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1. Experiment and Characterization 

General methods and materials 

(Bu4N)2[Mo6O19] was synthesized according to the modified literature methods1 and dried before use. Acetonitrile 

was dried by refluxing in the presence of CaH2 and was distilled prior to use. N,N'-dicyclohexylcarbodiimide (DCC), 

acetone and ethyl ether were directly used without further purification. IR spectra were measured using the method 

of KBr pellets and recorded on PerkinElmer FT-IR spectrometer. UV-Vis spectra were measured in acetonitrile with 

a UV2100s spectrophotometer. 1H NMR spectra were obtained on a JOEL JNM-ECA400 spectrometer and are 

reported in ppm. The mass spectra were obtained using an ion trap mass spectrometer (Thermofisher LTQ). 

Negative mode was chosen for the experiment (capillary voltage 33 V). Sample solution (in acetonitrile) was 

infused into the ESI source at a flow rate of 300 μL/min. 

Crystallographic structural determinations 

Suitable single crystals were mounted on a glass fiber and transferred directly to a Rigaku RAXIS-RAPID 

diffractometer, an Agilent Xcalibur Eos Gemini diffractometer or a Rigaku Saturn724+ diffractometer, respectively. 

Data collections were performed by using graphite-monochromated Mo-Ka radiation (λ=0.71073Å). Data reduction, 

cell refinement and experimental absorption correction were respectively performed with the corresponding 

software package of Rigaku RAPID AUTO (Rigaku, 1998, Ver2.30), CrysAlisPro (Agilent Technologies, Version 

1.171.35.11) or CrystalClear (Rigaku Inc., 2008). Structures were solved by direct methods and refined against F2 

by full matrix least squares. All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were generated 

geometrically. All calculations were carried out by the program package of SHELXTL-Ver 5.1.s2   

Imidoylization 

Synthesis of [Bu4N]2[Mo6O18(NC5NH3CH3)] (Mo6-Me-2Py)   

A mixture of (Bu4N)2[Mo6O19] (1.36 g, 1.0 mmol), 3-methyl-2-aminopyridine (0.11 g, 1.0 mmol) and DCC (0.23 g, 

1.1 mmol) dissolved in 15 mL anhydrous acetonitrile and then heated to reflux at 110 °C for about 12 hs. After 3 

hours cooling, the reaction solution was filtrated to remove the white precipitates of 1,3-dicyclohexylurea (DCU) 

and then the filtrate poured into ether, resulted in precipitation. After the solution changed to clear, the supernatant 

liquid was poured off. Then the precipitated solid deposite in the bottom of the beaker was redissolved in acetone 

Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2015



S2 

and filtrated to remove some octamolybdate. After the solvent evaporated, the resulting cruded products were 

redissolved in anhydrous acetonitrile and red block crystal obtained by diffusion of ether into the solution. Yield, 

82%. IR(KBr pellet, major absorbances, cm-1): 3055, 2962, 2873, 1481, 1382, 1320, 966, 941, 781. 

Synthesis of [Bu4N]2[Mo6O18(NC5H4N)] (Mo6-3Py) 

It was synthesized similar to Mo6-Me-2Py just by replacing the 3-methyl-2-aminopyridine with 3-aminopyridine. 

Red block crystals obtained by slow diffusion of Et2O into the solution in acetonitrile with approximately 76% yield.  

IR(KBr pellet, major absorbances, cm-1): 2961, 2874, 1556, 1470, 1409, 1338, 975, 952, 787. UV-vis (DMF, nm): 

λmax=340.  

Synthesis of [Bu4N]2[Mo6O18(NC5H4N)] (Mo6-4Py) 

It was synthesized similar to Mo6-Me-2Py just by replacing the 3-methyl-2-aminopyridine with 4-aminopyridine. 

Red rod crystals obtained by slow diffusion of Et2O into the solution in acetonitrile with approximately 6% yield. 

Alkylation 

Synthesis of [Bu4N] [Mo6O18(NC5H4N-CH3)] (Mo6-3Py-Me) 

The reaction of Mo6-3Py and iodomethylane in acetonitrile without stirring at 50ºC for one week, red chunk crystal 

can be successifully obtained with 57% yield. IR(KBr pellet, major absorbances, cm-1):3086, 2962, 2874, 1513, 

1358, 1287, 1171, 981, 958, 789. UV-vis (DMF, nm): λmax=343. 

Synthesis of [Bu4N][Mo6O18(NC5H4N-C2H5)] (Mo6-3Py-Et) 

The reaction of Mo6-3Py and iodoethylane in acetonitrile without stirring at 50ºC for one week, block yellow 

crystal can be successifully obtained with 59% yield. IR(KBr pellet, major absorbances, cm-1): 3062, 2961, 2873, 

1619, 1565, 1494, 1351, 1163, 981, 957, 787. UV-vis (DMF, nm): λmax=347. 

 

Fig. S1 IR spectra of Mo6-3Py (black line), Mo6-3Py-Me (red line) and Mo6-3Py-Et (blue line) 
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Fig. S2 UV-Vis spectra of (Bu4N)2(Mo6O19) (green, 110-4 mol/L), Mo6-3Py (blue, 310-5 mol/L), Mo6-3Py-Me 

(red, 310-5 mol/L) and Mo6-3Py-Et (black, 310-5 mol/L) 

 

 

 

Fig. S3 1H NMR spectrum of Mo6-3Py-Me in d6-DMSO (0.035 mol/L) 
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Fig. S4 1H NMR spectrum of Mo6-3Py-Et in d6-DMSO (0.034 mol/L) lvcl-me-120827 #459-470 RT: 1.61-1.65 AV: 12 SB: 41 0.19-0.26 , 0.19-0.25 NL: 6.28E3

T: ITMS - c ESI Full ms [ 100.00-2000.00]
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Fig. S5 ESI-MS spectra of Mo6-3Py-Me 
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lvcl-100430 #650-664 RT: 2.04-2.09 AV: 15 SB: 41 1.33-1.39 , 2.14-2.22 NL: 2.31E5

T: ITMS - c ESI Full ms [ 150.00-2000.00]
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Fig. S6 ESI-MS spectra of Mo6-3Py-Et 

Table S1 Summary of Hydrogen Bonding in Compound Mo6-3Py-Me 

D-H···A dDH dAH dDA < DHA 

C1-H1···O15 0.93 2.28 3.11 148.6 

C4-H4···O8 0.93 2.33 3.07 136.2 

C7-H7···O36 0.93 2.32 3.04 134.4 

C11-H11···O27 0.93 2.47 3.28 146.6 

C10-H10···O28 0.93 2.48 3.24 139.4 

N5-H5A···O10 0.86 2.12 2.95 162.7 

N5-H5B···O13 0.86 2.19 3.00 156.2 

 

Table S2 Summary of Hydrogen Bonding in Compound Mo6-3Py-Et  

D-H···A dDH dAH dDA < DHA 

C1-H1···O17 0.93 2.34 3.11 144.4 

C4-H4···O8 0.93 2.36 3.07 132.9 

C8-H8···O35 0.93 2.36 3.16 143.3 

C11-H11···O23 0.93 2.48 3.20 134.5 

C12-H12···O36 0.93 2.35 3.22 154.0 

 

2. Computation details 

All the calculations presented in this work were carried out with the GAUSSIAN-09 program package.s3 The 

structures of each stationary point was fully optimized using the B3LYP method, in combination with the 

LANL2DZ basis set for molybdate atoms and the 6-31G(d) basis set for rest atoms. Vibrational frequencies of each 

stationary point were calculated at the same level of theory to characterize the nature of the stationary points. 
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