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Experiment 1:  Synthesis of a Phosphine and its Manganese Complex

Objective.

To become familiar with non-aqueous solvents for highly reducing conditions, the use of a vacuum line, and the chemistry of 18-electron metal carbonyls through the synthesis of a phosphine (dppm) and several manganese complexes. 

Before doing any part of this lab.

Read the entire experiment, especially the waste disposal section.  Read experiment 8 in Girolami, which gives a general background on the use of liquid ammonia as a solvent.  The procedure for week one of this experiment is adapted from experiment 8 based on local experience.  Synthesis 1 need not be done immediately before synthesis 2, but you must use your synthesized products in synthesis 2, 3 and 4.

Introduction.


Tertiary phosphines are of interest because they form very stable complexes with transition metals.  Most of the preparations of bidentate tertiary phosphines (R2P(CH2)nPR2) are based on the following reaction (eq. 1):
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(1)

where R = alkyl, M = alkali metal, X = halogen, and n = 1-5.  The metal organophosphides can be prepared by a variety of methods; the simplest is based on the cleavage of triphenylphosphine with sodium in liquid ammonia.  Two equivalents of an alkali metal cleave triphenylphosphine to give the metal diphenylphosphide (MPPh2) and the metal phenyl (MC6H5) (eq 2).  
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(2)

The resulting solution gives a good yield of dppe (diphenylphosphinoethane, Ph2PCH2CH2PPh2) after treatment with 1,2-dichloroethane.  However, with dichloromethane, the yield of dppm (diphenylphosphinomethane) is only ~10%.  The formation of diphenylmethane (eq 3) is unexpected, because the equilibrium NaPh + NH3(l) ( PhH + NaNH2 lies to the right.  However, the mechanism is supported by a variety of experimental observations.  
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When an ammonium halide (1 equiv.) is added to the cleaved triphenylphosphine solution, it preferentially destroys phenylsodium and sodamide (NaNH2), leaving the sodium diphenylphosphide (eq 4).  This then reacts with dichloromethane to yield the desired dppm ligand in a much better (~70%) yield according to equation 1.
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Depending upon the bonding in a transition metal complex, redox chemistry may cause changes in both the structure and reactivity of the molecule.  These changes can be studied with homogeneous solution redox reagent.

Metal carbonyls have an excellent internal "handle"--the IR carbonyl stretching frequency can be used to "tag" compounds as well as report on the amount of charge present on the metal center through the influence of -backbonding:  excess electron density on the metal atom can be "donated" from the metal's d-orbitals to the -antibonding orbitals of the carbonyl.  As more electron density resides in the carbonyl's antibonding orbitals, the strength of the carbonyl bond decreases and the carbonyl stretching frequency decreases.  

You will use IR techniques to characterize the chemistry of a series of manganese-carbonyl complexes.  To aid your understanding of the thermodynamics involved, the results of an extended Hückel molecular orbital calculation (EHMO) are shown below (Figure 1.1) for the M(CO)2L4 system.  In this diagram A is a weaker -accepting ligand than CO.  The energies are measured in terms of the angular overlap parameter.  The energies for the MA6 system is shown for reference.  As part of your characterization techniques, you may wish to carry out higher-level theoretical calculations on related molecules;  see the instructor for information on using Gaussian.
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Figure 1.1.  Results of EHMO calculation of M(CO)2L4 complexes, where A is a lesser -accepting ligand than CO.  Energies are measured in terms of the angular overlap parameter e.  (Adapted from ref. 2.)

Waste disposal.  Rinse all glassware with methylene chloride to remove the Mn complexes, and dispose of the rinsings in the halogenated waste.  Then rinse all glassware with acetone before washing with soap and water.  Halogenated organic solvents and other organic solvents should be placed in the appropriate container.  Solid waste may be placed in the trash.  The solution remaining from quenching the sodium can be rinsed down the sink with water.

Possible Discussion Questions.  

1)  Which complexes (1, 2, and 3) are 18 e- species?  

2)  Which of the two isomers, 2 and 3 is more stable?  Why?  

