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Chloride and bromide ions direct the self-assembly of
supramolecular square-planar halide complexes in which four
trimethylphosphine-stabilised diphenylstibenium ions surround
the central halide ion in discrete centrosymmetrical structures of
Cyp, symmetry.

Halide ions are versatile templates for inorganic and organic
syntheses because of their spherical symmetry and ability to
interact with a variety of molecular components through Lewis
acid-base interactions and hydrogen bonding.' Following the
report in 1991 of the first halide-directed synthesis, a macrocyclic
[12]Jmercuracarborand-4—chloride complex in which the chloride
ion is encompassed within a square plane of mercury atoms,” there
have been described in the literature a variety of interesting finite,
organometallic and transition metal halide complexes where the
coordination geometries around the anions vary from square
planar to polytopal spherical. Examples include a square planar
organosamarium-chloride complex® and pentagonal planar
p-hydroxolanthanoid—halide complexes,* where the halide ions in
each case are tightly held by Lewis acid-base interactions with the
metal ions, and metallacages in which multiple hydrogen bonding
from ligands associated with the transition metals augments the
Lewis acid-base interactions between the halide and the transition
metal atoms, as in the amidothiourea complex [Nig(atu)gCI**.> In
the macrocyclic complex [{P(u-Nz-Bu),}(u-NH)]s(HCI), which is
formed in a chloride-directed synthesis, hydrogen bonding alone
holds the chloride ion in a pentagonal planar environment;?® it is
this latter type of chelation of halide ions, in particular of chloride,
that is being used increasingly to facilitate the syntheses of organic
macrocycles, cages, double helices, and interlocked species.7

Here we report the spontaneous self-assembly and structural
characterisation of the first discrete, square-planar halide com-
plexes of a Group 15 element; in the tripositive cations of each
complex, four phosphine-stabilised stibenium ions surround a
chloride or bromide ion in a centrosymmetrical, square planar
arrangement of Cy, symmetry. The air- and water-stable
complexes, [(MesP—SbPh,),X](PFe); (1, where X = CI; 2, where
X = Br), can be readily isolated from the organic layers following
the reactions of four equiv chloro- or bromodiphenylstibine with
four equiv trimethylphosphine in dichloromethane in the presence
of aqueous ammonium hexafluorophosphate (Scheme 1).1 In the
electrospray mass spectra of 1 and 2 (Bruker Apex 3 FT-ICR
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spectrometer; ESI(+), capillary exit voltage 250 V) traces of the
ions [(Me;P—SbPh,),X]" (X = CI, Br) are observed at m/z 1443
and 1487 amu, respectively.

Colourless plates of the two complexes suitable for X-ray
crystallography were obtained from dichloromethane-diethyl
ether. The crystals of the two compounds are isomorphous (space
group: P4/mnc). The molecular structure of the cation of the
chloride complex 1 is shown in Fig. 1. The chloride ion in the
tripositive cation is located at the centre of a supramolecular
square of unipositive (trimethylphosphine)diphenylstibenium ions
with Sb-+-Cl 3.1362(3) A (sum of van der Waals radii for the two
elements: 3.87 A).® The chloride ion in the complex is located at a
site of crystallographic 4/m symmetry, and the Sb1 and P1 atoms
lie on a mirror plane. The stereochemistry around antimony in
each of the (MesP—SbPh,)" groups is trigonal pyramidal with the
antimony atom at the centre of a trigonal plane containing the two
ipso carbon atoms of the phenyl groups and the lone pair of
electrons of the six-electron Ph,Sb" group; the MesP-P atom lies
directly above the antimony and is orthogonal to the trigonal
plane, viz.: P-Sb-C 89.42(8)°. The trigonal pyramidal geometry
of the (MesP—SbPh,)" group corresponds closely with that
of the cation in [Me;Sb—SbMe,l,[(MeSbBr3),],” and of the
arsenic centres in the phosphine-stabilised arsenium salt
[PhsP—AsMePh]PF¢'® and similar compounds containing the
arsenium ion derived from 10-chloro-5-hydrophenarsazine.!" The
chlorine atom in the complex is frans to each of the four
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Scheme 1  Synthesis of 1 (X = Cl) and 2 (X = Br).
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Fig. 1 ORTEP-3 structural representation of cation 1, hydrogens
omitted for clarity (30% probability ellipsoids shown).'?

