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ABSTRACT: The reaction between wmercury(Il)-
chloride and 2,6-pyridinedimethanol provides a mol-
ecule with the empirical formula [Hg,(Hpdm),-
(Hpdm) (u-Cl),Cl,], whose crystal and wmolecular
structure has been studied: a = 10.640(1), b =
10.818(2), ¢ = 13.159(2) A, o = 88.480(5), p =
75.067(4), y = 89.736(5)°, V.= 1463.0(4) A3, Z = 2,
P-1. The molecule consists of a central [Hg(Hpdn)CL]
fragment that is connected by chloro bridges to two
lateral fragments of identical constitution, [Hg-
(H,pdm)CL,]. The coordination geometry around the
central mercury atom is distorted octahedral, while the
lateral metal atoms are located in significantly differ-
ent, distorted square-pyramidal polyhedrons. The tri-
dentate ligand induces the formation of the square-
pyramidal environment instead of the trigonal-bipyr-
amidal one that is normally preferred by d'° systems.
© 1998 John Wiley & Sons, Inc. Heteroatom Chem
9:377-382, 1998

INTRODUCTION

We are interested in the thermodynamic stability of
the coordinative N B bond in diphenyl(2-pyridyl-
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methoxy-O,N)- and diphenyl(2-pyridylcarbonyloxy-
O,N)boranes [1-3]. A synthesis involving 2,6-pyridi-
nedimethanol (H,pdm) and phenylboronic acid
leads to the formation of a very stable tetrameric bo-
ronate (1), in which the tridentate chelating ligand
is connected to two different boron atoms, forming
only one five-membered heterocycle with the phen-
ylboryl moiety [4]. With dichlorodimethylsilane, a
dimeric macrocycle (2) showing no coordinative
N-Si bond is obtained [5], while the bulkier tin
atom gives a monomeric structure (3) [6].
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As a starting point in the study of the coordina-
tion behavior of 2,6-pyridinedimethanol with other
metal atoms or organometallic moieties, this diol
has been reacted with HgCl,. Common coordination
numbers for mercury(IT) range from 2 up to 8 [7,8]
due to the closed d-shell of Hg(II), so that each of
the above-mentioned structure types 1-3 could be a
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possible product. The present contribution shows
that mercury(II) prefers a structure of type 3, aresult
that can be attributed to its relatively large volume.

EXPERIMENTAL

NMR studies were performed with a Jeol GSX 270
spectrometer, TMS being used as reference and
chemical shifts being stated in parts per million.

Preparation of [Hg; (H,pdm),(Hpdm) (u-Cl),CL;]

The complex was prepared by refluxing 480 mg (1.80
mmol) mercury(II)chloride and 250 mg (1.80 mmol)
2,6-pyridinedimethanol (H,pdm) for 3 hours in ethyl
acetate (50 mL) in a metal-to-ligand ratio of 1:1.

TABLE 1 Fractional Atomic Coordinates and Isotropic Ther-
mal Parameters for [Hg,(H,pdm),(Hpdm)(u«-Cl),Cl,]

