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structure generating motif in many chemical and biological
systems. Much less appreciated (and utilized) are the related
forces that exist between heavier atoms. A class of such
attractive interactions have often been termed secondary
bonds.'l Like hydrogen bonds, these bonds have strong
electrostatic components and show directional preferences.?!
From the similarity to hydrogen bonds, it has also been
suggested that secondary bonds might have potential for the
rational design of supramolecular structures.?!

Secondary bonds, particularly I--- O bonds, are a pervasive
feature of structural organoiodine(i) chemistry.! Recently,
such secondary bond interactions have been exploited to
introduce chiral environments about iodine(ir) centers for
enantioselective oxidation reactions.’! In other cases, secon-
dary bonds can be counterproductive. In iodosylbenzene
(PhIO),, I---O bonds dominate the structure to such an
extent that this extremely potent and important reagent is
essentially insoluble in all nonreactive media.l®! Nonetheless,
this veritable “oxygen atom warehouse” has found wide-
spread use in catalytic oxygenation reactions after the
discoveries of its efficacy as a source of oxygen atoms for
oxidations catalyzed by cytochrome P-450U1 and by discrete
transition metal complexes.®!

Though known for over 100 years,”!
structural details for iodosylbenzene—
or any members of this class of materi-
als—are still limited. Various spectro-
scopic studies have suggested that io-
dosylbenzene adopts the form of a zig-
zag polymer (Scheme 1), whereby
monomeric units of PhIO are linked
by intermolecular I---O secondary
bonds. Within PhIO monomers, I-O single bonds (2.04 A)
and a C-I-O bond angle near 90° have been deduced from
extended X-ray absorption fine-structure (EXAFS) analy-
sis.'%] The tight, solid-state aggregation of the PhIO mono-
mers is undoubtedly caused by the strong electrostatic
attractions between the oppositely charged iodine and oxygen
atoms (right resonance structure, Scheme 1). Polymeric
iodosylbenzene is also likely to be terminated by addition of
water and thus iodosylbenzene can be further formulated as
HO(PhIO), H."l We have recently discovered that soluble
derivatives of (tosyliminoiodo)benzene and iodosylbenzene
are realized if strong internal dipoles capable of introducing
intramolecular 1---O secondary bonds, for the purpose of
replacing intermolecular 1---N and I---O secondary bonds,
are incorporated into these materials.'”! Indeed, a single-
crystal X-ray structure analysis of the (tosylimino-
iodo)benzene derivative showed the presence of significant
intramolecular I--- O secondary bonding and thus confirmed
our expectations. We now have succeeded in obtaining single
crystals suitable for X-ray diffraction studies of the corre-
sponding soluble iodosylbenzene and herein report the first
crystal structure of an iodosylbenzene derivative ArIO (1;
Ar=2-1BuSO,C¢H,). Furthermore, the crystal structure of
the corresponding iodylbenzene ArlO, (2) has also been
obtained. Comparisons between these two structures reveal
interesting aspects of the nature of iodosyl and iodoxy
bonds.

h
LAY g
+
Phl=O~——= Ph—0
Scheme 1. Zigzag

structure of iodosyl-
benzene.
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Single crystals of 1-CDCl; for X-ray structural analysis
were grown from a [D;]chloroform/toluene mixture; Figure 1
presents the local crystalline environment of 1.° Immediately
apparent is a close contact (2.707(5) A) of one of the sulfone
oxygen atoms to the hypervalent iodine center.' The

Cl

Cl
Cl

Figure 1. Structure of 1-CDCl;. Selected distances [A] and angles [°]:
1-O1 1.848(6), I--- 02 2.707(5), I-C 2.128(7), S-O2 1.441(5), S-O3 1.425(5),
C-D 0.81(7), D--- 01 2.24(7); C1-1-O1 94.8(3), O2 ---1-O1 167.3(2), I-O2 ---
S 113.3(3), D--- O1-1 117(2), C-D --- O1 174(6).

