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Prototypes for a new class of polythioamide-based macrocycles /
have been synthesized and anion-hinding capabilities assessed. ~ | X
Results indicate higher anion hinding for H,PO,~, HSO,~, and F~ v
for monocycles, but somewhat lessened binding capabilities for
bicycles compared with amide corollaries.

NH HN
While a natural progression in anion coordination chem- Y X
istry has been the design and synthesis of neutral amide- S |
based receptors for aniohdp our knowledge thioamide- 1 X=S,Y=CH
based macrocyclic anionophores have not been reported. 2 X=S,Y=N
Thioamides have been known for a long time as excellent 4 X=0,Y=CH
chelating agents for heavy metal i8nsand in therapeutic 5 X=0,Y=N

applicationg. They have also been used in ferrocenoyl-based
anion receptor$Hence, the design of thioamide macrocycles amide-base receptof§,acyclic analogues of which were
for anion recognition appeared to be a promising strategy successfully introduced by others as effective recognition
toward achieving enhanced anion binding. We have now frameworks!® Compared to amides, however, thioamide
synthesized prototypes for this elite new class of macrocycles,ligands are predicted to display enhanced acidities, the result
monocyclesl and 2, and bicycle3, by converting simple  of the increased polarizability of the sulfur with a concomi-
amide-based precursord;-6,” to thioamides. Herein are  tant decrease in the-NH bond energy{10 kcal mot?).11-13
described preliminary findings for anion binding for the first This subtle change, when magnified by multiple thioamide
thioamide-based macrocyclds;3, and crystal structures of  sjtes, was anticipated to lead to enhancement of the hydrogen-
the free bases df and3. bonding capabilities so important in anion recognition.

In earlier work we explored monocyclic and bicyclic Compoundsl and 2 were prepared from the reaction of
polyamine receptors with isophthalaldehyde and related the amide precursord,and5,” with 2 equiv of Lawesson’s
spacers for anion recognition, focusing on the role of reagent* in toluene. The bicyclic amide-based cryptafd
dimensionality on bindin§.More recently we have broad-
ened the scope of our ligands for anions to include similar ()

(a) Clifford, T.; Mason, S.; Llinares, J. M.; Bowman-JamesJKAm.
Chem. Soc200Q 122, 1814-1815. (b) Aguilar, J. A.; Clifford, T;
Danby, A,; Llinares, J. M.; Mason, S.; GaaeEspda, E.; Bowman-
James, KJ. Supramol. ChenR001 13, 405-417. (c) Clifford, T.;
Danby, A.; Llinares, J. M.; Mason, S.; Alcock, N. W.; Powell, D;

* Author to whom correspondence should be addressed. E-mail: kbow-
man-james@ukans.edu.

(1) (a)Supramolecular Chemistry of AnigrBianchi, A., Bowman-James,
K., Garém Espdn, E., Eds: Wiley-VCH: New York, 1997. (b) Beer,
P. D.; Gale, P. AAngew. Chem., Int. E@001, 40,486-516. (c) Choi,
K.; Hamilton, A. D.Coord. Chem. Re 2003 240, 101-110. (d) Gale,
P. A. Coord. Chem. Re 2003 240, 191-221.

(2) Cobben, P. L. H. M.; Egberink, R. J. M.; Bomer, J. G.; Bergveld, P.;

Verboom, W.; Reinhoudt, D. Nl. Am. Chem. So&992 114, 10573~
10582.

(3) Wroblewski, W.; BrZzaka, Z.Anal. Chim. Actal996 326, 163-168.

(4) Arena, G.; Contino, A.; Longo, E.; Sciotto, D.; Spoto, I5.Chem.
Soc., Perkin Trans. 2001, 2287-2291.

(5) Pagani, G.; Pregnolato, M.; Ubiali, D.; Terreni, M.; Piersimoni, C.;
Scaglione, F.; Fraschini, F.; GdsgdA. R.; Mufoz, J. L. P.J. Med.
Chem 200Q 43, 199-204.

(6) Beer, P. D.; Graydon, A. R.; Johnson, A. O. M.; Smith, D.Ikorg.
Chem.1997 36, 2112-2118.

