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Experiment 4:  Palladium catalyzed cross-coupling

Objective.

To synthesize an amine derivative using palladium catalyzed cross-coupling;  an introduction to organometallic catalysis;  an introduction to use of a glovebox.

Before doing any part of this lab.

Read the entire experiment, especially the waste disposal section. 
Background.


The catalytic amination of aryl halides is a mild alternative to classical methods of aryl C-N bond formation.1  There are many applications for the synthesis of the resulting aniline derivatives.2  Some of the most important developments in organic synthesis over the past 25 years has been the use of late transition metal catalyzed cross coupling reactions, including the Stille3 and Suzuki4 coupling reactions to for C-C bonds.  The Buchwald research group at the Massachusetts Institute of Technology and the Hartwig group (work initially done at Yale but then at Illinois, and now at Berkeley) has undertaken a significant effort in the extension of these coupling reactions to form C-N bonds.  The following characteristics were deemed important for their catalyst:


•  efficient and simple under mild conditions without use of a glovebox


•  general for electron poor and electron rich aromatics


•  wide variety of amine substrates


•  high functional group tolerance


•  commercially available at reasonable cost 


•  low catalyst loading


•  Cl, Br, I and OTf substrates


•  appropriate on small or large scale

A simplified reaction sheme  and catalytic cycle for the Pd-catalyzed amination of aryl bromides is shown in Figure 4.1.  Mixing BINAP (or other phosphine ligand) with Pd2(dba)3 leads to the isolable comples (BINAP)Pd(dba) (2).  The dba ligand presumably dissociates to allow for oxidative addition of the aryl halide.  Subsequent coordination of the amine followed by deprotonation with external base leads to the metal amide (NR2-) complex 5.  A reductive elimation reaction forms the C-N bond and regenerates the active catalys.
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Figure 4.1  Pd-catalyzed cross-coupling.


The reaction you will carry out in this experiment demonstrates the utility of the reaction to form aniline derivatives.  As shown in Figure 4.2, 3,5-dimethyl-bromobenzene can be coupled to a variety of 1° and 2° amines to give 2° and 3° amine derivatives.  
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Figure 4.2  coupling of t-butyl amine or 1-hexylamine to 3,5-dimethyl-1-bromobenzene.

Possible Discussion Questions

1)  draw the mechanism for the reaction that you carried out; name each elementary step. Which species are 18 e-?
2)  what are other methods for the formation of C-N bonds and why is the Pd-catalyzed reaction so much better?

3)  Give some reasons why the particular aryl halide was chosen.
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Synthesis 4: N-aryl substituted amine derivative 

prelab assignment (see appendix 5): Give balanced equations for all reactions performed (note, you have a choice of amines to use;  check the experiment chemical container before writing your prelab).  prepare a reactant table (g and mol) for the synthesis of the compound and turn it in to the instructor at least 24 hours in advance.  Make a list of which characterization methods you intend to employ, and why.  The NaOtBu and Pd2(dba)3 are stored in the glovebox.  You will need to oven dry two spatulas and your two-neck flask (with stoppers and stirbar) for at least 24 hours before they can be brought into the glovebox.  


If using t-butyl amine, follow this procedure
:  Set up a thermocouple controlled constant temperature oil bath at 100 °C (There are several of these IKA hotplates and oil baths in the laboratory).  Weigh out the NaOtBu (7 mmol) and Pd2(dba)3 (0.1 mmol, 4.0 mol% Pd) into your 2-neck flask in the glovebox. Bring it out and put it under an atmosphere of nitrogen. Then add the aryl halide (5.0 mmol), the t-butyl amine (5.25 mmol), BINAP (0.3 mmol, 6 mol%) and dry toluene (10 mL) into the flask.  Do not add reagents over the oil bath to prevent contamination of the oil.  Once the reagents are in the Schlenk flask, seal it with a glass stopper.  Heat the flask in the oil bath with stirring.  After 1-2 hours of reaction, remove ca. 0.5 mL (using a pipet) and quench the reaction by adding it to ether (5 mL).  Filter the solution and evaporate to dryness.  Analyze the reaction by NMR.  Let the reaction run overnight;  arrange with your instructor for stopping the reaction the next day by cooling it to room temperature and adding 20-30 mL of ether. Make sure your reaction is well-labeled (see the introduction) 

The following week, extract your reaction mixture with additional ether, filter the solids using #42 paper and a Büchener funnel, and remove the solvent on the rotovap.  You may need to use the vacuum line (see Appendix 2) to remove trace tolune before characterization can take place.  Purification of the compound (if desired) may require column chromatography in collaboration with the instructor.  


If using cyclohexyl amine or a linear unbranched amine, follow this procedure
:  Set up a thermocouple controlled constant temperature oil bath at 80 °C (There are several of these IKA hotplates and oil baths in the laboratory).   Set up a thermocouple controlled constant temperature oil bath at 100 °C (There are several of these IKA hotplates and oil baths in the laboratory).  Weigh out the NaOtBu (7 mmol) and Pd2(dba)3 (0.0125 mmol, 0.50 mol% Pd) into your 2-neck flask in the glovebox. Bring it out and put it under an atmosphere of nitrogen.   Then add the aryl halide (5.0 mmol), the primary amine (5.25 mmol), (o-biphenyl)PCy2 (2-(dicyclohexylphosphino)biphenyl, 0.0375 mmol, 1.5 mol%) and dry toluene (10 mL) into the flask.  Do not add reagents over the oil bath to prevent contamination of the oil.  Once the reagents are in the Schlenk flask, seal it with a glass stopper.  Heat the flask in the oil bath with stirring.  After 1-2 hours of reaction, remove ca. 0.5 mL (using a pipet) and quench the reaction by adding it to ether (5 mL).  Filter the solution and evaporate to dryness.  Analyze the reaction by NMR. Let the reaction run overnight;  arrange with your instructor for stopping the reaction the next day by cooling it to room temperature and adding 20-30 mL of ether. Make sure your reaction is well-labeled (see the introduction)

The following week, extract your reaction mixture with additional ether, filter the solids using #42 paper and a Büchener funnel, and remove the solvent on the rotovap.  You may need to use the vacuum line (see Appendix 2) to remove trace tolune before characterization can take place.  Purification of the compound (if desired) may require column chromatography in collaboration with the instructor.  

Waste disposal.  Halogenated organic solvents and other organic solvents should be placed in the appropriate container.  Solid waste may be placed in the trash.  

� Entry 4 from reference 1.


� Entry 1 from reference 1.
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