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Ruthenium() Carbonyl Complexes Containing NS and NNSS Donor Atoms
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Abstract: Bidentate and tetradentate Schiff base ruthenium(ll) complexes has been synthesized by the reaction of

[RuHCI(CO) (PPhs),(B)] (B=PPh; or pyridine (py) or piperidine (pip) or morpholine (morph)) with appropriate

Schiff bases in 1:1 molar ratio.

The Schiff base ligands were prepared by condensing S-benzyldithiocarbazate

(NH,NHCSSCH,C¢Hs) with 2,3-butanedione (1:1 and 1:2 molar ratio). Ruthenium(Il) complexes and the ligands

were studied and characterized by elemental analyses and various physico-chemical methods.

The ruthenium

complexes were diamagnetic with six-coordinate structures. The ligands and the complexes were screened for an-

timicrobial activity against three organisms.
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Dithiocarbazate, NH,NHCS,, and its S-alkyl and
S-benzyl derivatives have been synthesized and inves-

tigated over the past few decades™.

An interesting
series of Schiff base ligands has been derived from
dithiocarbazic acid and its S-alkyl and S-benzyl es-
ters. Researchers in this area have synthesized new
nitrogen-sulphur donor ligands through Schiff base

condensation with various aldehydes and ketones. Al-
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so the nitrogen-sulphur donor ligands have been of
great interest to researchers. The properties and char-
acters of these ligands can be greatly modified by in-
troduction of organic substituents. Although they may
differ only slightly in their molecular structures, the
number of this type of compounds synthesized contin-
ues to increase because of the intriguing observation

that different ligands show different biological proper-
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ties!”™,  Transition metal complexes of these ligands
are also widely studied because of their potential for
therapeutic use .  They also find applications in
health and skin care products and in paint manufac-
turing!"®l.

During the course of our systematic investigations
on the reactions of S-benzyl dithiocarbazate and relat-
ed ligands with transition metal complexes, we intend-
ed to study the effect of extra sulphur atom present in
the ligand on antimicrobial studies. With a view to ob-
taining the coordination behavior of NS and NNSS
chromophores in bi- and tetra-dentate Schiff bases, we
characterization,

report here the synthesis, spectral

and antimicrobial activities of ruthenium(Il) complexes.
1 Experimental

All reagents used were of AnalaR grade. Solvents
were purified and dried according to standard proce-
dures!”. RuCl;-3H,0 was purchased and used without
9

further purification. The starting complexes "' and

2 were prepared by reported literature meth-

ligands
ods.

in the
4000~400 cm™ region on a Nexus FTIR spectropho-
tometer. Elemental analyses (C, H, N and S) were car-
Metal
determination was carried out using a Perkin-Elmer
'H NMR and
P NMR specira were recorded on a Brucker 400

MHz instrument using TMS and o-phosphoric acid as

IR spectra were recorded in KBr pellets,

ried out by using Carlo Erba 1 106 analyser.

Plasma 1 000 Emission spectrometer.

an internal reference, respectively. Electronic spectra
were recorded in CH,Cl, on Hitachi-Elmer Model 20/
200 spectrophotometer in the range 800 ~200 nm.
Magnetic susceptibilities were measured with a John-
son Matthey magnetic susceptibility balance at 298 K.
All the susceptibilities were corrected for the diamag-
netic contribution using Pascal’s constant.  Melting
points were recorded on Micro heating table and were
uncorrected.

1.1 Preparation of uninegative bidentate Schiff
base ligand (1)
S-benzyl-B-N-(methyl,acetyl)methylenedithiocar-
bazate (NS Schiff base) (C,,HON,S,)

S-benzyldithiocarbazate ~ (NH,NHCSSCH,C¢Hs)
(4.95 g; 0.025 mol) was dissolved in absolute ethanol
(25 mL). To this solution 2,3-butanedione (1.65 g;
0.025 mol) (20 mL) was
added. The mixture was heated with stirring for 20

also in absolute ethanol

min and then allowed to stand for 15 min, whereupon
a yellow precipitate formed. It was filtered off, washed

The

crude product was purified by column chromatography

with ethanol and dried in vacuum over P,0Os.

on silica gel using petroleum ether/ethyl acetate (98/2,

VIV)

checked by TLC (Aluminium sheets 20x20 cm: silica

gel 60 F,s; eluant: ethanol; Ry 0.52).