(7) Hossain, M. A.; Llinares, J. M.; Powell, D.; Bowman-Jamesinrg.
Chem 2001, 40, 2936-2937.

10.1021/ic034735r CCC: $25.00 © 2003 American Chemical Society
Published on Web 07/31/2003

Aguilar, J. A.; Garta-Espéa, E.; Bowman-James, Knorg. Chem.
2001, 40, 4710-4720. (d) Hossain, M. A.; Llinares, J. M.; Mason,
S.; Morehouse, P.; Powell, D.; Bowman-James,Afgew. Chem.,
Int. Ed 2002 41, 2335-2338.

(9) Hossain, M. A,; Kang, S. O.; Powell, D.; Bowman-James|rrg.

Chem.2003 42, 1397-1399.

(10) (a) Stephan, H.; Gloe, K.; Schiessel, P.; Schmidtchen, Sugramol.

Chem.1995 5, 273-280. (b) Kavallieratos, K.; de Gala, S. R.; Austin,
D. J.; Crabtree, R. HI. Am. Chem. S0d.997, 119, 2325-2326. (c)
Kavallieratos, K.; Bertao, C. M.; Crabtree, R. H.Org. Chem1999
64, 1675-1683. (d) Choi, K.; Hamilton, A. DJ. Am. Chem. Soc.
2001, 123 2456-2457. (e) Still, W. C.Acc. Chem. Resl996 29,
155-163.

(11) Bordwell, F. G.; Algrim, D. J.; Harrelson, J. A., Jr. Am. Chem.

Soc 1988 110, 5903-5904.

(12) Bordwell, F. G.; Ji, G.-ZJ. Am. Chem. So0d 991, 113 8398-8401.
(13) Lee, H.-J.; Choi, Y.-S.; Lee, K.-B.; Park, J.; Yoon, CxJPhys. Chem.

A 2002 106, 7010-7017.
Inorganic Chemistry, Vol. 42, No. 17, 2003 5043



COMMUNICATION

Table 1. Association Constants (lo§z) of the Ligands with Anions in 7.5
DMSO-dg?
log K¢dm? mol~1
ligand HPO,~ HSO,~ F Cl~ Br- 1~
Monocycles
1 497 3.15 2.85 2.02 2.00 1.44
2 4.63 4.99 4.11r  2.60 140 <10
4 2.92 2.89 2.63 1.39 1.30 <1.0
5 4.05 2.03 2.61 2.69 271 <1.0
Bicycles
3 3.40 1.69 450 154 <10 <1.0
6 331 1.83 590 348 1.60 1.30

nianion)/equiv

a Estimated deviations less than 5% unless otherwise nbtestimated _ N o ) . )
deviation 10%¢ Slow exchange; estimated error less than 15%. Figure _1. H NMR titration curves foIIOW|_ng chemical shifts of the
aromatic Y= CH proton of 1 with various anions.

was synthesized in Gi€l, from the condensation of 2 equiv ) )
of tris(2-aminoethyl)amine with 3 equiv of 2,6-pyridinedi- ~Properties of both the ligand and the aniofihe absence of
carbonyl dichloride in the presence of;Btas a base. The  Significant binding with CIQ™ indicates geometry is not the
product was isolated in 10% yield after column chromatog- predominant factor. The presence of the basic tertiary amines
raphy (neutral AlOs, 5% CHOH in CH,Cl,). The thioamide can facilitate extraction of the proton from the oxo acid,
cryptand,3, was prepared fron by reaction with 3 equiv bringipg thg apion in ppsition for QOckiqg with the'li'gand.
of Lawesson’s reagent in toluene. Crystals of the thioamide The high binding of2 with HSG,™ is particularly striking,
free basel were obtained from slow evaporation of a DMSO Since sulfate does not usually exhibit strong hydrogen-
solution of the ligand® and crystals o8 were grown from bonding capabilities compared to phosphate. Earlier work
CH;OH/CH:CN at room temperaturé. with the m-xylyl derivative 4 also indicated strong and
The binding of the new receptofis-3 with a variety of selective binding of HS® in CHCls. Crystallographic
inorganic anions was investigated in DM®i9and compared results for4 indicated a sandwich-like structure with the
with that observed for the amide precursors. The addition Sulfate held by eight hydrogen bonds emanating from two
of aliquots of the BuN* salts of HPO,~, HSQ;~, NOs~, different macrocycles, i.e., a type of “macrocyclic effett”.
Clo,~, F~, CI-, Br-, and I to solutions of the receptors led It may be that a similar situation is occurring for the
to downfield shifts of all the ligand proton resonances. Interaction of2 with HSQ,™ in DMSO. .
Determination of the binding constants for several of the Results for the bicyclic systems were at first glance
anions was complicated by slow exchange on the NMR time Somewhat surprising, since, in polyammonium anion recep-
scale for the thioamide pyridine macrocy@é’ This was tors, bicyclic aza cryptands usually exhibit higher affinities
also the case in binding studies of the cryptaBdsnd 6 for anions than monocyclés? While the thioamide3 and
with F~. Association constants are presented in Tabie!d.  the amide5 cryptands show high affinities for-decreased

