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This paper describes an experimental exercise designed to
introduce students to combinatorial chemistry as it is applied
in drug discovery. Care has been taken to ensure that students
perform all aspects of the discovery process: synthesis of
libraries, screening for the desired activity, and deconvolution
of the library to identify the active individual compound. The
laboratory was designed for high school biology and chemistry
classes as part of the Science Partnership Scholars program
at TSRI. However, it is readily adaptable to an undergraduate
laboratory course by expansion to include a discussion of
reaction mechanism, alternate methods of library synthesis
and deconvolution, and structure–activity relationships.

Background and Rationale

In the past 10–15 years, combinatorial chemistry has
dramatically changed the paradigm for the discovery of novel
compounds with desired properties (1). Although it has found
application in materials science (2), catalysis (3), and molecular
recognition (4), its greatest influence has been on drug dis-
covery (1). In both academic and industrial laboratories, it
has been used to generate huge libraries of novel compounds
containing leads that inhibit enzymes, block receptors, bind
DNA, and disrupt disease pathways. The method is a
wonderful example of the fruitful interaction of chemical
synthesis and biology and amply demonstrates the utility of
interdisciplinary approaches to complex problems.

The distinguishing characteristics of combinatorial
synthesis are its use of mixtures and its exploitation of the
exponential relationship between the number of starting-
material components and the number of products formed in
a reaction. It is this relationship that is responsible for the
astounding number of compounds in many libraries, some-
times in excess of 2,000,000 (5). The outstanding benefit of
the method is its ability to identify active compounds in a
mixture by performing fewer reactions and fewer tests for the
desired property than if the compounds were synthesized and
tested individually.

We sought to express these concepts in an experimental
exercise in which students simultaneously prepare libraries
of compounds, screen them for antibiotic activity, and
deconvolute their libraries to identify the active individual
compound. This approach, which emphasizes the use of
mixtures, complements a previous report in this Journal for
the demonstration of parallel synthesis (6 ).

Combinatorial Synthesis of Hydrazones

We selected a two-component coupling reaction for
library synthesis. This is the simplest reaction type upon
which combinatorial libraries have been based, and it has been
applied widely. We chose hydrazone formation as the basis
of our library synthesis (eq 1) because it demonstrates the
appropriate characteristics for combinatorial use: it is high
yielding; there is little or no workup; there is no necessary
purification. In addition, the reaction has practical benefits
for use in an exercise: it proceeds well in water; no reagents
are required; it is very fast; it is accompanied by a color
change. All reactions in this exercise take place in solution
phase. While much combinatorial work is performed on solid
support, it complicates the experimental procedures and is
unnecessary for demonstrating the combinatorial method.
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In the experiment, three aldehydes (A1, A2, A3) and
three hydrazines (B1, B2, B3) are reacted in water to form six
mixtures (M1–M6) of three hydrazones each. The starting-
material aldehydes and hydrazines were selected to produce eight
inert compounds and a single hit, the water-soluble nitrofuran
antibiotic guanofuracin (structure 1) (7 ). The six libraries are
then screened for antibiotic activity against Escherichia coli
using the cup agar diffusion method (8). The results of the
antibiotic screens, visible after a 12–24-h incubation period,
enable the deconvolution of the mixtures.
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Tables 1 and 2 serve as visual aids in determining the
contents of each mixture and in deconvoluting them. The
part above and to the left of the lines in Table 1 represents
the starting materials for the reactions carried out; the rest
represents all the compounds synthesized. The same 3 × 3
matrix also describes all six of the mixtures produced (Table 2):
mixtures M1–M3 are represented in the columns of the table,
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and mixtures M4–M6 are represented in the rows. When the
column and row corresponding to the two mixtures that show
antibiotic activity are shaded (as in Table 2), the intersection
corresponds to the active compound (A2–B3).

The key insight emphasized in the data analysis is that
nine hydrazones are synthesized and screened for antibiotic
activity by carrying out only six reactions and six antibiotic
screens. In the discussion of results, the concept and design
of the experiment are extrapolated to larger systems (e.g., a
10 × 10 matrix containing 20 mixtures of 10 compounds each)
and multiple hits. The advantages and disadvantages of the
simple deconvolution method used are addressed, and compari-
sons are made among it and other deconvolution strategies.

