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An Alkoxyaryltrifluoroperiodinane. 
A Stable Heterocyclic Derivative of Pentacoordinated 
Organoiodine(V)1 

Sir: 

Iodine pentafluoride has been known since 18702 and a few 
organic derivatives, in which one of the fluorine ligands has 
been replaced by a perfluoroalkyl or a perfluoroaryl group, 
have been prepared.3 In 1972 Oates and Winfield reported4 

a series of derivatives of IF5 in which fluorines were replaced 
by simple alkoxy ligands. These were unstable above 20 0C. 
The only analogous compound reported with an aryl ligand 
other than pentafluorophenyl is C6H5IF4,5 a compound suf
ficiently reactive that its characterization was left incom
plete. 

We now report the isolation and characterization of perio-
dinane I,6 a stable compound including, in a five-membered 

1 

ring, an alkoxy ligand and a simple aryl ligand to iodine(V). 
In sharp contrast to its acyclic analogues, heterocyclic perio-
dinane 1 is a stable compound showing a reactivity pattern 
which we ascribe to a strong stabilizing influence of the five-
membered ring. The synthesis of 1 was effected by the route 
of Scheme I. 

Scheme I 

C2Cl1F, 
9 W -78 "C T <40*> 

CH3 

The product was recrystallized from C2CI3F3 to give 1, mp 
191-193 0C dec.10 The crystalline material is stable indefi
nitely at room temperature. The 19F NMR doublet at 4> 13.20 
ppm10 and triplet at 4> 41.57 ppm10 ( JFF = 116 Hz) are as
signed to the nonequivalent fluorines attached to iodine, con
sistent with the postulated octahedral structure depicted for 
1. Although other structures for 1 are consistent with the 
available spectral data (for example, one which places the 
alkoxy ligand opposite the electron pair), the structure illus
trated is preferred on the basis of structures reported for several 
phosphorus analogues.1' 

Solid periodinane 1 is unreactive toward atmospheric 
moisture at room temperature. It disappears slowly (4 days) 
in acetonitrile-^3, as evidenced by 19F and 1H NMR spectra. 
The periodinane in CD3CN solution etches glass. No reaction 
products from 1 have been identified. 

The addition of trimethylsilyl chloride (3 or more equiv) to 
a suspension of 1 in CCU at 35 °C forms chloroiodinane12 5, 
trimethylsilyl fluoride, and chlorine,13 possibly via 4. Iodinane 
5 was identified by comparison of the isolated material with 
authentic 5, prepared from iodo alcohol 3 and tert-butyl hy-

(CH1J3SiF 

Cl, 

pochlorite. The success of this ligand exchange reaction 
suggests that planned studies of analogous reactions, such as 
that with alkoxytrimethylsilanes, will make a wide variety of 
periodinanes accessible. 

The exceptionally low reactivity of 1, in comparison with its 
acyclic analogues, suggests the importance for pentacoordinate 
iodine(V) species of the stabilizing "five-membered ring ef
fect", for which evidence may be adduced in the chemistry of 
pentacoordinate phosphorus(V),14 tetracoordinate sulfur-
(IV),15 hexacoordinate sulfur(VI),9 and tricoordinate io-
dine(III).16 Further studies on the structure and reactivity of 
periodinanes are currently underway in this laboratory. 
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Triplet Carbonyl-Olefin Charge-Transfer Complexes. 
A CNDO Treatment 

Sir: 

Several reports have appeared recently in which the postu
lated exciplexes of n,x* formaldehyde and ammonia have been 
examined theoretically.1 However, in spite of the mounting 
evidence for the existence of 3n,x* carbonyl-olefin exciplexes,2 

their existence has not been confirmed by any theoretical 
treatment.3 Our interest in carbonyl-olefin photochemistry4 

has prompted us to apply the CNDO method to an investiga
tion of excited-state complexes in these systems. 

