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Abstract: A simple route to the synthesis of two homo-binl&talmolybdenum carbonyl complexes
[Mox(CO)(HL)(dppm] @)  and  [Mo(COM(HL)(dppb)] @  (HL = (E)-2-((2-
hydroxybenzylidene)amino)phenol; dppm = bis(diphginosphino)methane, dppb = 1,4-

bis(diphenylphosphino)butane) have been developkd.two compounds were obtained pure by thermal
decarbonylation of Mo(CQ)using a Schiff base ligand previously prepared bgydensation reaction of
salicylaldehyde and 2-aminophenol, in the presesfceither dppm or dppb. Compoundsand 2 were
characterized using elemental analysis, IR and NMRC and*'P) spectroscopy. Elemental analysis and
spectroscopic data revealed bimetallic complexels thiree and two carbonyl remaining in the struetof
complexl and?2 respectively with diphosphines acting as bridgsvben the two metals.
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Introduction

Bimetallic complexes with two nuclear centers counith
to be an area of extensive investigation over #arydue
to their biological and industrial applications {#lat al,
2004; Dismukes, 1996)Some of these complexes,
especially the homo-bimetallic types, have beeronteg
as constituents of multimetallic enzymes respopsfor
the catalysis of diverse reactions ranging fromalitie
oxidation to biopolymer degradation (Wilcox,996).

the industry as anticorrosion agents (Aharetdl, 2010;
Antonijevic and Petrovic, 2008). Therefore, syndesf
transition metal complexes incorporating Schiffdsaand
linear phosphines as ligands is expected to benportant
approach to the design of novel compounds withlytita
and highly selective biological activity. We heretgport

the synthesis and structural characterization ofeho
homobinuclear molybdenum complexes containing $chif
base derived from 2-aminophenol and salicylaldehyde

These complexes have found extensive applications iwith dppm and dppb as co-ligands.
homogeneous and heterogeneous catalysis and hswve al

been located at the active sites of many metaljraps

Experimental

(Fenton and Okawa, 1993)here is however an expanded Materials and measurements

interest in molybdenum bimetallic complexes duehteir
biochemical role in metalloenzymes and their irgtng
but complex chemistry (Williams and Da Silva, 2002)
Apart from its significant role in biology systems,
molybdenum also plays important roles in a variefy
chemical reactions such as hydrodesulfurizatioryger
transfer reactions and high catalytic activities i§@blm,
1983). Their catalytic activity has been explaifederms
of their coordinative unsaturation at the molybdanu
centres (Mitchell and Finney, 2001; Belgacesh al,
1992).

All chemicals used were of analytical reagent (AR)dg
commercially sourced from Sigma Aldrich. Solventsrev
purified according to the standard procedures (Aega
and Perrin, 2000). The melting point of the ligazad
complexes were determined in capillary tubes using
Electro thermal 1A1900 Vo0.29 melting point appagtu
Thin layer chromatography (TLC) of the complexes was
carried out in suitable solvents at different ratad
viewed under a UV lamp to determine the purity o t
compounds. Elemental analyses were carried outgusin
Carlo Erba Model EA1108 elemental analyzer at MEDAC

Research into syntheses of transition metal complexeLaboratory, UK. The solid state Infrared Spectrathud

containing linear polydentate phosphine ligandseha¢o
continued to attract interest from synthetic chésnver
the years (Cotton and Hong, 1992). This is due &ir th
ability to coordinate to metal centers in a varietyways
ranging from mononuclear triligateto
tetraligate and with variety of structures suchedsaligate
trigonal pyramidal, tetraligate square pyramidefraligate
trigonal bipyramidal and tetraligate octahedral (Baand
Fung, 1990). Linear phosphines are extremely neactnd
have been reported as excellent ligands in tramsitietal
chemistry. They are versatile homogeneous catalysts

processes such as hydrogenation of carbonyl congsoun procedure (Hossainet

(Na et al, 1996; Itoet al, 2001), carbonylation of metal
methyl bonds (Dekkeret al, 1992), polystyrene

tetranuclear recorded on a Bruker

synthesized Schiff base and metal-carbonyl complexe
were determined, using SHIMADZU IRAffinity-1S FTIR
Spectrophotometer with samples prepared as KBrtpelle
High-resolution *H and “C{H}NMR spectra were
Avance Il HD 500-MHz
spectrometer at 298 K. The and**C{*H}chemical shifts
were calibrated to solvent peaks, which are reporte
relative to TMS while®'P NMR chemical shifts were
measured relative to 85%PO,.

