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Rapid In-Plate Generation of Benzimidazole Libraries
and Amide Formation Using EEDQ
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Abstract: A solution phase method for the preparation of etonitazene-related benzimidazoles and a general
method for the preparation of amide derivatives in 96-well format have been developed for the generation
of libraries of compounds in parallel. © 1997 Elsevier Science Ltd.

The use of combinatorial chemistry as a tool for drug discovery has seen tremendous advances in recent
years as is evident from the numerous publications devoted to the topic. To accelerate the drug development
process, the bulk of this effort has been directed towards harnessing solid-phase synthesis for use in the
generation of small-molecule libraries, including benzimidazole libraries.? In our efforts related to the
discovery of novel binding sites within several classes of seven transmembrane receptors, we have explored
methods for the rapid formation of both amides and benzimidazoles for initial screening studies. Since the
libraries that we planned were relatively small sets of related compounds and since we wanted to prepare these
sets in parallel, the solution-phase approach was chosen.
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Earlier reports from this laboratory3 demonstrated that the coupling reagent 2-ethoxy-1-ethoxycarbonyl-
1,2-dihydroquinoline (EEDQ)? could be used to prepare benzimidazole compounds related to the analgesic
etonitazene, 2 (R;=CH2CH,NEt), Ry=CH;p-EtOC¢Hy), from readily available nitroanilinesS exemplified by
1 (R;=CHCH,NEty). As this reaction sequence produced relatively pure material directly from the reactions,
it seemed likely that it could be adapted to rapid parallel synthesis directly in 96-well plates. The principle
obstacle to be overcome was that the reaction required several days to complete, and several additions of the
coupling reagent were needed (2.5-3 equivalents). Since it would be desirable to use unpurified products in
the screening without resorting to work-ups, limiting additions of reagents that would later be considered
impurities would be advantageous. We discovered that the previously reported process could be modified such
that etonitazene could be prepared without solvent simply by combining all of the ingredients together in their
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solid form followed by heating to 120 °C under aspirator vacuum. For example, using only 1.5 equivalents of
EEDQ and carboxylic acid on scales ranging from 5 pg to 10 g provided the required benzimidazoles in good
yield, and work-up was not required as the by-products, ethanol and quinoline, were removed under the
reaction conditions. The impurities detected were derived from the 0.5 equivalents excess of carboxylic acid
and EEDQ used to drive the reaction to completion. This was an important discovery as it demonstrated that
the benzimidazoles could be formed in minutes relative to the days required in the previous process. For the
library generation, dimethylformamide (DMF) was used as it readily dissolved all of the reagents and starting
materials and was removed under the reaction conditions facilitating distribution of the reactants using multi-
channel pipettors. Using the process illustrated in Scheme 1, numerous analogs of etonitazene required for our
studies were quickly prepared in yields and purities® comparable with Ry=CH,Ph, Rj=CH,CH,NEt; in
Table 1.

More diverse libraries possessing general structure 3 were generated using essentially the same process
described above. While numerous excellent methods exist for the formation of amide bonds in solution? and
on solid phase,8 the success of EEDQ in the benzimidazole synthesis prompted us to study the reagent for use
in a direct in-plate EEDQ-mediated amide formation process as we felt it would find general application since
it uses air-stable, readily available carboxylic acids as the starting material and does not require work-up. In
the development of this method, we evaluated several different variations at each of the three positions R-R3,
as well as determining the generality of the method on several other types of amines, Tables 1, 2, and 3.

Table 1. Representative Benzimidazoles (2) with Variation in Position 2.
X - \E j
\© A \/Y

R1=_1—NEt2 76 (81)° 79 (81) 88(84) 89 (91) 65 (62) 68 (70)

R2=

2 Yield (Purity)

Table 2. Representative Benzimidazoles (2) with Variation in Position 1.