1.2 Preparation of [RuCl(CO)(L’)(PPh;)(B)](2~5)
(L'=NS Schiff base; B=PPh; or pyridine (py) or

piperidine(pip) or morpholine(morph)

as eluant. The purity of the compounds was

All the preparations were carried out under
strictly anhydrous conditions. ~ The Schiff bases
(0.027~0.034 g; 0.01 mmol) were added to a benzene
solution of [RuHCI(CO)(PPhs),(B)] (B=PPh; or py or
pip or morph) (0.077~0.095 g; 0.01 mmolL.) in 1:1 mo-
lar ratio and the mixtures were refluxed for 5 h. The
dark green solutions obtained were concentrated to
about 5 mL. The complexes were precipitated by the
(60~80
The complexes were then filtered, washed with

recrystallized from CH,Cly/

addition of small quantity of petroleum ether
C).
petroleum ether and
petroleum ether (60~80 °C) and dried under vacuum.
The purity was checked by TLC. Yield : 85%~90%
1.3 Preparation of binegative tetradentate Schiff

base ligand(6)

Bis (S-benzyl-B-N-(methyl)methylenedithiocarba-
zate (NNSS Schiff base) (C,Hp,N,S,)

S-benzyldithiocarbazate ~ (NH,NHCSSCH,C4Hs)
(9.90 g; 0.050 mol) was dissolved in absolute ethanol
(25 mlL). (1.65 g;
0.025 mol) (20 mL) was

added. The mixture was heated with stirring for 20

To this solution 2,3-butanedione

also in absolute ethanol

min and then allowed to stand for 15 min, whereupon
a yellow precipitate formed. It was filtered off, washed
The

crude product was purified by column chromatography

with ethanol and dried in vacuum over P,Os.

on silica gel using petroleum ether/ethyl acetate (97/3,
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VIV)

checked by TLC (Aluminium sheets 20 x 20 cm:

silica gel 60 F,5; eluant: ethanol; R 0.54).

1.4 Preparation of [Ru(CO)(LL’)(B)] (7~10)
(LL’=NNSS Schiff base;

morph)

as eluant. The purity of the compounds was

B=PPh; or py or pip or

All the preparations were carried out under
strictly anhydrous conditions. ~ The Schiff bases
(0.046~0.058 g; 0.01 mmol) were added to a benzene
solution of [RuHCI(CO)(PPh;),(B)] (B=PPh; or py or
(0.077~0.095 g; 0.01 mmol) in 1:1

molar ratio and the mixtures were refluxed for 5 h.

pip or morph)

The dark green colored solutions obtained were
concentrated to about 5 ml. The complexes were
precipitated by the addition of small quantity of
petroleum ether (60~80 °C). The complexes were then
filtered, ether and
recrystallized from CH,Cl, /petroleum ether (60~80 °C)

and dried under vacuum. The purity was checked by

washed  with  petroleum

Bacterial cells were swabbed onto nutrient agar

medium in Petri plates. The compounds to be tested
were dissolved in DMF and soaked in filter paper
discs (Whatmann No.4 of 5 mm diameter). These discs
were placed on the already seeded plates and
incubated at 25 + 1 C for 36 h.

inhibition around the discs were measured after 36 h.

The zones of

Streptomycin and Colistin were used as positive

controls.
2 Results and Discussion

2.1 [RuCl(CO)(L")(PPh;)(B)] (2~5); [Ru(CO)

(LL")(®B)] (7~10)

(L'=NS Schiff base; LL'=NNSS Schiff base; B=
PPh; or py or pip or morph)

Physico-chemical data and yield of Schiff bases
These Schiff

bases can exhibit thione and thiol tautomerisms, since

both has a thioamide function, -NH-C(=S)SCH,C4Hs.

and complexes are given in Table 1.

