Organic Experiments for

CHEM 4346

Fall 2016
Experiment 1: Synthesis of a Flavone
This experiment will illustrate a multistep synthetic sequence and will constitute a three step process.  The first step of the synthesis will involve a simple benzoylation of 2-hydroxyacetophenone.  The second step is a Baker-Venkataraman rearrangement to provide the (–diketone 3, which upon treatment with acid leads to cyclization to form the target molecule 4.  Note that the final compound is a heterocycle.

Reaction Sequence:
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2-Benzoyloxyacetophenone (2):

Dissolve 2-hydroxyacetophenone (1) (2.72 g, 20.0 mmol) in pyridine (5 mL), add benzoyl chloride (4.22 g, 30,0 mmol) by Pasteur pipette and then fit the flask with a calcium chloride drying tube.  Swirl the flask and some heat will be evolved.  Allow the reaction to stand for 20 min, or until no further heat is evolved, and then pour the entire contents of the flask into a mixture of 3% HCl
 (~120 mL) and crushed ice (~40 g).  Once all the ice has melted, collect the precipitated solids by vacuum filtration.  Wash the product with ice-cold methanol (~5 mL) and then water (~5 ml).  Dry at the pump for 20 min
 and then recrystallize the crude product from methanol (~5 mL).  Record a mp, IR, GC-MS and NMR spectrum on the product.
o-Hydroxydibenzoylmethane (3):

Dissolve 2 (2.40 g, 10 mmol) in pyridine (8 mL) in a 50 mL beaker and heat the solution to 50 (C on a steam bath.  Add crushed KOH pellets (~0.85 g) and stir the resulting mixture with a glass rod.  During this time a yellow precipitate of the potassium salt of 3 should form.  Cool the mixture to room temperature and cautiously add 10% aqueous acetic acid solution (15 mL).  Collect the product by suction filtration and dry at the pump for a few minutes.  Record the yield, a 1H NMR spectrum and the melting point. Use the crude product directly in the next step.

Flavone 4:

Dissolve the crude product 3 (1.20 g, 5 mmol) in glacial acetic acid (7 mL) and add concentrated H2SO4 (0.25 mL) with stirring.  Heat the reaction mixture on a steam bath for 1 h with agitation.  Pour the reaction mixture onto crushed ice (~40 g) and stir with a glass rod.  When all the ice has melted, collect the crude solid by suction filtration and wash with water until it is free from acid.
  Allow the product to dry at the pump for 15 min and then allow to air dry.
  Recrystallize the residue from petroleum ether (bp 60-80 (C), ~40 mL.
Questions and tasks:

1. Obtain and interpret a 1H NMR, IR, and GC-MS for compound 1.

2. Obtain and interpret mp, 1H NMR, IR and GC-MS for products 2 and 4.
3. Provide the IUPAC name for flavone 4.

4. Provide a reasonable mechanism for the acid catalyzed conversion of 3(4.  Note this is acid catalyzed, and therefore there should not be any negatively charged intermediates or reagents.

Experiment 2: Palladium-Catalyzed Cross-Coupling Reactions

In this experiment you are going to become familiar with the use of transition metals for the sequential formation of carbon-carbon and carbon-oxygen bonds. In addition to the chemistry, we will employ two new techniques, the use of microwave irradiation for performing the reaction and the product will be purified using the technique of flash column chromatography.
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Preparation of 2-Alkyl/arylbenzo[b]furan (7):
Place o-iodophenol (440 mg, 2.0 mmol) and Et3N (0.55 mL, 4.0 mmol) in a rb flask and then dissolve in DMF (5 mL) under a nitrogen atmosphere.  Add your acetylene (4.0 mmol) and Pd(PPh3)2Cl2 (49.1 mg, 0.07 mmol) stir for 5 min, then add CuI (27 mg, 0.14 mmol).  Stir the reaction mixture at room temperature for 1 h, and then place in an oil bath at 60 (C overnight.
  Pour the reaction mixture into water (100 mL) and extract with CH2Cl2 (3x50 mL).  Wash the combined CH2Cl2 extracts with 5M NaOH (3x100 mL)
 then with water.  Dry the organic solution with MgSO4, and concentrate on the rotary evaporator.  Purify the product using flash column chromatography.  Use TLC to determine an appropriate solvent system (hexane and ethyl acetate mixtures), aiming for an Rf of 0.35-0.40 for the compound of interest.  Obtain a mp as appropriate.
Questions and tasks:

