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Abstract—The preparation of an array of benzimidazoles and benzothiazoles from polymer-bound esters is described. Polymer-
bound esters were treated with 2-aminothiophenols or 1,2-phenylenediamines in the presence of a Lewis acid to afford the corre-
sponding benzothiazole or benzimidazole cleavage products. The reaction of 2-aminophenols with the polymer-bound esters failed

to give the desired benzoxazole products using this procedure.

© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Combinatorial chemistry is now the accepted method of
choice for the preparation of chemical libraries for
screening in drug discovery programs.' Solid-phase
synthesis? is especially useful in library production since
large numbers of compounds can be generated using
only a few separate reactions during a ‘split-and-mix’
synthesis.? The choice of linker for the library scaffold to
the polymer support is critical for successful library
production,* and a number of groups have devised ele-
gant methods that enable additional diversity to be
incorporated into the products during the cleavage
reaction. For example, Ley and later Morphy demon-
strated that polymer-bound esters could be cleaved from
the resin by reaction with an amine in the presence of
Lewis acid to provide the corresponding amide prod-
ucts.> We have utilized this cleavage methodology to
produce amide-functionalized oxazole,’ indole,” and
imidazolone? libraries that were prepared from polymer-
bound a-diazo-B-ketoesters as key intermediates.” We
investigated the use of a diverse selection of amine
building blocks in this cleavage/diversification reaction
and an interesting observation was made when 2-ami-
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nothiophenol 2 was reacted with polymer-bound oxa-
zole 1 in the presence of AlMes. In this instance, instead
of the anticipated amide product 3, the cyclo-dehydrated
benzothiazole 4 was isolated as the major product from
this reaction (Fig. 1).

Although there are several reports for the direct con-
version of esters into the corresponding benzimidazoles
and benzothiazoles, these reactions required extremely
harsh conditions and often the products were isolated in
poor yields.! However, there have been two reports
whereby this transformation was performed under
milder, Lewis acid promoted conditions; this corrobo-
rated our observation of the fully dehydrated benzo-
thiazole product 4, rather than the expected amide 3.'!
Accordingly, we set out to extend the application of this
reaction toward its use as a diversity-building cleavage
reaction from the solid support. Reported herein are our
findings from these investigations.

The first set of reactions was performed in order to

establish the effect of the type of Lewis acid and the ratio
of amino substrate 7 to Lewis acid upon the success of
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Figure 1. Unexpected formation of a benzothiazole cleavage product.


mail to: bclapham@scripps.edu;

314 H. Matsushita et al. | Tetrahedron Letters 45 (2004) 313-316

the reaction. In order to expedite this study, benzyl
benzoate 5 was used as a model solution-phase analogue
of a hydroxymethyl JandaJel'? resin-supported ester 6,'3
(Scheme 1, Table 1).

Four amines 7 were tested in this reaction, 1,2-phenyl-
enediamine (X = NH), N-methyl-1,2-phenylene diamine
(X=NMe), 2-aminophenol (X=0) and 2-aminothio-
phenol (X =S). Of the Lewis acids examined, trimethyl-
aluminum (AlMe;) and diethylaluminum chloride
(Et,AICI) provided the best results, whereas aluminum
chloride (AICl;) was rejected early in this study since it
only gave complex mixtures of cleaved compounds with
poor mass recovery. More precisely, when X =NH,
Et,AlCI was found to be superior to AlMe;, and when
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Scheme 1. Reagents and conditions: (a) Lewis acid, toluene, reflux,
24h.

Et,AICI was used at a substrate/reagent ratio (ester/
amine/Lewis acid) of 1:4:2, the desired benzimidazole 9a
was formed in 86% yield (Table 1, entry 3 vs 1). Con-
versely, when X =S or NMe, AlMe; gave better results,
and when the reagents were combined in a ratio of 1:4:4
(ester/amino substrate/Lewis acid), the desired N-methyl
benzimidazole 9b (X=NMe) and benzylthiazole 9d
(X=S8) products were formed in 89% and 62% yield,
respectively (Table 1, entries 5 and 11). Despite
numerous attempts, when 2-aminophenol (X=0) was
used in the reaction, only the corresponding amide
8¢ was isolated. However, we note that these amides
8c could be subsequently converted into the corre-
sponding benzoxazole 9d (X =0) by p-toluenesulfonic
acid-catalyzed azeotropic removal of water from boiling
toluene (data not shown).'

