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Mixed amidophenolate-catecholates of molybdenum(VI) 

 

Sukesh Shekar and Seth N. Brown* 

 

 

 

 Changing two catecholate ligands to amidophenolates tempers the Lewis acidity 

of tris(catecholato)molybdenum(VI), but seven-coordinate structures are still observed in 

the pyridine adduct or in a mixed catecholate-bridged dimer.   
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Mixed amidophenolate-catecholates of 

molybdenum(VI) 

Sukesh Shekar and Seth N. Brown*a  

The dioxomolybdenum(VI) complex (tBuClipH2)MoO2 (tBuClipH4 = 4,4'-di-tert-butyl-N,N'-

bis(3,5-di-tert-butyl-2-hydroxyphenyl)-2,2'-diaminobiphenyl) reacts with 3,5-di-tert-

butylcatechol to form oxo-free (tBuClip)Mo(3,5-tBu2Cat). The bis(amidophenoxide)-

monocatecholate complex is monomeric and exhibits a cis-β geometry in the solid state. 

Variable-temperature NMR data are consistent with two fluxional processes, one that 

interconverts several geometric isomers at low temperature, and a second that interchanges the 

ends of the tBuClip ligand at ambient temperatures.  The high-temperature fluxional process 

can be explained by a single Bailar trigonal twist coupled with atropisomerization of the chiral 

diaminobiaryl backbone. Addition of excess catechol to (tBuClipH2)MoO2 results in formation 

of a dimolybdenum mono-oxo complex (tBuClip)Mo(µ-3,5-tBu2Cat)2Mo(O)(3,5-tBu2Cat).  

This complex, which contains a seven-coordinate bis(amidophenoxide)molybdenum center and 

a six-coordinate oxomolybdenum center, represents a structural hybrid between dimeric 

oxomolybdenumbis(catecholate) and molybdenum tris(catecholate) complexes.  Both mono- 

and dimolybdenum complexes are best formulated as containing Mo(VI), but there is structural 

evidence for significant π donation from the amidophenolates.  (tBuClip)Mo(3,5-tBu2Cat) 

binds pyridine to form a mixture of isomeric seven-coordinate adducts.  The Lewis acidity of 

the mixed amidophenoxide-catecholate appears to be lower than its tris(catecholate) or 

oxobis(amidophenoxide) analogues, which manifests itself principally in relatively slow 

binding of pyridine to the six-coordinate complex (k = 8 × 104 L mol-1 s-1 at 0 ºC) rather than 

in the rate of dissociation of pyridine from the seven-coordinate adduct. 

 

Introduction 

Catecholates are prototypical redox-active ligands, whose 

ability to span oxidation states ranging from dianionic to 

monoanionic (semiquinone) to neutral (quinone) allows them to 

store redox equivalents.  The ability to supply redox equivalents 

leads not only to a rich coordination chemistry1 but also to the 

possibility of performing metal-mediated redox chemistry 

without requiring an oxidation state change at the metal center.2  

In particular, we recently demonstrated the ability of the 

oxobis(3,5-di-tert-butylcatecholato)molybdenum(VI) moiety to 

deoxygenate pyridine-N-oxide;3 since the oxygen atom is 

delivered to Mo but the redox change takes place at the ligands, 

this oxygen atom transfer reaction can be termed 

“nonclassical.”  The tris(catecholato)molybdenum fragment 

(3,5-tBu2Cat)3Mo likewise reacts either with dioxygen4 or 

pyridine-N-oxide5 to form oxomolybdenum(VI) compounds 

and 3,5-di-tert-butyl-1,2-benzoquinone.  These reactions rely 

on the oxophilicity of Mo(VI) and the reducing power of the 

catecholates to achieve net oxygen atom transfer.   

 A serious limitation of the above reactions is the lability of 

the quinone ligands in their oxidized form.  Rapid dissociation 

of benzoquinone ligands obviates the possibility of catalysis 

since the oxidized metal complex does not persist long enough 

to transfer its oxygen atom to a substrate.  We were therefore 

interested in replacing two catecholates with a single, 

tetradentate bis(amidophenoxide) ligand, since the chelate 

effect would be expected to stabilize the complex against loss 

of partially oxidized intermediates.  There is precedent for the 

stability of bis(iminosemiquinonate) complexes of early 

transition metals.6  We have previously reported a variety of 

molybdenum complexes of the 2,2'-biphenyl-bridged 

bis(amidophenoxide) ligand tBuClip4- (tBuClipH4 = 4,4'-di-tert-

butyl-N,N'-bis(3,5-di-tert-butyl-2-hydroxyphenyl)-2,2'-

diaminobiphenyl) containing ancillary terminal oxo, bridging 

nitrido, and alkoxide ligands.7  Here we describe the 

preparation and characterization of monomeric 

(tBuClip)Mo(3,5-tBu2Cat) which contains both catecholate and 

amidophenoxide ligands.  The compound is unsymmetrical in 

the solid and in solution, but variable-temperature NMR spectra 

indicate that both geometric isomers and enantiomers 

interconvert rapidly.  We also describe an unsymmetrical 

dimolybdenum complex, (tBuClip)Mo(µ-(3,5-
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tBu2Cat)2MoO(3,5-tBu2Cat), which contains both six- and 

seven-coordinate molybdenum centers. 

Experimental 

General Procedures 

Unless otherwise noted, all procedures were carried out under 

an inert atmosphere in a nitrogen-filled glovebox or on a 

vacuum line.  When dry solvents were needed, chlorinated 

solvents and acetonitrile were dried over 4 Å molecular sieves, 

followed by CaH2.  Benzene and toluene were dried over 

sodium, and tetrahydrofuran over sodium benzophenone ketyl.  

Deuterated solvents were obtained from Cambridge Isotope 

Laboratories, dried using the same procedures as their protio 

analogues, and stored in the drybox prior to use.  tBuClipH4 

(4,4'-Di-tert-butylbiphenyl-2,2'-bis((2-hydroxy-3,5-di-tert-

butylphenyl)amine)), (tBuClipH2)MoO2, and (tBuClip)Mo(µ-

N)(µ-NH2)Mo(tBuClip) were prepared as previously 

described.7  All other reagents were commercially available and 

used without further purification.  Routine NMR spectra were 

measured on Varian VXR-300 spectrometer or Bruker Avance 

DPX 400 spectrometers.  Variable-temperature NMR spectra 

were measured on a Varian Inova 500 spectrometer.  Chemical 

shifts for 1H and 13C{1H} spectra are reported in ppm downfield 

of TMS, with spectra referenced using the known chemical 

shifts of the solvent residuals.  Infrared spectra were recorded 

as nujol mulls between NaCl plates on a Jasco 6300 FT-IR 

spectrometer.  ESI mass spectra were obtained using a Bruker 

micrOTOF-II mass spectrometer, and peaks reported are the 

mass number of the most intense peak of isotope envelopes.  

