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Highly Efficient Template-based Preparation 
of Shape-persistent Macrocyclics 

S. Hoger 

Max-Planck-Institute for Polymer Research, Ackermannweg 10,55 128 Mainz, Germany 

SUMMARY The synthesis of shape-persistent macrocycles via oxidative dimerization 
or trimerization of rigid bisacetylenes (via Glaser coupling) is described. To enhance the 
yield of the desired target structures, the precursors are temporarily covalently bound to 
a template resulting in an intramolecular coupling instead of an intermolecular coupling. 
As a result, product yields up to over 90 % are observed. 

Introduction 
Macrocyclic structures with a rigid, non-collapsible backbone and interior sizes of several 

nanometers are interesting objects in the field of Supramolecular Chemistry”. Besides 

interesting aggregation phenomena in solution2) and in the solid state3), especially their ability 

to act as host molecules for relatively large guest molecules has made them desirable target 

strtuctures4). However, only a limited number of reports on these molecules is available, 

probably because of the huge effort often required in their preparation. 

TWO extreme strategies for their synthesis can be distinguished. In the first startegy, the 

“shotgun synthesis”, formation of the oligomeric precursor and its cyclization is performed in 

a one-pot procedure, leading to a wide variety of cyclic and non-cyclic oligomers and 

polymers (scheme la) ’). 

Scheme 1 : Different approaches to shape-persistent macrocycles 

In contrast, if the precursor of the cyclization reaction is prepared repetitively in a seperate 

vessel prior to its cyclization, the intramolecular cyclization under (pseudo) high-dilution 

conditions generally gives high yields of the ring (scheme lb). However, the synthesis of the 

precursor is often a time consuming multi-step procedure. Several examples exist in the 
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literature which allow comparisons between the effort needed to prepare the precursor and the 

cyclization yield6’. From these data it seems that macrocyclizations find themselves in a 

paradox: either easily available starting materials are used for cyclizations resulting in a low 

product yield, or high yields and simplified purifications are obtained at the cost of a time- 

consuming precursor synthesis. 

Results and Discussion 
In our previous investigations of the synthesis and properties of shape-persistent macrocyclic 

amphiphiles with a switchable arrangement of the polar and non-polar functionalities, we used 

as cyclization step the intermolecular oxidative Glaser coupling of the rigid bisacetylenes 1 

(“half-rings”) under pseudo high-dilution conditions (scheme 2a)”. 

Scheme 2: Cyclization of rigid “half-rings” under pseudo high-dilution conditions 
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Gel permeation chromatography (GPC) has been proven to be a valuable tool for the 

investigation of the reaction products (the molecular weight is obtained from polystyrene 

calibration of the size exclusion chromatography (SEC) columns). Scheme 2b shows the 

elution diagrams of 1 and of the crude cyclization product which is usually obtained in more 

than 95 % yield. According to this data the cyclic dimer 2 is formed in 60 - 65 % yield along 

with cyclic trimer and cyclic or non-cyclic oligomers and polymers. 2 is obtained by simple 

recrystallization from dichloromethane in 40 - 45 % yield. 

One approach to simplify precursor synthesis is the preparation of smaller building blocks 

such as 3 (“thirds of a ring”) (scheme 3) in which prior to its oxidative cyclization the polar 

alcohol functionality must be protected, here as the benzoate 4. Intermolecular cyclization 

under the same conditions as used for the cyclization of 1 forms a crude product (> 95 % 

yield) containing mostly polymeric material. The cyclic trimer is formed in only 20 - 25 % 

yield (according to GPC analysis) *). 
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Scheme 3: Cyclization of rigid “thirds of a ring ” under pseudo high-dilution conditions 

This relatively low yield is not surprising, since the joining of three building blocks in a cyclic 

compound is less probable than the joining of only two building blocks. However, if a 

different protective group for the alcohol functionality is chosen and the trimesinic acid ester 5 

is prepared (under Mitsunobu conditions ’I) (scheme lOa), the cyclization of this template- 
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bound hexaacetylene 5 under identical conditions yields a crude product which contains more 

than 95 % of the template-bound cyclic trimer 6 which is isolated in 94 % yield. Base 

catalysed cleavage of the ester bonds gives the desired macrocycle 7 in nearly quantitative 

yield *). 
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Scheme 4: Template-directed synthesis of shape-persistent macrocycles 

This was the first time that we were able to obtain a shape-persistent macrocycle with a 

switchable arrangement of the amphiphilic portions of the ring in high yield using relatively 

small and easily available starting materials. Moreover, it has been demonstrated by the 

successful cyclization of homologues of 5 with a dramatically enlarged distance between the 

template and the rigid acetylenic parts of the molecule that for a high product yield it is not 

necessary to arrange the bisacetylenes in a particular preorganised geometry. Rather, the high 

cyclization yield can be attributed to an overall low reactant concentration as a result of the 

high-dilution conditions together with a high local concentration of terminal acetylenes as a 

result of the intramolecular nature of the coupling reaction 'OS1'). With the template strategy it 
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is also possible to prepare macrocycles with polar groups pointing to the outside, valuable A2- 

monomers'2). 

Changing the succession of the steps in the synthesis of the templated precursors gives us 

even more opportunities to modify the functional groups within the ring (scheme 5)13). Instead 

of preparing the bisacetylenes first and attaching them to the template in a separate step, the 

complete synthesis of the templated tetraacetylenes is performed at the template. The comer 

pieces of the ring containing the functional groups (8) (which now points to the inside of the 

final structure leading to compounds with intraannular functional groupsI4)) are first attached 

to the template (9) to give the templated tetraiodide 10, the starting material for 15, a 

nanometer-size shape-persistent structure with a convergent arrangement of functional groups. 

8 

Scheme 5: Template-directed synthesis of macrocycle containing intraannular substituents 

There are several advantages to this strategy. First only a few steps are necessary to prepare 

the templated bisacetylenes. Second, all these steps give relatively high yields because the 

molecular weights and the physical properties of the reactants and products change so 

dramatically in every step that product purification is simplified. And last, but of perhaps 

highest significance, is the fact that macrocycles with two different functional groups can be 

prepared by the same methodology using the non-symmetrical tetraiodide 16 (scheme 6). The 

major advantage of this procedure is that all structural information necessary to obtain the 
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non-symmetrical macrocycle 17 is introduced on the level of the low molecular weight 

precursors which are much easier to handle than high molecular weight ring precursors. 
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Scheme 6: Template-directed synthesis of macrocycle containing different intraannular 
substituents 
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