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Molybdenum imido complexes have been studied widely over the past years (1). 

They are of special interest due to their involvement in the catalysis of olefin metathesis 
(2) and the Ziegler -Natta olefin polymerization (3). High-yield synthetic routes for di-
imido starting materials of the type Mo(NAr)2Cl2(dme) (dme= dimethoxyethane) (5) have 
made it possible to synthesize di-imido complexes with a variety of ligands (6-13).  
Slight modifications on one of the ligands in an imido complex can have a significant 
influence on the properties of the compounds. We have shown previously that changing 
the position of alkyl substituents on the aryl ring of the imido ligand can influence the 
angle of the imido linkage and the 95Mo NMR chemical shift (4). 

Two possible Lewis structures for molybdenum-imido bonds are shown in Figure 
1. Many molybdenum(VI) di-imido complexes have a linear and a bent imido linkage in 
their solid structures, but in solution they interconvert rapidly so that in the NMR spectra, 
for example, only one signal is seen for both imido linkages (14).  
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Figure 1: Lewis structures for Mo-imido linkages. 
 

The Projects: 

 I plan to work with two students during the summer 2008.  There are no special 
prerequisites, you will receive the necessary training for the research.  During the 
summer you will learn to use Schlenk technique to perform syntheses under inert 
atmosphere, to use the dry box, to measure 1H, 13C, 14N, and 95Mo  NMR spectra, to take 
FT-IR and UV-Vis spectra, to measure cyclic voltammograms, and perform 
spectroelectrochemistry. 
 
 
 



Project 1: Synthesis and characterization of molybdenum imido complexes with N-
salicylidene-2-aminophenol. 
The reaction of Mo(NAr)2Cl2(dme) with N-salicylidene-2-aminophenol (sap, Figure 1a) 
yields the complex Mo(NAr)(OC6H4(2-)NH)(sap). An intermediate in this reaction, 
Mo(NAr)(sap)(CH3O)2, has been  isolated and used to synthesize a number of complexes 
with bi-dentate aromatic ligands (Figure 2). The complexes have been characterized by 
X-ray crystallography, 1H NMR spectroscopy, and cyclic voltammetry (15). The Mo(VI) 
in the compounds can be reversibly reduced to an EPR-active Mo(V). The reduction 
potentials depend on the bi-dentate ligand. Complexes with more positive reduction 
potentials tend to have imido linkages with angles closer to 180o. 
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Figure 1: a) N-salicylidene-2-aminophenol (sap); b) 3,5-dimethyl-2-(2-pyridyl)pyrrole 
(dpp). 
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Figure 2: Reactions of Mo(NAr)(sap)(CH3O)2 ( NAr= 2,4,6-trimethylphenylimido) with 
bi-dentate aromatic ligands. 



Last summer, two new mono-imido complexes, Mo(NC6H5)Cl2(sap), 1, and 
Mo(NAr)(3,4-dimercaptolatotoluene)(sap), 2, (sap= N-salicylidene-2-aminophenol; 
NAr=2,4,6-trimethylphenylimido) have been isolated and characterized. 1 was obtained 
by reacting MoOCl2(sap)  with phenylisocyanate, 2 by reacting  
Mo(NC6H5)(OCH3)2(sap) with 3,4-dimercaptotoluene. (16, Figure 3). 1 can be reacted 
with the lithium salt of 2,4,6-trimethylaniline to form the di-imido complex 
Mo(NC6H5)(NAr)(sap) (Figure 3). 3. 1 and 2 show a reversible, one-electron reduction 
with potentials that are more positive than all previously isolated complexes of the type 
Mo(NAr)(L)(sap) (L=bidentate aromatic ligand). Project 1 will involve synthesizing 
these complexes again in order to grow crystals for an X-ray structure determination. We 
will also attempt to synthesize the alkylidene derivatives such as  
Mo(NAr)(sap)(=C(HC(Me)3).  
  Depending on the time available, we may also continue the study of the 
reaction of  Mo(NAr)2Cl2(dme) with salicylidene-2-aminothiophenol (sma) which 
yielded Mo(NAr)O(sma) two summers ago (17). 
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Figure 3: Synthesis of  1 and 3. 
 
Project 2: Synthesis of  molybdenum di-imido complexes with hydroxylamine and 
3,5-dimethyl-2-(2-pyridyl)pyrrole. 

 
When MoO2(ONEt2)2 is reacted with two equivalents of phenylisocyanate 

(PhNCO), a mixture of products is obtained, but the reaction with excess 
phenylisocyanate yields the imido-ureato complex, 
Mo(NC6H5)(C6H5NC(O)NC6H5)(ONEt2)2 (18, Figure 4). We assume that the imido-



ureato complex is formed via a di-imido intermediate. Project 2 will continue last 
summer’s work to isolate the di-imido complex Mo(NAr)2)(ONEt2)2 using 
Mo(NAr)2Cl2(dme) as the starting material. We then want to react the di-imido complex 
with phenylisocyanate and analogs (see Figures 5 and 6). We also want to use 
Mo(NAr)2Cl2(dme) to synthesize complexes with 3,5-dimethyl-2-(2-pyridyl)pyrrole (19, 
Figure 1b) to study the properties of these compounds. 
 