Samples were injected as dichloromethane solutions, preceded 

and followed by methanol.  In all cases, the observed isotope 

patterns were in good agreement with calculated ones. 

Elemental analyses were performed by Roberstson Microlit 

Labs (Ledgewood, NJ) or Midwest Microlab, LLC 

(Indianapolis, IN). 

Syntheses 

 (4,4'-Di-tert-butylbiphenyl-2,2'-bis((2-oxy-3,5-di-tert-

butylphenyl)amido))(3,5-di-tert-

butylcatecholato)molybdenum(VI), (tBuClip)Mo(3,5-
tBu2Cat).  (tBuClipH2)MoO2 (0.1544 g, 0.185 mmol) and 3,5-

di-tert-butylcatechol (3,5-tBu2CatH2; Aldrich, 0.0421 g, 0.189 

mmol) were weighed in the drybox and dissolved in 4 mL THF. 

The reaction mixture was stirred for 18 h at room temperature 

in a sealed reaction vessel.  After evaporation of the THF from 

the dark purple solution in vacuo, the crude product was 

dissolved in 2 mL benzene, filtered through a plug of sand, and 

layered with 4 mL acetonitrile in a 20 mL scintillation vial. The 

crystalline product was isolated by filtration, and two 

subsequent crops were combined to yield 0.1614 g of 

(tBuClip)Mo(3,5-tBu2Cat) (85%). 1H NMR (CDCl3, 20 ºC, 400 

MHz):  δ 0.58, 1.15 (s, 9H each, C(CH3)3 from tBu2Cat), 1.11, 

1.19, 1.43 (s, 18H each, C(CH3)3 from tBuClip), 6.29 (d, 2 Hz, 

1H, ArH from tBu2Cat), 6.47 (br s, 2H, ArH from tBuClip), 

6.59 (d, 2 Hz, 1H, ArH from tBu2Cat), 6.81 (d, 2 Hz, 2H, H-3), 

7.10 (d, 2 Hz, 2H, ArH from tBuClip), 7.22 (dd, 8, 2 Hz, 2H, H-

5), 7.51 (d, 8 Hz, 2H, H-6).  13C{1H} NMR (CDCl3, 20 ºC, 

100.62 MHz):  δ 29.69, 29.77, 31.22, 31.75, 31.96 (C(CH3)3), 

33.95, 34.68, 34.83, 34.98, 35.39 (C(CH3)3), 109.30, 110.10, 

110.23, 113.41, 121.31, 124.91, 124.93, 125.48, 131.14, 

131.51, 134.18, 136.74, 145.03, 146.83, 151.56, 157.10, 

158.48, 159.28. IR (cm-1): 1601 (w), 1584 (m), 1362 (s), 1307 

(m), 1259 (m), 1200 (m), 1169 (s), 1150 (s), 1099 (s), 1026 

(m), 992 (s), 944 (m), 912 (m), 853 (m), 762 (m), 721 (w). ESI-

MS: 1019.5575 (M+H, calcd 1019.5563). Anal. Calcd for 

C62H84MoN2O4 • 1.5 C6H6:  C, 75.17; H, 8.26; N, 2.47.  Found:  

C, 74.83; H, 8.38; N, 2.42. 

 (4,4'-Di-tert-butylbiphenyl-2,2'-bis((2-oxy-3,5-di-tert-

butylphenyl)amido)bis-µµµµ-(3,5-di-tert-

butylcatecholato)oxo(3,5-di-tert-

butylcatecholato)dimolybdenum(VI), (tBuClip)Mo(µµµµ-(3,5-
tBu2Cat))2MoO(3,5-tBu2Cat).  In a 20 mL scintillation vial in 

the drybox were weighed 0.1772 g tBuClipH4 (0.251 mmol), 

0.1639 g dioxomolybdenum bis(acetylacetonate) (Strem, 0.503 

mmol, 2.00 equiv), and 0.1672 g 3,5-tBu2CatH2 (0.752 mmol, 

3.00 equiv). The mixture was dissolved in 5 mL benzene and 

stirred 48 h. The reaction mixture was filtered through a glass 

frit and layered with 4 mL dry acetonitrile to yield crystalline 

product, which was isolated by filtration and washed with 2 × 2 

mL acetonitrile. A second crop was isolated from the filtrate on 

standing to give a total yield of 114.4 mg (29%). 1H NMR 

(CDCl3):  δ 0.64, 0.72, 0.79 (s, 9H each, tBu), 0.93 (s, 18H, 2 × 
tBu), 1.01 (s, 27H, 3 × tBu), 1.15, 1.17, 1.34, 1.43 (s, 9H each, 
tBu), 4.79 (d, 2Hz, 1H, ArH), 5.21 (d, 2 Hz, 1H, ArH), 5.45 (d, 

2 Hz, 1H, ArH), 6.37 (d, 2 Hz, 1H, ArH), 6.48 (d, 2 Hz, 1H, H-

3), 6.55 (m, 3H, H-3, 2 × ArH), 6.73 (d, 2 Hz, 1H, ArH), 6.93 

(d, 2 Hz, 1H, ArH), 6.98 (d, 2 Hz, 1H, ArH) 7.05 (dd, 8, 2 Hz, 

2H, H-5), 7.21 (d, 8 Hz, 1H, H-6), 7.31 (dd, 8, 2 Hz, 1H, H-5), 

7.58 (d, 2 Hz, 1H, H-6), 7.82 (d, 2 Hz, 1H, ArH). 13C{1H} 

NMR (CDCl3):  δ 29.93, 29.95, 30.11, 30.17, 30.57, 31.08, 

31.31, 31.35, 31.42, 31.65, 32.00, 32.08 (C(CH3)3), 34.34, 

34.40, 34.56, 34.59, 34.65, 34.74, 34.81, 34.82 (2C), 34.85, 

34.88, 35.25 (C(CH3)3), 107.53, 107.64, 108.86, 110.56, 

115.02, 116.08, 116.52, 118.42, 121.78, 123.41, 123.57, 

124.37, 124.99, 125.27, 126.16, 129.96, 130.57, 130.64, 

134.33, 135.31, 136.56, 138.26, 138.49, 140.69, 143.44, 

143.83, 145.22,  146.90, 148.27, 149.94, 150.01, 151.34, 

152.07, 153.08, 153.54, 153.69, 154.65, 155.88, 158.88, 

162.60, 163.04, 164.91. IR (cm-1): 1583 (m), 1551 (w), 1410 

(m), 1387 (m), 1361 (s), 1307 (m), 1253 (m), 1201 (s), 1174 

(m), 1149 (w), 1105 (w), 1026 (m), 973 (s), 944 (s), 914 (m), 

890 (w), 865 (m), 834 (m), 753 (s), 722 (w), 687 (m), 651 (m), 

595 (w), 588 (w). ESI-MS: 1573.7506 (M+H, calcd 

1573.7491). Anal. Calcd for C90H124Mo2N2O9:  C, 68.86; H, 

7.96; N, 1.78.  Found: C, 68.72; H, 7.67; N, 1.60. 

