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A series of 4,4 "-hisaryl-2,2 "-hishenzimidazoles has been synthesized from the corresponding 4,4 "-dibromo-2,2 '-hishenzimidazoles by Negishi
coupling reactions. This procedure affords highly substituted bisbenzimidazoles.

Applications of supramolecular assemblies as molecular transition metals (N¥ Pd* Pt Cul® Ag,'” Au'®). More-
machinesor molecular devicésare routinely comprised of  over, stable polymetallic complexes are known to be formed
coordination metal complexes. Higher-order metal complexesthrough bridging of monoanionic and dianionic BBIs, which
have shared a dominant position in this field, owing to their are generated by deprotonation of the amino nitrogéns.
rich photochemical and electrochemical properties2’- BBI's ability to form polymetallic species was applied to
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make a molecular sensor; emission switching of a BBl  namely, the exo binding sites [N(1) and N{land the endo
ruthenium complex was shown in the presence of various binding sites [N(3) and N(3'/¢ The schematic lines made
metal ion® Additionally, it was demonstrated that supramo- by two aromatic moieties are parallel, and the distance

lecular assemblies of BBI complexes could be formed between these should be ca. &AThis cleftlike structure

through hydrogen bonding in the soluttdnand solid
phaseg?

creates the possibility of controlling complex formations at
the exo or endo sites. Less sterically congested complexes,

Although the chemistry of simple BBIs has been studied such as tetrahedral complexes, may be formed at either the
widely, the knowledge of substituted BBIs, such as aryl exo or endo binding sitesAj. In contrast, only the exo

derivatives, is limited® From our own experience with
supramolecular metal complex&she extent of study for a

binding sites could participate in sterically congested com-
plexes, such as octahedral complex®s Addition of aryl

given system depends on the ease of the synthesis of a seriesubstituents will allow for further structural elaboration.

of derivatives®
4,4'-Bisaryl-BBI has the potential to be a building block
for a variety of more complex ligands (Figure 1). Taking a
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Figure 1. Schematic representation of 4fisaryl-BBI and its
derived complexes and structures.

a = binding site
Q@ = metal ion

schematic approach, 4,4'-bisaryl-BBI can adopt a U-shaped

conformation which has two differentiated binding sites,
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Introduction of heterocyclic aromatics may form multi-
dentate ligandsQ). Ring closure between the two ends of
the aryl groups may generate a new class of macrocyclic
ligands D). Moreover, a series of large, macrocyclic ligands
may be generated by fusion of more than oné-Bidaryl-

BBI (E).

Transition-metal-catalyzed coupling reactions have been
shown to be an efficient method to synthesize functionalized
heteroaromatic ligand8 These methods have advantages for
the synthesis of 4;4isaryl-BBI (Scheme 1). Retrosyntheti-

Scheme 1. Synthetic Plan of 4,/4Bisaryl-BBI
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cally, a biaryl linkage at the 4'4ositions is disconnected

to 4,4'-dihalo-BBI and aryl organometals. Our plan was to

substitute these halogens with a variety of aryl groups via
coupling reactions at the latter stage of the synthesis. In this
context, Boc-protected 4;4libromo-BBI 1 was chosen as a
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Scheme 2. Preparation of BBl and X-ray Crystal Structure
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convenient dihalide. Compound can be prepared by
dimerization of the corresponding diamiBe followed by
protection.

Among various known methods to construct the BBI
framework, condensation of phenylene diamine with methyl
2,2,2-trichloroacetimidate, which was initially discovered by
Holan et ak® and recently improved by Parker et &:ewas
choser?® The intermediate phenylene diamiBevas syn-
thesized by bromination of commercially available 4-methyl-
2-nitroaniline2 %! followed by reduction of the nitro group
with SnCh (Scheme 2). Diamin8 was converted to BB1
by treatment with half a molar equivalent of methyl 2,2,2-
trichloroacetimidate in the presence of a catalytic amount
of concentrated HCI to form 2-trichloromethylbenzimida-
zole?® which, after basification with KCOs, reacts in situ
with the residual diamin8 to afford4. Finally, Boc groups
were selectively introduced to the less-hindered nitrogen
atoms of4 to give dibromidel in 84% overall yield from
diamine 3. X-ray crystallography analysis df confirmed
the position of the Boc groups.

With dibromidel in hand, interest focused on the Negishi
coupling reactiof? to introduce aryl groups at the 44
positions. Reaction conditions were optimized with 4-meth-
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Related Metals. IHandbook of Organopalladium Chemistry for Organic
Synthesis; Negishi, E., Ed.; Wiley & Sons: New York, 2002; Vol. 1, pp
229-247.
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Table 1. Optimization of Negishi Arylation of BBI?
I|30c
LT
N N
R R R R
1 Br O O

l|3oc
N

N

OMe OMe
5a (R = H)
5b (R = CHs)
ArZnCl® ZnCl; temp time yield
entry  product (equiv) (equiv) (C°) (h) (%)
1 5a 3.0 - reflux 18 32
2¢ 5a 4.5 - reflux 18 67
3 5a 2.5 2.5 reflux 18 404
4 5a 4.5 - 60 12 69
5 5a 2.5 2.5 60 6 76
6 5a 4.5 - 60 6 70
7 5b 4.5 - 60 18 70
8 5b 2.5 2.5 60 6 —e
9 5a 4.5 - 60 12 78
107 5b 4.5 - 60 18 66

aUnless otherwise indicated, reactions were run on a0.B mmol scale
in THF using 10 mol % of Pd(PRJx. ® Ar = 4-methoxylphenyl for product
5aand 4-methoxy-2,6-dimethylphenyl f6b. ¢ 30 mol % of Pd(PP§)s was
used.? de-Boc compound, 4'4is(4-methoxyphenyl)-6,6'-dimethyl-2,2'-
bisbenzimidazole, was isolated in ca. 35% yiéld.was recovered in 43%
yield. f Pd(OAc) (10 mol %) and 1,3-bis(2,6-diisopropylphenyl)imidazolium
chloride (10 mol %) were used instead of Pd(RRH 44% of 1 was
recovered.