Atom x/a y/b z/c U(iso)
Hg(l) 0.28922(8) 0.02721(7) 0.44625(5) 0.0483
Hg(2) 0.48206(7) 0.33598(6) 0.22732(5) 0.0439
Hg(3) 0.95353(7) 0.35393(7) 0.17667(5) 0.0502
Cl(1) 0.3383(5) —0.1457(5) 0.3416(4) 0.0603
Cl(2) 0.2523(4) 0.2045(4) 0.3160(4)  0.0528
CI(3) 0.4324(5) 0.5185(4) 0.3167(4) 0.0601
Cl(4) 0.7630(5) 0.4569(5) 0.1203(4)  0.0568
CI(5) 1.0317(6) 0.1795(5) 0.0803(4) 0.0679
N(1) 0.231(1) 0.115(1) 0.6010(9)  0.0321
N(2) 0.549(1) 0.204(1) 0.1031(9) 0.0329
N@B) 0.962(1) 0.486(1) 0.301(1) 0.0365
O(1) 0.478(1) 0.137(1) 0.4761(9)  0.0467
O(2) 0.090(1)  —0.089(1) 0.5673(9)  0.0461
O(3) 0.617(1) 0.1944(9) 0.2889(8) 0.0357
O(4) 0.413(1) 0.409(1) 0.057(1) 0.0622
O(5) 0.806(1) 0.281(1) 0.3477(8) 0.0379
o) 1.137(2) 0.511(2) 0.114(1) 0.0945
C(1) 0.427(2) 0.240(1) 0.536(1) 0.0390
C(2) 0.310(2) 0.203(1) 0.621(1) 0.0344
C(3) 0.280(2) 0.262(1) 0.716(1) 0.0401
C(4) 0.173(2) 0.228(2) 0.793(1) 0.0499
C(5) 0.092(2) 0.138(2) 0.772(2) 0.0408
C(6) 0.125(2) 0.084(1) 0.674(1) 0.0321
C(7) 0.032(2) —0.007(2) 0.651(1) 0.0452
C(8) 0.659(2) 0.101(1) 0.223(1) 0.0400
C(9) 0.635(2) 0.117(2) 0.114(1) 0.0423
C(10) 0.702(2) 0.045(2) 0.033(1) 0.0535
C(11) 0.674(2) 0.059(2) —0.063(1) 0.0550
C(12) 0.581(2) 0.144(2)  —0.074(1) 0.0543
C(13) 0.523(2) 0.216(2) 0.008(1) 0.0429
C(14) 0.417(2) 0.302(2)  —0.002(2) 0.0633
C(15) 0.767(1) 0.384(2) 0.407(1) 0.0374
C(16) 0.870(1) 0.484(1) 0.392(1) 0.0255
C(17) 0.865(2) 0.566(1) 0.469(1) 0.0365
C(18) 0.960(2) 0.659(1) 0.452(1) 0.0439
C(19) 1.055(2) 0.661(2) 0.362(1) 0.0401
C(20) 1.053(1) 0.576(1) 0.287(1) 0.0357
C(21) 1.155(2) 0.585(2) 0.181(2) 0.0637

When the mixture was allowed to stand for a few
days, a small amount of white crystals separated,
which were suitable for X-ray crystallography. Mp
134-136°C; 'H-NMR data (270 MHz, DMSO-d,,
ppm): 4.63 (4H, br, s, O-CH,), 5.97 (2H, br, s, OH),
7.40 (2H, d, 3,5-H of py), 7.88 (1H, t, 4-H of py); 13C-
NMR data (67.8 MHz, DMSO-d,, ppm): 63.0 (O-
CH,), 159.8 (2,6-C of py), 138.1 (4-C of py), 119.4
(3,5-C of py); MS data (20 eV): 272 (HgCly, 57%),
202 (Hg*, 33%), 138 (Hpdm*, 100%), 121
(C,H,NO*, 53%), 92 (C.H,N*, 60%), 65 (C;HZ, 41%);
neither the molecular peak of [Hg(H,pdm)Cl,] nor
the one of [Hg,(H,pdm),(Hpdm) («-Cl),Cl,] could be
observed. The main product of the reaction crystal-
lizes on further evaporation of the solvent. The for-
mula of this compound is (H,pdm)HgCl,-1/2 HgClL,.
Mp 160°C (dec.). Yield: 49%. Found: C, 15.61; H,
1.68; N, 2.52. Calcd: C, 15.42, H, 1.66; N, 2.57. The
crystals obtained were not suitable for X-ray crys-

TABLE 2 Selected Bond Lengths and Angles for
[Hgs(Hzpdm)z(Hpdm)(/l'CDZC|3]

Fragment Hg(2)

Bond Lengths (,Z\ )
Hg(2)-0(3) 2.364(9) Hg(2)-CI(3) 2.314(4)
Hg(2)-N(2) 2.18(1) Hg(2)-Cl(2) 2.799(5)
Hg(2)-0(4) 2.64(1) Hg(2)-Cl(4) 3.225(5)
Bond Angles (°)
0O(3)-Hg(2)-N(2) 73.5(4) Cl(2)-Hg(2)-O(4) 95.0(3)
N(2)-Hg(2)-0(4) 69.9(4) Cl(2)-Hg(2)-CI(3) 99.3(2)
0O(3)-Hg(2)-0(4) 142.6(4) Cl(2)-Hg(2)-Cl(4) 173.4(4)
0O(3)-Hg(2)-CI(3) 117.1(3) Cl(4)-Hg(2)-0(3) 80.0(4)
0O(4)-Hg(2)-CI(3) 96.7(3) Cl(4)-Hg(2)-N(2) 81.6(4)
N(2)-Hg(2)-CI(3) 162.5(3) Cl(4)-Hg(2)-0(4) 87.1(4)
Cl(2)-Hg(2)-O(3) 94.7(3) Cl(4)-Hg(2)-CI(3) 86.6(4)
Cl(2)-Hg(2)-N(2) 93.3(4) Hg(1)-Cl(2)-Hg(2) 111.5(2)

