
 1 

EXPERIMENT A 

EPOXIDATION OF AN α ,β-UNSATURATED KETONE;  

TOSYLHYDRAZONE CLEAVAGE OF AN α ,β-EPOXY KETONE;  

OXIDATIVE KMnO4 CLEAVAGE OF AN ALKYNE 

 The goal of this experiment is the correct assignment of the 1D- and 2D- NMR spectra of a 
series of organic compounds. The chemistry related to the syntheses of the target compounds is 
described in the attached photocopied material, along with authentic spectra of the products for 
comparison with your isolated products. In summary, an optically active natural product (-)-verbenone 
(1) is reacted with basic H2O2 to add O to the C=C double bond forming an epoxide or oxirane (2). 
Epoxide (2) is reacted with a hydrazine, followed by cleavage of the resulting hydrazone leading to an 
alkyne (3). Finally alkyne (3) is oxidized with permanganate to give the ketocarboxylic acid (4). 
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ALL MANIPULATIONS MUST BE CARRIED OUT IN A FUMEHOOD. 
PROTECTIVE EYEGLASSES AND GLOVES MUST BE WORN. 

Session 1 

1.  EPOXIDATION OF AN α ,β-UNSATURATED KETONE 

 Clamp a 500 mL 3 necked flask to the rack with an empty cooling bath and magnetic stirrer 
beneath. Slide in (do not drop) a magnetic stir bar and stir while you add in order, 60 mL methanol, 15 
mL (171 mmol) of 35% H2O2 (care: avoid skin contact) and 9.25 mL (by syringe) verbenone (d = 
0.974 g/mL). Affix a thermometer into one neck of the flask ensuring its bulb is in the liquid but away 
from the stir bar. Add just enough ice to the bath to immerse only the bottom of the flask. When the 
internal temperature reaches ca.15 ˚C raise the flask so it is just out of the ice/water and with stirring, 
begin a very slow dropwise addition of 5.0 mL 6N NaOH solution using a pipet. Add this NaOH over 20 
mins, keeping the internal temperature at 15-20 ˚C by briefly raising the ice/water bath as needed. 
Note from the mechanism that hydroxide is regenerated so your addition progressively increases the 
OH- concentration, thus adjusting the rate for loss of enone and H2O2. When addition is complete, stir 
the mixture another 15 min, keeping the temperature at 20-25 ˚C.  

Add 75 mL of ice-cold water to the mixture and extract it with 3 portions of diethyl ether. Wash the 
combined extracts 2x with water to remove MeOH, then once with 20 mL of a 3% KI solution to reduce 
any remaining H2O2, and finally with another 20 mL of water. Dry the extracts with MgSO4 and transfer 
the filtered extracts to a flask suitable for the rotary evaporator. Remove the solvents on the evaporator 
taking care not o overheat the sample, nor use too high a vacuum. Transfer the residue via pipette to a 
small flask for distillation. Pre-weigh a small collection flask, then distill the product under high vacuum 
using the Schlenk line and the short path distillation apparatus into the pre-weighed flask. Heat the 
flask using a heat gun (NO flames). Weigh your product, determine the % yield and save  50 mg for IR, 
GC/MS and 1H and 13 C NMR spectroscopy. Stopper your product flask and store in the refridgerator 
until the next session.  
 

