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Abstract: A new highly efficient MICROCOS technology (Microwave-assisted Combinatorial
Synthesis) for generating combinatorial libraries is described. The technology is applied to the high
throughput, automated, one-step, parallel synthesis of diverse substituted pyridines using the Hantzsch
synthesis. The advantages of microwave-assisted chemistry for combinatoriai synthesis inciude a broad
range of available chemistries, simple reaction setup and product recovery readily amenable to
automation, extremely short reaction times, and high product ylelds.
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Lqui‘Owavc—a:S sted orgaiic synthesis {(MAQGS) is a new and quiCKly de vclUpuxg area in byn etic organic
cher_n_lstrv Th is .vnthetl_c technigue is based on the emnirzcal observation that eome m-oa_mc reactions proceed much

that normally require many hours at reflux temperature under classmal condmons can be completed within several
minutes or even seconds in a microwave oven, even at comparable reaction temperatures. While different hypot;heses
a2 hanm smsmsaoa A anmnmrint fne tha affane ~F AT e (i Arganin tonatinme 3 tha wooames A

have been proposca to account for the effect of microwaves on Orgdaii idacuons, uif icasSoil LUl such dramatic
acceleration effects remains largely unknown. Regardless of the exact origin of the microwave effect, it is extremely

efﬁc1cnt and applicable to a very broad range of practlcal syntheses.
One of the most useful implementations of MAOS is the so-called “solvent-free” or “dry media” synthesis.* In
is case, a solid support capable of absorbing microwave radiation (such as clay or alumina) is first impregnated with a
ion of reactants in a volatile solvent. The solvent is removed by evaporation, and the solid support with adsorbed
reagents is irradiated by micr owavc_:s. In some cases a small amount of N,N'-dimethylformamide is added to the n
as an energy transfer medium.’ The reaction takes place in the solid phase, and the products are then extracted from the
support using an appropriate solvent. The great advantage of the solvent-free technique is that it can be conducted in
open vessels, making it simple and safe to perform, and does not reqmre specialized equipment (e.g. sealed digestion
bombs) to accommodate high pressures which develop in heated liquid reaction systems.

Microwave-assisted organic reactions allow rapid product generation in high yield under uniform conditions.
Therefore, they are ideally suited for combinatorial chemistry, which has emerged during the past decade as a powerful
tool for producing large chemical libraries for biological screening and drug discovery.® In the present work we
demonstrate the first practical application of microwave technology in combinatorial chemistry. The new synthetic
technology, Microwave-assisted Combinatorial Synthesis (MICROCOS), employs solvent-free MAOS performed in a
96-well plate format for high-throughput, automated production of combinatorial libraries.

In its most productive version, MICROCOS utilizes multicomponent reactions’ for synthesis of large and
diverse compound libraries. In this work, MICROCOS is demonstrated by the synthesis of a library of substituted
pyridines using a three-component Hantzsch synthesis The pyridine scaffold is an essential structural element of
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The Hantzsch synthesis is a condensation reaction between 2 moles of B-keto ester, 1 mole of aldehyde and 1
mole of ammonia. The product of this reaction is a 1,4-dihydropyridine, which can be oxidized to the corresponding
pyridine derivative.' Recently, a synthetic method was reported to obtain pyridines on a multigram scale in a one pot

micraowave reaction neing hentonite clav ag a cunnort and ammonium nitrate ag the cource of ammonia and avidant
1IIWIVYYA YW iviaviiwvii uau;b VwiilJilivwe VAHJ Go & Jul)yv&l ALV CHAMIVAUWILIL LM G G0 uivw UV VY Ul GUIUVIILRG Gllu vALUualnit

(nitric acid) as shown in Scheme 1."" However, good yields of C4-substituted pyridine products ( compound 1) could
only be obtained when alkyl aldehydes were used. For example, only 5% yield of the 4-phenyl pyridine derivative was
obtained when benzaldehyde was used, with a 75% yield of the C4-unsubstituted pyridine (compound 2).

Scheme 1
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synthesis. First, effective library generation benefits from an increased number of sites for structural variation, which

enables a broader variety of reagent structures to participate in building the library. In this respect, we found that in
contrast to the results previously described ', undesired products analogous to 2 were not observed under the reaction
conditions described herein. Every aryl aldehyde tested (Fig. 1) gave solely pyridine products substituted at C4, as
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Second, in addition to ethyl acetoacetate a |1 3.nj
number of other different 1,3-dicarbonyl compounds
were identified as efficient components of the \/O\ﬂ/\ﬂ/ /W ///\/O\ﬂ/\ﬁ/ \ﬁa\f\ﬂ/
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shows the total ion chromatograms (TIC) from the
HPLC/MS analyses on products obtained according
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These developments were employed as a basis for automated synthesis of a library of pyridines to demonstrate
the feasibility and advantages of the MICROCOS technology. Twelve aldehydes and eight 1,3- dicarbonyl compounds
(Fig. 1, all obtained from Aldrich, Milwaukee, W1) were used as building blocks for library synthesis according to
Scheme 2. In each reaction, ethyl acetoacetate 3 was used as one of the components of the Hantzsch synthesis, whereas
the second 1,3-dicarbonyl compound and the aldehydes were used in all possible combinations (one unique
combination per well). Each well of the glass filled polypropylene 96-well filter plate reactors (10 pm polypropylene

