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Arene coordination

Treatment of a toluene solution of Zn(CgF5), with p-C,H,;N-
CgH4CN vyields (p-C,H;N-C¢H,CN),Zn(CgFs),, which has
been structurally characterised following recrystallization
from 1,2-difluorobenzene by single-crystal X-ray diffraction
and possesses the expected distorted tetrahedral molecular
geometry. However, crystallization from dichloromethane
yields a trigonal planar complex with only one p-C,H,;N-

CgH4CN ligand. The three-coordinate complex forms an
intermolecular dimer in the solid state through a cooperative
combination of zinc-arene, offset homoaromatic and dipole—
dipole interactions.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

The coordination chemistry of zinc continues to enjoy
healthy academic interest spurred by diverse applications in
biology,!'l materials®“#! and catalysis.>! The characteristic
properties of zinc are the predominance of the redox-resist-
ant zinc(Il) oxidation state, flexible coordination number
and geometry, and Lewis acidity of its complexes. Four- to
six-coordinate complexes of zinc are most common but
there are many examples of two-coordinate zinc centres,
particularly with amide, silyl and alkyl donors.'! In con-
trast, mononuclear trigonal-planar complexes of zinc are
relatively rare, but can be favoured through steric factors!t”-8
or the combination of sterics and electrostatics as is the case
for the [Zn(C¢Fs);]” anion.!]

To date, all structurally characterised neutral adducts of
the form ZnX,L,, where X is Cl, Br, I or the pseudohalide
C4Fs, and L is a monodentate Lewis base, have been shown
to adopt essentially tetrahedral geometries where 7 is 2.[1:19
As part of our continuing investigations into the supramo-
lecular architectures of bis(pentafluorophenyl)zinc com-
plexes, we have structurally characterised a series of
(nitrile),Zn(C¢Fs), adducts.l''] We report here the unexpec-
ted isolation of the mono(nitrile) adduct (p-C;H,N-
CcH4CN)Zn(C¢F5), and compare its solid-state structure to
that of the blS(nltrlle) (p-C4H4N7C6H4CN)ZZn(C6F5)2.

In the solid-state structure of the donor-free form of
Zn(CgFs), (1), the essentially linear geometry is perturbed
only by a weak intermolecular C-F+-+Zn interaction.l'”!
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Compound 1 is most conveniently prepared by the ex-
change between ZnEt, and B(C4F5); in an aromatic solvent,
from which it crystallizes with 1 equiv. of the arene.['3] The
solid-state structure of the n?-bonded toluene adduct
(MeC¢Hs)Zn(C4Fs), (2) has very recently been deter-
mined.l"" This weakly bound toluene ligand can be readily
displaced by Lewis bases. For example, we find that treat-
ment of a toluene solution of 1 with 2 equiv. of the nitrogen
donor ligands tBuNH,, Me,NH, (PhCH,),NH, cyclo-
C,;HgNH, pyridine or benzonitrile followed by removal of
toluene under reduced pressure and recrystallisation from a
dichloromethane and light petroleum solvent mixture gives
X-ray quality single crystals. In all but the instance dis-
cussed herein, complexes of the form L,Zn(C4F5), with dis-
torted tetrahedral zinc environments are obtained.!'!:1]
Treatment of a toluene solution of 1 with 2 equiv. of 4-
(pyrrol-1-yl)benzonitrile followed by solvent removal yields
a crude white solid. Subsequent crystallization from a
dichloromethane and light petroleum solvent mixture at
—28 °C yielded crystals (Scheme 1), which were determined
by X-ray crystallography to be the mono(nitrile) complex
(p-C4H4N-C4H4CN)Zn(C¢F5), (3) (Figure 1). This result
was unexpected and initially assumed to be a consequence
of a mistake in the reaction stoichiometry. However, despite
taking great care over the reagent ratios, crystallization
from dichloromethane consistently gave compound 3. Em-
ploying identical preparative conditions but attempting
crystallisation from toluene instead of dichloromethane
yielded small colourless crystals that gave a different unit
cell from those of 3 but did not diffract strongly enough
for a full structure determination. Larger crystals, with an
identical cell to those from toluene, were grown from a 1,2-
difluorobenzene and light petroleum solvent mixture at
+2 °C. Crystallographic analysis of this sample revealed it
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to be the bis(nitrile) adduct (p-C4H4N-CcH4CN),Zn-
(CgFs), (4) (Figure 2). It therefore seems likely that the ex-
pected bis(nitrile) adduct is initially formed in the reaction
but that recrystallization from dichloromethane yields the
mono(nitrile) adduct.

