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Six-coordinate molybdenum(V)-oxo complexes (PyH)[MoOCLL] and (R\N)-[MoOCLL] (R=CH, and C;Hs) with N-
salicylidene-2-aminophenol(L!) and its derivatives(L?=5-CH,, L*=3-CH;0, L*=5,6-C;H, and L’=5-NQ,) as ONO-donor
ligands have been synthesized and the spectral and electrochemical properties of the complexes by elemental analysis,
molar conductivity, UV-vis, IR, 'H NMR and CV have been studied.

Introduction

The chemistry of molybdenum-oxo complexes with Schiff
base ligands has received the intense attention because of
its relevance to the active sites of molybdoenzymes, and
many papers have been published in this area.!

It is well-known? that the biological redox process of the
molybdoenzymes involves oxidation states Mo(VI), Mo(V)
and Mo(IV). In addition, extended X-ray absorption fine st-
ructure (EXAFS) spectroscopic studies have implicated the
presence of oxygen and nitrogen atoms at the active sites
of oxo-transfer molybdenzymes.’*® In this context we have
taken up N-salicylidene-2-aminophenol and its derivatives
with ONO-donors as Schiff base ligends:

X
@— OH H B,
X C:N OH 5-CH3 H2L2
H e

@ 3-CH,0 H,L?

5,6-C4H, H,L!
5-NO, H,L?

These ligands are of particular interest because chelation
may occur either from ON or ONO sites, in principle. It
was also reported* that functionalities present in the ligands
play a vital role in controlling whether the molybdenum-oxo
complexes are monomers or polymeric species,as well as the
oxo-transfer ability. Thus, with the aim of simulating many
characteristic properties for the active sites of molybdoenzy-
mes, We have synthesized a series of dichlorooxomolybde-
num(V) complexes (PyH)[MoOCLL] and (RN)[MoOCILJ
(R=CHj and C,H;). In this paper, we report the synthesis,
spectral properties and the electrochemical behaviors of the
complexes.

Materials. Most chemicals used in synthesis were of
reagent grade and used without further purification. Pyidi-
nium pentachloromolybdate(V) (PyH),[MoOCl;}* and 5-me-
thylsalicylaldehyde® were prepared by literature methods. All
the Schiff base (H,L!-H,L®) were prepared by the same me-
thod as the previous paper and identified by IR and 'H
NMR.” All solvents were dried by standard procedures and
distilled before use.

Physical Measurements. Elemental analyses for C, H,
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N were carried out by Kolon R and D center, and molybde-
num was analyzed by using a Labtaim ICP spectrometer
(Model 8440). The M. P. measurments were perfromed by
using a Hakke melting point apparatus. The molar conducti-
vities of the complexes were measured by a YSI Conductivity
bridge (Model 31). The IR spectra of solid samples in KBr
were recorded on a Mattson Polaris FT-IR. The 'H MMR
spectra in DMSO-ds; were recorded on a Varian FT NMR
300 spectrometer and referenced to TMS (internal). Electro-
nic spectra were obtained on a Shimazdu UV-160A UV-visi-
ble spetrophotometer. Cyclic voltammograms were recorded
on an Electrochemical Research System 270/6/0 (EG & G)
consisting of PAR 263 Potentiostat/Galvanostat and an Elec-
trochemical Analysis Software 270. The electrochemical stu-
dies were conducted in oxygen-free DMSO solution contain-
ing 0.05 M TBAP (tetrabutylammoniumperchlorate) as sup-
porting electrolyte. We employed a three-electrode cell confi-
guration consisting of a gold working, a platinium counter
and a sturated calomel reference electrode.

Preparation of the Complexes. (PyH)[MoOCI;L]
(L=L'-L5). The same procedure was followed for the pre-
parations of all the compleses. Pyridinium pentachloromolyb-
date(V) (10 mmol) in methanol (40 mL) was added to a sus-
pension of an appropriate Schiff base (10 mmol) in methanol
(50 mL) with stirring at 50 C. After complete dissolution
of the Schiff base into the solution, pyridine (20 mmol) in
10 mL of methanol was slowly added to the solution to imme-
diately give a precipitate of the desired compound. After
the muxture was allowed to cool to 25 T, Iustrous black
crystals were collected by filtration, washed with a small
amount of methanol and diethyl ether, and dried in a va-
cuum oven,

Analytical data for the complexes prepared are as follows;

