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Macrocyclic sulfamides: synthesis, hybridization, and metal
binding properties
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Abstract

Four cyclophanes incorporating the cyclosulfamide sub-unit have been synthesised in high yield. The X-ray crystal structures of three
of them, and of cyclosulfamide itself, provide useful insight into the hybridisation of such compounds. The ionophoric properties of the
macrocycles are also reported, with the sulfamides showing unusual selectivity for rubidium (benzyl trimer), barium (pyridyl dimer) and
silver (pyridyl dimer and trimer).
� 2008 Elsevier Ltd. All rights reserved.
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Scheme 1. Macrocyclic targets from sulfamide 1.
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Scheme 2. Synthesis of sulfamide 1, and its X-ray crystal structure.
This Letter describes the synthesis of C8–C12 cyclo-
phanes and polydentate macrocycles that incorporate the
sulfamide sub-unit, and that display interesting ion-binding
properties. Our initial interest in the sulfamide heterocycle
1 was as a masked/activated diamine precursor of medium-
sized cyclophanes 2a–c (Scheme 1), as models for a new
route to the heterocyclic core 3 of brevianamide 41 and
the related compounds.

Contrary to our expectations, the 6-membered sulf-
amide 1 could not be prepared in high yield using literature
procedures,2 and a modification of Ahn’s method2a was
eventually developed that gave 1 in 38% yield, and allowed
large quantities to be prepared easily and cheaply.3 The
X-ray crystal structure of 1 is of interest concerning the
geometry and hybridisation of the nitrogens, which both
display sp3 character, with heterocycle 1 adopting a ‘cyclo-
hexane’ chair-like conformation4a (see Scheme 2).

The cyclisations in Scheme 1 provided cyclophanes 2,
but with large amounts of cyclic polymers (mainly di-
and trimers) when n < 5. It occurred to us that the chemis-
try might be extended to provide access to a new series of
macrocycles with interesting ionophoric potential.5 We
therefore reacted 1 with 1,3-di(bromomethyl)benzene,
0040-4039/$ - see front matter � 2008 Elsevier Ltd. All rights reserved.
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which led to the highly efficient formation of the dimeric
and trimeric macrocycles 5 and 6, which were readily
separated by flash chromatography in 52% and 31%
isolated yields, respectively. With the principle established,
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Scheme 3. Synthesis of benzyl macrocycles 5 and 6, and pyridyl
macrocycles 7 and 8.

Fig. 2. X-ray crystal structure of the pyridyl dimer 7.

Fig. 3. X-ray crystal structure of pyridyl trimer 8.
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we extended the methodology to the pyridyl analogues 7

and 8, which were isolated in 48% and 33% yields, respec-
tively. The synthesis of both benzyl and pyridyl analogues
is depicted in Scheme 3.

The structures of the benzyl trimer 6 and both pyridyl
dimer 7 and pyridyl trimer 8 were confirmed by single
crystal X-ray diffraction4b–d as shown in Figures 1–3,
respectively. The most obvious attribute noted, with
respect to the benzyl macrocycle 6, was the approximately
twofold symmetry, and the twist-chair conformation of the
sulfamide heterocyclic units.

The X-ray structures of the pyridyl macrocycles demon-
strate three particularly notable features. Firstly, whilst
dimer 7 displays twofold symmetry, trimer 8 shows roughly
Fig. 1. X-ray crystal structure of benzyl trimer 6.
threefold symmetry (cf. 6). Secondly, the sulfamide sub-
stituents alternate between axial and trigonal in the dimer,
but alternate between axial and equatorial in the trimer,
indicating that the hybridisation of sulfamides is finely
balanced. Thirdly, and most strikingly, the sulfamide
oxygens are directed into the centre of the macrocycle in
the dimer, but point outwards to the external environment
in the trimer.

The possibility that intriguing metal chelation properties
might be more pronounced in the pyridyl analogues than in
the benzyl analogues prompted us to investigate the cation-
binding properties of macrocycles 5–8. The pyridyl
analogues 7 and 8 had more atoms with donor pairs of
electrons available. In addition, the pyridyl molecules did
not have any hydrogens pointing into the cavity, unlike
the benzylic analogues, hence the repulsion between the
donor ligand and the cation might also be reduced.

The cation-binding studies of the four macrocycles 5, 6,
7 and 8 were performed with various metal cation picrates
(alkali, alkaline earth, transition and post-transition
metals), using UV spectrophotometry at 375 nm at room
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temperature. The binding constants at the equilibrium of
the complexation were calculated using the solvent extrac-
tion technique developed by Cram and co-workers,6,7 and
this method is still widely used in picrate extractions.8

There were several particularly striking observations
from the binding results displayed in Figures 4 and 5:

(a) The benzyl dimer 5 showed roughly 12:1 selectivity
for KK/KNa in nitromethane (cf. 18-C-6 shows 50:1
selectivity9 for KK/KNa in methanol). Much more
striking, however, was the solvent dependence of
the benzyl trimer 6 with sodium and potassium;
KK/KNa was about 1:6 in chloroform, 12:1 in nitro-
methane, and 1:1 in benzene (Fig. 4).

