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 Non-coordinating carborane counterions for cationic organometallic catalysis 

ABSTRACT:  In the following space, provide a summary of your proposal plan.  (Maximum 200 words.) 
In homogeneous transition metal catalysis an “ideal” weakly-coordinating anion constitutes a critical condition for 
an accessible reactive site at the cationic metal center.  Introduction of weakly-coordinating BArf

- anion was a 
significant achievement and led to highly reactive catalysts, capable of C-H bond activation (BArf

- = [B(3,5-CF3-
C6H3)4]-).  The drawback of the BArf anion is its thermal and chemical instability under acidic conditions.  Triflate, 
another anion traditionally used in cationic complexes, often coordinates strongly and restricts access to the metal 
center for small molecular substrates.  In contrast, carborane anions CB11H6X6

-   (X = H or halogen) are virtually 
non-coordinating and chemically inert. These properties enable carboranes to stabilize extremely reactive cationic 
organic and main group species.  Application of carboranes has been surprisingly limited in transition metal (TM) 
chemistry.  Proposed here are novel applications of carborane anions for stabilization of reactive TM cationic 
compounds and catalysis facilitation. The first proposed [Cp*Ru(NO)] system belongs to “half-sandwich” 
cationic homogeneous catalysts, and its catalytic activity, for olefin polymerization and ether oxidation, is 
significantly enhanced with BArf

- anions versus triflate anions.  It is proposed that these catalytic properties will be 
enhanced further with less coordinating chemically robust carborane anions. This research will be extended to other 
reactive systems with Ir(III) and Rh(II), as well as perfluorinated Ru and Pt complexes.  Bringing carboranes into 
cationic transition metal complexes will expand our fundamental understanding and command of key 
metallo-organic transformations. 
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"Hydrogen Atom Transfer from Iron(II)-tris[2,2'-bi(tetrahydropyrimidine)] to TEMPO"  Mader, 
E.A., Larsen, A.S., Mayer, J.M.  J. Am. Chem. Soc. in press 
 
"Non-Organometallic Mechanisms for C-H Bond Oxidation. Hydrogen Atom vs. Electron vs. 
Hydride Transfer"  Mayer, J.M., Larsen, A.S., Bryant J.R., Wang, K., Lockwood, M., Rice,G., 
Won, T.-J. ACS Symposium Series, 2003, in press 
 
"Electron and Hydrogen Atom Self-Exchange Reactions of Iron and Cobalt Coordination 
Complexes" Yoder, J.C.; Roth, J.P.;  Gussenhoven, E.M.; Larsen, A.S.; Mayer, J.M.  J. Am. 
Chem. Soc. 2003, 125(9); 2629-2640 
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G.L.; Won, T.J.; Lovell, S.; Sadilek, M.; Tureček, F.;  Mayer J.M. J. Am.Chem. Soc.  2002, 
124(34); 10112-10123 
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T.;  Tham, F.S.;  Reed, C.A.; Rickard, C.E.F.; Boyd, P.D.W.; Tsang, C.W.; Mak, T. C. W. ,   
Xie, Z. J. Am. Chem. Soc.  2002, 124 (46); 13869-13876. 
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PROPOSED BUDGET - Indicate with an asterisk [*] any item for which a match is being provided.  List item and 
amount under Budget Rationale below. 
 YEAR 1 YEAR 2 
a) EQUIPMENT AND SUPPLIES (itemize capital equipment): 

Starting materials for the carborane syntheses,     
Organic Solvents, Deuterated solvents 1,000  1,000  
     
      

Vacuum/ Schlenk line hardware, Glassware 1,000  500  
Instrumentation: Dry box   24,000*    
     

 
b) STIPENDS (not to exceed rates indicated): 

Faculty Summer Stipend [Rate: up to $7,500 for 8 weeks] 7,500 7,500
 Weeks: 8  
Undergraduate Summer Stipend [Rate: up to $3,500 for 10 weeks] 
 Weeks: 10 Students per year: 1  7,000* 7,000*
FICA/Medicare (7.65% of stipend) 535 535
(Note: no other benefits or indirect costs are allowed) 

 
c) OTHER 
 
  Travel     500         500 

     
     
     

TOTALS     41,535  17,035  
 

TOTAL BUDGET   58,570 

LESS MATCHING FUNDS FROM INSTITUTION ( 19,535 )

