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Unique formation of two high-nuclearity metallamacrocycles from a
mononuclear complex [Zn(dmpzdtc),] (dmpzdtc = 3,5-
dimethylpyrazole-1-dithiocarboxylate) via CS, eliminationf
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Dissolution of a mononuclear complex [Zn(dmpzdtc),] in
BrCH,CH,Br or DMF saturated with water followed by CS,
elimination led to the formation of two unique high-nuclearity
metallamacrocyclic complexes, [Zn4(p-dmpz)s(u-OH),l, and
[Zn4(n-dmpz)e(p-OH)Js.

In the past decades, much interest in the construction of
polynuclear metallamacrocycles continues to be motivated by
their aesthetically interesting structures, their magnetic and
luminescent properties and their potential applications in cataly-
sis.! These complexes are usually assembled from reactions of
metal ions with various bridging ligands such as carboxylates,
alcoholates, cyanides.” Among the polydentate N-donor ligands,
pyrazolates are frequently employed in the assembly of poly-
nuclear pyrazolate-bridged metallamacrocyclic structures.®> These
pyrazolate-bridged metallamacrocycles were mostly prepared
through reactions of metal ions with pyrazole under the presence
of bases, ¢ or oxidation reactions of low-valence metal
pyrazolates,* or protonolysis reactions of metal carboxylate
complexes with pyrazole,* or self-assembly reactions from cyclic
or polymeric metal pyrazolates.”*¥" However, only a few examples
of cyclic zinc/pyrazolate complexes have been reported.*

On the other hand, alkali metal® and transition metals® of
pyrazoledithiocarboxylates were observed to undergo CS; elimina-
tion in the solid state. Up to 2001, [Ni(dmpzdtc),] was reported to
yield a dmpz-bridged dinuclear complex [Niy(p-dmpz),(dmpzdtc),]
(dmpz = 3,5-dimethylpyrazolate) via partial loss of CS, when
recrystallized in CH,Cl,n-hexane.® In the process of our
preparing polynuclear oligomers or polymers from preformed
complexes or clusters,” the aforementioned intriguing properties
for [M(dmpzdtc),] (M = Cu, Ni, etc.) attracted our attention:
could the way of the CS, loss from these complexes be employed in
the construction of dmpz-bridged metal complexes or even high-
nuclearity metallamacrocycles? To this end, we prepared a zinc
complex [Zn(dmpzdtc),] (1) and investigated its CS, elimination
reactions in several organic solvents. In this communication, we
report the isolation and structural characterization of two unique
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metallamacrocyclic complexes, [Zny(p-dmpz)(1-OH),], (2) and
[Zn4(p-dmpz)s(u-OH),ls (3) derived from CS, cleavage from 1 in
BrCH,CH,Br or DMF saturated with water.

Complex 1 was prepared in an almost quantitative yield from
reaction of ZnCl, with two equiv. of K[dmpzdtc] in MeOH-H,0.
1 crystallizes in the monoclinic P2i/n space group and the
asymmetric unit contains two independent [Zn(dmpzdtc),] mole-
cules. The Zn center in each molecule is chelated by two dmpzdtc
ligands through an N,S coordination mode, forming a ZnN,S,
tetrahedral geometry (Fig. 1). The adjacent molecules are stacked
in a face-to-face fashion with a separation of 3.638 A between the
centroids of the two pyrazolyl rings, indicating the existence of the
significant intermolecular 77 interactions.

Complex 1 is readily soluble in CH,Cl,, CHCl; and DMF, but
insoluble in H,O and MeOH. Treatment of 1 in BrCH,CH,Br or
DMF saturated with water followed by slow diffusion of Et,O
into the yellow solution produced colorless prisms of
2-2(BrCH,CH,Br) in 56% yield or greenish crystals of 3-4DMF
in 67% yield. The IR spectra of 2 and 3 did not exhibit the
characteristic C=S and C-S stretching vibrations at 1317, 869 and
985 cm ! of 1, suggesting the dmpzdtc ligands in 1 lost CS,
molecules during the crystallization. However, treatment of 1 in
freshly dried solvents did not produce 2 or 3. For example,
recrystallization of 1 in dried CH,Cl,-Et,O afforded a trinu-
clear complex [Znz(pu-dmpz)y(dmpzdtc),]:CH,Cl, (4-CH,Cl).
Evidently, the presence of water in solvents was essential for the
formation of these metal cyclic complexes. Although the mechan-
ism of formation of 2 and 3 are not clear, 3 was likely to be formed
by dmpzH and CS; cooperative elimination from 4 and 1 via H,O
nucleophilic attack. The formation of 2 may be derived from the
nickel analogue® “[(dmpzdtc)Zn(u-dmpz)],” by loss of dmpzH and
CS, (see ESI¥). Intriguingly, recrystallization of 1 in pure CS, did
not form crystals of 1, but gave rise to 4-CS, (see ESIT). The
orange prismatic crystals of 1 were finally obtained from diffusion

