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The fact that molybdenum-oxygen bonds are present irlectrode cell configuration consisting of a platinum work-
molybdo enzymes has extensively stimulated research iimg, platinum counter, and silver/silver ion reference elec-
molybdenum complexes with oxygen environméntis trode.
class of compounds is interesting also in the study of prob- Preparation of the complexes. [MoQ(sabp)(MeOH)]
lems associated with the trans influence of the oxygen dondd). This compound was prepared by the procedure of litera-
atoms? So far lots of molybdenum(V), (VI) complexes with ture reportedjpreviously. Yield: 0.214 g (50%). mp 171-173
cis-directed terminal oxygens in the M@&- or Mo,Os-core  °C. Anal. Calcd. foIC1gH21NOsMo: C, 50.59; H, 4.95; N,
structures have been reportetlowever, those ofrans 3.27. Found: C, 50.29; H, 4.88; N, 3.18v (Mho cn?
directed oxygens are little known, especially molybde-mot?): 1.1. UV/Vis. (nm, log): 428 (3.63), 406 (3.61), 311
num(VIl) complexes of MgDs-core structure withtrans (4.24). Significant infrared bands (cth 909 (mo=0, asyn),
directed terminal oxygens are very uncomrh@s part of 933 (Umo=0, sym), 1612 (rc=n). *H NMR (200 MHz. DMSO-
our studies on molybdenum(VIl) complexes with oxygen,des): 41.33 (s, 9H, -C(CHs), 3.17 (d, 3H, CEDH), 4.09 (q,
sulfur, and/or nitrogen donor ligands we describe here th&éH, CHOH), 6.73-7.82 (m, 7H, ArH), 9.32 (s, 1H, N=CH).
synthesis and structure of molybdenum(VI) complex [Mo2O4(sabp)] (2). The excess amount of compléx
[Mo204(sabpy], where sabp is N-salicylidene-2-amind-4- was dissolved in dichloromethane (10 ml) to give a saturated

butylphenolate withrans-directed terminal oxygens. solution. The deep red solution was filtered and left undis-
turbed at room temperature. After 2-3 days transparent red
Experimental Section blocks suitable for crystallographic study had crystallized.

The crystal was filtered off, washed with ether, and dried

Materials. Molybdenylacetylacetonate, [Moe(@cac)] under vacuum. Yield: 0.14 g (35%). mp 2€1 Anal. Calcd.
was obtained from Tokyo Kasei Chem. Ind. Co. Ltd. Salicy-for C34H3sN2OsMo2: C, 51.66; H, 4.33; N, 3.53. Found: C,
laldehyde and 2-amino-#ébutylphenol were obtained from 51.27; H, 4.35; N, 3.52Ax (Mho cn? mot?): 1.3. UV/vis.
Aldrich Chem. Co. Ltd. The Schiff base was prepared undefnm, log): 428 (3.99), 356 (4.30), 314 (4.64). Significant
Ar gas by the literature meth8dbut it was not isolated from infrared bands (cm): 949 Wmo=o), 760 (mo-on), 1604
methanol solution. All other chemicals used for this work(vc=n). 'H NMR (200 MHz, DMSO-¢): d 1.33 (s, 9H,
were reagent grade and were employed without further puriC(CH)s), 6.75-7.83 (m, 7H, ArH), 9.33 (s, 1H, N=CH).
fication. Reagent grade solvents were dried and distilled Crystal structure determination of 2. X-ray-quality
before use. crystals of 2, approximately 0.%0.16x 0.16 mm, were