Synthesis of the Schiff base ligand [HL]

The Schiff base was prepared by following a rembrte
al, 2012). A solution of
salicylaldehyde (2.443 g, 20 mmol) in 5 mL ethanais
added drop wise to a solution of 2-aminophenol82.4,

immobilization (Mansour and Portnoy, 2001) and as20 mmol) in 20 mL ethanol. The mixture was heated t

therapeutic agents in anticancer drugs (2owl, 2015).
Many Schiff base transition metal complexes havenbe
reported with excellent catalytic activity in vau®
reactions at high temperatures (>100°C) in the pesef
moisture. They have also found applications in wiedi
as antibiotics and anti-inflammatory agents as wsllin

reflux for 1 hour under constant stirring. The sadution
formed was allowed to cool to room temperaturerafte
which a red precipitate was obtained; the red prte
was collected through filtration, washed severallith
ethanol and allowed to dry in air. The product teen re-
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crystallized from hot methanol, red crystallineidslwas
obtained which was then stored in a desiccator Ga&).

in
of

The metal
crystalline

carbonyl
forms.

derivatives synthesized are
The synthesis

Yield: 3.628 g (85%), m.p., 190°C. Anal. Calcd for [Mo(CO)(SB),(dppm)] in air produced a crystalline

C13H11INO, (%): C, 73.23; H, 5.20; N, 6.57. Found (%): C,

73.20; H, 5.12; N, 6.58. IR (KBr disc): 3423 b629 m
cm®. 'HNMR (500 MHz, DMSO-¢, 8 ppm): 6.89 (d, 1H);
6.99 (d, 2H); 7.14 (d, 1H); 7.36 (dd, 1H); 7.53 (d{);
7.62 (s, 1H); 8.98 (s, 1H); 13.80 (s, 1HJC NMR
(DMSO-d;, 8 ppm): 162.3 (C-OH), 161.2 (C=N), 151.6
(phenolic C-0OH), 135.4-117.2 (aromatic C=C).
Synthesis of the metal complexes

[M0,(CO)s(HL ) (dppm)] (1)

1, 1-bis(diphenylphosphino)methane (dppm) (0.3841g
mmol) dissolved in benzene (10 mL) aHd (0.213 g, 1
mmol) in hot benzene (10 mL) were added to a smiubf

molybdenum hexacarbonyl (0.264 g, 1 mmol) in beazen

(10 mL). The resulting mixture was heated to reflox4
h under constant stirring; a deep brown clear sEmuvas

obtained. The solution was allowed to cool to room

temperature after which the solvent was removedguai
rotary evaporator. To the residual solid was adaledut
30 mL of hot methanol and allowed to stand for 1iB,ra
light brown solid precipitate was obtained. Theidol
precipitate was collected through filtration, waghe

lemon solid with melting point of 166. While,
[Mo,(CO),(SB),(dppb)] synthesized in air is crystalline
white with a melting point of 18&. Thus, it is observed
that the synthesized complexes have melting piigiser
than that of the molybdenum hexacarbonyl (50
suggesting the formation of more air stable prositican
the hexacarbonyl.

OH

Z

N

HO
Fig. 1: The ligand

Infrared spectra
The relevant infrared bands of the ligand and cewgs
are presented in the experimental section. In theRF

severally with hot methanol and allowed to dry in aspectrum of the Schiff base there was a disappearah

desiccator. The product was then re-crystallizednfthot

the N-H band of 2-aminopheol and C=O band of

ethanol. The product was collected as lemon greeRglicylaldehyde indicating bond formation througe t

crystals, dried in air and then stored in a desigcaver
CaChb. m.pt = 165°C ,M. wt. = 1174.87 g/mol; IR (KBr,
cmd): 3454 v(O-H), 2019, 1921, 1865/(CO), 1581
v(HC=N), 613v(Mo—P), 578v(Mo-0), 433v(Mo-N); *H
NMR (3, ppm): 1.25-1.27 (CHlprotons), (4.35-4.62) (OH

protons), (8.74) (H-C=N protons), (7.36-7.75) (m,

aromatic protons):*C NMR (5, ppm) (48.86-49.16) (CH
carbon), (128.51-131.84) (m, aromatic carbon), (36

carbonyl carbon of salicylaldehyde and the nitrogeam

of the 2-aminophenol. The azomethine group (C=N) is
observed at 1629 ¢ a major functional group of Schiff
bases (Aliet al, 2013). Also, the OH band in the Schiff
base spectra was observed at 3423.65% enshift from the
OH of 2-aminophenol (3375 ¢t