presence of this intramolecular I---O bond within the
monomers of 1 enforces a planar array for the I, C1, C2, S,
and O2 atoms (root-mean-square deviation from planarity is
0.08 A) and results in a structure that resembles benziodox-
oles.’! Some structurally characterized representatives are
depicted in Scheme 2.'1 Such species display an inverse

Scheme 2. Iodine—oxygen interatomic distances in 1 and in selected
iodine —oxygen heterocyclic species.

relationship between the exocyclic I-O1 and the I-O2 bond
lengths. The longer [-O2 bonds within the heterocycles A - E
can be rationalized by the different basicities of the two
iodine-bound oxygen atoms and their corresponding compe-
tition for engaging in the three-center four-electron bond.[%!
Compound E (as the [Na(OH,);s]" salt) displays the most
extreme I-O bond lengths of of the group A —E, probably as a
result of the increased charge and basicity of the exocyclic
oxygen atom. Compared to E, 1 displays an I—-O bond length
that is only 0.04 A shorter. This marginal decrease is most
likely a result of the increased positive charge located on the
iodine atom and corresponding increased electrostatic attrac-
tions between the iodine and oxygen atoms (ylide-type
resonance structure), rather than the occurrence of any
significant I-O multiple bonding.

2008

H s 2 H 1 2 H 1 2 -2 o1+ 2
O—I—O\%//0 O—I—q CHs O—P—O\ 0 o— o o—I 0\\3\//0
CH3 X NO,
A B c D E 1
X=H CH,
o1 (A) 1.933(5) 1.951(7),1.953(7)  2.005 1.939(6) 1.890(8) 1.848(6)
o2 (A) 2.372(5) 2.289(8),2.284(8) 2.298 2.347(5) 2.447(8) 2.707(5)
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The above trends also suggest that a further lengthening of
the secondary contact between the I and O2 atoms would only
result in a marginal decrease of the [-O1 bond length. The
high basicity of O2 manifests itself by the establishment of
weak hydrogen bonding to chloroform in the crystal structure
of 1. A CL,CD --- O distance of 2.24(7) A in 1is slightly shorter
than the mean value 2.31(1) A found for hydrogen bonds
between oxygen acceptors and chloroform.['”l A highly basic
oxygen atom in PhIO is also indicated by the fact that Lewis
acids, such as BF;, can be used to form soluble adducts. (o]

Figure 2 portrays the fashion in which molecules of 1
aggregate in the solid state. Each molecule of 1 achieves a
pseudo square-planar geometry by the formation of an I---O

Figure 2. Structure of 1 showing the polymeric connectivity (chloroform
and hydrogen atoms omitted for clarity). Selected distances [A] and
angles [°]: T---O1’ 2.665(6); O1-1---01" 93.7(1), I-O1 ---T' 128.4(3), O2---
I---0O1' 98.6(2).

secondary bond (d;.., =2.665(6) A) to a neighboring iodosyl
oxygen atom. The strength of this intermolecular interaction
may be inferred to be weaker than analogous secondary bonds
in iodosylbenzene (d;.,=2.37(1) A). Remarkably, if one
ignores the ortho-sulfonyl group in 1, the structure depicted
in Scheme 1 resembles that in Figure 2, except that the
primary intermolecular I--- O bond is turned through 90°, the
O—1--- O ensemble is now bent rather than linear.

Solutions of compound 1 slowly produce a colorless
precipitate of the iodylbenzene 2, which results from the
disproportionation of 1 into 2 and Arl. The decreased
solubility of 2 relative to 1 suggests that in 2 there is a greater
number of intermolecular I--- O secondary bonds in the solid-
state structure and/or the intermolecular I---O secondary
bonds are stronger. Indeed, an X-ray structural determination
of crystalline 2- CH,Cl, confirmed that both of these factors
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play a role.'¥] Each iodine atom of 2 uses both intramolecular
(2.693(3) A) and intermolecular I---O bonds (2.777(3) and
2.566(2) A) to adopt a pseudo octahedral geometry and a
chainlike structure (Figure 3). Within the monomers of 2,
I-O bond distances of 1.796(2) and 1.822(2) A are found
(Figure 4). These distances are notably shorter than the

