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The assembly of supramolecular architectures has received

significant interest due to the useful electronic, magnetic, optical,
and catalytic properties of these materfedsSynthetic routes
to metal-organic coordination networks with these properties

based on the self-assembly of coordinatively unsaturated metal

species with nitrogen-based ligands have proven succés&ful.
We are interested in the design of building blocks which can
be used as precursors for the synthesis of supramolecula
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Figure 1. Ball-and-stick drawing of the structure df The black
spheres represent nitrogen atoms and the white carbon atoms.
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lthese two pyridyl groups. As suggested by the geometrd, of

materials. We have recently reported the synthesis and structurehe ligand has two independent bidentate sites that are each

of a new polypyridyl ligandgis-2,4,5-tri(2-pyridyl)imidazoline
(cis-Pyslm, 1, eq 1)!? Large quantities ofl were synthesized

in a single step from commercially available 2-pyridinecarbox-
aldehyde and ammonium hydroxide in up to 84% recrystallized
yield. This remarkable reaction proceeds cleanly via an elec-
trocyclic ring closure to give exclusively the cis isomer of the
imidazoline.

The geometry of the ligantl has been determined by X-ray
crystallograph¥? and can be seen from the ball-and-stick
drawing of1 illustrated in Figure 1. The cis orientation of the
4- and 5-(2-pyridyl) groups ofl is clear from the figure,
although in the solid state the nitrogen of one of the pyridyl
rings was directed away from the binding pocket defined by
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anticipated to bind the metal in a cis fashion. The 2-(2-pyridyl)
group and the imidazoline nitrogen comprise one binding site,
and the cis 4- and 5-(2-pyridyl) groups form the second. Given
the strong affinity of late transition metals for pyridine-based
ligands!® we wanted to explore the bonding and reactivitylof
with various dicationic metals with weakly coordinating anions.
Herein we describe the synthesis and structure of complexes of
1 with Ni(ll), Cu(ll), and Zn(Il). These complexes are potentially
useful monomers for the formation of linear polymers after
deprotonation of the imidazoline N\H.

Results and Discussion

Synthesis of Adducts of 1.The combination of the high
affinity of metals for pyridine-based ligands and the rigid
framework of the bis(bidentate) ligaridallows for the facile
preparation of complexes @f Adducts of the ligand are easily
prepared from metal complexes with weakly coordinating
counterions. The choice of solvents for the syntheses of the
adducts was dependent on the solubility of the metal precursors
and the ligandL. The ligand is soluble in organic solvents and
insoluble in water. However, under acidic conditiofisis
protonated at the imidazoline nitrogen, providing a water soluble
source of the ligand.

The nickel complex ofl was prepared by combining a
solution of1 in methanol with NiS@6H,0 in water (Scheme
1). Mixing of these reagents resulted in the formation of a green
solution. Crystallization was induced by vapor phase diffusion
of diethyl ether into the reaction mixture, which provided amber
crystals of the dimergis-Pyslm),Nix(SQy)2 (2) in 94% vyield.

Synthesis of the copper derivative was performed by com-
bining 2 equiv ofl with 1 equiv of aqueous sulfuric acid. The
protonated ligandlH", was soluble in water. Cu(Sp5H,0

(13) Reedijk, J. IlComprehensie Coordination Chemistrywilkinson, G.,
Ed.; Pergamon Press: Oxford, 1987; Vol. 2, pp-28.
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Scheme 1

2 H + 2 M My(2,4,5-Py3Im)**

M2*=Ni(SO4)

1 M**=Zn(0Tf),
Py
5 H:/?N: H 50,2 + 2Cus0y %0 Cux(2,4,5-Py3Im),"SO4 (HSO4 ) HaO
Py Py

Figure 2. Structure of the dime2. For clarity, one ligand is drawnin  Figure 3. Structure of the dimeB. For clarity, one ligand is drawn in
an ORTEP format while the other is illustrated as a line drawing. The an ORTEP format while the other is illustrated as a line drawing.

second molecule in the asymmetric unit is shown in the Supporting Solvent molecules and nonbonded bisulfate ions are not shown.
Information. Solvent molecules are not shown.