Session 2 

2. TOSYLHYDRAZONE CLEAVAGE OF AN α ,β-EPOXY KETONE 

Weigh out accurately the largest whole-gram amount of epoxy ketone (1) into a three-necked 500-mL 
round bottom flask, add a stirring bar and affix a thermometer into one neck of the flask ensuring its 
bulb is in the liquid but away from the stir bar. Clamp the flask to the rack above a magnetic stirrer. 
With stirring add the following in order: 40 mL absolute ethanol (per gram of epoxy ketone) and 
1.12 g of p-Toluenesulfonylhydrazide (per gram of epoxy ketone). Place a balloon over the neck of 
the flask and stir the sealed flask at room temperature for 40 mins. After the 40 mins stirring period, 
heat the flask with a 50 ˚C water bath until gas evolution has essentially stopped. Finally raise the bath 
temperature slowly to 65 ˚C and then remove your flask for workup. Pour the mixture into a 1.0 L 
separatory funnel, add 400 mL of ice-cold water and extract it with 3 portions of diethyl ether. Wash the 
combined extracts 2x with small amounts of cold, dilute NaHCO3, 2x with cold water and once with 
saturated NaCl solution. Dry the solution, filter and evaporate the solvents on the rotary evaporator. 
Transfer the residue to a small flask and distill into a pre-weighed collection flask using the short path 
distillation apparatus on the Schlenk line. The boiling point of the product is low (ca. 65 ˚C) so make 
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sure there is a good flow of cold water in the condenser. On the other hand the melting point of the 
pure keto-alkyne is low (43 ˚C) so watch that it doesn’t freeze in the condenser and block it. Weigh 
your product, determine the % yield and save  50 mg for IR, GC/MS and 1H and 13 C NMR 

spectroscopy. Stopper your product flask and store in the refridgerator until the next session.  
 
Q1. In this step the mixture is first stirred @ 25 ˚C for 40 min. Why? Specify what would happen 
if heating was started immediately instead of waiting 40 min? 
 
Q2. What would happen if two equivalnts of toluenesulfonylhydrazide were used?  
 
Q3. Why does the distillation procedure produce such a black tarry residue at the end? HINT: 
toluenesulfonyl is used because it is a good leaving group; what does this imply about its 
conjugate acid and why might that create problems?  
 
Q4. A distillate impurity occasionally appears which is a stereoisomer of the expected product. 
What is it and how does it arise? How could it be dealt with in the next step? 
 

Session  3  

3. OXIDATIVE KMnO4 CLEAVAGE OF AN ALKYNE 

Weigh out accurately the largest whole-gram amount of keto alkyne (2) into a small vial. Set up a 250 
mL Erlenmeyer flask containing a stirring bar and clamp it to the rack in an ice+water bath above a 
magnetic stirrer. Add 15 mL water (per gram of keto alkyne) and 1.58 g of KMnO4 (per gram of 
keto alkyne). After this has stirred for 5 minutes, use a bulb pipet and add your keto alkyne along with 
2.5 mL of acetic acid (per gram of keto alkyne) using half to dissolve it and half to rinse the 
container and the pipet for complete transfer. Stir the mixture for 2 hrs, allowing the temperature to rise 
as the ice melts.After 2 hrs, add 1.0 mL of isopropanol (per gram of keto alkyne) to consume the 
excess oxidant and stir 5 min. more. Now add 2.0 mL of conc. HCl (per gram of keto alkyne). Test to 
be sure the pH is 3 or lower and suction filter the mixture to remove the brown MnO2 sludge. Rinse the 
flask several times with small portions of water and CH2Cl2 to capture all of your product. Discard the 
MnO2 (but not the stir bar) into the trash, transfer the filtrate into a separatory funnel and thoroughly 
mix and separate the layers. Extract the aqueous layer 2x wih Et2O, combine all organic extracts and 
wash 2x with water before drying and evaporating the solvents on the rotary evaporator. Add a few mL 
(2-3) of diethylether to the residue and transfer to a vial. Layer hexane onto the ether solution and 
place the sealed vial in the refrigerator to crystallize until the next session.  

The next part must be done during the first period of the subsequent experiment.  

Remove the vial form the refrigerator and inspect for formation of crystals. Decant the mother liquors 
with a pipet (do not discard this solvent, in case it contains substantial product) and dry the cystls on 
the vacuum line for a few minutes. Weigh your product, determine the % yield and obtain IR, GC/MS 
and 1H and 13 C NMR spectra of the product.  
 
QUANTITIES TO BE USED FOR SPECTRAL MEASUREMENTS FOR ALL SAMPLES: 
 
IR ca. 1 mg; GCMS ca. 1 mg; 1H NMR alone ca. 5 mg; 1H and 13 C NMR together at least 25 mg. 
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ASSIGN YOUR NMR SPECTRA USING THE FOLLOWING LABELLING 
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Authentic NMR spectra, including 2D COSY and NOESY spectra are attached to these instructions. 
Use these to help assign your spectra.   

JBS 01/09/2013 BASED ON HWT LAB EXPERIMENTAL 12/18/08. 






























































