Hazards

No significant hazards are associated with this experiment.

Conclusions

This experiment was favorably received by the high
school chemistry and biology teachers who participated in
the TSRI Science Partnership Scholars program. Many have
adopted it for use in their classrooms, where it has proven
successful and stimulating. Since a thorough understanding of
the chemical reactions occurring is not necessary to appreci-
ate the combinatorial methods demonstrated, teachers felt

comfortable using the experiment with biology students who
had not yet taken high school chemistry. The synthesis of
libraries and setup of antibiotic screens requires about one
hour, so the experiment fits well into high school schedules.
In addition, the ready availability and safety of all required
microbiology and chemistry materials proved particularly
attractive to the teachers.

Acknowledgments

We thank Martha Lovato, Leslie Nangle, and Valeríe de
Crecy Lagard for helpful advice regarding the antibiotic
screen, and Ryan Morton, Paul Nyffeler, and Phyllis Frosst
for their hard work in executing this experiment during the
TSRI Science Partnership Scholars program. We gratefully
acknowledge financial support for this program provided by
The Arthur Vining Davis Foundations.

WSupplemental Material

Further background material, detailed procedures for this
experiment, and notes for the instructor are available in this
issue of JCE Online.

Literature Cited

1. Borman, S. Chem. Eng. News 2000, 78 (May 15), 53–65.
Liu, D. R.; Schultz, P. G. Angew. Chem., Int. Ed. Engl. 1999,
38, 37–54. Borman, S. Chem. Eng. News 1998, 76 (Apr 6),
47–67. Ellman, J. A.; Gallop, M. A Curr. Opin. Chem. Biol.
1998, 2, 317–319. Chem. Rev. (special issue, Szostak, J. W., Ed.)
1997, 97, 347–510. Curr. Opin. Chem. Biol. (special issue,
Chapman, K. T.; Joyce, G. F.; Still, W. C., Eds.) 1997, 1, 1–135.
Borman, S. Chem. Eng. News 1996, 74 (Feb 12), 29–54. Acc.
Chem. Res. (special issue, Czarnik, A. W.; Ellman, J. A., Eds.)
1996, 29, 112–170.

2. Dagani, R. Chem. Eng. News 2000, 78 (May 15), 66–68.
Jandeleit, B.; Schaefer, D. J.; Powers, T. S.; Turner, H. W.;
Weinberg, W. H. Angew. Chem., Int. Ed. Engl. 1999, 38,
2494–2532. Schultz, P. G.; Xiang, X.-D. Curr. Opin. Solid
State Mater. Sci. 1998, 2, 153–158.

3. Kuntz, K. W.; Snapper, M. L.; Hoveyda, A. H. Curr. Opin.
Chem. Biol. 1999, 3, 313–319. Jandeleit, B.; Turner, H. W.;
Uno, T.; Van Beek, J. A. M.; Weinberg, W. H. CATTECH
1998, 2, 101–123.

4. Ganesan, A. Angew. Chem,. Int. Ed. Engl. 1998, 37, 2828–2831.
Lehn, J.-M. Chem. Eur. J. 1999, 5, 2455–2463. Hof, F.; Nuckolls,
C.; Rebek, J. Jr. J. Am. Chem. Soc. 2000, 122, 4251–4252.

5. Tan, D. S.; Foley, M. A.; Shair, M. D.; Schreiber, S. L. J. Am.
Chem. Soc. 1998, 120, 8565–8566.

6. Birney, D. M.; Starnes, S. D. J. Chem. Educ. 1999, 76,
1560–1561.

7. Miura, K.; Reckendorf, H. K. Prog. Med. Chem. 1967, 5, 320–
381.

8. Isaacson, D. M.; Platt, T. B. In Handbook of Microbiology;
Laskin, A. I.; Lechevalier, H. A., Eds.; CRC Press: Boca Raton,
FL, 1984; pp 317–326.

If antibiotic activity is observed in mixtures M2 and M6, the active
antibiotic compound is A2–B3.
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6M → 3B–1A 3B–2A 3B–3A
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