REQUESTED FROM RESEARCH CORPORATION  39,035 
 
ADDITIONAL SUPPORT - List periods and direct cost amounts of all additional support [internal and external] 
including start-up received and requested for [1] this research, or [2] other research; identify requests that duplicate this 
one. 
One undergraduate research student is expected to be supported by internal IC scholarship in summer for both of 
the two years (stipend of $3,500/yr x 2 + 535= 7535).  50% of the dry-box cost ($12,000) will be matched by Ithaca 
College as the instrument will be used in teaching labs.   [2] Other research in low-melting carborane salts is not 
externally supported. Part of this proposal was submitted to the ACS PRF (in September 2005) and is pending. 

BUDGET RATIONALE - Include the source of other items [equipment/supplies], which are needed for this research 
beyond those requested from RC.  Explain travel related to research and other budget items that require further 
clarification.  List any items from Proposed Budget above for which a match is being provided and give dollar amount 
of the match. 

      Among the instrumentation  available  for this research, as well as for teaching purposes,   Ithaca College has  
      Varian XL-300NB FT-NMR (to be replaced by 400 MHz JEOL) & Sun Workstation; PE 1310 Infrared, Varian 634S                  
      UV-VIS, PE 137 Infrared,  Nicolet Magma 550 FT-IR Spectrometer , HP 8452A Diode Array Spectrophotometer, Cary   
      14 UV-VIS NIR, BAS CV-1B Cyclic Voltammograph with Houston X-Y recorder,   
      BAS CD-27 Voltammograph, Shimadzu UV-2101PC Spectrometer,  
      M. Braum MB 150m Dry Box (unreliable condition) . 
     Travel for the faculty to present results at conferences is covered by IC up to 800$/year.  
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Transition metal cationic Lewis–acid systems play an important role in homogeneous catalysis.1  The question of an 
“ideal” counter-ion is critically important for these systems.2  A reactive site at the metal center can be created via 
dissociation of a labile neutral ligand, so it is imperative that the counterion is non-coordinating and non-nucleophilic. 
Introduction of fluorinated tetraarylborate anions such as BArf

- was a major advance which has led to the development 
of powerful cationic catalysts (BArf = [B(3,5-CF3-C6H3)4]-).3   Being extremely useful in some systems, BArf

- anion is 
prone to thermal and acidic boron-carbon bond cleavage.  In triflate complexes the 
anion is attached directly to the metal center.4 Triflates, another anion known as good 
leaving groups in organic reactions, are often too nucleophilic and strongly bound to 
the metal center to generate a vacant site for an incoming molecular substrate.      
 

Carborane anions based on CB11H12
- are known for their exceptionally weakly-

coordinating properties, spectacular chemical inertness and stabilization of extremely 
reactive chemical species.5,6  These anions can be custom-tailored through alkyl and 
halogen substitution of hydrogens as shown  (carborane anion CB11H5X6R-;  dark 
spheres are boron atoms, light sphere – carbon atom in the cage. Parent carborane: all 
substituents are hydrogens; derivatives: R= alkyl , X=H; R = H,  X = Br or Cl) 
 

Applications of carborane anions in homogeneous catalysis are surprisingly limited and include Turners publications 
on the carborane-based zirconocene polymerization catalysts at Exxon Mobil7  and recent reports on the comparisons 
of carborane anions to BF4

- in rhodium- and iridium-based hydrogenation catalysts.8  We propose to bring carborane 
anions into cationic transition metal research, using their attractive characteristics to stabilize novel reactive species, 
ultimately advancing the homogeneous catalysis field. 
 

For these studies we chose a well-defined ruthenium pentamethyl-cyclopentadienyl nitrosyl system.  This is a suitable 
model because the metal center in its complexes with triflate anions has been shown to possess significant 
electrophilic character. 9,10,11,12  The reactivity of this system is clearly enhanced by replacing triflate with less 
coordinating BArf

- anion. Tetrahydrofurane is catalytically oxidized by molecular oxygen in the presence of 
[Cp*Ru(NO)CH3(THF)]+  BArf

-, which does not occur at all in the presence of triflate complex [Ru]CH3OTf.11  Both 
triflate and BArf

-
  complexes (latter to the higher extent) are reported to catalyze olefin polymerization, giving low 

molecular weight oligomers.10,12  Triflate hampers the reactivity of the system by competitive binding to the available 
coordination site, while [Cp*Ru(NO)CH3(THF)]+  BArf

- catalyst decomposes at room temperature in solution.   
 

