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In this communication we describe the syntheses and the 
solution properties of two new polymetallic, trigonally-coordinated 
Cu(I) complexes and the X-ray structure of [Cu1S(IPE)2P)3] [PF6] 3 
[5b, JPE)2P is 2,6-bis(2-pyridylethynyl)pyridine (3b)], a trime-
tallic, triple-stranded helicate. Multimetallic double- and triple-
stranded helicates with metal ions that are two- (linear), four-
(tetrahedral), six- (octahedral), or nine-coordinate (tricapped 
trigonal prism) or combinations of these geometries1 ~* have been 
prepared by appropriate combinations of metal ions with ligands 
capable of accommodating imposed geometrical requirements. 
Complex 5b is unique in this group, being the first helicate with 
trigonally-coordinated metal cations.5 It is the first helicate 
formed by the self-assembly of chains of monodentate ligands 
and extends the scope and possibilities of designing ligands to 
coordinate to metals in less "common" geometries. 

The Cu(I) cation forms trigonal-planar complexes with 
monodentate 2-picolines.6 Ligands 3a [di(2-pyridyl)ethyne, 
{PE}iP] and 3b (eq 1) take advantage of this uncommon 
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coordination mode of Cu(I), with the ethynediyl spacer allowing 
rotational flexibility about the pyridine-ethynediyl bonds while 
maintaining linearity along the pyridine-ethynediyl-pyridine axis. 
The distance between the nitrogen atoms of two adjacent pyridines 
in 3a and 3b, 5.35 A (cisoid configuration),7 also prevents the 
ligands from acting in a bidentate fashion. 

* Rensselaer Polytechnic Institute. 
' State University of New York at Albany. 
(1) (a) Struckmeier, G.; Theuralt, U.; Fuhrhop, J.-H. J. Am. Chem. Soc. 

1976,98, 278. (b) Van Stein, G. C; Van Der Poel, H.; Van Koten, G.; Spek, 
A. L.; Duisenberg, A. J. M.; Pregosin, P. S. J. Chem. Soc, Chem. Commun. 
1980,1016. (c) Lehn, J.-M. Angew. Chem., Int. Ed. Engl. 1993, 32, 703. (d) 
Pfiel, A.; Lehn, J.-M. J. Chem. Soc, Chem. Commun. 1992, 8839 and 
references listed therein. 

(2) (a) Bernardinelli, G.; Piguet, C; Williams, A. F. Angew. Chem., Int. 
Ed. Engl. 1992, 31, 1622. (b) Ruttimann, S.; Piguet, C; Bernardinelli, G.; 
Bocquet, B.; Williams, A. F. J. Am. Chem. Soc. 1992, 114, 4230. 

(3) Constable, E. C. Tetrahedron 1992, 48, 10013 and references listed 
therein. 

(4) (a) Potts, K. T.; Gheysen Raiford, K. A.; Keshavarz-K, M. J. Am. 
Chem. Soc. 1993, 115, 2793. (b) Potts, K. T. Bull. Soc. Chim. BeIg. 1990, 
90, 741. (c) Potts, K. T.; Keshavarz-K, M.; Tham, F. S.; Arana, C; Abrufla, 
H. D. Inorg. Chem., in press. 

(5) Triple-stranded helicates are found in refs Ic and 2 and in a recent 
example: Goodgame, D. M. L.; Hill, S. P. W.; Williams, D. J. J. Chem. Soc, 
Chem. Commun. 1993, 1019. This example involves the use of monodentate 
pyridone ligands. 

(6) (a) Habiyakare, A.; Lucken, E. A. C; Bernardinelli, G. / . Chem. Soc, 
Dalton Trans. 1992, 2591. (b) Lewin, A. H.; Michl, R. J. J. Chem. Soc, 
Chem. Commun. 1972, 661. (c) Lewin, A. H.; Cohen, I. A.; Michl, R. J. / . 
Inorg. Nucl. Chem. 1974, 36, 1951. 

(7) The corresponding distance in the hypothetical, planar, cisoid 2,2'-
bipyridine is 2.7 A. 

11 i 11 I 11 I JI I 11 I 11 I 11 I I 11 I 11 I IJ 111 I 11 i 11 i 

200 300 400 500 600 
X/ nm 

Figure 1. Spectrophotometric titration in CH2Cl2 of 3b, 0.17 /jmol, with 
8.0-ML aliquots of 4, 3.62 mM, starting at 0.0 »L and ending at 48.0 nL. 
The inset is the mole ratio plot for absorbance at 370 nm following 2.0-ML 
additions of 4 to 60.0 ML and then 5.0-ML aliquots to 75.0 nh total. The 
isosbestic points are at 334 and 246 nm. 