Hg(2)-Cl(4)-Hg(3)  114.7(4)

Fragment Hg(1) Fragment Hg(3)

Bond Lengths (,&)
Hg(1)-Cl(2) 2.633(4) Hg(3)-Cl(4) 2.571(5)
Hg(1)-CI(1) 2.330(5) Hg(3)-CI(5) 2.330(5)
Hg(1)-0(1) 2.46(1) Hg(3)-0(6) 2.54(2)
Hg(1)-N(1) 2.21(1) Hg(3)-N(3) 2.23(1)
Hg(1)-0(2) 2.61(1) Hg(3)-0(5) 2.50(1)
Bond Angles (°)
Cl(2)-Hg(1)-ClI(1) 104.1(2) Cl(4)-Hg(3)-CI(5) 112.8(2)
Cl(2)-Hg(1)-0(1) 91.1(3) Cl(4)-Hg(3)-0(6) 102.9(6)
Cl(2)-Hg(1)-N(1) 102.9(3) Cl(4)-Hg(3)-N(3) 96.7(3)
Cl(2)-Hg(1)-0(2) 119.8(3) Cl(4)-Hg(3)-O(5) 91.5(3)
Cl(1)-Hg(1)-O(1) 115.4(3) CI(5)-Hg(3)-O(6) 103.5(5)
Cl(1)-Hg(1)-N(1) 152.0(3) CI(5)-Hg(3)-N(3) 150.5(3)
Cl(1)-Hg(1)-O(2) 90.0(3) CI(5)-Hg(3)-O(5) 107.4(3)
O(1)-Hg(1)-N(1) 71.1(4) O(6)-Hg(3)-N(3) 68.0(5)
O(1)-Hg(1)-0(2) 134.7(3) O(6)-Hg(3)-0(5) 137.4(4)
N(1)-Hg(1)-0(2) 70.2(4) N(3)-Hg(3)-0(5) 70.6(4)
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TABLE 3 Deviations from the Chelate Mean Planes

Atom A(A) Atom A(A) Atom A(A)
Plane 12 Plane 2° Plane 3¢
N(1) 0.002 N(2) 0.013 N(3) 0.002
C(2) 0.011 C(9) —0.022 C(16) 0.000
C(3) —-0.017 C(10) 0.008 C(17) 0.005
C@4) 0.011 C(11) 0.013 C(18) —0.011
C(5) 0.002 C(12) —-0.022 C(19) 0.013
C(6) —0.009 C(13) 0.009 C(20) —0.008

Deviations from the mean plane (,Z\)

C(1) —0.025 C(8) —0.078 C(15) —0.002
0(1) 0.691 O(3) 0.242 0O(5) 0.509
0(2) 0.356 O(4) 0.595 0O(6) —-0.237
C(7) -0.103 C(14) —-0.105 C(21) —0.085
Hg(1) —0.050 Hg(2) 0.379 Hg(3) —-0.127

aPlane 1, 6.70766X — 7.42661Y + 6.44275Z = 4.563; X, Y, Z are
orthogonal coordinates w.r.t. axes a, b, ¢*; A is the deviation from the
plane.

bPlane 2, 7.20709X + 7.39634Y — 1.025327 = 5.347.

°Plane 3, 7.37758X — 6.39634Y + 7.32912Z = 6.193.

tallography, because they are highly twinned. 'H and
13C NMR data are identical to those of the minor
product.

X-ray Crystallography

Data for the X-ray crystallography of
[Hg,(H,pdm),(Hpdm) (u-Cl),Cl;] were collected on
an ENRAF-NONIUS CAD4 diffractometer, A(MoK)
= 0.710690 A; monochromator: graphite, T = 293
K, w-20 scan, range 2° < 0 < 27°.

