
Organic Chemistry II Laboratory

Stereochemistry of the Addition of Bromine Experiment 2
to trans-Cinnamic Acid:1 Week 2

Background Reading

Zubrick, J. W. The Organic Chem Lab Survival Manual, 5th edition, Wiley & Sons, Inc., New York, 2000.
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Background Senario

The Bond Triplex is a chemical company that supplies alkynes to order.  Many of their alkynes are prepared by
adding bromine to the corresponding alkenes and dehydrohalogenating the resulting dibromide.  For example,
they convert trans-cinnamic acid to 3-phenylpropynoic acid by way of 2,3-dibromo-3-phenylpropanoic acid (Figure
1).

Figure 1. Formation of Alkynes from Alkenes

At a recent meeting of the three Bond partners (Sigmund, Bridget, and James) with the chemical engineers who
developed their manufacturing process, the engineers were compelled to admit that they were not certain of the
stereochemical structures of the intermediate dibromides.  They had simply assumed that the bromine addition
reactions proceeded by the well-established bromonium ion mechanism, resulting in anti addition of bromine to
the alkene and deduced the stereochemistry of the dibromides accordingly.  But changing the structure of a
reactant can often alter the mechanism of a reaction, and some of the alkenes the Bond Triplex is using have
electron donating substituents that might alter the mechanism of the addition reaction.  For example, trans-
anethole (Figure 2) undergoes significant amounts of syn addition of bromine by an alternative mechanism.
Because knowing the stereochemistry of the intermediate dibromides could help the company's chemical
engineers design a more efficient process for the conversion of those intermediates into alkynes, Sigmund Bond
has contacted your small laboratory for help in characterizing the dibromide intermediates.    Because knowing
the stereochemistry of the intermediate dibromides could help the company's chemical engineers design a more
efficient process for the conversion of those intermediates intoalkynes, Sigmund Bond has contacted your small
laboratory for help in characterizing the dibromide intermediates.  Your assignment is to carry out the bromination
of trans-cinnamic acid, determine the stereochemical structure of the dibromide, and find out whether the reaction
proceeds by the usual bromonium ion mechanism or some other mechanism.

Figure 2. trans-Anethole
The Cinnamic Acid Connection

Cinnamic acid and its close relatives, cinnamaldehyde and cinnamyl alcohol, are naturally occurring compounds
that are important as flavoring and perfume ingredients and as sources for pharmaceuticals.  Cinnamaldehyde,
                                                          
1 Experiment is a modified version of an experiment found in: Lehman, J. W. Operational Organic Chemistry: a
problem-solving approach to the laboratory course, 3rd ed., Prentice-Hall, Upper Saddle River, New Jersey, 1999.
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the major component of cinnamon oil, is used to flavor many foods and beverages and to contribute a spicy
"oriental" note to perfumes.  Cinnamic acid itself plays an important role in secondary plant metabolism.  As an
intermediate in the shikimic acid pathway of plant biosynthesis, cinnamic acid is the source of an enormous
number of natural substances that (to give only a few examples) contribute structural strength to wood, give flavor
to cloves, nutmeg and sassafras, and produce the many of the brilliant colors of the nature -- the flower pigments
that attract insects for pollenation, the vivid and delicate shades of a butterfly's wings, and the radiant colors of
leaves in autumn.

Figure 3. Structures of Some Secondary Metabolites Related to Cinnamic Acid

In nature, cinnamic acid is formed by the enzymatic deamination (removal of ammonia) of the amino acid
phenylalanine, which in turn is biosynthesized in a series of steps from shikimic acid (Figure 4).  It can then be
converted, by a wide variety of biosynthetic pathways, to coniferyl alcohol (a precursor of lignan) in sapwood,
myristicin in nutmeg, safrole in sassafras bark, and the flavonoids in a wide variety of plant structures (Figure 5).
The flavonoids are natural substances characterized by the 2-arylbenzopyran structure found in flavanone, which
is itself biosynthesized from cinnamic acid by a process involving the linkage of three acetate units to the carboxyl
group of the acid (Figure 6).  Flavonoids perform no single function in plants.  Many are highly colored and attract
insects for pollenation or animals fro seed dispersal; others help regulate seed germination and plant growth or
protect plants from fungal and bacterial diseases.  Certain flavonoids contribute to the bitter taste to lemons and
the bracing astringency of cocoa, tea and beer.  Some flavonoids in foods appear to act as antioxidants that may
boost your immune system and help prevent cancer.  Although flavonoids and the other derivatives of cinnamic
acid may not have attained the commercial success of some other natural chemicals, they provide much to
delight the eye and stimulate the senses, and the world would be a drearier place without them.

