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Introduction. High-speed microwave synthesis has drawn
a considerable amount of attention in recent yéarge
application of microwave heating technology to the prepara-

tion of compound libraries has attracted the interest of the

medicinal chemistry community as a powerful tool for rapid
analogue synthesis while carrying out drug discovery. The
blending of microwave heating technology and parallel

synthesis is a logical consequence of the significant rate
enhancements and higher product yields associated with the

use of microwave ovens and the increase in productivity
afforded by combinatorial chemistry technigdés.general,
two approaches have been used for microwave assiste

parallel and combinatorial chemistry: On one hand, series
of compounds are prepared sequentially in an automated

single-mode instrument, allowing for control of temperature

and pressure in each reaction independently. On the othe

hand, compounds are prepared in parallel arrays using

offers the advantage of full control of each reaction.

However, in this case, all reactions must be processed

sequentially, and this could provide a bottleneck in produc-
tivity, especially for large series of compounds. Multimode
instruments offer the possibility to perform multiple reactions
in one irradiation experiment, but reactions are usually

r

performed without an appropriate control of the temperature,
which limits the reproducibility of the experiments, especially
when unmodified domestic ovens are uded.

While irradiating multiwell polypropylene plates using
household microwave ovens, some researchers have reported
problems in connection with the thermal instability of the
polypropylene material and temperature gradients developing
between individual wells upon microwave heatiiglo
overcome these problems; hter and Ondruschkaecently
described a reactor systethat improves heating efficiency
and enhances thermal stability and generally provides a better
performance when compared to the classical polypropylene-
based system. One key advantage to théchter and
Ondruschka system is that the temperature of the block is
controlled with a fiber-optic sensor underneath the reaction
vessel. Grieco et al. recently demonstrated the utility of this
system by preparing six peptides on solid supp@espite
these findings, the application of this system for the
preparation of series of compounds using microwave ir-
radiation has not been reported.

One of the key issues when carrying out microwave
chemistry is reproducibility when going from one type of

d’nstrument to another. Obviously, it is desirable to obtain

consistent results when switching instruments. Examining
the reproducibility between microwave ovens has been
recently reported, but the focus of these programs related to
challenges associated with changing the scale of the reactions
when going from a single-mode to multimode ovéfisn

multimode instrument. The use of a single-mode instrumen?thIS report, comparison of resilts between single-mode and

multimode microwave ovens, when applying these instru-
ments to preparing sets of compounds, is described. The
results of these experiments validate the use of multiwell
plates under microwave irradiation as an alternative to speed
up parallel synthesis.

Results and DiscussionTo compare the results between
both instruments, N-alkylation was used as a model reaction.

*To whom correspondence should be addressed. E-mail: jalcazar@ The initial experiments were designed to optimize temper-
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ature, equivalents of the alkylating reag@at time, base,
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Table 1. Optimization of N-Alkylation

O-Base
eRicns - ool A & & & & X
©/\K’NH Solvent kf“\/\o
1a 2a 4aa
: POPOOO®
Ji\/j Q@ NMe;]* cog pN~
entry T(°C) t (min) solvent Y (%)?

x
N\
o}

o

2a(equiv) base

1 100 1.2 5 3a NMP 81

2 120 1.2 5 3a NMP 85

3 140 12 s . we s 4 @D G O O @ @

4 150 1.2 5 3a NMP 88 (3p

5 150 1.2 5 3a DMF 86 (3y

6 150 1.2 5 3a DMSO 83(5Y 1 2 3 4 5 6

7 150 1.2 5 3b NMP 46° m80% W 8&7%

g 58 1% 1?) gg “mg gg(@ Fi_gure 1. Yie_ld distr_ibution throughout the plate after irradiation
10 140 13 5 3a  NMP 89 (1P with the multimode instrument.
11 140 15 5 3a NMP 87 (3p

