Cystine-based cyclic oligoureas: a new class of hydrogen-bonding
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Cystine-based symmetrical cyclic oligoureas, synthesized in
a one-pot reaction from rL-cystine dimethyl ester and
triphosgene, are demonstrated to act as versatile neutral
receptors for both inorganic and organic anions operating
exclusively through hydrogen bonds; 'H NMR studies have
shown that while the cyclic triurea prefers to complex with
spherical (halides) and trigonal planar (nitrate) anions, the
higher oligomer tetraurea can trap the tetragonal planar
squarate dianion with modest efficiency.

Rational design of artificial receptors for anion complexation is
an area of intense current interest! that has relevance to biology,
industry and environment. Considering the intense activity and
the vast literature that has accumulated over the past two
decades in the field of supramolecular chemistry and the
development of preorganization conceptsin molecular recogni-
tion, it was surprising to find only ahandful of designsfor cyclic
anion receptors and barring few exceptions of neutral cyclic
anion hosts,2 most of these interestingly, centred around the use
of protonated macro mono or polycyclic amines3 Thus,
whereas in Nature it is the neutral anion-binding proteins
regulating the transport of anions largely through hydrogen
bonds,4 the synthetic designs of positively charged anion
receptors operated mainly through coloumbic interactions. The
idea of using amino acid-based macrocycles with multiple
hydrogen-bonding pockets, uniformly distributed in the cyclic
backbone, appeared an exciting possibility to create neutra
receptors that would not only be close to natural systems but
may aso show high selectivity in multifunctional anion
complexation.

In this communication, we provide the first illustration® of
such a concept and report on the design, synthesis and anion
recognition of L-cystine-based cyclic oligourea receptors
wherein the multiple urea groups are held as part of the ring
framework in a cyclic arrangement. Among the hydrogen
bonding groups, the urea unit was particularly favoured because
of its double hydrogen bond donor capacity. Choice of cystine
unit was based on the consideration that apart from being a
neutral amino acid, the presence of S-Slinkageinitsframework
and its 1,w-diamine nature would facilitate the ring closure to
cyclicureas.

For the construction of homocyclic oligomers of cystine
ureas, the synthetic strategy envisaged one-step condensation of
L-cystine diOMe with triphosgene, a commercially available
precursor of phosgene (Scheme 1). The reaction carried out
under high dilution conditions afforded a mixture of two
products with similar TLC behaviour, which were separated by
chromatography on silica gel with dichloromethane-methanol

T Electronic supplementary information (ESI) available: tH NMR of 1 (Fig.
S1), 2 (Fig. S2); ROESY NMR of 1 (Fig. S3), 2 (Fig. $4); ES-MSof 1 (Fig.
S5), 2 (Fig. S6), FAB-MS of 1 (Fig. S7); NMR titration of 2 with squarate
TBA salt (Fig. S8); H NMR of 1 in CDCl; (host done) (Fig. S9), 1 with
Cl—in1:1molar ratio (Fig. S10), 1 with Br—in 1: 1 molar ratio (Fig. S11),
1 with NOz~ in 1:1 molar ratio (Fig. S12), 2 in CDCl; (host alone) (Fig.
S13), 2 with squarate dianion in 1:1 molar ratio (Fig. S14). See http:/
www.rsc.org/suppdata/cc/bl/b102720b/
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(98:2) aseluent. The products 1 and 2 wereisolated in yields of
37 and 15% respectively, and were fully characterized by
spectroscopic and analytical data® The ES-MS and FAB-MS
results (ESIT) confirmed the cyclic trimeric and tetrameric
nature of macrocycles 1 and 2 respectively. A noteworthy
feature in the cyclization reaction of cystine dimethyl ester with
triphosgene was the formation of 27-membered 3 + 3
macrocycle 1 as the mgjor product (37%), followed by 15% of
the 36-membered higher oligomer 2, the 4 + 4 cyclization
product. The near complete absence of 9- and 18-membered
macrocycles that could arise from 1 + 1 and 2 + 2 cyclization
reaction is in agreement with our earlier observations” with
cystine-containing macrocycles where the most preferred ring
size in cyclooligomerization was found to be 26-membered.
Our recent finding® that 18-membered cyclic bisurea was the
only product in the cyclooligomerization reaction of cystamine
with triphosgene also supports the notion that the asymmetric
cystine unit has more stringent steric demands with respect to
thering size.

