, 28.3

-11: 11 ; -27: 26 ; -14: 14
17965, 4607, 0.014

Observed data [I > 2.0 sigma(I)] 3891

Nref, Npar
R, wR2, S

Refinement

4607, 262
0.0391, 0.1079, 1.04

w=1/[\s"2~(Fo"2/")+(0.0506P)"~2"~+0.4920P]
where P=(FoN2”~+2Fc~22)/3 Max. and Av. Shift/Error 0.00, 0.00
Min. and Max. Resd. Dens. [e/Ang”~3] -0.17, 0.27
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Table S2 - Final Coordinates and Equivalent Isotropic Displacement
Parameters of the non-Hydrogen atoms

Atom
O1
N1
N2
N3
N4
C1
C2
C3
C4
C5
C11
Ci12
Ci13
Ci4
C15
C16
Cc21
C22
C23
C24
C25
C26
C31
C32
C33
C34
C35
C36

for: ca013

X

0.37112(10)
0.19594(11)
0.08885(10)
0.35993(12)
0.42974(12)
0.27317(13)
0.21562(12)
0.10127(12)
0.00114(14)
0.27016(12)
0.22094(13)
0.31193(16)
0.33855(19)
0.27385(18)
0.18389(16)
0.15679(14)
0.23894(12)
0.29871(15)
0.27886(18)
0.19696(19)
0.13434(18)
0.15687(14)
0.40268(12)
0.51420(13)
0.48897(14)
0.35439(14)
0.24276(13)
0.26506(13)

R =0.04

Yy

-0.06816(4)
-0.06784(5)
-0.02411(5)
0.04986(5)
0.09280(5)
-0.04046(6)
0.02578(5)
0.03072(5)
0.08688(6)
0.07110(5)
-0.12928(5)
-0.17665(6)
-0.23605(7)
-0.24925(7)
-0.20201(7)
-0.14194(6)
0.14208(5)
0.17609(6)
0.24303(7)
0.27574(7)
0.24193(7)
0.17513(6)
0.07932(5)
0.09944(5)
0.08995(6)
0.05974(6)
0.04011(6)
0.05003(5)

Z
0.56481(8)
0.37026(8)
0.30147(9)
0.68161(8)
0.77706(8)
0.48275(9)
0.48023(9)
0.36586(10)
0.31689(12)
0.57521(9)
0.31617(10)
0.38711(12)
0.33154(14)
0.20636(14)
0.13574(12)
0.18873(11)
0.56126(10)
0.46630(11)
0.45546(14)
0.53651(15)
0.62892(15)
0.64279(12)
0.90166(9)
1.00413(10)
1.12813(10)
1.15146(10)
1.04931(11)
0.92422(10)

U(eq) = 1/3 of the trace of the orthogonalized U Tensor

211

U(eq) [Ang”2]

0.0414(3)
0.0317(3)
0.0326(3)
0.0351(3)
0.0333(3)
0.0314(3)
0.0301(3)
0.0308(3)
0.0410(3)
0.0295(3)
0.0317(3)
0.0423(4)
0.0521(4)
0.0516(4)
0.0477(4)
0.0390(3)
0.0316(3)
0.0410(4)
0.0526(4)
0.0575(5)
0.0534(4)
0.0401(4)
0.0275(3)
0.0314(3)
0.0348(3)
0.0364(3)
0.0359(3)
0.0315(3)



Table S3 - Hydrogen Atom Positions and Isotropic Displacement

Parameters
for: ca013 R = 0.04

Atom X y z U(iso) [Ang”"2]
H3 0.3866(18) 0.0073(8) 0.6855(14) 0.049(4)
H4 0.529(2) 0.0996(8) 0.7705(16) 0.055(4)
H4A 0.06120 0.12050 0.28290 0.0620
H4B 0.04800 0.10540 0.38680 0.0620
H4C -0.08400 0.07170 0.24880 0.0620
H12 0.35600 -0.16830 0.47380 0.0510
H13 0.40210 -0.26800 0.38020 0.0630
H14 0.29100 -0.29030 0.16920 0.0620
H15 0.13970 -0.21080 0.04930 0.0570
H16 0.09530 -0.10970 0.13890 0.0470
H22 0.35290 0.15330 0.40920 0.0490
H23 0.32160 0.26650 0.39220 0.0630
H24 0.18340 0.32180 0.52890 0.0690
H25 0.07570 0.26470 0.68300 0.0640
H26 0.11640 0.15210 0.70780 0.0480
H32 0.60780 0.11970 0.98900 0.0380
H33 0.56490 0.10430 1.19780 0.0420
H34 0.33840 0.05250 1.23680 0.0440
H35 0.14970 0.01960 1.06510 0.0430
H36 0.18730 0.03700 0.85470 0.0380

The Temperature Factor has the Form of Exp(-T) where
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T = 8*%(Pi**2)*U*(Sin(Theta)/Lambda)**2 for Isotropic Atoms



Table S4 -

Atom
0O1
N1
N2
N3
N4
C1
C2
C3
C4
C5
C11
Ci12
Ci13
Ci4
C15
C16
C21
C22
C23
C24
C25
C26
C31
C32
C33
C34
C35
C36

for: ca013

U(1,1)
0.0531(5)
0.0352(5)
0.0315(4)
0.0482(6)
0.0386(5)
0.0365(5)
0.0332(5)
0.0295(5)
0.0387(6)
0.0316(5)
0.0338(5)
0.0570(7)
0.0703(9)
0.0616(8)
0.0476(7)
0.0371(6)
0.0338(5)
0.0480(7)
0.0622(9)
0.0667(9)
0.0573(8)
0.0403(6)
0.0333(5)
0.0326(5)
0.0404(6)
0.0463(6)
0.0374(6)
0.0334(5)

The Temperature
8*(Pi**2)*U*(Sin(Theta)/Lambda)**2 for isotropic atoms T =
2*(Pi**2)*Sumij(h(i)*h(j)*U(i,j)*Astar(i)*Astar(j)),
Astar(i) are reciprocal axial lengths andh(i) are the reflection indices.

U(2,2)
0.0408(5)
0.0358(5)
0.0386(5)
0.0343(5)
0.0394(5)
0.0374(6)
0.0359(5)
0.0375(6)
0.0424(6)
0.0359(5)
0.0360(5)
0.0376(6)
0.0385(7)
0.0440(7)
0.0586(8)
0.0493(7)
0.0342(5)
0.0428(7)
0.0438(7)
0.0340(6)
0.0465(7)
0.0444(7)
0.0267(5)
0.0336(5)
0.0378(6)
0.0387(6)
0.0359(6)
0.0309(5)

Factor

has

(An)isotropic Displacement Parameters

R = 0.04

u(3,3) U(2,3)
0.0266(4) -0.0013(3)
0.0233(4) -0.0006(3)
0.0269(4) 0.0017(4)
0.0215(4) -0.0021(4)
0.0217(4) -0.0014(4)
0.0207(4) -0.0008(4)
0.0218(5) 0.0012(4)
0.0261(5) 0.0019(4)
0.0394(6) 0.0016(5)
0.0224(4) 0.0011(4)
0.0268(5) -0.0031(4)
0.0313(6) -0.0010(5)
0.0465(7) -0.0017(6)
0.0502(8) -0.0145(6)
0.0366(6) -0.0175(6)
0.0304(5) -0.0060(5)
0.0258(5) -0.0003(4)
0.0318(6) 0.0034(5)
0.0465(7) 0.0118(6)
0.0615(9) 0.0021(6)
0.0519(8) -0.0093(6)
0.0355(6) -0.0009(5)
0.0226(4) 0.0004(4)
0.0276(5) -0.0001(4)
0.0246(5) -0.0015(4)
0.0258(5) 0.0029(4)
0.0367(6) 0.0021(4)
0.0293(5) -0.0019(4)

the
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Form of Exp(-T)

u(1,3) U(1,2)

-0.0043(3) 0.0052(4)

0.0026(3) -0.0036(4)
0.0028(3) -0.0043(4)
0.0023(4) -0.0007(4)
0.0048(4) -0.0079(4)
0.0056(4) -0.0040(4)
0.0068(4) -0.0031(4)
0.0069(4) -0.0053(4)

-0.0008(5) 0.0009(5)

0.0089(4) -0.0033(4)
0.0091(4) -0.0089(4)
0.0048(5) -0.0038(5)
0.0069(7) 0.0016(6)
0.0126(6) -0.0049(6)
0.0065(5) -0.0082(6)
0.0051(4) -0.0048(5)
0.0022(4) -0.0055(4)
0.0057(5) -0.0101(5)

-0.0060(6) -0.0173(6)
-0.0189(7) -0.0028(6)
-0.0036(6) 0.0131(6)

0.0060(5) 0.0027(5)
0.0050(4) 0.0014(4)
0.0040(4) -0.0032(4)
0.0006(4) 0.0008(4)
0.0110(4) 0.0029(5)
0.0132(4) -0.0030(4)
0.0030(4) -0.0029(4)

where T =

foranisotropic atoms.



Table S5 - Bond Distances (Angstrom)

01-C1
N1-N2
N1-C1
N1-C11
N2-C3
N3-N4
N3-C5
N4-C31
N3-H3
N4-H4
C1-C2
C2-C5
C2-C3
C3-C4
C5-C21
C11-C12
C11-C16
C12-C13
C13-C14
C14-C15
C15-C16
C21-C26
C21-C22
C22-C23
C23-C24
C24-C25

for: ca013

1.2456(14)
1.4022(14)
1.3845(13)
1.4122(14)
1.3071(14)
1.3984(13)
1.3316(13)
1.4084(13)
0.899(16)
0.887(18)
1.4414(16)
1.3915(14)
1.4358(14)
1.4903(16)
1.4782(14)
1.3880(17)
1.3969(16)
1.3856(19)
1.379(2)
1.380(2)
1.3865(19)
1.3856(16)
1.3941(16)
1.3809(19)
1.378(2)
1.383(2)

R = 0.04

C25-C26
C31-C36
C31-C32
C32-C33
C33-C34
C34-C35
C35-C36
C4-H4A

C4-H4B

C4-H4C

C12-H12
C13-H13
C14-H14
C15-H15
C16-H16
C22-H22
C23-H23
C24-H24
C25-H25
C26-H26
C32-H32
C33-H33
C34-H34
C35-H35
C36-H36

214

1.3831(19)
1.3925(15)
1.3903(15)
1.3834(15)
1.3801(17)
1.3857(16)
1.3881(16)
0.9800
0.9800
0.9800
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500



Table S6 Bond Angles
N2-N1-C1 111.92(9)
N2-N1-C11 119.26(8)
C1-N1-C11 128.63(10)
N1-N2-C3 106.56(9)
N4-N3-C5 121.98(10)
N3-N4-C31 115.89(9)
C5-N3-H3 117.6(9)
N4-N3-H3 119.8(10)
C31-N4-H4 115.0(11)
N3-N4-H4 110.5(11)
01-C1-N1 126.38(11)
N1-C1-C2 104.33(9)
0O1-C1-C2 129.29(10)
C1-C2-C3 105.65(8)
C1-C2-C5 122.47(9)
C3-C2-C5 131.88(10)
C2-C3-C4 129.45(10)
N2-C3-C4 119.07(10)
N2-C3-C2 111.46(9)
N3-C5-C21 118.41(9)
C2-C5-C21 123.10(9)
N3-C5-C2 118.43(9)
N1-C11-C12 120.79(10)
N1-C11-C16 119.64(10)
C12-C11-C16 119.55(10)
C11-C12-C13 120.03(12)
C12-C13-C14 120.75(13)
C13-C14-C15 119.17(13)
C13-C14-H14 120.00
C15-C14-H14 120.00
C14-C15-H15 119.00
C16-C15-H15 119.00
C11-C16-H16 120.00
C15-C16-H16 120.00
C21-C22-H22 120.00
C23-C22-H22 120.00
C22-C23-H23 120.00
C24-C23-H23 120.00
C23-C24-H24 120.00
C25-C24-H24 120.00

C24-C25-H25

120.00

(Degrees) for: ca013

C14-C15-C16
C11-C16-C15
C5-C21-C22
C5-C21-C26
C22-C21-C26
C21-C22-C23
C22-C23-C24
C23-C24-C25
C24-C25-C26
C21-C26-C25
N4-C31-C32
N4-C31-C36
C32-C31-C36
C31-C32-C33
C32-C33-C34
C33-C34-C35
C34-C35-C36
C31-C36-C35
C3-C4-H4A
C3-C4-H4B
C3-C4-H4C
H4A-C4-H4B
H4A-C4-H4C
H4B-C4-H4C
C11-C12-H12
C13-C12-H12
C12-C13-H13
C14-C13-H13
C26-C25-H25
C21-C26-H26
C25-C26-H26
C31-C32-H32
C33-C32-H32
C32-C33-H33
C34-C33-H33
C33-C34-H34
C35-C34-H34
C34-C35-H35
C36-C35-H35
C31-C36-H36
C35-C36-H36
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R =0.04

121.20(12)
119.29(11)
118.50(10)
121.37(10)
120.10(10)
119.83(12)
119.92(13)
120.40(13)
120.18(14)
119.53(12)
118.15(10)
121.95(9)
119.80(9)
120.08(10)
120.52(10)
119.38(10)
120.91(11)
119.29(10)
110.00
109.00
110.00
109.00
109.00
109.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00



Table S7 - Torsion Angles (Degrees) for: ca013R = 0.04

C1-N1-N2-C3
N2-N1-C1-01
C11-N1-C1-01
N2-N1-C11-C12
C1-N1-C11-C12
N1-N2-C3-C2
C5-N3-N4-C31
N4-N3-C5-C21
N3-N4-C31-C36
01-C1-C2-C5
N1-C1-C2-C5
C1-C2-C3-C4
C5-C2-C3-C4
C1-C2-C5-C21
C3-C2-C5-C21
N3-C5-C21-C26
C2-C5-C21-C26
C16-C11-C12-C13
C12-C11-C16-C15
C12-C13-C14-C15
C14-C15-C16-C11
C26-C21-C22-C23
C22-C21-C26-C25
C22-C23-C24-C25
C24-C25-C26-C21
C36-C31-C32-C33
C32-C31-C36-C35
C32-C33-C34-C35
C34-C35-C36-C31

2.24(12)
177.77(11)
-7.46(19)
-172.48(11)
13.08(18)
-0.46(12)
127.25(11)
-2.61(15)
-30.80(15)
2.00(18)
-177.23(10)
177.03(11)
-3.3(2)
166.43(10)
-13.26(18)
-64.01(15)
118.77(12)
-0.1(2)
0.69(18)
1.1(2)
-0.4(2)
1.41(18)
0.22(18)
0.0(2)
-1.7(2)
0.47(16)
-1.34(16)
-1.33(18)
0.89(17)

C11-N1-N2-C3
N2-N1-C1-C2
C11-N1-C1-C2
N2-N1-C11-C16
C1-N1-C11-C16
N1-N2-C3-C4
N4-N3-C5-C2
N3-N4-C31-C32
01-C1-C2-C3
N1-C1-C2-C3
C1-C2-C3-N2
C5-C2-C3-N2
C1-C2-C5-N3
C3-C2-C5-N3
N3-C5-C21-C22
C2-C5-C21-C22
N1-C11-C12-C13
N1-C11-C16-C15
C11-C12-C13-C14
C13-C14-C15-C16
C5-C21-C22-C23
C5-C21-C26-C25
C21-C22-C23-C24
C23-C24-C25-C26
N4-C31-C32-C33
N4-C31-C36-C35
C31-C32-C33-C34
C33-C34-C35-C36

216

-173.09(9)
-2.98(12)
171.79(10)
9.22(15)
-165.22(11)
-179.01(9)
174.74(10)
152.77(10)
-178.24(11)
2.53(11)
-1.33(12)
178.39(11)
-10.79(16)
169.52(11)
113.82(12)
-63.40(15)
-178.35(12)
179.00(11)
-0.9(2)
-0.5(2)
-176.45(11)
178.02(12)
-1.5(2)
1.6(2)
176.97(10)
-177.71(10)
0.88(17)
0.44(18)



Table S8 - Contact Distances (Angstrom) for: ca013 R = 0.04

O1.N3
C22.C3
O1.H3
C24.C15
N2.C35
C26.C11
N4.C26
C34.C3
N2.H36
C1.H12
C1.C4
C2.H22
c4cC1
Cl1.H4
C11.C26
C16.H26
C12.C22
C2.H4B
C21.C4
H12.01
C25.H23
H12.H14
C32.H13
H13.C23
C34.H3
H15.C25
C36.H3
H23.C25
H3.C1
H24.C35
H3.C34
H26.C11
H4.C11
H32.C15
H4A.C22
H33.H3
H4B.C1
H34.C3
H36.N3

2.7204(13)
3.5041(16)
1.994(16)
3.527(2)
3.4454(15)
3.5078(17)
3.0547(16)
3.4700(16)
2.6900
2.7200
3.5621(16)
3.0100
3.5621(16)
2.569(17)
3.5078(17)
2.7800
3.4740(19)
2.9400
3.2426(16)
2.2600
2.9900
2.3900
3.0100
3.0600
2.935(16)
2.9400
3.032(15)
2.9900
2.416(15)
2.8700
2.935(16)
2.9300
2.569(17)
2.9400
2.8200
2.5900
2.9000
2.6900
2.5700

C22.C12
01.C33
C23.C25
01.H33
C26.C16
N4.C11
C33.01
N2.H34
C1.H4B
N3.H36
C2.H34
C3.C22
C11.H26
C4.C21
C15.H32
C12.01
C16.H4
C16.C26
C22.H12
C24.H15
H12.C22
C26.H23
H13.C33
C33.H13
H15.C24
C35.H24
H22.C2
H3.01
H24.C34
H3.C33
H25.H4A
H4.H32
H32.H4
H4.C16
H33.01
H4B.C21
H34.C2
H35.N2
H36.H4C