filter, 2ml/well, Polyfiltronics, Rockland, MA) contained 100 mg of a bentonite/ammonium nitrate (5:1 w/w) mixture.
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Fig. 2. Total ion chromatograms from HPLC/MS runs on products obtained according to Schemes 2a and 2b
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From building blocks 3, 10, and 12: 7, 3+3+12 (M+H = 328); 2, 3+10+12 (M+H = 343); 3, 10+10+12 (M+H = 360)

The desired 1,3-dicarbonyl compounds and aldehydes were distributed to each well using a Cyberlab C-200 robotic
hqmd handler (Brookﬂeld C F) to gtve 0.1 mmol of ach reagent per well (35 pl of a 2.86 M solution in NN'-
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wells were filled with 1 ml ethyl acetate to extract the reaction products. A 96-well solid bottom plate was then fitted
below the reaction filter plate and centrifugal force (1000 rpm) was used to wash the product solution off the support
into the receiving plate. The solvent was removed under vacuum using a Savant SpeedVac Plus centrifugal evaporator
with a microplate rotor (Holbrook, NY) to afford the desired products. Before evaporation, an aliquot was taken from
each well and analvzed by HPLC/MS and/or high-throughput MS (flow iniection at ca. 1 sample/min).”> The analysi
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showed that the reactions were uniformly successful across the 96-well reactor plate, thus indicating that the outcome
of parallel reactions in a multiple reactor array is not adversely affected by the presence of microwave-absorbing
material in adjacent wells and/or a potentially uneven distritlailtion of the microwave energy inside the oven. No
unreacted starting material was detected n any ot the reactions, and the HPLC purity ol the products was = /0 Y. All
ted 96 nonsymmetrical “yridmes were synthesize
ishable by MS were fo rmed.”” Evidently, some bulky 1,3-dicarbonyl components react slower, and therefore
the correspondmg symmetncal products are not observed. This is the first successful demonstration of parallel

synthesis using microwave-assisted chemistries.
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In conclusion, the applicability of the MICROCOS technology for generating combinatorial libraries has been

demonstrated using the Hantzsch synthesis of pyridine derivatives as an example. The advantages of MAQOS, especially
of its solvent-free version, provides a dramatic impact on combinatorial synthesis, as summarized in Table 1.

prthor arn G aemteact 1o tha teaditional enlid_nhace cunthecic [0 tha micrawave technalaoyv doee not reaiive

1 UllllcllllUlU, 11 v ast v uls uauiiiviial DUIIU'PIIGDD Dylllllbalb lll\t HHviIuUvwavue lUUllllUlUE} uuvs 1iut lhhlull\. Lh\.«
development of solid phase linking and cleaving chemistries. Similar to solution-phase combinatorial synthesis, the
MICROCOS procedure produces compounds in a soluble form immediately available for biological screening.
Additional microwave chemistries are currently being developed in our laboratory to extend the MICROCOS
technology and allow the synthesis of novel structurally diverse libraries. Results of this work will be reported in due

course.
Table 1. Impact of MAOS on Combinatorial Synthesis
Characteristic Impact

. Applicability to wide range of organic reactions . Increased diversity of libraries

. Simple reaction setup, uniform conditions . Simplified and efficient automation

. \/nrw ahart reactian tim Nramatically increacad cunthatis thranaghnnt
. Jll\}ll Iwdwiivil \,llll\rﬂ - Ulﬂlllﬂll\.ﬂﬂll] 1wl wadwil D)‘ IILlIW LI LIl ULIEII]JI-I[
. Increasad yield, no excess reagents, decreased side products . Simplified and efficient purification
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. Analyses performed on a Perkm Elmer SCIEX API100 electrospr LC/MS system with thermo ion spray

ionization. Column IB-SIL 3 um C18, 2 x 100 mm. Gradient 20% MeCN in water to 100% MeCN in 20 minutes,
flow rate 0.4 ml/min. UV detection at 260 nm.

In a separate experiment it was confirmed that the starting reagents were fully stable under reaction conditions, and
therefore their absence in the final product indicates that they completely reacted rather than decomposed under

microwave irradiation.
Theoretically, 144 symmetrical pyridines could be formed in the library synthesis. However, 36 of those (viz.
regioisomers arising from 10) are not distinguishable by MS analysis -
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