Crystal Data. Colorless, rectangular crystals of
[He,(H,pdm),(Hpdm) (u-Cl),Cl;] (M = 1195.49
gmol~1) crystallize in the triclinic space group P-1
(no. 2), crystal dimensions 0.20 X 0.20 X 0.36 mm?3,
a = 10.640(1), b = 10.818(2), ¢ = 13.159Q2) A, a =
88.480(5), f = 75.067(4), y = 89.736(5)°, V =
1463.0(4) A3 by least-squares refinement on diffrac-
tometer angles for 24 automatically centered reflec-
tions (10° < 0 < 11°), Z = 2, pyy = 2.71 Mgm~3, u
= 16.2 mm~'. The crystal was mounted in a Linde-
man tube. Monitoring of two check reflections
showed a significant intensity decay of about 39%
during data-collection. The data were rescaled with
respect to the standards. A total of 6709 reflections
was measured, of which 6365 were independent, and
of these, 3678 were considered observed [F > 30(F)],
an absorption correction being applied (DIFABS,
min: 0.63, max: 1.27), and corrections being made
for Lorentz and polarization effects.

Solution and Refinement. Direct methods
(SHELXS-86) were used for structure solution. The

nonhydrogen atoms were refined anisotropically.
The hydrogen atoms were calculated, assuming that
the OH hydrogens are coplanar with the remainder
of the 2,6-pyridinedimethanol ligand, and refined
with an overall isotropic thermal parameter (CRYS-
TALS, version 9, 1994). R = 0.044, R,, = 0.044 from
3678 reflections with F > 3¢(F) for 345 variables
against IFl, w = 1/62 (F), s = 4.64. The largest resid-
ual electron density peak/hole in the final difference
map was p,... = 1.97, p,... = — 1.49 ¢/A3, max A/o shift
0.006.

Final fractional atomic coordinates are pre-
sented in Table 1. Selected bond lengths and bond
angles are listed in Table 2. Deviations from the che-
late mean planes are listed in Table 3.

DISCUSSION

The crystal structure of [Hg,(H,pdm),(Hpdm) (u-
Cl),Cl;] consists of discrete trimeric molecules. As
can be seen from Figure 1, the central [Hg(2)
(Hpdm)Cl] fragment in the molecular structure is
flanked by two [Hg(H,pdm)Cl,] units via bridging
chlorine atoms [Hg(2)-ClI(2) 2.799(5) A, Hg(2)-Cl(4)
3.225(5) A, Cl(2)-Hg(2)-Cl(4) 173.4(4)°]. Thereby,
the [Hg(H,pdm)Cl,] moieties are located in a cis-
configuration with respect to the CI(2)-Hg(2)-Cl(4)
axis.

The central mercury atom Hg(2) is covalently
bonded to chlorine Cl(3) and oxygen O(3). The
Hg(2)-Cl(3) bond length is 2.314(4) A, a value that
corresponds to the Hg—Cl bond length in solid HgCl,
[2.626(21) A] [2]. The covalency of the Hg(2)-O(3)
bond with a length of 2.364(9) A is confirmed by
comparison with the other five Hg-OH bond lengths
in the structure (Table 2), being coordinative
[2.46(1)-2.64(1) A]. The Hg(2)-0(4) bond is thereby
the longest one. Furthermore, electron density typi-
cal for hydrogen atoms could only be located by dif-
ference Fourier maps in the case of O(1), O(2), O(4),
0O(5), and O(6).

The formation of the covalent Hg(2)-O(3) bond
can be attributed to the reaction of HgCl, and H,pdm
under removal of one HCl molecule. In the 'H- and
13C-NMR spectra, only one set of signals is observed
for the two differently bonded tridentate ligands
[Hg(1), Hg(3) « Hg(2)], indicating that the trimer is
dissociated in solution (DMSO-d,). Coordination to
HgCl, can be seen from the 'H-NMR spectrum,
where the hydrogen atoms of the OH groups are
shifted to low field by 0.6 ppm with respect to
H,pdm. The coupling between the OCH, group and
the OH hydrogen atoms disappeared, and both sig-
nals broadened significantly due to a rapid inter-
change and the quadrupolar moment of mercury [9].

Due to the tridentate chelation of the ligand, the
coordinative Hg-N bonds are extremely short
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FIGURE 1 Molecular structure of [Hg, (H,pdm), (Hpdm) («-Cl),Cl,].

cl2

Hg2
ci3 . 03

o

(23

FIGURE 2 Representation of the coordination around the
Hg(2) atom.