TLC. Yield: 87%~90% Ho o SCHCH: SCHCH:
1.5 Preparation of antimicrobial assay medium H"C\?:N/ N - e :N/N_C\S“
Three pathogenic microbials were used to test the o C/CZO e —°
biological potential of the Schiff bases and its metal (1a) (thione form) (1b) (thiol form)
complexes. They were (i) Bacillus sp., (i) E.Coli and K sCHCH; SCHCH
HC JZAIEN H:C AN=C
(i) Pseudomonas sp.  Antimicrobial activity of the \‘C:N 5 — \§:N “sH
extracts was qualitatively determined by a disc HxC/C:HN/\Nfcfs HxC/C:N\N:C<SH
diffusion method 2. The bacteria were cultured in () (thm:?oil;]C;Hs (6 (thiol f()::)Hz il
nutrient agar medium and used for the study.
Table 1 Analytical data of ligands and ruthenium(ll) complexes
Complex Colour mp. / °C Found (caled.) /%
C H N S
(CoHLONSSy) (1) Yellow 134.9 5456(54.11) 5405300  1049(10.52)  24.10(24.05)
[RuCL(CO)(CsHONS,)(PPhy),] (2) Green 154.4 61.88(61.65)  4.85(4.54) 288(2.94)  6.70( 6.71)
[RuCI(CO)(C,sHONS,)(PPhy)(py)] (3) Green 166.2 56.03(56.05)  430(4.32) 5.60( 545)  835( 8.30)
[RuCI(CO)(CsHONS,)(PPhy(pip)] (4) Green 1782 5530(55.68)  4.90(4.94) 574( 541)  821( 8.25)
[RuCl(CO)(C.H ONS)(PPhy(morph)] () Green 161.9 54.10(53.93)  4.80(4.79) 550( 539 8.12( 8.22)
(CoHoN.S)) (6) Yellow 220.1 5329(53.79)  4.90(4.97) 1261(12.55)  28.89(28.69)
[Ru(CO)(CyHaN:S)(PPhy)] (7) Green 151.7 56.76(56.03)  4.27(4.22) 6.48( 670)  15.30(15.32)
[Ru(CO)(CxHxNS)(py)] (8) Green 159.4 4556(45.66)  4.02(3.69) 10.50(10.24)  18.45(18.73)
[Ru(CO)(CxHxN:S)(pip)] (9) Green 161.5 45704533)  4.37(4.39) 1042(10.17)  18.90(18.60)
[Ru(CO)(CxoHxN,S))(morph)] (10) Green 183.0  4321(43.40)  428423)  10.56(10.13)  18.50(18.52)

IR, UV-Visible and NMR spectral data of ligands

and ruthenium(Il) complexes are given in Table 2. The

IR spectrum of the ligands (1 and 6) does not exhibit
any »(S-H) band at ca. 2700 ¢cm™, but displays the v
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(N-H) band at ca. 3230 and 3 170 ecm™, respectively,
indicating that, in the solid state,
(la and 6a). 'HNMR spectrum does not
6 4.0 ppm attributable to S-H

it remains as the
thione form
show any peaks at ca.
proton, suggesting that the thiol forms are absent, even
in solution. However, in solution, in the presence of

ruthenium ion, it quickly changes to the thiol forms

(Ib and 6b)
ruthenium (I) complexes of the deprotonated thiolate
form of the ligands. The azomethine »(C=N) bands of
(NS and NNSS type) around 1610 and

1620 cm™, respectively, shifted to lower region in the

with concomitant formation of the

the ligands

spectra of all the complexes, showing the coordination
of the azomethine nitrogens to the metal The
absence of w(N-H) at 3230 and 3170 cm™ and »(C=
S) at 1030 and 1070 em™ in the IR spectrum of the

