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SYNTHESIS AND PROPERTIES OF WATER-SOLUBLE BIS-PARACYCLOPHANES

Chung-Fang Lai, Kazunori Odashima, and Kenji Koga*
Faculty of Pharmaceutical Sciences, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan

Summary: Novel water-soluble bis-paracyclophanes (§, §, Z) were synthesized and their proper-
ties as hosts having two independert binding sites were studied. Examples are presented in
which a guest molecule having two aromatic rings forms a complex by binding at two sites
cooperatively, when host and guest are complementary.

Host molecules with multiple independent binding sites, capable of forming complexes with
multiple guest molecules simultaneously, or with a single guest molecule at multiple sites
cooperatively, are of particular interests in relation to assembling and recognizing molecules
and/or ions by complexation.

We have previously reported that water-soluble paracyclophanes (such as 1 and g) having
diphenylimethane skeletons form inclusion complexes with aromatic guest molecules in aqueous
solution in particular geometries and with remarkable se]ectivities.]) The present paper
describes the synthesis of novel hosts (§, 6, Z) having two paracyclophane units bridged by
glutaryl, terephthaloyl, or isophthaloyl residue, and their properties as hosts having two
independent binding sites.

The hosts (2,223 4,2) 5,

Complex formation between hosts (g, 4,5, 6, Z) and guests (§, 9, 10, 11, lg) was investi-
gated by ]H NMR in 020.4) Upon complexation, proton signals of the guests and hosts moved
upfield. 1,5) Maximum shifts (Aamax6)) of H - and H3—protons of the guest (8) were found to be
-1.66 and -2.01 ppm for 2-8 complex, and -1. 37 and -1.79 ppm for 4-8 complex, respect1ve1y
Stability constants (Ks) of the 1:1 complexes by the Benesi- H11debrand method using ]H NMR
chemical shift changes were calculated to be 3.3 x]O M i for g § complex,g) and 7.7 x]O M
for 4-8 complex. These data show that the mono-paracyclophane (ﬂ), having one amide nitrogen

2) . 2)

72)) were synthesized from 1 as shown in Scheme I.

-1

and three quaternary ammonium nitrogens, exhibits similar but somewhat smaller stability
constant with 8, compared with that of the mono-paracyclophane (g), having four quaternary
ammonium nitrogens.

In agreement with this observation, bis-paracyclophanes (§, §, Z), made by connecting
two paracyclophane units with two amide bonds, were also found to work as hosts. Thus, Asmax
values of HZ- and H3-protons of the guest (§) were found to be around -1.6 and -2.0 ppm upon
complexation with these hosts. By using excess 8, AS oy values of the protons of the inner
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-CHZCHZ- groups of the bridging moieties of the hosts were found to be around -0.6 ppm, which
agrees with -0.63 ppm observed for f'? complex. This result shows that the two cavities of
these bis-paracyclophanes can accommodate two molecules of § simultaneously.

Complexation of the guests (9, 10, 11, lg)
with mono-paracyclophane (ﬂ) and Bis-paracyc]o—

Hy Hg : 1
e phanes (5, §, Z) was also examined by 'H NMR
Na O3S@CH3 as shown in Figure I and Table I. The concen-
trations of the paracyclophane unit of the
8 hosts are equal to or higher than those of the

2 '3 2 . aromatic group of the guests. Using g as a
Na+_03s-©—0-(CH2CH20)n—@‘SO3 Na  guest, A§ values are found to be moderate,

i.e., =1.1~-1.2 ppm, and are independent of

the concentration of the hosts in all cases

9 = . = . .
< n 1 11 : n 3 examined. In cases where 12 is a guest,
10 n =2 12 =5 -

however, A8 values are moderate, but increase
gradually by the increase in the concentration

~



5181

HDO
Hy HD

8 7 6(ppm) 8 7 5oor
Figure 1. 'H NMR spectra (100 MHz) of (a) 9(InM), (b) 9(TmM) + 6(TmM), (c) 12(TmM), and (d)
12(ImM) + 6(TmM) in D204) .-

Table I. A8 Values of the Protons of Guests in the Presence of Hosts in 0204)

"“‘~555ii~ 9(TmM) 10(1mi) 11(1mM) 12(1mM)

Host mM Hy Hy H, Hy H, H, H, Hy
2 a -1.11 | -0.64 -0.96 | -0.71 -0.97 | -0.70 -0.94

f 10 a -1.14 a -0.99 a -1.06 a -1.12
20 a  -1.14 b b b b a -1.23

5 1 -0.72 -1.23 | -1.03 -1.38 a -1.5° | -1.21 -1.67
5 a -1.25 |} -1.16 -1.52 | -1.22 -1.66 | -1.30 -1.78
6 1 -0.69 -1.24 | -0.77 -1.14 a -1.36 | -1.30 -1.80
~ 5 a  -1.24 a -1.18 a  -1.44 | -1.38 -1.90
5 1 -0.71 -1.24 a  -1.42 a  -1.5% | -1.36 -1.81
~ 5 a  -1.24 | -1.32 -1.68 | -1.39 -1.93 | -1.46 -1.95

b

%The signals are buried in those of the host. “Not measured. Broad.

of the host (4), while they are reasonably high even under the same concentration of bis-
paracyc]ophan;s (,§, §, Z), and are considered to be close to A'Smax' In cases where 19 and
11 are used as guests, the results are between those of the above two cases where 9 and 12 are
used. N

These data may be rationalized as shown in Scheme II. Thus, using guest A having two
aromatic groups connected by a shorter bridge (such as 9), the structures of the predominant
complexes are C-type with mono-paracyclophane, and G-tyBe with bis-paracyclophanes. In these
complexes, one of the aromatic groups of the guest is bound, while the other is free.5)
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Further complexation to give E-type and I-type seems to be difficult even under higher concen-
tration of the hosts, probably due to steric and electronic repu]sions.9

When guest B having two aromatic groups connected by a longer bridge (such as 12) is used,
the structure of the predominant complex with mono-paracyclophane seems to be D-typgT In this
case, increase in the concentration of the host shows a tendency to form F-type complex,
but this process is minor. However, in the presence of bis-paracyclophanes, guest B forms J-
type complexes predominantly, in which the two aromatic groups of the guest are both bound
cooperatively to the two binding sites of the hosts.]o)

The present results clearly show that the host molecule having two independent binding
sites can form complex at two sites cooperatively with a guest molecule having two aromatic
groups, when they are complementary. This further suggests the possibility of highly
efficient multiple binding by rigid host molecules having multiple binding sites.
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