Variable-temperature NMR spectroscopy 

NMR spectra of (tBuClip)Mo(3,5-tBu2Cat) were recorded 

between –95 and +21.5 ºC in CD2Cl2 on a Varian VXR-500 

NMR spectrometer.  The line shapes of the ligand tert-butyl 
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resonances were simulated using the program gNMR8 to 

generate calculated lineshapes and superimpose them on the 

observed spectra for temperatures from –30 to +10 ºC.   

 NMR spectra of (tBuClip)Mo(3,5-tBu2Cat)(Py), generated 

in situ from (tBuClip)Mo(3,5-tBu2Cat) and pyridine, were 

recorded between –40 and +30 °C in CD2Cl2 on a Varian VXR-

500 NMR spectrometer.  To determine the rate of dissociation 

of pyridine at 0º C, the region from δ 7.4-8.6 ppm, containing 

peaks due to the 2,6- and 4-H signals of bound and free 

pyridine, were simulated using the program iNMR 

(http://www.inmr.net).  In addition to exchange between each 

of the two sets of bound pyridine signals with free pyridine, a 

minor amount of direct exchange between the bound pyridine 

signals was required to achieve a satisfactory fit. 

UV-visible titration of (tBuClip)Mo(3,5-tBu2Cat) with 

pyridine 

A solution of 2.0 mL of 5 × 10-5 M (tBuClip)Mo(3,5-tBu2Cat) 

in CH2Cl2 was prepared in the drybox and sealed in a 1-cm 

quartz screw-cap cuvette using a Teflon-backed silicone rubber 

septum.  Spectra were obtained on a Thermo Scientific 

Evolution Array UV-Visible spectrophotometer.  The cuvette 

was equilibrated in the instrument's multicell changer, with the 

temperature controlled by circulation of ethylene glycol/water 

mixture through the cell holder and measured using a 

thermocouple inserted in a dummy cuvette. The titration was 

carried out by sequential injection of aliquots of pyridine 

dissolved in dichloromethane through the rubber septum of the 

cuvette. 

 Binding constants were extracted from simulation of the 

absorbance data from 300-1000 nm for each titration. The 

spectrum of (tBuClip)Mo(3,5-tBu2Cat) was fixed as equal to the 

initial spectrum in the titration, and the spectrum of the pyridine 

adduct was removed as an independent parameter using linear 

least-squares fitting as described in the literature.9  The binding 

constant Keq was optimized as the sole adjustable parameter by 

nonlinear least-squares fitting using the Solver routine in 

Microsoft Excel.10  A van’t Hoff plot of ln(Keq) vs. 1/T in the 

range of 284-308 K was used to calculate thermodynamic 

parameters for binding. 

DFT Calculations  

Geometry optimizations and orbital calculations were 

performed on all three geometric isomers of (tBuClip)Mo(3,5-
tBu2Cat). The crystal structure of (tBuClip)Mo(3,5-tBu2Cat) 

(vide infra) was used as the starting geometry in calculations on 

the cis-β1 isomer, and the starting structure of the cis-β2 isomer 

was created by shifting the positions of the tert-butyl groups on 

the 3,5-tBu2Cat ligand.  The crystal structure of 

(tBuClip)Mo(OiPr)2
7

 was modified to use as a starting structure 

for the cis-α isomer. Calculations used the hybrid B3LYP 

method, with an SDD basis set for molybdenum and a 6-31G* 

basis set for all other atoms, using the Gaussian09 suite of 

programs.11  The optimized geometries were confirmed as 

minima by calculation of vibrational frequencies. 

X-ray crystallography 

Crystals of (tBuClip)Mo(3,5-tBu2Cat)•1.5 C6H6  and 

(tBuClip)Mo(µ-3,5-tBu2Cat)2MoO(3,5-tBu2Cat)•1.5 C6H6 were 

grown by layering concentrated solutions in benzene with 

acetonitrile.  Crystals of Mo2O2(3,5-tBu2Cat)4•2 C6H6 formed 

on attempted recrystallization of (tBuClip)Mo(µ-3,5-
tBu2Cat)2MoO(3,5-tBu2Cat) from a benzene/acetonitrile 

mixture that was exposed to air.  Crystals were placed in inert 

oil before transferring to the cold N2 stream of a Bruker Apex II 

CCD diffractometer.  Data were reduced, correcting for 

absorption, using the program SADABS.  The structures were 

solved using direct methods.  All nonhydrogen atoms not 

apparent from the initial solutions were found on difference 

Fourier maps, and all heavy atoms were refined anisotropically. 

The crystal of (tBuClip)Mo(3,5-tBu2Cat)•1.5 C6H6 was found to 

be twinned by examination using the TwinRotMat function in 

the program PLATON.12 The twin law was found to be [ -1 0 0 

0 -1 0 1 0 1 ], and refinement of the batch structure factor 

indicated that the extent of twinning was 0.064. Inclusion of 

this twin law drastically improved the model and eliminated all 

of the inconsistent equivalents.  Two of the tert-butyl groups in 

(tBuClip)Mo(3,5-tBu2Cat), those bonded to C24 and C45, were 

disordered in two different orientations, as was the tert-butyl 

group bonded to C18 in Mo2O2(3,5-tBu2Cat)4. All nonhydrogen 

atoms were refined anisotropically.  Hydrogen atoms in 

Mo2O2(3,5-tBu2Cat)4•2 C6H6, except for those on the disordered 

tert-butyl group, were found on difference maps and refined 

isotropically.  All other hydrogen atoms were placed in 

calculated positions, with thermal parameters for the hydrogens 

tied to the isotropic thermal parameters of the atoms to which 

they are bonded (1.5 × for methyl, 1.2 × for all others). 

Calculations used SHELXTL (Bruker AXS),13 with scattering 

factors and anomalous dispersion terms taken from the 

literature.14  Further details about the structures are in Table 1. 

Results and Discussion 

Synthesis, structure, and bonding of (tBuClip)Mo(3,5-tBu2Cat) 

The dioxomolybdenum bis(aminophenoxide) complex 

(tBuClipH2)MoO2 (tBuClipH4 = 4,4'-di-tert-butyl-2,2'-bis((2-

hydroxy-3,5-di-tert-butylphenyl)amino)biphenyl) serves as a 

useful precursor for other molybdenum complexes containing 

the tBuClip4- ligand.  For example, (tBuClipH2)MoO2 reacts 

with excess alcohol to form the bis(alkoxide) complexes  cis-α-

(tBuClip)Mo(OR)2 (R = CH3, 
iPr).7  In similar fashion, 

(tBuClipH2)MoO2 reacts with one equivalent of 3,5-di-tert-

butylcatechol, 3,5-tBu2CatH2, over the course of a few minutes 

at room temperature in chloroform or benzene to give 

(tBuClip)Mo(3,5-tBu2Cat) as the major product (eq 1). The 

same product is formed on reaction of 3,5-tBu2CatH2 with the 

bridging nitride complex (tBuClip)Mo(µ-N)(µ-

NH2)Mo(tBuClip).  The 1H NMR spectrum of the product 

establishes a 1:1 ratio of tBuClip:tBu2Cat in the product.  

