J. Am. Chem, Soc, 1995, 117, 1649—1650 1649

Guest-Induced Organization of a Three-
Dimensional Palladium(II) Cagelike Complex. A
Prototype for “Induced-Fit” Molecular Recognition

Makoto Fujita,* Satoshi Nagao, and Katsuyuki Ogura*

Department of Applied Chemistry, Faculty of Engineering
Chiba University, 1-33 Yayoicho, Inageku, Chiba 263, Japan

Received January 24, 1994

Instead of the lock-and-key model, current understanding of
molecular recognition in a biological system is based on the
“induced-fit” mechanism, in which specific substrates induce
the organization of the recognition site of a receptor, Although
models for induced-fit have been provided by flexible artificial
hosts which have restricted conformations only if they recognize
a specific guest,! there are few examples of induced-fit models
in which a guest induces the organization of a host itself,?3
Reported here is the successful demonstration of such a
phenomenon in a coordination approach to a three-dimensional
cagelike Pd(I) complex 1,475 Thus, the complex 1 assembles
in high yields only in the presence of specific guest molecules
(Scheme 1).

A tridentate ligand 1,3,5-tris(4-pyridylmethyl)benzene’ (2, 6
mM) was treated with (en)Pd(NO;3).8 (3, 9 mM) and sodium
4-methoxyphenylacetate (4-Na, 15 mM) at ambient temperature
in water. The NMR spectrum, obtained by a control experiment
carried out in D,0O, showed the assembly of a single component
in a high yield (>90%), Characterization of this component
as the cagelike complex 1 mainly follows from its electrospray
ionization mass spectroscopy (ESI-MS)*!0 and NMR.!! In
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particular, the extremely simple spectrum showed high sym-
metry of the product and the expected 2:3 stoichiometry of the
components (2:(en)Pd*™ moiety), ruling out the other assign-
ments for its structure.

More significant information derived from ESI-MS, elemental
analysis, and NMR shows that the cagelike host 1 binds the
guest 4 in a 1;1 stoichiometry in aqueous solution. Thus, a
molecular ion corresponding to the 144 complex (minus NO3;™)
was shown by ESI-MS with a series of prominent [(M + H) —
NO; — (HNO3),)** and [M + H) — (NO3); — (HNO3),—]**
peaks (n = 1—4),10 Elemental analysis of the product, isolated
as its ClO4 salt in 94% yield by adding aqueous NaClQy4, was
also consistent with the 14 (1:1) complex,'? in spite of an initial
1:5 molar ratio'? in the solution. Furthermore, the 1:1 binding
of 1 and 4 was confirmed by '"H NMR titration experiments,'*
from which the association constant between 1 and 4 was
estimated to be >10* at least,'s

Outstanding upfield shift of the signals of 4 was observed
on complexation with 1 (Table 1), While the methoxyl and
aromatic protons significantly shifted, Ad of CH,COO™ signal
was little. This observation is ascribable to the complexation
of 4 in the cagelike cavity of 1, with a proposed inclusion
geometry in which the hydrophobic moiety is located inside
while hydrophilic COO™ is outside,

(9) ESI-MS is effective for obtaining molecular weights of transition-
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100 °C. The sampling cone voltage was 31.3 V. An aqueous solution of 1
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min~1,
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NH,CH>—), 3.97 (s, 12 H, PyCH,Ar), 7.20 (s, 6 H, ArH), 7.30 (d-like, 12
H, J = 6.5 Hz, PyHjp), 8.36 (d-like, 12 H, J = 6.5 Hz, PyH,).
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(C104)5»5H,0): C, 38.71; H, 4.38; N, 8.60. Found: C, 38.48; H, 4.17; N
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(13) [1] at equilibrium is approximately 3 mM. Thus the ratio 1:4 in the
solution is 1:5.
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(15) Association constants were estimated by a nonliner least-squares
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concentration of host from the NMR integral ratio of the mixture of the
host and oligomers, accurate determination of the association constant was
difficult.
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Table 1. Guest-Induced Organization of 1°
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2 The guest compounds are shown. The NMR yield of 1 is
determined at {2]y = 2 mM, {3]y = 3 mM, and {guest] = 1.5 mM
unless otherwise noted and is shown below each structure. The negative
values shown with each structure present upfield shift (AS in ppm) in
'H NMR measured at [2]; = 6 mM, [3]o = 9 mM, and {guest] = 1.5
mM. At these conditions, titration experiments showed that the Ad
values of the guests (except CsHy(COONa),) were saturated. ® The yield
at [2]o = 2 mM, [3]y = 3 mM, and [guest] = 5 mM. ¢ Axial and
equatorial protons are donated by a and e, respectively. ¢ Ad values
could not be analyzed due to overlap with uncharacterized signals.¢ Not
complexed (no significant upfield shift was observed).