In the infrared spectra of both complexes, absompti
bands for the CO moieties were observed. For complex

136.48) (C=N carbon) (210.46, 210.54 and 210.60) (COthese bands appeared as strong bands at 1885anth

Carbonyl carbon)?P @, ppm) (2.59). Anal. Calcd for
CesH7gMON,Oy5 (%): C, 61.03; H, 5.20: N, 2.09. Found
(%): C, 59.90; H, 4.20; N, 1.87.

[Mo,(CON(SBY(dppb)] (2)

1, 4-bis(diphenylphosphino)butane (dppb) (0.394 @ ,

1921cmt while for complex2 the bands appeared as
strong bands at 1875 €nand 1919 cm (Coates, 2000).
The (C=N) band found in the free Schiff base at1629
shifted to a lower band at 1581 ¢min complex 2,
suggesting coordination of the ligand to the metedugh

mmol) dissolved in benzene (10 mL), and Schiff basethe nitrogen of the azomethine group (Prabhaketaa,

(0.213 g, 1 mmol) in hot benzene (10 mL) was addeal

2013). This is confirmed by the appearance of nandbs

solution of the molybdenum hexacarbonyl (0.264 g, 1at 433 cnt and 416 cnt attributed to M-N stretching
mmol) in benzene (10 mL). The mixture was heated toyibrations for compoundsl and 2, respectively. The

reflux for 4 h under constant stirring; a deep hwoslear
solution was obtained. The solution was alloweddol to
room temperature, after which the solvent was rexdov
using a rotary evaporator. To the residual solid added
a hot solution of methanol and allowed to stand 30r
min, a light brown solid was obtained. The solidswa
collected through filtration, washed severally witiot
methanol. A sandy brown crystalline solid was aidi
The product was then re-crystallized from hot methaA
white crystalline solid was obtained which was tiseared
in a desiccator over CaCM. wt. = 1172.94g/mol, m.pt =
185°C, IR (KBr, cni: v(C=N) (1680), v(Mo-N) (416)
v(Mo-0O) (584)v (Mo-P) (651),(CO) (1876, 1919, 2015);
H NMR (5, ppm) (0.84-2.49) (CHprotons); (7.52) (H-
C=N protons), (7.30-7.73) (aromatic protofi&} NMR @,

infrared spectrum of comple2 showed a broad and
moderate OH absorption band at 3454 @nshift of 31
cmit downfield from the OH of the Schiff base. Possibly,
suggesting that one OH is still present in the poumnd
with the deprotonation of one of the —OH group foé t
Schiff base ligand for bonding to the metal (Bhattda
Ram, 2012). In contrast, no OH absorption band was
observed in the infrared spectrum of compougd
suggesting the deprotonation of both OH groupshef t
Schiff base for bonding to the metal (Krishnankutyal.,
2007). The M-0 stretching vibrations for compounahd

2 are observed as absorption bands at 578 and 651 cm
respectively. This is an evidence for the coordamabf

the Schiff base to the respective metal throughntl @
atoms. Coordination of the diphosphine in the compln

ppm) (CHy) carbon (23-30), (128.34-132.09) (m, aromatic pe observed by a P—GHbend, medium band, at 1440-
carbon) (138.40-138.82 ) (C=N carbon) (210.29-214.79 1400 cni region for both complexes and an M—P band at

(CO-Carbonyl carbon¥P @, ppm) (29.52). Anal. Calcd
for CrgHioMOoN,Og (%): C, 64.54; H, 7.22; N, 1.93.
Found (%): C, 64.67; H, 6.80; N, 1.76.