3.4740(19)
3.3094(14)
3.494(2)
2.5900
3.5653(17)
3.4265(15)
3.3094(14)
2.8500
2.9000
2.5700
3.0100
3.5041(16)
2.9300
3.2426(16)
2.9400
2.8992(15)
2.824(18)
3.5653(17)
2.9600
2.9200
2.9600
3.0300
3.0600
3.0600
2.9200
2.8700
3.0100
1.994(16)
3.0200
2.882(16)
2.5900
2.3400
2.3400
2.824(17)
2.5900
2.9400
3.0100
2.8000
2.5700
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01.C12
C22.C4
0O1.H12
C25.C23
N3.01
C26.N4
N2.H35
C35.N2
N2.H16
C1.H3
C3.C34
C3.H34
C4.C22
C12.H4
C11.N4
C16.H32
C15.C24
C22.H4A
C23.H13
H12.C1
C25.H15
H13.C32
C33.H3
H14.H12
C34.H24
H16.N2
C36.H24
H23.C26
H3.C36
H24.C36
H3.H33
H26.C16
H4.C12
H32.C16
H4A.H25
H34.N2
H4C.H36
H36.N2

2.8992(15)
3.3493(18)
2.2600
3.494(2)
2.7204(13)
3.0547(16)
2.8000
3.4454(15)
2.4600
2.416(15)
3.4700(16)
2.6900
3.3493(18)
2.821(17)
3.4265(15)
3.0400
3.527(2)
2.8200
3.0600
2.7200
2.9400
3.0100
2.882(16)
2.3900
3.0200
2.4600
2.9800
3.0300
3.032(15)
2.9800
2.5900
2.7800
2.821(17)
3.0400
2.5900
2.8500
2.5700
2.6900



Table S9 - Hydrogen Bonds (Angstrom, Deg)

for: ca013 R =0.04
N3--H3..01 0.899(16) 1.994(16)
C12--H12..01 0.9500 2.2600
C16--H16..N2 0.9500 2.4600
C33--H33..01 0.9500 2.5900

Translation of Symmetry Code to Equiv.Pos

a= [3657.00] =[3_657] =1-x,-y,2-z

b= [1554.00] = [1_554] =x,y,-1+z

c = [3556.00] = [3_556] =-x,-y,1-z

d = [3656.00] =[3_656] =1-x,-y,1-z

e = [2545.00] = [2_545] =-x,-1/2+y,1/2-z
f= [4554.00] = [4_565] =x,1/2-y,-1/2+z
g = [2555.00] = [2_555] =-x,1/2+y,1/2-z
h = [4555.00] = [4_566] =x,1/2-y,1/2+z
i= [2656.00] = [2_656] =1-x,1/2+y,3/2-z
j= [1556.00] = [1_556] =x,y,1+z

k = [4545.00] = [4_556] =x,-1/2-y,1/2+z
| = [2646.00] = [2_646] =1-x,-1/2+y,3/2-z
m= [4544.00] = [4_555] =x,-1/2-y,-1/2+z
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2.7204(13)
2.8992(15)
2.7951(16)
3.3094(14)

136.8(13)
124.00
100.00
132.00
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Table S1 - Crystal Data and Details of the Structure Determination
for: cal04 R =0.03

Crystal Data

Formula C38 H38 Co N4 06

Formula Weight 705.65

Crystal System Triclinic

Space group P-1 (No 2)

a, b, c [Angstrom] 11.0484(3) 11.2282(3) 14.8425(4)
alpha, beta, gamma [deg] 89.205(1) 87.678(1) 76.997(1)
V [Ang**3] 1792.56(8)

Z 2

D(calc) [g/cm**3] 1.307

Mu(MoKa) [/mm] 0.529

F(000) 738

Crystal Size [mm]

Temperature (K)
Radiation [Angstrom]
Theta Min-Max [Deg]
Dataset

Tot., Unig. Data, R(int)

Observed data [I > 2.0 sigma(I)]

Nref, Npar
R, wR2, S

0.12 x 0.36 x 0.49

Data Collection

200
MoKa 0.71073
2.3, 28.3

-14: 14; -14: 14; -19: 19
32307, 8869, 0.015
7482

Refinement

8869, 471
0.0344, 0.0950, 1.02

w = 1/[\sA2~(Fo~2/)+(0.0422P) A2/ +0.9543P]

where P=(FoA2A+2FcA2A)/3

Max. and Av. Shift/Error

0.00, 0.00

Min. and Max. Resd. Dens. [e/Ang”" 3] -0.47, 0.51
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Table S2  Final Coordinates and Equivalent Isotropic Displacement

Parameters of the non-Hydrogen Atoms for: cal04 R = 0.03

Atom X y z U(eq) [Ang”"2]
Col 0 0 2 0.0264(1)
0o11 -0.06104(10) 0.16165(9) 0.56233(6) 0.0315(3)
012 0.11939(10) -0.05987(10) 0.60361(7) 0.0336(3)
013 0.14538(12) 0.06673(12) 0.43001(9) 0.0466(4)
N11 -0.10305(11) 0.27443(11) 0.69400(8) 0.0280(3)
N12 -0.05984(13) 0.26925(12) 0.78148(8) 0.0341(4)
C11 -0.03970(13) 0.17640(12) 0.64384(9) 0.0252(4)
C12 0.04931(14) 0.10603(13) 0.70179(9) 0.0279(4)
C13 0.02963(15) 0.17038(14) 0.78577(9) 0.0335(4)
Ci4 0.0899(2) 0.1371(2) 0.87390(11) 0.0562(6)
C15 0.13206(13) -0.00484(13) 0.67443(9) 0.0275(4)
*C16A 0.2742(3) -0.0041(4) 0.4279(2) 0.0534(10)
*C17A 0.3656(3) 0.0719(3) 0.4045(2) 0.0641(11)
C111 -0.19608(13) 0.37569(13) 0.66632(10) 0.0286(4)
C112 -0.25930(15) 0.37105(15) 0.58784(11) 0.0371(4)
C113 -0.34801(17) 0.47218(18) 0.56156(13) 0.0481(6)
Cl14 -0.37636(19) 0.57684(18) 0.61289(15) 0.0535(6)
C115 -0.3129(2) 0.58125(18) 0.68994(16) 0.0578(7)
C116 -0.22273(18) 0.48182(16) 0.71716(13) 0.0463(6)
C121 0.24248(14) -0.06123(14) 0.72766(9) 0.0310(4)
C122 0.2658(2) -0.18464(17) 0.74798(15) 0.0533(6)
C123 0.3715(2) -0.2392(2) 0.79362(18) 0.0699(8)
Ci24 0.45441(19) -0.1725(2) 0.81670(14) 0.0581(7)
C125 0.43434(17) -0.0511(2) 0.79472(13) 0.0521(6)
C126 0.32726(17) 0.00593(17) 0.75092(12) 0.0428(5)
*C1l6B 0.2583(12) 0.0716(13) 0.4401(8) 0.070(4)
*C17B 0.3450(12) -0.0480(17) 0.4284(10) 0.106(6)
Co2 1 [Z) 0 0.0303(1)
021 1.07029(12) 0.34177(11) 0.06276(7) 0.0395(3)
022 0.87771(11) 0.54948(10) 0.11026(7) 0.0359(3)
023 0.87494(12) 0.41461(12) -0.06579(8) 0.0462(4)
N21 1.11456(13) 0.22367(12) 0.19080(8) 0.0336(4)
N22 1.07617(14) 0.22544(13) 0.28176(8) 0.0375(4)
c21 1.05355(15) 0.32601(14) 0.14632(9) 0.0316(4)
C22 0.97286(15) 0.39911(14) 0.21254(9) 0.0321(4)
C23 0.99378(16) 0.32862(15) 0.29435(10) 0.0362(5)
C24 0.9383(2) 0.35577(17) 0.38780(11) 0.0532(6)
C25 0.88599(15) 0.50747(14) 0.18943(9) 0.0318(4)
C26 0.7822(3) 0.3650(3) -0.01816(18) 0.0823(10)
c27 0.6610(3) 0.4357(5) -0.0300(4) 0.155(3)
C211 1.19389(14) 0.11779(14) 0.15297(10) 0.0318(4)
C212 1.26245(15) 0.12585(17) 0.07298(10) 0.0382(5)
C213 1.33730(16) 0.02042(19) 0.03630(12) 0.0463(5)
C214 1.34711(18) -0.09108(19) 0.07852(14) 0.0516(6)
C215 1.28032(19) -0.09846(17) 0.15823(15) 0.0514(6)
Cc216 1.20287(17) 0.00521(16) 0.19519(12) 0.0418(5)
C221 0.79264(16) 0.57662(15) 0.25689(10) 0.0375(5)
C222 0.66813(19) 0.5958(2) 0.23946(14) 0.0560(7)
C223 0.5791(2) 0.6608(3) 0.30081(18) 0.0756(9)
C224 0.6170(3) 0.7090(2) 0.37703(16) 0.0758(9)
C225 0.7401(3) 0.69350(19) 0.39334(14) 0.0635(8)
C226 0.8290(2) 0.62677(16) 0.33398(11) 0.0459(6)

U(eq) = 1/3 of the trace of the orthogonalized U Tensor Starred Atom sites have a S.0O.F less than 1.0
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Table S3 - Hydrogen Atom Positions and Isotropic Displacement Parameters
for: cal04 R = 0.03

Atom X y z U(iso) [Ang”"2]
H12A 0.31250 0.09070 0.73700 0.0510
H14B 0.04020 0.18630 0.92210 0.0840
H13A 0.12590 0.10750 0.38640 0.060(7)
H14A 0.09530 0.05020 0.88660 0.0840
*H16B 0.29270 -0.04240 0.48780 0.0640
*H17A 0.45000 0.02060 0.40480 0.0960
*H17B 0.35730 0.13740 0.44880 0.0960
*H17C 0.34960 0.10780 0.34430 0.0960
H112 -0.24180 0.29890 0.55240 0.0450
H113 -0.39000 0.46930 0.50730 0.0580
H114 -0.43890 0.64490 0.59520 0.0640
H115 -0.33110 0.65350 0.72520 0.0690
H116 -0.17930 0.48630 0.77050 0.0560
H122 0.20960 -0.23210 0.73070 0.0640
H123 0.38620 -0.32350 0.80890 0.0840
H124 0.52630 -0.21040 0.84810 0.0700
H125 0.49360 -0.00550 0.80940 0.0630
H14C 0.17360 0.15310 0.87080 0.0840
*H16A 0.28360 -0.07050 0.38320 0.0640
*H16A 0.26630 0.10270 0.50120 0.0840
*H16B 0.28140 0.13020 0.39580 0.0840
*H17A 0.36690 -0.06200 0.36420 0.1590
*H17B 0.30530 -0.11250 0.45190 0.1590
*H17C 0.42040 -0.04930 0.46140 0.1590
H23A 0.89850 0.36900 -0.11430 0.062(7)
H24A 0.84790 0.38440 0.38500 0.0800
H24B 0.97320 0.41920 0.41470 0.0800
H24C 0.95750 0.28140 0.42470 0.0800
H26A 0.78710 0.28090 -0.03950 0.0990
H26B 0.79930 0.36040 0.04690 0.0990
H27A 0.65980 0.52220 -0.02090 0.2320
H27B 0.60320 0.40990 0.01390 0.2320
H27C 0.63570 0.42400 -0.09120 0.2320
H212 1.25790 0.20260 0.04400 0.0460
H213 1.38260 0.02520 -0.01890 0.0560
H214 1.39950 -0.16240 0.05300 0.0620
H215 1.28750 -0.17510 0.18790 0.0620
H216 1.15590 -0.00080 0.24940 0.0500
H222 0.64290 0.56480 0.18580 0.0670
H223 0.49310 0.67190 0.29010 0.0910
H224 0.55650 0.75350 0.41870 0.0910
H225 0.76500 0.72850 0.44550 0.0760
H226 0.91470 0.61510 0.34580 0.0550

The Temperature Factor has the Form of Exp(-T) Where T =
8*(Pi**2)*U*(Sin(Theta)/Lambda)**2 for Isotropic Atoms
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Table S4  (An)isotropic Displacement Parameters for: cal04 = 0.03
Atom U(1,1)oru u(2,2) u(3,3) u(2,3) u(1,3) U(1,2)

Col 0.0358(2) 0.0252(1) 0.0152(1) -0.0041(1) -0.0046(1) 0.0007(1)
0o11 0.0441(6) 0.0282(5) 0.0180(4) -0.0049(4) -0.0068(4) 0.0022(4)
012 0.0445(6) 0.0306(5) 0.0216(5) -0.0060(4) -0.0091(4) 0.0021(4)
013 0.0443(7) 0.0425(7) 0.0467(7) 0.0110(6) 0.0090(5) 0.0012(5)
N11 0.0322(6) 0.0298(6) 0.0199(5) -0.0068(4) -0.0034(4) -0.0019(5)
N12 0.0400(7) 0.0393(7) 0.0200(5) -0.0098(5) -0.0062(5) -0.0013(6)
C11 0.0298(7) 0.0255(6) 0.0196(6) -0.0041(5) -0.0013(5) -0.0045(5)
C12 0.0329(7) 0.0309(7) 0.0186(6) -0.0045(5) -0.0047(5) -0.0038(6)
C13 0.0380(8) 0.0381(8) 0.0218(6) -0.0079(6) -0.0063(6) -0.0018(6)
Ci4 0.0680(13) 0.0625(12) 0.0253(8) -0.0149(8) -0.0182(8) 0.0159(10)
C15 0.0324(7) 0.0293(7) 0.0199(6) -0.0005(5) -0.0042(5) -0.0046(5)
C16A 0.0383(16) 0.055(2) 0.0609(17) 0.0128(14) 0.0033(12) 0.0003(14)
C17A 0.0478(17) 0.072(2) 0.073(2) -0.0167(16) 0.0098(14) -0.0154(14)
Ci11 0.0271(7) 0.0295(7) 0.0274(7) -0.0030(5) 0.0015(5) -0.0031(5)
C112 0.0369(8) 0.0387(8) 0.0316(7) -0.0059(6) -0.0040(6) 0.0007(7)
C113 0.0428(10) 0.0523(11) 0.0417(9) -0.0007(8) -0.0103(7) 0.0066(8)
Cl14 0.0479(11) 0.0429(10) 0.0596(12) 0.0010(8) -0.0060(9) 0.0119(8)
C115 0.0609(13) 0.0366(9) 0.0669(13) -0.0157(9) -0.0095(10) 0.0100(9)
C116 0.0484(10) 0.0384(9) 0.0476(10) -0.0150(7) -0.0113(8) 0.0022(7)
C121 0.0332(7) 0.0337(7) 0.0232(6) -0.0050(5) -0.0048(5) -0.0008(6)
C122 0.0572(12) 0.0383(9) 0.0645(12) 0.0048(8) -0.0304(10) -0.0062(8)
C123 0.0739(15) 0.0438(11) 0.0865(17) 0.0066(11) 0.0421(13) 0.0045(10)
C124 0.0432(10) 0.0688(14) 0.0531(11) -0.0118(10) -0.0203(9) 0.0107(9)
C125 0.0369(9) 0.0748(14) 0.0462(10) -0.0100(9) -0.0103(8) -0.0138(9)
C126 0.0444(9) 0.0461(10) 0.0392(9) -0.0016(7) -0.0092(7) -0.0117(8)
Ci6B 0.083(8) 0.059(7) 0.083(7) 0.007(6) -0.025(6) -0.043(6)
C17B 0.047(7) 0.152(15) 0.098(10) 0.011(9) -0.013(6) 0.022(8)
Co2 0.0410(2) 0.0330(2) 0.0148(1) -0.0039(1) 0.0024(1) -0.0045(1)
021 0.0552(7) 0.0384(6) 0.0188(5) -0.0016(4) 0.0073(4) 0.0007(5)
022 0.0456(6) 0.0379(6) 0.0209(5) -0.0029(4) 0.0045(4) -0.0031(5)
023 0.0487(7) 0.0593(8) 0.0324(6) -0.0235(5) 0.0078(5) -0.0162(6)
N21 0.0415(7) 0.0373(7) 0.0195(5) -0.0018(5) 0.0052(5) -0.0049(6)
N22 0.0508(8) 0.0387(7) 0.0205(6) -0.0001(5) 0.0079(5) -0.0065(6)
c21 0.0389(8) 0.0337(7) 0.0217(6) -0.0028(5) 0.0035(5) -0.0081(6)
Cc22 0.0426(8) 0.0335(7) 0.0200(6) -0.0035(5) 0.0062(6) -0.0094(6)
Cc23 0.0493(9) 0.0364(8) 0.0220(7) -0.0013(6) 0.0072(6) -0.0093(7)
C24 0.0847(15) 0.0415(9) 0.0252(8) 0.0016(7) 0.0183(8) -0.0007(9)
C25 0.0412(8) 0.0339(7) 0.0211(6) -0.0051(5) 0.0052(6) 0.0108(6)
C26 0.0781(17) 0.118(2) 0.0662(15) -0.0505(15) 0.0244(13) -0.0562(17)
c27 0.066(2) 0.212(6) 0.173(5) -0.017(4) 0.028(3) -0.009(3)
C211 0.0302(7) 0.0381(8) 0.0268(7) -0.0065(6) 0.0002(5) -0.0072(6)
Cc212 0.0333(8) 0.0508(10) 0.0278(7) -0.0014(6) -0.0001(6) -0.0039(7)
C213 0.0337(8) 0.0670(12) 0.0339(8) -0.0119(8) 0.0031(6) -0.0023(8)
C214 0.0435(10) 0.0516(11) 0.0573(11) -0.0246(9) 0.0050(8) -0.0056(8)
C215 0.0536(11) 0.0357(9) 0.0656(12) -0.0110(8) 0.0071(9) -0.0125(8)
C216 0.0468(10) 0.0374(9) 0.0424(9) -0.0062(7) 0.0093(7) -0.0138(7)
C221 0.0493(9) 0.0329(8) 0.0263(7) 0.0001(6) 0.0128(6) -0.0035(7)
C222 0.0509(11) 0.0668(13) 0.0429(10) 0.0024(9) 0.0082(8) 0.0005(10)
C223 0.0549(13) 0.0874(18) 0.0668(15) 0.0144(13) 0.0210(11) 0.0166(12)
C224 0.095(2) 0.0621(14) 0.0505(13) 0.0018(10) 0.0379(13) 0.0167(13)
C225 0.0972(18) 0.0469(11) 0.0376(10) -0.0102(8) 0.0259(11) 0.0019(11)
C226 0.0682(12) 0.0375(9) 0.0301(8) -0.0065(6) 0.0154(8) -0.0107(8)
The Temperature Factor has the Form of Exp(-T)