Fig. 1 View of 1 showing 50% thermal probability ellipsoids. All
hydrogen atoms are omitted for clarity.
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of Et,O into the saturated solution of 1 in CHCl; within one day.
The positive ion ESI mass spectrum of 1 in CH,Cl, showed the
parent molecular ion [M + H]" along with a number of
unidentified peaks. Although 2 and 3 are virtually insoluble in
common organic solvents, some signals at m/z = 1765.0 for [M +
2H,0 + HJ" (2) or m/z = 3569.3 for [M + DMF + MeOH + HJ"
(3) in the ESI-MS spectra of their mother liquors may be
originated from their corresponding parent molecule (see ESI).

2-2(BrCH,CH,Br) crystallizes in the triclinic P1 space group
and the asymmetric unit contains half of a [Zng(p-dmpz),(1-OH),]
molecule and one BrCH,CH,Br solvent molecule. Complex 2 is
composed of four [Zn,(p-dmpz)(n-OH)] fragments linked by four
pairs of p-dmpz anions, forming a centrosymmetric metallama-
crocyclic crown structure (Fig. 2). The four [Zn,(p-dmpz)(u-OH)]
fragments are approximately locating in a plane while four pairs of
dmpz anions are symmetrically standing above or below the plane.
In each fragment, the two tetrahedrally-coordinated Zn centers are
bridged by one OH™ group and one dmpz to form a five-
membered ZnN,ZnO ring with Zn---Zn contacts of 3.267(2)-
3.279(2) A. The Zn---Zn contacts between two fragments are quite
different: 3.267(2) and 3.520(2) A. It is noted that there are two
BrCH,CH,Br solvent molecules hovering above or below this
crown molecule, and each is surrounded by four dmpz groups with
the same orientation via four O-H---Br hydrogen bonding
interactions.

3-4DMF crystallizes in the tetragonal P4nc space group and
the asymmetric unit consists of one-fourth of a discrete
[Zn6(n-dmpz),4(1-OH)g] molecule and two one-half DMF solvent
molecules. 3 consists of four [Zny(p-dmpz)s(1-OH),] fragments
linked by sharing pairs of p-dmpz and p-OH™ anions, forming
another metallomacrocyclic crown structure with a crystallo-
graphic four-fold axis running through the centre of the structure
(Fig. 3). This Zn;s complex appears to be the largest pyrazolate-
bridged zinc macrocyclic complex known to date. In each
fragment, the four Zn centres are tetrahedrally coordinated by
one OH™ and three dmpz (Znl and Zn3), or by two OH ™ and two
dmpz (Zn2), or by four dmpz ligands (Zn4). Within the fragment
the Zn---Zn contacts vary from 3.192(1) to 3.612(1) A while that
between two fragments is 3.207(1) A. However the Zn'--Zn
contacts in 2 and 3 are shorter than that found in

Fig. 2 Perspective view of 2-2(BrCH,CH,Br) showing 50% thermal
probability ellipsoids. All methyl groups and hydrogen atoms are omitted
for clarity.

[{Zn(Hdmpz)(dmpz)}»(1-dmpz)(u-OH)] (3.747 A)¥ The edge
distance (Zn2 and Zn2A) and diagonal distance (Zn2 and Zn2B)
of this metallacycle are ca. 15.7 and 18.0 A, which indicates that 3
is a nanosized molecular crown. Within the molecule, four halves
of DMF solvent molecules are symmetrically “fixed” through four
02-H---O3 hydrogen-bonding interactions, while another four
halves of DMF molecules are held outside the crown framework
through four O1-H---O4 hydrogen bonds. It is estimated’ that
there are very large voids in the structure of 3-4DMF, some
1016 A® centered at (0, 0, 0.132) and (0.5, 0.5, 0.632).

4-CH,Cl, crystallizes in the triclinic PI space group. The
structure of 4 consists of a linear array of three zinc ions connected
by two pairs of p-dmpz anions (Fig. 4). The Zn---Zn contacts are
in the range 3.645(1)-3.657(1) A, which excludes any metal-metal
interaction. Each Zn atom adopt a tetrahedral coordination
geometry, coordinated by four N atoms from four p-dmpz anions
(Zn2) or by one dmpzdtc through the N, S coordination mode and
two N atoms from two p-dmpz anions (Znl or Zn3). The average
Zn-S bond distance (2.3342(13) A) is longer than that of 1. The
mean Zn-N(dmpzdtc) length (2.028(4) A) is slightly longer than
that of the Zn—N(dmpz) length (1.987(3) A), but almost the same
as that of 1.

