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COMMUNICATION 

Directional ligands in helicate self- 
assembly 
EDWIN C. CONSTABLE*, FENTON R. HEIRTZLER, MARKUS NEUBURGER and MARGARET ZEHNDER 

Institut f u r  Anorganische Chemie der Universitat Basel, Spitalstra f i  51, CH-4056 Basel, Switzerland 

(Received November 7,1994) 

The new asymmetric ligand 4-methyl-4'-ethyIthi0-2,2':6'~":6",2"'- 
quaterpyridine (L) has been prepared and structurally charac- 
terised (triclinic, Pi, a = 9.114(1), 6 = 10.790(1), c = 10.954(1) A, 

Z = 2, R ,  = 0.087); the helicates [Cu,L,]*+ are formed with a 2:3 
preference for the less hindered isomer). 

C( = 78.565(6), p = 71.759(7), y = 89.497(5) O, V = 1001.18(2) A3, 

The assembly of helicates from the interaction of multi- 
ple domain ligands with metal ions is well established.' 
Oligopyridines and ligands containing multiple oligopy- 
ridine domains have proved to be valuable helicands, 
and have allowed us to develop an understanding of the 
processes controlling helicate assembly. Although sys- 
tematic approaches have been developed for the synthe- 
sis of heterodinuclear double helicates,2 little attention 
has been given to double helicates with asymmetric lig- 
and strands.3 In this paper we describe the synthesis of a 
first generation directional ligand strand, and report upon 
its helication behavior. 
2,2':6',2":6",2"'-Quaterpyridine (qtpy) acts as a proto- 

type helicand, which can present two didentate (bpy- 
like) domains to two pseudotetrahedral metal centres to 
form a double helicate.4 If substituents are introduced 
asymmetrically, the ligand strand has a sense of direc- 
tionality. Upon formation of a double helicate with cop- 
per(1) or silver(I), such a ligand could give head-to-head 
(HH) or head-to-tail (HT) helicates (Fig. 1 )  depending 
upon whether the substituted rings in each ligand strand 
are coordinated to the same or to dzferent metal centres. 
Modelling studies indicate that selectivity between the 
formation of these two helicates might be realised by the 
introduction of sterically demanding substituents upon 
the 4-position of the terminal pyridine rings. Substitution 
at this position should lead to minimal intramolecular 
interactions within each ligand strand but maximal inter- 
molecular interactions in the HH double helicate (Fig 

* To whom correspondence should be addressed. 

2a) should be observed. In contrast, the intramolecular 
interactions should be smaller in the HT isomer (Fig. 
2b). Such a situation is expected to lead to a preference 
for the HT isomer over the HH. 

Our first generation directional strand was 4-methyl- 
4'-ethylthio-2,2':6',2":6",2"'-quaterpyridine (L),S which 
was prepared in 3 1% yield from 6-acetyl-2,2'-bipyridine 
and the diethylthioketene acetal of 2-acetyl-4- 
methylpyridine using Potts' methodology6 (Scheme 1). 
In order to verify that no significant structural perturba- 
tion of the ligand had occurred, we have determined the 
crystal structure of the new ligand, L (Fig. 3).7 In the sol- 
id state, there are no close contacts between the sub- 
stituents, and the ligand adopts the expected10 trans, 
trans, trans conformation about the interannular C-C 
bonds. All bond lengths and angles are within the usual 
expected limits and closely resemble those found in 
qtpy.Io There are graphitic interactions between planar 
molecules in adjacent lattice planes, and also a short 
contact (3.77 A) between the sulfur atom of one ligand 
and ring C of the stacked ligand in the adjacent plane. 

The reaction of L with [Cu(MeCN),][PF6] in hot 
MeOH gave a brown solution from which the complex 
[Cu2L2][PF6I2 could be isolated as a brown solid. 
Microanalysis indicated that no solvent was present in 
the lattice. The FAB mass spectrum of the complex ex- 

U H H  H T  

T' T T  H T  

= Metal ion 
Figure 1 The assembly of isomeric head-to-head (HH) and head-to- 
tail (HT) helicates from directional helicands. 
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i) K'BuO, thf 

ii) NH,OAc, AcOH/A 

Head-to-head steric 
interaction of the 
4-substituents 

Figure 2 A view along the metal-metal axis of an M,(qtpy),-typs helicate showing the steric interactions between groups in the 4-position in a) the 
HH and h )  the HT isomers. 
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Scheme I 

hibits prominent clusters of ions at m/z 1041 
(( Cu,L,(PF,))+) and mlz 447 ( {  CuL}+). The coordina- 
tion of all four nitrogen donors of a qtpy ligand to a sin- 
gle tetrahedral copper(1) centre is geometrically impossi- 
ble and all known complexes of the type (Cu(qtpy)],X, 
containing non-coordinating anions are double-helical 
[ C ~ ? ( q t p y ) ~ ] ~ +  The compound elutes as a sin- 
gle spot on TLC (Rf = 0.53: silica gel, 7:l:O.S 
CH,CN:saturated aqueous KNO,: H,O). We are thus 
confident that our new [Cu,L,][PF,], complex is double 
helical and can exclude the formation of a mixture of 
dinuclear and other mononuclear species. The ' H  NMR 
spectrum of a solution of [Cu,L2][PF,], in  CD,CN is 
complex, and there are many overlapping resonances in 
the aromatic region. In general, all protons are represent- 
ed by resonance pairs, assigned to the HH and HT iso- 
mers. However, two well-resolved resonances are ob- 
served at 6 = 2.45 and 2.50 in a ratio 2:3" and are as- 
signed to the 4-methyl group of the pyridine ring (Fig. 4). 
Two unequal resonances are also observed for the methyl 
group in the 13C NMR spectrum of the complex. This is 
consistent with the formation of both the HH and HT 
isomers of the double helix. In each case, the methyl 
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Figure 3 The crystal and molecular structure of L showing the labelling scheme adopted. Hydrogen atoms have been omitted for clarity. 

groups of the two strands in the complex are chemically 
and magnetically equivalent. For the reasons discussed 
above, we can eliminate possibilities of a mixture of 
mono- and dinuclear solution species. We interpret the 
data in terms of a selective formation of the HT isomer 
which does not exhibit the interstrand methyl-methyl in- 
teractions which are found in the HH isomer. We should 
stress that the NMR experiments do not unambiguously 
establish which is the predominant isomer, but in the ab- 
sence of solid state structural data we presume it to be 
the sterically favoured HT form. 

In conclusion, our first generation asymmetrical ligand 
demonstrates a selectivity for the formation of the HT 
double helix. We are presently unable to state whether 
the two isomers are in dynamic equilibrium. We are cur- 
rently addressing this question and preparing new lig- 
ands containing bulkier substituents or strongly electron- 
donating and -withdrawing substituents to maximise 
pairwise charge-transfer interactions. 
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Figure 4 The methyl region of the 300 MHz 'H NMR spectrum of a 
CD,CN solution of [Cu?L,][PF,J2 showing the two isomers. 
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