(PyH)[MoOCLL!'] (1) Yield: 67%. mp 220 C. Anal. Ca-
led for C13H15N203C12MOZ C, 4559, H, 319, N, 5%, MO,
20.23; Found: C, 45.60; H, 3.21; N, 5.69; Mo, 19.98. (PyH)
[MoOCI;L2](2) Yield: 70%. mp 229-231 T . Anal. Calcd for
C19H17N203C12M02 C, 4674, H, 351, N, 574, MO, 19, 65;
Found: C, 46.44; H, 3.53; N, 5.58; Mo, 19.41. (PyH)[MoOCl;-
L?] (3) Yield: 75%. mp 192-193 T . Anal. Calcd for C1sHi;N;0,-
Cl:Mo: C, 45.26; H, 340; N, 556; Mo, 19. 02; Found: C,
4531; H, 349; N, 5.60; Mo, 1891 (PyH)[MoOCLL*'] (4)
Yield: 71%. mp It does not melt up to 350 C. Anal. Calcd
for CHizN,0:Cl:Mo: C, 50.40; H, 3.27; N, 5.34; Mo, 18.30;
Found: C, 48.93; H, 3.26; N, 5.40; Mo, 18.57. (PyH)[MoOCl;-
L7 (5) Yield: 56%. mp. 256-258 . Anal. Caled for C,sH14N;Os-
Cl:Mo: C, 41.64; H, 2.72; N, 8.09; Mo, 18.48; Found: C, 41.56;
H, 2.75; N, 8.05; Mo, 1862

(R4N)[MoOCL,L?}] (R=CH;, C;H;). (PyH)[MoOCLL?]
(5 mmol) synthesized by following the procedure as mentio-
ned above was dissolved in hot methanol (150 mL). To this
solution was added an appropriate tetraalkylammonium salts
(150 mmol) to immediately give a precipitate of the lustrous
black crystals. The crystals were collected by filtration, wa-
shed well with ethanol, and dried in a vacuum oven.

Analytical data for the complexes prepared are as fol-
lows;

{MesN)[MoOCL;L?] (6) Yield: 62%. mp 219-220 C. Anal
Caled for CisHa3sN2OCl:Mo: C, 43.49; H, 4.65; N, 5.62; Found:
C, 43.32; H, 463; N, 561; (EtsN)[MoOCLL3] (7) Yield:
65%. mp. 212 <>C . Anal Calcd for C22H31N204C12M0: C, 4767,
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Table 1. Infrared Spectral Data and Molar Conductivities for
the complexes

IR* Ay
Complex
viMo=0t) v(C=N) (mho cm® mol™?)

(PyH)[MoOCLL'] (1) 947 1600(1631) 53
PyH)[MoOCL,L?] (2) 958 1615(1629) 54
(PyH)[MoOCLL?*] (3) 941 1598(1632) 50
PyH)IMoOCLL*] (4) 965 1596(1629) 53
PyH)[MoOCLL*] (5) 946 1596(1634) 58
Me,N)[MoOCLL®] (6) 938 1599 53
(Et.N)[MoOCLL?] (7) 933 1606 52

*free ligand vibration in parentheses.

H, 564; N, 5.05; Found: C, 48.24; H, 562; N, 5.05
Results and Piscussion

The molybdenum(V)-oxo complexes (PyH)[MoOCLL] (1-5)
are synthesized by the reaction of (PyH),[MoOCls] with the
appropriate ligand and the tetraalkylammonium salts of
[MoOCI,L]* (6, 7) are obtained from the methanol solutions
of (PyH)[(MoOCI;L] in the presence of three-fold molar exess
of the corresponding tetraalkylammonium chloride/bromide.
All complexes are air stable in the solid state and have poor
solubilities in the common organic solvants execept DMF
and DMSO.

Molar conductivities for the complexes determined at a
concentration of ca. 1X107% mol dm=3 DMSO fall in the
range of 50 to 58 mho cm? mol™! (Table 1). This results
clearly indicate that the complexes behave as 1:1 electroly-
tes in DMSO,.? consistent with the formula described below.

The complexes are formulated on the basis of the elemen-
tal analyses and a varity of physical measurments. A reaso-
nable structural formulation is a six-coordinate octahedron
with an axial Mo=0 group and the tridentate Schiff base
ligand bound across axial and two equatorial sites (see be-

low):
Cl-r
~ I~

This geometry is found in the related six-coordinate comp-
lex (PyH)[MoOXNCS),L], where L is the S-methyl 3-(2-Hyd-
roxyphenyl)methylenedithiocarbazate ligand.