Figure 4. Formation of Cinnamic Acid

Figure 5. Shikimic Acid Metabolites

Figure 6. Formation of the 2-Arylbenzopyran Skeleton
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Understanding the Experiment

In this experiment you will carry out the addition of bromine to trans-cinnamic acid and identify the product from its
melting point and nuclear magnetic resonance (NMR) spectrum.  The product will actually be a mixture of
enantiomers and could be either erythro-2,3-dibromo-3-phenylpropanoic acid [whose enantiomers have the (2R,
3S) and (2S, 3R) configurations], the threo-dibromide [(2R, 3R) and (2S, 3S)], or a mixture of the erythro and
threo dibromides.  The erythro-threo nomenclature is used to describe the configurations of compounds having
two chiral centers but no plane of symmetry.  It is based on the relative configurations of the two simple sugars
erythrose and threose (Figure 7).

Figure 7. Structures of Erythro and Threo Products Compared to Erythrose and Threose

The product you obtain will depend on the stereochemical course of the reaction.  Recall that a reaction is said to
be regioselective if it might produce two or more structural isomers but it actually produces one of the structures
preferentially.  Similarly, a reaction is said to be stereoselective if it might produce two or more stereoisomers but
actually yields one of them preferentially.  For example, the electrophilic addition of bromine to cyclopentene is
stereoselective because it yields trans-1,2-dibromocyclopentane with none (or very little) of the cis-1,2-dibromo-
cyclopentane stereoisomer.  This indicates that the components of Br2 must preferentially add to opposite sides of
the carbon-carbon double bond.  The proposed mechanism for this reaction must account for these
experimentally observed facts.  We will term this mode of addition as anti addition with the term syn addition
reserved for the process where both components add to the same side of a double bond.

The following senario has been devised to explain the anti addition of molecular bromine to cyclopentene.  As a
bromine molecule approaches the cyclopentene, perpendicular to the negatively charged pi-cloud of the double
bond, its bonding electrons are repelled away from the bromine atom nearer the double bond.  This leaves a
partial positive charge on the bromine atom nearest to the pi-cloud.  As the positively charged bromine atom
penetrates the pi-cloud, a negative bromide ion breaks away from it, leaving a cyclic bromonium ion in which the
positive bromine is bonded to both carbon atoms of the pi-bond.  The shape of the bromonium ion prevents the
bromide ion (Br-) from attacking the carbons from the same side as the bromonium (Br+) group.  This results in
exclusive backside attack of the bromide (Br-) on the carbons relative to the bromine leaving group.  The process
is SN2 like with the attacking Br- nucleophile approaching from the backside of the carbon relative to the bromine
leaving group (which comes from the bromonium ion).  This mechanism will produce exclusively the trans
product.  The two bromines which add to the double bond will be on opposite sides of the plane of the former pi-
bond (in this case, the plane of the cyclopentane ring).  Since the bromide ion could attack either one of the two
carbons of the cyclic bromoniun ion intermediate, two different products are formed.  The two products will be
stereoisomers (enantiomers) of each other so the reaction is said to be stereoselective.  The term stereospecific
is reserved for those reactions which produce a single enantiomer of product.
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Other electrophilic addition mechanisms may lead to different stereochemical outcomes.  In the addition of
molecular bromine to trans-anethole, conjugation with the ring stabilizes a carbocation intermediate.  This
carbocation intermediate is planar and can be attacked by the nucleophilic bromide ion from either face, resulting
in a mixture of both the syn and anti addition products.  In the reaction between trans-anethole and molecular
bromine, about 35% of the product results from syn-addition and 65% from anti-addition.  The fact that it is not a
50-50 mix suggests that the bromide ion faces less steric hindrance in its approach towards the carbocation
intermediate when it approaches anti to the other bromine atom.  Another possible mechanism might involve a
concerted addition to the carbon-carbon double bond that, like hydrogenation of alkenes, leads exclusively to syn-
addition.

