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ABSTRACT: The synthesis of 1,1-diphenylethylene (DPE) via a Grignard reaction,
followed by an acid-catalyzed dehydration reaction, yields a mixture of compounds.
DPE is a high boiling liquid that cannot be purified using simple distillation. However, it
is easily separated from the more polar starting material and intermediate alcohol using
both thin layer and column chromatography. Second-semester organic chemistry
laboratory students learn the techniques of running reactions under anhydrous
conditions and of column chromatography. In addition, the experiment demonstrates
clearly the relationship between thin layer and column chromatography.
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B INTRODUCTION

Both the Grignard reaction and the technique of column
chromatography remain standards in the second-year organic
chemistry laboratory lexicon;' column chromatography is often
employed in the biochemistry laboratory when separating
mixtures of proteins. The experiment serves as an introduction
to (1) the anhydrous reaction techniques necessary for a
successful Grignard reaction, (2) column chromatography, and
(3) a refresher in thin layer chromatography (TLC) in a
second-semester introductory organic chemistry laboratory
course. It combines these techniques in the synthesis of 1,1-
diphenylethylene (DPE), a colorless alkene product (Scheme
1).>* The high boiling point of DPE makes distillation
impractical as a means of purification, so column chromatog-
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Scheme 1. Synthesis of DPE

©)\ ©/MgBr

1) Et,0
2) H;0*

© XXXX American Chemical Society and

W ACS Publications Division of Chemical Education, Inc.

raphy is employed. Because both the reactants and the products
of the reaction are colorless, students are unable to visualize the
separation process during chromatography. Students utilize
TLC to monitor the two reactions, as well as the column
chromatography purification process. Unlike typically em-
ployed TLC and column chromatography experiments that
separate colored organlc molecules,”* dyes,® or pigments from
plant sources,””” this experiment requires students to evaluate
the column separation after it has occurred using TLC. Because
many organic and biomolecules are colorless in solution, this
column chromatography experiment most resembles a research
laboratory experience in separation science and results in a pure
product.
The goals of this experiment are as follows:

(1) Students will achieve competency with anhydrous
reaction techniques as evidenced by production of a
Grignard product.

(2) Students will achieve competency in column chromatog-
raphy technique, as evidenced by separation of DPE from
other reaction compounds, as well as responses in the
laboratory reports and prelab quizzes.

(3) Students will follow the progress of a reaction using
TLC, and predict and determine the results of a colorless
column chromatography separation using TLC, as
evidenced by responses in the laboratory report and
prelab quizzes.

(4) Students will demonstrate knowledge of the mechanism
of the Grignard reaction, the mechanism of the
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elimination reaction, and infrared (IR) characterization
of alkenes, as evidenced by responses in the laboratory
reports.

In this Journal, DPE has been used as a substrate in organic
chemistry laboratories for bromination reactions'®'' and in
fluorescence kinetics experiments.'”” DPE as a monomer has
attracted significant interest from both academia and industry.
It has been used as an additive to initiate (with a free-radical
initiator) and control radical polymerizations in the synthesis of
block copolymers.'” “DPE can undergo copolymerization by
living anionic polymerization but is incapable of forming a
homopolymer due to steric hindrance.”"*

B EXPERIMENTAL OVERVIEW

The experiment has multiple parts: the Grignard addition and
workup, the dehydration reaction and workup, and the
purification of DPE by column chromatography. As presented,
the experiment requires three laboratory periods: one for the
Grignard reaction (3 h), one for the dehydration (2 h), and
another for the column chromatography experiment (2.5 h).
Students conduct the Grignard reaction and dehydration in
pairs; students divide the crude product and purify DPE using
column chromatography individually.

Grignard Reaction

The glassware setup is dried using a heat gun; drying tubes are
placed to maintain dryness in the reaction vessel and addition
funnel. A solution of phenyl magnesium bromide in THF (1.0
M; 1.8 equiv) is added slowly over a S min period to a stirred
solution of acetophenone (1 equiv) in diethyl ether at 0 °C. A
precipitate forms during the addition. After the addition is
complete, the solution is allowed to warm to room temperature
with stirring over a period of 25 min. The solution is chilled to
0 °C again, and water and dilute hydrochloric acid are added
dropwise to quench any remaining Grignard reactant and to
release the product, 1,1-diphenylethanol. The product mixture
is extracted into diethyl ether, and the progress of the reaction
is examined using TLC. The solvent is removed by rotary
evaporation to yield a pale yellow oil.