 
Figure 4: Structure of Mo(NC6H5)(C6H5NC(O)NC6H5)(ONEt2)2 
 
 
 

 
 
Figure 5: Possible transformation of the di-imido complex to the imido-ureato complex. 
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Figure 6: Phenylisocyanate analogs for the reaction with Mo(NC6H5)2(ONEt2)2  
 
 

 
 
 



References: 

1) a) Nugent, W.A.; Haymore, B.L. Coord. Chem. Rev. 1980, 31, 123; b)  Nugent, W.A.; Mayer, J.M. 
Metal Ligand Multiple Bonds; John Wiley&Sons: New York, 1988; c)  Wigley, D.E. Prog. Inorg. Chem. 
1994, 42, 239; d) Eikey, R.A.; Abu-Omar, M.M. Coord. Chem. Rev. 2003, 243, 83.  
2) a) Schrock, R.R.; Hoveyda, A.H. Angew. Chem. Int. Ed.  2003, 42, 4592;  
     b) Schrock, R.R. Chem. Commun. 2005, 22, 2773 . 
3) Bolton, P.D.; Mountford, P. Advanced Synthesis and Catalysis 2005, 347, 355. 
4) Minelli, M.; Hoang, M.L.; Kraus, M.; Kucera, G.; Loertscher, J.; Reynolds, M.; Timm, N.; Chiang, 
M.Y.; Powell, D. Inorg. Chem. 2002, 41, 5954-5960. 
5) Fox, H.H.; Yap, K.B.; Robbins, J.; Cai, S.; Schrock, R.R. Inorg. Chem. 1992, 31, 2287. 
representative examples 6-13:   
6) Barrie, P.; Coffey, T.A.; Forster, G.D.; Hogarth, G. J. Chem. Soc. Dalton Trans. 1999, 4519 
7) Jim A. M. Brandts, J.A.M.; Boersma, J. ; Spek , A.L.; van Koten, G.  Europ.  J. Inorg. Chem. 1999, 10, 
1727. 
8) Galindo, A.; Montilla, F.; Pastor, A.; Carmona, E.; Gutierrez-Puebla, E.; Monge, A.; Ruiz, C.  Inorg. 
Chem. 1997; 36, 2379. 
9) Hao, H.; Cui, C.; Bai, G.;  Roesky, H.W.; Noltemeyer, M.; Schmidt, H.-G.; Ding, Y. Z. Anorg. Allg. 
Chem. 2000, 626, 1660. 
10) Ward, B. D.; Dubberley, S. R.; Gade, L. H.; Mountford, P.;  
Inorg. Chem. 2003, 42, 4961. 
11) Ramnauth, R.; Al-Juaid, S.; Motevalli, M.; Parkin, B.D.; Sullivan, A.C. Inorg. Chem. 2004, 43, 4072.  
12) Lokare, K. S.; Ciszewski, J. T.; Odom, A. L.; Organometallics  2004, 23, 5386. 
13) Ciszewski, J.T.; Harrison, J.F.; Odom, A.L. Inorg. Chem. 2004, 43, 3605. 
14)  Two representative examples are: a) Haymore, B.L.; Maatta, E.A.; Wentworth, R.A.D. J. Am. Chem. 
Soc. 1979, 101, 2063; b) Barrie, P.; Coffey, T.A.; Forster, G.D.; Hogarth, G. J. Chem. Soc. Dalton Trans. 
1999, 4519. 
15) Minelli, M.; Namuswe, F.; Jeffrey, D.; Morrow, A.; Guzei, I.A.; Swenson, D.; Bothe, E.; 
Weyhermueller, T., Inorg. Chem. 2006, 45, 5455-64. 
16) Luis Arizpe and Martin Minelli, unpublished results. 
17) Scott Brennan and Martin Minelli, unpublished results. 
18) Minelli, M.; Hoang, M.L., unpublished results. 
19) Klappa, J.J.; Rich, A.E.; McNeill, K. Organic Letters 2002, 4, 435. 



 
Previous support and progress: 
 
This project was supported last year with three student (2 from Grinnell, one from Nanjing) salaries and 
$3000 in supply money. We have been able to synthesize three new compounds and characterize them. All 
students wrote final papers and presented their results at the end of the summer. Luis Arizpe and Kinnear 
Theobald  have presented their results during the family weekend at Grinnell College. Luis Arizpe 
presented his results at the Physical Sciences Midstates Consortium Meeting at the University of Chicago 
in November 2007. He will present them again at the meeting of the American Chemical Society in New 
Orleans  in April 2008. The abstract has been accepted. 
The students who do research during the summer 2008 will give a talk at the beginning of the summer and 
present their results at the end of the summer. Like last year, I also expect them to present at different 
meetings after the summer research has finished. 
 
  
 
  
 
 
 