The titration data gave the best fit for 1:1 stoichiometries of affinities compared to the monocycles are seen for most of
host to guest, in agreement with the Job plots, which the other anions. This may be a result of the presence of the

indicated a maximunn\o at ca. 0.5= [L])/([L] + [A7]). C=0 or C=S moieties, which could be involved in internal
Examples of the titration curves fdrare shown in Figure  hydrogen bonding with amides in adjacent arms. Others have
1. The results indicated that, for monocycles, the thioamide seen this type of conformation in a small urea-based
ligands1 and 2 are superior in binding the two oxo acids, Ccryptancdi® and we have also seen it in acyclic tren-based
H.PO,~ and HSQ", and F compared to the amide-based amides™ Although the crystallographic data f@rindicate

receptors4 and 5. Binding was negligible for N@ and internally oriented amide hydrogens (vide infra), this does
ClO4~. The thioamide bicycles in general exhibited lessened Not preclude solution changes of conformation.
binding compared to the amide corollaries. Although 1:1 stoichiometries are observed in the titrations,

As noted previously, the trend in higher affinities for the we suspect that, at high concentrations of, Flitopic
tetrahedral oxo acid anions may be linked to adidse complexes may be formed. This is evidenced by the NMR
titration of 3 with t-BuN*F~. As initial equivalents of F
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(2)°, 7 =78.866(2), V= 1971.4(3) R, Z = 2; dcarc = 1.387 g cm®. tively. This trend continues up to 1.0 equiv of Fat which
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Figure 4. ORTEP drawing of the structure 8fshowing both a side view
Te 1514 13 12z 1T 10 § 8 ppm (A) and a view down the bridgehead amine axis (B). Thermal ellipsoids
Figure 2. Partial’H NMR spectra of3 in the presence ai-BusN*F~ in are at 50% probability.
DMSO-ds.

>

thioamide hydrogens point to the center of the cavity and
are hydrogen bonded with N(1) and N(&} 2.686(2) A.

In the structure of8 (Figure 4), the receptor is elongated
along the axis perpendicular to the bridgehead axis. Two of
the spacer arms are pointed in relatively the same direction,
while one is in the opposite direction. The net result of this
elongation is a very short distance between the bridgehead
amines (5.687 A). All of the thioamide nitrogens point inside
the cavity, stabilized by hydrogen bonding with the pyridine
spacers.

In conclusion, prototypes for a new class of elite poly-
thioamide-based macrocyclic receptors have been prepared
Figure 3. ORTEP drawing of the structure @fshowing both a side view ,by stralghtforward synthetic procedures. Increased binding
(A) and an overhead view (B) of the free base. Thermal ellipsoids are at in DMSO is observed for the monocycles and 2 for
50% probability. H,PO,~, HSQ,, and F compared with the amide corollar-
time the original amide and aromatic proton signals have ies. Selectivity is observed fc& (and6) with F~, 1 (and5)
almost disappeared. As the titration continues, new amide With Ho.PQ,~, and2 with HSO,". By virtue of the enhanced
and aromatic Signa|5 appear, the former a trip|et way acidities of the NH groups as well as the presence of the
downfield at 16.14 ppmJ(ca. 120 Hz). We have assigned Soft, polarizable sulfur atoms, these new ligands may open
this signal to a complex in which the amide protons are the door to a whole new area of chemistry.
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