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Abstract

It has been found that cyclic pentameric perfluoroisopropylidene-
mercury, [(CF;),CHgls, is capable of forming complexes with
[PPh,)*Cl~ and [PPh,]*Br~ of the type {[(CF;),CHgls-
X,}*"[PPh,}; (X =Cl or Br). According to an X-ray diffraction
study, the chloride anions in the complex of [(CF,),CHgls with
[PPh,]* CI~ are located above and below the mercury-containing
metallacycle, each Cl~ anion being coordinated with all the five
mercury atoms of [(CF;),CHg]s.

In the course of our studies [1-6] on the develop-
ment of crown compounds, effective in coordinating
anions, we have recently found that cyclic trimeric
perfluorc-o-phenylenemercury (0-C4F,Hg), (I) is capa-
ble of forming complexes with [PPh;Me]*1-,
[PPh,]*Br~ and [PPh,]*Cl~ of the composition [(o-
C¢F,Hg);X] [PR;R']" (X=1, R=Ph, R"=Me (II);
X =Br, R=R' =Ph (II)) and ({[(o-C¢F,Hg),l;-
X, [PR;R']; (X =Cl, R =R’ =Ph) [2-6]. An X-ray
diffraction study of the complexes II and III has shown
that they have an unusual structure of the polydecker
bent sandwiches [(+--1---X---),]"7, in which every
halogenide anion is coordinated with six mercury atoms
of two neighbouring molecules of I [3-6].

Here we report that similar capacity to bind halo-
genide anions with formation of complexes is displayed
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by cyclic pentameric perfluoroisopropylidenemercury
[(CF;),CHgl; (IV) [7], which contains five mercury
atoms in a planar ten-membered cycle.
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The complexes are readily obtained by mixing IV
with [PPh,]*Cl-, [PPh,]*Br~ or [PPh;Me]l*I™ in
ethanol at room temperature. The isolated compounds
are fine-crystalline colourless solids, readily soluble in
acetone and less soluble in EtOH. Complexes of IV
with [PPh,]*Cl~ and {PPh,]*Br~ are of the type
{{(CF,),CHgls X,}*"[PPh,]l; (X =ClI(V), Br (VD), i.e.
contain two halogenide anions per one molecule of IV.
According to X-ray photoelectron spectra, all five mer-
cury atoms in V and VI are equivalent, as are both the
halogenide anions.

The structure of complex V was determined by an
X-ray diffraction study (—65°C, A(Mo Ka), 8/28-scan
mode, 8 < 23°, an empirical absorption correction based
on the ¢-scans of 15 reflections has been applied,
p(Mo Ka)=110.43 em™!, R =10.037 for 5352 unique
reflections with I > 30 (I)). Crystals of V are triclinic,
at —65°C a= 12.623(3), b =13.790(4), ¢ =23.481(5)
A, a =76.092), B = 80.59(2), y = 63.40(2)°, V = 3540(2)
A, d_, =2348 g cm~3, Z =2, space group P1.

The molecule of complex V has an unusual shape of
a spinning top, the equatorial girdle of which is the
mercury-containing metallacycle, whilst the axis direc-
tion is fixed by Cl~ anions located above and below the
metallacycle plane at approximately equal distances
from the mercury atoms (Fig. 1).

A remarkable feature of complex V is the coordina-
tion of each chloride anion with all five Hg atoms of
the cycle. The Hg-CI(1) and Hg-CI(2) distances span
the ranges of 3.151-3.388 A (av. 3.284 A) and 3.089-
3.312 A (av. 3.221 A), respectively. All Hg—Cl distances
are significantly shorter than the sum of the Van der
Waals radii of the Hg and Cl atoms (2.1 + 1.8=3.9 A
[8]). The existence of Hg—Cl coordinative bonds in V is
also evidenced by an abnorrpally short CI™ ---Cl™
distance (3.25(1) A), ca. 0.35 A shorter than twice the
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Fig. 1. Structure of the {[(CF;),CHgl;sCl,}*>" anion.

Van der Waals radius of the Cl~ anion [8]. It is clear
that the system is able to tolerate this otherwise un-
bearably shortened distance between two negatively
charged Cl~ ions, owing only to energetic gain from
the strongly attracting Hg - - - Cl interactions.

Noticeably shorter Hg—Cl distances than those in V
(2.944(2) A) have recently been found by Hawthorne er
al. [9] in the structure of a complex of a carboranylmer-
cury metallacycle (B,(H,,C,Hg), (VID a chloride an-
ion. In this complex the Cl~ anion is in the centre of a
planar 12-membered cycle formed by four mercury and
eight o-carboranyl carbon atoms. Evidently, in the case
of IV the formation of a similar complex with Cl™ is
precluded by the smaller size of metallacycle in the
molecule of IV compared with that in VIL

In the subsequent paper Hawthorne et al. [10] have
reported the structure of a complex of VII with two
iodide anions, which, like the Cl~ anions in V, are
located above and below the metallacycle plane. How-
ever, in contrast to V, this complex [(B,,H,,C,Hg),
1,1 [AsPh,]; (VIID) is characterized by a pronounced
asymmetry of the halogenide ion coordination. Each I~
anion in VIII forms three comparatively short Hg-I
bonds (3.277, 3.304 and 3.306 A) and one considerably
longer Hg-1 bond (3.774 A). Such symmetry violation
was explained by the electrostatic repulsion of the
iodide anions. One can assume that a similar asymme-
try in V would conflict with the steric requirements of
bulky CF; substituents that would not allow any signifi-
cant displacement of the Cl~ anions from the non-
crystallographic five-fold symmetry axis of molecule IV.

The 10-membered Hg,Cq cycle in V exhibits only

insignificant deviation§ from planarity (maximal dis-
placement being 0.1 A). The endocycligc Hg-C bond
lengths are unexceptional (2.051-2.133 A); the C-Hg-
C bond angles in V (172.1-176.1°) as well as in IV are
close to 180°; the Hg~-C-Hg bond angles in V span the
range of 102.0-104.9° (100.0-104.9° in IV). Although
one of the C-F bond vectors in each of the ten
CF;-groups is directed towards the Cl™ anion (the
average pseudo-torsion angle Cl - - - C—~C~F being 8°),
such geometry can hardly be caused by any specific
Cl - - - F interaction, taking into account Ehat the rele-
vant Cl - - - F distances in V (3.583-3.878 A) are notice-
ably longer than the sum og corresponding Van der
Waals radii (1.8 + 1.4 =3.2 A [8]). The observed C-F
vector orientation is evidently due to the quite normal
staggered conformation of the substituents around the
exocyclic C-CF; bonds.

An interesting geometrical peculiarity of complex V
is the significant decrease of its exocyclic F;C-C-CF,
bond angles compared with those in molecule IV (aver-
age values are 110.7 and 117.1°, respectively). Taking
into account rather long Cl - - - F distances in V (vide
supra), these differences in angles can hardly be at-
tributed to steric factors. One may rather suggest, that
the electronic effects, viz. the increase in electron
density at the Hg atoms on going from IV to V, owing
to the coordination of IV with Cl™ anions, may cause
the decrease in the exocyclic angles. Indeed, according
to the VSEPR theory [11], the increase in the Hg-C
bonds polarity, induced by coordination, should nor-
mally lead to a decrease in the F;C-C-CF; bond
angles.
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