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ABSTRACT

Cavitand bowls carrying two derivatizable groups at the rim have been efficiently prepared through a selective lithium/halogen exchange−
electrophile quenching procedure. This methodology lends itself to the single-step preparation of the first all carbon-linked bis-bowl and a
new class of inherently chiral cavitands.

Cavitand bowls are fascinating supramolecular building
blocks.1 The first examples of these wide (ca. 9 Å diameter),
shallow (ca. 3.5-4 Å deep), rigid, curved-surface molecules
were reported over 15 years ago.2 Today, methylene-bridged
resorcinarene derivatives form the basis of several classes
of host compounds of significant contemporary interest,
including carcerands and hemicarcerands,3 reversible cap-
sules,4 holands,5 and other covalently and coordinatively
linked multibowl arrays.6

The ready utilization of cavitand bowls in molecular
recognition studies stems from their facile conversion into
compounds with binding groups at four fixed positions
around the bowl rim. The full potential of the cavitand bowl
platform has not been realized, however, because its synthetic
manipulation has been limited, in the main, to 4-fold
derivatizations, which furnish tetrafunctionalized cavitands
with C4ν symmetry.1 The majority of reports of unsymmetri-
cally substituted cavitand bowls describe the isolation of

small quantities of compounds from low yielding reactions
that generate statistical mixtures of products.7 We recently
reported new and efficient approaches to unsymmetrical rim-
brominated8 and hydroxylated9 cavitand bowls2-5 based
upon selective lithium-bromine exchange chemistry of
readily accessible tetrabromide1 (Figure 1). Herein we
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Figure 1. The parent tetrabromobowl1 and the four possible rim
substitution patterns2-5 with two different groups at the rim (X
and H).
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disclose our preliminary findings on the rich chemistry of
monolithiocavitands.

We have previously established the conversion of tetra-
bromobowl1 into tribromomonoprotiobowl2a through low-
temperature treatment of1 with n-BuLi (1.1 equiv) followed
by methanol (Table 1, entry 1).8 Tribromo-monolithiocav-

itand 6 is a necessary intermediate in this conversion. As
shown in Table 1, THF solutions of this readily prepared
intermediate react with a wide variety of electrophiles to
furnish cavitands bearing two different derivatizable sub-
stituents at the bowl rim (entries 2-11). Simple aqueous
workup10 provides mixtures of cavitands rich in the mono-
substituted product7-16.11 The pure monosubstituted prod-
uct is obtained by straightforward flash chromatographic
purification, and isolated yields are typically in the 40-80%

range. Boron (entry 2), halogen (entry 3), silicon (entry 4),
sulfur (entries 5 and 6), alkyl carbon (entry 7), and acyl
carbon (entries 8-11) electrophiles are readily incorporated,
and workable (i.e., multigram) quantities of these new
cavitands are easily obtained. Rigorous drying of both the
tetrabromobowl precursor and the electrophile is mandatory
if the formation of significant amounts of tribromomono-
protiocavitand2a is to be avoided.11

To probe the scope of this reaction we next investigated
a [2 + 1] condensation of tetrabromide1 with the sym-
metrical biselectrophile, 1,4-dicarbomethoxybenzene17
(Scheme 1). In this challenging test of the robustness of the

methodology, the reactants1 and17 contain four and two
identical groups, respectively. For conversion into the desired
product, cavitand1 must react at only one of its four
equivalent bromides and biselectrophile17 must suffer
nucleophilic addition by one lithiocavitand molecule per ester
group. To our delight, the reaction proceeded in the required
manner to afford the firstall carbon-tethered biscavitand
molecule18 in 28% isolated yield.12

Selective lithium-bromine exchange can also be carried
out on theunsymmetricalbromocavitands2a, 3a, and4a.
Thus, successive treatment withn-BuLi (1.1 equiv), B(OMe)3,
and basic H2O2 transforms tribromomonoprotiobowl2a8 in
good yield into a chromatographically separable 54:46
mixture of the two regioisomeric dibromomonoprotiomonols
19 and20 (Scheme 2). The proportion of the major product
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Table 1. Conversion of Tetrabromocavitand1 into New
Monosubstituted Bowls7

entry electrophilic reagent (a)a E product yieldb

1c MeOH -H 2a 81%
2 B(OMe)3 -OH 7 68%
3 I2 -I 8 71%
4 ClSiMe3 -SiMe3 9 22%
5 MeSSMe -SMe 10 80%
6 S8 -SH 11 37%
7 MeI -Me 12 57%
8 Me2NCHO -CHO 13 57%
9 ClCO2Me -CO2Me 14 72%

10d ClCOMe -COMe 15 29%
11 ClCOPh -COPh 16 42%

a Quantities of electrophilic reagent employed, reaction times, and workup
procedures vary. See the Supporting Information for full details.b Unop-
timized yield of isolated material.c From ref 9.d Tribromomonoprotiobowl
2a (32%) was also isolated.

Scheme 1. All Carbon-Tethered Bis-Bowl18 through [2+ 1]
Condensation
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19 is slightly less than would be expected from a nonselective
lithium-bromine exchange process. The reason for this
nonstatistical outcome is, at this stage, unclear.13

In an analogous fashion, the two regioisomeric dibromo-
diprotiobowls3a8 and4a8 afford the corresponding dipro-
tiomonobromomonols21and22 in reasonable yields (Scheme
3), but only when the reaction is conducted at low (4 mM)
substrate concentration. At higher concentrations, precipita-
tion of organolithium species is witnessed, an event ac-
companied by the generation of complex mixtures of
products. Bromophenols19 and 22 are the first of a new
class ofinherently chiralcavitands.14-16 Resolution of these
racemates would furnish enantiomerically pure bowls with
asymmetric binding and catalysis possibilities.17

In summary, selective lithium-bromine exchange of
bromides 1, 2a, 3a, and 4a affords monolithiocavitand
intermediates that react with a wide range of electrophiles
to furnish several new cavitand bowl varieties. Cavitands
with orthogonal functionality at the rim, chiral bowls, and
the first all carbon-tethered bis-bowls are accessible in
practical quantities from reactions with nonstatistical product
distributions. The compounds described herein serve as
starting points for the elaboration of new hosts with useful
supramolecular functions.
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Scheme 2. Monolithiation-Boronation of
Tribromomonoprotiobowl2aa

a (a) 1. n-BuLi (1.1 equiv.), THF,-78 °C; 2. B(OMe)3 (1.5
equiv.),-78 °C - RT; 3. NaOH, H2O2, H2O, RT.

Scheme 3. Monolithiation-Boronation of
Dibromodiprotiobowls3a and4aa

a (a) (1) n-BuLi (1.1 equiv), THF,-78 °C; (2) B(OMe)3 (1.5
equiv), -78 °C to rt; (3) NaOH, H2O2, H2O, rt.
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