With these results in hand, the next series of experiments
involved the conversion of a hydroxymethyl JandaJel-
bound benzoate ester 6 into the corresponding cleavage
products 8 and 9 (Scheme 1, Table 2). In a similar
fashion to the solution-phase study, 1,2-phenylene-
diamine 7 (X=NH) gave the best yield of product 9a
when used in conjunction with Et,AlICI at an amino
substrate/Lewis acid ratio of 2:1 (entries 1 and 2). In
addition, increasing the excess of this amino substrate/
Lewis acid complex over the polymer-bound ester 6 gave

Table 1. Solution-phase investigation of Lewis acid for the heterocycle formation reaction

Entry Amine 7 Lewis acid Product
X Equivalent Equivalent (%) (%)
1 NH 3 AlMe; 1.5 8a (48) 9a (36)
2 NH 2 AlMe; 2 8a (0) 9a (60)
3 NH 4 Et,AICI 2 8a (0) 9a (86)
4 NMe 8 AlMe; 4 8b (0) 9b (68)
5 NMe 4 AlMe; 4 8b (0) 9b (89)
6 NMe 4 Et,AlCI 4 8b (0) 9b (72)
7 NMe 8 Et,AlCI 4 8b (0) 9b (85)
8 (@) 5 AlMe; 5 8¢ (99) 9¢ (0)
9 (0] 4 AlMe; 2 8c (34) 9¢ (0)
10 (0] 5 Et,AICI 4 8¢ (86) 9¢ (0)
11 S 4 AlMe; 4 8d (0) 9d (62)
12 S 4 Et,AlCI 4 8d (0) 9d (29)
13 S 7 AlCl, 6 8d (0) 9d (0)
Table 2. Solid-phase synthesis of benzimidazoles, benzothiazoles and hydroxylamides from polymer-bound ester 6
Entry Amine Lewis acid Product
X Equivalent Equivalent (%)* (Yo)*

1 NH 4 Et,AlCI 2 8a (0) 9a (77)
2 NH 8 Et,AICI 4 8a (0) 9a (99)
3 NMe 4 AlMe; 4 8b (0) 9b (93)
4 NMe 4 Et,AICI 4 8b (0) 9b (86)
5 (@) 5 Et,AlCI 4 8c (23) 9¢ (0)
6 (6] 10 Et,AlCI 8 8c (47) 9¢ (8)
7 (@) 8 AlMe; 4 8¢ (33) 9¢ (0)
8 (0] 4 AlMe; 4 8c (50) 9¢ (0)
9 S 4 AlMe; 4 8d (0) 9d (50)
10 S 8 AlMe; 4 8d (0) 9d (50)
11 S 8 Et,AlCI 4 8d (0) 9d (17)

#Yield of pure product based upon initial hydroxyl loading of resin used to prepare 6.
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improved yields (Table 2, entry 2 vs 1) whereby the
desired product 9a was isolated from the resin in nearly
quantitative yield after purification by preparative TLC
(based upon initial loading of hydroxymethyl JandaJel
as estimated by DMT titration).”> The cases where
X =NMe and S also mirrored the results observed in the
solution-phase model study whereby the polymer-bound
ester 6 was treated with a four-fold excess of a 1:1
mixture of the amino substrate/Lewis acid (AlMes)
complex, the corresponding N-methyl benzimidazole 9b
(X'=NMe) and benzothiazole 9d (X =S) products were
obtained in 93% and 50% yields, respectively, after
purification by preparative TLC (Table 2, entries 3 and
9). We also note that the direct conversion of the poly-
mer-bound esters 6 into the desired benzoxazole prod-
ucts 9¢ (X = O) was not feasible; by using a large excess
of reagent mixture, we were able to isolate the benz-
oxazole 9c in only 8% yield, (Table 2, entry 6); however,
the major products from all reactions performed using
the 2-aminophenol 7 (X = O) were the hydroxyl amides
8c.

In our earlier work preparing amide cleavage products
using this Lewis acid-promoted amidation chemistry,
mixed bed ion-exchange resins were utilized to sequester
excessively used amine reagents from the reaction mix-
ture to yield essentially pure cleavage products. How-
ever, the use of ion exchange resins to purify the above
heterocycle cleavage products gave unreliable results
and often the heterocyclic products 9 were isolated in
poor yields. In these cases we assume the cleaved
products were retained by the ion-exchange resin along
with the excessively used amine reagents and we attrib-
uted this to the slightly basic nature of the cleavage
products 9. Because of these drawbacks, after reaction
had been allowed to proceed for the appropriate time,
the reagents were quenched with aqueous sodium
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Scheme 2. Reagents and conditions: (a) A: 7 (X=NH) (8equiv),

Et, AICI (4 equiv), toluene, reflux, 24 h. B: 7 (X =NMe, S, O) (4 equiv),
AlMes (4 equiv), toluene, reflux, 24 h.