was added as a solid, which gave a dark blue solution. Into this
solution was vapor diffused acetone at room temperature. Under
these conditions, large blue crystals of the mixed sutfate
bisulfate complexdis-PysIm)>Cuy(SOs)(HSOQy), (3) formed in
91% yield. The acietbase chemistry of this reaction illustrates
the change in adicity that can take place on coordination of a
protonated heteroatom to a metal center. Two equivalents of
the ligand was protonated with sulfuric acid to generts
(Scheme 1). This indicates that bisulfateK{p= 1.99) is
sufficiently acidic to protonatd, as expecte#! However, on
coordination to copper(ll), the acidity of the protonated ligand
1H% is increased such that a proton from an intermediate copper-
(I —ligand adduct is able to protonate sulfate, resulting in the
formation of 2 equiv of bisulfate.

The zinc analogud was prepared by adding Zn(Og8CFs;).
to an acetonitrile solution df (Scheme 1). Gas phase diffusion _, . . . . .

Figure 4. Structure of the dime4. For clarity, one ligand is drawn in

of diethyl ether into the resulting clear SOIUUOU provided an ORTEP format while the other is illustrated as a line drawing.
;i%llc:jrless crystals ofofs-Pyslm)2Zn(OSQ:LCF)a (4) in 79% Solvent molecules and nonbonded triflate ions are not shown.
Structures of 2—4. The structures of the dime&-4 were
determined by X-ray crystallography and are illustrated in
Figures 2-4. Select bond distances and bond angles are listed
in Tables 1 and 2, respectively. Details of the crystal and data
collection parameters are outlined in Table 3. Due to the
complexity of the structures, they have been depicted showing

one of the two ligands in the normal ORTEP format while the
second ligand has been illustrated as a stick structure for clarity.
The structures consist of two ligands and two metals bonded to
form a dimeric complex. Each metal is bonded to the 2-(2-
pyridyl) group and the imidazoline nitrogen of one ligand and
the cis-4,5-(2-pyridyl) groups of the second ligand. The metals

(14) March, JAdvanced Organic Chemistryith ed. Wiley and Sons: New ~ are also bonded to the oxygen of the counteranion or a molecule
York, 1992. of water. As described below, the gross structural features of
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Table 1. Bond Distances for Compounds-4 imidazoline nitroger-Ni distances [Ni(1)>N(2A) and Ni(2)-
N(2)] of 2.261-2.227 A are longer than the imidazoline
nitrogen—Ni distances [Ni(1)}-N(2) and N(2>-N(2A)], which
M-ND) 2110(7)  2.099(7) 2047(5)  2.123(5) range fr_om 2.07310 2.087 A. Of the strugtu_m, t_he br_idging _
M(1)-N() 2073(7)  2.078(7) 1991(5)  2.097(5) interaction b_etwee_n the m_etal and the imidazoline nitrogens is
M(1)—N(2A) 2.261(7) 2.246(7) 2.788(5) 2.488(5) the most intimate in the nickel complex.

M(1)—N(3A) 2.062(7) 2.056(7) 1.999(5) 2.064(5) The dimeric structure of the copper derivati¥és similar to
M(1)—N(4A)  2.129(7)  2.164(7) 2.047(5)  2.21895)  that of the Ni dimer2; however, there are some important
m(g):m(? 33%(3) g'ggg(? ggié(g) g'g;g(g) differences. Unlike the octahedral nickel comp&xhe copper
MEZ%—N% 2:1738 2:1638 2:0438 2:195253 complex is only_ fi\(e coordina_lte. In Fhe case of the copper
M(2)-N(1A)  2.106(7) 2.089(7) 2.059(5) 2.142(5) complex, there is little or no interaction between the copper

M(2)—N(2A)  2.087(7) 2.078(7) 1.995(5) 2.099(2) and the imidazoline nitrogen on the adjacent ligand as can be

2,M =Ni 3;M=Cu 4,M=2n
molecule 1 molecule 2

M(1)-O 2.048(6)  2.108(6) 2.184(5)  2.095(4) seen by the Cu(BHN(2A) distance of 2.788(5) A and the Cu-
M(2)-0 2.046(6)  1.950(9)  2.244(5)  2.103(4)  (2)-N(2) distance of 2.722(5) A. Additionally, the CucP(2)
2 Disordered. Details in Supporting Information. bond to the sulfate oxygen of 2.184(5) A and the Ct{@)1)

bond of the coordinated water molecule of 2.244(5) A are

Table 2. Bond Angles (deg) fo2—4 significantly longer than the NiO bond distances i [Ni—O

