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Abstract: Table 1. Variables considered and maximum ¢) and
The application of ReactArray automation together with Design minimum (—) levels employed in the design

of Experiments (DoE) techniques in optimising chemistry

involving supported reagents is discussed.

In recent years, the application of supported reagents in
chemical library generation has been the subject of unparalled
growth, and their utility in synthesis is now beyond ques-
tion.>2 The use of solid-supported reagents maintains the
traditional advantages of solid-phase synthesis (e.g., use of

variable (-) 0 +)

; ; stoichiometry of amino acid (equiy 15 2
excess reagents, ease of separation of byproducts) but ing  stoichiometry of PS-DIEA (equiy 3 4

1

2
addition offers the added advantage of retaining substrates C  reaction time (hours) 14 19 24
in solution which greatly simplifies reaction monitoringand D concentration (volumes) 25 375 50
analysis of intermediates. Despite the obvious power that
the supported-reagent approach offers, there is often a
considerable degree of effort required in optimising a
particular reaction sequence. To address this issue, we haverapje 2. Experimental plan and results
employed the technigues of Design of Experiments (DoE) ; .

. . . actor settings

coupled with ReactArrdy automation to enable high- response

aMole equivalents with respect to 2,4-difluoronitrobenzeén®ne volume
is defined as one gram of substrate in 1 milliliter of solvent.

throughput exploration of experimental space. run A B c D yield of 1 (%)
Recently; we exemplified this approach in optimising an
. ; . . 1 0 0 0 0 64.7
amide-forming reaction mediated by a polymer-supported > + _ + _ 833
dicyclohexylcarbodiimide equivaleftThe combination of 3 + + — - 92.7
automation and DoE enabled the rapid identification of a 4 0 0 0 0 64.4
general and highly robust set of conditions for this particular g _ J_“ ‘_L _ 2‘1‘-8
transformation. In a separate study, we have also demon- - _ + _ + 43.4
strated the utility of the ReactArray system in tngomated 8 - — + + 43.8
monitoring of conventional solid-phase synthésls. this 9 + + + + 89.7
10 + - - + 63.5

report, we now demonstrate how the DoE/automation ap-
proach can be applied as part of a multistep supported-reagent
synthesis of some heterocyclic library products.

The benzodipiperidinone moiety,(Scheme 1) represents
— : the core scaffold of a class of reverse-transcriptase inhif§itors.
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Figure 1. Exploration of factor effects in the synthesis of aniline (1, R= Et).

Scheme 1. Preparation of a benzodipiperidone scaffold using supported reagents

Table 3. Analogues prepared using the optimised @Ar using 4,4‘di-tert-butylbiphenyl as an internal standard in
chemistry each case.
amino acid purity of §Ar adduct (%)  yield (%) Analysis of the experimental data was carried out using
. . Design Expert 5 softwatéand is depicted in Figure 1. The
isoleucine 95 90 most significant factor influencing the yield of the reaction
phenylalanine 96 86 b dtobeth ichi f ami id derivati
proline 98 92 was observed to be the stoichiometry of amino acid derivative
phenylglycine 96 81 employed. In addition, the amount of polymer-supported base
aminobutyric acid 98 96 utilised influenced the yield of aniline, with reaction time

and concentration being considered as less significant.
and required chromatographic purification to remove unre- Further analysis of the data indicated that optimum conver-
acted 2,4-difluoronitrobenzene, thus minimising throughput. sions would be achieved when 2 equiv of amino acid and 4
Therefore, we sought to optimise this conversion using a equiv of polymer-supported base were employed, with time
two-level half-fractional factorial design coupled with Re- and concentration then set at operationally convenient levels
actArray instrumentation. From consideration of the variables (18 h reaction time and 37.5 vols dilution). No further
we reasoned to influence this conversion, an experimentalimprovement in yield was obtained when using more than 2
design was constructed to examine four factors using eightequiv of amino acid or 4 equiv of supported base.
experiments and two centre points (Table 1). Exploratory  Gratifyingly, when the reaction was repeated using the
experiments were undertaken to establish appropriate levelsoptimised conditions, the desired nitroaniline could be
of each factor for use in the design. isolated in 91% vyield and in greater than 98% purity (as
Use of ReactArray automation facilitated both reagent determined byH NMR and HPLC analysis). Excess amino
addition and sampling/analysis tasks to be achieved without (9) Reaction vessels were manually charged with the appropriate resin systems
any user intervention. It was discovered that any resin and reagents added using the ReactArray as solutions in the required
sampled by the instrument could be expeditiously collected solvents. Each reaction was sampled (23 at a given time interval and

X X gquenched with acetonitrile (6Q@L). The resulting solution was allowed
at the bottom of each sample vial by quenching the sample  to stand for 2 min before an aliquot (24 was automatically analysed

with acetonitrile and inserting a short de|ay prior to each by the instrument using an Agilent 1100 HPLC system and a Supelcosil
e . L . . . ABZ+ Plus column (3.3 cm, 4.6 mm diameter) using the following

HPLC II’IJeCtIOI’], thus aV0|d|ng accumulation of fines in the method: eluent A water, 0.1% TFA; eluent B, acetonitrile 95%, water 5%,

injector port? TFA 0.05%. Gradient: 1895% eluent B in eluent A (1 mL/min) over 8

: . min. Detection: UV diode array (215, 254, 386 nm).
The experiments were conducted in a random order as(lO Design Expert software is copyright of the Stat-Ease Corporation, Min-

delineated in Table 2. Yields were determined by HPLC neapolis, MN, U.S.A.
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acid derivative could be efficiently scavenged by the addition the generation of a number of benzodipiperidinone analogues.
of a macroporous sulfonic acid-based resin such as Amberlyst  In summary, we have demonstrated how the combination
A15. of Design of Experiments and ReactArray automation can
Application of the optimised conditions with a range of facilitate the rapid exploration of experimental space. Such
amino acid derivatives, indicated that the process was robustan approach facilitates the development of chemistry involv-
enough for use in array synthesis. Each analogue wasing supported reagents which is of utility in both library
obtained in good-to-excellent yields and importantly in high synthesis and for larger-scale applicatiéns.
purity, thus obviating the need for chromatographic purifica-
tion (Table 3). Subsequent deprotection, methoxigarS
displacement, and reductive cyclisation was found to occur
smoothly without the need for further optimisation, allowing 0OP010108E
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