We propose stabilization of reactive cationic transition metal complexes by weakly-coordinating inert carborane 
anions CB11H6X6

- using the [Cp*Ru(NO)(R)L]+ system as a first test case (shown below, left, with  X= H, Cl, or 
Br;  top six carborane hydrogens are omitted;  L =  coordinated solvent, CH3CN or CH2Cl2 ). The effect of 
derivatized carborane anions on the reactivity of these complexes with small molecular substrates will be 
explored in comparison to BArf

-and triflate analogs.  Decreased coordination and enhanced stability of the 
counter-ion is anticipated to ultimately improve catalytic efficiency of the system.   The research will be 
extended to electrophilic iridium and rhodium catalytic systems capable of C-H activation (shown below, 
right)13 and to perfluorinated platinum and ruthenium hydrogenation catalysts (vide infra).14  The proposed 
investigations will expand our fundamental understanding and command of key metallo-organic 
transformations.    
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Nitrogen gas is covered by IC. 
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STATEMENT OF THE PROBLEM AND SCIENTIFIC SIGNIFICANCE OF PROPOSED RESEARCH (State succinctly 
the problem that is to be addressed.  Clearly outline the importance of the problem, the originality of the approach and 
the impact it may have on the field if successful.  Give an overview of the broader significance as well as the immediate 
impact of this research.) 
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PLAN OF PROCEDURE (Outline the initial approach to the problem and its feasibility.  Point out innovative features, 
relate it to previous work including pertinent references, and indicate how this plan may contribute to the solution of the 
broader problem posed.)  
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Preiminary Results and General Plan of Procedure. All preliminary results were obtained by undergraduate 
students under the P.I. s’ supervision, starting with preparation of carborane salts and Cp*Ru(NO)X2 complexes (X = 
alkyl, halogen, triflate, synthetic route shown).15,16    

 
  

 
  
 

Two new protonated salts of ether with CB11H12
- 

and CB11H6Br6
- anions were synthesized and 

used to obtain desired 
[Cp*Ru(NO)R(L)][carborane] complexes 
(shown on the left and below;   the [H(OEt2)2]+ 
cation structure image is modified from 
reference 17).   This is the first precedent of 
using solvated proton salts of carborane for 
protonolysis of alkyl metal complexes.  

 

The NMR and IR spectroscopic analysis of the 
product is consistent with the assigned 
structure shown below (where L = 
CH3CN). ( 1H NMR data (CD3CN, 300 
MHz Varian): ∂ 1.87 (s, Cp*15H),  ∂ 
1.33ppm (s, Ru-CH3, 3H), IR (CD3CN): 
νNO at 1790 cm-1). The structure is also 
supported by the preliminary single 
crystal X-ray diffraction analysis.  In another approach, carborane silver salt metathesis reaction with 
Cp*Ru(NO)MeCl complex was tested. Starting material in these reactions is consumed rapidly, accompanied by 
changes in color and NMR spectra of the reaction mixtures. We are developing a reliable and safe synthetic route to 
protonated arene carboranes which would have superior acidity compared to protonated ether salts.  

 

The top priority now is optimizing and scaling up syntheses of [Cp*Ru(NO)(CH3)(L)] [carborane] complexes via 
protonation route (carborane is CB11H12

-, CB11H6Cl6
- or CB11H6Br6

-, L is coordinated solvent). The variety of 
protonating agents for this reaction spans from protonated ether and THF to super-acidic benzinium salt of 
carborane.14   The dichloromethane complex would constitute a highly reactive organometallic Lewis acid, whose Ir 
and Rh analogs are capable of C-H bond activation.12 Carborane-stabilized complex will be initially isolated with 
acetonitrile molecule, which can be removed subsequently by redissolving the complex in dichloromethane.  The 
exchange and coordination of dichloromethane to ruthenium center will be monitored by low temperature 13C NMR 
spectroscopy.  Investigations into the silver metathesis synthetic route will continue. If successful, the silver route has 
an advantage of more accessible reagents as compared to solvated proton carborane salts.  IR spectroscopy studies 
will use diagnostic nitrosyl stretch as an indicator of the electrophilicity of the metal center.18  The effect of the anion 
bulkiness on the ion pairing in solution will be estimated in 11 B and 1H NMR spectroscopy studies. The IR, UV and 
NMR spectroscopic characterization will be carried out at the Ithaca College facilities (the department just acquired a 
new 400 MHz NMR spectrometer). Single crystal X-ray studies will be done in collaboration with Dr. Emil 
Lobkovsky (Cornell University) and Professor Phillip Coppens (SUNY Buffalo).   