WhereT = 8*(Pi**2)*U*(Sin(Theta)/Lambda)**2 for Isotropic Atoms T =

2*(Pi**2)*Sumij(h(i)*h(j)*U(i,j)*Astar(i)*Astar(j)), for Anisotropic Atoms. Astar(i) are Reciprocal Axial Lengths
and h(i) are the Reflection Indices.
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Table S5 - Bond Distances (Angstrom) for: cal04

Co1-011
Co1-012
Co1-013
Co1-O11a
Col-0O12a
Co1-013a
Co2-023
Co2-021b
Co2-022b
Co2-023b
Co2-021
Co2-022
011-C11
012-C15
013-C16B
013-C16A
013-H13A
021-C21
022-C25
023-C26
023-H23A
N11-C111
N11-N12
N11-C11
N12-C13
N21-C211
N21-C21
N21-N22
C121-C126
C122-C123
C123-C124
C124-C125
C125-C126
C112-H112
C113-H113
Cl114-H114
C115-H115
Cl116-H116
C21-C22
C22-C23
C22-C25
C122-H122
C123-H123
C23-C24
C124-H124
C125-H125
C25-C221
C26-C27
C126-H12A
C24-H24B
C24-H24C
C24-H24A
C26-H26A
C26-H26B

2.0125(10)
2.0721(11)
2.1460(14)
2.0125(10)
2.0721(11)
2.1460(14)
2.1245(13)
2.0048(12)
2.0786(11)
2.1245(13)
2.0048(12)
2.0786(11)
1.2621(16)
1.2551(17)
1.276(14)
1.465(4)
0.8000
1.2624(17)
1.2592(17)
1.431(3)
0.8900
1.4189(19)
1.3974(17)
1.3746(18)
1.313(2)
1.417(2)
1.370(2)
1.3977(17)
1.384(2)
1.389(3)
1.363(3)
1.368(3)
1.394(3)
0.9500
0.9500
0.9500
0.9500
0.9500
1.434(2)
1.438(2)
1.417(2)
0.9500
0.9500
1.500(2)
0.9500
0.9500
1.499(2)
1.411(5)
0.9500
0.9800
0.9800
0.9800
0.9900
0.9900

N22-C23
C11-C12
C12-C15
C12-C13
C13-C14
C15-C121
C16A-C17A
C16B-C17B
C111-C112
C111-C116
C112-C113
C113-C114
C114-C115
C14-H14C
C14-H14A
C14-H14B
C115-C116
C16A-H16B
C16A-H16A
C16B-H16A
Ci6B-H16B
C17A-H17C
C17A-H17B
C17A-H17A
C17B-H17B
C17B-H17C
C17B-H17A
C121-C122
C27-H27B
C27-H27C
C27-H27A
C211-C216
C211-C212
C212-C213
C213-C214
C214-C215
C215-C216
C221-C226
C221-C222
C222-C223
C223-C224
C224-C225
C225-C226
C212-H212
C213-H213
C214-H214
C215-H215
C216-H216
C222-H222
C223-H223
C224-H224
C225-H225
C226-H226

224

R =0.03

1.313(2)
1.425(2)
1.422(2)
1.4337(19)
1.496(2)
1.493(2)
1.490(5)
1.47(2)
1.390(2)
1.388(2)
1.386(3)
1.378(3)
1.373(3)
0.9800
0.9800
0.9800
1.386(3)
0.9900
0.9900
0.9900
0.9900
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.383(2)
0.9800
0.9800
0.9800
1.388(2)
1.395(2)
1.387(3)
1.376(3)
1.380(3)
1.386(3)
1.395(2)
1.378(3)
1.397(3)
1.380(4)
1.363(5)
1.385(3)
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500



Table S6

011-Co1-012

011-Co1-013

O11-Co1-0O11a
0O11-Co1-0O12a
0O11-Co1-013a
012-Co1-013

O11a-Co1-012
012-Co1-012a
012-Co1-013a
Ol11a-Co1-013
012a-Co1-013
013-Co1-013a

O11a-Co1-012a
O11a-Co1-013a
012a-Co1-013a
022-Co02-023
021b-Co02-022
022-Co02-022b
022-Co02-023b
021b-Co02-023
022b-Co02-023
023-Co02-023b
021b-Co02-022b
021b-Co02-023b
022b-Co02-023b

021-Co2-021b
021-Co2-022
021-Co2-023
N12-C13-C14
C12-C13-C14
N12-C13-C12
C12-C15-C121
012-C15-C121
012-C15-C12

013-C16A-C17A
013-C16B-C17B
N11-C111-C116
C112-C111-C116
N11-C111-C112
C111-C112-C113
C112-C113-C114

Bond Angles (Degrees) for: cal04

90.12(4)
90.93(5)
180.00
89.88(4)
89.07(5)
89.14(5)
89.88(4)
180.00
90.87(5)
89.07(5)
90.87(5)
180.00
90.12(4)
90.93(5)
89.14(5)
92.76(5)
91.27(4)
180.00
87.24(5)
90.46(5)
87.24(5)
180.00
88.73(4)
89.54(5)
92.76(5)
180.00
88.73(4)
89.54(5)
118.61(14)
129.72(15)
111.57(13)
121.51(12)
115.73(13)
122.74(13)
112.8(3)
112.7(11)
119.69(14)
119.40(15)
120.90(13)
119.63(15)
121.06(18)

R =0.03

021-Co2-022b
021-Co2-023b
Col-011-C11
Co1-012-C15
Co1-013-C16A
Co1-013-C16B
C16B-013-H13A
Co1-013 -H13A
C16A-013-H13A
Co2-021-C21
Co2-022-C25
Co2-023-C26

C26-023-H23A
Co2-023-H23A
C11-N11-C111
N12-N11-C111
N12-N11-C11
N11-N12-C13
C21-N21-C211
N22-N21-C211
N22-N21-C21
N21-N22-C23
011-C11-N11
N11-C11-C12
011-C11-C12

C13-C12-C15
C11-C12-C15
C11-C12-C13
013-C16B-H16A
C17B-C16B-H16A
C17B-C16B-H16B
013-C16B-H16B
C16A-C17A-H17C
H17A-C17A-H17B
H17A-C17A-H17C
H17B-C17A-H17C
C16A-C17A-H17B
C16A-C17A-H17A
C16B-C17B-H17C
C16B-C17B-H17B
C16B-C17B-H17A

225

91.27(4)
90.46(5)
121.85(9)
128.43(10)
121.11(17)
139.4(6)
104.00
116.00
115.00
122.73(11)
128.58(11)
122.94(13)
107.00
122.00
128.63(12)
120.15(12)
111.14(11)
106.47(11)
127.65(12)
120.37(12)
111.42(12)
106.32(12)
122.94(13)
105.98(12)
131.06(13)
132.25(13)
122.89(12)
104.83(12)
109.00
109.00
109.00
109.00
109.00
109.00
109.00
109.00
110.00
109.00
110.00
109.00
109.00



C113-C114-C115
C13-C14-H14B
C13-C14-H14C
H14A-C14-H14C
H14A-C14-H14B
H14B-C14-H14C
C13-C14-H14A
C114-C115-C116
C111-C116-C115
H16A-C16A-H16B
C17A-C16A-H16B
C17A-C16A-H16A
013-C16A-H16A
013-C16A-H16B
H16A-C16B-H16B
C113-C114-H114
C115-C114-H114
C116-C115-H115
C114-C115-H115
C115-C116-H116
C111-C116-H116
N21-C21-C22
021-C21-N21
021-C21-C22
C123-C122-H122
C21-C22-C23
C23-C22-C25
C121-C122-H122
C21-C22-C25
N22-C23-C24
C22-C23-C24
C122-C123-H123
N22-C23-C22
C124-C123-H123
C125-C124-H124
C123-C124-H124
C22-C25-C221
C126-C125-H125
022-C25-C22
022-C25-C221
C124-C125-H125
C121-C126-H12A
C125-C126-H12A

119.03(19)
109.00
109.00
110.00
109.00
109.00
109.00
121.02(19)
119.84(18)
108.00
109.00
109.00
109.00
109.00
108.00
120.00
120.00
119.00
120.00
120.00
120.00
106.12(12)
122.37(14)
131.50(14)
120.00
104.25(13)
133.13(14)
120.00
122.19(12)
117.69(14)
130.42(15)
120.00
111.88(13)
120.00
120.00
120.00
122.13(12)
120.00
122.65(14)
115.15(14)
120.00
120.00
120.00

H17B-C17B-H17C
H17A-C17B-H17B
H17A-C17B-H17C
C15-C121-C122
C15-C121-C126
C122-C121-C126
C121-C122-C123
C122-C123-C124
C123-C124-C125
C124-C125-C126
C121-C126-C125
C113-C112-H112
C111-C112-H112
C112-C113-H113
C114-C113-H113
023-C26-C27
H24A-C24-H24C
C23-C24-H24A
C23-C24-H24B
C23-C24-H24C
H24A-C24-H24B
H24B-C24-H24C
023-C26-H26B
023-C26-H26A
H26A-C26-H26B
C27-C26-H26A
C27-C26-H26B
C26-C27-H27C
C26-C27-H27A
C26-C27-H278B
H27A-C27-H27B
H27A-C27-H27C
H27B-C27-H27C
C212-C211-C216
N21-C211-C212
N21-C211-C216
C211-C212-C213
C212-C213-C214
C213-C214-C215
C214-C215-C216
C211-C216-C215
C25-C221-C222
C25-C221-C226

226

109.00
109.00
110.00
119.55(15)
120.97(14)
119.28(16)
120.01(19)
120.4(2)
120.2(2)
120.20(19)
119.86(17)
120.00
120.00
119.00
119.00
112.4(3)
109.00
109.00
109.00
109.00
109.00
109.00
109.00
109.00
108.00
109.00
109.00
109.00
110.00
109.00
109.00
110.00
109.00
119.73(15)
120.32(14)
119.95(14)
119.18(16)
121.12(17)
119.52(18)
120.40(18)
120.02(17)
118.69(15)
121.65(16)



C222-C221-C226
C221-C222-C223
C222-C223-C224
C223-C224-C225
C224-C225-C226
C221-C226-C225
C211-C212-H212
C213-C212-H212
C212-C213-H213
C214-C213-H213
C213-C214-H214
C215-C214-H214
C214-C215-H215

119.58(17)
119.93(19)
119.5(2)
120.8(2)
120.1(2)
120.0(2)
120.00
120.00
119.00
119.00
120.00
120.00
120.00

C216-C215-H215
C211-C216-H216
C215-C216-H216
C221-C222-H222
C223-C222-H222
C222-C223-H223
C224-C223-H223
C223-C224-H224
C225-C224-H224
C224-C225-H225
C226-C225-H225
C221-C226-H226
C225-C226-H226

227

120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00



Table S7 - Torsion Angles (Degrees) for: cal104

012-Co1-011-C11
012a-Col1-011-C11
011-Co1-012-C15
0O1l1a-Col1-012-C15
011-Co1-013-C16A
011a-Co1-013-C16A -
021-Co02-022-C25
021b-Co02-022-C25
023-Co2-021-C21
023b-Co02-021-C21
021-Co02-023-C26
023b-Co02-022-C25
Co1-011-C11-C12
Co1-012-C15-C12
Co1-013-C16A-C17A
Co2-021-C21-C22
Co2-022-C25-C221
C111-N11-N12-C13
C111-N11-C11-011
N12-N11-C11-C12
C11-N11-C111-C112
N12-N11-C111-C112 -
N11-N12-C13-C12
C211-N21-C21-021
C211-N21-N22-C23
N22-N21-C21-C22
C211-N21-C21-C22
C21-N21-C211-C212
N21-N22-C23-C24
011-C11-C12-C13
N11-C11-C12-C15
C15-C12-C13-N12
C11-C12-C13-N12
C11-C12-C15-C121
C11-C12-C15-012
012-C15-C121-C122
012-C15-C121-C126
C112-C111-C116-C115
N11-C111-Ci116-C115
C111-C112-C113-C114
C113-C114-C115-C116
C15-C121-C122-C123
C122-C121-C126-C125
C121-C122-C123-C124
C123-C124-C125-C126
021-C21-C22-C23
N21-C21-C22-C23
C21-C22-C23-N22
C25-C22-C23-N22
C21-C22-C25-022
C23-C22-C25-022
022-C25-C221-C226
C22-C25-C221-C222
N21-C211-C212-C213
N21-C211-C216-C215
C211-C212-C213-C214
C213-C214-C215-C216
C25-C221-C222-C223
C25-C221-C226-C225
C221-C222-C223-C224
C223-C224-C225-C226

-14.75(11)
165.25(11)
2.28(13)
-177.72(13)
131.19(18)
48.81(18)
19.90(14)
-160.10(14)
-110.20(14)
69.81(14)
62.51(18)
-70.62(14)
17.8(2)
9.8(2)
-160.59(17)
10.5(3)
170.58(11)
-176.35(13)
-2.6(2)
-0.73(16)
17.8(2)
165.91(14)
-0.09(18)
-6.1(3)
-173.12(15)
1.09(18)
172.42(15)
29.1(2)
-178.80(15)
178.84(15)
178.95(14)
-178.43(16)
-0.34(18)
165.68(14)
-12.5(2)
-49.3(2)
125.62(16)
0.8(3)
179.51(17)
-1.2(3)
-1.0(3)
176.86(18)
-0.3(3)
-1.6(3)
1.9(3)
177.64(18)
-0.67(18)
0.04(19)
172.28(18)
-3.2(3)
-174.33(17)
-122.06(17)
-122.19(19)
-178.58(15)
179.93(17)
-1.5(3)
0.7(3)
-179.5(2)
177.90(16)
2.3(4)
-1.2(4)

013-Co1-011-C11
0O13a-Col1-011-C11
013-Co1-012-C15
013a-Co1-012-C15
012-Co1-013-C16A
012a-Co1-013-C16A
023-Co02-022-C25
022-Co2-021-C21
022b-Co2-021-C21
022b-Co02-023-C26
022-Co02-023-C26
021b-Co02-023-C26
Co1-011-C11-N11
Co1-012-C15-C121
Co2-021-C21-N21
Co2-022-C25-C22
Co2-023-C26-C27
N12-N11-C11-011
C111-N11-C11-C12
C11-N11-N12-C13
C11-N11-C111-C116
N12-N11-C111-C116
N11-N12-C13-C14
C21-N21-N22-C23
N22-N21-C21-021
N22-N21-C211-C216
N22-N21-C211-C212
C21-N21-C211-C216
N21-N22-C23-C22
N11-C11-C12-C13
011-C11-C12-C15
C15-C12-C13-C14
C11-C12-C13-C14
C13-C12-C15-012
C13-C12-C15-C121
C12-C15-C121-C122
C12-C15-C121-C126
N11-C111-C112-C113
Ci116-C111-C112-C113
C112-C113-C114-C115
C114-C115-C116-C111
C126-C121-C122-C123
C15-C121-C126-C125
C122-C123-C124-C125
C124-C125-C126-C121
021-C21-C22-C25
N21-C21-C22-C25
C21-C22-C23-C24
C25-C22-C23-C24
C21-C22-C25-C221
C23-C22-C25-C221
022-C25-C221-C222
C22-C25-C221-C226
C216-C211-C212-C213
C212-C211-C216-C215
C212-C213-C214-C215
C214-C215-C216-C211
C226-C221-C222-C223
C222-C221-C226-C225
C222-C223-C224-C225
C224-C225-C226-C221

228

R =0.03

-103.89(12)
76.11(12)
93.21(13)
-86.79(13)
41.08(18)
-138.92(18)
109.38(14)
-17.42(14)
162.58(14)
153.81(18)
-26.19(18)
-117.49(18)
-164.27(10)
-168.50(9)
-171.43(12)
-12.6(2)
108.5(3)
-179.12(13)
175.81(14)
0.53(17)
-160.85(16)
15.4(2)
-176.89(15)
-1.07(19)
-177.42(15)
20.3(2)
-160.23(15)
-150.36(17)
0.60(19)
0.64(16)
-2.9(3)
-2.1(3)
176.00(17)
165.28(16)
-16.5(3)
132.42(17)
-52.7(2)
-178.76(15)
-0.1(3)
1.7(3)
-0.3(3)
1.9(3)
-175.20(15)
-0.3(4)
-1.6(3)
4.3(3)
-173.99(15)
179.34(18)
-8.4(3)
173.43(15)
2.3(3)
54.7(2)
61.1(2)
0.9(2)
0.4(3)
0.7(3)
-1.2(3)
-2.7(3)
1.2(3)
-0.3(4)
0.8(3)



Table S8

Col.H24Cc
021.023
Col.H17Ba
022.C26
0O11.C15
022.C21
011.013a
023.022
012.013
023.C21b
012.011
O11.H17Ba
012.011a
012.H24Cd
013.N22c
012.H13Aa
013.012a
021.H212
021.022
C22.C1160
023.H14Bm
C24.011n
N12.C26f
C26.N12m
N22.C16Bn
Cl1.H226e
N12.H23Af
C12.H216d
N22.H216
C14.H12A
C12.C226e
C16A.H216c
C13.C226e
C21.H212
C14.C126
C22.H226
C16B.N22c
C23.H13An
C24.H226
C214.H125¢q
C125.C17Ag

