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Thiosemicarbazone Complexes of Ruthenium(ll) and
Rhodium(l) Containing Triphenylphosphine

G. Muthusamy,! P. Viswanathamurthi,? M. Muthukumar,?
and K. Natarajan?

Department of Chemistry, Kongu Engineering College, Perundurai,
India

?Department of Chemistry, Periyar University, Salem, India
3Department of Chemistry, Bharathiar University, Coimbatore, India

Several new hexa-coordinated ruthenium(I) and penta-coordinated rhodium(I)
complexes of the types [RuCIl(CO)(PPh3)o(TSC)], [RuH(CO)(PPh3)2(TSC)], and
[Rh(PPh3)3(TSC)] (where TSC = anion of thiosemicarbazone Schiff bases) have
been prepared by the reactions of [RuHCI(CO)(PPhg)3], [RuHo(CO)(PPhg3)3)], and
[RhH(PPhg)y] with thiosemicarbazones of 2-furaldehyde (H-FTSC), thiophene-
2-carboxaldehyde (H-TCTSC), p-anisaldehyde (H-ATSC), piperonaldehyde (H-
PTSC), and cyclohexanone (H-CTSC). All the new complexes obtained have been
characterized on the basis of elemental analysis, IR, g NMR, 31p NMR, and
electronic spectral data.

Keywords Ruthenium(II) and rhodium(I) complexes; Schiff base; spectroscopic studies;
thiosemicarbazone

INTRODUCTION

Mixed-ligand complexes of transition metals containing ligands with
N,S and N,S,0 donors are known to exhibit interesting stereochemi-
cal, electrochemical, and electronic properties.'™ Semicarbazones and
thiosemicarbazones are among the most widely studied nitrogen and
oxygen/sulfur donor ligands. In addition, thiosemicarbazones have
emerged as an important class of sulfur ligands particularly for tran-
sition metal ions. The real impetus towards developing their coordi-
nation chemistry was due to their physicochemical properties*® and
significant biological activities.”® Thiosemicarbazones usually bind to
ruthenium metal ions either in the neutral thione form or as mono
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TABLE I Structures and Acronyms of the Ligands
H S

s |
| N—N—C—NH,

T H
R—c:N—n‘l—o—NH2

R Ligand Abbreviation

C4H30 2-furaldehyde HFTSC
@\ thiosemicarbazone
(@)
C4H3S thiophene 2-carboxaldehyde HTCTSC
@\ thiosemicarbazone

S

H;CO C7H;0 p-anisaldehyde HATSC
\©\ thiosemicarbazone
(0) C7H509 piperonaldehyde HPTSC
j@\ thiosemicarbazone
0]

negative thiolate form as bidentate N,S donor ligands forming a four-
membered chelate ring with (N2) hydrazinic nitrogen.® In the ma-
jority of structurally characterized thiosemicarbazone complexes, five-
membered chelate rings are thermodynamically more stable than the
four-membered chelate rings.1° Phosphine ligands play a central role in
many reactions catalyzed by transition metals.!'~!* Although the metal
complexes of thiosemicarbazones'® and triphenylphosphine'®2° have
been studied extensively, there have been only very few reports con-
cerning the metal complexes containing both thiosemicarbazone and
triphenylphosphine. During the course of our systematic investigations
on ruthenium(Il) and rhodium(I) complexes containing mixed ligands,
in the present work, we report the synthesis and characterization of
ruthenium(Il) and rhodium(I) complexes of thiosemicarbazones. The
ligands shown in Table I were used in the present investigation.