The following reactivity studies are planned:    
•Treatment of [Cp*Ru(NO)(CH3)L][carborane] with ethylene is expected to proceed as shown on the next page, via 
the addition step followed by migratory insertion step (below [Ru] = [Cp*Ru(NO)]).  Vacant coordination site □ will 
result from dissociation of weakly-coordinated carborane or neutral solvent molecule.  These experiments, including 
kinetic studies, will be monitored by variable temperature high-field multinuclear NMR.  Agostic coordination of a 
beta-hydrogen should be indicated by the presence of far up-field signals in the 1H NMR spectrum.19    
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Resting State for Ethylene Polymerization” Organometallics 2003, 22, 621;  Taw, F. L. et al. “Silicon-Hydrogen Bond Activation and 
Formation of Silane Complexes Using a Cationic Rhodium(III) Complex” Organometallics 2004, 23(4); 886; Stoebenau, E. J., et al 
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Symyx Technologies, Inc. 3100 Central Expressway  
Santa Clara, CA 95051  hturner@symyx.com,  Phone: 408-764-2000 
Fax: 408-748-0175 

Outsider: 
Interviewed with in 
1998. 
 
  

•Professor Stanton Ching,  Department of Chemistry, Connecticut College 
New London, CT  06320, (860) 439-2753, FAX (860) 439-2818 
sschi@conncoll.edu 
 

Outsider: 
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conference 
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etc.  No more than one page.   
 
  
  
 
 
 
 
 



Supported for 2+ years starting in summer 2006 
ENDORSEMENT PAGE – see scanned next page 

 
 

Conditions of Research Corporation Awards 
 

A RESEARCH CORPORATION AWARD is a contribution to the scientific and academic program of the institution and is 
to be used for support of work described in the application prepared by the principal investigator and adopted by the 
institution. 
 
Since research by its very nature is unpredictable and may require adaptations in order to exploit promising leads, the 
principal investigator should feel free to make changes in the emphasis or direction of the work as it progresses.  If major 
changes are contemplated, prior approval should be obtained. 
 
The amount of the award is the total of the items approved in the budget submitted as part of the application.  If it differs 
from the amount requested, the differences are noted in the letter of notification from the Vice President.  The principal 
investigator may, as dictated by the work, reallocate the budget among approved funding categories.  Faculty salaries not 
approved in the budget, indirect costs or overhead, and secretarial assistance are not chargeable to the award. 
 
Reports are absolutely essential and are due each year on the anniversary date of the award until award funds 
have been fully expended or the work has reached a logical conclusion.  The reports should be prepared by the 
principal investigator on the form furnished by Research Corporation and forwarded through the institution to 
the Science Advancement Programs at Research Corporation.  Failure to provide timely reports may result in a 
request for the return of funds.   
 
The principal investigator is urged to publish the findings in the appropriate scientific journals, acknowledging the support 
of Research Corporation and the appropriate donor, if any.  One reprint of each publication resulting from the work is to 
be sent to the Science Advancement Program office. 
 
Research Corporation awards are true awards to the institution, not contracts for research with the institution or the 
principal investigator, and Research Corporation disclaims any rights in the results of the research. 
 
 
 

APPLICANT: Anna Larsen 

PROJECT TITLE: Non-coordinating carborane counterions for cationic organometallic catalysis 

  

  

SUBMITTED BY: Ithaca College 
Name of institution adopting and assuming responsibility for the above project, believing the principal investigator is 
qualified to conduct the project, and accepting the Conditions of Award, if an award is approved. 

Name and Position of Authorized Officer  Paul Hamill 
 
Signature of Authorized Officer  ___________________________________ Date ___________________ 
 
Name of Chief Executive Officer and Title  
(President or Chancellor); signature not required 
 
Signature of Principal Investigator  _________________________________ Date ___________________ 
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