[Hg(1)-N(1) 2.21(1) A, Hg(2)-N(2) 2.18(1) A, Hg(3)-
N(3) 2.23(1) A], when compared to (py),-HgCl, (2.60
A in the [2+2+2 (N)] coordination mode and
2.266(6) A in the [0+4 +2 (N)] coordination mode)
[10-12]. In {(Nicotine)-HgCl,},, the Hg-N(py) bond
length is 2.454(13) A [13].

The mercury chlorine bond lengths of the ter-

minal chlorines CI(1) and CI(5) [Hg(1)-Cl(1)
2.330(5) A, Hg(3)-CI(5) 2.330(5) A] are not signifi-
cantly different from the Hg(2)-Cl(3) bond length
[2.314(4) A] of the central unit. On the other hand,
the bridging chlorines present somewhat elongated
bond lengths, [Hg(1)-Cl(2) 2.633(4) A, Hg(3)-Cl(4)
2.571(5) Al

A closer examination of the environment around
the mercury atoms shows that there exist two differ-
ent coordination spheres. While the central Hg(2)
atom is located in a distorted octahedral polyhedron,
Hg(1) and Hg(3) are placed in distorted square-py-
ramidal environments. As can be seen from Figure
2, the equatorial positions of the octahedron are oc-
cupied by the ligand and the terminal chlorine atom.
The axial substituents consist of the bridging chlo-
rines Cl(2) and Cl(4), the second Hg-Cl bond being
significantly elongated [Hg(2)-Cl(2) 2.799(5) A,
Hg(2)-Cl(4) 3.225(5) Al. As an upper limit for
Hg: - -Cl bonding, a value of 3.35 A is adopted [8].
Consequently, as can be seen from a comparison of
the bond angles between the axial chlorine atoms
and the equatorial substituents (Table 2), the upper
part of the octahedron is distorted in the direction
of a square-pyramidal arrangement. The average
value of the Cl-Hg-X_, bond angle is 95.6(3)° for the
upper part and 83.8(4)° for the lower part.

Five-coordination occupies a special position in
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FIGURE 3 Representation of the square-pyramidal coordination around the Hg(1) and Hg(3) atoms.

the coordination geometry of Hg(II), because two
different polyhedrons, possessing a trigonal-bipyr-
amidal or a square-pyramidal structure geometry,
can be formed. Normally, for d'° metal ions, the tri-
gonal-bipyramidal polyhedron with D,,-symmetry is
preferred [14-25]. Thus, only a few square-pyrami-
dal structures with C,,-symmetry are known [26-28].
In general, all these structures are distorted due to
the presence of different atom types and crystal-
packing effects. Despite this, real intermediates be-
tween the two structure types are rare [29]. In the
present example, the rigid, tridentate ligand, having
an overall bite significantly greater than 120°, leads
to the formation of a highly distorted square-pyra-
midal polyhedron. The apical positions of the dis-
torted square-pyramidal polyhedrons are occupied
by the bridging chlorines CI(2) and Cl(4), respec-
tively (Figure 3). Their bond lengths are significantly
different [Hg(1)-CI(2) 2.633(4) A, Hg(3)-Cl(4)
2.571(5) A). The different puckering of the chelate
rings (Table 3), probably due to crystal-packing ef-
fects, leads to different bond angles in the two
square-pyramidal environments. The average values
of the Cl,;,..,—Hg-X,... bond angles are 104.5(3)° for
fragment Hg(1) and 101.0(3)° for fragment Hg(3),
being significantly lower than the idealized value of
109°. The coordination geometry of mer-
cury(IT)chloride systems can be described by a se-
quence of numbers that indicates the bonding of the
different atoms present in the molecule under study.
The first two numbers correspond thereby to the co-
valent and coordinative Hg—Cl bonds [8]. According
to conventional nomenclature, the coordination of
the Hg(2) mercury atom in the present molecule can
be describedasa[l + 2 + 2(0) + 1(N)] coordination
mode, while Hg(1) and Hg(3) correspond to a [2 +

0 + 2(0) + 1(N)] type. Neither of the coordination
modes have been reported so far [8].

CONCLUSIONS

The present study has shown that HgCl, prefers to
form a bicyclic monochelate complex upon reaction
with 2,6-pyridinedimethanol, as against the results
with phenylboronic acid and dichlorodimethylsi-
lane. In comparison to the diorganotin(IV) deriva-
tive 3, the Hg-O bonds between the metal atoms and
the ligand are only coordinative, with the exception
of the central Hg(Hpdm)Cl fragment, where one of
the two Hg-O bonds is covalent.
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