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The Pb2+ Ion as a Template in the Synthesis of Macrocyclic Ligands; 
X-Ray Structure of 3,15,21 -Triaza -6,9,12 -trioxabicyclo [ 15.3.11 heneicosa- 1( 2 1 ), 

2,15,17,19 -pentaene( thiocyanato)( isot hiocyanato)lead( 11) 
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Summary Novel, eight co-ordinate complexes, Pb(macro- 
cycle)(NCS),, are formed in good yield in hydroxylic 
solvents by the template condensation of 2,6-diacetyl- 
pyridine or pyridine-2,6-dicarbaldehyde with 1,l l-di- 
amino-3,6,9-trioxaundecane in the presence of Pb2+ ion. 

THE synthesis of macrocyclic ligands by Schiff base forma- 
tion may be facilitated by use of the metal ion template 
effect.l This procedure is well documented for divalent 
transition metal ions2 and has been extended to include 
S-block  cation^.^ We now report the application of this 
technique to the synthesis of macrocyclic complexes of 
lead(I1). 

The condensation of either pyridine-2,6-dicarbaldehyde 
(Ia) or 2,6-diacetylpyridine (Ib) with 1,l l-diamino-3,6,9- 

trioxaundecane in 1 : 1 molar ratio in BunOH leads only to 
resinous gums having properties consistent with oligomeric 
composition. If, however, the reaction is carried out in the 
presence of an equimolar amount of Pb(SCN),, the com- 
plexes 3,15,21-triaza-6,9,12-trioxabicyclo[l5.3. llheneicosa- 
1(21),2,15,17,19-pentaene(dithiocyanato)lead(11) (IIa) and 
the 2,16-dimethyl derivative (IIb) are formed in good yield. 
Microanalyses of the products are consistent with t h e  
proposed formulae and a crystallographic molecular weight 
determination confirms the molecular formula for (Ira). 
The absence of free carbonyl stretching frequencies is noted 
in the i.r. spectra. 

The complex (IIa), C,,H,,N,O,PbS,, M 614.7, crystallises 
from warm, aqueous EtOH as yellow crystals. The 
crystals are triclinic with a = 9.546(2), b = 14-744(4), 
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c = 7.672(2) A, a = 100.97(4), 16 = 89.19(3), y = 99*68(4)’, 
space group Pi, 2 = 2. 
having I / a ( l )  >, 4, is currently 0-075.t 

R for 2222 independent reflections, 

(I 1 
a, R = H  

%2+ 
b, R =Me 

+ -2H20. 

FIGURE. Molecular structure of Pb(macrocyc1e) (NCS), (Ira). b , R  = M e  

The lead ion is found to be located within the cavity of the 
macrocycle, while the thiocyanate ions lie above and below 
the macrocycle mean plane to give an effective eight-co- 
ordination of the lead. One thiocyanate anion is N- 
bonded, and the other is S-bonded (see Figure). The lead 
appears to interact preferentially with the nitrogen atoms 
of the macrocycle for, while the mean Pb-0 distance is 
3-07 A, the mean Pb-N(macrocyc1e) is 2.60 A. This bond 
length is similar to that for the Pb-N(thiocyanate) inter- 
action, 2.63 A. The Pb-S distance is 2.97 A and the sulphur 
atom of the N-bonded thiocyanate group exhibits a long- 
range interaction with a neighbouring lead ion (Pb-S, 
3.42 A). The lead ion is co-planar with the pyridine ring; 
the oxygen and remaining nitrogen atoms are a t  distances 
+1-03 (0-l), +1.87 (0-2),  +0.85 (0-3), +0.15 (N-2) and 
-0.19 (N-3) A from the pyridine mean plane. 

The Pb-N-CS and Pb-S-CN angles are 167 and 106’ 
respectively and the observed splitting of the C-N stretching 
frequency (vl) in the i.r. spectrum can be attributed to the 
linkage isomerism exhibited by the thiocyanate ions. 
Bands are observed at 2085 and 2065 cm-l for (IIa), con- 
sistent with the presence of S- and N-bonded thiocyanates 
respectively.4 

A direct coniparison can be made between the behaviour 
of lead(I1) and that of the alkaline earth metals calcium, 
strontium, and barium, as the thiocyanates of these metals 
also readily form complexes with the macrocycles derived 
from (Ia) or (Ib), and 1,l l-diamino-3,6,9-trioxaundecane 
under the reaction conditions described herein.5 
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j -  The atomic co-ordinates for this work are available on request from the Director of the Cambridge Crystallographic Data Centre, 
Any request should be accompanied by the full literature University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW. 
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