The Schiff base ligand can act either as a monoanionic
bidentate ON'® or as a dianionic tridentate ONO donor,” de-
pending on the conditions (¢g. oxidation state of the metal
ion). Infrared spectra of I exhibited no band at ca. 2700 cm™
that would result from the vOH of the free ligands.® The
intense bands at ca. 1630 cm™' associated with the C=N
stretching vibration of free ligands are shifted to ca. 1600
cm™! in the complexes, indicating the coordination of the
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Table 2. ‘H NMR Data* for the Complexes in DMSO-ds

Jung-Sook Kim et al

Complex ArH N=CH*

Py Others

6.83-7.84 (m, 8H) 9.28 (s, 1H) (8.95)
6.81-7.80 (m, 7H) 9.20 (s, 1H) (8.88)
6.83-7.83 (m, 7H) 9.26 (s, 1H) (8.94)
6.84-8.15 (m, 10H) 9.92 (s, 1H) (9.49)
6.83-7.70 (m, 7H) 943 (s, 1H)
6.82-827 (m, 7TH) 9.24 (s, 1H)

S U e W N

7 6.83-829 (m, 7H) 925 (s, 1H)

798 (t, 2H, m-) 849 (t, 1H, p-) 8.89 (d, 2H, o-)
7.70 (s, 2H, m-) 8.16 (d, 1H, p-) 874 (s, 2H, 0-)
801 (s, 2H, m-) 853 (s, 1H, p-) 890 (s, 2H, 0-)
793 (d, 2H, m-) 829 (s, 1H, p-) 871 (d, 2H, o)
796 (s, 2H, m-) 847 (s, 1H, p-) 8.88 (s, 2H, o)

3.17 (s, 3H, 5-CHy)
381 (s, 3H, 3-CH;0)

312 (s, 12H, (CH:).N")
382 (s, 3H, 3-CH,0)

118 (t, 12H (CH;CH.).N")
322 (q, 8H, (CH;CH;):N™)
3.82 (s, 3H, 3-CH;0)

¢Chemical shifts are given in ppm vs Me,Si. ®free ligand resonances in the lower parentheses.

Ao A

—n
L.
T " v T 1 —1
14.0 9.0 7.0 5.0 3.0
ppm
b L—_—
| ——
40 30
10.0 9.0 80 7.0 6.0
ppm

Figure 1. 'H NMR spectra of (a) H;L? and (b) (PyH)[ MoOCLL*].

azomethine nitrogen to the metal jon.! These facts are also
supported by the 'H NMR data for the corresponding com-
pounds. The OH proton resonance peaks of the two phenolic
groups of free ligands in the range of 9.60-10.20 ppm and
13.33-15.65 ppm have disappeared upon complex formation,
and the azomethine proton peaks of the ligands, which appea-
red as a sharp in the range of 8.88-9.49 ppm, are shifted
to downfield (9.20-9.92 ppm) upon complexation.'?

These observations confirmed that the ligands coordinate
to the molybdenum atom through the chraged two phenolic
oxygen atoms and the nitrgen atom of the azomethine
groups. The dianionic tridentate ligand can be bound by two
modes, ‘e, -facial and meridional-but the facial mode is ste-
rically precluded by the ligand plnarity."®

Infrared spectra for the complexes showed a single intense
absorption peak at ca. 940 cm™' (Table 1). This absorptions
are assigned to the molybdenum-terminal oxygen vibration
vMo=0t, by comparision with the previously reported data.’>™®
These are also accordance with the data (~940 cm™!) for
the complexes Mo'OX,L;"(X=CI, Br, I, L=tertiary phos-
phine) in which two X ions are cis to Mo=0t group.

The 'H NMR spectra of HoL® and the complex (3) are
shown in Figure 1. The relevant assignments of the spectra
are summarized in Table 2, together with the data for the

