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For many years, chemists have recognized that complexes may

be obtained from stable compounds, formation of which is
contrary to the normal rules of valen&y For the importance of

the study of complexes to supramolecular chemistry, drug design,

interaction than nitrogef?® Few complexes of ©-1—R; (R =
per(poly)fluoroalkyl) have been reported, and they gave a wrong
complex structuré? In this contribution, we report two different

and biological systems, much work has been conducted in thiskinds of the endless chains of alternatiagv-diiodoperfluoro-

field, which lies in the intermediate regime between bonding and
nonbonding, to determine different aspects of intermolecular
interaction?*1°

Per(poly)fluorocarbons have been drawing interest for their
technological relevancg, and special physical and chemical
properties? In 1965, it was reported, on the basis of the phase-
change diagram of the solution, that donacceptor complexes
are formed between perfluoroalkyl iodides and amiriéhere-
after, a number of complexes and their X-ray structure of
perfluoroalkyl iodides interacting with amines have been pub-
lished!#'> Oxygen is a weaker electron donor in this kind of
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alkane and oxygen (Scheme 1).

From an equimolar mixture of 1,2-diiodotetrafluoroethdre
and 1,4-dioxane in chloroform, the complegat® is isolated as
colorless crystals. The structure 8diis shown in Figure 1. The
endless chains of alternating 1,2-diiodotetra-fluoroethane and 1,4-
dioxane depend on oxygeriodine interactions running in a
direction which approximately resembles the equatorial direction
in cyclohexane. The distance between O and | is 2.814(12) A
which is considerably longer than the average covalent bond
between O and | (2.14 AY,but it is also definitively shorter than
the sum of the corresponding van der Waals radii of O (1.52 A)
and | (1.98 A)® Moreover, the three atoms-@—C are
approximately linear 163.3(3) This interaction compares well
with the interaction between 1,4-dioxane withol Br,.1°

Sincen donor atoms such as oxygen possess two lone electron
pairs, the question arises whether a particular donor atom may
be involved in more than one electron doraicceptor bond to
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Table 1. %F Chemical Shift Differences & in Different Solvents
entry solvent ICE*CF ICF*CFCR.CFl ICF*CF/CFRYCRCRCFI
1 AOCF; in 1,4-dioxane 4.9 5.64 1.00 5.54, 0.8, 0.3
2 AOCF,; in HMPA 9.9 11.8, 1.5 12.34,1.5,0.3
3 AOCF; in 1,3-dioxolane 48 5.2, 0.8 4.7 0.9, 0.2
4 AOCF; in 2,2-dimethyl-1,3-dioxolarfe 4.5 48,12 4.94,0.8,03
5 AOCF,; in trimethyl phosphate 7.0t 7.7 0.7 8.04, 0.8, 0.1
6 AOCF; in triethyl phosphate 7% 8.5, 1.2 9.2, 1.4,04
7 OCF, of pure compoun@® 26.53 19.8, —34.7 19.4, —35.¢, —43.6/

2 AOCF, = Opure sample— Oin solvens ° We also obtain white solids from an equimolar mixture3afand 2,2-dimethyl-1,3-dioxolane or trimethyl
phosphate at-20 °C, but they are liquid at room temperature. Further research is in progiesused TFA as external standardif NMR with

upfield negative §crcis = d1ea + 76.8 ppm).

Figure 1. Crystal packing of3aviewed down the axis. Two kinds of
molecules were distinctly joined by-Ol—C interactions (dotted lines).
The disorder of both species was modeled using rigid body restraints.

Figure 2. Crystal packing obb viewed down thee axis. Two kinds of
molecules were distinctly joined by-0OI—C interaction (dotted lines).

halogen. This kind of complex is rarely reported in the literatfire.
In the crystal structure &b'6 (Figure 2) the 1:1 complex af,w-
diiodoperfluorobutané&b and hexamethylphosphoramide (HMPA)
4, it was really found that each $pxygen interacts with two
neighboring iodine atoms symmetrically. One by one, each
diiodoperfluoroalkane molecule is linked by two “oxygen bridges
to form the infinite chains. The P, O, and two | that interact with
the same O atom are nearly in a plane. The three atomd,-O
C, are approximately linear 177.0t8&r 170.6(9), and the G-I
distances are only 2.864(11) A, 2.835(11) A5, respectively,
a little longer than spO--+1 distance in3a.

The compoundais very volatile and easy to sublime € 3
min at 20°C, 1.01x 10° Pa). Thus, the X-ray diffraction analysis
of this compound was carried out at 200 K. From the structure
(Figure 1), the C atoms iha are disordered along theeaxis that
joins the two iodine atoms, while the two C atomsdrare in
three possible positions in the complex. In contr&ga—c) are

”

(20) Hassel, ONature 1958 182, 1155.

more stable, and they can be stored at room temperature for
several months without decomposition. However, when we collect
the X-ray data of5b at room temperature, we also found
considerable decay.

Apart from crystallographic methods, a principal technique for
studying intermolecular interactions is spectroscopic anaffsis.
NMR measurements rather th&h measurements can be applied
in such donot-acceptor systems. Not only are the association
constants of fluorine-containing acceptors with electron donors
large compared with the corresponding complexes of the non-
fluorinated acceptors, but also tig values for'F are often at
least double the values féH? From Table 1, we can find that
the chemical shifts of CFobserved in*®F resonances o3 in
solvents are apparently shifted upfield compared with that given
in pure 3. This change of the chemical shift is dramatically
reduced with the increasing distance from the interactivel O
bond. The shift is essentially unchanged for the third @®up.
Obviously, the electron donation effect of solvents on the | atom
exerts a major effect in the upfield shift 8fin °F NMR spectra.

In summary, we present two different kinds of strong interac-
tions betweerw,w-diiodoperfluoroalkane and oxygen that pack
in an analogous fashion. Meanwhile, a useful electron donor,
hexamethylphosphoramide (HMPA), which is involved in two
electron donor-acceptor bonds to halogen, is first reporte@ur
research may offer an alternative for researchers who concentrate
their study on charge-transfer interactidh> 7 molecular rec-
ognition?? reaction mechanism discussitfiZ3supramolecul&f
and many other prospective fiel8:2>
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