Confirmation of the monomeric nature of the complex is 

provided by observation of the parent ion in the electrospray 
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Table 1.  X-ray crystallographic details for (tBuClip)Mo(3,5-tBu2Cat)•1.5 C6H6, (
tBuClip)Mo(µ-(3,5-tBu2Cat)2)MoO(3,5-tBu2Cat)•1.5 C6H6, and Mo2O2(3,5-

tBu2Cat)4•2 C6H6. 

 (tBuClip)Mo(3,5-tBu2Cat)•1.5 C6H6 (tBuClip)Mo(µ-(3,5-tBu2Cat)2)MoO(3,5-tBu2Cat)  
• 1.5 C6H6 

Mo2O2(3,5-tBu2Cat)4•2 C6H6 

Molecular formula C71H93MoN2O4 C99H134Mo2N2O9 C68H92Mo2O10 
Formula weight 1134.47 1688.05 1261.30 
T/K 100(2) 120(2)  119(2) 
Crystal system Monoclinic Triclinic Monoclinic 
Space group P21/c P 1  P21/c 

λ/Å 1.54178 (Cu Kα)  0.71073 (Mo Kα) 0.71073 (Mo Kα) 
Total data collected  53342 53565 37715 
No. of indep reflns. 11671 18537 7332 
Rint 0.0497 0.0934 0.0211 
Obsd refls [I>2σ(I)] 10611 11227 6694 
a/Å 9.6883(2)  14.429(3) 11.7617(3) 
b/Å 24.4093(5) 14.825(3) 16.6561(4) 
c/Å 27.7995(6) 25.227(3) 16.5304(4) 
α/º 90 90.224(5) 90 
β/º 100.0270(10) 103.562(5) 90.3779(11) 
γ/º 90 118.130(5) 90 
V/Å3 6473.7(2)  4584.8(16) 3238.30(14) 
Z 4 2 2 
µ/mm-1 2.015 0.329 0.442 
Crystal size/mm 0.78 × 0.76 × 0.11  0.19 × 0.08 × 0.06 0.53 × 0.51 × 0.17 
No. refined params 724 1009 519 
R1, wR2 [I > 2σ(I)] R1 = 0.0389, 

wR2 = 0.0958 
R1 = 0.0543,  
wR2 = 0.0973 

R1 = 0.0222, 
wR2 = 0.0561  

R1, wR2 [all data] R1 = 0.0450, 
wR2 = 0.1000 

R1 = 0.1146, 
wR2 = 0.1176 

R1 = 0.0252, 
wR2 = 0.0581 

Goodness of fit 1.030 0.969 1.029 
 

 
mass spectrum and by the solid-state structure determined by 

X-ray crystallography (Figure 1). 

 The solid-state structure of (tBuClip)Mo(3,5-tBu2Cat) is 

roughly octahedral, with some distortion toward a trigonal 

prismatic geometry, as previously observed for six-coordinate 

complexes of the tBuClip ligand7 and the analogous 

bis(amidophenoxide) ligand bridged by an unsubstituted 2,2'-

biphenyl linker.15  The monomeric nature of the structure is 

noteworthy, as isoelectronic (3,5-tBu2Cat)3Mo forms a seven- 

coordinate dimer in the solid state.5  While the tBuClip ligand is 

not well-suited to bridging because of the tert-butyl groups 

ortho to the aryloxides, the catecholate should be able to bridge, 

as in Mo2(3,5-tBu2Cat)6.  The monomeric structure is thus an 

electronic consequence of enhanced donation from the 

amidophenoxide ligands compared to catecholate. The 

bis(amidophenoxide) ligand is sterically constrained to adopt a 

cis configuration, and in this complex it adopts a structure 

where the aryloxide oxygen O2 is trans to one of the amido 

nitrogen atoms (N1), the so-called cis-β isomer,16 though cis-α  

 
Figure 1.  Thermal ellipsoid plot of (

t
BuClip)Mo(3,5-

t
Bu2Cat)•1.5 C6H6, with 

hydrogen atoms and lattice solvent omitted for clarity.  Only the major 

orientation of the tert-butyl groups bonded to C24 and C45 are shown. 

compounds (with the aryloxide oxygens mutually trans) can 

also be formed by this ligand. 

 All bond lengths to molybdenum are similar (Table 2), with 

Mo–O and Mo–N distances between 1.95–2.03 Å.  The greatest 

asymmetry is in the binding of the 3,5-tBu2Cat ligand, with O3 

forming the longest bond to molybdenum (2.0288(18) Å) and 
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Table 2.  Selected bond distances (Å) and angles (deg) in (tBuClip)Mo(3,5-
tBu2Cat)•1.5 C6H6. 

Mo-N1 1.963(2) Mo-O2 1.9941(18) 

Mo-N2 1.984(2) Mo-O3 2.0288(18) 

Mo-O1 1.9952(16) Mo-O4 1.9497(16) 

    

N1-Mo-N2 88.45(9) N2-Mo-O4 84.52(8) 

N1-Mo-O1 74.80(8) O1-Mo-O2 83.70(7) 

N1-Mo-O2 151.42(8) O1-Mo-O3 89.40(7) 

N1-Mo-O3 96.49(8) O1-Mo-O4 165.98(7) 

N1-Mo-O4 109.15(8) O2-Mo-O3 101.97(8) 

N2-Mo-O1 109.25(7) O2-Mo-O4 96.26(7) 

N2-Mo-O2 81.00(8) O3-Mo-O4 76.87(7) 

N2-Mo-O3 161.35(8)   

O4 the shortest (1.9497(16) Å).  This asymmetry is likely due 

to the trans influence of the amido nitrogen N2, though the 
tBuClip aryloxides have equivalent Mo–O distances despite O2 

being trans to amide and O1 being trans to catecholate.   

 There are two possible cis-β isomers of the complex.  The 

one that is observed in the solid state (cis-β1) has the more 

electron-rich oxygen of the catecholate (O4, ortho and para to 

the tert-butyl groups) trans to aryloxide.  However, DFT 

calculations (gas-phase, B3LYP) on all three possible 

geometric isomers of (tBuClip)Mo(3,5-tBu2Cat) suggest that the 

two cis-β isomers are very similar in energy (Figure 2).  The 

cis-α isomer is significantly higher in energy. 