Figure 3. Structure of 2 showing the polymeric connectivity (dichloro-
methane and hydrogen atoms omitted for clarity). Selected distances [A]
and angles [°]: I---O1’ 2.777(3), 1--- 02’ 2.566(2); O1-1---O1’ 74.7(1), O1-
I---02'90.7(1), O2-1---02' 74.5(1), I-O2---1' 105.5(1), I-O1 ---I' 105.3(1).

cl

Figure 4. Structure of 2-CH,Cl,. Selected distances [A] and angles [°]:
[-O1 1.796(2), 1-02 1.822(2), 1--- O3 2.693(2), S—O3 1.455(3), S—O4
1439(3), I-Cl 2.140(4); C1-.O1 95.1(1), O3--L.O1 166.1(1),
[ 03-8 114.4(1), 1-O1 --- H(CHCL) 99.0.

corresponding values reported for either iodylbenzene (F;
Scheme 3)I'% 181 or 1. Again, the pseudo cyclic structure of 2
and I-O bond lengths are actually more comparable to cyclic
iodyl analogues G —1I (Scheme 3). A bond 0.026 A longer for
I-0O2 compared to I-O1 is found in 2; this reflects the fact
that a shorter secondary interaction contact (intermolecular,
2.566(2) A) is located frans to O2 rather than to O1 (intra-
molecular, 2.693(3) A), which correlates well with the stron-
ger interactions of the lone pairs from the oxygen atom with
the corresponding o* orbitals of the [-O bond. Compound 2
shows evidence for weak hydrogen bonding to dichloro-
methane: The 2.55 A CH--- O bond length is slightly longer
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0, 2+0 Q2 Na*_ 92 - (;)2
IO"'-|:‘02 F&OLI— 3 ‘I‘O—l— 102_+|__%3¢0
O @5‘ ep
Bu
NO2
F G H | 2
racemic chiral

d.o1(A) 2.021(9) 1.893(3), 1.895(3) | 1.784(2) 1.798(2) 1.796(2)

d.02(A) 1.924(9) 1.769 (3), 1.784(3) | 1.925(2) 1.810(3) 1.822(2)

d-03 (A 2.310(4), 2.324(3) | 2.263(2) 2.481(3) 2.693(3)

Scheme 3. Iodine - oxygen interatomic distances in 2, iodylbenzene, and in
selected iodine — oxygen heterocyclic species.

than the mean CLHC—H:---O hydrogen bond lengths
(2.492(8) A).”) The presence of the iodosyl and iodyl units
in the plane of the aromatic rings of 1 and 2 also results in
short C,,—H - O contacts of 2.38 and 2.39 A, respectively.

While the impact of the intramolecular I---O secondary
bonding on the structural properties of 1 is significant, it is
also interesting to note that introduction of similar ortho-
subsituted groups bearing a partial negative charge into
iodonium ylides of the form ArICR, can give rise to
antimicrobial activity.'”! Furthermore, other derivatives of
iodosylbenzene, such as 2-iodosylbenzoic acid (C; Scheme 1)
have been examined as catalysts for the hydrolysis of toxic
phosphonates.’]
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In order to study and manipulate carbohydrate—protein
interactions, carbohydrate and dendrimer chemistries have
been combined in order to design multivalent glycoconjugate
mimetics.! Such carbohydrate dendrimers potentially influ-
ence carbohydrate —protein interactions strongly due to the
multivalency or cluster effects.>31 Moreover, they may
combine the properties of drug binding and transport with
other, still unknown, qualities of synthetic biomaterials. Two
main entries into the synthesis of carbohydrate dendrimers
have been utilized so far: by the glyco-coating of noncarbo-
hydrate dendrimers to form glycodendrimers* or by the
convergent combination of molecular wedges derived from
carbohydrate clustersP! to yield carbohydrate dendrimers of
different architectures.l) Both synthetic approaches do not
allow enlargement of the carbohydrate-containing molecules
by the formation of successive generations,”! although some
reported carbohydrate dendrimers possess a relatively high
sugar density.

We now report on the synthesis of glycopeptide dendrons in
which the peptide coupling of orthogonally protected AB,-
type carbohydrate units form the basis for an iterative
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