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Abstract: The first synthesis of a water-soluble cyclophane possessing a chiral hydrophobic 
cavity, and the formation of diastereomeric inclusion complexes with chiral hydrophobic 
guests in water are described. 

Water-soluble cyclophanes' constitute a promising group of artificial hosts to capture 

organic guests in water by hydrophobic interaction. This class of hosts would afford wide 

possibility of structural and functional design, since they are totally synthetic. We have 

recently shown by crystallographic 
2a 

and spectral 
2b-e 

studies that a series of novel, 

diphenylmethane-containing paracyclophanes (e.g., CP44 (la)), soluble in acidic water, form 

inclusion complexes with hydrophobic guests, and that the guest inclusion occurs with 

particular geometry and remarkable selectivity based on host-guest recognition of steric 

structure and charge. 
lc 

These findings led us to a further study for extending this system 

to the recognition of chiral guests. 

In this paper we report the synthesis and complexation properties of a novel 

paracyclophane TCP44 (k&),3 . in which two diphenylmethane skeletons are bridged by two 

chiral C4-chains derived from I-tartaric acid; this is the first example of water-soluble 

cyclophane possessing a chiral hydrophobic cavity. 

TCP44, a simple modification of CP44, retains the 

two diphenylmethane skeletons, which have been 

proved to be essential for constructing a stable 

and well-defined hydrophobic cavity. 
2c In addition 

the chiral C4-unit is easily prepared from L- 

tartaric acid, and the %-symmetry of the molecule 

will greatly facilitate analysis of the complex 

formation. 

&:R=H 

Q : R=OMe 

The synthesis of TCP44 was carried out as 

shown in the scheme. The key point of this 

synthesis is the "stepwise" cyclization via the 

U-shaped precursor ($). Thus diiodide tF7d 
22.5 MD +44.7' (c= 3.60, CHC13), was synthesized 

in 90% yield by the reaction of g5 with large 

excess (5.4 mol) of 2,4a-c [aID 22*5 -7.48" (c=3.75, 
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CHC13),6a which in turn was prepared from L-tartaric acid employing well-known procedures. 6 

The 1:l cyclization between 2 and g in the presence of ~2~03 in DMF gave cyclic tetra- 

tosylate z,4ayd [~]2,~*~ -51.2" (c=2.95, CHCl3), in 24% yield. On the other hand an attempt 

Of "direct" 2:2 CYclization between < and 2 did not give the desired product. Detosylation 

of 2 in 90% H2S04 7'8 smoothly gave TCP44,4a-C mp 175-178.5'C (from toluene), [a]i2*5 -69.6" 

(c=2.72, CHCl3), in 69% yield. The cyclic structure was confirmed on the basis of the 

mass spectra of ,$ and TCP44. TCP44 is soluble in acidic water (pHc1.7) as an amine salt, 

and is sufficiently stable under the measurement conditions (vide infra). 

Scheme 

g;e:@$e a _f?F~b y$+$i; 

HOMe HOMe R 

a) K@3(6.8 mol)/DMF, 80°C, 2.5 hr ; b) K2CO3(lO mol)/DMF, 110-115°C, 8hr ; 

d 90 % H2SO4, rt 18 hr, then 50°C 3 hr. 

Complex formation between TCP44 and several types of chiral guests was investigated by 

'H NMR (100 MHz) in acidic D20 (pD 1.2).' When inclusion complexes are formed, large 

upfield shift is expected to be induced on the guest proton signals, due to a strong ring 
lc,2a,b 

current effect from the four benzene rings of the host. The host-induced shifts of 
10 

the guest proton signals are represented by As(ppm)= s(Host+Guest)- s(Guest). Negative 

values of AIS indicate upfield shifts. The following tendencies were observed as to the 

complexation properties of protonated TCP44 in water. 

(1) Strong complex formation was observed for the noncationic" guests having aromatic 

rings (t-z), as indicated by large upfield shift (A6 Q -1.3 ppm) of the proton signals of 

these guests. (See Figure 1 for a typical example.) 

(2) In addition to the large upfield shift, the signals of (E)- and @)-guests shifted to 

a different degree. This indicates the formation of diastereomeric host-guest complexes 

that have different stability constants and/or predominant structures. 
10 

Typical examples 

are shown for guests g and J, in Figures 1 and 2, respectively, in which split of the methine 

(or methyl) signal is evident. Also the pattern of aromatic proton signals is different for 

the @)- and (S)-enantiomers (Figure 1), suggesting that the predominant structures 
10 

of the 

diastereomeric host-guest complexes are different from each other. Similar spectral changes 

are observed for guests ,$ and 2. 

(3) As to the corresponding nonaromatic (g) or cationic (M, g)" guests, the complex 

formation was weak (~6 'L -0.1 ppm) and the split of the signals of (R)- and (S)-enantiomers - 

was negligible. However, moderate upfield shift (As * -0.6 ppm) with large split of the 

enantiomer signals was observed for the cationic guest having a naphthalene ring (G)- 

The split of the enantiomer signals of this guest was largest among the guests examined. 
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The above observations clearly show the ability of protonated TCP44 to form diastereo- 

merit host-guest complexes, in which each of the enantiomeric guests is included with a 

particular geometry into the chiral hydrophobic cavity of the host. This is the first 

example that recognition of chirality of guest is successfully effected in water by a 

totally synthetic host. 
12 

Since this system is subject to wide structural modification, 

the present study will serve as a reliable basis for the application of this system to the 

control of asymmetric reactions in water, which is now under extensive investigation. 
13,14 

H CH3 *y ,F;’ *y 
@kO2H et-COzH @H$COzH @XO~H CH3C-CQH 
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Q (lactic acid) 
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1 Figure 
(i) Host @I+ @I-ri, 

CID Host(@+(EE)-5 

Figure 2 

Figure 1 The formation of diastereomeric host-guest complexes between TCP44 and guest ,$ 

acidic D20 (pD 1.2). [Host]= 6.0x10-*M, [Guest]=l.OxlO-*M. In the absence of TCP44, 

signals of Q appear as two singlets at 7.88 and 5.74 ppm. 

Figure 2 The formation of diastereomeric host-guest complexes between TCP44 and guest 2 

acidic D20. 
9 

Only the methyl signals are shown. 

In both of the Figures the host-induced shifts (Ab(ppm)) are shown in the parentheses. 

in 
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