Scheme 1.N-Alkylation of Four Amines with Six
aPercentages are based on the product peak area by LC/MSAlkylbromides
b In parentheses, amount of quaternized product based on peak area Ry 3b,NMP R,

by LC/MS. ¢ Different byproducts were detected in the crude. NH +  Ry=Br " ~ )
R, 140°C, 5 min. R,

1a-d 2a-f (1.3eq) 4aa-df

R,
and solvent in a single-mode oven, as full control of
individual reactions are maintained in this reactérhe 1a ©AN o]
results are given in Table®.Note the yield of the desired L O g, N
product increased with temperature as expected, but at 150 2a ©/ 2 \—\
°C (entry 4) no further progression of the reaction was 1P 0 Br
detected, and the amount of quaternized product increased. 2
The effect of changing the solvent from NMP to DMF or NH

DMSO did not seem to have a dramatic impact on the ©©

reaction (entries 46);'! however, the nature of the base o 2 ©/\Br 2 \/Ow/\Br
influenced the outcome of the reaction (entries 7 and 8). To 14 MNH ~_O

explore the effect of longer reaction times and larger amounts

of alkylating agent, the temperature of the reaction wWas e the performance of the multiwell plate was evalu-
reduce 10°C to avoid as much as possible the presence of o 5 set of 24 different compounds was prepared in parallel
quatgrmzed products. When the time was doubled (entry 9), using the fully optimized conditions given in Table 1 entry
the yield decreased due to the presence of some traces oio, combining four amines with six alkylating agents

dialkylated product. Finally, the use of 1.3 equiv &  (gcheme 1). To make an appropriate correlation across
provided the best balance between conversion, yield, andinstruments, the same reactions were performed in the single-

lack of dialkylated byproducts (entry 10). mode reactor. Results of the experiments are presented in
Heating homogeneity of the multiwell plate was tested Tgple 2.
using 24 equal reactions at 100 for 5 min (Table 1, entry According to these results, good reproducibility between
1), similar to previously reported conditioAdJnder these  poth instruments was achieved. On average, the difference
nonoptimized conditions, reactions were not allowed to in yield between both instruments-g2.3%. The maximum
proceed to completion in order to examine and compare thedifference in yield is 6%, entry 15. Moreover, the alkylation
progress of the reaction in each reaction ve¥sel. of the aminela with 2d and 2f was not completed under
The yields obtained in the multimode oven ranged from the general reactions conditions reported here. These
80 to 87%. Comparing these results with the data obtainedresults were achieved with both instruments (entries 4 and
in the single-mode instrument (Table 1, entry 1), it is 6). One important feature that should be noticed is the time
interesting to note that reaction yields are slightly higher in used to perform these 24 reactions. The single-mode instru-
the multimode instrument than in the single-mode, and it ment needed 2.5 h to complete the whole sequence of
can be concluded that the system offered enough reproduc+eactions; meanwhile, the multimode used only 40 min to
ibility to develop further parallel chemistry. When yields get comparable results, and for this reason, this system
were distributed according to their position in the plate blended the advantages of parallel approach and microwave
(Figure 1) it could be observed that the highest yields were heating.
achieved in the center of the plate; meanwhile, the lowest In conclusion, using a simple N-alkylation reaction as a
were located at the corners. dhter and Ondruschka model, the performance of the multiwell plate was evaluated,
observed similar results. and the system provided enough reproducibility of results

HO _~
\/\/\Br 2d Br
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Table 2. Comparison of Results for the Preparation of 24 References and Notes
Individual Compounds Using Single-Mode and Multimode (1) (a) Adam, DNature2003 421,571-572. (b) Kappe, C. O.