oxyphenyl and 4-methoxy-2,6-dimethylphenyl as aryl groups
(Table 1). Initial trials under typical coupling conditions (3.0
equiv of 4-MeOGH4ZnCl, 10 mol % of Pd(PP§), in THF,
reflux, 18 h) gave disappointing results (entry 1). However,
the use of excess 4-Me@@,ZnCl (4.5 equiv) gave the
desired bisaryl-BBl5a in 67% isolated yield (entry 2).
Attempting to reduce the amount of zincate, we had the idea
of replacing the excess zincate with ZpGlVhen 2.5 equiv

of ZnCl, was employed, the arylation was completed with
2.5 equiv of 4-MeOGH4ZnCl, though cleavage of the Boc
group took place and the isolated yield was poor (entry 3).
It was found that limiting the time of the reactiom® h (60
°C), when using 2.5 equiv of ArZnCl/2.5 equiv of ZnClI
prevented cleavage of the Boc groups and prodibzesh
good yield (entry 5). Under these milder conditions (€0

6 h), the reaction with 4.5 equiv of 4-Me@&,ZnCl also
proceeded in good vyield (entry 6). Using 4.5 equiv of
sterically hindered 4-MeO-2,6-M€&sH,ZnClI (60°C, 18 h)
provided good results (entry 7). However, 2.5 equiv of
4-MeO-2,6-MeCsHoZnCl with 2.5 equiv of ZnCd] (60 °C,

6 h) did not producebb, and 1 was recovered in 43%
yield (entry 8). The well-known Nolan catalysts were not
efficient for 4-MeOGH4ZnCI coupling (entry 9) but provided

a good yield for coupling of sterically hindered 4-MeO-2,6-
Me,CsH2ZNCl (entry 10)3 It would appear that self-coupling

(33) Scott, N. M.; Nolan, S. Peur. J. Inorg. Chem2005, 1815 and
references cited therein.
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s Having established a working set of conditions, we

Table 2. Synthesis of 4,4'-Bisaryl-BBI investigated the substitution eff(_act of various aryl zincates
8oc  Boc Boc  Boc (Table 2). Method A (4.5 equiv of ArzZnCl) was com-
\@N/HNI;/ \@NHNI;/ pared to method B (2.5 equiv of ArZnCl and 2.5 equiv of
NN NN ZnCly) in many cases. To prevent deprotection of the Boc
B 1 B AT sy Ar groups, trials using method B were confined to 6 h; how-
. ] ever, where deprotected products are tolerated, even better
entry Ar method” n(?ff product %Zf)d yields are possible. The electron density on the aromatic
ring affected the success of the reaction. Electron-rich
la - A 6 60 4-MeOGH4ZnCl (Table 1, entries 5 and 6) gave higher
@ Se yields than PhzZnClI (entries 1a and 1b) and 4CdH,ZnCl
1b B 6 60 (entries 3a and 3b) for both methods. Method A (4.5 equiv
- o A 6 75 of ArZnCl) was effective for introducing sterically hin-
©/ 54 dered aromatics (entries 2a and 5, Table 2; entry 7, Table
2b B 6 41 1). Even 1-naphthyl was introduced in good yield (entry 4).
It was possible to reduce the amount of zincate and maintain
3a X A 6 57 a high yield by using method B when the aromatic is electron
© Se rich and sterically unhindered (Table 2, entry 6; Table 1,
3b CFs B 6 33 entry 5)

‘”“ A 18 st 63 Compoundbh possesses interesting potential as a precursor
OO for a macrocyclic ligand. Although 4-alkoxy-3,5-dimeth-
™ ylphenyl zincate provided reasonable yields under both
5 OO A 18 Sg 63 conditions, method A was more effective (entries 7a and 7b).
These results could be explained by its moderate nucleo-
X philicity, presumably coming from restricted conjugation of
© B 6 Sh 69 the alkoxy group. Pyridine derivatives were examined to
O~cen demonstrate the possibility of synthesizing higher-order
multidentate ligands. The reaction of 2-pyridyl zincate and
Y A 6 73 1 produced considerable cleavage of Boc groups (entry 8).
/©\ 5i From the crude mixturep was isolated in 21% vyield.
On the other hand, 3-pyridyl zincate reacted smoothly to
give a 50% vyield of the desired product, though it re-
r'; N quired longer reaction time due to low solubility of the
- zincate (entry 9).

7a

8 A 6 6 21 In summary, we have developed a synthetic strategy that
e enables quick and high yield access to a variety of-4,4
o bisaryl-BBls. These BBIs will be useful as building blocks
& for functionalized supramolecular assemblies. Metal com-
9 A 24 5 50 plexation, luminescence studies, and assembly construction

of these BBIs are currently under investigation.
OMe

a Reactions were run on a 6-6.7 mmol scale at 60C in THF using :
10 mol % of Pd(PPY.. ®Method A: ArznCl (4.5 equiv). Method B: Acknowledgment. We express our gratitude to Dr.
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of the organozinc species is the dominant side reaction that
reduces vyields. 0L061244C
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