Contact Distances (Angstrom) for: ca104

3.2800  021.C212
2.9092(18) Col.H24Cd
3.3800  021.C26
3.208(3) 011.013

3.0366(17) 022.023
2.8653(19) 011.C112
2.9181(17) 022.021b
3.0429(16)011.012a
2.9605(17) 023.021

3.376(2) 012.C16B
2.8916(15) 023.N12m
2.8900  012.C16A
2.8855(14) 011.H112
2.8500  013.012
2.8313(19) 012.H122
2.8800  013.Clla
3.0055(18) 013.H24Cc
2.3100  021.02b
2.8556(17) 022.H26B
3.526(3) 022.H222
2.8000  C24.C226
3.361(2) N12.C226e
3.445(3) (C24.C221
3.445(3) N22.013n
3.356(13) C11.H216d
2.9800  N12.H116
1.9000 C112.011
2.8500  N22.H13An
2.5400  C13.H23Af
3.0800 C11.C226e
3.578(2) C116.C22e
3.0000  C13.C216d
3.471(2) C17B.H224l
2.7700  C14.C212f
3.214(3) C121.C14
3.0900  C16A.C216¢
3.356(13) C23.H122g
2.9300  C24.H122g
2.9300  C213.H125q
2.8600  C25.H26B
3.597(4)

C215.H125q 3.0400
229

R = 0.03

2.847(2) Col.H17B 3.3800
3.2800  021.C25 3.0372(19)
3.401(4) 011.012 2.8916(15)

2.9657(17) 022.023b 2.8998(18)
3.0429(16) 011.C24c 3.361(2)
2.848(2) 022.021 2.8556(17)
2.9198(15) 011.C16Aa 3.246(4)
2.8855(14) 023.021b 2.9328(18)
2.9092(18) 012.C11  2.8887(17)
3.323(13) 023.022b 2.8998(18)
2.7862(17) 012.013a 3.0055(18)
3.193(3) 011.H24Cc 2.4600
2.2400  013.011a 2.9181(17)
2.9605(17) 012.H16B 2.5600
2.7300  013.011 2.9657(17)
3.4115(19) 013.H216¢ 2.7900
2.8100  021.023b 2.9328(18)
2.9198(15) 021.H14Bm2.8200

2.6600  022.H23Ab2.8300
2.7500  C23.C226 3.478(2)
3.117(3) 023.H116m2.6000
3.426(2) C24.C112n 3.596(2)
3.292(2) N12.023f 2.7862(17)

2.8313(19)C11.H112 2.7400

2.9900  N11.H226e 2.6900
2.5000  C12.H12A 2.9400
2.848(2) N12.H226e 2.9100
2.0400  C112.C24c 3.596(2)
2.7800  N22.H16Bn 2.8800
3.579(3) C14.H23Af 2.9600
3.526(3) C12.C216d 3.582(2)
3.574(2) C16B.H225€2.7900
2.8400  C13.C126 3.413(3)
3.566(2) C21.H1160 3.0700
3.265(2) C14.C121 3.265(2)
3.569(3) C22.H1160 2.8800
2.7500  C17A.C125g3.597(4)
3.0000  C213.H213r3.0200
2.9900  C24.H13An 3.0800
3.0200  C214.H26As2.9300

C126.C14 3.214(3)



C215.H26As
C27.H27Bp
C221.H24A
C113.H113h
C225.H12A0
C116.H23Af
C226.H24A
C121.H14A
H16A.H225e
C125.H17Cg
H16B.N22c
C226.C130
H17B.Col
C226.C23
H17C.H224
H17C.H17Cg
H24B.H226
H12A.H14C
H24C.Coln
H12A.C14
H24C.012g
H13A.H216¢
H26B.022
H13A.H17C
H112.H17Ba
H14B.023f
H113.C113h
H14C .H12A
H116.023f
H23A.H14Bm
H116.C21e
H23A.C14m
H122.C23d
H24A.C226
H216.C12g
H125.C215k
H224.H17Ct
H213.C125m
H225.H16A0
H216.N22
H22.H24B
H216.H16AnN
H226.Cl10

2.9600
3.0400
2.8300
3.0400
3.0500
3.0100
2.7800
2.9400
2.0200
3.0500
2.8800
3.471(2)
3.3800
3.478(2)
2.4600
2.5900
2.3800
2.4700
3.2800
3.0800
2.8500
2.3600
2.6600
2.5300
2.3500
2.8000
3.0400
2.4700
2.6000
2.3500
3.0700
2.9600
2.7500
2.7800
2.8500
3.0400
2.4600
2.9000
2.0200
2.5400
2.3800
2.5000
2.9800

C126.C13
C216.H16AN
C212.C14m
C225.H16Ao0
C216.C12g
C226.H24B
C221.C24
H16A.H216c
C125.H213f
H16B.012
C126.H14C
H17B.H225e
C226.Cl1o
H17B.H112a
C212.H124q
H24B.C226
H12A.C12
H24C.013n
H12A.C224e
H24C.Colg
H13A.C216¢
H26A.C214s
H13A.N22c
H27B.C27p
H14A.C121
H112.011
H14B.021f
H115.C124j
H23A.H116m
H116.H23Af
H23A.C13m
H122.012
H24A.C221
H124.C212k
H125.C214k
H224.C17Bt
H212.C21
H225.C16Bo
H216.013n
H226.C24
H216.H13An
H226.N120

230

3.413(3)
3.0200
3.566(2)
2.7800
3.582(2)
2.7900
3.292(2)
2.5000
2.9000
2.5600
2.7100
2.3500
3.579(3)
2.3500
3.0000
2.7900
2.9400
2.8100
3.0200
3.2800
3.0900
2.9300
2.0400
3.0400
2.9400
2.2400
2.8200
3.0000
2.2200
2.2200
2.7800
2.7300
2.8300
3.0000
2.8600
2.8400
2.7700
2.7900
2.7900
2.9300
2.3600
2.9100

C216.H13An
C212.021
C224.H12A0
C216.C16An
C225.H17Bo
C216.C13g
H16A.C216¢
C124.H115]
H16A.C225e
C226.N120
H17B.C225e
C226.C120
H17B.O11a
C226.C24
H17C.C125g
H17C.H13A
H24C.011n
H12A.C225e
H24C.H13An
H13A.C24c
H26A.C215s
H13A.H24Cc
H26B.C25
H13A.C23c
H112.C11
H14B.H23Af
H113.H113h
H14C.C126
H116.N12
H23A.N12m
H116.C22e
H23A.C116m
H122.C24d
H125.C213k
H222.022
H212.021
H225.H17Bo
H213.C213r
H226.C22
H216.C16An
H226.N11o
H216.C11g

3.0900
2.847(2)
3.0200
3.569(3)
3.0400
3.574(2)
3.0200
3.0000
2.7800
3.426(2)
3.0400
3.578(2)
2.8900
3.117(3)
3.0500
2.5300
2.4600
3.0500
2.4300
3.0800
2.9600
2.4300
3.0200
2.9300
2.7400
2.3500
2.3900
2.7100
2.5000
1.9000
2.8800
3.0100
3.0000
2.9900
2.7500
2.3100
2.3500
3.0200
3.0900
3.0000
2.6900
2.9900



Table S9 Hydrogen Bonds (Angstrom, Deg) for: cal04

013--H13A..N22 0.8000  2.0400 2.8313(19)
023--H23A..N12 0.8900  1.9000 2.7862(17)
C16A--H16B..012 0.9900  2.5600 3.193(3)
C24-- H24C..011 0.9800  2.4600 3.361(2)
C112--H112..011 0.9500  2.2400 2.848(2)
C116-- H116..023 0.9500  2.6000 3.458(2)
C116--H116..N12 0.9500  2.5000 2.827(2)
C212--H212..021 0.9500  2.3100 2.847(2)

Translation of Symmetry Code to Equiv.Pos

=[2556.00] = [2_556] =-x,-y,1-z
=[2765.00] = [2_765] =2-Xx,1-y,-Z
=[1455.00] = [1_455] =-1+X,y,z

d =[2656.00] = [2_656] =1-X,-y,1-z

e =[2666.00] = [2_666] =1-x,1-y,1-Z
f =[1456.00] = [1_456] =-1+X,y,1+z
g =[2656.00] = [2_656] =1-Xx,-y,1-z

h =[2466.00] = [2_466] =-1-Xx,1-y,1-Z
i =[1645.00] = [1_645] =1+X,-1+y,z
j =[1465.00] = [1_465] =-1+x,1+vy,z
k =[2756.00] = [2_756] =2-X%,-y,1-z

| =[1545.00] = [1_545] =x,-1+vy,z

m =[1654.00] = [1_654] =1+X,y,-1+z
n =[1655.00] = [1_655] =1+x,y,z

0 =[2666.00] = [2_666] =1-Xx,1-y,1-Z
p =[2665.00] = [2_665] =1-x,1-y,-Z
q =[2756.00] = [2_756] =2-X,-y,1-Z

r =[2855.00] = [2_855] =3-x,-y,-z

s =[2755.00] = [2_755] =2-X,-y,-z

t =[1565.00] = [1_565] =x,1+vy,z

0O T w

231

R = 0.03
175.00 1_455
177.00 1_654
122.00
153.00 1_655
121.00
151.00 1_456
100.00
115.00
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Table S1 - Crystal Data and Details of the Structure Determination

for: ca092

Formula

Formula Weight
Crystal System
Space group

a, b, c [Angstrom]
alpha, beta, gamma [deg]
V [Ang**3]

Z

D(calc) [g/cm**3]
Mu(MoKa) [ /mm ]
F(000)

Crystal Size [mm]

Temperature (K)
Radiation [Angstrom]
Theta Min-Max [Deg]
Dataset

Tot., Unig. Data, R(int)

R = 0.04
Crystal Data

C23 H1I8 N6 O5, C2 H6 O
504.50

Monoclinic

P21/c (No. 14)
12.8289(4) 14.3247(4) 14.4213(4)
90 111.347(1) 90
2468.38(13)

4

1.358

0.100

1056

0.39x 0.43 x 0.61

Data Collection

200

MoKa 0.71073

2.2, 28.3

-16: 17 ; -13: 19 ; -19: 19
23873, 6124, 0.014

Observed data [I > 2.0 sigma(I)] 5136

Refinement
Nref, Npar 6124, 368
R, wR2, S 0.0417, 0.1161, 1.04
Max.andAv. Shift/Error 0.00, 0.00
Min. and Max. Resd. Dens. [e/Ang”" 3] -0.22, 0.28

W=1/[\s"2"(Fo~27)+(0.0507P)"2~+0.8242P]
where P=(FoN2"~+2Fc~27)/3
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Table S2  Final Coordinates and Equivalent Isotropic Displacement

Parameters of the non-Hydrogen atoms for: ca092 R = 0.04

Atom X y z U(eq) [Ang”"2]
01 0.14776(8) 0.69594(6) 0.47229(6) 0.0383(3)
02 -0.07049(9) 0.77842(7) 0.42852(9) 0.0544(4)
03 -0.22537(11) 0.83873(7) 0.42516(10)0.0588(4)
04 -0.53149(10) 0.65498(10) 0.42226(12) 0.0730(5)
05 -0.53782(10) 0.50904(11) 0.38432(14) 0.0876(6)
N1 0.20431(9) 0.73686(7) 0.34187(7) 0.0317(3)
N2 0.20240(9) 0.69518(7) 0.25557(8) 0.0340(3)
N3 -0.01147(8) 0.51321(7) 0.38324(8) 0.0326(3)
N4 -0.05711(9) 0.59824(7) 0.39281(8) 0.0328(3)
N5 -0.16820(10) 0.77102(7) 0.42199(8) 0.0399(3)
N6 -0.48924(10) 0.58418(10) 0.40330(11) 0.0553(5)
C1 0.15772(9) 0.67707(8) 0.39078(8) 0.0299(3)
C2 0.12604(9) 0.59567(8) 0.33014(8) 0.0294(3)
C3 0.15677(10) 0.61039(8) 0.24838(9) 0.0321(3)
C4 0.14119(14) 0.55220(10) 0.15841(10) 0.0466(4)
C5 0.07256(9) 0.51282(8) 0.35381(8) 0.0292(3)
C11 0.24261(10) 0.82994(8) 0.36714(9) 0.0322(3)
C12 0.17815(12) 0.89102(9) 0.39821(11) 0.0425(4)
C13 0.21730(15) 0.98106(10) 0.42595(12) 0.0514(5)
Ci14 0.31808(15) 1.00912(10) 0.42101(12) 0.0531(5)
C15 0.38033(14) 0.94861(11) 0.38782(12) 0.0520(5)
C16 0.34373(11) 0.85755(9) 0.36157(10) 0.0410(4)
C21 0.11659(10) 0.41870(8) 0.34431(8) 0.0304(3)
C22 0.05139(11) 0.33871(9) 0.33661(10) 0.0376(3)
C23 0.09362(13) 0.25170(9) 0.32782(11) 0.0453(4)
C24 0.20034(13) 0.24258(10) 0.32641(10) 0.0461(4)
C25 0.26619(12) 0.32073(10) 0.33591(11) 0.0455(4)
C26 0.22459(11) 0.40835(9) 0.34526(10) 0.0379(4)
C31 -0.16063(10) 0.59744(8) 0.39772(8) 0.0302(3)
C32 -0.21772(10) 0.67863(8) 0.41052(9) 0.0322(3)
C33 -0.32476(11) 0.67409(9) 0.41267(9) 0.0364(3)
C34 -0.37698(10) 0.58920(10) 0.40188(10) 0.0393(4)
C35 -0.32465(11) 0.50752(10) 0.38895(11) 0.0422(4)
C36 -0.21948(11) 0.51165(9) 0.38672(10) 0.0378(4)
06 0.69603(9) 0.26440(9) 0.35941(8) 0.0517(4)
*C6A 0.58374(18) 0.25573(15) 0.35662(17) 0.0497(7)
*C7A 0.5500(3) 0.1568(2) 0.35424(19) 0.0669(10)
*C7B 0.5168(8) 0.2239(8) 0.3541(10) 0.091(4)
*C6B 0.6238(6) 0.1806(5) 0.3640(5) 0.054(3)

U(eq) = 1/3 of the trace of the orthogonalized U Tensor. Starred Atom sites have a

S.0.F less than 1.0
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Table S3 - Hydrogen Atom Positions and Isotropic Displacement Parameters

for: ca092 R = 0.04

Atom X y z U(iso) [Ang”™2]
H2N 0.2371(14) 0.7212(12) 0.2146(13) 0.054(5)
H4A 0.11620 0.59190 0.09900 0.0700
H4B 0.08480 0.50400 0.15220 0.0700
H4C 0.21230 0.52250 0.16490 0.0700
H4N -0.0119(14) 0.6495(12) 0.4120(12) 0.050(4)
H12 0.10830 0.87160 0.40050 0.0510
H13 0.17460 1.02340 0.44840 0.0620
H14 0.34470 1.07060 0.44060 0.0640
H15 0.44850 0.96910 0.38280 0.0620
H16 0.38730 0.81510 0.34020 0.0490
H22 -0.02210 0.34420 0.33740 0.0450
H23 0.04890 0.19770 0.32270 0.0540
H24 0.22820 0.18270 0.31890 0.0550
H25 0.34000 0.31470 0.33610 0.0550
H26 0.27060 0.46180 0.35240 0.0450
H33 -0.36140 0.72910 0.42150 0.0440
H35 -0.36220 0.44930 0.38170 0.0510
H36 -0.18460 0.45570 0.37760 0.0450
*H6AB 0.57780 0.28640 0.41600 0.0600
*H7AA 0.47080 0.15330 0.34610 0.1000
*H7AC 0.56110 0.12510 0.29830 0.1000
H6 0.7439(18) 0.2723(14) 0.4213(17) 0.072(6)
*H7AB 0.59560 0.12630 0.41670 0.1000
*H6AA 0.53220 0.28810 0.29690 0.0600
*H6BA 0.61480 0.13640 0.30870 0.0640
*H6BB 0.65670 0.14710 0.42810 0.0640
*H7BA 0.48950 0.26110 0.29290 0.1360
*H7BB 0.52730 0.26440 0.41150 0.1360
*H7BC 0.46210 0.17520 0.35120 0.1360

The Temperature Factor has the Form of Exp(-T)

Where T = 8*(Pi**2)*U*(Sin(Theta)/Lambda)**2 for Isotropic Atoms
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Table S4 - (An)isotropic Displacement Parameters for: ca092

Atom U(1,1) or

O1
02
03
04
05
N1
N2
N3
N4
N5
N6
C1
C2
C3
C4
C5
C11
C12
C13
C14
C15
C16
C21
C22
C23
C24
C25
C26
C31
C32
C33
C34
C35
C36
06
C6A
C7A
C7B
céB

0.0441(5)
0.0559(6)
0.0760(8)
0.0488(6)
0.0437(7)
0.0401(5)
0.0466(6)
0.0329(5)
0.0347(5)
0.0526(7)
0.0333(6)
0.0308(5)
0.0323(5)
0.0383(6)
0.0689(9)
0.0296(5)
0.0394(6)
0.0466(7)
0.0679(10)
0.0717(10)
0.0540(8)
0.0425(7)
0.0328(6)
0.0366(6)
0.0542(8)
0.0596(9)
0.0431(7)
0.0348(6)
0.0317(5)
0.0384(6)
0.0375(6)
0.0284(6)
0.0341(6)
0.0342(6)
0.0405(5)
0.0436(12)
0.072(2)
0.052(5)
0.044(4)

U U(2,2)
0.0430(5)
0.0345(5)
0.0300(5)
0.0734(8)
0.0796(10)
0.0269(5)
0.0290(5)
0.0267(5)
0.0252(5)
0.0289(5)
0.0630(9)
0.0297(5)
0.0259(5)
0.0267(5)
0.0375(7)
0.0269(5)
0.0254(5)
0.0338(6)
0.0303(7)
0.0267(6)
0.0406(8)
0.0354(6)
0.0273(5)
0.0318(6)
0.0294(6)
0.0319(6)
0.0435(7)
0.0330(6)
0.0293(5)
0.0280(6)
0.0374(6)
0.0458(7)
0.0367(7)
0.0295(6)
0.0805(8)
0.0495(12)
0.0563(16)
0.074(7)
0.060(5)

