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The single crystal X-ray structure of the supramolecular
complex formed between diphenyl-l3-iodane (Ph2IBF4) or
1-alkynyl(phenyl)-l3-iodane [ButCCI(Ph)BF4] and
1,10-phenanthroline indicates a hitherto unknown distorted
trigonal bipyramidal geometry around iodine(III), in which
1,10-phenanthroline acts as a bidentate ligand and occupies
equatorial sites.

Hypervalent l3-iodanes exhibit a T-shaped geometry and are
regarded as pseudotrigonal bipyramidal structures with two
lone pairs at the iodine(III).1 In the solid state, most l3-iodanes
exist as tetra- or penta-coordinated species through intra- and/or
inter-molecular secondary contacts. Tetracoordinated l3-io-
danes, 1, adopt a virtually square planar arrangement2 as a result
of hypervalent secondary interactions; the fourth ligand, L4,
interacts with the I–L1 antibonding orbital of the l3-iodanes and
donates an electron pair into the s* orbital forming a nearly
linear L1–I…L4 triad irrespective of whether it is a neutral or
anionic species.3

Pentacoordinated l3-iodanes generally exist in a pentagonal
planar geometry, 2, in the solid state.4 For instance, the crystal
structure of (diacetoxyiodo)benzene exhibits two intramo-
lecular secondary contacts between the iodine atom and the
carbonyl oxygen atoms resulting in a pentagonal planar
arrangement. To interpret the pentagonal planar geometry,
Alcock and co-workers proposed the three-centre secondary
bonding model, 4, i.e. overlap of the I–C s* orbital with two
lone pair orbitals of the carbonyl oxygen atoms, in which the
two intramolecular secondary contacts are forced into the same
plane as the primary bonds by repulsion from the lone pairs on
iodine(III).4a We report herein that the coplanarity of all the
ligands on iodine(III) is not a crucial requirement in the solid
state structures of pentacoorinated l3-iodanes; single crystal X-
ray structures of pentacoordinated l3-iodane complexes 5 and 6,
prepared from diphenyl- and 1-alkynyl(phenyl)-l3-iodanes by
the reaction with 1,10-phenanthroline, exhibit a distorted
trigonal bipyramidal geometry, 3.

Synthesis and characterization of l3-iodanes coordinated by
neutral nitrogen ligands are very limited, probably because of
the facile oxidation of amino groups with l3-iodanes.1 [Bis(tri-
fluoromethanesulfonyloxy)iodo]benzene·(pyridine)2

5 and 1-tri-
fluoromethanesulfonyloxy-1H-1l3-benzo[d][1,2]iodoxol-
3-one·2,2A-bipyridyl complexes6 are known but no solid state
structures of these interesting pyridine complexes are availa-
ble.

Slow evaporation of a dichloromethane–n-hexane (3 : 1)
solution of a 1 : 2 mixture of diphenyl-l3-iodane 7 (Ph2IBF4)

and 1,10-phenanthroline in a refrigerator (ca. 4 °C) afforded a
94% yield of single crystals of 1 : 1 complex 5† that were
suitable for X-ray crystallography (Fig. 1).7 Pyridine-based
ligands, 2,2A-bipyridyl and 2,2A:6A2B-terpyridine, did not afford
crystalline complexes with 7 under the same conditions.

As indicated in Fig. 1, the 1 : 1 complex 5 adopts a distorted
trigonal bipyramidal geometry with a phenyl group and BF4
occupying apical positions, and with the other phenyl group and
1,10-phenanthroline in equatorial sites. As observed in the solid
state structures of organotransition metal compounds,8
1,10-phenanthroline acts as a bidentate ligand on the trivalent
iodine.9 The equatorial ligands are nearly planar; the RMS
deviation of the four atoms (iodine, two nitrogens and ipso
carbon of an equatorial phenyl group) from their least squares
planes is 0.090(1) Å and the sum of the iodine centered bond
angles is S°I = 358.6(3)°.

The I1…N1 and I1…N2 distances in 5 are 3.164(4) and
2.925(4) Å, respectively, and considerably longer than the
computed covalent single bond length of 2.03 Å but definitively
shorter than the sums of the van der Waal’s radii of N (1.55 Å)
and I (1.98 Å).10,11 Cooperative donation of electron density
from the nitrogen lone pairs to the vacant I1–C1 s* orbital,
originally proposed by Alcock,4a will be responsible for these
secondary I…N contacts. These intermolecular secondary
contacts, however, are not in the same plane as both primary
bonds, but the plane of these contacts is nearly perpendicular to
the linear C7–I1…F3 triads. This is probably due to the
negligibly small repulsion between 1,10-phenanthroline and the
lone pairs on iodine(III).