1. Obtain and interpret a 1H NMR, IR, and GC-MS for compounds 5 and 6.
2. Obtain and interpret a mp (when appropriate), IR, 1H NMR and GC-MS spectra for the purified product.

3. Provide a mechanism for the second step which is thought to involve a Pd(II) species to activate the triple bond.

4. Provide the correct IUPAC name of your final product.

5. What is the meaning of the [b] in the general name of the product?

Experiment 3: CSI@UTA
Structural determination is a key component of synthetic chemistry, either to confirm the structure of a newly synthesized molecule or to determine the structure of an unknown compound.  In the following exercise, you will perform a synthetic sequence in which the structure of the final compound is not provided – you must determine what it is based on the spectroscopic data (NMR, IR and MS).   This sequence will involve the oxidation of isophorone (8) to the corresponding epoxy ketone 9 and its reaction with tosylhydrazine.  Heating of the epoxy hydrazone leads to the formation of the unknown compound.
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Synthesis of 2,3-Epoxy-3,5,5- trimethylcyclohexanone (9)
Place isophorone (5.52 g, 40 mmol)  in a 100 mL round bottomed flask (2- or 3-necked), and hydrogen peroxide (11.5 mL) and methanol (40 mL) were then added. Place the reaction flask  with stirring in an ice bath to cool to 5-10 °C (internal). Add the sodium hydroxide solution (4 M, 5 mL) dropwise to the reaction mixture so as to maintain the temperature range between15 - 20 °C. After the completion of the addition allow the reaction mixture to stir at room temperature of 1.5 h then pour the mixture into a 250 mL beaker containing water (50 mL).  Extract the product into ether (2x40 mL), wash the ether extracts with water (20 mL), iron(II) sulfate (2x10 mL), and water (10 mL).  Dry the ether solution using magnesium sulfate (MgSO4), filter and concentrate on a rotary evaporator.
Preparation of Unknown.

In a 25 mL flask place p-toluenesulfonhydrazide (1.0 g), ethanol (8 mL) and a stir bar, then add isophorone oxide (0.8 mL) to the mixture by syringe. Equip the flask with a condenser and heat to reflux for 30 minutes. Cool the reaction mixture to room temperature, then transfer the mixture to a separatory funnel using water (20 mL) and hexane (20 mL). Separate the aqueous layer and wash the residual organic layer sequentially with 10% aq. NaHCO3 solution, water, and then finally with 1M HCl.  Dry the organic layer using magnesium sulfate, filter and concentrate the solution on a rotary evaporator (no heat – product is somewhat volatile).

Questions and tasks:
1. Obtain and interpret 1H NMR, IR, and GC-MS for compound 8.
2. Obtain and interpret mp (when appropriate), 1H NMR, IR, and GC-MS for compounds 9 and the unknown.

3. Determine structure of the final product.  Clearly justify your assignment by presenting the key information from the spectroscopic data.

Propose a mechanism to account for the formation of the final product.

4. Experiment 4:  Preparation of a Quinolone Derivative

Quinolines are important heterocyclic compounds found widely in nature and pharmaceuticals (e.g., cipro).  The preparation outline below is a two-step entry into the system that provides a product related to the flavone synthesis in the first experiment.  The first step involves a Michael addition to an in situ formed (–amino (–diester derivative, followed by an elimination step.  The final cyclization involves a decarboxylative acylation.
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2,2-Dimethyl-5-(4-bromophenylaminomethylene)-1,3-dioxan-4,6-dione (13):

Dissolve Meldrum’s acid (12, pKa = 4.97) (4.60 g, 31.9 mmol) in methyl orthoformate (60 mL) and then heat to reflux for 2 h under a nitrogen atmosphere (use a balloon).  Cool the reaction mixture to room temperature then add 4-bromoaniline (3.80 g, 22.1 mmol) and heat to reflux for 6 h.
  Allow to cool to room temperature, and collect the precipitated solid and recrystallize from methanol.  Obtain a melting point for the resulting purified solid.