[22]

metal complexes, suggests that these ligands lose one

and two proton upon complexation, thus acting as a
uninegative bidentate ligand (NS)
quadridentate ligand (NNSS), respectively. The v(C=0)
band of the Schiff base (NS), remains unaffected indi-

cating that coordination does not occur through the

and binegative

keto oxygen. This is further supported by the absence
of ¥(Ru-0) in the spectrum of complexes (2~5), sug-
gesting that the keto oxygen does not participate in
(2~5
and 7~10) show a very strong absorption at ca. 1950

coordination. The spectra of all the complexes

cm™ due to the coordinated terminal carbonyl group®!.
In the complexes containing a coordinated nitrogen
base, a medium intensity band is observed in the
1 000~1 020 ¢m™ region characteristic of the coordi-

nated pyridine, piperidine and morpholine. For all

Table 2 IR, UV-Visible and NMR spectral data of ligands and ruthenium(l) complexes

Complex V=g / em™ v/ em™ vy /em? vy /em? peg/em? AL/ nm 'H NMR (8 / ppm) P NMR (6 / ppm)

1 — 1676 1610 3231 1030 — — a
1.70(s, 6H, 2CH,),

2 1950 1673 1590 — — 550,350 3.83(s, 2H, CH,), 26.54
7.10~7.90(m, aromatic)
1.60(s, 6H, 2CH,),

3 1952 1675 1590 — — 520,382 3.92(s, 2H, CH,), 26.53,43.50
7.11~7.98(m, aromatic)
1.64(s, 6H, 2CH,),

4 1984 1675 1595 — 480,375 4.00(s, 2H, CH,), a
7.20~8.00(m, aromatic)
1.67(s, 6H, 2CH,),

5 1949 1674 1595 — — 502,330 3.80(s, 2H, CH,), a
7.20~8.00(m, aromatic)

6 — — 1620 3170 1070 — — a
1.63(s, 6H, 2CH),

7 1955 — 1605 — — 560,388 3.85(s, 4H, 2CH,), 26.74
7.20~8.00(m, aromatic)
1.61(s, 6H, 2CH,),

8 1960 — 1600 — — 537,392 3.83(s, 4H, 2CH,), a
7.22~8.00(m, aromatic)
1.73(s, 6H, 2CH,),

9 1955 — 1595 — 512,375 3.98(s, 4H, 2CH,), No signal
7.20~8.00(m, aromatic)
1.67(s, 6H, 2CH,),

10 1950 — 1600 — — 520,400 3.91(s, 4H, 2CH,), a

7.20~8.00(m, aromatic)

s-singlet; m-multiplet; a-not recorded
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the complexes, ¥(Ru-Cl) absorption has been observed
around ~320 cm™. All the other characteristic bands
due to triphenylphosphine and ligands were also pre-
sented in the expected region.

All the ruthenium(Il) complexes are diamagnetic,
indicating the presence of ruthenium in the +2 oxida-
tion state. The electronic spectra of all the complexes
in dichloromethane show two bands in the 550~330
(for complexes 2~5) and 560~375 nm (for complexes
7~10) region. The bands in the 550~480 and 560~512
nm region have been assigned to the spin-allowed 'A,
— 'T), transitions, respectively. The other high inten-
sity bands in the 382~330 and 400~375 nm region
have been assigned to charge transfer bands on the
(=9 450~
11590 and 8580~9950 dm’-mol™-em™, respectively).

The nature of the electronic spectra of all the com-

basis of high extinction coefficient value

plexes indicate an octahedral geometry around ruthe-
nium ion in the complexes and the spectra are very
similar to the ones observed for other ruthenium (II)
complexes™!,

The 'H NMR spectra of the complexes were
recorded to confirm the presence of coordinated Schiff
bases in the ruthenium(Il) complexes. In the spectra of
the complexes (2~5 and 7~10), a sharp singlet was
found in the 6 1.60~1.70 and 1.61~1.73 ppm corre-
sponding to the methyl protons, respectively. The
6 3.80~4.00 and 3.80~4.00

ppm occur as a singlet and a multiplet at ca. 6 7.10~

methylene protons at ca.

8.00 and 7.10~8.00 ppm due to the aromatic protons,
respectively.

