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Introduction

Rotation about carbon-carbon double bonds (C=C), which leads to olefin isomerization, is difficult: approximately 63 kcal.mol–1 of energy is required for this event to occur.  If this amount of energy were to be supplied thermally, decomposition of the alkene would compete with its isomerization.  There is, however, another source of energy that can supply this energy—light.

Molecules such as 1,2-dibenzoylethylene have polarizable – electrons that can interact with light.  When this occurs, an excited electronic state of the molecule is generated that leads to geometric changes in the molecule.  In this case, the carbon-carbon –bond is opened and easily rotates.  Eventually, the molecule “relaxes” back to its normal electronic state with equal probability of forming the cis or trans isomer.  The trans isomer, however, is more effective at absorbing the light emitted by the lamps used in this experiment.  Therefore, the cis isomer accumulates during the course of the experiment.  That these two isomers interact differently with light can be seen:  the trans isomer is yellow-orange, while the cis isomer is colorless.

Such a photochemical isomerization is vital to the biochemistry of vision (see scheme on next page).  Vitamin A1 (retinol) is oxidized to Vitamin A aldehyde (trans-retinal) in the liver.  An enzyme located in the eye then catalyzes the isomerization of trans-retinal to 4,5-cis-retinal, which is then bound by the protein opsin to give rhodopsin.  When cis-rhodopsin is exposed to light of ca. 500 nm wavelength, isomerization of the double bond occurs to afford trans-rhodopsin.  This change in geometry of bound retinal leads to changes in protein structure that trigger a nerve impulse, which is interpreted by the brain leading to vision.
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Procedure
To a 13 x 100-mm test tube, add 25 mg of trans-1,2-dibenzoylethylene and 2.0 mL of 95% EtOH.  

Heat a beaker containing ca. 3 cm of water on a hot plate/stirrer.  The resulting hot water will allow heating of the test tube containing the trans-1,2-dibenzoylethylene, which is sparingly soluble in 95% EtOH.  A homogeneous solution is required for the photochemical isomerization.  Stopper the test tube and then clamp it ca. 1-3 in from a 150-W “Plant Gro N Show” sun lamp.  An alternative is to assemble a copper wire “clothesline” from which the test tube can be hung.  Note that the closer the test tube is to the lamp(s), the faster the isomerization will occur.  Approximately two hours of irradiation is required to affect isomerization, which will be monitored by TLC.  Be careful as both the bulb and test tube are hot during the irradiation.  If two sun lamps are used, only one hour of irradiation is required*.

Save 2-3 drop aliquots of the reaction mixture at the beginning, middle, and end of the irradiation process in separate vials.  TLC analysis can then be performed on these samples using plastic backed TLC plates using a 1:1 mixture of dichloromethane and hexanes as solvent.  Under these conditions, the cis isomer is less mobile than the trans isomer (respective Rf values of ca. 0.3 and 0.7).  Visualization of the spots is achieved using a hand-held UV lamp.

Remove the test tube from the light source and allow the solution to cool slowly to room temperature.  Colorless needles of isomeric cis-1,2-dibenzoylethylene should form after 10-15 minutes.  “Scratching” is advised if crystals don’t form after 15 minutes.  Once crystals are observed, place the resulting mixture in an ice bath to ensure good recovery.  Collect the crystals by vacuum filtration using a Büchner funnel, and wash with 1.0 mL of ice-cold 95% EtOH.  Allow the crystals to air-dry on the filter paper.  The mother liquors and washing should be disposed of in a labeled waste container.

Weigh the dried product and calculate the percent yield.  Determine the melting point of cis-1,2-dibenzoylethylene and compare the result with the literature value.  To further demonstrate the purity of the crystallized product, dissolve a small portion of it (ca. 2 mg) in 0.5 mL of dichloromethane, and use the resulting solution for TLC analysis with the conditions described earlier.

*However, the sample must be directly between the lamps, and not toward the edge.  Even then in one hour, conversion is less than 50%, and the solution still looks yellow.  With 50% conversion, one can still isolate white crystals of cis.  Irradiation by sunlight from one lab period to the next gives complete conversion.





Chemical Substances

	#
	Name
	Amount per student
	Amount per Lab

	1
	Trans-1,2-dibenzoylethylene
	25 mg
	375 mg

	2
	Ethanol
	3 ml
	45 ml

	3
	Dichloromethane
	ca. 6 ml 
	ca. 90 ml

	4
	Hexane
	ca. 6 ml 
	ca. 90 ml


Equipments

Waste container for: cis  and trans- 1,2-dibenzoylethylene, ethanol.

Plastic-backed TLC plates: 2 per student, 30 per lab.

TLC chambers: 1 per 3 students, 5 per lab.

Hand-held UV light (for TLC deveoping).

Miracle-Grow UV lamps 2 per lab.

Copper wire: about 10 feet.

Masking Tape: 1 roll