Instruments Angew. Chem., Int. EQ004 43, 6250-6248.
single-mode multimode (2) (a) Kappe, C. O.; Stadler. A. Microwave-Assisted Combi-
entry product la—d 2a—f yield (%) vyield (%) natorial Chemistry. IrlMicrowaves in Organic Chemistry
1 daa 1a 2a 89 88 Loupy, A. Eds.; Wiley-VCH: Weinheim, 2002. (b) Stadler,
2 4ab la 2b 84 87 A.; Kappe, C. O.J. Comb. Chem2001, 3, 624-630. (c)
3 4ac la 2c 90 86 Lew, A.; Krutzik, P. O.; Hart, M. E.; Chamberlain, A. R.
4 4ad la 2d 61 63 Comb. Chem2002 4, 95-105. (d) Lidstrom, P.; Westman,
5 4ae la 2e 91 96 J.; Lewis, A.Comb. Chem. High Throughput Screen@?2
? Z‘g‘; ﬁ‘) gg gg 2?, 5, 441-458. (e) Blackwell, H. EOrg. Biomol. Chem2003
8 4bb 1b oh 83 84 1, 1251-1255. (f) Swamy, M. K.; Yeh, W. B.; Lin, M. J.;
9 4bc 1b 2c 86 87 Sun, C. M.Curr. Med. Chem2003 10, 2403-2423.
10 4bd 1b 2d 76 74 (3) (a) Nichter, M.; Ondruschka, B.; Bonrath, W.; Gum, A.
11 4be 1b 2e 92 95 Green Chem2004 6, 128-141. (b) Nichter, M.; Muler,
12 4bf 1b 2f 70 72 U.; Ondruschka, B.; Tied, A.; Lautens¢gkr, W. Chem.
13 4ca 1c 2a 91 92 Eng. Technol2003 26, 12071216.
14 4cb 1lc 2b 78 81 (4) Nichter, M.; Ondruschka, BViol. Diversity 2003 7, 253—
15 4cc 1c 2c 87 81 264.
ig igg 11% 22‘(1 gg ;g (5) As parallel reactor system, CombiCHEM module for Mi-
18 ppe 1c of 85 87 croSYNTH Labstation (Milestone, srl.). Detailed description
19 Ada 1d 2a 94 94 of this instrumentation can be found in www.milestonesci-
20 4db 1d 2b 89 92 .com/synthacc-combi.php.
21 4dc 1d 2c 96 94 (6) (a) Campiglia, P.; Gomez-Monterrey, I.; Longobardo, L.;
22 4dd 1d 2d 94 95 Lama, T.; Novellino, E.; Grieco, P.etrahedron Lett2004
23 4de 1d 2e 94 93 45, 1453-1456. (b) Grieco, P.; Campiglia, P.; Gomez-
24 Adf 1d 2f 90 91 Monterrey, |.; Lama, T.; Novellino, ESynlett2003 2216
a Percentages are based on the product peak area by LC/MS. 2218.
(7) Stadler, A.; Yousefi, B. H.; Dallinger, D.; Walla, P.; Van
to develop further parallel chemistry. Using fully optimized der Eycken, E.; Kaval, N.; Kappe, C. Org. Process Res.

Dev. 2003 7, 707-716.
(8) Alcazar, J.; Diels, G.; Schoentjes, BSAR Comb. Sc2004
23, 906-910.
(9) As the single-mode instrument, we used Emrys Optimizer

conditions, sets of 24 compounds were synthesized in the
well plate and in the single-mode instrument at the same
time. The comparison of the results obtained from both

systems showed no major yield differences. For this reason, microwave reactor (Personal Chemistry A. B., currently
the preparation of compounds in multiwell plates under Biotage). Temperature of the reaction is measured by an IR
microwave irradiation effectively combines productivity and sensor outside the vial. A detailed description of the
speed. Ongoing work devoted to extending this approach to instrument can be found in www.biotage.com.

other reactions in a parallel format will be the subject of (10) Yields are based on the product peak area as compared to
future publications. total peak area of an LC/MS chromatogram (UV, DAD).

The reported yields are calculated from analysis of the crude
reaction mixtures and should be interpreted as an indication
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