2,M = Ni 3M=Cu 4, M=2n 2.048(6) and 2.046(6) A]. In contrast, the €N distances are

molecule 1 molecule 2 shorter than the corresponding-N\N distances. The pyridyl
N(1)—M(1)—N(2) 79.1(3) 79.0(3) 81.2(2) 78.7(2) N_(.:U. bond.distances range from 1999(5) to 2.059 A while
N(1)—M(1)—N(2A) 98.4(3) 99.0(3) 94.8(2) the imidazoline N-Cu distances are 1.991(5) and 1.995(5) A.

N(1)-M(1)—-N(3A)  176.3(3) 174.5(3)  163.6(2)  170.8(2) These distances are shorter than those in the nickel and zinc
“ﬁg:mgg:g(“‘) gg'ggg gggg)) gg-g((zz)) gii((% complexes. The origin of the different coordination number in
N(2)—M(1)—N(2A) 85:6(3) 85..7(3) ' 83_;1(2) the copper complex and the elongated-@ubonds is largely
N(2)—M(1)—N(3A) 98.8(3) 97.0(3) 95.1(2) 99.5(2) due to the JahnTeller effect, which often manifests itself in

N(2)—M(1)—N(4A) 170.8(3) 172.6(3) 170.8(2) 168.8(2) the lengthening of two trans bonéfs.

HEE?A\_)'\—AIS/:IL()l_)gN 3A) ?g_'i’g; ?é’:gg 96.1(2) 7%6'12((22)) The zinc dime# is similar to the copper and nickel analogues.
N(2A)-M(1)-N(4A)  89.1(3)  89.7(3) 87.7(2) In this structure, the zinc has a distorted octahedral geometry.
N(2A)—M(1)—0 166.2(2)  165.5(2) 170.8(2) The zinc metals interact with the imidazoline nitrogens on the
N(BA)—-M(1)—-N(4A)  87.5(3)  87.6(3) 88.0(2) 84.8(2) adjacent ligand in a bridging fashion. The Znfly(2A) and
mgiﬁg:mgg:g giég; g?ig; ggi% gggg; Zn(2)—-N(2) distances are 2.488(5) and 2.477(5) A, respectively,
N(1A)—M(2)~N(2) 99.03)  96.8(3) 97.02) which are considerably longer than the corresponding distances

N(1A)—M(2)—N(2A)  78.4(3) 79.1(3) 80.7(2) 78.4(2) in the nickel dime2 but shorter than those found in the copper
N(1A)—M(2)—N(3) 175.3(3) 175.03) 169.1(2)  172.4(2) analogue3. The pyridyl N—-Zn distances range from 2.064(5)
mgﬁg:mgg:g(“) ggggg gg-g%} 9347-?2()2) 9?146?2()2) to 2.218(5) A. The imidazoline NZn distances were Zn(¥)
N(2)-M(2)-N(3) 77.9(3) 78.3(3) : 75.5(2) N(2) 2.09?(5) and Zn(HN(2A) 2.099(5) A. The distances
N(2)-M(2)—N(4) 88.8(3) 88.9(3) 88.1(2) between zinc and the oxygen of the sulfonate, ZzrQj1) and
N(2A)—M(2)—N(3) 97.6(3) 99.2(3) 98.5(2) 98.9(2) Zn(2)—0(4), were 2.095(4) and 2.013(4) A, respectively.

