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ABSTRACT: Imines are important in biological chemistry
and as intermediates in organic synthesis. An experiment for
introductory undergraduate organic chemistry is presented in
which benzaldehyde was condensed with p-methoxyaniline in
toluene to give 4-methoxy-N-(phenylmethylene)benzenamine.
Water was removed by azeotropic distillation using a Dean−
Stark trap. The reaction was readily performed in one 3 h
laboratory period, gave a crystalline product, and was easily
followed visually by the amount of water collected. It
demonstrated important concepts from second-year undergraduate organic chemistry, including equilibrium processes,
condensation reactions, and imine formation. The experiment also gave students exposure to important laboratory techniques
including azeotropic distillation, use of a water trap, and mixed-solvent recrystallization.
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■ INTRODUCTION

Imines, sometimes called Schiff bases, are the nitrogen
analogues of aldehydes and ketones. They are important
intermediates in biological chemistry, including the pentose
phosphate pathway that produces NADPH, breakdown of
glycogen to produce glucose 6-phosphate, degradation of
amino acids, assimilation of amines from nitrogen fixation into
glutamine and glutamate, synthesis of other amino acids, and
absorption of visible light by rhodopsin in retinal rod cells.1

Imines also serve as important synthetic intermediates,2

particularly in synthesis of nitrogen heterocycles2,3 and chiral
amines.4

The synthesis of imines is addressed in second-year
undergraduate organic chemistry textbooks, but is mostly
absent from laboratory textbooks and this Journal.5 An issue
with preparation of imines is that many are not stable.6 Only
five experiments are reported in this Journal.5,7−10 Enamine

syntheses are similarly absent from laboratory textbooks; one
experiment has been published for the synthesis of an
enamine.11

The syntheses of imines and enamines are equilibrium
processes in which water is formed.12 Removal of water can be
used to shift the equilibrium toward the products, a
demonstration of Le Chat̂elier’s Principle and a concept that
students typically learn in first-year undergraduate chemistry
courses. In the preparation of an imine from p-methoxyaniline
and ethyl glyoxalate,5 molecular sieves were used to remove the
water formed over the course of 1 week at room temperature.
The imine was isolated as a liquid.5 In the reaction of
cyclohexanone and pyrrolidine,11 water was removed over 1.5 h
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from a refluxing benzene solution using a Dean−Stark trap; the
enamine was a liquid that could be purified by vacuum
distillation, but had to be used in the same period or stored
under nitrogen at 0 °C.11 Two solvent-free reactions that
yielded solid imines which were subsequently reduced to the
amines have been reported;7,8 neither experiment addressed
equilibrium. In another report, an imine was generated in situ
for reduction to the amine.9 A four-step synthesis of a cyclic
imine was described for graduate organic chemistry laboratory
classes.10

Oximes and hydrazones are often prepared as derivatives in
qualitative analysis laboratories; in these experiments, the focus
is not on the synthesis, but on the identification of an unknown.
The reactions are expected to form crystals without removal of
water from the reaction.13

An experiment for second-year undergraduate organic
chemistry is presented in which benzaldehyde (1) is condensed
with p-methoxyaniline (p-anisidine) (2) in toluene to give 4-
methoxy-N-(phenylmethylene)benzenamine (3), an imine
(Scheme 1). Water is removed by azeotropic distillation using

a Dean−Stark trap, where the reaction can be monitored by
watching water collect in the trap as it separates from toluene
and sinks to the bottom of the trap. Although Dean−Stark traps
purchased commercially can be expensive, methods for building
a trap from common laboratory glassware have been
published.11,14−16 An additional method for a noncommercial
trap is presented here. The reaction and workup are
conveniently completed in one 3-h laboratory period, and a
stable crystalline product is obtained.
The preparation of imines by azeotropic distillation of water

is a common method,17 and 3 has been previously synthesized
in benzene,18,19 but not by azeotropic distillation of toluene,
which is a safer solvent.20 Among the many other preparations
of 3 reported, use of magnesium sulfate21−28 or molecular
sieves29−31 in CH2Cl2 appears to be most commonly used.
Although these and other methods may be simpler for a
researcher, from a pedagogical viewpoint the ability to observe
the water as it forms enables students to follow the reaction
progress in real time and on a macroscopic scale, which makes
the chemistry and the concept of equilibrium less abstract and
more interesting.
The imine is isolated by merely adding hexanes to the room

temperature product mixture, inducing crystallization. This
illustrates the use of an “antisolvent” to reduce solubility, and
this type of direct crystallization from a reaction mixture is
desirable and frequently used by process chemists in
industry.32,33

Pedagogical goals for this experiment were thus an
introduction to imine synthesis, use of Le Chat̂elier’s Principle
to drive an equilibrium reaction to completion, use of
azeotropic distillation, and use of mixed-solvent recrystalliza-
tion.13