[RuCl(CO)
(C,H130N,S,) (PPh;),] (2) and [RuCl (CO) (C.H30NSS,)
(PPhy) (py)] (3)
whether or not the PPh; or the heterocyclic base has

3P NMR spectra of two complexes

were recorded in order to ascertain

been substituting during the course of the reaction. In
the spectra of (2), the appearance of one singlet at ca.
0 26.54 ppm revealed the presence of magnetically e-
quivalent phosphorus atoms, suggesting that the two
PPh; groups are trans to each other in the complex.
The spectrum of (3) showed two singlets at ca. § 26.53
and 6 43.50 ppm in the intensity ratio of 2:1. This ob-

servation leads to two possible structures arising from

the mixture of two isomers, the intensity of the peaks
depending upon the percentage of the isomers pre-
sent™.

The two possible isomers are,

by PPh;

4 VAN

ocC

PPhs py

[Ru (CO)
(CxHxN4Ss) (PPhy)](7) and [Ru(CO)(CxHxNLS,) (pip)](9)
0 26.74 ppm in the

confirm the presence of triph-

P NMR spectra of two complexes

were recorded. A singlet at ca.
spectrum of (7),
enylphosphine. However, (9) exhibits no such signal
confirming the absence of triphenylphosphine in the
complex. This observation reveals the presence of co-
ordinated pyridine or piperidine or morpholine in the
complexes even after the coordination of tetradentate
Schiff base.

Attempts to crystallize the ligand complexes in
reactions of the

different solvents failed. In general,

ligands (NS and NNSS Schiff base) with starting metal
complexes were quick and gave good yields of
mononuclear complexes corresponding to the general
formula [RuCl(CO)(L")(PPhs)(B)] and [Ru(CO)(LL")(B)]
(L'=NS Schiff base; LL'=NNSS Schiff base; B=PPh; or
py or pip or morph), respectively. The new complexes
are air- and light- stable and soluble in most of the
common organic solvents. Molecular weight determina-
tion (Rast method) and elemental analyses data con-

firm the complexes to be hexa-coordinated.

NN
SN AN

@) ®)
(B=PPh; or py or pip or morph)

Structures of ruthenium(ll) carbonyl Schiff base complexes

(a) 2~5 and (b) 7~10.
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2.2 Antimicrobial studies

The in vitro antibacterial screening of the ligands
and their ruthenium (II) complexes have been tested
and the results are showed in Table 3. Among the
the ligand (H,-NNSS

and its appropriate complexes have been

complexes and ligands tested,
Schiff base)
found to be more toxic against all the three bacteria
than the other ligand (NS Schiff base) and its appro-
The in-

creased activity of these compounds may be possibly

priate complexes under similar conditions.

due to the presence of extra sulphur atoms??. Tt has
been observed from the antibacterial screening studies
that the ruthenium chelates have higher activity than
the corresponding free ligands against the same mi-
croorganism under identical experimental conditions,
which is consistent with earlier reports™. The possible
mode of increased activity of the ruthenium complexes
compared to that of the free ligands may be due to the
chelation which reduces the polarity of the central ion
mainly because of the partial sharing of its positive
charge with the donor groups and possible 7-electron
This

chelation increases the lipophilic nature of the central

delocalisation within the whole chelate ring.

atom which favours its permeation through lipid layers
of the cell membrane™. Furthermore, the mode of
action of the compounds may involve the hydrogen

bond through >C=N group with active centers of cell

Table 3 Antibacterial activity data of ligands and

ruthenium() complexes

Diameter of inhibition zone / mm

Compound

Bacillus sp. E.Coli Pseudomonas sp.
Streptomycin sulfate 8 8 9
Colistin 9 8 9
1 3 1 4
2 5 5
3 5 4 6
4 4 — 5
5 3 5 6
6 3 3 5
7 6 6 —
8 7 6 7
9 6 7 8
10 7 6 7

constituents resulting in the interference with normal
cell process™. Though the complexes possess activity,
it could not reach the effectiveness of the standard

drugs. Few compounds were inactive against different
organisms, the variation in the effectiveness of differ-
ent compounds against different organisms depends
either on the impermeability of the cells of the mi-

crobes or differences in ribosomes of microbial cells®.
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