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Abstract: The derivatives of CP44 (La) were designed and synthesized to modify the natures of 
its hydrophobic cavity, and the effects on the complex formation with a hydrophobic 
substrate in aqueous solution were examined. 

In the previous papers we have reported the crystallographic' and NMR spectral2 studies 

showing that a novel water-soluble paracyclophane, CP44, 3 forms an inclusion host-guest complex 

with hydrophobic substrates in a particular geometry. For inclusion to occur in a particular 

geometry, the formation of a hydrophobic cavity having definite shape and size that fits well 

with the hydrophobic moiety of the substrate is considered to be very important. From this 

viewpoint it is interesting to modify CP44 (la) by changing the natures (size, hydrophobic area, 

hydrophobicity, stability) of its cavity. We wish to report here the design and syntheses of 

the derivatives of CP44 (lb-g, Z-2) and their complexation properties toward a hydrophobic 

substrate. In these modified hosts the length of the bridging moieties (Lb-g), the unit of the 

bridging moieties (L, z), and the unit of the skeleton moieties (A, 2) are changed, respectively, 

which are easy to carry out synthetically in this simple artificial system. 

l_a (CP44) m=4, n=4 

Lb (CP33) m=3, n=3 

ic (CP55) m= 5, n= 5 

kd (CP35) m=3, n=5 

_l_e (CP45) m=4, n=5 

Lf (CP56) m=5,n=6 

Lg (CP58) m=5, n=8 

* All the 1,4-cyclohexylene units are trans. 
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Hosts lb, kc, 2, 2 and 2 were synthesized by a similar procedure as described for CP44 (La),' 

starting from N,N'-ditosyl-4,4'-diaminodiphenylmethane (Q)4 or N,N'-ditosyl-trans,trans-bis- 

(4-aminocyclohexyl)methane (L).5 Hosts l_d-g, having two bridging methylene chains of different 

lengths, were synthesized as shown in Scheme 1 , starting from N-acetyl-N'-tosyl-4,4'-diamino- 

diphenylmethane (E!).4 Host& having two skeleton moieties of different units, was synthesized 

as shown in Scheme 2. The cyclic structures of all the host compounds were confirmed on the 

basis of their mass spectra.6 

As described in ref. 1, remarkable fluorescence enhancement and blue shift were observed in 

the fluorescence spectrum of l-anilinonaphthalene-8-sulfonate (ANS) upon an addition of CP44 (La), 

suggesting that the substrate was included within the hydrophobic cavity of CP44.7 The dissoci- 

ation constant (Kd) of the 1:l complex was 1.6x10 
-4 M, showing a strong complex formation. 

Using the same hydrophobic substrate, fluorescence spectrum and dissociation constant were 

measured for each modified host under the same conditions,8 and the effect of modification was 

examined. With the hosts l_c, l_e-g and 2, the above fluorescent changes were observed remarkably 
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in the increasing order of Aa =Ae <ic <Lg <if<<g, which was parallel with the decreasing order 

of the dissociation constant (I.e.. the increasing order of the stability of the complex) as 

listed in Table 1. On the contrary, only small fluorescent changes were observed with the hosts 

Lb, id, i,j and L, suggesting a weak complex formation with ANS. 

From these observations the effects of the modification can be considered as follows: 

(1) The complex formation is affected by the modification of cavity size. (La-g) The strong- 

est complex formation observed with If (CP56) may be explained by the best fitness of its cavity 

with the naphthalene ring of ANS,' as suggested by molecular models. 
10 

(2) Retaining the size and increasing the hydrophobic area of the cavity greatly improves the 

complex formation. 11 Thus the modification of the pentamethylene unit (kc) to the cyclohexane- 

trans-1,4-dimethylene unit (2) have resulted in 50-fold stronger complex formation. On the 

contrary, decreasing the hydrophobicity of the cavity (2) is greatly unfavorable for the complex 

formation." 

(3) The diphenylmethane skeleton seems to contribute to the formation of an inclusion Cavity 

while the corresponding aliphatic skeleton does not. (Lc, 5, 2) The major reason may be the 

preference of the "face" conformation in the diphenylmethane skeleton, which might be a critical 

condition to form a stable inclusion cavity. 12,13 

Thus, retaining the two diphenylmethane skeletons, the simple modifications that optimize 

the cavity size and increase the hydrophobic area have improved the complex formation with ANS 

by 80-fold. (From Kd = 1.6x10W4M by la (CP44) to Kd = Z.OXIO-~M by 2.) 

This is the first systematic modification of the cavity nature of a water-soluble host 

compound, and as it can be carried out easily in this simple artificial system, a simple modifi- 

cation have resulted in by far the strongest complex formation with ANS (Kd = 2.0x10m6M) by 

an artificial host compound.14 

Table 1 Dissociation constants of the 1:l complexes 
between ANS and the modified hosts. 

Host Kd [Ml 

ia (CP44) 1.6 x lO-4 (1.0) 

l_e (CP45) 1.6 x lO-4 (1.0) 

lJ (CP55) 9.9 x lo-5 (1.6) 

$f (CP56) 2.2 x lo-5 (7.3) 

J,g (CP58) 2.6 x lO-5 (6.2) 

E 2.0 x lo-6 (80) ANS 

* The values in the parentheses are the relative 
stabilities ( l/ Kd ) of the 1:l complexes. 
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