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Summary: Conformational control of a cyclophane with 
intermolecular hydrogen bonding was accomplished 
through the first synthesis of a carbamoyloxa-bridged 
cyclophane 3, with the result that the crystal structures 
of two isolable conformers 3a and 3b were elucidated to 
be anti-(E,E) and anti-(Z,Z) by X-ray analysis. The 
convenient conversion of 3a to 3b was carried out with 
hydrogen bonding assisted by polar solvents. 

Conformational control of molecules with weak non- 
bonding interactions is one of the most attractive fields 
in organic chemistry.' Much attention has been paid to 
a search for a strategy to control the conformations of 
cyclophanes as effective receptors for molecular recogni- 
tion.2 Major advances in fixing the conformations of 
cyclophanes have been made in designing various bridges? 
substituents on aromatic rings: and rigid systems: 
including polycyclophanes6 constructed with covalent 
bonds. However, no attempt to control the conformations 
of cyclophanes by hydrogen bonding employing function- 
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alized bridges has been reported. In this study, we achieved 
this novel method through the f i t  synthesis of the 
carbamoyloxa-bridgedl cyclophane 3. The new bridge 
brought not only the rotational barrier around the 
N-C(=O) bonds but also the potential of the distinct 
intermolecular hydrogen bending patterns8 into the cy- 
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Scheme 1. Synthesis of Cyclophane 3 
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clophane, with the result that the two conformers were 
easily isolated aa single crystals. Several attemptsto isolate 
a pair of conformers of medium-sized (8-12-membered) 
cyclophanes were reported! where it waa difficult to isolate 
the conformers of macro-sized cyclophanes due to the low 
barrier to conformational inversion.1° Owing to the rigidity 
and the intermolecular hydrogen bonding, the macro-sized 
cyclophane 3 showed a behavior similar to the medium- 
sized cyclophanes, in which conformers exchanged slowly 
at ambient temperature with a high interconversion barrier 
(>15 kca.l/m~l).~~*J~ Our 16-membered system is the first 
example of a conformationally isolable macro-sized cy- 
clophane containing only two benzene rings. 

A direct eynthesis of the target cyclophane 3 waa carried 
out through coupling of m-xylylenediisocyanate (1) and 
m-xylylenediol (2)12 with a modified polyurethane syn- 
thesis.13 A good yield (77 % of 314 was obtained by using 
imidazole15under high dilution conditions (2.38 X 103 M) 
in refluxing toluene (Scheme l).l6l8 

1H NMR spectrum of 3 in methanol-& at 20 OC indicated 
the presence of two conformers in the ratio of 4.9:l.le By 
a variabledemperature IH NMR study focused on a set 
of singlets of methylene protons adjacent to oxygen,2o the 
conformational inversion barrier AG* waa estimated to be 
16.1 kcal/mol.21 

Crystallization of 3 from dichloromethane/chloroform 
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Figure 1. Perspective ORTEP view of 3a. 

Figure 2. Packing Diagram for 3a. 

(1:l) gave a single conformer 3a (245 mg, 95%, plates, mp 
219 “C). Ita anti-(E,E) structure was confirmed by X-ray 
analysis (Figure 1).22*% Intramolecular hydrogen bonding 
is impossible between the distant bridges. Figure 2 
indicates that the molecules are linked by two kinds of 
interactions between neighboring carbamoyloxa moi- 
eties: NlHl*-Ol (distance 2.046 A, angle 143.9O), and 
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Figure 3. Perspective ORTEP view of 3b. 

N2H2-02 (2.458 A, 135.2'). Therefore, the IR spectrum 
in the solid state (KBr) showed two seta of absorptions 
corresponding to the carbamoyloxa moieties: 3330,1690 
cm-l (for NlHl*-Ol=C3),  and 3380, 1718 cm-l (for 

In order to demonstrate the utility of carbamoyloxa 
bridges, a conformational change of 3a was tried. Since 
amide-amide hydrogen bonding in polar solvents was 
known,a alcohols would be suitable for freezing the 2 
conformation of carbamoyloxa moieties forming cyclic 
intermolecular hydrogen bonding. Recrystallization from 
methanol/ethanol solution (3:7, 32 mL) of 3a (28.1 mg, 
0.086 mmol) gave the desired conformer 3b (26.3 mg, 94%, 
columns, mp 225 "C). The conformational change was 
clearly observed from the IR spectrum (KBr): 3320 and 

N2H2***02-C9). 

~~ 
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1700 cm-l. The X-ray crystallographic analysis reveals 
the anti-(Z,Z) conformation of 3b (Figure 4).% * The 
carbamoyloxa bridges are strongly linked by cyclic inter- 
molecular hydrogen bonding% (NlH1-03,1.939 A, 148.25', 
and Nl*H1*-03*, 1.939 A, 148.25'). This controlled 
conformational inversion is remarkable as a characteristic 
of the carbamoyloxa bridges. 

Our new approach described here would be one of the 
general methods to control the conformations and mo- 
lecular crystals of cyclophanes. Further studies are in 
progress. 

Supplementary Material Available: Experimental pro- 
cedure, characterization data, and lH and 'Bc NMR spectra of 
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masthead page for ordering information. 
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