Figure 1. ORTEP representation of the molecular structure of 3
with 30% displacement ellipsoids. The hydrogen atoms have been
omitted for clarity. Selected bond lengths [A] and angles [°]; e.s.d.s
are in parentheses: Zn(1)-N(1) 2.094(4), Zn(1)-C(11) 1.983(4),
Zn(1)-C(21) 1.981(4), C(111)-N(1) 1.147(6), C(111)-C(112)
1.436(6), C(115)-N(2) 1.411(5); C(21)-Zn(1)-C(11) 140.1(2),
C(21)-Zn(1)-N(1) 106.4(2), C(11)-Zn(1)-N(1) 108.2(2), C(111)—
N(1)-Zn(1) 165.9(4), C(112)-C(111)-N(1) 174.7(5).

Complex 3 is best described as trigonal-planar, the sum
of the angles about the Zn atom is 354.6° and the Zn atom
is only 0.258(3) A removed from the plane defined by C(11),
C(21), and N(1). The greater steric requirement of the Zn—
CgF5 groups explains the somewhat larger C-Zn—C vs. C—
Zn-N angles. Scheme 2 shows the only other structurally
characterised neutral nitrogen-ligated trigonal-planar zinc
complexes we are aware of and in each case the neutral
nitrogen donor is part of a bidentate ligand. The Zn-N dis-
tances for the neutral sp? benzimidazole and imine donors
were 2.067(4), 2.089(2) 1.9805(23), and 1.962(2) A for I, II,
II, and IV, respectively. Some of these are somewhat
shorter than the 2.094(4) A found for 3.7-81 The average Zn—
C bond length [1.982(1) A, for 3] is 0.03 A less than that in
[Zn(CgF5);], which presumably reflects the combination of
4038
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reduced steric congestion and electrostatic repulsion.®! The
dihedral angle between the aromatic planes in the coordi-
nated nitrile ligand in 3 is 23.2(2)°.

The zinc center of the bis(nitrile) adduct 4 has an asym-
metrically distorted tetrahedral coordination sphere. The
123.55(6)° C(11)-Zn—C(21) angle and the Zn-C(21) and
Zn—C(11) bond lengths at 2.021(2) and 2.029(2) A, respec-
tively, lie well within the range observed for four-coordinate
amine adducts of Zn(C¢Fs),. The average dative Zn-N
bonding distance of 2.09 A is similar to those observed for
(RR'R"'N),Zn(CeFs), (2.09-2.16 A),'"1 and only slightly
longer than those found in (MeCN),ZnCl, (2.05 A) and
(MeCN),Znl, (2.04 A).['617] We ascribe the differences be-
tween the Zn—-N distances and the dihedral angles between
the aromatic rings in the ligand bonded through N(11)
[2.0660(14) A and 6.22(7)°] compared to that containing
N(21) [2.1206(15) A and 26.71(7)°] to subtle crystal packing
effects. There are no other significant structural differences
between the two ligands. The N(11)-Zn-N(21) angle
[95.75(6)°] is somewhat smaller than those observed in the
(RR'R’"N),Zn(C¢F5), series, doubtless as a consequence of
the modest cone angle of the nitrile ligand, and is compar-
able to the N-Zn-N angles in (MeCN),ZnCl, and
(MeCN),Znl,.I"8 There is no evidence for the sort of steric
congestion that would favour a three-coordinate complex.