Dehydration Reaction

The oil is dissolved in a cold (4 °C) solution of concentrated
acetic acid and concentrated sulfuric acid (4:1 v/v). After
addition of cold water, the product is extracted into diethyl
ether to isolate crude DPE. The solvent is removed by rotary
evaporation to yield a brown oil.

Column Chromatography

The column is prepared using the slurry method. Silica gel
(60—200 pm, 7.5 g) and hexane/dichloromethane (DCM) (2:1
v/v, 75 mL), the eluting solvent, are mixed and poured into a
buret (1 cm id., 50 mL). The product mixture (0.25 g or less)
is applied to the silica gel column (16.0 cm high), and eight test
tubes containing 3 mL of eluent are collected. TLC conditions:
plates, Silica Gel GHLF, Analtech, Cat. no. 21521; eluent,
hexane/DCM (2:1 v/v); visualization, UV light, followed by
iodine chamber. R; values for the reaction components are the
following: acetophenone, 0.10; 1,1-diphenylethanol, 0.07; 1,1-
diphenylethylene, 0.72. Fractions containing DPE are com-
bined and the solvent is removed by rotary evaporation.
Analysis is conducted using IR spectroscopy.
Full details are available in the Supporting Information.

B HAZARDS

Appropriate personal protection (safety glasses, gloves, lab
coat) should be worn at all times. All reactions and
chromatography should be carried out in a fume hood. Diethyl
ether is an extremely flammable liquid that causes serious eye
irritation and is harmful if swallowed or inhaled. Acetophenone
is a combustible liquid that causes serious eye damage and is
harmful if swallowed. Tetrahydrofuran is a highly flammable
liquid, causes serious eye irritation, may cause respiratory
irritation, and is suspected of causing cancer. Phenylmagnesium
bromide causes severe skin burns and eye damage. Hydro-
chloric acid causes severe skin burns and serious eye damage,
may cause respiratory irritation, and may be corrosive to metals.
Sulfuric acid causes severe skin burns and serious eye damage
and may be corrosive to metals. Acetic acid is a flammable
liquid and causes severe skin burns and eye damage. Hexane is
a highly flammable liquid that causes skin irritation and may be
fatal if swallowed and enters airways. It is suspected of
damaging fertility or the fetus and may cause damage to the
nervous system through prolonged or repeated exposure if
swallowed. DCM causes skin irritation and serious eye irritation
and may cause respiratory irritation. DCM is a suspected
carcinogen; it may cause damage to the liver, blood or central
nervous system through prolonged or repeated exposure if
swallowed or inhaled. DPE and 1,1-diphenylethanol are not
hazardous substances, but should be handled using standard
precautions. Silica gel powder is not a hazardous substance, but
it should not be inhaled; take precautions when pouring/
measuring. Iodine vapor is a skin and eye irritant and should
not be inhaled.

B RESULTS AND DISCUSSION

By coupling Grignard and dehydration reactions to column
chromatography, students had a satisfying experience with both
procedures. Students isolated and characterized a pure product
from the Grignard reaction and appreciated column chroma-
tography as a useful purification technique. This experiment
also served as an introduction to anhydrous reaction
procedures. As this experiment was employed at the beginning
of a second-semester introductory organic chemistry course,
students were reacquainted with liquid—liquid extraction, use of
a rotary evaporator, and thin layer chromatography.

At the end of the Grignard reaction workup, TLC revealed
acetophenone, 1,1-diphenylethanol, and DPE, in roughly equal
amounts. At the end of the dehydration reaction, TLC revealed
mostly DPE with small amounts of acetophenone, 1,1-
diphenylethanol, and trace amounts of two other unidentified
impurities. At this stage, the average student yield of crude
product was 0.72 g (65%), with a standard deviation of 0.33 g, n
= 100. Column chromatography of this crude product yielded
an average student recovery of pure DPE of 63%, with a
standard deviation of 25%, n = 104. TLC analysis of the eluent
test tubes against the product standard solution revealed pure
DPE in test tubes numbered 3—6 (Figure 1).