N(2A)—M(2)—N(4) 171.5(3)  171.9(3)  172.5(2)  167.9(2) In the bonding of the ligand to nickel, copper, and zinc, there

“gﬁ;_mgg_ﬁ(z) gg:i’gg gg:g% 86.7(2) 9:9;?6((22)) are notable deviations from the idealized octahedral bond angles
N(3)—M(2)—N(4) 88.0(3) 85.6(3) 85.1(2) 87.3(2) (Table 2). One of the most notable is the N{M(1)—N(2)
N(2)-M(2)-0 167.9(2)  168.6(3) 169.0(2) and N(1A}-M(2)—N(2A) angles, which fall into the range 78.4-
m(g)—m(Z)—o 87.8(3)  90.6(3)  99.4(2)  914(2)  (3)-81.2(2¥. The angles in the binding pocket defined by N(3)
@)-M@)-0 903@3) 9383 981  95B) 409 N@4) of thecispyridyl groups N(3)-M(2)—N(4) and
aDisordered. Details in Supporting Information. N(3A)—M(1)—N(4A) are between 84.8(2yxnd 88.0(3). Ad-

2—4 are similar. However, they differ in the extent of interaction ditionally, the N(1)-M(1)—N(3A) and N(1A)}-M(2)—N(3)
of the metal centers with an imidazoline nitrogen on an adjacent angles range from 163.6(2)o 176.3(3) with the angles for
ligand. Cu on the low end of this range and the angles for Zn and Ni
In the structure of the nickel derivative, there are two  ©n the high side. The N(2)M(1)—N(4A) and N(2A)-M(2)—
molecules in the asymmetric unit. One of these is shown in N(4) angles are from 167.9(2Jo 172.5(2). These angles are
Figure 2, while the other is contained in the Supporting constrained by the ligand geometry but do not show large
Information. The second dimer in the structure has a minor differences from idealized octahedral geometries.
disorder in the position of one sulfate oxygen bonded to the Conclusions.We have shown thatis-2,4,5-tri(2-pyridyl)-
nickel(ll) center. This disorder does not affect the dimeric core imidazoline readily forms dimeric complexes with dicationic
of the molecule. The bond distances and bond angles for bothmetal complexes to give theeié-Pyslm),M,*" adducts. The
molecules of2 are listed in Tables 1 and 2, respectively. The geometry of thedis-Pyslm) ligand permits it to bind well with
Ni centers are in distorted octahedral environments defined by transition metals. The coordination of the imidazoline should
three pyridyl nitrogens, an imidazoline nitrogen, a bridging increase the acidity of the imidazoline-¥.16-17 On deproto-
imidazoline nitrogen, and the oxygen of the sulfate counterion
(Figure 2). The pyridyl N-Ni distances range from 2.056(7) to  (15) Cotton, F. A.; Wilkinson, GAdvanced Inorganic Chemistrth ed.;
2.173(7) A. The nonbridging imidazoline-\Ni distances also % ~|130hn,Wi|8y egld SOEIS:MNeév York, 1F988M 1ML Colacio. E
fall within this range (2.0732.087 A). Interestingly, to complete (16) St%’;‘éﬂﬁf’s\fan;rﬁlnérg.-'Chgmig"éa 37 3%2(?—03'05'0. - Lolacio, £
its octahedral coordination environment the Ni centers bridge (17) Mimura, M.; Matsuo, T.; Nakashima, T.; Matsumoto,Ihbrg. Chem.
to the imidazoline nitrogen of an adjacent ligand. The bridging 1998 37, 3553-3560.
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Table 3. Crystallographic Data and Collection Parametersed
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2 3 4
empirical formula G7H124Ni4N 20043 Cs6H31C N 1002153 CaaHz6ZNoN12012S4F 12
fw 1146.27 1162.97 1411.83
space group P1 P2,/c P2i/n
a, 15.444(7) 12.392(2) 12.208(11)
b, A 15.720(11) 25.242(2) 37.67(2)
c A 23.188(11) 15.0499(12) 13.308(12)
a, deg 82.23(5) 90 90
B, deg 82.72(4) 95.930(9) 113.03(6)
v, deg 66.96(5) 90 90
V, A3 5116(5) 4682.3(9) 5632(8)
Z 4 4 4
Pcale, g CNT 3 1.488 1.650 1.665
T, K 187 291 189
A, A 0.71073 0.71073 0.71073
w, mnt 0.902 1.133 1.109
R2% 7.69 5.93 5.41
Ry.? % 18.65 15.52 11.31