Multinuclear NMR investigations of amine adducts of
bis(pentafluorophenyl)zinc have previously indicated solu-
tion-phase equilibria involving rapid exchange of free and
coordinated amine [Equation (1)]. Addition of further
equivalents of amine produced a movement in the observed
'H chemical shifts towards the values for the free amine,
but very little change to the '°F resonances of the Zn—C¢Fs
groups, which we interpreted as the equilibrium strongly
favouring the four-coordinate complex.l!'!! This is consistent
with simple thermodynamic considerations favouring the
four-coordinate adduct in which two dative bonds have
been formed. Regardless of the position of the solution
equilibrium, the four-coordinate complexes had invariably
been observed to crystallize preferentially until the isolation

of 3.
For comparison we conducted a variable-temperature 'H

and "F NMR study of complex 4 (an analogous study with
complex 3 was not possible because of its poor solubility in
toluene). The '°F MMR spectrum of a [Dg]toluene solution
barely changed on cooling from 20 to —60 °C. In contrast,
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Figure 2. ORTEP representation of the molecular structure of 4 with 30% displacement ellipsoids. The hydrogen atoms have been omitted
for clarity. Selected bond lengths [A] and angles [°]; e.s.d.s are in parentheses: Zn(1)-N(11) 2.0660(14), Zn(1)-N(21) 2.1206(15), Zn(1)-
C(21) 2.0209(15), Zn(1)-C(11) 2.0292(16), C(111)-N(11) 1.139(2), C(111)-C(112) 1.437(2), C(115)-N(12) 1.409(2), C(211)-N(21) 1.143(2),
C(211)-C(212) 1.437(2), C(215)-N(22) 1.412(2); C(21)-Zn(1)-C(11) 123.55(6), C(21)-Zn(1)-N(11) 114.80(6), C(11)-Zn(1)-N(11)
107.92(6), C(21)-Zn(1)-N(21) 105.58(6), C(11)-Zn(1)-N(21) 104.96(6), N(11)-Zn(1)-N(21) 95.75(6), Zn(1)-N(11)-C(111) 175.60(14),
N(11)-C(111)-C(112) 179.4(2), Zn(1)-N(21)-C(211) 174.76(14), N(21)-C(211)-C(212) 176.54(17).
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the chemical shifts of the 'H resonances exhibited signifi-
cant temperature dependence (Supporting Information).
However, there was no sign of decoalescence down to
—60 °C and therefore no indication for the position of this
equilibrium (1).

(C(,Fs)zzn]_, + L= (CGFS)ZZHLZ (1)

Analysis of the crystal packing for complex 3 suggests a
possible explanation for its preferential crystallisation. In
the solid state, molecules of 3 are closely paired about
centres of symmetry (Figure 3), in such a fashion that the
p-C4HAN-C¢H4CN ligand of one molecule runs parallel
and in the opposite direction to that of the associated mole-
cule. As well as counter-aligning the two ligand dipoles, this
arrangement also leads to an offset homoaryl interaction
between the phenyl rings. The centroid---centroid distance
is 3.71 A and the centroid—plane separation is 3.37 A. The
supramolecular motif in which hydroaromatics form offset
pairs or stacks has been well documented.['*2% Neverthe-
less, we believe that two short zinc—pyrrole ring contacts are
most significant in directing this intermolecular pairing.
The Zn—C(122') distance is 2.73 A, which is well within the
sum of the van der Waals radii (ca. 3.1 A), while the dis-
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tances to C(121') and C(123') are in excess of 3 A. The
Zn--7 interaction in 3 is evidently weaker than those re-
ported for (CgF4-2-Cg¢Fs),Zn+(toluene) in which there is a
close [2.524(3) A] contact to one arene carbon atom, and
for 2 in which two contacts of 2.784(2) and 2.685(2) A were
found.['¥ It is, however, strikingly similar to the Zn--x in-
teraction observed in the solid-state structure of II, which
also forms an intermolecular dimer with a 2.715(3) A con-
tact between the zinc atom and the carbon atom in the 3-
position of the pyrrolyl ring.[”]