P

RESULTS AND DISCUSSION

The new ruthenium(II) and rhodium(I) complexes of the general for-
mulae [RuX(CO)(PPh3)(TSC)] and [Rh(PPhs)3(TSC)] X = H or CI;
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TABLE II Analytical Data of the Ruthenium(II) and Rhodium(I)
Complexes

Found (Calced), %

S. Mp

No. Complex Color (°C) C H N

1 [RuCl(CO)(PPh3)2(FTSC)]  Yellow 68 60.85(60.24) 4.34(4.23) 5.00(4.90)

2 [RuCl(CO)(PPh3)2(TSTSC)] Yellow 122 59.53(59.14) 4.25(4.16) 4.78(4.81)

3 [RuCl(CO)(PPh3)2(ATSC)] Pale 142 59.01(59.45) 4.39(4.34) 4.64(4.52)
yellow

4 [RuCI(CO)(PPh3)2(PTSC)]  Yellow 154 59.04(58.56) 4.02(4.06) 4.54(4.45)

5 [RuCl(CO)(PPh3)2(CTSC)]  Yellow 136 61.96(61.44) 5.06(4.92) 4.94(4.88)

6 [RuH(CO)(PPh3)2(FTSC)]  Gray 184 62.28(62.77) 4.62(4.53) 5.14(5.10)

7 [RuH(CO)(PPh3)2(TCTSC)] Light 182 61.10(61.56) 4.42(4.45) 5.20(5.01)
green

8 [RuH(CO)(PPh3)2(ATSC)]  Light 164 62.12(61.98) 4.51(4.48) 4.75(4.67)
green

9 [RuH(CO)(PPh3)2(PTSC)]  Light 123 60.16(60.78) 4.21(4.33) 4.69(4.62)
green

10 [RuH(CO)(PPh3)o(CTSC)]  Light 148 63.58(63.93) 5.42(5.25) 5.18(5.09)
green

11  [Rh(PPh3)s(FTSC)] Brown 140 68.58(68.12) 4.59(4.86) 4.14(3.97)

12 [Rh(PPh3)3(TCTSC)] Brown 196 67.44(67.10) 4.68(4.79) 3.98(3.91)

13 [Rh(PPhj)3(ATSC)] Brown 242 66.68(66.96) 4.87(4.91) 3.78(3.72)

14  [Rh(PPh3)3(PTSC)] Brown 198 65.78(66.14) 4.58(4.67) 3.78(3.67)

15 [Rh(PPh3)3(CTSC)] Yellow 210 68.86(69.06) 5.44(5.42) 4.02(3.96)

TSC = FTSC, TCTSC, ATSC, or CTSC) were prepared from the re-
actions of [RuHCI(CO)(PPhgs)s], [RuH2(CO)(PPhjs)sl, or [RhH(PPhj),]
with thiosemicarbazones in the molar ratio of 1:1. In all the reactions,
it was found that the thiosemicarbazones bind to the g-nitrogen and
sulfur atoms, though thiosemicarbazones can coordinate both through
a-hydrogen as well as g-hydrogen with the replacement of one of the
triphenylphosphine groups and the hydride from the ruthenium and
rhodium complexes. The analytical data given in Table II are in good
agreement with the proposed molecular formulae.

IR Spectra

The IR spectra of the ligands were compared with those of the new
complexes (Table III) in order to confirm the coordination of ligand
to the ruthenium and rhodium metals. The IR spectra of free ligands
display two bands around 3450 and 3300 cm~! corresponding to v,s and
veymOf the terminal NHy group.?! In the spectra of the metal complexes,
these two bands appeared unaltered, showing noninvolvement of this
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TABLE III IR and Electronic Spectral Data for Ruthenium(II) and
Rhodium(I) Complexes

S. No. w(C=0) vRu-H) v(C=N) uv(C-S) Amax(¢)(dm®mol~lem—1)

1 1940 - 1590 740 400(5843), 320(15984), 240(29851)
2 1930 - 1600 750 400(5843), 335(13693), 240(29851)
3 1940 - 1580 760 385(10238), 320(15984), 235(27358)
4 1940 - 1600 740 380(10973), 230(25947)