Table 3. UV-Visible Bands for some Mo(V) Complexes in
DMSO

Amazinm
Complex (logs, dm® mol™! cm™1)
1 792 (1.67) 447 (sh) 306 (4.07)
2 707 (2.00) 425 (3.69) 306 (4.58)
3 756 (1.53) 440 (sh) 311 (4.02)
4 699 (2.12) 462 (3.90) 346 (4.24)
5 732 (1.99) 375 (sh) 314 (4.21)
6 824 (1.60) 440 (sh) 317 (4.18)
7 823 (1.69) 447 (sh) 317 (4.16)

other complexes. The Schiff base ligand possesses two phe-
nolic groups and their aromatic proton resonances occurred
as multiplet in the range of 6.81-8.29 ppm.” The aromatic
protons of the pyridinium ion as a counter ion are easily
distinguished from those of the Schiff base ligand by compa-
rison of the spectra of the corresponding free ligands and
those of the complexes containing Me,N* and Et;N* instead
of PyH* as counter ion. The ortho-, meta-, and para- position
for the pyridinium ion of all the complexes except complex
(4) appeared at ca. 8.82, 792, and 839 ppm with relative
intensity ratio of 2:2: 1! The methyl- and methylene pro-
tons for the tetraethylammoniun ion of complex (7) appeared
at 118 and 3.22 ppm with relative intensity of 3:2.!% The
proton resonances for the substiuents 5-CH; and 3-CH,0
on salicyl phenyl moiety of complexes (2) and (3) each occu-
red at 3.17 ppm and at 3.81 ppm as a singlet, respectivly.
However, the resonances for the protons of aromatic and
3-CH30 group of ligand showed very weak peak intensities
by comparison with PyH* (Figure 1). This is ascribed to
the paramagnetic complex due to Mo¥(d"!) state.

Electronic spectral data for the complexes are shown in
Table 3, and showed three absorption bands in the region
300-900 nm. The absorption bands can be assigned on the
basis of the energy levels reported by Sabat® for tetragonal
oxo-complexes of d' molybdenum ion (Cy). One low energy
band in the region 707-824 nm is assigned to the first crystal
field transition B,—’E of the three spin-allowed d-d transi-
tions (°B,—’E, °B,~*B,, and ’B,—?A)) as expected.” The ap-
pearance of this low-energy bnergy band is the characteristic
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Table 4. Cyclic Voltammetric Results® for the Complexes in
0.05 M TBAP-DMSO at 25 T

Complex Epd, V vs SCE
1 —0.64 —1.10 (—1.00)
2 —0.60 —1.16 (—1.03)
3 —0.65 —1.15 (—1.01)
4 —0.70 —1.07 (—0.92)
5 —0.66 —0.98 (—0.79)
6 —0.62 —1.14 (—1.00)
7 —0.65 —116 (—1.00)

“solute concentration ~10~% M; Working electrode gold; refere-
nce electrode SCE; Counter electrode platinum. ® Values in paren-
theses are coupled oxidation peaks observed with complete CV
cycle.

l | 1 1
010 -0.30 -0.70 -110 -150

E.V{vs.SCE)

Figure 2. Cyclic voltammograms for ~1X107% M (PyH)[MoO-
CLL*] in 0.05 M TBAP-DMSO (scan rate 50 mV s™'): (i) first
scan. (ii) second scan.

of Mo' mononuclear oxo-complexes and essentially indepen-
dent ligand.'*® Other transitions are obscured by the intense
charge transfer band."*'” The weak absorption band found
in the region 425-462 nm is probably due to L>M charge
transfer tranisition.® The very intense absorption band ob-
served in the region 306-346 mn may be assigned to an
intraligand transition, by comparison with the band of the
free Schiff base ligand.

The electrochemical behavior of the monomeric molybde-
num(V)-oxo complexes in DMSG/0.05 M TBAP has been
studied by cyclic voltammetry at a gold working electrode,
and the data in the potential range 0.0 to —1.5 V (#s SCE)
are summarized in Table 4. The complexes displayed two
successive cathodic responses near —0.64 V and —1.10 V.
By comparison with those of the authentic one-electron re-
duction observed in the cases of other monomeric Mo
(V)-oxo complexes,’” each of the reductions involves a me-
tal-centered one-electron process and is due to the reduction
of Mo(V)->Mo(IV) and Mo(IV)—>Mo(lIl). The second reduc-
tion wave near —1.10 V is found to be coupled to a weak
and broad anodic peak around —0.94 V. The cathodic peak
near —0.64 V obtained from an inital negative scan is greatly
reduced in intensity in the second cycle, which yields only
the reductive response near —1.10 V (Figure 2). This indica-
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tes that species reduced near —1.10 V is reoxidize near
—0.94 V and this oxidized product is found to be reduced
again near —1.10 V. The reduction potentials (Epc) are also
sensitive to the nature of the substituents on the salicyl phe-
nyl ring. As the substituents become more electron withdra-
wing (Me<H<NQO,), the Epc of the second reduction are
shifted more anodic indicating easiser reducibility of the res-
pective molybdenum(IV) center.
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