 The C–C, C–N, and C–O bond lengths of amidophenoxides 

and catecholates provide useful information about π bonding in 

their metal complexes, since π donation from these ligands 

results in a decrease in electron density in the ligand HOMO 

and characteristic changes in bond distances.  These changes 

parallel those caused by ligand oxidation (which also decreases 

electron density in the HOMO) and can be quantified by 

calculating a “metrical oxidation state” (MOS) for each 

ligand.17  In (tBuClip)Mo(3,5-tBu2Cat), amidophenoxide rings 

containing N1 and N2 show MOS values of –1.44(7) and –

1.87(11), respectively, and the catecholate ligand has MOS = –

1.85(12).  This is consistent with substantial π donation from 

amidophenoxide ring 1, and weaker π donation from the other 

two rings.  The significant difference between the two 

amidophenoxide groups is surprising, but it appears to be a 

genuine electronic effect, as the gas-phase calculation on the 

cis-β1 isomer gives a similar asymmetry (MOS = –1.42(6) and–

1.70(10) for the two rings).  The overall sum of MOS values, –

5.16(13), is similar to the summed MOS values of the seven-

coordinate tris(catecholate) complexes Mo2(3,5-tBu2Cat)6 and 

(3,5-tBu2Cat)3Mo(py) (ΣMOS = –5.33(17) and –5.32(15), 

respectively).5 

 While the bis(amidophenoxide)-monocatecholate complex 

(tBuClip)Mo(3,5-tBu2Cat) is isoelectronic with a 

tris(catecholato)molybdenum complex such as (3,5-
tBu2Cat)3Mo, the latter species has been observed only in 

seven-coordinate adducts, with the six-coordinate species 

inferred as a reactive intermediate.  The Lewis acidity of the  

 
Figure 2.  Calculated structures and relative energies (B3LYP, SDD (Mo)/6-31G*) 

of (
t
BuClip)Mo(3,5-

t
Bu2Cat) isomers: (a) cis-α, (b) cis-β1 and (c) cis-β2. 

tris(catecholate)molybdenum(VI) fragment has been attributed 

to the inability of the A2-symmetry ligand π combination to 

donate to any of the metal dπ orbitals, which leaves the dz2 

orbital low in energy.5  The lower symmetry of the cis-β 

isomers of (tBuClip)Mo(3,5-tBu2Cat) removes the symmetry 

mismatch, allowing some π donation from the 

amidophenoxides, which stabilizes the orbital and decreases the 

compound’s Lewis acidity.  The cis-α isomer retains an orbital 

mismatch, for in C2 symmetry (neglecting the unsymmetrical 

substitution of the catecholate), the ligand π donor orbitals 

transform as A + 2B, while the metal dπ orbitals transform as 

2A + B.18  This may explain its appreciably lower calculated 

stability compared to the cis-β isomers. 

Stereodynamics of (tBuClip)Mo(3,5-tBu2Cat) 

 NMR spectroscopic measurements are consistent with a 

highly symmetric structure for (tBuClip)Mo(3,5-tBu2Cat) in 

solution at room temperature, with seven aromatic resonances 

and five tert-butyl resonances observed in the 1H NMR 

spectrum in CD2Cl2 (Figure 3a).  This apparent symmetry is an 

artifact of a fluxional process, since each possible isomer is C1-

symmetric and should show twelve aromatic and eight tert-

butyl resonances, as seen at –40 ºC (Figure 3c). Lineshape 

simulation of the tert-butyl region between –30 and +10 ºC 

gives ∆H‡ = 14.5 ± 0.3 kcal mol-1 and ∆S‡ = +8.5 ± 1.3 cal 

mol-1 K-1 for the process that exchanges the two halves of the 
tBuClip ligand in this temperature range.  At temperatures 

below –40 ºC, a number of peaks broaden and shift 

significantly, but no decoalescence is observed.  In particular, 

the peaks due to the catecholate are affected as much by the 

temperature changes as the peaks due to the tBuClip ligand, in 

contrast to their behavior above –40 ºC, where they are sharp.  

This is suggestive of equilibration between isomers, where the 

equilibrium position shifts with temperature and the rate slows, 

but not enough to decoalesce any of the peaks.  Thus, 

(tBuClip)Mo(3,5-tBu2Cat) likely consists of a mixture of 

isomers that equilibrate rapidly on the NMR timescale even at 

-80 ºC. 

 (tBuClip)Mo(3,5-tBu2Cat) contains two elements of 

chirality: axial chirality of the 2,2'-disubstituted biphenyl 

moiety and chirality at the metal center.  Combined with the  

asymmetry of the 3,5-di-tert-butylcatecholate, this allows in 

principle a total of two diastereomers for each of the three 
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Figure 3.  Variable-temperature 

1
H NMR spectra (δ 0.0-1.8 and 6.0-8.0 ppm) of 

(
t
BuClip)Mo(3,5-

t
Bu2Cat) (500 MHz, CD2Cl2).  (a) 21.5 ºC; (b) –20 ºC; (c) –40 ºC; (d) 

–80 ºC.  Peaks due to bound catecholate (o) and CHCl3 (*) are marked on the 

room-temperature spectrum. The vertical scale of the upfield region is reduced 

relative to the downfield region, but the horizontal scale is the same throughout 

the spectra. 

geometric isomers. However, the physical limitations of the 
tBuClip ligand in an octahedral tris-chelate environment require 

that the cis-α isomer be the (S,∆)/(R,Λ) diastereomer and the 

cis-β isomer the (S,Λ)/(R,∆) diastereomer. The alternative 

diastereomers are not geometrically accessible, in good 

agreement with the universal observation of these diastereomers 

in octahedral cis-α19 and cis-β20 complexes bearing 2,2'-

biphenyl- or binaphthyl-bridged bis(salicylaldimine) ligands. 

 Typically molybdenum catecholate complexes undergo 

stereoisomerization by trigonal twist mechanisms.3,21  Since the 

metal center must undergo inversion of configuration after a 

trigonal twist, this means that (S,Λ)-cis-β1 and (S,Λ)-cis-β2 

isomers can interconvert only through the intermediacy of the 

(S,∆)-cis-α isomer via a series of two trigonal (Ray-Dutt) twists 

(Scheme 1a).  These twists are likely to be facile and may 

explain the changes in the 1H NMR spectrum of 

(tBuClip)Mo(3,5-tBu2Cat) below –40 ºC, as two (or all three) 

stereoisomers equilibrate in a temperature-dependent ratio 

(causing large temperature-dependence of chemical shifts) and 

at a moderate rate (causing appreciable broadening of some 

peaks).  They cannot, however, explain the symmetrization that 

takes place in the NMR spectra above –40 ºC, as all three 

isomers are C1-symmetric and even fast exchange among them 

 
Scheme 1.  Stereodynamics of (

t
BuClip)Mo(3,5-

t
Bu2Cat).  (a) Interconversion of 

geometric isomers by successive Ray-Dutt twists without epimerization of axial 

chirality of the biphenyl linker.  (b) Racemization by coupled Bailar twist and 

epimerization of the biphenyl linker. 

would not result in exchange of the chemical environments of 

the two ends of the tBuClip ligand.  In order to explain the high-

temperature dynamics, one must invoke racemization, which 

would require both a trigonal twist (to epimerize at the metal) 

and twisting about the chiral axis of the biphenyl (to epimerize 

at the ligand).  Since twisting about the biphenyl axis is 

geometrically precluded if the configuration at the metal is 

maintained, both twists must occur concurrently.  A plausible 

transition state in such a process is illustrated in Scheme 1b.  

