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MACROCYCLIC RING FORMATION IN MICELLES 
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Abstract: The infZuence SDS micelles exert on the course of the chemical reaction initiated 
by excimer laser photolysis of long-chain bis-dibenzylsulfone detergent molecules is evaluated. 
In the presence of SDS [Z. 2213-paracycZophane foms; in the absence of SDS it does not. 

The geodesic hypothesis of micelle structure predicts that the aggregation numbers and 

symmetries of micelles are related and that the internal arrangement of the detergent tails is 

a twisted one. 1 The latter prediction is a physical manifestation of "tensegrity".2 It 

should therefore be possible to confer the twist on reagents dissolved in micelles and 

template appropriate chemical reactions by this means. In an attempt to test this hypothesis 

a special "guest detergent" (4) was synthesized which contains photolabile head groups that 

are compatible with sodium dodecylsulfate (SDS), which serves as the "host" micelle. These 

solutions (@ -1.0~ 10m3 I$ were irradiated at ambient temperature in a quartz cuvette by using 

an excimer laser at 248 nm, then extracted with CH2C12 to obtain the non-polar products, and 

analyzed by using size exclusion chromatography.3 The results (Fig. 1) indicate that in 

addition to 1,12-bis-[4-hydroxymethylphenyll-dodecane, 

which is formed in each of these experiments,4 unknotted 

[2.12]3-paracyclophane forms in the presence of SDS. In 

the absence of SDS the formation of this paracyclophane is 

suppressed and an as yet unidentified product5 forms which 

does not correspond to any unknotted macrocycle prepared 

to date.7 Efforts to prepare and isolate sufficient 

quantities of this material are in progress, but even at 

this stage in the investigation it is apparent that the 

SDS micelle facilitates the formation of the unknotted 

macrocycle. This observation raises questions concerning 

the validity of the geodesic hypothesis which can only be 

addressed experimentally. Experiments designed to further 

test the geodesic hypothesis and to evaluate the importance 

of various other factors including concentrations of host 

and guest detergents, temperature and ibnic strength are 

in progress. 
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The "guest" detergent was synthesized from available materials by a method analogous to 

that used previously to prepare macrocyclic sulfones. As shown in the Scheme, 4-chloromethyl- 

benzoic acid was treated with one equivalent of thiourea in ethanol and hydrolyzed by standard 

procedures* to give the sulfhydrol compound which was isolated as a precipitate on acidic 

work-up and dried over CaC12 under Ng in the dark at 4'C. The dried material was dissolved in 

ethanol containing 3 eq of KOH and treated with $ eq of 1,12-his-[4-bromomethylphenyll- 
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dodecane to give the nearly insoluble diacid 2 in 90% yield. Oxidation of this material by 

using mCPBA in 1:l CH2Clp/TFA gave the sulfone in quantitative yield. This material is so 

insoluble in most solvents that impurities may be removed by multiple washings with a variety 

of solvents. The solid thus obtained was treated with NaHC03 and sonicated for 1 hr. The 

remaining solid material proved to be slightly soluble in water and it was used in the laser 

photolysis without further purification. 
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Zorbax SPM-60R (DuPont), CH2C12 @ 0.7 mL/min. The diol elutes in 8 min; the trimer in 
7 min. 
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1,12-his-[4-hydroxymethylphenyll-dodecane is the only product formed during lamp 
photolysis. Presumably the sulfone cleaves from a zweiterionic singlet state which can 
react readily with water to yield the alcohol. 

The unknown product does not correspond to any of the standard materials ([2.12], [2.12]2, 
or [2.12]3-paracyclophanes) synthesized to date.6 It forms only during photolysis at high 

laser power. Based on its retention volume the unknown appears to be larger than [2.12]2- 

paracyclophane and smaller than [2.12]3-paracyclophane. TLC (silica) separates the 

unknown from the diol as a single spot with an RF consistent with a hydrocarbon (i.e., 
similar to [2.12]3-paracyclophane). Mass spectral analysis using laser volatilization 
techniques revealed a single mass fragment at a nominal mass = 256 amu. The unknotted 

trimer exhibits significant fragmentation under these conditions. Whether this will prove 

to be the knotted [2.12]3-paracyclophane must await further analysis. 
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Laser photolysis of [NaOpC m 0(CH2)6-]2 yields a product with a 

comparable SEC retention volume, but many other (recognizable) products also form. 

Butcher, J.A., Jr. and Lamb, G.W. (unpublished results). 

[2.12]-, [2.12]2-, [2.1213-, and [2.12]4-paracyclophanes have been made. Likewise, 
1,12-his-[4-methylphenyll-dodecane is known. None of these materials match the measured 

retention volume. 
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