N= l
—n-Bu —LO —]—Q OSiMest-Bu

Ry= I } 83 (86) NR 80 (87) 69 (81)

In general, all of the carboxylic acids evaluated produced the desired benzimidazoles, but none worked as well
as phenyl alkyl acids. Table 2 illustrates that many variations in the position R are acceptable, but as the case
of Rj= CH,CH,Ph shows, not all variations are permitted. The use of a protecting group was necessary to
prevent ester formation during cyclization when the R possessed a hydroxyl group. While EEDQ is known to
tolerate phenols and alcohols during reaction, we have found that the yields and purities are depressed
somewhat due to acylation. The difference being the high temperatures used relative to standard peptide
coupling conditions. Nevertheless, the amine competes favorably for the mixed anhydride intermediate formed
from the carboxylic acid and EEDQ in situ. A general trend in purity appears to be that as the nucleophilicity
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of the amine increases, so does the amount of a process impurity which is the ethyl carbamate of the particular
amine used. Interestingly, the use of N-isobutoxycarbonyl-2-isobutoxy-1,2-dihydroquinoline (IIDQ)?
increases this impurity at the elevated temperatures used in this process.

Table 3.
RCOzH, R= D
O PRAChe ohadhat
N
2A°% Y53 (54) 70 (74) 87 (92) 85 (97) 69 (74) 82 (97)
HN " pp
ﬁ\/l 74 (62) 63 (55) 93 (94) 97 (98) 62 (5T) 91 (96)
N
CH;,
NH;
@ 75 (75) 58 (59) 97 (90) 85 (80) 80 (71) 83 (86)
OMe
NH;
48 (52) 85 (88) 87 (90) 83 (82) 74 (76) 67 (17)

22A is the reduced form of compound 2 in Scheme 1. ® Yield (Purity)

As shown in Scheme 1, the last step of this process requires reduction of the nitro group of the benzimidazole,
2, to aniline prior to amidation. While this has been acheived in many different ways,!0 we found that this
procedure can be carried out in-plate using Raney nickel and hydrazine followed by filtration though celite in
a PolyfiltronicsTM 96-well filtration system; however, we prefer to perform these in vials followed by an
aqueous work-up. Individual reduced benzimidazoles can then be amidated or converted into other desired
analogs. This process provides a purer product and avoids unnecessary contamination. However, the principle
reason for not performing the reaction in-plate is that, as is the case in parallel processing, time is required to
utilize all of the wells from the benzimidazole plate and the reduced benzimidazoles darken with age. While
the in-plate reduction would be fine as a finishing step, performing the reaction in vials provides fresh material
for processing in the amidation reaction. Yields for the reduction step range from 85-95%.

Using this approach for library synthesis, thousands of compounds were prepared for evaluation in a
relatively short period of time. We are currently preparing derivatives of general structure 3 and reports on this
work will appear in due course.

General Procedure for Benzimidazole Production. To 1 equivalent of nitroaniline dissolved in DMF
(IM) was added 1.5 equivalents of both EEDQ and acid derivative both in DMF. All pipetting was conducted
in a fume hood in the atmosphere. The mixture was then heated to 100 °C for 1.5 h in a vacuum oven at
atmospheric pressure, then the pressure was lowered to 30 in Hg and the temperature raised to 170 °C and
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held for 4-5 h. After this time, the samples were cooled and diluted for screening. CAUTION: It is advised
that the oven be allowed to cool under vacuum prior to opening to remove odors.

General Procedure for Nitrobenzimidazole Reduction. To a stirring solution of nitrobenzimidazole
(0.055M) in ethanol was added moist Raney nickel (1 mg/0.002 mmol benzimidazole) and 10 equivalents
hydrazine hydrate. This was stirred until no starting material remained as indicated by TLC. After filtration
through celite, the ethanol was removed and the residue dissolved in CHCIl3, washed twice with water, and
dried over sodium sulfate.

General Procedure for Amide Production. To 1 equivalent of amine dissolved in DMF (1M) was added
1.0 equivalents of both EEDQ and acid derivative both in DMF. The temperature was raised to 100 °C, and
the pressure was lowered to 30 in Hg. Heating was maintained for 3 h or until all of the DMF and quinoline
had been removed. More unreactive amines may require an initial heating period.
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