We propose that this intermolecular association yields a
species which is significantly less soluble in dichlorometh-
ane than complex 4, and crystallizes out, thereby driving
the equilibrium to the “three-coordinate” complex. In 1,2-
difluorobenzene solution presumably either the formation
of the intermolecular dimer is inhibited or perhaps more
likely it is no longer significantly less soluble than the four-
coordinate adduct 4.

In summary, during the course of a structural survey of
bis(nitrile) adducts of bis(pentafluorophenyl)zinc, an un-
usual and surprising example of a three-coordinate com-
plex, (p-C4H4N-C¢H4CN)Zn(C4Fs),, was isolated from
dichloromethane solution and structurally characterised.
4039
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Figure 3. ORTEP representations of (a) the intermolecular dimer
of 3 and (b) the alignment of the two interacting fragments pro-
jected on to the plane of the C¢ ring (the displacement ellipsoids
are at 30% probability and the hydrogen atoms have been omitted
for clarity).

The driving force for its crystallization is thought to be
intermolecular dimerisation predominantly through Zn-n
interactions.

Experimental Section

General: All experimental procedures were conducted using stan-
dard Schlenk techniques under anhydrous and anaerobic condi-
tions. 211 The toluene adduct of bis(pentafluorophenyl)zinc was
prepared according to a literature procedure.!'3! 4-(Pyrrol-1-yl)ben-
zonitrile was prepared from 4-aminobenzonitrile and 2,5-dimeth-
oxytetrahydrofuran in refluxing acetic acid according to a modified
literature procedure.??! 'H and '"’F NMR chemical shifts are refer-
enced to the residual solvents and CFCl; respectively.

(p-C.HN-CcH4CN)Zn(CgF5), (3): A solution of (MeCgHjs)-
Zn(C4F5s), (0.44 g, 0.9 mmol) in toluene (10 mL) was treated with
p-C4HN-CH4CN (0.3 g, 1.8 mmol). The reaction mixture was
stirred for 30 min before being filtered to separate a small amount
of solid material. The volatiles were removed under reduced pres-
sure and the residue was purified by crystallisation from a mixture
of dichloromethane and light petroleum at —28 °C to afford colour-
less crystals of 3 (0.30 g, 0.52 mmol, 58%). Crystals suitable for
single-crystal X-ray diffraction required a further recrystallization
step. Cp3HgF9N»Zn (567.69): caled. C 48.66, H 1.42, N 4.93; found
C 47.92, H 1.24, N 5.30. '"H NMR (300 MHz, CD,Cl,): 6 = 7.76
(d, 3Jyy = 8.1 Hz, 2 H, Ar), 7.54 (d, 3Jyy = 8.7 Hz, 2 H, Ar),
7.19 (t, 3Jy.g = 2.1 Hz, 2 H, Pyr), 6.41 (t, 3Jy.y = 2.1 Hz, 2 H,

4040

www.eurjic.org

© 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Pyr) ppm. ’F NMR (282 MHz, CD,Cl,): 6 = —162.79 to —162.81
(m, 4 F, 0-F), -157.06 (t, 3Jg.r = 19.8 Hz, 2 F, p-F), -118.99 to
—~118.78 (m, 4 F, m-F) ppm.

