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Abstract: Palladium-catalyzed selective amination by a primary amine in the presence of a secondary

amine provided up to >99:1 selectivity with high yields. © 1998 Elsevier Science Ltd. All rights reserved.

Buchwald' and Hartwig? have independently developed palladium- and nickel-catalyzed amination
reactions of aryl halides and triflates that have emerged as powerful tools for the preparation of aromatic
amines. Because nitrogen protecting group manipulation is a difficult problem, synthetic applications of
these reactions to the selective amination of aryl and heteroaromatic systems by polyamines would be an
extremely important extension. The growing interest in the development of polyamine-based ligands® and
complex polyamine-derived medicinally valuable targets* make such a task particularly rewarding.
However, effective and selective amination processes have been limited in synthetic applications. Herein
we disclose a practical entry for the preparation of polyamine-based structures using a palladium-
catalyzed selective amination process.
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We recently demonstrated that palladium-catalyzed amination technology is extremely valuable in
the synthesis of biologically active aminoazole derivatives.* During the development of a one step
process for the synthesis of nonsedating antihistaminic norastemizole (1), the 4-flucrobenzyl-2-
chlorobenzimidazole was selectively aminated by primary amine in the presence of a secondary amine
using palladium catalysis. After a detailed inspection of this reaction, the selectivity was improved from
18:1 to >35:1 with an isolated yield of 84% (chemical purity > 99.5 A%) of 1. The thermal reaction
showed a higher degree of selectivity for the more nucleophilic secondary amine to produce 5 (Scheme 1).
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The viability of the palladium-catalyzed selective amination process was extended to acyclic
diamine and triamine systems. The results are summarized in Table 1. In most cases, conversion of the 4-
fluorobenzyl-2-chlorobenzimidazole to the corresponding primary aminated adducts exhibited high
conversion, up to 99:1 selectivity and good yields (Table 1, entries 1-4). Under thermal conditions,
reaction of one equivalent of amine 6 with imidazole 3 gave a 1:2 ratio of primary to secondary amine
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adducts. It is important to note that the imidazole-containing polyamine-based ligand 13 can be efficiently
synthesized under the Pd-catalyzed amination conditions (entry 4).
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All reactions were conducted according to the procedure in note 5. The reactions were monitored by HPLC using uBondapak
C-18 column eluted with 50 : 50 of pH=3 buffer/acetonitrile, flow rate 1.0 mL/min. The molar ratio of Pd,(dba);:BINAP is 1:3.
(a) Isolated yield; (b) HPLC wt% assay yield by comparing to the standard; (c) 300 mol% of NaO:Bu was used.

Due to the success of the selective amination of 4-fluorobenzyl-2-chlorobenzimidazole, our
attention was drawn toward the development of the parent chlorobenzimidazole in the selective amination
reaction. Unfortunately, attempts to couple 2-chororbenzimidazole with 4-aminopiperidine were
unsuccessful, even when 5 equiv. of sodium r-butoxide were present. It was postulated that r-butoxide
deprotonated the benzimidazole, generating an anion which strongly bound to palladium, shutting down
the catalytic cycle. To test this hypothesis, the following competition experiment was designed. When a
1:1 mixture of 2-chlorobenzimidazole and 3 in the presence of amine 4 was subjected to the catalytic
conditions (1.25 mol% Pdy(dba)y/3.75 mol% BINAP /PhCHj) with 5 equivalents of NaOsBu, <10%
conversion was observed.

Knowing the importance of the coupling of benzimidazoles to amines, we envisaged a THP-
protected analog as an ideal candidate for the coupling reaction. The THP group would provide easy
attachment to and removal from the benzimidazole and should provide a new avenue to this amination
process. In addition, THP-attached imidazoles can give access to combinatorial chemistry applications.®
First, the utility of the palladium-catalyzed amination on a monoprotected amine, 4-aminopiperidine-1-
ethyl carbamate, with freshly prepared 1-THP-2-chlorobenzimidazole (14) was examined.” As illustrated
in Scheme 2, the Pd-catalyzed coupling proceeded in excellent yield. In this reaction, the THP protecting
group can be removed straightforwardly by aqueous acidic (HCl) work-up to provide the corresponding



aminobenzimidazole.® Our attention was then focused on the selective Pd-catalyzed coupling process. As
shown in the Scheme 2, the reaction between 1-THP-2-chlorobenzimidazole and 4-aminopiperidine
dihydrochloride provided an 85% isolated yield of either compound 16 or 17 (depending on the work-up
conditions) with remarkable selectivity for the primary amine (>37:1).
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All reactions were conducted according to the procedure in note 5. The reactions were monitored by HPLC using puBondapak
C-18 column eluted with 50 : 50 of pH=3 buffer/acetonitrile, flow rate 1.0 mL/min. The molar ratio of Pd,(dba);:BINAP is 1:3.
(a) Isolated yield; (b) HPLC wt% assay yield by comparing to the standard; (c) 300 mol% of NaO:Bu was used; (d) The

coupling was performed with 3 equivalents amine with standard reaction condition according to reference 5.
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Since the selective amination process of imidazole derivatives proceeded extremely well, we
studied the scope and limitations of the process with several aryl halide under these conditions. As
depicted in Table 2, para- and ortho-bromobenzonitrile can be selectively aminated under palladium
catalysis in high yields and excellent selectivities (entry 1 and 2). The coupling of triamine 9 with ortho-
bromotoluene could provide a straightforward entry for the synthesis of polydentate ligands. As shown in
Table 2, entry 4, compound 18 can be prepared in >99 % selectivity and in high yield. Also, 3-
bromopyridine proved to be an excellent candidate for the selective amination process (entry 5). The
selective amination process was examined with 1,2-dibromobenzene. Interestingly, compound 19 can be
prepared in unoptimized 58% yield with a >99% selectivity. No double coupling was observed even with
3 equivalents of amine 6 and excess NaO/Bu.

The palladium-catalyzed selective amination by primary amines in the presence of secondary
amines with aryl and heteroaromatic halides provides an expedient avenue to the preparation of
synthetically complex and pharmacologically useful polyamine systems. The scope and limitations of the
reaction are being explored further.
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