The exciplexes of 3n,7r* carbonyl compounds with olefins 
are thought to exhibit moderate charge-transfer (CT) char
acter. Therefore the propensity of quinones to serve as electron 
acceptors might be expected to facilitate exciplex formation 
and to lead to high exciplex stabilization energies.5 In the hopes 
that the existence of these more stable exciplexes might be 
more easily demonstrated than those arising from simple 
carbonyl compounds, we have examined the p-benzoqui-
none-ethylene ensemble by the CNDO method. 

Calculations were performed for a large variety of geome
tries of the p-benzoquinone-ethylene system.6 The procedure 
chosen was to use CNDO/2 to calculate ground-state 
(closed-shell singlet) energies as a function of geometry, and 
to calculate the singlet-triplet energy differences by CNDO/S, 
which is known to represent these quantities best.7 Approaches 
along a vector connecting the carbonyl oxygen with the center 
of the ethylene double bond, both in the plane of the carbonyl 
•K orbitals (geometries 1 and 3, Figure 1) and in the plane of 
the nonbonding orbitals (geometries 2 and 4, Figure 1), were 
examined systematically at distances of less than 2.00 A. No 
matter what the direction of ethylene approach in the front 
oxygen hemisphere (angles 90-180°, Figure 1) the lowest 
singlet state was found to cross from the conventional ground 
state (little or no CT) to a CT state at separations of between 
1.85 and 2.00 A. In this crossing region the lowest triplet state 
drops below the singlet states (Figures 2 and 3a). In all four 
approach geometries, 1-4, a family of triplet minima as a 
function of the angle of approach, a, could be assembled into 
a trough around the carbonyl oxygen. The minima of the cross 
sections of these troughs drop in energy, increase in depth 
below the singlet state, and move closer to the carbonyl oxygen 
as the approach angle a goes from 90 to 180°. At 180°, ap
proach geometries 1 and 2 converge to form a trough minimum 
which constitutes an n complex 5: Z)mjn = 1.86 A, A£TS = 

— 19.7 kcal/mol. In the same fashion approach geometries 3 
and 4 converge to form another trough minimum which con
stitutes a 7T complex 6: Dmin = 1.90 A, A£Ts = -17.3 kcal/ 
mol. Rotation about the carbonyl axis interconverts these two 
trough minima across an energy barrier of 7.7 kcal/mol. 

It is encouraging to note that this type of complex is not 
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Figure 1. Carbonyl-olefin approach geometries, 1-4, and complex mini
mum geometries, 5 and 6. 
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Figure 2. Energy differences, A£TS. between the lowest triplet, 3Bi 
(—5bi 12ai), and the lowest singlet state for approach geometry 5: to the 
right of the minimum 1Ai (—12ai4bi) (conventional singlet), to the left 
of the minimum 1Ai (—llai5bi) (CT singlet). 

Table I. CT Properties of Carbonyl-Olefin Complexes 

Electrons 
transferred 

Dipole moment, D 

p-Benzoquinone-
ethylene 

5 

0.4648 

11.06 

6 

0.4707 

10.83 

Formaldehyde-
ethylene 

n complex 7r complex 

0.4277 0.4647 

3.72 4.21 

peculiar to p-benzoquinone, since the formaldehyde-ethylene6 

ensemble displays this same type of behavior in the 180° ge
ometry: for the analogous n complex, £>mjn = 1.92 A, A£TS = 
—2.0 kcal/mol (Figure 3b); for the analogous ir complex, Dmm 
= 1.94 A, A£Ts = -0.2 kcal/mol. 

Both the p-benzoquinone and formaldehyde complexes are 
strongly CT in nature (see Table I) with the carbonyl com
ponent serving as the acceptor and the olefin as the donor. It 
should be noted that about the same amount of charge is 
transferred in all cases, but that the quinone complexes 5 and 
6 have much higher dipole moments. The favorable dereali
zation of the transferred charge into the quinone ir system 
accounts for these high moments and also probably accounts 
for the unusual stabilities of the triplet quinone complexes 
relative to the formaldehyde complexes where the transferred 
charge is of necessity localized on the carbonyl group. Since 
these complexes have little n,ir* character we tend to agree 
with Wagner, who has noted20 that photochemical species of 
this type should be classified as CT complexes rather than 
exciplexes. 

The existence of CT complexes with these end-on geometries 
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