The highly symmetrical structure of macrocycles 1 and 2
laced with multiple units of hydrogen-bonding urea functions,
positioned equidistant from each other and all converging
towards the centre of the cavity, appeared particularly suited for
the molecular recognition of anionic substrates with spherical
shapes. We al so expected these receptorsto bind polyoxyanions
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Scheme 1 One step condensation of triphosgene and cystine dimethy! ester
to give cyclic oligoureas 1 and 2.
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Fig. 1 (a) Proposed hexahydrogen-bonded complex of 1 with Cl—/Br— or
nitrate anion; G = Cl-/Br—/NOs;—; Cyst = L-cystine unit. (b) Proposed
octahydrogen-bonded complex of 2 with squarate dianion.

provided their electronic and geometric features are compatible
with each other.

Binding studies with halide anions (as tetrabutylammonium
(TBA) sdlts) using *H NMR, showed that while cyclic triurea 1
showed modest affinity for chloride and bromide ions and no
affinity for iodideion, the macrocyclic tetraurea 2 was unable to
bind any of the halide anions. Interestingly, the host 1, only
sparingly soluble in CDCls, was found to rapidly go into
solution upon the addition of chloride or bromide TBA sdlt,
indicating effective host—guest recognition. There was con-
siderable downfield shift (~0.5-0.8 ppm) of NH protonsin 1
suggesting their involvement in hydrogen bonding with the
anion. Using NMR titration method,® the association constants
(Ky) for 1 with chloride and bromide TBA salts were measured
as 2.05 x 103 and 2.01 x 102 M—1 respectively. The triurea 1
with three-fold symmetry in its structure also suggested a
possible complexation with trigonal anionic guests. Thus, while
trimesic acid anion was found to be too big for the cavity of 1
to show any detectable NH shift, thetrigonal planar geometry of
nitrate anion seemed to have a complementary fit with 1
showing appreciable binding in CDCl3 (K5 = 5.2 X 102 M—1),
In conformity with the above notion, the cyclic tetraurea 2 was
demonstrated to act as an excellent host for the squarate dianion
[SQ]2—, atruly delocalized planar tetraoxyanion© with four-
fold symmetry. Using NMR titration, the association constant
for 2 with squarate TBA salt in CDCl; was measured as 3.21 X
10% M—1. The significant downfield shift (Ad ~1.5) observed
for the urea NH protons of 2 is indicative of highly effective
hydrogen bonding. The ailmost 100-fold selectivity of macro-
cyclictriurealfor planar, 3-fold symmetric nitrate anion and of
cyclic tetraurea 2 for planar four-fold symmetric squarate
tetraoxyanion guest was shown by complete absence of any
anion induced shiftsin the tH NMR of 1 and 2 in CDCl; even
with excess molar proportions of the guest substrates. The
proposed tris-bidentate or hexahydrogen-bonded structure for
complex of 1 with CI=/Br— or NOz~ [Fig. 1(3)] and
octahydrogen-bonded structure for the complex of 2 with
[SQ]2— [Fig. 1(b)] is supported by the maximum NH shift at a
mole ratio of 1:1 (ESIT).

The cystine-based macrocyclic oligoureas described here
represent a new class of electroneutral anion receptors that
operate exclusively through hydrogen bonds. The multiple
hydrogen-bonding sites distributed symmetrically al over the
ring make these macrocycles especially suited for molecular
recognition of spherical and polyfunctional anions. Their
remarkable affinity for planar polyoxyanions and selectivity
according to size complementarity combined with extremely
simple synthesis from commercially available materials should
open up new challengesin this area. Additionally, the receptor
modification through the COOH handles on the cystine unit

should provide attractive hosts for membrane anion transport.
Studies in this direction are in progress.
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