6-Bromo-4-oxo-4H-quinoline (14):

Dissolve 13 (2.00 g, 6.12 mmol) in hot
 diphenyl ether (31 mL) and then heat to reflux until the formation of gaseous products ceases.  After cooling to room temperature, add an equal volume of petroleum ether (bp 40-60 (C) and allow to stand for 48 h.  Isolate the product by filtration and wash with petroleum ether.
 Use deuterated DMSO as the solvent when preparing an NMR sample of this compound
Questions and tasks:

1. Obtain and interpret a 1H NMR, IR, and GC-MS for compounds 11 and 12.
2. Obtain and interpret the mp, 1H NMR and IR spectra of both products 13 and 14.

3. Provide a reasonable mechanism for the final transformation.

4. What is the meaning of the “4H” in the name of the product?

5. There is an alternative tautomeric form of the final product – what is it?  Why do you think that the form indicated above is preferred?

Experiment 5: An Organocatalytic Aldol Reaction
The aldol reaction is a classical example of enolate derived chemistry in which a new carbon-carbon bond is formed by nucleophilic attack on a carbonyl.  Typically this reaction is mediated by strongly basic reagents or through rather sensitive surrogates such as silyl enol ethers.  Recently, there has been interest in developing operationally easier variants that use catalytic reagents, which reduces the environmental footprint.  In this experiment the catalyst that we will use is an amino acid, which not only catalyzes the reaction but does so in an asymmetric manner, leading predominantly to the stereoisomer indicated below.
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Representative procedure for the tryptophan-catalyzed direct aldol reaction (Run at twice the scale)
Add L-tryptophan (0.0102 g, 0.05 mmol) to a suspension of p-nitrobenzaldehyde (0.0755 g, 0.5 mmol), cyclohexanone (0.25 mL, 2.5 mmol) and water (0.18 mL, 10 mmol) at room temperature.  Stir the reaction mixture until the next lab period and quench by adding saturated aqueous ammonium chloride solution (~5 mL).  Extract the aqueous solution with dichloromethane (3x5 mL). Dry the combined organic layers with MgSO4 and concentrate on a rotary evaporator.  Purify the residue by flash chromatography on silica gel (EtOAc–hexane = 1 : 3) to give 2-(hydroxy(4-nitrophenyl)methyl)-cyclohexanone as a yellow solid.

Questions and tasks:

1. Obtain and interpret a 1H NMR, IR, and GC-MS for compound 16.
2. Obtain and interpret a mp, 1H NMR, IR, and GC-MS for compound 17.
3. Write a mechanism that accounts for the formation of the product.

4. How might this mechanism be modified to account for the asymmetric induction – in other words, why is the enantiomer depicted favored?
5. The product obtained in this reaction is the anti aldol product, what would the structure of the corresponding syn aldol look like?

6. Why do you think that p-nitrobenzaldehyde is used rather than say benzaldehyde or p-anisaldehyde (p-methoxybenzaldehyde)?
� This HCl solution should be made up immediately prior to the lab session in which it will be used.


� Occasionally use a spatula to break up the filter cake to ensure thorough drying.


� Check the pH of the filtrate coming out of the filter funnel stem with pH paper.


� It is important to ensure that the crude product is as dry as possible otherwise difficulty will be encountered during the recrystallization step.


� A condenser is not required, we will run these in my research lab


� This is to remove any unreacted phenol or uncyclized product.


� You can stop heating at the end of the lab period and continue next time for a total of 6 h.


� Diphenyl ether is a solid at room temperature and needs to be warmed slightly in order to melt it.


� Frequently, there is residual diphenyl ether in the product, this can be removed by suspending your product petroleum ether and warming on a steam bath and, after cooling, re-filtering.
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