3)  Are the NMR spectra of 2 and 3 similar?  Do you expect them to be?  
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Synthesis 1.1:  Bis(diphenylphosphino)methane (dppm).  

this synthesis must be approved in advance as there is only one dry ice condenser and the procedure takes one full lab period.

prelab assignment:  prepare a reactant table (g and mol) and turn it in to the instructor at least 24 hours in advance.  Assume that you will use 0.7 g Na.  Make a list of which charactarization methods you intend to employ, and why.

This reaction must be carried out in the "ammonia" hood.  Before you begin, make sure that the main valve on the ammonia tank is closed (turn clockwise).  The needle valve should also be closed (clockwise) and the regulator valve should be backed out several turns (counterclockwise).

Remove a small piece of sodium metal from the storage jar with tongs and place it in a 50 mL beaker half filled with hexanes.  Carefully scrape off the white coating from the sodium with a spatula, and cut it into several (~10) small pieces.  Tare a second 50 mL beaker containing ca. 10 mL of hexanes, and quickly transfer the pieces of sodium with tongs to obtain 0.6 to 0.8 g.  Store the weighed sodium in the beaker covered with a watch glass.  Make sure that the sodium remains under a layer of hexanes (add more if necessary).  Quench the remaining small pieces of sodium by adding them to a small beaker of isopropanol.  Do not put the sodium in the sink!
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Figure 1.2  Apparatus for the synthesis 

of dppm

Assemble the apparatus shown in Figure 1.2.  Connect the tubing from the ammonia cylinder to the inlet of a clean and dry 100 mL Schlenk flask containing the small glass covered stirbar (which costs $30).  Attach the dry ice condenser, outlet adapter, and oil bubbler to the top ground glass joint.  Make sure that all joints are greased.  Check with the instructor to make sure your setup is correct before proceeding.  

Before you begin, purge your system with nitrogen from the cylinder through the bubbler for 5 minutes.  Next, carefully open the ammonia cylinder main valve followed by the needle valve, and tighten the regulator valve to deliver a slow but steady stream of ammonia gas to the system.  Add about 10 mL of acetone to the dry ice condenser and slowly fill the condenser with powdered dry ice.  You will need to adjust the ammonia flow to prevent "suck back” of oil in the bubbler.   Condense about 50 mL of ammonia in your flask.  Add more dry ice as necessary to keep the condenser full.  After you have collected your ammonia, turn off the ammonia cylinder and flush the system with nitrogen for about 10 minutes. A small amount of "suck back" of oil is normal and will not hurt the experiment.  


Remove the dry ice condenser and add one pice of sodium with the tongs, being careful to drop it past the ground glass joint.  The solution should turn blue immediately.  Replace the condenser as soon as possible, and wait 30 seconds.  Repeat until all your weighed sodium is gone.  


The next two additions are quite exothermic, and should be carried out behind a shield or closed hood sash.  Weigh out triphenylphosphine (0.45 molar equivalents, based on the amount of sodium you used, approximately 3.5 g).   Add the weighed amount of PPh3 in small portions through a funnel that extends past the ground glass joint.  You must not let any powdered reagent stick to the ground glass or all the NH3 will evaporate!  Add the PPh3 in about 10 portions, waiting 30 sec to a minute between additions.  The reaction mixture should turn red-orange.  Allow the reaction to stir for 20 minutes.  Add more dry ice as necessary to keep the condenser full.


While the reaction is stirring, weigh out ammonium bromide (0.5 molar equivalents, based on the amount of sodium you used, approximately 1.5 g).  Add the ammonium bromide in about 10 portions through the funnel over a 10 minute period.  The reaction should turn orange-yellow. Add more dry ice as necessary.

After 20 minutes, prepare a solution of dichloromethane in diethyl ether by putting ether (5 mL) in a graduated cylinder on a balance and adding dichloromethane (0.25 equivalents, based on the amount of sodium you used,approximately 0.6 g). Both dichlormethane and ether are very volatile, so prepare the solution immediately before use. Remove the dry ice condenser and add the dichloromethane solution dropwise with a pipet, wiile stirring. The solution should pale to almost colorless.  

Cautiously allow the ammonia to evaporate from the reaction in the hood (this could take more than an hour).  Once most of the ammonia is evaporated, you can speed the process by gently warming the flask in a room temperature water bath.  You should end up with a white or off-white solid.  After the ammonia has evaporated, add water (20 mL).  Collect the product by vacuum filtration, and wash with methanol (2 x 1 mL).  