Fig. 3 Side view (upper) of 3-4DMF showing 50% thermal probability
ellipsoids. All methyl groups, DMF molecules, and hydrogen atoms are
omitted for clarity. Top view (down) of 3-4DMF showing 50% thermal
probability ellipsoids.
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Fig. 4 Perspective view of 4 showing 50% thermal probability ellipsoids.
All hydrogen atoms are omitted for clarity.

Complexes 1-4 showed interesting photoluminescent properties
in solid state at ambient temperature. Excitation of 1 or 4 at
350 nm resulted in a strong emission band at 418 nm (1) or 421 nm
(4) along with two weak bands at 484/541 nm (1) or 485/539 nm
(4), which are similar to those of the free ligand K[dmpzdtc]. On
the other hand, upon excitation at 293 nm, 2 and 3 showed a very
similar emission band at 423 nm (2) or 421 nm (3) with a shoulder
peak at 484 nm (see ESIt). These emissions observed in 2 and 3 are
tentatively assigned to the m—n* intraligand fluorescence due to
their close resemblance of the emission bands.'?

In summary, the present work demonstrated that for the first
time, complete elimination of CS, from 1 in different solvents
under the presence of water resulted in two high-nuclearity
metallamacrocyclic Zng and Zn;s crown complexes 2 and 3. It is
anticipated that the synthetic methodology may be a promising
approach to high-nuclearity pyrazolate-bridged metalla-macro-
cycles. Studies on this respect are under way in our laboratory.
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Notes and references

i X-Ray single-crystal diffraction data collections: 1-4 were collected on a
Rigaku Mercury CCD at 193 K. The structures were solved by direct
methods and refined with the full-matrix least-squares technique using the
SHELXS-97 and SHELXL-97 programs. 1: C;,H4N4S4Zn, M, = 407.88,
monoclinic, space group P2i/n, a = 8.8341(18), b = 14.938(3), ¢ =
24781(5) A, p = 94.72(3)°, V' =3259.1(11) A>, Z =8, D, = 1.663 g cm >,
w=2.016mm . 30647 reflections measured, 5937 unique reflections (Riy, =
0.0360), 5496 observed reflections (I > 2a(1)), 386 parameters, R, = 0.0422,
WR2 = 00912, S =1.278. 22(BrCH2CH2Br) C64H96BY4N24O4ZH8, Mr =
2108.37, triclinic, space group PI, a = 10.577(2), b = 14267(3), ¢ =
16.194(3) A, o = 64.53(3), = 81.38(3), v = 68.43(3)°, ¥ = 2051.6(10) A3,
Z=1,D.=1707¢g cm 3, u=4.303 mm !, 20246 reflections measured,
7469 unique reflections (Ry,, = 0.0700), 5297 observed reflections (I >
2a(1)), 500 parameters, R; = 0.0830, wR, = 0.1828, S = 1.113. 3-4DMF:
C13oH204N5,015Zn6, M, = 3757.71, tetragonal, space group Pdnc, a =
27.083(4), b = 27.083(4), ¢ = 14.675(3) A, V = 10764(3) A°, Zz = 2,

D. =115 g cm”3, w= 1799 mmfl, 37253 reflections measured, 9648
unique reflections (R, = 0.0870), 8684 observed reflections (I > 2a(1)),
480 parameters, R; = 0.0624, wR, = 0.1615, S = 1.113. 4-CH,Cl,:
C33H44CLN (58, Zns, M, = 1004.15, triclinic, space group PI, a =
12.1532(13), b = 13.5228(12), ¢ = 14.3299(18) A, « = 81.6038), f =
86.174(8), 7 = 63.810(5)°, V = 2090.6(4) A>, Z = 2, D, = 1.595 g cm >,
u=2.077 mm’ !, 20557 reflections measured, 7624 unique reflections (Riy =
0.0370), 6319 observed reflections (I > 2a(1)), 500 parameters, R; = 0.0511,
wR, = 0.1039, S = 1.094. In 2-2(BrCH,CH,Br), two C atoms of the
BrCH,CH,Br molecule were found to be disordered into two positions
with the occupancy ratio of 0.68/0.32 for C31/C31A and C32/C32A. In the
case of 3-4DMF, the C, N, O atoms of the DMF molecule was refined with
50% occupancy due to their relatively higher thermal parameters. CCDC
649469, 649471, 649472, 649470. For crystallographic data in CIF or other
electronic format see DOI: 10.1039/b710787k
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