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Self-assembly of molecular subunits into supramolecular
structures via hydrogen bonding or a transition-metal coordination
is a well-documented phenomenon of exceptional significance.
Secondary bonding between heavier main-group atoms has als

be exploited for the rational design of supramolecular strucfures.
Secondary-k-O bonds represent an essential feature of structural
chemistry of hypervalent iodineRecently, such secondary bond

interactions have been utilized to construct new soluble derivatives

of (tosyliminoiodo)benzene and iodosylbenzéne.the present
communication, we describe a novel self-assembly of organoio-
dine(lll) molecules into chiral and optically pure hypervalent
iodine macrocyclesl{ Scheme 1), which is directed by secondary
bonding between hypervalent iodine and oxygen atoms of the
amino acid fragment.

Macrocyclic productsl were prepared by oxidation of the
correspondingN-(2-iodobenzoyl) amino acid® with dimethyl-
dioxirane in 76-90% vyield (Scheme 1).We assume that the
initial products in this reaction are monomeii¢substituted
benziodazole$, subsequent trimerization of which affords the
final products1.6

(1) (@) Comprehensie Supramolecular Chemistrizehn, J.-M., Chair Ed.;
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(5) Representative procedure A freshly prepared 0.1 M solution of
dimethyldioxirane in acetone (40 mL, 4 mmol) was added to a stirred mixture
of N-(2-iodobenzoyl) leucin@d (0.18 g, 0.5 mmol) in 5 mL of dry methylene
chloride at O°C. The color of the solution immediately changed from colorless
to light yellow. The reaction mixture was stirred at room temperature for an
additional 8 h, then the resulting white precipitate was collected by filtration,
washed with ether and methylene chloride, and dried in a vacuum to afford
0.14 g (78%) of productd, mp 155-156 °C dec. IR (KBr): 3082, 2958,
2366, 1716, 1643, 1560, 1280 ci'H NMR (DMSO-dg): 0 8.28 (d, 1H),
8.18 (d, 1H), 7.82 (t, 1H), 7.68 (t, 1H), 5.08 (m, 1H), 2.17 (t, 2H), 1.86 (m,
1H), 1.14 (d, 3H), 0.98 (d, 3H}:C NMR (CDChk): 6 179.2, 167.4, 134.9,
133.6, 131.2, 130.8, 130.3, 120.0, 62.6, 39.4, 27.6, 15.1, 12.4. Anal. Calcd
for CagHaalsN3Oq: C, 43.47; H, 3.93; N, 3.90. Found: C, 43.37; H, 4.06; N,
3.71. ESI MS: m/z (%) 1100 (100) [M+ NaJ*. Additional synthenc and
characterization details are provided as Supporting Information.
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Scheme 1.Preparation of Hypervalent lodine Macrocycles
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Macrocycles1 were characterized by elemental analysis,
spectroscopic dafaand single-crystal X-ray analyses fbc and

9d.7 Single crystals oflc suitable for X-ray crystallographic
been recognized as an important noncovalent interaction that can,

nalysis were obtained from CHGIr C,H,Cl, and were analyzed

s the respective solvates; crystals laf were grown from
Chloroform.7 Molecular diagrams of all three productic{CHCI,
1cC,H.Cly, and 1d-CHCIs) are quite similar with only slight
variations in the geometry and planarity. The ORTER®EHCI;

(one of the two crystallographically independent molecules) from
two different perspective views is shown in Figure 1.

Molecule 1c-CHCI; consists of a slightly distorted planar
macrocyclic system with three oxygens of the amino acid
carboxyls (03, O3 and O3) inside the ring and all three alkyl
groups above the plane (Figure 1). The incorporated GHCI
solvent molecule is situated above the macrocycle on the 3-fold
axis such that the H is directed toward the center of the macrocycle
with a H---O(3) distance of ca. 2.6 A. Each iodine atom is
covalently bonded to carbon{IC1 = 2.092(12) A] and nitrogen
[I-N = 2.064(11) A] and has three longer intramolecular contacts
with oxygen atoms frO2 = 2.368(9) A, FO3 = 2.524(9) A,
and O3 = 2.877(9) A]. With the consideration of primary and
secondary bonds, iodine atomslrhave the pentagonal-planar
geometry, which is analogous to that found in the solid state for
PhI(OAc).8 Secondary bonding between iodine and oxygen atoms
of the neighboring molecular subunits provides the driving force
for self-assembly of monomeric benziodaz@esto macrocyclic
molecules1. The effects of secondary interactions between
carboxylate oxygens and the electron-deficient iodine centers are
evidenced by the small disparity between carboxylat&®®ond
lengths. Averaging the values for the two independent molecules
in 1¢:CHC; shows that C903 at 1.251 A is only slightly shorter
than C9-02 at 1.287 A. The internuclear distance between
oxygen atoms directed toward the center of the macrocicle
CHCI; (03, 03, and 03) is 3.31 A, and ranges from 3.31 to

(7) Compound 1c:CHClz (Cs7H37Cl3l3N3Os; formula weight 1154.75)
crystallized in the trigonal space grom (no. 143) witha = 16.8651(12)
A, c=09.6356(11) AV = 2373.5(4) R, Z=2; R=0.0498 (3230 reflections
with Fo? = 20(Fy?)), Ry = 0.1339 for 4079 unique reflections wiff,? >
730'(’:02) Compoundlc 0.75GH.Cl,4 (C37 Hag. 5C|3|3N309 formula Welght
1158.23) crystallized in the orthorhombic space gr&2g@,2, (no. 19) with
a=10.9591(12) Ab = 14.6367(17) Ac = 52.962(6) A,V = 8495.3(17)
A3, Z=8;R=0.0578 (14777 reflections with,2 > 20(F.?)), R, = 0.1462