5 1930 - 1590 740 385(10238), 300(16825), 235(27358)
6 1920 1995 1580 740 390(9857), 325(14795), 235(27358)
7 1930 2010 1590 750 440(4978), 350(12498), 240(29851)
8 1940 2010 1590 720 390(9857), 230(25947)

9 1940 2010 1600 740 410(5639), 320(15984), 235(27358)
10 1930 2020 1590 740 390(9857), 235(27358)

11 — — 1590 750 300(16825), 240(29851)

12 - - 1600 750 300(16825), 240(29851)

13 — — 1600 740 300(16825), 235(27358)

14 - - 1590 750 300(16825), 230(25947)

15 - - 1590 750 300(16825), 230(25947)

vin em™1; A in nm.

group in complexation. The band due to vc_g appeared around 840 cm !
in the free ligands disappeared upon complexation, and a new band
appeared around 740-760 cm~!. These observations may be attributed
to thio enolisation of the -NH-C=S group and subsequent coordination
through the deprotonated sulfur atom.??

In the IR spectra of all the complexes, the absorptions due to vVC=N
are observed in the region 1590-1600 cm~!, which is around 10 to 20
cm~! lower than that observed for the free ligands. This shift certainly
indicates the coordination of the nitrogen atom of the azomethine group
to the metal atom.2? Hence, the thiosemicarbazones coordinate to the
metal atom via the azomethine nitrogen and sulfur atoms. In all the
ruthenium complexes, the band due to the terminal C=0 group ap-
peared at 1920-1940 cm~!. In addition, the substitution of the hydride
ligand in the starting complexes by the thiosemicarbazone ligand is con-
firmed by the absence of vM-H in the IR spectra of the complexes (M =
Ru, Rh) except in the case of the reaction between [RuHs(CO)(PPhs)s]
and thiosemicarbazones, where only one hydride is substituted under
the experimental conditions. In the hydride complexes, the vM-H band
appeared in the region 1995-2020 cm~!. In addition to these bands, ab-
sorptions due to triphenylphosphine were also present in the expected
regions. From the IR spectral data, it is inferred that the thiosemicar-
bazones behave as monobasic bidendate ligands and the coordination
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sites are B-nitrogen and thiolatosulfur after deprotonation. Though
thiosemicarbazones can coordinate both through w-hydrogen as well
as B-hydrogen, for the present compounds, the IR data seem to show
that probably the thiosemicarbazones coordinate through B-nitrogen.

"H NMR Spectra

In order to confirm the bonding of the thiosemicarbazone ligands to
metal atoms, 'H NMR spectra were recorded for selected examples
of the new complexes (Table IV). The signal at 11.5 ppm due to the
NH proton of the free thiosemicarbazone disappeared in the complexes
confirming the thio enolisation. The signals due to NHy protons of the
ligands are present in the expected regions (2.16—4.9 ppm) in the com-
plexes, indicating the noninvolvement of the NHy group on complexa-
tion. The azomethine proton (-CH=N) appeared as a singlet at around
the 8.2-8.6 ppm range. The peak due to the azomethine showed a high
field shift compared to the free thiosemicarbazone after complexation

TABLE IV 'H NMR Data for Some of the Ruthenium(II) and
Rhodium(I) Complexes

S. No. Complex 3 in ppm

1 [RuCl(CO)(PPhg)o(PTSC)] 8.7 (s) (1H, -CH=N)
7.0—-7.7 (m) (33H, aromatic)
6.0 (s) (2H, >CHy)
2.16(bs) (NHs)

2 [RuCl(CO)(PPh3)(ATSC)] 8.9 (s) (1H, -CH=N)
6.8—7.8 (m) (34H, aromatic)
3.83 (s) (3H, -OCHs)
3.7(bs) (NHg)

3 [RuH(CO)(PPh3)s(TCTSC)] 8.1 (s) (1H, -CH=N)
6.8—7.8 (m) (33H, aromatic)
4.9(bs) (NHg)