Cautiously vent the pressure from the ammonia cylinder into the hood; then back out the regulator valve and close the needle valve.  Dissolve your product in a minimum of boiling 1-propanol (not isopropanol) and store it, covered with parafilm, in your storage container at room temperature until the next lab period.  the product can be recrystallized from 1-propanol.  Store your product in a labeled vial in your bin.  

A good yield for dppm by this method is 40%.

Synthesis 1.2: fac-[MnBr(CO)3(dppm)] (compound 1).  

prelab assignment:   prepare a reactant table (g and mol) and turn it in to the instructor at least 24 hours in advance.  Make a list of which charactarization methods you intend to employ, and why.

fac-[MnBr(CO)3(dppm)] (1).  This reaction must be carried out using a nitrogen manifold;  see the instructor for specific instructions on carrying out a reaction under nitrogen.  Attach a gas inlet adapter to a condenser atop a 100 mL round bottom flask.  Place 0.30 g (1.1 mmol) of [MnBr(CO)5], 0.42 g (1.1 mmol) of your purified dppm and 8 mL of toluene to the flask.  Heat the mixture at reflux under an atmosphere of nitrogen for 20 minutes with stirring and then cool to room temperature.  Yellow-orange microcrystals should form (sometimes a little shaking is required).  Hexane (50 mL) is added slowly with stirring to complete the precipitation of the product.  Collect the product by vacuum filtration and wash with hexane (3 x 10 mL).  Store the product in a properly labeled vial in the freezer.  A good yield of this compound prepared by this method is 80%.

Synthesis 1.3: cis-mer-[MnBr(CO)2P(OPh)3(dppm)] (compound 2).  

prelab assignment:  prepare a reactant table (g and mol) and turn it in to the instructor at least 24 hours in advance.  Make a list of which charactarization methods you intend to employ, and why.

cis-mer-[MnBr(CO)2P(OPh)3(dppm)] (2).  In a manner similar to that described above, 0.40 g (0.66 mmol) of 1 is dissolved in 8 mL of toluene and 1.03 g (3.32 mmol, approximately 0.8 mL) of P(OPh)​3 (triphenylphosphite) are mixed and heated at reflux for 1 h.  The toluene needs to be removed by using the vacuum line (see Appendix 2).  Purify the product by dissolving it in CH2Cl2 (10 mL) adding hexane (10 mL), evaporating to approximately 5 mL on a rotovap, and keeping the mixture in the freezer overnight. Store the product in a properly labeled vial in the freezer.  A good yield of this compound prepared by this method is 60%.

Synthesis 1.4: trans-[MnBr(CO)2P(OPh)3(dppm)] (compound 3).  

prelab assignment:  prepare a reactant table (g and mol) and turn it in to the instructor at least 24 hours in advance.  Make a list of which charactarization methods you intend to employ, and why.

trans-[MnBr(CO)2P(OPh)3(dppm)] (3).  To a solution of 2 (0.30 g, 0.33 mmol) in CH2Cl2 (10 mL) that is protected from light and the atmosphere, add solid [NO][BF4] (0.080 g, 0.68 mmol) and stir for 15 minutes.  Obtain an IR spectrum of the deep red-violet product, (2') by placing one or two drops of the solution onto a clean salt plate and allowing the solvent to evaporate.  Next, add hydrazine monohydrate (0.1 mL) to the product solution.  After stirring for 5 minutes allow the mixture to settle.  Pour off the red CH2Cl2 solution, leaving behind any solid, mix the CH2Cl2 solution with water (10 mL) and additional CH2Cl2 (10 mL) and stir for 5 minutes.  Separate the organic layer, dry it over Na2SO4 (2 g) and filter it.  Add hexane (20 mL) to the filtrate, evaporate the solution in vacuo to 3 mL, and cool it in a freezer to yield red microcrystals.  Collect the crystals on paper filter in a Büchner funnel and wash them with hexane (2 x 10 mL) and dry them. Store the product in a properly labeled vial in the freezer.  A good yield of this compound prepared by this method is 60%.
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