bicarbonate and the mixture was then filtered through
Celite® to provide a mixture of both the cleavage
products 8 or 9 and the unreacted amines 7, which re-
quired separation by chromatography. Although this
methodology provides cleavage products that are con-
taminated with unreacted reagents, we feel that given
the many recent developments for the high throughput
purification of libraries using automated, preparative-
HPLC!® that the preparation of larger libraries of ben-
zothiazoles and benzimidazoles is a viable option. The
final aspect of our study was to establish the effect of
different ester groups upon the outcome of the reaction.
In this case, a series of diverse polymer-bound esters 10
were prepared by reaction of an acid chloride with the
hydroxymethyl JandaJel resin (data not shown). Ten
different R groups were selected to include electron-rich
and electron-deficient aryls, pyridyls and straight
chained or bulky alkyls to examine the general appli-
cability of this protocol. Each polymer-bound ester 10
was reacted with the series of amines 7 (X=NH, NMe,
S, O) to provide the small pilot library of benzimidazoles
(X=NH, NMe), benzothiazoles (X=S) 12 and hydro-
xyl amides (X =0) 11 (Scheme 2, Table 3).

As can be seen from Table 3, most of the desired
products were obtained in modest to good yields. From

Table 3. Solid-phase synthesis of an array of benzimidazoles 12, benzothiazoles 12 and hydroxyl amides 11

Entry X R Cond.? Yield® Entry X R Cond.? Yield®

11 12 11 12
1 NH 4-MeOPh A — 42 21 NMe 4-MeOPh B — 63
2 NH 4-MePh A — 63 22 NMe 4-MePh B — 63
3 NH n-Pentyl A — 99 23 NMe n-Pentyl B — 58
4 NH 4-CF;-Ph A — 33 24 NMe 4-CF;-Ph B - 99
5 NH Cyclohexyl A 58 — 25 NMe Cyclohexyl B 28 71
6 NH Benzyl A — 42 26 NMe Benzyl B — 83
7 NH Styryl A — 58 27 NMe Styryl B — 71
8 NH 4-Pyridyl A — 98 28 NMe 4-Pyridyl B — 83
9 NH 3-Pyridyl A —— 71 29 NMe 3-Pyridyl B e 75
10 NH 2-Pyridyl A — 21 30 NMe 2-Pyridyl B — 31
11 S 4-MeOPh B — 46 31 (0] 4-MeOPh B 50 —
12 S 4-MePh B — — 32 (0] 4-MePh B 37 —
13 S n-Pentyl B — 71 33 O n-Pentyl B 75 —
14 S 4-CF5;-Ph B — 71 34 (0] 4-CF;-Ph B 58 —
15 S Cyclohexyl B —— 54 35 O Cyclohexyl B 42 —
16 S Benzyl B — 63 36 (6] Benzyl B 58 —
17 S Styryl B — 50 37 O Styryl B — —
18 S 4-Pyridyl B — 75 38 (6] 4-Pyridyl B 42 —
19 S 3-Pyridyl B — 75 39 O 3-Pyridyl B 67 —
20 S 2-Pyridyl B — 46 40 (0] 2-Pyridyl B 46 —

A: 7 (X=NH) (8equiv), Et,AICI (4equiv), toluene, reflux, 24 h. B: 7 (X=NMe, S, O) (4equiv), AlMe; (4 equiv), toluene, reflux, 24 h.
®Yield based upon original hydroxyl loading of resin used to prepare 10.
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these results, it is apparent that the nature of the R
group of 10 does not have a dramatic effect on the
outcome of the yield of the cleavage products 11 or 12.
When R =aryl, few differences between the yields of
cleavage products were observed when R = electron-rich
versus electron-deficient aryl groups and good yields
were also observed when R =alkyl. However, when
R =cyclohexyl less satisfactory results were observed. In
these cases (entries 5 and 25), the intermediate amino
amide product 11 was isolated as either sole product or
as a mixture with the desired product 12. This result was
attributed to the steric bulk of the cyclohexyl group.

2. Conclusion

In summary, the chemistry developed herein constitutes
a simple and robust method for the conversion of
polymer-bound esters into the corresponding benz-
imidazole and benzothiazole cleavage products by
reaction with 1,2-phenylenediamines and 2-aminothio-
phenols in the presence of a Lewis acid. In the cases
where 2-aminophenols were employed, the amidation
products were obtained rather than the desired benz-
oxazoles. Further investigations of novel cleavage
strategies are currently being performed in our labora-
tories and will be reported in due course.

3. Supplementary data

General experimental procedures and full characteriza-
tion of all compounds is included. The Supplementary
data is available online with the paper on ScienceDirect.
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