—12.15 (t) (Ru-H)
4 [RuH(CO)(PPh3)(PTSC)] 8.7 (s) (1H, -CH=N)

7.0—7.6 (m) (33H, aromatic)
6.0 (s) (2H, >CHy)
2.2 (bs) (NHg)
—12.25 (t) (Ru-H)

5 [Rh(PPh3)3(PTSC)] 8.2 (s) (1H, -CH=N)
6.8—7.7 (m) (48H, aromatic)
5.9 (s) (2H, >CHy
2.7(bS) (NHz)

s — singlet, bs — broad singlet, t — triplet, m — multiplet.
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with the metal, confirming coordination through the azomethine nitro-
gen atom.?* The multiplet observed at the 6.8—7.9 ppm range has been
assigned to the aromatic protons of the thiosemicarbazones ligands
and the phenyl groups of triphenylphosphine. In the hydrido ruthe-
nium complexes, the hydride ligand appeared as a triplet at —12.15
ppm, indicating the presence of the hydride ligand.

3P NMR Spectra

In order to confirm the presence and geometry of triphenylphosphine
groups in the complexes, 3P NMR spectra for few of the complexes
were recorded. The observation of only one singlet at 46.86 ppm for the
ruthenium(II) complex confirms the presence of the triphenylphosphine
group and also suggests that the two triphenylphosphine groups must
be trans to each other due to magnetic equivalence of two phosphorus
atoms in triphenylphosphine groups.?’> The observation of two sharp
singlets around the 24.95-24.99 ppm and 26.93-26.96 ppm region for
all the rhodium(I) complexes indicates the presence of triphenylphos-
phine groups. The appearance of two peaks suggests that the three
triphenylphosphine group present in two magnetic environments, i.e.,
two triphenylphosphine groups ¢rans to each other in a magnetic envi-
ronment and the other triphenylphosphine group in another magnetic
environment.

Electronic Spectra

The electronic spectra of all the ruthenium(II) complexes (Table ITI) dis-
played two to three bands in the region 440-230 nm. The bands in the
region 440-370 nm have been assigned to the MLCT transitions. The
other high-intensity bands appearing around 350-230 nm are probably
due to ligand-centered transitions, and are in good agreement with the
assignments made earlier?® for similar other octahedral complexes of
ruthenium(II).

In the electronic spectra of all the rhodium(I) complexes (Table III),
two bands appeared in the region 325-230 nm. Generally, the Rh(I)
species have been found to be strongly reducing in character, and be-
cause of this the d—d transitions are usually obscured by intense charge-
transfer transitions.?” Hence, all the transitions observed for the Rh(I)
complexes must be due to charge-transfer transitions. Based on this,
the bands observed around 325-300 nm have been assigned?® to e, —
agy. The bands around 260-230 nm may be due to bys — as,. Moreover,
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PPh,
PPh, /s e nH,
X\ /S\C/NH2 Ph,P Rh l‘\’l
Ru I N
OC/ /N H
y PP, CH

FIGURE 1 Structure of new ruthenium(II) and rhodium(I) complexes.

for a penta-coordinated Rh(I) complex, a trigonal bipyramidal structure
is more favored than a square pyramidal one.?~32

Based on the analytical and spectral data, the structures in Figure 1
have been tentatively proposed.

Biocidal Study

The in vitro antibacterial screening against E. coli and Salmonella ty-
phi and antifungal screening against Aspergillus niger of the ligand
and some of their ruthenium(II) and rhodium(I) complexes have been
carried out by the disc diffusion method.?® The results (Tables V and
VI) showed that the ruthenium(II) and rhodium(I) complexes are more
toxic than their parent ligand against the same microorganisms and
under identical experimental conditions. The increase in biological ac-
tivity of the metal chelates may be due to the effect of the metal ion

TABLE V Antibacterial Activity Data of Ruthenium(II) and
Rhodium(I) Complexes

Diameter of inhibition zone (mm)