The crystal structure of 5 involves a half-molecule of
dichloromethane, being disordered at the two locations related

Fig. 1 X-Ray structure of Ph2IBF4·1,10-phenanthroline·12CH2Cl2, 5. Se-
lected bond lengths (Å) and angles (°): I1–C1 2.120(5), I1–C7 2.098(5),
I1…F3 3.012(8), I1…N1 3.164(4), I1…N2 2.925(4), Cl1…C2 3.04(1),
Cl2…H3a 2.86; C1–I1–C7 96.4(2), C1–I1…N1 140.8(2), C1–I1…N2
164.4(2), C7–I1…F3 156.1(2).
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by a 2-fold axis, and each 1 : 1 complex 5 is probably connected
through close contacts with dichloromethane. Both the
Cl1…C2 and Cl2…H3a distances of 3.04(1) and 2.86 Å are
shorter than the sums of the van der Waal’s radii, 3.45 Å (Cl–C)
and 2.95 Å (Cl–H).

1-Alkynyl(phenyl)-l3-iodane also binds with 1,10-phenan-
throline; single crystals of 1 : 1 complex 6 for X-ray analysis
were grown from a dichloromethane–diethyl ether solution of a
1 : 1 mixture of 3,3-dimethyl-1-butynyl(phenyl)-l3-iodane 8
and 1,10-phenanthroline (Fig. 2).12 The iodine(III) in the 1 : 1
complex 6 adopts a highly distorted trigonal bipyramidal
geometry with the alkynyl group and 1,10-phenanthroline
occupying equatorial sites. The RMS deviation of I1, C7, N1
and N2 atoms from planarity is 0.029(1) Å and the sum of the
iodine centered bond angles is S°I = 359.6(1)°.

Very interestingly, the ethynyl ligand is not bound linearly to
the iodine(III) with the I1–C7–C8 angle of 159.8(2)°. The
observed bending is in marked contrast with those of the simple
ethynyl-l3-iodane 913 and the cyclic l3-iodane 10,4c both of
which show good linearity with angles of 177.5(5) and 175(1)°.
The large bending is not due to the presence of the sterically
demanding b-tert-butyl group in 6; a nearly linear bonding was
shown in a solid state structure of (3,3-dimethyl-1-butynyl)-l3-
iodane 11.14 The I1–C7 and C7–C8 lengths are comparable to
the reported values for l3-iodanes 9–11.

A similar unusual bending was found by Ruhlandt-Senge and
co-workers in the X-ray structures of heavy alkaline earth metal
(triphenylsilyl)ethynyl derivatives [M(18-crown-
6)(CCSiPh3)2] [M = Ca (12a), Sr (12b) and Ba (12c)]:15 the M–
C–C angles reported were 162.4(5) and 164.0(5)° (12a),
158.9(3) and 159.7(3)° (12b), and 126.6(3) and 141.3(3)° (12c).
They suggested that the unusual geometry in 12 can be
interpreted in terms of the high s-character of the sp-hybridized
carbon atom of the ethynyl group causing a low directionality of
the ligand orbitals, and the resulting very low energy barrier is
responsible for the bending at the C atom.

In conclusion, we have synthesized diphenyl- and 3,3-dime-
thyl-1-butynyl(phenyl)-l3-iodane complexes with a bidentate
nitrogen ligand, 1,10-phenanthroline. Solid state structures of
both complexes with pentacoordinated iodine(III) indicated a
hitherto unknown distorted trigonal bipyramidal geometry,
instead of the common pentagonal planar arrangement. Inter-

estingly, 3,3-dimethyl-1-butynyl ligand in the complex is not
bound linearly to the iodine(III), the I–C–C angle being
159.8(2)°.
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Fig. 2 ORTEP drawing of ButCCI(Ph)BF4·1,10-phenanthroline, 6. Selected
bond lengths (Å) and angles (°): I1–C1 2.112(2), I1–C7 2.032(3), C7–C8
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C1–I1…F1 172.3(1).
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