U(3,3)

0.0328(4)
0.0824(8)
0.0843(8)

u(2,3)

-0.0091(4)
-0.0076(5)
-0.0046(5)

0.1089(11) 0.0078(8)
0.1479(15) -0.0171(9)

0.0327(5)
0.0335(5)
0.0399(5)
0.0423(5)
0.0443(6)
0.0725(9)
0.0305(5)
0.0314(5)
0.0338(6)
0.0414(7)
0.0302(5)
0.0311(5)
0.0478(7)
0.0527(8)
0.0499(8)
0.0571(9)
0.0466(7)
0.0298(5)
0.0414(6)
0.0461(7)
0.0423(7)
0.0509(8)
0.0465(7)
0.0306(5)
0.0317(5)
0.0354(6)
0.0442(7)
0.0555(8)
0.0511(7)
0.0385(5)

-0.0038(4)
-0.0024(4)
-0.0001(4)
-0.0012(4)
-0.0027(4)
0.0030(7)

-0.0017(4)
-0.0012(4)
-0.0015(4)
-0.0093(5)
-0.0006(4)
-0.0003(4)
-0.0054(5)
-0.0058(6)
0.0011(6)

0.0049(6)

0.0018(5)

-0.0001(4)
-0.0041(5)
-0.0064(5)
-0.0015(5)
0.0043(6)

0.0034(5)

-0.0004(4)
-0.0002(4)
0.0016(5)

0.0007(5)

-0.0049(6)
-0.0050(5)
-0.0182(5)

0.0643(13) -0.0051(9)
0.0620(14) 0.0037(11)

0.150(10)
0.049(4)

0.025(6)
0.001(3)

The Temperature Factor has the Form of Exp(-T)
Where T = 8*(Pi**2)*U*(Sin(Theta)/Lambda)**2 for Isotropic Atoms
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R = 0.04
u(1,3) u(1,2)
0.0200(4) -0.0148(4)
0.0368(6) -0.0116(4)
0.0457(7) 0.0055(5)
0.0432(7) 0.0175(6)
0.0448(8) -0.0183(6)
0.0186(4) -0.0068(4)
0.0229(4) -0.0046(4)
0.0154(4) -0.0011(4)
0.0185(4) -0.0032(4)
0.0249(5) -0.0025(5)
0.0227(6) 0.0017(6)
0.0129(4) -0.0050(4)
0.0134(4) -0.0024(4)
0.0162(5) -0.0006(4)
0.0297(7) -0.0057(6)
0.0098(4) -0.0041(4)
0.0119(5) -0.0054(4)
0.0182(6) -0.0022(5)
0.0181(7) 0.0016(6)
0.0089(7) -0.0124(6)
0.0151(7) -0.0187(7)
0.0181(6) -0.0072(5)
0.0098(4) -0.0020(4)
0.0108(5) -0.0067(5)
0.0110(6) -0.0078(6)
0.0132(6) 0.0098(6)
0.0184(6) 0.0108(6)
0.0155(5) -0.0002(5)
0.0124(4) -0.0022(4)
0.0145(5) -0.0011(5)
0.0147(5) 0.0061(5)
0.0137(5) 0.0004(5)
0.0159(6) -0.0072(5)
0.0172(5) -0.0033(5)
0.0197(4) -0.0101(5)
0.0296(9) -0.0020(9)
0.0121(12) -0.0192(13)
0.041(6)  0.005(4)
0.008(3)  -0.006(3)



T = 2*(Pi**2)*Sumij(h(i)*h(j)*U(i,j)*Astar(i)*Astar(j)), for Anisotropic At-
oms. Astar(i) are Reciprocal Axial Lengths and h(i) are the Reflection Indi-
ces.
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Table S5 - Bond Distances (Angstrom) for: ca092

01-C1
C15-C16
04-N6
C22-C23
06-Cé6B
C25-C26
N1-C11
C32-C33
N3-C5
C35-C36
N5-C32
C4-H4B
N4-H4N
C14-H14
C2-C5
C22-H22
C11-C16
C25-H25
C13-C14
Ccé6B-H6BB
C6A-C7A
C7A-H7AB
C6A-H6AB
C7B-H7BC

1.2572(14)
1.391(2)
1.227(2)
1.3831(19)
1.533(8)
1.390(2)
1.4219(15)
1.386(2)
1.2944(16)
1.363(2)
1.4512(16)
0.9800
0.914(18)
0.9500
1.4718(17)
0.9500
1.386(2)
0.9500
1.380(3)
0.9900
1.479(4)
0.9800
0.9900
0.9800

C14-C15
O3-N5
C21-C26
06-C6A
C24-C25
N1-N2
C31-C32
N2-C3
C34-C35
N4-C31
C4-H4C
N2-H2N
C13-H13
C2-C3
C16-H16
C5-C21
C24-H24
C12-C13
C33-H33
C36-H36

1.377(2)
1.2269(17)
1.389(2)
1.432(3)
1.379(2)
1.3725(15)
1.4218(17)
1.3358(16)
1.395(2)
1.3555(18)
0.9800
0.937(18)
0.9500
1.3887(17)
0.9500
1.4873(17)
0.9500
1.389(2)
0.9500
0.9500

C7A-H7AA 0.9800
C6A-H6AA 0.9900
C7B-H7BB 0.9800
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R = 0.04

02-N5
C21-C22
O5-N6
C23-C24
06-H6
C31-C36
N1-C1
C33-C34
N3-N4
C4-H4A
N6-C34
C12-H12
C1-C2
C15-H15
C3-C4
C23-H23
C11-C12
C26-H26
C35-H35
C7A-H7AC
C6B-C7B
C7B-H7BA
C6B-H6BA

1.2270(18)
1.3990(18)
1.224(2)
1.383(2)
0.89(2)
1.4206(18)
1.3767(16)
1.3696(19)
1.3800(15)
0.9800
1.450(2)
0.9500
1.4251(16)
0.9500
1.4931(18)
0.9500
1.386(2)
0.9500
0.9500
0.9800
1.465(14)
0.9800
0.9900



Table S6 - Bond Angles (Degrees) for: ca092

C6B-06-H6
C6A-06-H6
N2-N1-C11
N2-N1-C1
C1-N1-C11
N1-N2-C3
N4-N3-C5
N3-N4-C31
02-N5-C32
03-N5-C32
02-N5-03
05-N6-C34
04-N6-05
04-N6-C34
N1-N2-H2N
C3-N2-H2N
N3-N4-H4N
C31-N4-H4N
N1-C1-C2
01-C1-C2
01-C1-N1
C3-C2-C5
C1-C2-C3
C1-C2-C5
N2-C3-C2
N2-C3-C4
C2-C3-C4
C2-C5-C21
C34-C35-C36
C31-C36-C35
C3-C4-H4C
C3-C4-H4A
C3-C4-H4B
H4B-C4-H4C
H4A-C4-H4C
H4A-C4-H4B
C13-C12-H12
C11-C12-H12
C12-C13-H13
C14-C13-H13
C15-C14-H14
C13-C14-H14
C16-C15-H15
C14-C15-H15
C15-C16-H16
C11-C16-H16
C21-C22-H22
C23-C22-H22
C22-C23-H23
C24-C23-H23
C23-C24-H24
C25-C24-H24
C26-C25-H25
C24-C25-H25
C21-C26-H26
C25-C26-H26
H7BA-C7B-H7BC

105.3(14)
111.1(16)
122.06(10)
109.04(9)
128.76(10)
109.18(10)
118.10(10)
117.21(10)
118.70(11)
118.84(13)
122.46(12)
117.92(14)
123.13(15)
118.95(14)
122.9(11)
127.5(11)
119.6(12)
121.1(12)
105.94(10)
130.27(11)
123.79(10)
128.30(10)
106.92(10)
124.77(10)
108.90(11)
119.43(12)
131.56(12)
119.01(11)
119.71(13)
121.70(13)
110.00
109.00
109.00
109.00
109.00
109.00
121.00
121.00
120.00
120.00
120.00
120.00
120.00
120.00
121.00
121.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
109.00

N3-C5-C2
N3-C5-C21
C12-C11-C16
N1-C11-C16
N1-C11-C12
C11-C12-C13
C12-C13-C14
C13-C14-C15
C14-C15-C16
C11-C16-C15
C22-C21-C26
C5-C21-C22
C5-C21-C26
C21-C22-C23
C22-C23-C24
C23-C24-C25
C24-C25-C26
C21-C26-C25
C32-C31-C36
N4-C31-C36
N4-C31-C32
N5-C32-C31
C31-C32-C33
N5-C32-C33
C32-C33-C34
C33-C34-C35
N6-C34-C33
N6-C34-C35
C32-C33-H33
C34-C33-H33
C36-C35-H35
C34-C35-H35
C31-C36 -H36
C35-C36-H36
06-C6A-C7A
06-C6B-C7B
06-C6A-H6AA
06-C6A-H6AB
C7A-C6A-H6AA
C7A-C6A-H6AB
H6AA-C6A-H6AB
06-C6B-H6BB
C7B-C6B-H6BA
C7B-C6B-H6BB
H6BA-C6B-H6BB
06-C6B-H6BA
H7AA-C7A-H7AC
H7AB-C7A-H7AC
C6A-C7A-H7AA
C6A-C7A-H7AB
C6A-C7A-H7AC
H7AA-C7A-H7AB
C6B-C7B-H7BA
C6B-C7B-H7BB
C6B-C7B-H7BC
H7BA-C7B-H7BB
H7BB-C7B-H7BC
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125.93(11)
115.07(11)
121.32(12)
119.74(11)
118.93(12)
118.93(15)
120.19(16)
120.48(14)
120.25(16)
118.81(14)
118.62(12)
120.91(12)
120.46(11)
120.17(14)
120.63(14)
119.73(14)
120.00(15)
120.84(13)
116.37(12)
119.50(11)
124.10(11)
122.41(12)
121.72(11)
115.87(11)
119.12(12)
121.38(13)
119.33(13)
119.29(13)
120.00
120.00
120.00
120.00
119.00
119.00
111.5(2)
102.9(6)
109.00
109.00
109.00
109.00
108.00
111.00
111.00
111.00
109.00
111.00
109.00
109.00
109.00
110.00
110.00
109.00
109.00
109.00
110.00
109.00
110.00

R = 0.04



Table S7 - Torsion Angles (Degrees) for: ca092 R = 0.04

C1-N1-N2-C3
N2-N1-C1-01
C11-N1-C1-01
N2-N1-C11-C12
C1-N1-C11-C12
N1-N2-C3-C2
C5-N3-N4-C31
N4-N3-C5-C21
N3-N4-C31-C36
02-N5-C32-C33
03-N5-C32-C33
04-N6-C34-C35
0O5-N6-C34-C35
01-C1-C2-C5
N1-C1-C2-C5
C1-C2-C3-C4
C5-C2-C3-C4
C1-C2-C5-C21
C3-C2-C5-C21
N3-C5-C21-C26
C2-C5-C21-C26
C16-C11-C12-C13
C12-C11-C16-C15
C12-C13-C14-C15
C14-C15-C16-C11
C26-C21-C22-C23
C22-C21-C26-C25
C22-C23-C24-C25
C24-C25-C26-C21
N4-C31-C32-C33
C36-C31-C32-C33
C32-C31-C36-C35
C31-C32-C33-C34
C32-C33-C34-C35
C33-C34-C35-C36

-0.45(14)
-179.98(11)
-4.3(2)
131.90(13)
-43.23(19)
0.97(15)
163.07(11)
-179.44(10)
-3.89(16)
174.35(12)
-5.39(17)
174.49(15)
-6.3(2)
-0.3(2)
179.97(11)
-177.22(14)
3.7(2)
-132.86(12)
46.12(17)
-159.14(11)
20.71(16)
-1.2(2)
-0.1(2)
0.6(2)
1.6(2)
-1.49(19)
1.82(19)
1.3(2)
-0.6(2)
178.43(11)
0.34(17)
-0.39(18)
-0.20(18)
0.1(2)
-0.1(2)

C11-N-N2-C3
N2-N1-C1-C2
C11-N1-C1-C2
N2-N1-C11-C16
C1-N1-C11-C16
N1-N2-C3-C4
N4-N3-C5-C2
N3-N4-C31-C32
02-N5-C32-C31
03-N5-C32-C31
04-N6-C34-C33
05-N6-C34-C33
01-C1-C2-C3
N1-C1-C2-C3
C1-C2-C3-N2
C5-C2-C3-N2
C1-C2-C5-N3
C3-C2-C5-N3
N3-C5-C21-C22
C2-C5-C21-C22

N1-C11-C12-C13
N1-C11-C16-C15
C11-C12-C13-C14
C13-C14-C15-C16

C5-C21-C22-C23
C5-C21-C26-C25

C21-C22-C23-C24

C23-C24-C25-C26
N4-C31-C32-N5
C36-C31-C32-N5
N4-C31-C36-C35
N5-C32-C33-C34
C32-C33-C34-N6
N6-C34-C35-C36
C34-C35-C36-C31
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-176.44(12)
-0.23(13)
175.41(12)
-48.92(17)
135.95(14)
177.64(12)
0.72(17)
178.08(11)
-5.72(18)
174.54(12)
-5.9(2)
173.35(15)
-179.48(13)
0.80(13)
-1.10(14)
179.77(12)
46.97(18)
-134.05(14)
19.35(16)
-160.80(11)
177.95(12)
-179.21(12)
1.0(2)
-1.8(2)
180.00(12)
-179.67(12)
-0.1(2)
-1.0(2)
-1.49(18)
-179.59(11)
-178.57(12)
179.73(11)
-179.52(12)
179.48(13)
0.3(2)



Table S8 - Contact Distances(Angstrom) for: ca092 R = 0.04

01.02 2.8892(16) 06.H16p  2.7800 01.N4 2.8261(15)
06.H2Np  1.710(18) 01.C12 3.0669(16) N2.C6Bf  3.284(8)
01.06a 2.5862(14) N2.06f 2.6464(17) 02.01 2.8892(16)
N3.N3g 3.2939(15) 02.N4 2.6497(14) N4.02 2.6497(14)
03.C13b  3.3352(19) N4.N5 2.9615(15) 04.Cl6c  3.276(2)
N4.C1 2.9884(17) 05.N6e 3.242(2) N4.01 2.8261(15)
05.C26c  3.231(2) N5.N4 2.9615(15) 05.05e 3.128(3)
N5.C23g  3.3950(18) 06.N2p 2.6464(17) N6.05e 3.242(2)
06.C16p  3.3186(17) N2.H6BAf  2.9400 06.01q 2.5862(14)
N2.H16 2.8200 01.H12 2.7000 N3.H36 2.3400
01.H4N 2.024(18) N3.H22 2.5000 01.H6a 1.72(2)
N5.H4N 2.699(18) 02.H4N 2.040(18) N6.H7Ach  2.7700
02.H12 2.8100 C1.N4 2.9884(17) 03.H13b  2.6000
C3.C26 3.1938(17) 03.H33 2.3300 C4.C26 3.2485(19)
04.H7BBd  2.6400 c4.c21 3.4000(19) 04.H16c  2.6200
C5.C36g  3.5415(17) 04.H33 2.4300 C6B.C12q  3.595(7)
04.H6ABd  2.7400 C6B.N2p  3.284(8) 05.H35 2.4200
C7B.C25  3.423(12) 05.H26c  2.4300 C12.01 3.0669(16)
06.H35k  2.8000 C12.C6Ba  3.595(7) C13.03b  3.3352(19)
C3.H26 2.7100 C16.06f  3.3186(17) C3.H23i 2.7600
C16.04k  3.276(2) C4.H26 2.9800 C21.C31g  3.5613(15)
C5.H4B 2.9700C21 ca 3.4000(19) C6A.H2Np  2.881(19)
C21.C32g 3.5761(16) C6A.H35k  2.8500 C22.C32g  3.4998(18)
C6B.H2Np  2.51(2) C23.N5g  3.3950(18) C7A.H15n  3.0800
C25.C33g  3.4254(19) C7B.H25  2.5400 C25.C7B  3.423(12)
C11.H6BBa 2.7800 C26.C4 3.2485(19) C12.H6BBa 2.6800
C26.C33g  3.4593(18) C13.H7 3.0500 C26.C3 3.1938(17)
C13.H6 2.8200 C26.05 3.231(2) Cl4.H24  2.9100
C26.C34  3.4541(19) C14.H6 3.0600 C31.C21  3.5613(15)
C14.H7 2.9300 C32.C22  3.4998(18) C15.H7 2.9300
C32.C21  3.5761(16) C16.H2 2.840(17) C33.C25  3.4254(19)
C16.H6 3.0400 C33.C26  3.4593(18) C16.H7 3.0100
C34.C26  3.4541(19) C21.H4B  2.9200 C36.C5 3.5416(17)
C26.H4 3.0300 C1.H4 2.339(19) C26.H4 3.0300
C1.H12 2.8700 C34.H7 3.0400 C1.H6 2.64(2)
H6.H16 2.5700 C2.H23 2.9000 H6.04 2.7400
C2.H26 2.6100 H6.H35 2.5600 C2.H4 2.577(18)
H2N.C16  2.840(17) H2N.H4 2.5900 H6.C11 2.7800
H2N.H16  2.5000 H6.C12 2.6800 H2N.H6 2.19(3)
H6.C13 2.8200 H2N.C6 2.51(2) H6.C16 3.0400
H2N.06 1.710(18) H6.C14 3.0600 H2N.C6 2.881(19)
H7.H25 2.3500 H2N.H6 2.3800 H7.04 2.6400
H7.C15 2.9300 H7.H25 2.3600 H7AB.C13  3.0500
H7BC.H25  2.5000 H7AB.C16 3.0100 H12.C1 2.8700
H7AB.C14  2.9300 H12.01 2.7000 H4A.H2N  2.5900
H12.02 2.8100 H4B.C26  3.0300 H13.03b  2.6000
H4B.C21  2.9200 H14.H24  2.4500 H4B.C5 2.9700
H15.C7 3.0800 H4C.C26  3.0300 H16.H2N  2.5000
H4N.N5 2.699(18) H16.N2 2.8200 H4N.02 2.040(18)
H16.04 2.6200 H4N.O1 2.024(18) H16.06f  2.7800
H4N.C1 2.339(19) H16.H6AAf 2.5700 H4N.C2 2.577(18)
H22.N3 2.5000 H7AC.N6m 2.7700 H23.C2m  2.9000
H7AC.C34  3.0400 H23.C3 2.7600 H6.01 1.72(2)
H24.H14  2.4500 H6.C1 2.64(2) H24.C14  2.9100
H6.H2N 2.19(3) H25.H7BA  2.3500 H6BA.N2  2.9400
H25.H7BB  2.3600 H6BA.H2N  2.3800 H25.C7B  2.5400
H25.H7BC  2.5000 H33.04 2.4300 H26.C3 2.7100
H35.05 2.4200 H26.C4 2.9800 H35.H6ABo 2.5600
H26.05k  2.4300 H35.060  2.8000 H26.C2 2.6100
H35.C6A0  2.8500 H33.03 2.3300 H36.N3 2.3400
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Table S9 - Hydrogen Bonds (Angstrom, Deg) for: ca092 R = 0.04