The observed barrier for this process (∆G‡ ≈ 12 kcal mol-1) is 

low, compared to the sum of the barriers for a Bailar twist (∆G‡ 

≈ 9 kcal mol-1 in oxobis(catecholates)3,21) and racemization of 

2,2'-disubstituted biphenyls (e.g., ∆G‡ ≈ 14 kcal mol-1 for 

racemization in titanium18a and germanium22 2,2'-

biphenoxides).  However, the two events are likely to be 

strongly coupled.  In particular, the N–N distance will likely 

decrease in the trigonal prism, and the barrier to twisting in 

2,2'-disubstituted biphenyls decreases sharply with decreasing 

equilibrium distance between the substituents.  For example, 

calculated barriers to racemization in boron 2,2'-biphenoxides 

are ~ 8 kcal mol-1.23  The observed positive ∆S‡ is unexpected, 

as positive entropies of activation are commonly associated 

with dissociative mechanisms for racemization.  In this case, 

dissociation of a ligand radical (or anion) is likely to be 

substantially uphill thermodynamically.  It is also difficult to 

see how ligand dissociation would couple with rotation about 

the biphenyl axis, which would result in a high overall barrier 

for this mechanism.  While we favor a twist mechanism 

(Scheme 1b), we do not have a compelling explanation for the 

positive entropy of activation. 
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Preparation and characterization of (tBuClip)Mo(µµµµ-(3,5-
tBu2Cat)2)Mo(O)(3,5-tBu2Cat) 

Addition of excess 3,5-tBu2CatH2 to (tBuClipH2)MoO2 does not 

increase the yield of (tBuClip)Mo(3,5-tBu2Cat).  Instead, free 
tBuClipH4 is formed and a molybdenum-containing byproduct 

is observed by 1H NMR.  This byproduct displays a spectrum 

with sixteen aromatic resonances, consistent with one 

unsymmetrical tBuClip and three inequivalent di-tert-

butylcatecholate ligands.  Formulation of the product as a 

dimolybdenum monooxo complex, Mo2(O)(tBuClip)(3,5-
tBu2Cat)3, is supported by the observation of a parent ion in its 

electrospray mass spectrum.  The compound is conveniently 

prepared by self-assembly from dioxomolybdenum 

bis(acetylacetonate), tBuClipH4 and 3,5-tBu2CatH2 in a 2:1:3 

ratio (eq 2).  The dimer is formed in this reaction in nearly 

quantitative yield, as judged by in situ NMR spectroscopy, 

though isolation is subject to solubility losses.  An all-

catecholate analogue, Mo2O(3,5-tBu2Cat)5, was reported in 

solution as an intermediate in oxygenations of Mo2(3,5-
tBu2Cat)6.

5   

 

 X-ray crystallography (Figure 4) indicates that the 

compound is an unsymmetrical dimolybdenum complex 

bridged by two 3,5-di-tert-butylcatecholate ligands.  One 

molybdenum, ligated by the tBuClip ligand, adopts an irregular 

seven-coordinate geometry, while the oxomolybdenum center is 

octahedral.  The structure is a fusion between half of the 

tris(catecholate) dimer Mo2(3,5-tBu2Cat)6, and half of the 

oxobis(catecholate) dimer Mo2O2(3,5-tBu2Cat)4 (Scheme 2, 

Table 3).5,24  The latter compound was previously characterized 

crystallographically as a toluene solvate in the triclinic space 

group P 1 .24  We have characterized the same oxomolybdenum 

dimer as a bis(benzene) solvate in the monoclinic space group 

P21/c (Table 1), where the overall molecular structure and bond 

distances and angles are essentially the same as in the toluene 

solvate.   

 The bridging catecholates in the oxomolybdenum dimer 

Mo2O2(3,5-tBu2Cat)4 have an atypical structure in which the 

plane of the bridging catecholate is strongly inclined with 

respect to the Mo2O2 diamond core (angle between planes = 

55.8º in the toluene solvate,24 51.9º in the benzene solvate).  

The bridging catecholate supplied by the oxomolybdenum 

fragment in the asymmetric dimer (tBuClip)Mo(µ-(3,5-
tBu2Cat)2)MoO(3,5-tBu2Cat) likewise makes an angle to the 

Mo1-O11-Mo2-O21 mean plane of 50.2º.  In contrast, the  

 
Figure 4.  Thermal ellipsoid plot of (

t
BuClip)Mo(µ-(3,5-

t
Bu2Cat)2)Mo(O)(3,5-

t
Bu2Cat)•1.5 C6H6. Solvent molecules, hydrogen atoms and methyl groups are 

omitted for clarity. 

 
Scheme 2.  Dimolybdenum(VI) bis(µ-catecholate) complexes. 

bridging catecholate supplied by the seven-coordinate Mo2 

center is inclined by only 9.1º to this plane, a nearly coplanar 

arrangement seen in Mo2(3,5-tBu2Cat)6 and most other M2(µ-

3,5-tBu2Cat)2 complexes.5  The catecholates bridge through the 

less hindered oxygen atoms, and the nonbridging catecholate on 

Mo1 has its ortho tert-butyl group away from the second 

molybdenum, as observed in Mo2O2(3,5-tBuCat)4.  The NMR 

spectrum of (tBuClip)Mo(µ-(3,5-tBu2Cat)2)MoO(3,5-tBu2Cat), 

which is static and shows only one isomer, strongly suggests 

that the structure is retained in solution. 

 The amidophenolate ligands appear to be strongly engaged 

in π donation to Mo2, as judged from their MOS values 

(-1.37(7) for the ring containing N1 and –1.39(11) for the ring 

containing N2).  These values are significantly more positive 

than those observed in the six-coordinate (tBuClip)Mo(3,5-
tBu2Clip), and are close to that observed in the amidophenoxide 

trans to oxo in (tBuClip)MoO(3,5-lutidine) (MOS = 

-1.34(12)17), consistent with π donation of each of the 

amidophenolates into a dπ orbital where there is no competition 
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Table 3.  Selected bond distances (Å) in (tBuClip)Mo(µ-(3,5-
tBu2Cat)2)MoO(3,5-tBu2Cat)•1.5 C6H6 and corresponding distances in 
Mo2O2(3,5-tBu2Cat)4•2 C6H6. 