(6) The preparation and structure of several monomeric benziodazoles havefor 17413 unique reflections witlr,? > —30(F02) Compound1d-CHCls

previously been reported in the literature, see: (a) Zhdankin, V. V.; Arbit, R.
M.; McSherry, M.; Mismash, B.; Young, V. G., Ji. Am. Chem. S0d.997,
119 7408. Zhdankin, V. V.; Arbit, R. M.; Lynch, B. J.; Kiprof, P.; Young,
V. G., Jr.J. Org. Chem1998 63, 6590. Zhdankin, V. V.; Smart, J. T.; Zhao,
P.; Kiprof, P.Tetrahedron Lett200Q 41, 5299. (b) Barber, H. J.; Henderson,
M. A. J. Chem. Soc. (C)97Q 862. (c) Balthazar, T. M.; Godaz, D. E.; Stults,
B. R.J. Org. Chem1979 44, 1447. Naae, D. G.; Gougoutas, J.Z.Org.
Chem.1975 40, 2129.
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(Ca0H43Cl3l3N30,; formula weight 1196.82) crystallized in the monocllnlc
space grougP2; (no. 4) witha = 11.0940(6) A,b = 17.3082(10) A
12.0815(7) A;3 = 105. 3626(101 V = 2237. 0(2) ,Z=2;R=0. 0260
(8412 reflections wittF,? > 20(F?), R, = 0.0617 for 8866 unique reflections
with F2 = —30(F?).

(8) Alcock, N. W.; Countryman, R. M.; Esperas, S.; Sawyer, J. Ehem.
Soc., Dalton Trans1979 854. Lee, C.-K.; Mak, T. C. W.; Li, W.-K.; Kirner,
J. F.Acta Crystallogr.1977, B33 1620.
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Figure 1. Top: Perspective view of one of two crystallographically
independent molecules dfc-CHCI; (CHCIl; removed for clarity). Se-
lected distances [A] and angles [deg}-N 2.064(11), +C1 2.092(12),
1—02 2.368(9), +03 2.524(9), +03 2.877(9); O2-1—N 164.6(4),
02—-1—-C1 85.0(4). Bottom: Edge-on view dfc showing orientations
of the isopropyl groups and the CHGlolvent molecule. Hydrogen atoms
are omitted.

3.42 A in 1cCH,Cl, and 1d-CHCl;. These three oxygens
therefore circumscribe a relatively small cavity within the
macrocycle. The secondary bonding@3 interactions likely

dissipate a fair amount of charge density from the oxygens suc
that electrostatic repulsions are diminished. It is still somewhat

surprising, however, that the formation of macrocytle favored
over that of the monomes or a polymer speciessituations in

which any negative electrostatic interactions could be reduced or

eliminated.

As a result of the central oxygens, the electron-rich cavity of

macrocycledl should be suitable for complexation of cations in
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Figure 2. ESI-MS for macrocycld.d comparing complexation with H
Na', and K" (nitromethane solvent).
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[M + K]t and [M+ H]" are also observed. Less intense patterns
are present for H Na*, and K" complexes of the oligomers of
3d, including the tetrameric, dimeric, and monomeric species.

Addition of both NaCl and KCI to a nitromethane solution of
1d followed by MS analysis shows an increased signal fat [

+ K]+ at the expense oflfl + Na]*, and this change is concurrent
with increased signals for the dimeric and monomeric species.
Analysis of solutions ofLd following addition of either LiCl or
Pb(CIQy), showed no evidence of complexation with these cations.
Addition of AQOTf under similar conditions afforded weak signals
for both [Ld + Ag]*" and [dimer+ Ag]™.

In conclusion, we have reported the first example of self-
assembly of organoiodine(lll) molecules into a hypervalent iodine
macrocycle, which is directed by secondary bonding between
trivalent iodine and oxygen. X-ray data on macrocydesarify
the structure of these synthetically useful benziodaZokes:-
thermore, these novel hypervalent iodine macrocydeare

hpotentially useful ligands for selective binding of metal cations.
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Supporting Information Available: Synthetic and characterization
data for all new compound&H and!3C spectra for compoundkb and

amanner similar to that observed for the slightly larger guanosine 1, Es| Ms for compoundscandid, and X-ray crystallographic details

quartet?1°ESI-MS analyses of macrocyclic compouridsrovide
information about their structure in solution and offer empirical
evidence as to their selective cation bindihgrhe ESI-MS
spectrum forld from a nitromethane solution is shown in Figure

2 and is typical of that observed for the macrocycles. The most

significant peak in is that of the trimeric speciéd complexed
with a single sodium cation atVz 1100*? Smaller signals for
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T.J. Am. Chem. So@00Q 122, 4060. Kotch, F. W.; Fettinger, J. C.; Davis,
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(12) The signal atn/z 399 is not well understood. This peak shows with
relatively low intensity at low sampling cone/skimmer lens voltages, increasing
as the voltages are increased to better tune signals at ighealues. Exact
mass measurement provides a good match for the addition of ammonia to the
monomerld, [M + Na+ NH3]", although the presence of ammonia in the
sample is yet to be explained. Similar behavior is observed for compbzind