N2--H2N..06  0.937(18) 1.710(18) 2.6464(17)177.5(16) 2_655

N4--H4N..O1  0.914(18) 2.024(18) 2.8261(15) 145.6(15)
N4--H4N..02  0.914(18) 2.040(18) 2.6497(14)122.9(15)
06--H6..01  0.89(2) 1.72(2)  2.5862(14)67(2)
C26--H26..05 0.9500 2.4300  3.231(2) 142.00
C36--H36..N3 0.9500 2.3400  2.6873(19)101.00

Translation of Symmetry Code to Equiv.Pos

[3666.00] = [3_666] =1-x,1-y,1-z
[3576.00] = [3_576] =-x,2-y,1-z
[1455.00] = [1_455] =-1+x,y,z
[3566.00] = [3_566] =-x,1-y,1-Z
[3466.00] = [3_466] =-1-x,1-y,1-z
[2655.00] = [2_655] =1-x,1/2+y,1/2-Z
[3566.00] = [3_566] =-x,1-y,1-Z
[2555.00] = [2_555] =-x,1/2+vy,1/2-z
[2555.00] = [2_555] =-x,1/2+vy,1/2-z
[1565.00] = [1_565] =x,1+vy,z
[1655.00] = [1_655] =1+x,y,z
[1565.00] = [1_565] =x,1+vy,z
[2545.00] = [2_545] =-x,-1/2+y,1/2-z
[1545.00] = [1_545] =x,-1+vy,z
[1455.00] = [1_455] =-1+x,y,z
[2645.00] = [2_645] =1-x,-1/2+y,1/2-z
[3666.00] = [3_666] =1-x,1-y,1-Z

—xX“"—TSuau “hToaonoow

QT O3 3
[T TR
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Table S1 - Crystal Data and Details of the Structure Determination

for: cal113

Formula

Formula Weight
Crystal System
Space group

a, b, c [Angstrom]
alpha, beta, gamma [deg]
V [Ang**3]

Z

D(calc) [g/cm**3]
Mu(MoKa) [ /mm ]
F(000)

Crystal Size [mm]

Temperature (K)
Radiation [Angstrom]
Theta Min-Max [Deg]
Dataset

Tot., Unig. Data, R(int)

R = 0.07
Crystal Data

C23 H20N4 O3 S, H20
450.52

Monoclinic

C2/c (No. 15)
23.3366(4) 14.7706(3) 12.5787(2)
90 100.927(1) 90
4257.21(13)

8

1.406

0.191

1888

0.24 x 0.38 x 0.56

Data Collection

296

MoKa 0.71073

2.2, 28.3

-31: 31 ; -19: 17 ; -16: 16
19945, 5285, 0.014

Observed data [I > 2.0 sigma(I)] 4408

Nref, Npar
R, wR2, S

Refinement

5285, 295
0.0651, 0.1806, 1.05

w = 1/[\s*2A(Fo~2~)+(0.0787P)~A2~+11.9450P]

where P=(FoN2/™+2Fch27)/

Max. and Av. Shift/Error

Min. and Max. Resd. Dens. [e/Ang”" 3]

0.51, 0.00
-1.28, 1.83
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Table S2 - Final Coordinates and Equivalent Isotropic Displacement
Parameters of the non-Hydrogen atoms for: cal13 R = 0.07

Atom x y z U(eq) [Ang”"2]
S1  0.12191(3) -0.36730(5) 0.78538(6) 0.0456(2)
O1 0.08003(12) -0.40409(16) 0.7001(2) 0.0615(8)
02 0.18096(12) -0.35637(18) 0.7677(3) 0.0725(10)
O3 -0.06168(7) 0.08927(11) 0.84448(13) 0.0264(4)
N1 0.12469(14) -0.42757(19) 0.8891(3) 0.0603(10)
N2 0.03935(8) -0.00073(13) 0.87790(15) 0.0250(5)
N3 0.00391(8) 0.30070(14) 0.90748(17) 0.0306(6)
N4  -0.04430(8) 0.24360(13) 0.87464(16) 0.0265(5)
Cl1 0.06811(9) 0.07755(15) 0.90030(17) 0.0241(6)
C2 0.03535(9) 0.15636(15) 0.89605(18) 0.0247(6)
C3 -0.02805(9) 0.15514(15) 0.86799(17) 0.0242(6)
C4 0.05035(10) 0.24937(16) 0.92100(19) 0.0280(6)
C5 0.10857(11) 0.29281(19) 0.9599(3) 0.0394(8)
Cl11 0.06118(9) -0.08680(15) 0.85686(17) 0.0247(6)
C12 0.10950(11) -0.09765(18) 0.8079(2) 0.0335(7)
C13 0.12767(11) -0.18375(19) 0.7868(2) 0.0380(8)
C14 0.09767(11) -0.25835(18) 0.8140(2) 0.0343(7)
C15 0.04800(11) -0.24799(16) 0.85929(19) 0.0308(7)
C16 0.02984(10) -0.16200(16) 0.87996(17) 0.0262(6)
C21 0.13256(9) 0.07562(15) 0.93661(19) 0.0261(6)
C22 0.15517(11) 0.03029(17) 1.0325(2) 0.0322(7)
C23 0.21501(12) 0.0275(2) 1.0689(3) 0.0449(8)
C24 0.25204(12) 0.0691(2) 1.0102(3) 0.0512(9)
C25 0.22970(12) 0.1135(2) 0.9151(3) 0.0469(9)
C26 0.16983(11) 0.11732(19) 0.8779(2) 0.0357(7)
C31 -0.10148(9) 0.27998(15) 0.86559(19) 0.0271(6)
C32 -0.14525(10) 0.22863(16) 0.8967(2) 0.0305(7)
C33 -0.20042(11) 0.26617(19) 0.8897(2) 0.0385(8)
C34 -0.21129(12) 0.3546(2) 0.8555(3) 0.0463(9)
C35 -0.16744(13) 0.4048(2) 0.8251(3) 0.0488(9)
C36 -0.11254(11) 0.36773(18) 0.8283(2) 0.0393(8)
04 0.01818(16) 0.5070(2) 0.4000(5) 0.143(2)

U(eq) = 1/3 of the trace of the orthogonalized U Tensor
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Table S3 - Hydrogen Atom Positions and Isotropic Displacement Parameters

for: call3 R =0.07
Atom X y z U(iso) [Ang”2]
H1A 0.14900 -0.41100 0.95260 0.112(19)
H1B 0.08400 -0.44910 0.89380 0.054(10)
H2 0.00140 0.00560 0.86500 0.040(8)
HS5A 0.10300 0.35310 0.98450 0.0590
H5B 0.12980 0.29520 0.90170 0.0590
H5C 0.13020 0.25800 1.01850 0.0590
H12 0.12940 -0.04720 0.78950 0.0400
H13 0.16000 -0.19150 0.75440 0.0460
H15 0.02740 -0.29840 0.87540 0.0370
H16 -0.00350 -0.15430 0.90950 0.0320
H22 0.13030 0.00210 1.07180 0.0390
H23 0.23030 -0.00240 1.13310 0.0540
H24 0.29220 0.06710 1.03510 0.0610
H25 0.25480 0.14090 0.87560 0.0560
H26 0.15480 0.14770 0.81400 0.0430
H32 -0.13780 0.16980 0.92190 0.0370
H33 -0.23030 0.23150 0.90820 0.0460
H34 -0.24800 0.37990 0.85300 0.0550
H35 -0.17470 0.46430 0.80220 0.0590
H36 -0.08340 0.40150 0.80570 0.0470
H4A -0.01550 0.48530 0.34760 1.2(5)
H4B 0.01030 0.57480 0.40290 2.0(13)

The Temperature Factor has the Form of Exp(-T)

WhereT = 8*(Pi**2)*U*(Sin(Theta)/Lambda)**2 for Isotropic Atoms
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Table S4 - (An)isotropic Displacement Parameters for: call3 R = 0.07

Atom U(1,1) or U U(2,2)  U(3,3) U(2,3) u(1,3) u(1,2)

S1  0.0448(4) 0.0353(4) 0.0523(4) 0.0170(3) 0.0020(3) 0.0117(3)

01 0.0756(17)0.0411(12)0.0590(14)-0.0209(11)-0.0094(12)0.0037(11)
02 0.0528(14)0.0576(15)0.110(2) 0.0284(15)0.0232(14)0.0109(12)
03 0.0237(7) 0.0236(8) 0.0319(8) -0.0024(6) 0.0051(6) -0.0022(6)
N1 0.0677(19)0.0397(14)0.0651(18)-0.0031(13)-0.0089(15)0.0151(13)
N2  0.0209(8) 0.0243(9) 0.0298(9) -0.0005(7) 0.0050(7) 0.0014(7)

N3  0.0258(9) 0.0238(9) 0.0412(11)-0.0006(8) 0.0038(8) -0.0047(7)
N4  0.0222(9) 0.0213(9) 0.0353(10)-0.0003(7) 0.0034(7) -0.0012(7)
Cl1 0.0233(10)0.0281(11) 0.0212(9)0.0011(8) 0.0053(7) -0.0007(8)
C2  0.0222(10) 0.0260(10) 0.0260(10) -0.0004(8) 0.0045(8) -0.0003(8)
C3  0.0244(10) 0.0252(10) 0.0230(9) 0.0002(8) 0.0042(8) 0.0000(8)

C4 0.0247(10) 0.0270(11) 0.0324(11) -0.0008(9) 0.0054(8) -0.0025(8)
C5 0.0275(12)0.0326(13) 0.0568(16)-0.0076(12) 0.0047(11)-0.0063(10)
C11 0.0239(10) 0.0258(10) 0.0232(10) -0.0019(8) 0.0012(8) 0.0026(8)
C12 0.0286(11) 0.0350(13) 0.0382(13)-0.0060(10) 0.0098(10) -0.0013(9)
C13 0.0294(12)0.0407(14) 0.0446(14)-0.0138(11) 0.0090(10) 0.0025(10)
C14 0.0317(12) 0.0330(12) 0.0343(12)-0.0101(10) -0.0034(9) 0.0094(10)
C15 0.0360(12) 0.0263(11) 0.0274(11) -0.0013(9) -0.0009(9) -0.0001(9)
C16 0.0263(10) 0.0288(11) 0.0229(10) -0.0009(8) 0.0028(8) 0.0015(8)
C21 0.0221(10) 0.0254(10) 0.0303(11) -0.0011(8) 0.0038(8) 0.0004(8)
C22 0.0306(11) 0.0285(11) 0.0354(12) 0.0025(9) 0.0013(9) -0.0018(9)
C23 0.0358(13)0.0393(14) 0.0524(16) 0.0072(12)-0.0101(12) 0.0012(11)
C24 0.0228(11) 0.0455(16) 0.080(2) 0.0023(15)-0.0037(12) 0.0000(11)
C25 0.0267(12) 0.0463(16) 0.070(2) 0.0042(14) 0.0150(12)-0.0043(11)
C26 0.0281(11)0.0396(14) 0.0408(13) 0.0060(11) 0.0101(10) 0.0001(10)
C31 0.0236(10) 0.0259(11) 0.0301(11) -0.0014(8) 0.0009(8) 0.0023(8)
C32 0.0272(11) 0.0261(11) 0.0377(12) -0.0017(9) 0.0053(9) 0.0000(9)
C33 0.0253(11)0.0382(14) 0.0524(16)-0.0045(12) 0.0082(10)-0.0015(10)
C34 0.0246(12) 0.0410(15) 0.070(2)-0.0016(14) 0.0005(12) 0.0073(10)
C35 0.0357(14) 0.0321(14) 0.074(2) 0.0126(14)-0.0009(13) 0.0087(11)
C36 0.0303(12)0.0306(13) 0.0553(16) 0.0100(11) 0.0039(11) 0.0015(10)
04 0.070(2) 0.061(2) 0.273(6) -0.045(3) -0.028(3) 0.0034(17)

The Temperature Factor has the Form of Exp(-T)

Where T = 8*(Pi**2)*U*(Sin(Theta)/Lambda)**2 for Isotropic Atoms

T = 2*(Pi**2)*Sumij(h(i)*h(j)*U(i,j) *Astar(i)*Astar(j)), for Anisotropic At-
oms. Astar(i) are Reciprocal Axial Lengths and h(i) are the Reflection Indi-
ces.
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Table S5 - Bond Distances (Angstrom) for: call13 R = 0.07

S1-01
C22-C23
S1-C14
C25-C26
04-H4B
C32-C33
N3-N4
C35-C36
N4-C31
C5-H5C
N2-H2
C15-H15
C2-C4
C23-H23
C11-C16
C26-H26
C13-C14
C34-H34
C21-C22

1.416(3)
1.385(4)
1.765(3)
1.388(4)
1.0200
1.389(4)
1.404(3)
1.387(4)
1.423(3)
0.9600
0.8700
0.9300
1.438(3)
0.9300
1.391(3)
0.9300
1.383(4)
0.9300
1.393(3)

C21-C26
S1-N1
C24-C25
04-H4A
C31-C32
N2-C11
C34-C35
N4-C3
C5-H5A
N1-H1B
C13-H13
C1-C21
C22-H22
C4-C5
C25-H25
C12-C13
C33-H33
C15-C16
C36-H36

1.387(3)
1.571(4)
1.377(5)
0.9800
1.387(3)
1.413(3)
1.375(4)
1.368(3)
0.9600
1.0100
0.9300
1.487(3)
0.9300
1.498(4)
0.9300
1.382(4)
0.9300
1.379(3)
0.9300
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S1-02
C23-C24
03-C3
C31-C36
N2-C1
C33-C34
N3-C4
C5-H5B
N1-H1A
C12-H12
C1-C2
C16-H16
C2-C3
C24-H24
C11-C12
C32-H32
C14-C15
C35-H35

1.446(3)
1.383(4)
1.250(3)
1.386(3)
1.340(3)
1.384(4)
1.307(3)
0.9600
0.9200
0.9300
1.388(3)
0.9300
1.455(3)
0.9300
1.393(3)
0.9300
1.394(4)
0.9300



Table S6 - Bond Angles (Degrees) for: call3 R = 0.07

01-51-02
C12-C11-C16
02-S1-N1
C11-C12-C13
H4A-04-H4B
S1-C14-C13
N3-N4-C3
C11-C16-C15
S1-N1-H1B
C1-C21-C26
C1-N2-H2
C23-C24-C25
C2-C1-C21
N4-C31-C32
C3-C2-C4
C31-C32-C33
03-C3-C2
C34-C35-C36
N3-C4-C2
C23-C24-H24
H5A-C5-H5C
C24-C25-H25
C13-C12-H12
C33-C32-H32
C14-C13-H13
C34-C33-H33
C15-C16-H16
C34-C35-H35
C23-C22-H22
C35-C36-H36

117.88(19) N3-C4-C5

120.2(2)

01-S1-C14

107.49(19) N2-C11-C12

119.6(2)
103.00
118.6(2)

N1-S1-C14
S1-C14-C15
N4-N3-C4

112.08(18) C14-C15-C16

120.2(2)
110.00

121.9(2)
113.00

120.2(3)
123.1(2)
120.0(2)

C3-N4-C31
C22-C21-C26
S1-N1-H1A
C22-C23-C24
N2-C1-C21
C21-C26-C25
C1-C2-C3

105.02(19) N4-C31-C36

119.2(2)
129.1(2)
120.7(3)
111.4(2)
120.00
109.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00

03-C3-N4
C33-C34-C35
C2-C4-C5
C4-C5-H5B
C4-C5-H5A
C26-C25-H25
H5A-C5-H5B
C25-C26-H26
C12-C13-H13
C32-C33-H33
C16-C15-H15
C33-C34-H34
C21-C22-H22
C31-C36-H36
C22-C23-H23
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118.2(2)01-S1-N1  109.01(16)
107.61(14)N2-C11-C16 117.19(19)
122.5(2)02-S1-C14  106.33(14)
108.16(15)C12-C13-C14 119.8(2)
120.5(2)C1-N2-C11  129.18(19)
106.75(19) C13-C14-C15 120.9(2)
119.2(2)N3-N4-C31  118.92(18)
128.51(19) C1-C21-C 22118.1(2)
120.1(2) H1A-N1-H1B 118.00
119.00 C21-C22-C23 119.6(2)
120.2(3)C11-N2-H2  117.00
119.03(19)C24-C25-C26 120.2(3)
119.7(2)N2-C1-C2  117.7(2)
121.8(2)C32-C31-C36 120.5(2)
119.5(2)C1-C2-C4 133.1(2)
126.1(2)C32-C33-C34 120.6(2)
119.6(3)N4-C3-C2  104.74(18)
130.4(2)C31-C36-C35 119.4(2)
110.00 C4-C5-H5C  109.00
109.00 C25-C24-H24 120.00
120.00 H5B-C5-H5C  109.00
109.00 C21-C26-H26 120.00
120.00 C11-C12-H12 120.00
120.00 C31-C32-H32 120.00
120.00 C14-C15-H15 120.00
120.00 C35-C34-H34 120.00
120.00 C11-C16-H16 120.00
120.00 C36-C35-H35 120.00
120.00 C24-C23-H23 120.00
120.00