Worth noting is that the host 1 assembled in high yields only
in the presence of specific guests. In the absence of a guest,
the reaction of 2 and 3 gave rise to a considerable amount of
oligomeric products, These oligomers, however, disappeared
upon addition of 4.16 Interestingly, this guest-induced assembly
process was monitored by a time-dependent 'H NMR measure-
ment (Figure 1). After addition of 4 to a reaction mixture
derived from 2 and 3, the oligomers gradually disappeared and
the signals of 1 became stronger, accompanying the upfield
shifting of the guest signals (a and b), The assembly of 1 was
complete within several hours,

Various anionic guests having a hydrophobic moiety induced
the organization of 1 (Table 1). The relative ability of the guests
to induce the host organization was evaluated by comparing
the yields of 1 at a given low concentration,!” From the yields
of 1 at [2]p = 2 mM, [3]y = 3 mM, and [guest] = 1.5 mM
(Table 1), the following characteristics of the complexation are
noted; (i) At this set of conditions, 1 assembles in 60% yield
without guest.!6 (ii) The host 1 assembles in the highest yields
(>90%) when the guests have a bulky hydrophobic moiety such
as l-phenylethyl or adamantyl group. Molecular modeling
showed that the size of these groups is comparable to that of
the spherical inner cavity of 1.!% (iii) Monocarboxylates having

(16) The oligomeric products are in equilibrium with 1. At lower
concentrations, 1 arises even in the absence of the gzuest though the yields
are low. The yields of 1 (concentration of the net Pd**) are <5% (27 mM),
23% (12 mM), 43% (6 mM), and 60% (3 mM). Further dilution did not
increase the yield.

(17) Note that the increase of yields of 1 by the addition of guests became
more dramatic at higher concentrations, as shown in Figure 1. However,
we carried out these experiments at a low concentration, since at higher
concentrations the yield of 1 became so high in most cases that the
estimation of the relative induction ability was difficult. The yields quoted
in Table 1 have little quantitative significance because of the reason cited
in footnote 15.

(18) MM2 parameters supplied by CAChe system (Ver, 3.5, Sony/
Tektronicx Corp.) were used for the refinement of the molecular modeling
(see supplementary material). It was shown that adamantyl and 1-phenylethyl
groups are bulky enough to fit the cavity of the host, while (1-naphthyl)-
acetate is too bulky.

Communications to the Editor

A B |C
24h
. b
30 min A 8 e
. W a b
C
10 min A B
M a b
[ AT S WU BN TR A
& (ppm) 90 85 80 75 70 65 60 55

Figure 1. Monitoring of the guest-induced self-organization of 1 by
'H NMR (270 MHz, D,0, 25 °C). Spectra were collected at 10 min,
30 min, and 24 h after the addition of 4'Na to a oligomeric mixture
arising from 2 and 3 in D,O ([2]o = 2.4 mM, [3]p = 3.6 mM, [4] =
1.2 mM). Signals A, B, and C are referred to aromatic protons of 1
(A, PyH,; B, PyHg; C, ArH), while signals a and b correspond to
aromatic protons of 4. The signal b at 24 h is overlapping with a side
band of H>0 signal. Complicated signals appearing at  7.1—7.3 and
8.4—8.7 (indicated by asterisks) are attributed to oligomeric components.
ArCH, signals of 1 appeared as a singlet (6 3.97), showing that twisting
of the three-dimensional framework of 1 is rapid on the NMR time
scale. A singlet signal at § 7.3 is referred to CHCl, slightly contained
in the external TMS/CDCl; solution.

a phenyl, substituted phenyl, or cyclohexyl group as well as
p-toluenesulfonate also induce the assembly of 1 effectively
(76—87%). (iv) Less hydrophobic substrates such as dicar-
boxylates or acetate are poorly or hardly complexed, (v) It is
particularly interesting that (1-naphthyl)acetate negatively de-
creased the yield of 1 (36%). Probably, this guest is too large
to induce the host organization but is able to stabilize a partially
dissociated or oligomeric structure through hydrophobic contact,

Besides anionic hosts, a neutral hydrophobic guest was also
effective. For example, when p-xylene was saturated (0.3 mM),
the host assembled in 72% yield at [2]p =2 mM and [3]p = 3
mM (Adarcrs = 1,20; Aday = 1.80). Thus ion-pairing in the
binding of anionic guest, though effective, is not essential, On
the other hand, a less hydrophobic neutral guest, p-dimethoxy-
benzene, hardly induced the organization of the host. Cationic
guest trimethylbenzylammonium bromide did not interact with
the host. Upfield shifts of guest signals in the presence of excess
host are also shown in Table 1, Titration showed that these
values are saturated, except those of 1,4-(NaOCO),C¢Ha,

In summary, metal-directed assembly of molecular architec-
ture'® has proven to be effective for the construction of a three-
dimensional cagelike complex 1, It is particularly interesting
that the spontaneous manner in which the framework of 1
assembles only in the presence of specific guests can be regarded
as a prototype for “induced-fit” molecular recognition.
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Supplementary Material Available: An experimental procedure
for the preparation of 2, including spectral and analytical data, the
complete 'H NMR spectra (0 0—9.0 range) from which Figure 1 was
delivered, and the MM2 structure of 1 (6 pages). This material is
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article in the microfilm version of the journal, and can be or-
dered from the ACS; see any current masthead page for ordering
information.
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