The ligands were prepared by the Pd°-catalyzed, cross-coupling 
reaction8 shown in eq 1 (experimental details and analytical data 
are in the supplementary material). Treatment of the ligands9 

with a CH3OH solution102 of [CuHCH3CN)4] [PF6]10b (4) at 20 
0C resulted in yellow solutions from which yellow microcrystals 
of [ C U ^ ( P E J I P ) 3 ] [PF6] 2 (5a) and 5b were obtained (>90% yield) 
by the addition of diethyl ether. The yellow color arises from a 
MLCT band11 in the 350-400-nm region associated with Cu(I) 
in a three-coordinate planar environment. Interestingly, pyridine 
adducts of Cu(I) are generally oxygen sensitive,12 but CD3NC«2 
solutions of 5b were stable in the presence of air at 20 0 C for well 
over 1 week. Solutions of 5a became blue within 24 h, indicative 
of oxidation to a Cu(II) species. 

The UV-vis spectrophotometric titration of 3b with 4 in CH2-
CI2 is shown in Figure 1. The changes in absorbance analyzed 
by the mole ratio method at X = 370 (inset Figure 1) and 286 
nm showed a linear dependence on the amount of Cu(I) added 
up to a 1:1 Cu(I) :3b ratio. A similar linear relationship was 
observed for reaction of 3a with 4 up to 0.67:1 Cu(I):3a. The 
linear mole ratio plots in these stoichiometry regimes are strong 
evidence for a single species [CU1S(JPE)2P)3]3"1" or [Cu^(JPE)I-
P)3]

2+ in solution at 20 0C. 

An X-ray-quality single crystal of 5b-2.5C6H6
13 was grown 

from a CH3OH/C6H6 solution, and a stereotopic view of the 
right-handed helix is shown in Figure 2. The symmetrical, nearly 
linear disposition of the copper ions and the approximately 
trigonal-planar geometry about each metal center are distinctive 
structural features of [Cu1S(JPE)2P)3]

3"1". The nonbonded Cu-
(I)-Cu(I) distances are ~4.5 A. Both Cu2 and Cu3 are strictly 
three-coordinate, while CuI is in moderately close contact with 
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Figure 2. Stereotopic view of the right-handed helix of complex 5b, 30% 
thermal ellipsoids. Selected bond distances, A: Cu 1-Cu2, 4.494; Cu2-
Cu3, 4.519. Selected bond angles, deg: Cul-Cu2-Cu3, 171.5; NIa-
Cul-N2a, 124.3(6);Nla-Cul-N3a, 119.5(6);N2a-Cul-N3a, 116.0(6); 
Nlb-Cu2-N2b, 125.0(5); Nlb-Cu2-N3b, 112.6(5); N2b-Cu2-N3b, 
122.4(5);Nlc-Cu3-N2c, 110.5(5);Nlc-Cu3-N3c, 116.8(5);N2c-Cu3-
N3c, 132.3(6). 

one fluorine from a PF6 counterion (Cul-F2b, 2.90 A). The 
average Cu-N distance is 1.984(13) A, and each Cu(I) center is 
essentially planar14 with respect to the plane defined by its three 
nitrogen donors, but none exhibits a 3-fold rotational axis with 
regard to bond angles. Recent calculations2b-15 predict a relatively 
flat potential energy surface for interconversion of trigonal-planar, 
T-shaped, and Y-shaped geometries for Cu(I), so a symmetrical 
ligand disposition should not necessarily have been expected for 
5b. The overall symmetry of the complex is below D-$ in the solid 
state. Intramolecular, interstrand ir-ir overlaps between het­
erocyclic rings are also absent in 5b. Long interstrand distances 
in the solid, generally >3.7 A (in 2,6-oligopyridine double 
helicates, they areca. 3.4 A),3^40 and, more importantly, the offset 
between pyridine rings in adjacent strands are such that significant 
interaction between the pyridine rings is most unlikely. 

The 1H NMR spectra (20 0C) of 3b and 5b, Figures 3A and 
3B, respectively, show a strong complexation effect and establish 
that the structural integrity of 5b was maintained in solution on 
the NMR time scale. Symmetry elements in the ligand 3b reduce 
the number of observable protons to six (11 total protons). The 
same number of protons were present in the spectrum of 5b. The 
spectrum of crude 5b was essentially identical to that of 
recrystallized 5b, thus showing that the self-assembly process 
gave only one product. 

The solution 13C NMR spectra of 3b and 5b displayed 10 
carbon resonances out of totals of 19 and 57 carbon atoms, 
respectively. The 13C CPMAS solid-state NMR spectrum of 5b 
showed16 resonance positions similar to those determined in 
solution, albeit with broadening due to the lower than D3 symmetry 
in the solid state. 
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Figure 3. 1H NMR spectra (500 MHz, CD2Cl2) of (A) the ligand 3b 
and (B) the complex 5b. 

The ready formation of this new triple helix is noteworthy 
because of the absence of the classical chelate effect that is present 
in most other helices formed from multidentate ligands.1-4 The 
synthesis of the ligands is a general method, and elongation of 
the ligand strand by such a convergent approach will provide us 
access to polymetallic helicates in which the number of strands 
will correspond to the coordination number of the metal and the 
number of metals will correspond to the number of pyridines in 
each helical strand. We are currently investigating the com­
plexation chemistry of these longer ligand strands to other 
transition metals. 
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