Physical measurementsC. H. N. for the complexes obtained by slow evaporation of a saturated dichlo-
were analyzed by using a Carlo-Erba EA-1106R. The m.ptomethane solution of the brown powder and mounted in
measurements were performed by using a Haake meltinglass capillary. Measurement was made on a Enraf-Nonius
point apparatus. The molar conductances of the complexea8AD4 TURBO diffractometer using Mo-K radiation
were measured by YSI-31 conductivity bridge. The IR spec{A = 0.71069 A) monochromatized from a graphite crystal
tra of solid samples in KBr were recorded on a Mattsorwhose diffraction vector was parallel to the diffraction vec-
Polaris FT-IR*H NMR spectra in DMSO-+lwere recorded tor of the sample and anode generator. Preliminary experi-
on a Bruker AM 200 spectrometer and referenced to TMSnents for the cell parameters and orientation matrix for crys-
(internal). Electronic spectra were obtained on a Spectronital was carried out by least-squares refinement, using the set-
Gemeni 2 spectrophotometer. Cyclic Voltammograms werding angles of 25 carefully centered reflections in the range
recorded on a Electrochemical Research System 270/6/0° < 26 < 3%. Diffraction intensity was collected at a con-
(EG&G) consisting of PAR 263 Potentiostat/Galvanostatstant temperature of 20(2L using thew- 26 scan tech-
and Electrochemical analysis software 270. The electronique with variable scan speeds. Omega scans of several
chemical studies were conducted in a oxygen-free DMSQntense reflections were made prior to the data collection to
solution containing 0.1 M tetraethylammonium perchlorateoptimize the proper scan width for crystal.
(TEAP) as supporting electrolyte. We employed a three- The intensities of three representative reflections which
were measured after every 150 reflections remained constant
*To whom correspondence should be sent. Phone: +82-53-850hroughout data collection indicating crystal and electronic
3782, Fax: +82-53-850-3337, E-mail: bkkoo@cnth.cataegu.ac.kstability for crystals. Of the reflections collected, those with
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Table 1 Crystallographic Data and Intensity Collection for Complex 6
2 Sl
Empirical formula CsaH34N20sMo>
Fw 790.53 T
Crysta system monoclinic N
Space group C2/c(#15) 1
Z 4 £ 2t
Cell parameters £ L
a(R) 11.659(2) Ot
b (A) 10.666(2) ol
c(®) 26.664(4) I
b (0) 101.37(1) At
V (A3) 3251(1) - - - =3 : 20
Dc(alc (91/ C”? ) 1.615 E(volts) vs, Ag/Ag"(0.01M)
picnr \.Nit. MoK, 8.0 Figure 1. Cyclic voltammograms (=103 M in DMSO, 0.01 A
Transmission factex%) 97.8370-99.8458 TIgAP) of co)r/nplex 1) andg 26) gt scan rate of 50 mVs
Scan type w- 26
Scan width §) (deg) 0.89 + 0.60 tanf)
26hax (deg) 52.64 (terminal) and to the Mo-O (bridging) stretching frequen-
No. of reflections measured 3665 cies, respectively. The peak at 1604 -tis assigned to the

No. of reflections observed 2570 azomethine C=N stretching vibration. Lower frequency shift

(1>30() of the vibration compared to 1619 <¢nof the free ligand
F (000) 1600 indi h h hi . di h
No. of variable 259 indicates that the azomethine nitrogen coordinates to the
Discrepancy indices molybdenum moiety. ThiH NMR spectra of the complex

Rb 0.031 showed the proton resonances for each of the phenolic aro-

Rwb 0.041 matic, 4t-butyl, and azomethine group at 6.75-7.82, 1.33,
Goodness of fit indicatér 1.352 and 9.33 ppm. However, the proton resonances of methyl,
Maximum shift in final cycles less than 0.01 OH group of methanol in the compléxare disappeared in

3A semi-emporical absorption correction was spphet= = | Rr| R | / the compl@Q. The UV/Vis spectrum of the compl@was
ZtFo ldCRg :d g\ﬁ\;vt(igzlgfcg)i ivg(slzeorz\)/]al;iz(’)nwr(])?rﬁnvi\; 3\, gi(@‘],\;[lq.:dlzls't:in?a)ge/d recorded in the range of 200-700 nm anq showed the same
?Nir—]Nva)Elfz, where N = Number of observations alqnd, N Klumcber of spectral Battem as compldx The absorption band. .at 428
variables. nm (log = 4.63) due to the charge transfer transition from
oxygen orbital to a metal d-orbital was obser¥ed.
I > 30(l) were used for structure determination. The struc- Electrochemical studies were carried out by cyclic voltam-
ture was solved by direct method (MULTANBNd subse- metry using a Pt working electrode and NHO, as sup-
quent Fourier difference technique, and refined FBn  porting electrolyte in DMSO solvent. The complexes
(program MoIENJ by full-matrix least-squares cycles. An exhibited two successive reductive responses in the potential
absorption correction¥-scan) was applied to all data. All range-1.4 to-1.8 V as shown in other dioxomolybde-
non-hydrogen atoms were readily located and refined witmum(V1) complexes reported previously (Figurel®yhe
anisotropic thermal parameters. Hydrogen atoms wereeductions are irreversible. Though no precise assignments
refined isotropically in the final refinement cycles. The datafor the each of reduction waves are accomplished, it is
collection and structure solution parameters are listed immportant to note here that the cyclic voltammogram of the
Table 1, together with standard discrepancy indcasdR,. complex2 in DMSO is identical with that of the compléx
This observation indicates that both complexes have essen-
Results and Discussion tially similar electrochemical behavior. On the basis of
results for electronic and electrochemical studies, it was
The reaction of Mogjacac) with the Schiff base ligand assumed that compléX has dissociated into mononuclear
derived from salicylaldehyde and 2-amind-ddtylphenol  complexl in the solution.
in methanol solution gave a monomeric molybdenum(VI) Crystal structure of [Mo2:04(sabp)]. Atomic coordinates
complex1, and then if a saturated dichloromethane solutiorare listed in Table 2 and selected bond distances and angles
of the complexl was allowed to evaporate slowly in air in Table 3. The molecular structure is shown in Figure 2.
dimeric molybdenum(VI) comple® suitable for crystallo- Although a number of di-oxo-bridged molybdenum com-
graphic study yielded. The details for the preparation angblexes are reported to datés-species of two terminal oxy-
identifications of complet were described previousifhe  gen atoms are domain. However, in the present con®lex
molar conductivity of complex2 in dimethylsulfoxide the oxygen atoms O(1) and O(1)' are characteristically ori-
showed 1.3 Mho chmol? similar to mononuclear com- ented towardrans-position. For complexes having planar
plex 1. The IR spectra of comple® showed a intense transdi-py-oxo bridges, isomers havir@ or C, symmetry
absorption peaks at 949 and 760thbelong to the Mo-O should in general be theoretical possibilities. The present