AR1 = Y||Fo| — IFcll/Z|Fol. PWR2 = [FW(Fo? — FAHIW(Fo?)? Y2

nation of this N-H, the dimeric compounds of the type [(cis-Pyslm)Zn(MeCN)](O 3SCFs)2].. cis-2,4,5-Tripyridylimidazo-
synthesized here should serve as ligands and permit the assembine (0.1363 g, 0.4528 mmol) was added as a solid to a solution of
of these units into supramolecular structures. We are currently £N(0:SCR)z (0.077 g, 0.212 mmol) in 3.0 mL of GIEN, and the
pursuing this objective. mlxtu_re was stirred for 5 min at room temperature to give a colorless
solution. The product was crystallized by gas phase diffusion of ethyl
ether into the reaction mixture at room temperature, providing colorless
crystals, which were dried under high vacuum (0.251 g, 0.356 mmol,
IH NMR spectra were obtained on a Varian Unity 500 MHz Fourier 78.5%). Mp: 295-297°C. IR (KBr): 3368, 3242, 3080, 2900, 1608,
transform spectrometer at the San Diego State University NMR facility. 1560, 1466, 1440, 1260, 1171, 1033, 784, 759, 642, 579, 519.cm
H NMR spectra were recorded relative to residual protiated solvent. 1NMR (DMSO-dg, 500 MHz): 6 9.71 (s, 1H), 8.9-6.7 (m, 13H), 5.88
*C{'H} NMR spectra were obtained at 125 MHz on the 500 MHz (g, J = 10.4 Hz, 2H) ppm3C{'H} NMR (DMSO-ds, 125 MHz): &
instruments, and chemical shifts were recorded relative to the solvent 156.4, 155.1, 148.9, 148.7, 144.0, 141.7, 140.6, 135.9, 128.4, 124.5,
resonance. Chemical shifts are reported in units of parts per million 123.4, 122.6, 122.2, 122.0, 119.4, 116.8, 67.0, 40.4 ppm.
downfield from tetramethylsilane, and all coupling constants are  x-ray Crystallographic Procedures. Structures of 2 and 4.
reported in hertZ. IR SpeCtra were 0bta|ned on a Perkin—Elmel’ 1600 Crystals were isolated from the mother |iqu0r and |mmed|ate|y
series spectrometer. UWis spectra were recorded on a HP-8452A  jmmersed in paratone to prevent rapid loss of solvent and crystal
diode array spectrometer. Melting points were uncorrected. All reactions deterioration. A crystal was selected for the X-ray diffraction study,
were performed under air. All reagents were purchased from Aldrich mounted in paratone on a quartz fiber, and rapidly placed in a nitrogen
Chemical Co. and used without further purification. gas cold stream of the cryostat of the Siemens P3/PC-diffractometer.
[(cis-Pysim)Ni(SOu)]2. cis-2,4,5-Tripyridylimidazoline (0.095 g,  The crystal was indexed and data collected at low temperature.
0.316 mmol) was dissolved in 3.0 mL of methanol. NiS&+.0 (0.083 Corrections for the effects of absorption anisotropy were done. Structure
g, 0.316 mmol) was dissolved in 3.0 mL of water, and the solutions spjutions were performed by direct methods, and structure refinement
were mixed at room temperature and stirred foh to give a green was done with the programs SHELXS and SHELXICrystallographic
solution. The product was crystallized by gas phase diffusion of ethyl parameters are given in Table 3, and selected bond distances and angles
ether into the reaction mixture at room temperature providing yellow- zre provided in Tables 1 and 2, respectively. The crystal were
amber crystals, which were dried under high vacuum (0.1354 g, 0.297 found to be stable with respect to solvent loss, and data was collected

mmol, 93.9%). Mp: >260 °C. IR (KBr): 3419, 3056, 2878, 1608, 4t room temperature on a Siemens P4-diffractometer. A procedure
1560, 1507, 1446, 1290, 1251, 1117, 1052, 1016, 798, 756, 618 cm  sjmilar to that above was used in data collection and structure

UV —vis (aq 0.0107 M)l 328 nm,e = 332 Lcentt molil, 1 360 nm, refinement.

e =296 L cntmol™t, A2 380 nm,e = 291 L cnt! mol~%, A 572 nm, ) )

e=9L cm! molL Acknowledgment. This work was supported by Consejo
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