(p-C4HN-C4H4CN),Zn(CgFs), (4): Compound 4 was prepared ac-
cording to precisely the same experimental method prior to
crystallization as compound 3. The crude solid was crystallised
from a mixture of 1,2-difluorobenzene and light petroleum at
+2 °C affording colourless crystals of 4 (0.65 g, 0.88 mmol, 98 %)
suitable for X-ray analysis. Cs3HgF[oN4Zn (735.89): caled. C
55.49, H 2.19 N 7.61; found C 54.94, H 2.14, N 7.91. '"H NMR
(300 MHz, CDCls): 6 = 6.41 (t, 3Jy.y = 2.1 Hz, 2 H) 7.19 (t,
3Jun = 2.1 Hz, 2 H), 7.56 (d, 3Jy.u = 8.7Hz, 2 H), 7.82 (d,
3Ju.u = 8.7Hz, 2 H) ppm. '’F NMR (282 MHz, CDCl;): § =
—-163.6 to —163.4 (m, 4 F, o-F), —158.7 (t, 3Jpr = 17 Hz, 2 F, p-F),
~119.0 (d, 3Jgg = 18 Hz, 4 F, m-F) ppm.

X-ray Analyses: Intensity data for crystals of 3 and 4 were collected
with an Oxford Diffraction Xcalibur-3 CCD diffractometer with
Mo-K, radiation (1 = 0.71073 A) and graphite monochromator.
Data were processed using the CrysAlis-CCD and -RED pro-
grams.!?’l The structures were determined by direct methods in
SHELXS and refined using full-matrix least squares with
SHELXL.”4 The non-hydrogen atoms were refined with aniso-
tropic thermal parameters. Hydrogen atoms were included in ideal-
ised positions and their Ui, values were set to ride on the Uy
values of the parent carbon atoms. Scattering factors for neutral
atoms were taken from ref.[>>! The analysis process was run through
WinGX.[?% CCDC-615024 (3) and -615025 (4) contain the supple-
mentary crystallographic data. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Crystal Structure and Refinement Data for 3: C,3HgF(N,Zn, Fy,
= 567.7 gmol™!; monoclinic, P2,/c, a = 6.8993(3), b = 20.4167(8),
¢ = 14.2444(16) A, = 93.691(6)°, V = 2002.3(3) A3, Z =4, T =
140(1) K, pearea. = 1.883 Mg/m?, u(Mo-K,) = 1.335mm™!, F(000)
= 1120; colourless prism 0.35%0.30%0.15 mm. The total number
of reflections, recorded to 0, = 27.5°, was 25382, of which 4550
were unique (Rj,, = 0.041); 3803 were “observed” with 7 > 2c;.
Final R factors: wR, = 0.132 and R; = 0.066 for all 4550 reflections
weighted, w = [6%(F,?) + 11.38 P]"! where P = (F,> + 2F>?)/3; for
the “observed” data only, R; = 0.055. Largest residual electron den-
sity 1.69 e*A-3, located close to C(123).

Crystal Structure and Refinement Data for 4: C;,H cF(NsZn, Fy,
= 735.9 gmol!; triclinic, PI, a = 8.0378(5), b = 14.0455(7), ¢ =
14.551009) A, « = 114.357(6), f = 91.807(5), y = 97.603(5)°, V =
1476.60(15) A3, Z = 2, T = 140(1) K, peatca. = 1.655 Mg/m?3, u(Mo-
K,) = 0928mm!', FO000) = 736; colourless prism
0.59x0.33x0.30 mm. The total number of reflections, recorded to
Omax = 25°, was 16139, of which 5174 were unique (R;,; = 0.022);
4726 were “observed” with I > 2c,. Final R factors: wR, = 0.063
and R, = 0.026 for all 5174 reflections weighted, w = [6*(F,2) +
(0.0338P)> + 0.589P] ! where P = (F,> + 2F,?)/3; for the “observed”
data only, R, = 0.023. Largest residual electron density 0.36 e-A=3,
located close to Zn(1).

Supporting Information (see footnote on the first page of this arti-
cle): Figure showing the temperature dependence of the 'H NMR
chemical shifts of a [Dg]toluene solution of complex 4.
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