Notes Bull. Korean Chem. Sd®99 Vol. 20, No. 9 1107

Table 2. Fractional Positional Parameters and Displacemendistorted octahedral, with the bridging oxygens O(2) and

Parameters of Non-Hydrogen Atoms for Comy2ex O(2)' occupying the edge positions. Thus, the geometry
Atom X y 7 Bq/ke around Mo(VI) center deviates from the ideal octahedral
values of 99and 180(Table 3). The plane Mo(1)O(2)0(2)'
L\)/I?l()l ) g:iisg?z()z ) 8:(1)32(2)(53(? ) 8:2;%2?1()1 ) iig(lé)s ) and Mo(l)O(l)N(l) fragment. co.nstitute a very mediocre
0©) 0.1559(2) 0.2797(2) 0.5171(1) 3.05(5) planes, respectively and their dihedral angle is 5.9(1.0)
0o(3) 0.1763(2) 0.0307(3) 0.4852(1) 3.47(6) indicating that the fragment O(1)O(2)O(2)'N(1) around
0(4) 0.3467(2) 0.2254(2) 0.5913(1) 2.91(5) Mo(VI) center is approxymately planarity. The Mof(1)
N(1) 0.3765(3) 0.0080(3) 0.5558(1) 2.31(5) Mo(1)' distance is 3.314(4) A, which is similar to that of typ-
Cc(1) 0.3999(3) -0.0821(3) 0.5265(1) 2.42(6) ical dioxo-bridged Mo(VI) complexés.0wing to the trans
C(2) 0.3256(3) -0.1189(3) 0.4795(1) 2.48(7) influence of the terminal oxo, the Mo(1)-O(2)' and Mo(1)*-
C(3) 0.3621(3) -0.2197(4) 0.4521(1)  3.02(7) 0O(2) distances (2.426(5) A) are very longer than those
C(4) 0.2920(3) -0.2626(4) 0.4081(2)  3.50(8) remaining both bonds (1.740(2) A) trans to the nitrogen
) 0.1838(3) -0.2085(4) 0.3909(2) ~ 3.76(9) atom of ligand. This value is also longer than phenolic oxy-
C(6) 0.1455(3) -0.1112(4) 0.4166(2) 3.45(8) ) ) . A and
c@) 0.2165(3) -0.0647(3) 04608(1) 2.66(7) gen Mo(1)-O(3) anc_i Mo(1)-O(4) d|stanqes (2.913(3) an
c®) 0.4308(3) 0.1543(3) 0.6211(1) 2.53(7) 1.950(3) A, respec.tlvely). The azor_nethlne Mo(1)-N(1) dis-
C(9) 0.4957(3) 0.1960(4) 0.6668(2) 3.08(7) tance (2241(3) A) IS typlcal of relatlng Complei(és.
C(10) 0.5775(3) 0.1174(4) 0.6943(2) 3.21(8) Supplementary material available Complete listings of
C(11) 0.6001(3) -0.0031(4) 0.6782(1) 2.68(7) atomic coordinates, isotropic and anisotropic thermal param-
Cc(12) 0.5364(3) -0.0416(3) 0.6312(1) 2.49(7) eters, bond distances and angles (52 pages) and calculated
C(13) 0.4517(3) 0.0361(3) 0.6032(1) 2.29(6) and observed structure factors (28 pages) for con2pleixe
C(14) 0.6919(3) -0.0864(4) 0.7109(1)  3.29(8) supporting materials will be given upon your request to the
C(15) 0.6771(4) -0.0881(5) 0.7662(2) 5.5(1) corresponding author.
C(16) 0.8124(4) -0.0349(5) 0.7097(2) 5.6(1)
c(17) 0.6876(5) -0.2197(5) 0.6904(2) 5.8(1) References

aAnisotropically refined atoms are given in the form of the isotropic
equivalent displacement parameter defined asa?8@[,1)+?(2,2)+
¢?B(3,3)+ab(cos})B(1,2)+ac(cosB)B(1,3)+c(cosa)B(2,3)].
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