■ EXPERIMENT
Students may work alone or with a lab partner. Equimolar
amounts of 1 and 2 are dissolved in toluene and heated to
reflux. The water formed is collected in a Dean−Stark trap. A
Dean−Stark trap constructed from a stillhead and a 5 mL
round-bottom flask (Figure 1) can be used. When water stops

accumulating (approximately 30 min or less), the reaction is
cooled to room temperature. Hexanes, twice the volume of
toluene present, are added, and the reaction is cooled in an ice
bath to crystallize the product. Crystallization is often rapid and
dramatic. The imine is collected by vacuum filtration and
washed with cold hexanes to give tan/gray crystals of 3. After
drying, the product is characterized by melting point. 1H NMR
spectroscopy can be used, if available. If desired, recrystalliza-
tion of 3 from isopropyl alcohol (IPA) gives off-white crystals.
Details of the experiment are in the Supporting Information.

■ HAZARDS
Hexanes, toluene, and benzaldehyde (1) are flammable. n-
Hexane, the major isomer in the mixture of hexanes, is a
neurotoxin. Benzaldehyde (1) is harmful if swallowed or
contacted with skin. 4-Methoxyaniline (2) is very toxic if
ingested, inhaled, or contacted by skin. 4-Methoxy-N-
(phenylmethylene)benzenamine (3) is harmful if swallowed.
The MSDS for each compound should be consulted for further
detail. All work should be performed in fume hoods. Students
should wear nitrile gloves along with standard personal
protective equipment, such as a lab coat and goggles.

■ DISCUSSION
The experiment has been performed over several years by
students in introductory undergraduate organic chemistry
laboratory classes at the Abington, New Kensington, and
Schuylkill campuses of Pennsylvania State University. In earlier
versions of the procedure, an equal volume of hexanes was
added to the toluene solution, and the filtered product was
rinsed with cold hexanes/toluenes (50:50 v/v). Although this
worked well in the hands of the instructors, the students were
frequently getting low yields due to loss of product to the
mother liquor. In this updated version (see above), performed
at Abington in the Fall 2015 semester, yields were consistently
better due to addition of a higher proportion of hexanes.

Scheme 1. Reaction of Benzaldehyde (1) with p-
Methoxyaniline (2)

Figure 1. Dean−Stark trap, constructed from a stillhead and a 5 mL
round-bottom flask, used at Abington campus.
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In the most recent runs at the Abington campus, 15 students
organized into 8 groups ran the experiment using a Dean−Stark
trap constructed from a stillhead and a 5 mL round-bottom
flask (Figure 1). On average, students required approximately 2
h to complete the experiment to the point of allowing the
crystals to dry. After drying, the average yield of 3 (without IPA
recrystallization) ranged from 53.4 to 82% with an average of
69%, and melting points ranged from 61.1−62.5 °C to 66.3−
68.3 °C for an average of 63−65 °C (literature melting point
70−70.5 °C34).
On the basis of postlaboratory questions, all of the students

understood the mechanism of the reaction, how the equilibrium
was driven toward product formation, and that crystallization
was induced by lowering the temperature and adding an
antisolvent. Also, 93% of students could define an azeotrope
and understood that toluene and water formed an azeotrope in
this experiment. Lab report grades ranged from 93 to 98% and
averaged 94%, which is higher than typically seen with other
experiments.
Students over the course of a number of semesters answered

survey questions about the experiment. Students were asked
whether they found the experiment “instructive”; they almost
unanimously responded “yes”. Students were also asked what
they liked best about the experiment. The two most common
answers were use of the Dean−Stark trap and watching the
product crystallize. Additional comments provided by students
included, “the best lab yet”, and “clear” and “easy to follow” the
procedure.
An extension of this lab can be done in which the rate of

collection of water is used to compare the reaction rates of 2−4
imine formation reactions in which the electronic effects of the
substituents (−OCH3 and −NO2) are the same, but the steric
effects are different. Details are in the Supporting Information.

■ SUMMARY

A laboratory experiment for second-year undergraduate organic
chemistry was developed. The experiment was straightforward,
interesting to students, and achieved its pedagogical goals:
covering several important lab techniques, visualization of an
equilibrium process, and an introduction to synthesis of imines.

■ ASSOCIATED CONTENT
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The Supporting Information is available on the ACS
Publications website at DOI: 10.1021/acs.jchemed.6b00056.

Handout for students containing a detailed discussion
and experiment instructions, and separate notes for
instructors; questionnaires that were given to students
and lab report templates that were given to students at
Abington; and an extension in which kinetic measure-
ments based on the amount of water collected are used
to study steric effects (PDF, DOC)
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