You will carry out the reaction by slowly adding a solution of molecular bromine in acetic acid to a solution of
trans-cinnamic acid in the same solvent.  The dibromide begins to precipitate from solution during the reaction
and will be separated by vacuum filtration.  Because the melting points of of the erythro and threo dibromides are
separated by more than 100°C, the product can be easily identified from its melting point.  A mixture of both
products would be an impure substance and you would observe a broad melting point range that should not
coincide with the melting point of either pure dibromide.  From the identity of your product, you should be able to
deduce whether the addition of bromine to trans-cinnamic acid involves syn or anti addition or a mixture of the
two.  Molecular models will help you to relate the configurations of the syn and anti addition products to the
stereochemical structures shown for the erythro and threo dibromides.

Reactions and Properties

Physical Properties:
Compound M.W. mp °°°°C bp °°°°C d g/mL

Trans-Cinnamic Acid 148.2 136 - -
Bromine 159.8   -7   59 3.12
Acetic acid  60.1  17 118 1.049
erythro-2,3-Dibromo-3-phenylpropanoic acid 308.0 204 - -
threo-2,3-Dibromo-3-phenylpropanoic acid 308.0  95 - -

Bromine is highly toxic and corrosive, and its vapors can damage the eyes and respiratory tract.  Wear
gloves when handling the bromine solution, and dispense it under the hood; avoid contact and do not
inhale the vapors.  Acetic acid causes chemical burns and can seriously damage skin and eyes.  Its
vapors are irritating to the eyes and respiratory tract.  Wear gloves and dispense under a hood; avoid
contact and do not breathe vapors.

Procedure:
Carry out the reaction under the hood and wear gloves throughout.  In a 50 mL Erlenmeyer flask combine 10.0
mmol of trans-cinnamic acid with 6.0 mL of glacial acetic acid and add a stirbar.  Place the Erlenmeyer flask on a
magnetic stirrer and secure a separatory funnel over the flask.  BE SURE THAT THE STOPCOCK IS CLOSED.
Pour 8.2 mL of a 1.25 M solution of bromine in acetic acid into the separatory funnel and stopper it immediately.
Start the stirrer and add the bromine/acetic acid solution in five or more portions, waiting until the color has faded
to light orange in the reaction flask before adding the next portion.  Remember to remove the stopcock when
adding the bromine solurion and then return after the addition is complete.  The cinnamic acid should dissolve
shortly after addition of the first portion of bromine solution.  The entire addition process should take about 30
minutes.  After the last addition, let the reaction stir at room temperature for 15 minutes.  If the mixture becomes
colorless during this period, add more of the bromine solution, dropwise, until color persists.  If the mixture has a
distinct color (yellow or orange) at the end of the 15 minute reaction period, add cyclohexene dropwise with
stirring until the solution is colorless (or nearly colorless).

Separation and Analysis:
Cool the mixture in ice water until crystallization is complete, then collect the solid product by vacuum filtration.
Wash the solids with portions of water until the acetic acid odor disappears.  (You can obtain additional product of
lower purity by adding about 10 mL of water to the filtrate, cooling it in ice-water, and collecting the resultant solid
by vacuum filtration.)  Dry the 2.3-dibromo-3-phenylpropanoic acid and measure its melting point.

Molecular Modelling:
Build both erythro- and threo-2,3-dibromo-3-phenylpropanoic acid using the Spartan molecular modelling package
(You can use either PC-Spartan Plus on the computers in the computer lab or PC-Spartan Pro on the GC-MS



computer.)  Minimize the energy using molecular mechanics and then the semi-empirical AM1 algorithm.  Note
the heat of formation for each isomer.  Remember that the more negative the number is the more stable the
molecule.  Measure the dihedral angle between the two hydrogens which are on the same carbons as the
bromine atoms.  Write this value down to use in the NMR analysis of the compound.

NMR Analysis:
Obtain a 1H-NMR spectrum for your dry product crystals.

Questions:
1. Draw resonance structures which show how the aryl group of trans-anethole stabilizes the intermediate

carbocation of the bromination reaction.

2. Based on your experimentaql results, explain any differences or similarities in the stereochemistry of the
bromine addition reactions of trans-cinnamic acid and trans-anethole.

3. What product(s) would you expect to obtain from the addition of bromine to cis-cinnamic acid, assuming it
reacts by the same mechanism as the trans acid?

4. Write a mechanism showing why the bromination of trans-cinnamic acid produces a racemic mixture of
enantiomers.  Draw a stereochemical projection for each enantiomer and specify the configuration (R or S) at
each stereocenter.