Table S7 - Torsion Angles (Degrees) for: call3

01-S1-C14-C13
02-51-C14-C13
N1-S1-C14-C13
C11-N2-C1-C2
C1-N2-C11-C12
C4-N3-N4-C3
N4-N3-C4-C2
N3-N4-C3-03
C31-N4-C3-03
N3-N4-C31-C32
C3-N4-C31-C32
N2-C1-C2-C3
C21-C1-C2-C3
N2-C1-C21-C22
C2-C1-C21-C22
C1-C2-C3-03
C4-C2-C3-03
C1-C2-C4-N3
C3-C2-C4-N3
N2-C11-C12-C13
N2-C11-C16-C15
C11-C12-C13-C14
C12-C13-C14-C15
C13-C14-C15-C16
C1-C21-C22-C23
C1-C21-C26-C25
C21-C22-C23-C24
C23-C24-C25-C26
N4-C31-C32-C33
N4-C31-C36-C35
C31-C32-C33-C34
C33-C34-C35-C36

109.8(2)
17.4(3)
132.6(2)
167.1(2)
-30.7(3)
0.4(3)
1.0(3)
177.4(2)
5.6(4)
-141.8(2)
29.5(4)
-0.2(3)
-175.3(2)
-61.5(3)
113.5(3)
-0.2(4)
-176.9(2)
-178.1(2)
-1.9(3)
-178.2(2)
178.7(2)
0.3(4)
2.2(4)
-2.0(4)
-179.7(2)
-179.9(2)
-0.3(4)
0.4(5)
178.5(2)
-176.5(3)
-2.1(4)
0.0(5)
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01-51-C14-C15
02-51-C14-C15
N1-S1-C14-C15
C11-N2-C1-C21
C1-N2-C11-C16
C4-N3-N4-C31
N4-N3-C4-C5
N3-N4-C3-C2
C31-N4-C3-C2
N3-N4-C31-C36
C3-N4-C31-C36
N2-C1-C2-C4
C21-C1-C2-C4
N2-C1-C21-C26
C2-C1-C21-C26
C1-C2-C3-N4
C4-C2-C3-N4
C1-C2-C4-C5
C3-C2-C4-C5
C16-C11-C12-C13
C12-C11-C16-C15
C12-C13-C14-51
S1-C14-C15-C16
C14-C15-C16-C11
C26-C21-C22-C23
C22-C21-C26-C25
C22-C23-C24-C25
C24-C25-C26-C21
C36-C31-C32-C33
C32-C31-C36-C35
C32-C33-C34-C35
C34-C35-C36-C31

R = 0.07

67.9(2)
-165.0(2)
-49.8(3)
-17.7(3)
153.9(2)
173.0(2)
-178.1(2)
-1.5(2)
-173.3(2)
36.5(3)
-152.2(2)
175.5(2)
0.4(4)
118.5(3)
-66.5(3)
178.7(2)
2.0(2)
0.8(5)
177.0(3)
-2.9(3)
3.1(3)
179.8(2)

-179.49(18)

-0.7(3)
0.3(4)
0.1(4)
-0.1(5)
-0.5(4)
0.2(4)
1.8(4)
2.0(5)
-1.9(5)



Table S8 - Contact Distances(Angstrom) for: cal13

S1.H35
N1.04
02.C33
N3.04
03.N2
N1.H15
03.C1
N3.H36
04.04
C1.C3
O1.H4A
C2.C16
02.H33
C3.C2
03.H12
C5.C26
03.H2
C11.C22
04.H1B
C2.H16
C15.C31
C3.H16
C15.C16
C5.H24
C16.C15
C15.H1B
C16.C11
C22.H32
C21.GC5
C26.H12
C22.03
C33.H1A
C26.C12
C36.H5B
C31.C15
H1A.C34
C33.02
H1B.H15
H1B.H4A
H15.N1
H2.03
H16.C4
H4A.H1B
H22.H32
H4B.H1B
H24.C5
H4B.N3
H26.03
H5A.H4B
H32.C22
H5B.C26
H32.03
H5C.C21
H34.C13
H12.C26
H36.01
H36.H4B

3.0700
2.775(5)
3.418(4)
2.864(4)
2.670(3)
2.9500
3.059(3)
2.6500
2.811(8)
3.519(3)
1.9300
3.447(3)
2.7800
3.293(3)
2.9000
3.223(4)
1.9000
3.293(3)
1.7700
2.6900
3.481(3)
2.7600
3.449(3)
3.1000
3.449(3)
3.1000
3.496(3)
3.0500
3.279(4)
2.7600
3.399(3)
3.0100
3.517(4)
3.0400
3.481(3)
2.7000
3.418(4)
2.5800
2.3500
2.9500
1.9000
2.9300
2.3500
2.5500
2.5500
3.1000
1.8500
2.7900
2.4500
3.0500
2.8200
2.4800
2.8900
3.0100
2.7600
2.8700
2.3200

04.H5A
02.C25
N2.03
03.C22
N4.C16
03.C2
N2.H22
04.N3
C1.03
04.N1
C2.03
02.H13
C3.C16
02.H25
C4.C26
03.H26
C11.C11
04.H36
C12.C21
C12.C26
C3.H32
C15.N4
C4.H4B
C16.N4
C13.H34
C16.C3
C21.H5C
C21.C12
C26.H5B
C22.C12
C32.H26
C26.C4
C35.H1A
C26.C5
H1A.C33
C32.C15
H1B.C15
H1B.0O4
H15.H1B
H2.H16
H16.C2
H4A.01
H22.N2
H4B.C4
H24.N1
H4B.C36
H26.H5B
H4B.H5A
H26.C31
H5B.C36
H32.C3
H5C.C26
H34.H13
H12.C1
H35.51
H13.02
H36.H4A

2.9200
3.413(5)
3.227(2)
3.399(3)
3.271(3)
3.349(3)
2.9100
2.864(4)
3.059(3)
2.775(5)
3.349(3)
2.4800
3.180(3)
2.5500
3.528(4)
2.7900
3.531(3)
2.7900
3.022(3)
3.517(4)
2.7800
3.365(3)
2.7500
3.271(3)
3.0100
3.180(3)
2.8900
3.022(3)
2.8200
3.398(4)
2.8800
3.528(4)
2.7500
3.223(4)
3.010
3.466(3)
3.1000
1.7700
2.5800
2.4300
2.6900
1.9300
2.9100
2.7500
2.8700
2.9700
2.5600
2.4500
3.0700
3.0400
2.7800
2.9900
2.5000
2.8500
3.0700
2.4800
2.3000
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01.04
N2.03
03.C32
N4.C15
03.N2
N1.H24
03.C26
N3.H4B
04.01
C2.C3
O1.H36
C3.C3
02.H35
C3.c1
03.H22
C5.c21
03.H32
C11.C16
C12.C22
C3.H2
C15.C15
C4.H16
C15.C32
C5.H4B
C16.C2
C21.H12
C16.C16
C26.H5C
C22.C11
C31.H26
C25.02
C34.H1A
C26.03
C36.H4B
C32.03
H1A.C35
C1l.H12
H13.H34
H1B.H4B
H16.H2
H2.C3
H16.C3
H4A.H36
H22.03
H4B.C5
H25.02
H4B.H36
H26.C32
H5A.04
H32.H22
H5B.H26
H33.02
H12.C21
H35.02
H12.03
H36.N3
H36.04

2.838(5)
2.670(3)
2.993(3)
3.365(3)
3.227(2)
2.8700
3.419(3)
1.8500
2.838(5)
3.293(3)
2.8700
3.464(3)
2.7900
3.519(3)
2.4800
3.279(4)
2.4800
3.496(3)
3.398(4)
2.3200
3.201(3)
2.9300
3.466(3)
3.0000
3.447(3)
2.5800
3.302(3)
2.9900
3.293(3)
3.0700
3.413(5)
2.7000
3.419(3)
2.9700
2.993(3)
2.7500
2.8500
2.5000
2.5500
2.4300
2.3200
2.7600
2.3000
2.4800
3.0000
2.5500
2.3200
2.8800
2.9200
2.5500
2.5600
2.7800
2.5800
2.7900
2.9000
2.6500
2.7900

R = 0.07



Table S9 - Hydrogen Bonds (Angstrom, Deg) for: cal13 R = 0.07

N1--H1B..04  1.0100  1.7700  2.775(5)
N2--H2..03 0.8700  1.9000  2.670(3)
O4-- H4A..01  0.9800  1.9300  2.838(5)
04--H4B..N3  1.0200  1.8500  2.864(4)
C13--H13..02 0.9300 2.4800  2.867(4)
C22--H22..03 0.9300  2.4800  3.399(3)
C25--H25..02  20.9300 2.5500  3.413(5)
C32--H32..03 0.9300  2.4800  2.993(3)

Translation of Symmetry Code to Equiv.Pos

[2546.00] = [2_546] =-x,-1+y,3/2-z
[3556.00] = [5_556] =-x,-y,1-z
[5545.00] = [3_545] =1/2+x,-1/2+y,z
[6546.00] = [4_546] =1/2-x,-1/2+y,3/2-z
[2556.00] = [2_556] =-X,y,3/2-z
[3557.00] = [5_557] =-x,-y,2-z
[4555.00] = [6_556] =x,-y,1/2+z
[7547.00] = [7_547] =1/2-x,-1/2-y,2-z
[4565.00] = [6_566] =x,1-y,1/2+z
[7557.00] = [7_557] =1/2-x,1/2-y,2-z
[6556.00] = [4_556] =1/2-x,1/2+y,3/2-z
[5455.00] = [3_455] =-1/2+x,1/2+y,z
[2566.00] = [2_566] =-x,1+y,3/2-z
[3556.00] = [5_556] =-x,-y,1-z
[3566.00] = [5_566] =-x,1-y,1-z
[4554.00] = [6_555] =x,-y,-1/2+z
[4564.00] = [6_565] =x,1-y,-1/2+z

— X" T oK "o ao ocw
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169.00
146.00
153.00
174.00
105.00
172.00
154.00
115.00

4_555

3_556
4_564

3_557
6_556
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Table S1 - Crystal Data and Details of the Structure Determination
for: dal58 P 21/c R = 0.03

Crystal Data

Formula C40 H40 Co N6 06

Formula Weight 759.71

Crystal System monoclinic

Space group P21/c (No. 14)

a, b, c [Angstrom] 10.1110(5) 9.3804(4) 21.3390(8)
alpha, beta, gamma [deg] 90 117.241(2) 90
V [Ang**3] 1799.43(14)

Z 2

D(calc) [g/cm**3] 1.402

Mu(MoKa) [ /mm ] 0.534

F(000) 794

Crystal Size [mm] 0.22 x 0.44 x 0.56

Data Collection

Temperature (K) 200

Radiation [Angstrom] MoKa 0.71073

Theta Min-Max [Deg] 2.1, 28.4

Dataset -13: 13 ; -12: 12 ; -28: 28
Tot., Unig. Data, R(int) 49492, 4515, 0.020

Observed data [I > 2.0 sigma(I)] 4132

Refinement
Nref, Npar 4515, 244
R, wR2, S 0.0270, 0.0743, 1.06

w = "2NFON2M)+(0.0361P)~27+0.6867P]
WHERE P=(FON2/~N+2FCA21)/3!

Max. and Av. Shift/Error 0.00, 0.00
Min. and Max. Resd. Dens. [e/Ang”"3] -0.34, 0.34
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Table S2  Final Coordinates and Equivalent Isotropic Displacement Parame-

ters of the non-Hydrogen atoms for dal158 P 21/c R = 0.03

Atom X y z U(eq) [Ang”"2]
Col 0 0 0 0.0185(1)
01 0.07304(8) 0.09842(9) -0.06357(4) 0.0255(2)
02 0.20998(9) 0.02131(9) 0.08676(4) 0.0244(2)
03 0.05540(11) -0.20357(10) -0.02413(5) 0.0337(3)
N1 0.25950(10) 0.20444(10) -0.08279(5) 0.0216(3)
N2 0.41066(10) 0.23714(12) -0.04498(5) 0.0268(3)
N3 0.18512(13) -0.40936(11) 0.00477(6) 0.0328(3)
C1 0.20635(11) 0.13720(11) -0.04155(5) 0.0193(3)
C2 0.33134(11) 0.12829(12) 0.02701(5) 0.0202(3)
C3 0.45214(12) 0.19208(13) 0.01946(6) 0.0253(3)
C4 0.61111(14) 0.21211(19) 0.07231(7) 0.0412(4)
C5 0.32388(11) 0.07645(11) 0.08752(5) 0.0189(3)
C11 0.18336(12) 0.24706(12) -0.15444(5) 0.0217(3)
C12 0.25288(14) 0.34117(13) -0.18050(6) 0.0284(3)
C13 0.18246(16) 0.37857(15) -0.25133(7) 0.0348(4)
Ci14 0.04367(16) 0.32533(15) -0.29608(7) 0.0361(4)
C15 -0.02525(15) 0.23409(16) -0.26932(6) 0.0350(3)
C16 0.04308(13) 0.19418(14) -0.19878(6) 0.0282(3)
C21 0.47455(14) 0.20892(14) 0.19972(6) 0.0303(3)
C22 0.45882(11) 0.09085(11) 0.15778(5) 0.0197(3)
C23 0.57010(13) -0.01118(12) 0.18009(6) 0.0276(3)
C24 0.69800(14) 0.00591(14) 0.24367(7) 0.0332(4)
C25 0.71488(14) 0.12532(16) 0.28419(6) 0.0346(4)
C26 0.60366(15) 0.22675(16) 0.26267(7) 0.0371(4)
C31 0.15923(14) -0.27687(13) 0.01748(6) 0.0294(3)
C32 0.3144(2) -0.48764(18) 0.05506(11) 0.0566(6)
C33 0.0904(2) -0.47853(16) -0.06152(9) 0.0478(5)

U(eq) = 1/3 of the trace of the orthogonalized U Tensor
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Table S3 - Hydrogen Atom Positions and Isotropic Displacement
Parameters for: dal58

Atom
H4A
H4B
H4C
H12
H13
H14
H15
H16
H21
H23
H24
H25
H26
H31
H32A
H32B
H32C
H33A
H33B
H33C

X
0.66380
0.65760
0.61620
0.34780
0.23050

-0.00370
-0.12130
-0.00570
0.39710
0.55900
0.77370
0.80330
0.61540
0.22510
0.38060
0.28200
0.36750
0.14380
0.00010
0.06310

Y
0.26300

0.11880
0.26760
0.37950
0.44170
0.35100
0.19790
0.13140
0.27760
-0.09300
-0.06470
0.13800
0.30870
-0.23580
-0.50810
-0.57740
-0.43020
-0.48710
-0.42160
-0.57370

P21/c

z
0.05040
0.08900
0.11230
-0.15000
-0.26920
-0.34450
-0.29980
-0.18110
0.18540
0.15190
0.25910
0.32710
0.29090
0.06150
0.03410
0.06720
0.09770
-0.08980
-0.08730
-0.05230

R =0.03
U(iso) [Ang”™2]

0.0620
0.0620
0.0620
0.0340
0.0420
0.0430
0.0420
0.0340
0.0360
0.0330
0.0400
0.0410
0.0440
0.0350
0.0850
0.0850
0.0850
0.0720
0.0720
0.0720

The Temperature Factor has the Form of Exp(-T)

Where T = 8*(Pi**2)*U*(Sin(Theta)/Lambda)**2 for Isotropic Atoms

256



Table S4 - Anisotropic Displacement Parameters for: dal58 P 21/c R = 0.03

Atom U(1,1) orU U(2,2) U(3,3)  U(2,3) u(1,3)  U(1,2)
Col  0.0168(1) 0.0220(1) 0.0169(1) 0.0002(1) 0.0078(1) -0.0010(1)
01  0.0191(4) 0.0364(4) 0.0192(4) 0.0031(3) 0.0073(3) -0.0044(3)
02  0.0201(4) 0.0323(4) 0.0197(4) 0.0016(3) 0.0083(3) -0.0038(3)
03  0.0425(5) 0.0293(4) 0.0276(4) -0.0014(3) 0.0145(4) 0.0087(4)
N1  0.0186(4) 0.0280(5) 0.0175(4) 0.0022(3) 0.0077(3) -0.0012(3)
N2  0.0194(4) 0.0380(5) 0.0218(4) 0.0026(4) 0.0085(4) -0.0047(4)
N3  0.0411(6) 0.0248(5) 0.0381(6) 0.0019(4) 0.0231(5) 0.0050(4)
Cl  0.0203(5) 0.0204(5) 0.0179(5) 0.0003(4) 0.0094(4) 0.0009(4)
C2  0.0174(4) 0.0243(5) 0.0178(5) 0.0006(4) 0.0071(4) -0.0003(4)
C3  0.0209(5) 0.0336(6) 0.0206(5) 0.0016(4) 0.0089(4) -0.0028(4)
C4  0.0217(6) 0.0717(10) 0.0259(6) 0.0086(6) 0.0071(5) -0.0125(6)
C5  0.0190(4) 0.0182(5) 0.0186(5) 0.0001(4) 0.0078(4) 0.0023(4)
C11  0.0243(5) 0.0239(5) 0.0179(5) 0.0026(4) 0.0106(4) 0.0052(4)
C12  0.0299(6) 0.0299(6) 0.0270(6) 0.0048(5) 0.0144(5) 0.0013(5)
C13  0.0441(7) 0.0353(7) 0.0312(6) 0.0127(5) 0.0225(6) 0.0081(5)
Cl4  0.0435(7) 0.0413(7) 0.0218(5) 0.0103(5) 0.0135(5) 0.0142(6)
C15  0.0300(6) 0.0459(7) 0.0214(5) 0.0040(5) 0.0052(5) 0.0054(5)
C16  0.0257(5) 0.0351(6) 0.0218(5) 0.0032(4) 0.0091(4) 0.0013(5)
C21  0.0296(6) 0.0313(6) 0.0246(5) -0.0027(5) 0.0077(5) 0.0074(5)
C22  0.0188(5) 0.0233(5) 0.0171(4) 0.0024(4) 0.0084(4) -0.0001(4)
C23  0.0251(5) 0.0273(6) 0.0263(6) -0.0008(4) 0.0083(5) 0.0047(4)
C24  0.0236(6) 0.0408(7) 0.0288(6) 0.0050(5) 0.0066(5) 0.0102(5)
C25  0.0245(5) 0.0511(8) 0.0207(5) -0.0012(5) 0.0040(4) -0.0005(5)
C26  0.0371(7) 0.0407(7) 0.0254(6) -0.0109(5) 0.0074(5) 0.0005(6)
C31  0.0373(6) 0.0263(6) 0.0281(6) 0.0001(5) 0.0180(5) 0.0018(5)
C32  0.0626(11) 0.0410(9) 0.0607(11) 0.0091(7) 0.0235(9) 0.0237(8)
C33  0.0637(10) 0.0322(7) 0.0495(9) -0.0113(6) 0.0276(8) -0.0006(7)