(tBuClip)Mo(µ-(3,5-
tBu2Cat)2)MoO(3,5-tBu2Cat)•1.5 C6H6 

Mo2O2(3,5-tBu2Cat)4•2 C6H6 

Mo1-O 1.683(3) Mo1-O 1.6844(10) 
Mo1-O11 2.042(2) Mo1-O3A 2.0354(9) 
Mo1-O21 2.215(3) Mo1-O3 2.3027(9) 
Mo1-O22 1.930(3) Mo1-O4 1.9233(9) 
Mo1-O31 1.948(3) Mo1-O1 1.9400(9) 
Mo1-O32 1.954(3) Mo1-O2 1.9476(9) 

Mo2-N1 2.015(3)   
Mo2-N2 2.039(3)   
Mo2-O1 2.008(3)   
Mo2-O2 2.027(3)   

Mo2-O11 2.159(2)   
Mo2-O12 1.987(3)   
Mo2-O21 2.146(2)   

from other π-donor ligands.  The apparently weaker π donation 

in the six-coordinate complex may be due to competition from 

the catecholate (bridging catecholates are generally poor π 

donors).  

Pyridine binding to (tBuClip)Mo(3,5-tBu2Cat) 

In contrast to Mo(3,5-tBu2Cat)3, the bis(amidophenolate)-

catecholate complex (tBuClip)Mo(3,5-tBu2Cat) is isolable as a 

six-coordinate monomer.  Nevertheless, the facile formation of 

a seven-coordinate (tBuClip)Mo complex in dimetallic 

(tBuClip)Mo(µ-(3,5-tBu2Cat)2)MoO(3,5-tBu2Cat) is evidence 

that (tBuClip)Mo(3,5-tBu2Cat) retains some Lewis acidity. 

 Further evidence of the Lewis acidity of (tBuClip)Mo(3,5-
tBu2Cat) is provided by its reaction with pyridine to form a 

seven-coordinate adduct (eq 3).  The 1H NMR spectrum of the 

adduct in CD2Cl2 (Figure 5) shows peaks that are broad at 

ambient temperature, but sharp at temperatures below –20 ºC. 

Integration of the signals due to bound pyridine is consistent 

with binding of one pyridine per molybdenum center.   

 
 The tris(catecholate) analogue, (3,5-tBu2Cat)3Mo(py), 

adopts a capped octahedral structure of approximate C3 

symmetry (neglecting the tert-butyl groups).5  Presumably 

(tBuClip)Mo(3,5-tBu2Cat)(py) adopts an analogous structure, 

with catecholate and two amidophenoxides spanning the capped 

and uncapped octahedral faces.  The two nitrogen atoms of the 

tBuClip ligand would likely avoid occupying positions on the 

capped face, since that face is substantially expanded to 

 
Figure 5.  Partial 

1
H NMR spectra (δ 4.8-8.7 ppm, 500 MHz, CD2Cl2) of 

(
t
Bu2Clip)Mo(3,5-

t
Bu2Cat) in the presence of pyridine at (a) 10 ºC and (b) –30 ºC.  

Key:  Major isomer(s) of (
t
Bu2Clip)Mo(3,5-

t
Bu2Cat)(py) (o), minor isomer(s) (*), 

free pyridine (‡), benzene (B), and dimethyl terephthalate (S, added as an 

internal standard). 

accommodate the pyridine ligand (O-Mo-O = 112(4)º in (3,5-
tBu2Cat)3Mo(py)5), and the N-Mo-N angle in known 

(tBuClip)Mo complexes is always less than 90º (81.8–88.4º in 

six-coordinate metal centers,7 and 82.58(12)º in seven-

coordinate Mo2(O)(tBuClip)(3,5-tBu2Cat)3).  The 2,2'-biphenyl 

group could bridge between two nitrogen atoms in the face 

opposite the capping pyridine (cis-β) or between this face and 

the capped face (cis-α).  The geometrical constraints of these 

two arrangements are similar in (3,5-tBu2Cat)3Mo(py) (O-Mo-

O = 82.16(12)º and 82.7(22)º, respectively).5  The cis-α and 

cis-β geometries would each have two isomers, depending on 

the orientation of the tert-butyl groups of the 3,5-tBu2Cat 

ligand.   

 The 1H NMR spectrum of (tBuClip)Mo(3,5-tBuClip)(py) at 

low temperature (Figure 5b) displays two sets of signals in 

unequal amounts (e.g., a 2.3:1 ratio at –30 ºC).  Each set 

consists of resonances due to an unsymmetrical tBuClip ligand, 

one catecholate ligand, and one pyridine.  It is possible that 

each of these sets of signals represents a single isomer, but 

more likely that each set of signals represents a rapidly 

equilibrating pair of isomers.  For example, the two cis-α 

isomers could be rapidly equilibrating with each other, but only 

slowly interconverting with the two cis-β isomers.  The 

presence of multiple isomers interconverting rapidly is 

precedented in (3,5-tBu2Cat)3Mo(py), which shows only a 

single catecholate environment by 1H NMR even at –70 ºC 

despite the crystallization of the compound as the 

unsymmetrical isomer.5  An unusually high temperature-

dependence of the chemical shifts of the resonances in 

(tBuClip)Mo(3,5-tBuClip)(py) is also suggestive of the presence 

of a fast (temperature-dependent) equilibration of isomers 

within each discrete set of signals.  

 At higher temperatures, 1H NMR spectra of 

(tBuClip)Mo(3,5-tBuClip)(py) indicate that free and bound 

pyridine are exchanging on the NMR timescale (Figure 5a).  

Since the linewidth of the resonances due to bound pyridine are 

independent of the concentration of free pyridine in the slow 
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exchange regime, this indicates that the exchange mechanism is 

dissociative, as expected for a seven-coordinate adduct.  

Quantitative lineshape simulation of the bound and free 

pyridine resonances at 0 ºC gives similar dissociation rate 

constants for the pyridines associated with the major and minor 

sets of isomers (kdiss = 25 ± 3 s-1, ∆G‡
diss = 14.2 kcal mol-1).  

While dissociation of pyridine also results in exchange between 

isomers, we cannot exclude an additional intramolecular 

pathway for exchange of isomers.  This complication prevents 

successful simulation of the spectra in the fast-exchange 

regime, and we were therefore unable to determine activation 

parameters for the exchange.  