(b) Both of the trimers (6 and 8) showed high selectivity
for rubidium over other alkali metals in chloroform,
with the rubidium–6 complex in chloroform having
the highest association constant from all the combi-
nations of metals with benzyl dimers or trimers tested
in any solvent (Fig. 5).

(c) In contrast, the pyridyl dimer 7 showed the highest
affinity for barium in chloroform, with high selectiv-
ity over other alkali earth metals. Although barium
is known to bind better than most metals to pyridyl
macrocycles,10 this level of selectivity is unusual.
The only other ion to show relatively high binding
to dimer 7 was Ag+, presumably due to the pyridyl
lone pair chelating effectively with the ‘soft’ silver.

(d) The pyridyl trimer 8 also showed quite high selec-
tivity for barium and silver, again implicating the
pyridyl lone pair as the primary coordinating ligand.

In conclusion, we have found that the sulfamide-based
macrocycles 5–8 are extremely easy to prepare in high
yield. Although the binding constants of these macrocycles
for metal cations are modest, the selectivity of sulfamide-
based macrocycles towards certain cations such as potas-
sium, rubidium, barium and silver over other cations
provide valuable insights into their unusual ionophoric
properties. The simple synthetic procedure to obtain the
dimeric and trimeric structures, and their ease of their puri-
fication, make these novel sulfamide-based macrocycles
attractive for further study and elaboration.
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Worsch, D. Angew. Chem., Int. Ed. Engl. 1985, 24, 727; (e) Rebek, J.,
Jr. Angew. Chem., Int. Ed. Engl. 1990, 29, 245; (f) Ikeda, A.; Shinkai,
S. Chem. Rev. 1997, 97, 1713.

6. Moore, S. S.; Tarnowski, T. L.; Newcomb, M.; Cram, D. J. J. Am.

Chem. Soc. 1977, 99, 6398.
7. The metal picrate extraction experiments for each macrocyclic host 5,

6, 7 and 8 were run in nitromethane, chloroform and benzene. An
aliquot of 0.5 mL of a metal picrate solution was measured using a
micro syringe and transferred into a centrifuge tube. To each
centrifuge tube an aliquot of 0.5 mL of the host, one from each
solvent system, was added to the centrifuge tube. To one set of
centrifuge tubes 0.5 mL of picrate solution was added along with
0.5 mL of the solvent system excluding the host. These were used to
determine the distribution constant Kd. The contents of each tube
were mixed vigorously using a vortex mixer, and then spun by
centrifuge for 10 min at 12,500 rpm. The samples were left to
equilibrate for 24 h. A 0.5 mL aliquot of the organic layer was
measured into a 5 mL volumetric flask and diluted to the mark with
acetonitrile, concentrations ranging from 10�4 to 10�6 M. For each
sample, a blank extraction experiment was also carried out on the
corresponding organic layers with water, excluding the picrate salt.
The UV absorption of each solution was measured against the
corresponding blank solution at 375 nm. The absorbance values were
measured with the Cary 400 Series UV–vis Spectrophotometer at
25 �C. The cation concentration in the organic layer was calculated
using the Beer–Lambert law, A = ecl, where A = absorbance mea-
sured, e = extinction coefficient, c = concentration of sample, l = the
path length of the cell (1 cm). The values of the binding constant Ka

were calculated according to Ref. 6.
8. (a) Marchand, A. P.; Hazelwood, A.; Huang, Z.; Vodlankonda, S. K.;

Rocha, J.-D. R.; Power, T. D.; Mlinaric-Majerski, K.; Klaic, L.;
Kragol, G.; Bryan, J. C. Struct. Chem. 2003, 14, 279; (b) Huber, V. J.;
Ivy, S. N.; Lu, J.; Bartsch, R. A. Chem. Commun. 1997, 1499; (c) Li,
G.; Still, W. C. J. Am. Chem. Soc. 1993, 115, 3804.

9. Izatt, R. M.; Pawlak, K.; Bradshaw, J. S.; Bruening, R. L. Chem. Rev.

1991, 91, 1721.
10. Gokel, G. W.; Goli, D. M.; Minganti, C.; Echegoyen, L. J. Am.

Chem. Soc. 1983, 105, 6786.

http://www.ccdc.cam.ac.uk/data_request/cif
http://www.ccdc.cam.ac.uk/data_request/cif

	Macrocyclic sulfamides: synthesis, hybridization, and metal  binding properties
	Acknowledgement
	References and notes