The Temperature Factor has the Form of Exp(-T)

Where T = 8*(Pi**2)*U*(Sin(Theta)/Lambda)**2 for Isotropic Atoms

T = 2*¥(Pi**2)*Sumij(h(i)*h(j)*U(i,j)*Astar(i)*Astar(j)), for Anisotropic At-
oms. Astar(i) are Reciprocal Axial Lengths and h(i) are the Reflection Indi-
ces.
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Table S5 - Bond Distances (Angstrom) for dal58 P 21/c R = 0.03

Col1-01
C21-C26
Col-01
C24-C25
01-C1
C4-H4B
N1-N2
C13-H13
N2-C3
C16-H16
N3-C33
C24-H24
C2-C5
C31-H31
C11-C12

C32-H32C 0.9800

C13-C14

C33-H33C 0.9800

2.0384(8) C21-C22
1.3897(19) Co1-03
2.0384(8) C23-C24
1.3771(19) Co1-03
1.2610(15) C4-H4A

0.9800  03-C31
1.3972(15) C12-H12
0.9500  N1-C11
1.3105(15) C15-H15
0.9500  N3-C32
1.449(2) C23-H23
0.9500  C2-C3
1.4137(15) C26-H26
0.9500  C5-C22

1.3866(16)
2.1188(10)
1.3902(18)
2.1188(10)
0.9800
1.2288(16)
0.9500
1.4187(14)
0.9500
1.454(2)
0.9500
1.4339(18)
0.9500

1.5017(14)

1.3930(18) C32-H32B 0.9800

C12-C13
1.380(2)
C15-C16

1.3890(18)
C33-H33B 0.9800
1.3897(16)
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Co1-02
C22-C23
Co1-02
C25-C26
02-C5
C4-H4C
N1-C1
C14-H14
N3-C31
C21-H21
Cil-C2
C25-H25
C3-C4

2.0921(9)
1.3850(17)
2.0921(9)
1.381(2)
1.2558(15)
0.9800
1.3762(15)
0.9500
1.3235(16)
0.9500
1.4324(14)
0.9500
1.4937(19)

C32-H32A 0.9800

C11-C16

1.3873(18)

C33-H33A 0.9800

C14-C15

1.382(2)



Table S6 - Bond Angles (Degrees) for: dal58

01-Co1-02
01-Co1-03
01-Co1-01
01-Co1-02
01-Co1-03
02-Co1-03
01-Co1-02
02-Co1-02
02-Co1-03
01-Co1-03
02Co1-03
03-Co1-03
01-Co1-02
01-Co1-03
02-Co1-03
Co1-01-C1
Co1-02-C5
Co1-03-C3
N2-N1-C1
N2-N1-C11
C1-N1-C11
N1-N2-C3
C31-N3-C32
C31-N3-C33
C32-N3-C33
01-C1-N1
01-C1-C2
N1-C1-C2
C3-C4-H4C
H4A-C4-H4B
H4A-C4-H4C
H4B-C4-H4C
C11-C12-H12
C13-C12-H12
C12-C13-H13
C14-C13-H13
C13-C14-H14
C15-C14-H14
C14 -C15-H15
C16-C15-H15
C11-C16-H16
C15-C16-H16
C22-C21-H21
C26-C21-H21
C22-C23-H23
C24-C23-H23
C23-C24-H24

90.89(3)
91.71(4)
180.00
89.11(3)
88.29(4)
91.55(4)
89.11(3)
180.00
88.45(4)
88.29(4)
88.45(4)
180.00
90.89(3)
91.71(4)
91.55(4)
122.26(7)
127.16(7)
1124.21(8)
112.05(9)
118.10(10)
129.81(11)
105.98(10)
121.21(12)
121.08(12)
117.61(12)
123.89(9)
131.04(10)
105.05(10)
109.00
109.00
109.00
109.00
120.00
120.00
120.00
120.00
121.00
121.00
119.00
119.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00

P21/c
C1-C2-C3
C1-C2-C5
C3-C2-C5
N2-C3-C2
N2-C3-C4
C2-C3-C4
02-C5-C2
02-C5-C22
C2-C5-C22
N1-C11-C12
N1-C11-C16
C12-C11-C16
C11-C12-C13
C12-C13-C14
C13-C14-C1
C14-C15-C16
C11-C16-C15
C22-C21-C2
C5-C22-C21
C5-C22-C23
C21-C22-C23
C22-C23-C24
C23-C24-C25
C24-C25-C26
C21-C26-C25
03-C31-N3
C3-C4-H4A
C3-C4-H4B
C25-C24-H24
C24-C25-H25
C26-C25-H25
C21-C26-H26
C25-C26-H26
03-C31-H31
N3-C31-H31
N3-C32-H32A
N3-C32-H32B
N3-C32-H32C
H32A-C32-H32B
H32A-C32-H32C
H32B-C32-H32C
N3-C33-H33A
N3-C33-H33B
N3-C33-H33C
H33A-C33-H33B
H33A-C33-H33C
H33B-C33-H33C
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R = 0.03
105.04(9)
124.19(11)
130.58(10)
111.87(11)
117.94(12)
130.18(11)
124.19(10)
117.30(9)
118.49(10)
119.00(11)
121.02(11)
119.97(10)
119.57(12)
120.94(14)
118.94(12)
121.32(13)
119.25(12)
119.97(13)
119.98(10)
120.33(9)
119.67(10)
120.15(11)
119.94(13)
120.23(12)
120.00(13)
124.13(12)
109.00
109.00
120.00
120.00
120.00
120.00
120.00
118.00
118.00
109.00
109.00
109.00
109.00
109.00
110.00
109.00
109.00
109.00
109.00
110.00
109.00



Table S7 - Torsion Angles (Degrees) for: dal58

02-Co1-01-C1
02-Co1-01-C1
01-Co1-02-C5
01-Co1-02-C5
01-Co1-03-C31
01-Co1-03-C31
Co1-01-C1-N1
Co1-02-C5-C2
Co01-03-C31-N3
C11-N1-N2-C3
N2-N1-C1-C2
C11-N1-C1-C2
N2-N1-C11-C16
C1-N1-C11-C16
N1-N2-C3-C4
C33-N3-C31-03
01-C1-C2-C5
N1-C1-C2-C5
C1-C2-C3-C4
C5-C2-C3-C4
C1-C2-C5-C22
C3-C2-C5-C22
02-C5-C22-C23
C2-C5-C22-C23
C16-C11-C12-C13
C12-C11-C16-C15
C12-C13-C14-C15
C14-C15-C16-C11
C26-C21-C22-C23
C5-C22-C23-C24
C22-C23-C24-C25
C24-C25-C26-C21

3.06(9)
-176.94(9)
-0.65(9)
179.35(9)
108.89(12)
-71.11(12)
-179.69(8)
-3.59(16)
173.20(11)
177.51(10)
0.75(12)
-176.92(11)
166.90(11)
-15.55(19)
179.54(11)
0.6(2)
-3.58(19)
174.77(10)
-179.02(13)
5.9(2)
-172.08(10)
2.18(18)
96.30(14)
-85.18(14)
-1.6(2)
1.21(19)
0.3(2)
0.0(2)
2.1(2)
177.00(12)
-0.7(2)
-0.4(2)

03-Co1-01-C1
03-Co1-01-C1
03-Co01-02-C5
03-Co1-02-C5
02-Co01-03-C31
02-Co1-03-C31
Co1-01-C1-C2
Co1-02-C5-C22
C1-N1-N2-C3
N2-N1-C1-01
C11-N1-C1-01
N2-N1-C11-C12
C1-N1-C11-C12
N1-N2-C3-C2
C32-N3-C31-03
01-C1-C-C3
N1-C1-C2-C3
C1-C2-C3-N2
C5-C2-C3-N2
C1-C2-C5-02
C3-C2-C5-02
02-C5-C22-C21
C2-C5-C22-C21
N1-C11-C12-C13
N1-C11-C16-C15
C11-C12-C13-C14
C13-C14-C15-C16
C26-C21-C22-C5
C22-C21-C26-C25
C21-C22-C23-C24
C23-C24-C25-C26
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P21/c

R = 0.03
-88.52(9)
91.48(9)
91.09(10)
-88.91(10)
17.95(12)
-162.05(12)
-1.60(17)
174.84(7)
-0.47(13)
179.26(10)
1.59(18)
-11.73(16)
165.82(12)
-0.03(15)
176.97(16)
-179.07(12)
-0.71(12)
0.48(14)
-174.61(12)
6.34(18)
-179.40(12)
-85.66(14)
92.87(14)
177.02(12)
-177.41(12)
0.9(2)
-0.7(2)
-175.93(12)
-1.4(2)
-1.06(19
1.5(2)



Table S8 - Contact Distances(Angstrom) for: dal58

Col.C2
N1.H16
Col.H31
N2.H12
01.C11
C1.02
01.02
C2.N2
02.03
C2.C23
02.01
C3.C32
03.C33
C4.C21
O1.H16
C5.C4
03.H14
C11.C3
N2.C12
C23.C26
C12.C23
C24.C21
C13.C16
C25.C15
C15.C25
C31.01
C16.C13
C33.03
C16.01
C2.H4B
Cc21.C2
C3.H32A
C22.C4
C5.H21
C23.C11
C11.H33A
C23.C2
Cl12.H24
C13.H24
H4A.C31
C14.H24

3.3521(12)
2.6300
3.0100
2.4300
2.9880(14)
2.9305(13)
2.8981(13)
2.2745(15)
2.9370(14)
3.3152(15)
2.8981(13)
3.537(2)
2.7700(18)
3.569(2)
2.2800
3.320(2)
2.6600
3.4914(15)
2.7635(15)
3.548(2)
3.5737(18)
2.770(2)
2.772(2)
3.563(2)
3.563(2)
3.3763(17)
2.772(2)
2.7700(18)
2.9023(14)
2.9400
3.3713(15)
2.9600
3.0923(19)
2.6600
3.5579(18)
2.9600
3.3152(15)
3.0300
2.9900
2.7700
2.9500

N2.C2
Col.H31
N2.H4A
01.03
N3.H4A
01.03
C1.C16
02.C23
C2.Col
02.C21
C3.C11
03.01
C4.C22
03.02
C4.C23
02.H31
Ci11.C24
N1.C2
Ci11.C14
C12.N2
C24.C11
C13.C16
C25.C16
C14.C16
C26.C23
C16.C1
C32.C3
C16.C14
C1l.H16
C21.C24
C2.H32B
C21.C4
C5.H23
C22.C25
C11.H23
C23.C26
C12.H33A
C12.H23
H4A.N3
C14.H16
H4B.C22

2.2745(15)
3.0100
2.4500
2.9837(13)
2.6900
2.8960(14)
3.0327(15)
3.2678(17)
3.3521(12)
3.1875(16)
3.4914(15)
2.9837(13)
3.0923(19)
3.0177(13)
3.274(2)
2.4900
3.5758(18)
2.2293(14)
2.7859(17)
2.7635(15)
3.5758(18)
3.588(2)
3.593(2)
3.559(2)
3.548(2)
3.0327(15)
3.537(2)
3.559(2)
2.7600
2.770(2)
3.0000
3.569(2)
2.6600
2.7732(16)
2.9600
2.7666(19)
3.0800
2.8900
2.6900
2.9100
2.9900

261

P21/c

Col.C2
N1.H12
01.02
N2.H23
01.C16
C1.C3
02.01
c2.c21
02.03
C3.C1
03.01_a
C3.C22
03.02
C4.C5
O1.H14
C5.01
03.H33B
C11.C23
C11.01
C23.C4
C12.C15
C25.C22
C14.C11
C26.C23
C15.C12
C31.02
C16.C13
C1.H33C
C16.C25
C2.H4C
C21.02
C4.H15
C22.C3
C5.H31
C23.02
C11.H24
C23.C12
H4A.N2
C13.H16
H4B.C2
C15.H24

R =0.03

3.3521(12)
2.5900
2.9436(11)
2.7900
2.9023(14)
2.2747(17)
2.9436(11)
3.3713(15)
3.0177(13)
2.2747(17)
2.8960(14)
3.0718(16)
2.9370(14)
3.320(2)
2.9100
3.0633(13)
2.3700
3.5579(18)
2.9880(14)
3.274(2)
2.762(2)
2.7732(16)
2.7859(17)
2.7666(19)
2.762(2)
3.0948(15)
3.588(2)
3.0300
3.593(2)
2.9200
3.1875(16)
2.9500
3.0718(16)
3.0600
3.2678(17)
3.0000
3.5737(18)
2.4500
2.9200
2.9400
2.9200



H4B.C23
C21.H4C
H4C.C22
C22.H4C
H12.N2
C24.H21
H13.H14
C31.H32B
H14.01
C31.H33B
H15.H16
C31.H4A
H16.01
C32.H31
H16.H15
H16.C14
H31.C32
H21.C24
H32A.C31
H23.N2
H32B.C31
H24.H23
H32C.C31
H24.C12
H33A.C11
H24.C15
H33A.C32
H25.H26
H33C.C1
H26.C22

2.7600
2.8800
2.7600
2.7600
2.4300
3.0200
2.3300
3.0700
2.9100
2.4800
2.3400
2.7700
2.2800
2.5600
2.3400
2.9100
2.5600
3.0200
3.0200
2.7900
3.0700
2.3400
2.4800
3.0300
2.9600
2.9200
2.7700
2.3300
3.0300
3.0900

H33C.H32B 2.5000

H31.02

2.4900

Cl16.H24 2.9600
H4C.C21  2.8800
C22.H26 3.0900
H12.N1 2.5900
C23.H4B 2.7600
H13.H12 2.3400
C31.H32A 3.0200
H14.H15 2.3300
C31.H33A 2.9700
H15.H14 2.3300
C31.H32C 2.4800
H15.H4C 2.4700
C32.H33C 2.6500
H16.C12 7600

C33.H32B 2.7000
H31.C5 3.0600
H21.H26 2.3400
H32A.C3  2.9600
H23.H24  2.3400
H32B.C2 3.0000
H23.C12 2.8900
H32B.H33C2.5000
H24.C11  3.0000
H32C.C25 3.0400
H24.C14  2.9500
H33A.C31 2.9700
H25.H24  2.3300
H33B.C31 2.4800
H26.H25 2.3300
H33C.C32 2.6500
H31.Col 3.0100
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H4C.C2
C22.H4B
H4C.H15
C23.H26
H12.H13
C25.H32C
H14.H13
C31.H33C
H14.03
C31.H33C
H15.C4
C32.H33A
H16.N1
C33.H32A
H16.C13
H21.C5
H31.H32C
H23.C5
H32A.C33
H23.C11
H32B.C33
H24.H25
H32C.H31
H24.C13
H33A.C12
H24.C16
H33B.03
H26.H21
H33C.C31
H26.C23
H33C.C31

2.9200
2.9900
2.4700
2.8000
2.3400
3.0400
2.3300
3.1000
2.6600
3.0200
2.9500
2.7700
2.6300
2.7100
2.9200
2.6600
2.2300
2.6600
2.7100
2.9600
2.7000
2.3300
2.2300
2.9900
3.0800
2.9600
2.3700
2.3400
3.1000
2.8000
3.0200



Table S9 - Hydrogen Bonds (Angstrom, Deg) for: dal58 P 21/c R =0.03

C12--H12..N2 0.9500 2.4300 2.7635(15) 100.00
C16--H16..01 0.9500 2.2800 2.9023(14) 123.00
C31--H31..02 0.9500 2.4900 3.0948(15) 121.00
C33--H33B..03 0.9800 2.3700 2.7700(18) 104.00

Translation of Symmetry Code to Equiv.Pos

[3555.00] = [3_555] =-x,-y,-z
[2544.00] = [2_544] =-x,-1/2+y,-1/2-z
[3655.00] = [3_655] =1-x,-y,-z
[1565.00] = [1_565] =x,1+vy,z
[4655.00] = [4_666] =1+x,1/2-y,1/2+z
[2554.00] = [2_554] =-x,1/2+y,-1/2-z
[4454.00] = [4_465] =-1+Xx,1/2-y,-1/2+Z
[2645.00] = [2_645] =1-x,-1/2+y,1/2-z
[2655.00] = [2_655] =1-x,1/2+y,1/2-z
[3545.00] = [3_545] =-x,-1-y,-z
[1545.00] = [1_545] =x,-1+vy,z
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