This experiment has been performed by six sections of
approximately 20 second-semester introductory organic chem-
istry students each, without difficulty. Only two of 50 pairs of
students did not generate a Grignard product; those students
were given crude product mixture to run the column. All
students separated and isolated DPE from acetophenone and
1,1-diphenylethanol using column chromatography. Laboratory
reports and prelab quizzes required students to draw out the
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Figure 1. TLC analysis of fractions is shown after UV visualization and
development in an iodine chamber. DPE standard is the first lane on
each plate; fraction numbers are indicated above the solvent front line.
DPE is in fractions 3—6; a small amount of DPE is in fraction 7, along
with other impurities. Neither acetophenone nor 1,1-diphenylethanol
is eluted.

complete reaction mechanism, calculate Ry values, attempt to
identify the impurities in the TLC analysis, explain the ease of
the dehydration reaction, answer general questions about
chromatography, and identify specific IR stretching and
bending modes in DPE. Students’ yields, as well as the quality
of their reports, demonstrated that the goals of the experiments
were met. The mean scores on these assignments were the
following: prelab quiz, Grignard reaction and dehydration
(81%); prelab quiz, column chromatography and TLC (91%);
Grignard reaction and dehydration report (87%); column
chromatography report (87%); IR interpretation report (88%).

Students characterized DPE using IR spectroscopy; they
identified and labeled the peaks for sp2 C—H stretches, C=C
stretches, vinyl =C—H out-of-plane bend, and aromatic =C—
H out-of-plane bends. IR spectra showed the lack of C=0
(from acetophenone) and the lack of OH (from the alcohol), as
well as the presence of aromatic C=C and sp* C—H stretches.
Characterization using GC/MS, and '"H NMR and *C NMR
spectroscopy can also be utilized, and conditions are described
and spectra provided in the Supporting Information.

One of the unexpected outcomes of this experiment was
students” understanding of the relationship between TLC and
column chromatography. For some students, making the
connection between what was happening within the column
and what had happened on the TLC plate was confusing: in
TLC, the solvent moves up the plate, and in column
chromatography, it moves down the column. Several students
also voiced concern when the yellow/brown layer of impurities
did not move through the column; it stayed at the top where
the mixture was applied. When student’s TLC plates were
turned upside down next to the column, students immediately
understood the correlation. Students noted that the brown oil
initially added to the column became a colorless oil after
purification by column chromatography.

B PEDAGOGICAL ENHANCEMENTS

Synthesis of an alkene in the second-semester organic
chemistry course provided an opportunity to revisit the
mechanism of acid-catalyzed dehydration of an alcohol. A
question on the report sheet was as follows: “Normally a
dehydration reaction requires heating and removal of water as it
forms during the reaction in order to drive the dehydration in
the forward direction. However, this particular dehydration
takes place readily, even at lower temperatures. Explain.”
Students identified the reaction intermediate as a benzyl cation,
much more stable and of lower energy than alkyl cations,
following a different reaction path with a lower activation
energy barrier for the forward reaction. They also recognized
that the newly formed alkene is in conjugation with the
adjacent phenyl rings, providing stability for the product.

This reaction also reviewed the synthesis of alcohols using a
Grignard reagent and previewed the reactivity of ketones with
strong nucleophiles, which commonly is covered later in a
second-semester organic chemistry course.

References to and descriptions of enhancements describing
the use of DPE in polymer chemistry and experiments using
DPE in an introductory organic chemistry sequence are in the
Supporting Information.

B CONCLUSION

The coupling of a Grignard addition and dehydration reaction
to column chromatography enhanced students’ appreciation for
column chromatography as a purification technique. By
monitoring the colorless chromatography procedure using
TLC, students comprehended the correlation between the two
chromatographic techniques. Placement of this experiment at
the beginning of the second semester of a two-semester organic
chemistry sequence allowed for review of elimination
mechanisms and alkene chemistry, previewed nucleophilic
addition to carbonyl compounds, and can provide an
opportunity to discuss alkene polymerization reactions.

B ASSOCIATED CONTENT
© Supporting Information

The Supporting Information is available on the ACS
Publications website at DOI: 10.1021/acs.jchemed.5b00212.

Student handouts (laboratory manual pages, report
sheets and quizzes), instructor notes with added
enhancements, and experimental data and spectra (IR,
'"H NMR, BC NMR, GC/MS) (PDF, DOCX)
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