Results and Discussion

613 and 651 cih for compoundsl and 2, respectively
(Krishnankutty et al, 2007). Coordination of the
diphosphines is further confirmed with tHéP NMR

analysis.
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Fig. 2: The proposed structures for the Schiff base neetaplexes (a) complex 1 (b) complex 2

(b)

31C NMR spectra 1,3,5 triazine-2,6-diamine schiff bases and their
In complex1, three CO peaks were observed at 210.46, nickel(ll), copper(ll) and zinc(ll) complexe#sian J.
210.54, and 210.60 ppm for terminal carbonyls while  Chem, 25(6): 3105 — 3108.

methylene carbon (CHipeak appeared at 48.86, aromatic Antonijevic M & Petrovic M 2008. Copper corrosion
carbon appeared as multiple overlapping peaks nvitie inhibitors. A reviewlInt. J. Electrochem. Sc¢i3(1): 1 —
range of 128.51-131.84 ppm while C=N appeared also i  28.

the same range of 136.48 ppm. Three terminal cgtbon Armarego WLF & Perrin DD 2000.Purification of
peaks at 210.29, 210.36 and 210.43 were also cdubanv Laboratory Chemicals Fourth Edition, Butterworth-
the 3C NMR spectrum of comple. Two peaks for the Heinemann, Jordan Hill, Oxford, p. 63.

CH, were observed between 23 and 30 ppm (Hegedtind Asali K, El-khateeb M & Al-Hmaideen A 2006. Facile
al., 1996). Aromatic carbons were observed as maltipl route to synthesis of dinuclear group 6 metal cayts
overlapping peaks within the range of 128 to 132Znpp triply bridged by bis(diphenylphosphino) alkane
while the C=N carbon peak was assigned a chemidfal sh ligands.Jordan J. Chem1(1): 61 — 66.

of 138.82 ppm. Balch AL & Fung EY 1990.Two- and four-coordinate
3P NMR analysis for complex (1) and (2) gold(l) complexes of tris(2-
The *P NMR spectroscopy chemical shifts for (diphenylphosphino)ethyl)phosphinelnorg. Chem.,
uncoordinated dppm and dppb in CR@lere observed at 29(23): 4764 — 4768.

-21.53 and -15.36 ppm respectively (Aselial, 2006). Belgacem J, Kress J & Osborn JA 19@h the allylic

The*P NMR signal of the corresponding dppm complex rearrangements in metal oxo complexes: mechanistic
was observed as a very intense single peak at 69 and catalytic studies on Mg(@llyloxo),(CH;CN), and
Such data indicates that the two RP&toups inl are in the analogous complexed. Am. Chem. Sod 14(4): 1501
same chemically equivalent environment and were — 1502.

coordinated to the metal centre with a coordinasioift of Bhatt VD & Ram SR 2012. Preparation and properties of
24.12 ppm downfield of the free dppm. For the dppb dinuclear schiff base complexes from salicylaldehyd
derivative2, the*P NMR signal was observed as a very  and 2-aminophenol complexes of Cu(ll), Co(ll) and
sharp intense signal at 29.52 ppm with a coordinathift Ni(ll). Chem. Sci. JCSJ-63 1 - 10.

of 44.88 ppm from the free dppb an indication tinathis Chisholm MH 1983. In:iInorganic Chemistry: Towards
complex, the two phosphorus atoms of the diphosphin  the 2r' Century,ACS Symposium Series 211; Ed.

were in the same chemical environment. American Chemical Society: Washington, DC, p. 243.
Coates J 2000. Interpretation of infrared spectra: A
Conclusion practical approach inEncyclopedia of Analytical

The diphosphines coordinated to the metal centre as ChemistryJohn Wiley & Sons, p. 10815.

bidendate ligands. The Schiff base also coordinaigtie  Cotton FA & Hong B 1992Polydentate Phosphine: Their
metal using the azomethine nitrogen and one phenol Syntheses, Structural Aspects, and Selected
oxygen atom in complet and with two phenol oxygen Applications, Progress in Inorganic Chemistiyol.
atoms in compleR leaving three CO ligands in compound 40, Wiley, New York, p. 179.

1 and two in complex2. This led to the proposed Dekker GP, Bujis A, Elsevier CJ, Vrieze K, Van Leeamw

bimetallic structures with an octahedral geometnytfoth PW, Smeets WJJ, Spek AL, Wang YF & Stam CH
complexes. 1992. New neutral and ionic methyl and chloro

palladium and platinum complexes containing
References hemilabile phosphorus-nitrogen ligands. Study & th
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Thermodynamic, electrochemical and quantum  bond.Organometallics11(5): 1937 — 1948.
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Ali A, Abdullah N & Maah MJ 2013. Synthesis, Bioinorganic ChemistryJAl Press: London, UK, Vol.
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