 Pyridine binding can also be observed by UV-visible 

spectroscopy.  Titration of solutions of (tBuClip)Mo(3,5-
tBu2Cat) in CH2Cl2 with pyridine under anaerobic conditions 

results in a colour change from dull to vibrant purple with 

corresponding changes in the optical spectrum (Figure 6).  In 

particular, the three features in the visible spectrum of 

(tBuClip)Mo(3,5-tBu2Cat) at λmax = 743 nm (ε = 5400 L mol-1 

cm-1), 496 nm (18000 L mol-1 cm-1) and 403 nm (11000 L mol-1 

cm-1) shift on addition of pyridine to longer wavelengths (λmax 

= 767 nm, 550 nm and a shoulder at 450 nm).  Analysis of the 

spectra as a function of added pyridine allow calculation of the 

binding constant of pyridine, and its variation from 284-308 K 

gives thermodynamic parameters for binding of ∆Hº = –10.9 ± 

0.7 kcal mol-1 and ∆Sº = –23.9 ± 2.4 cal mol-1 K-1 (Figure 6, 

inset). 

 (tBu2Clip)Mo(3,5-tBu2Cat) is unique compared to its 

analogues (tBuClip)MoO and (3,5-tBu2Cat)3Mo in that only the 

mixed amidophenoxide-catecholate can be observed as a stable 

monomeric compound.  This indicates that the mixed 

amidophenoxide-catecholate compound is the least Lewis 

acidic.  This is chemically reasonable, since it has both a high 

coordination number (making ligand binding less favorable 

than in the oxo complex), and has more electron-donating 

ligands (amidophenolate vs. catecholate).  The fragment with 

both amidophenolate → catecholate and catecholate → oxo 

substitutions, (3,5-tBu2Cat)2MoO, is markedly more Lewis 

acidic, as judged by the observation that pyridine substitution in 

(3,5-tBu2Cat)2MoO(py) is both much slower than in any of the 

other three adducts and takes place by an associative, not 

dissociative, mechanism.3 

 Surprisingly, the qualitatively lower Lewis acidity of the 

mixed amidophenolate-catecholate complex is not apparent in 

the dissociation rate of pyridine from (tBuClip)Mo(3,5- 

tBu2Cat)(py).  Dissociation of pyridine from (tBuClip)Mo(3,5-
tBu2Cat)(py) at 0 ºC (∆G‡

273K = 14.2 kcal mol-1) is intermediate 

in rate between (tBuClip)MoO(py) (∆G‡
273K = 14.7 kcal mol-1)7 

and (3,5-tBu2Cat)3Mo(py) (∆G‡
273K = 13.6 kcal mol-1),5 and the 

overall span of rates among the three is only about a factor of 

10 between fastest and slowest.  Extrapolating the equilibrium 

binding data for (tBuClip)Mo(3,5-tBu2Cat)(py) using the van’t 

Hoff plot gives ∆Gºbinding, 273K = –4.4 kcal mol-1 and thus 

∆G‡
binding, 273K = 9.8 kcal mol-1 (kassoc = 8 × 104 L mol-1 s-1, eq 

4).   

 
Figure 6.  UV-visible titration of (

t
Bu2Clip)Mo(3,5-

t
Bu2Cat) (5 × 10

-5
 mol L

-1
) with 

pyridine (CH2Cl2, 24 ºC).  The thick solid line is the initial spectrum of 

(
t
Bu2Clip)Mo(3,5-

t
Bu2Cat) and the thick dashed line is the final (calculated) 

spectrum of (
t
Bu2Clip)Mo(3,5-

t
Bu2Cat)(py).  Thin solid lines correspond to 

successive additions of pyridine to give concentration increments of 6.2 × 10
-4

 

mol L
-1

.  Inset:  van't Hoff plot of Keq for binding, 284–308 K. 

 
 In typical dissociative ligand substitution reactions of six-

coordinate complexes, ligand (re)binding to the five-coordinate 

intermediate is usually very fast.25  Chemists are thus 

accustomed to attributing the differences in kinetic parameters 

of dissociative ligand substitution nearly entirely to differences 

in thermodynamics of ligand binding (since ∆G‡
rebinding ≈ 0).26  

In ligand exchange reactions of (tBuClip)MoO(py), there is 

stereochemical evidence consistent with a short lifetime for the 

five-coordinate intermediate, in that stereoisomers of the 

product do not interconvert during dissociation/reassociation of 

pyridine.7  The comparatively slow binding kinetics of pyridine 

to the six-coordinate (tBuClip)Mo(3,5-tBu2Cat) suggests that 

this usual assumption may not be valid for dissociative 

reactions of seven-coordinate species.  It is clear that the 

apparently lower Lewis acidity of (tBuClip)Mo(3,5-tBu2Cat) 

compared to (3,5-tBu2Cat)3Mo or (tBuClip)MoO is not reflected 

in the very similar rates of ligand dissociation.  Perhaps in this 

case, differences in the ligand coordination rates to the 

unsaturated species are more sensitive to the metal structure and 

bonding, and thus the lower thermodynamic affinity of 

(tBuClip)Mo(3,5-tBu2Cat) for pyridine is expressed principally 

in its low rate of binding rather than in high rates of 

dissociation of (tBuClip)Mo(3,5-tBu2Cat)(py). 

Conclusions 

Mixed amidophenolate-catecholate complexes of 

molybdenum(VI) are prepared by treatment of the 

bis(aminophenoxide) complex (tBuClipH2)MoO2 with 3,5-di-

tert-butylcatechol.  The bis(amidophenoxide)-monocatecholate 

complex (tBuClip)Mo(3,5-tBu2Cat) is stable as a monomeric, 

distorted octahedral complex.  In the solid state, one cis-β 
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isomer is observed, but solution NMR data and DFT 

calculations are consistent with facile interconversion between 

this isomer and the other cis-β isomer via the cis-α isomer.  

Racemization of the complex, necessarily involving 

atropisomerization of the 2,2'-biphenylene bridge, is also 

observed by NMR.  Use of excess catechol results in 

production of an asymmetric catecholate-bridged dimer.  Six-

coordinate (tBuClip)Mo(3,5-tBu2Cat) is appreciably Lewis 

acidic, with pyridine binding (Kbinding = 640 L mol-1 at 24 ºC) 

apparent both by UV-visible and NMR spectroscopy.  In 

contrast to its analogues with catecholates in place of 

amidophenolates ([3,5-tBu2Cat]3Mo) or oxo in place of 

catecholate ([tBuClip]MoO), the mixed amidophenolate-

catecholate can be observed as a stable compound, indicating 

that it has reduced Lewis acidity compared to these analogues.  

This is consistent with amidophenolate’s greater electron 

donating ability relative to catecholate and catecholate’s greater 

steric profile relative to oxo.  This lower Lewis acidity is not 

reflected kinetically in the dissociation rate of pyridine, which 

is similar in all three pyridine adducts.  Instead, it manifests 

itself principally in the low rate of binding of pyridine to 

(tBuClip)Mo(3,5-tBu2Cat) (k273K = 8 × 104 L mol-1 s-1). 
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