phosphorus atoms of each (Me;P—SbPh,)" group (P-Sb---Cl
174.12(3)°; C-Sb---Cl 87.45(9)°), and completes, when the lone
pair of electrons is included, the overall trigonal bipyramidal
coordination geometry around each antimony atom. The
neighbouring Sb---Sb distances of 4.4353(4) A in the complex
cation are not within binding range (sum of van der Waals radii:
424 A)® The salient interatomic distances for comparison in the
isomorphous bromide complex 2 are the following: Sb---Br
3.2236(3) A (sum of van der Waals radii: 3.99 A), Sb---Sb
4.436(1) A (sum of van der Waals radii: 4.24 A).® Attractive edge-
to-face interactions between the eight phenyl groups above and
below the square planes containing the halide ions could be
contributing to the stabilisation of these supramolecular structures.
The discrete nature of the binding of the chloride and bromide ions
in the complexes is in contrast to the usual, short-and-long halide
bridging observed in tertiary phosphine and arsine adducts of
trivalent Group 15-element halides, which results in the crystal-
lisation of halide-bridged oligomers.

The near linear binding of the halogen and phosphorus atoms
to the trigonal planar diphenylstibenium cations in these novel
complexes is now being exploited for the self-assembly of
supramolecular ladders and grids.

Notes and references

1 Selected characterisation data: 1: Yield 54%. m%) dec > 101 °C. "H NMR
(300.075 MHz, CDCl;, 298 K): ¢ 1.44 (36H, d, °J (PH) = 10.0 Hz, PMe),
7.55-7.65 (40H, m, ArH); *'P{'H} NMR (121.47 MHz, CDCl;, 298 K):
5= —30.5 (s, MesP), —143.6 (sept., 'J (PF) = 714.6 Hz, PFs"); MS (ESI):
mlz: 1443 (M™, trace), 353 (C;,H,oPSb, 100); Found: C, 38.2; H, 4.0; Cl,
2.0. Cale. for CooH74CIF;sP;Sby: C, 38.4; H, 4.1; CL, 1.9%.

2: Yield 43%. mp dec > 97 °C. "H NMR (300.075 MHz, CDCls, 298 K):
5 142 (36H, d, 2J (PH) = 10.1 Hz, PMe), 7.40-7.75 (40H, m, ArH);

SIp{'H} NMR (121.47 MHz, CDCls, 298 K): 8 = —30.0 (s, MesP), —143.7
(sept., 'J (PF) = 713.0 Hz, PF¢ ); MS (ESI): m/z: 1489 (M", trace), 353
(C1,H9PSb, 100); Found: C, 37.7; H, 4.0; Br, 4.5. Calc. for
C60H76BYF13P7Sb4Z C, 375, H, 40, Br, 4.2%.

Crystal data for 1: CgH7CIFsP;Sby, M = 1878.53, 0.47 x 0.35 X
0.27 mm, tetragonal, space group P4/mnc, 20, = 60.06°, a = 15.4979(2) A,
c=1553553) A, V=37314(1) A, Z =2, perca = 1.673 gem >, u(Mox,) =
1.700 mm ™", F(000) = 1848, absorption correction by Gaussian integration
method implemented in maXus' (Trnind Trnax 0.535/0.662), 56523 reflections
measured, 2827 independent reflections (R;, = 0.036) and 124 parameters.
Final R; = 0.0288 (for 1623 obs. data, I > 3a(l)), wR, = 0.034, largest diff.
peak and hole: 0.98 and —0.93 ¢ A, CCDC 600536.

Crystal data for 2: CgH7cBrFsP;Sby, M = 192296, 0.36 x 0.22 X
0.05 mm, tetragonal, space group Palmnc, 20, = 55.04°, a = 15.5328(2) A,
c=15.5904(3) A, V'=3761.4(1) A>, Z =2, pearea = 1.698 gem >, u(Mox,) =
2.181 mm ', F{000) = 1866, absorption correction by Gaussian integration
method implemented in maXus' (Tiind Tmax = 0.509/0.897), 44245
reflections measured, 2261 independent reflections (R, = 0.07) and
133 parameters. Final R, = 0.0171 (for 1108 obs. data, I > 30(1)), wR, =
0.0200, largest diff. peak and hole: 0.47 and —0.32 ¢ A~3. CCDC 600535.
Data for all structures were collected at 200 K with Mog,, radiation (1 =
0.71073 A). Hydrogen atoms were included at idealised positions and ride
on the atoms to which they are bound. The structures were solved by direct
methods (SIR92),"* and refined using the least-squares method on F.'® For
crystallographic data in CIF or other electronic format see DOI: 10.1039/
b607136h
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