E. coli Salmonella typhi
Compound 0.25% 0.5% 0.25% 0.5%
FTSC 3 5 4 6
[RuCl(CO)(PPhg)o(FTSC)] 6 8 7 9
[RuH(CO)(PPh3)2(FTSC)] 12 14 10 12
[Rh(PPhg)3(FTSC)] 13 17 13 14

Streptomycin 18 23 19 22
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TABLE VI Antifungal Activity data of Ruthenium(II) and Rhodium(I)
Complexes

Diameter of inhibition zone (mm)

Aspergillus niger

Compound 0.25% 0.5%
FTSC 2 3
[RuCl(CO)(PPhg)2(FTSC)] 3 5
[RuH(CO)(PPhg)o(FTSC)] 3.1 7
[Rh(PPhg3)3(FTSC)] 3.5 9
Bavistin 12 18

on the normal cell process. A possible mode for the toxicity increase
may be considered in light of Tweedy’s chelation theory.?* Chelation
reduces the polarity of the metal ion because of partial sharing of its
positive charge with the donor groups and possible w-electron delocal-
ization over the whole chelate ring. Such chelation could enhance the
lipophilic character of the central metal atom, which subsequently fa-
vors its permeation through the lipid layers of the cell membrane.3?
Further, the toxicity of the compounds increases with increase in con-
centration. Though the complexes possess activity, they did not match
the effectiveness of the standard drugs streptomycin or bavistin. The
variation in the effectiveness of the different compounds against differ-
ent organisms depends either on the impermeability of the cells of the
microbes or differences in ribosomes of microbial cells.?6-37

MATERIALS AND METHODS

All reagents used were of analar or of chemically pure grade. Sol-
vents were purified and dried according to standard procedures.?® The
analyses of carbon and hydrogen were performed at the Central Drug
Research Institute, Lucknow. Infrared spectra of the complexes were
recorded in KBr pellets with a Perkin-Elmer 597 spectrophotometer
in the range 4000250 cm~!. The electronic spectra were recorded in
dichloromethane solutions with a Hitachi-Perkin Elmer 20/200 record-
ing spectrophotometer in the range 900-200 nm. 'H NMR spectra were
recorded on a Bruker CXP-90 MHz or Bruker WH 270 MHz instrument.
The 3'P NMR spectra were recorded on a Bruker CXP-90 MHz instru-
ment. Melting points were recorded with a Mettler FP 51 instrument
and are uncorrected. The starting compounds [RuHCI(CO)(PPhs)s],
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[RuH2(CO)(PPh3)s], [RhH(PPhgs)4], and thiosemicarbazones were pre-
pared by methods reported in the literature.3?—45

Preparation of New Ruthenium(ll) and Rhodium(l) Complexes
[RuX(CO)(PPh;),(TSC)] and [Rh(PPh;3);(TSC)] (X = H or CI; TSC
= Anion of Thiosemicarbazone)

To a hot solution of [RuHCI(CO)(PPhs)s], [RuHs(CO)(PPhs)sl, or
[RhH(PPhg)4] (0.1 g) in dry benzene (25 mL), a hot solution of the appro-
priate thiosemicarbazone in ethanol (5 mL) was added (1:1 mole ratio)
and refluxed for 2 h. The resulting solution was concentrated to about
3 mL, and petroleum ether was slowly added, whereby the new complex
separated out. The complex was filtered, washed with petroleum ether,
and dried. It was then recrystallized from CHyCly/petroleum ether (60—
80°C). Yield: 70-75%.

CONCLUSIONS

New hexa coordinated ruthenium(II) and penta-coordinated rhodium(I)
complexes have been prepared. Based on the analytical and spectral
studies, an octahedral structure for ruthenium(II) complexes and trig-
onal bipyramidal structure for rhodium(I) complexes have been tenta-
tively proposed.
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