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Keywords

We are designing new self-assembled molecular systems
based on coordination chemistry, and apply the molecular
system to various research fields. One of these examples is a
molecular system called “crystalline sponge (CS).” The CS is
a porous crystal, which can accommodate various kinds of
small molecules, and align the accommodated molecules
neatly in its inner space. Actually, we can observe the struc-
ture of the small molecules neatly aligned in the CS by the
X-ray crystallography (Figure 1). Therefore, we can use the
CS for the structure elucidation of the small molecules. This
technique developed by us is called “CS method.” The CS
method has a potential to accelerate the various kinds of
researches, in which the structure elucidation of novel com-
pounds is required.
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Figure 1. One example of the crystalline sponge method analysis
result. Orange molecules are accommodated molecules, and green one

is a framework of the crystalline sponge.
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1. The CS Method Accelerates an Attempt
to Create Artificial Natural Products

The natural products, compounds isolated from nature,
exhibit great structural diversity and complexity. Such diver-
sity and complexity of the natural products are generated by
enzymatic reactions in organisms such as plants and bacteria.
The enzymes can convert simple substrates into complex
natural products. The natural products can be utilized for many
kinds of purposes, such as medicines, industrial materials, and
so on. Therefore, it can be said that the natural products are
attractive resource for the exploration into useful compounds.
However, recently, it becomes difficult to obtain new natural
products with novel structures, because almost all types of
natural products, which can be easily isolated, are considered
to be already found through long history of natural product
chemistry.

One way to solve this problem is a chemo-enzymatic
approach. In this approach, we prepare unnatural synthetic
substrates. Then, the substrates are converted into complex
artificial molecules by enzymes, which is involved in the
biosynthesis of natural products. In this way, we can expand
the diversity of small molecules, using the biosynthetic mecha-
nism of the natural products. One of the bottle-necks of this
approach is the structural elucidation of the enzyme products,
because the products often possess complex and unexpected
structures. We consider that the CS method can solve this
problem, since this method enables rapid structural elucidation
of small molecules.

2. The CS Method Analysis of Artificial
Indole-Containing Compound?)
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Figure 2. A) Reaction catalyzed by TleB in nature. B) Enzyme
reaction to produce 1 and 6 from unnatural substrate 5.
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We elucidated a structure of a compound 1 generated by
reaction using a biosynthetic enzyme, TleB, which is involved
in a biosynthesis of 2 (Figure 2). In nature, TleB accepts 3 as a
substrate and produce 4 (Figure 2A). However, it was found
that unnatural substrate 5 could also be accepted by TleB, and
1 and 6 were generated (Figure 2B). Even though the structure
elucidation of 6 could be accomplished by the NMR, MS, and
single-crystal X-ray diffraction study, that of 1 could not be
determined by the conventional methods. Therefore, we sub-
jected 1 to the CS method, and succeeded in the structure
elucidation.

3. The CS Method Analysis of Artificial
Natural Products Produced by Enzymatic
Cyclization Reaction?

One of the important reactions to form basic skeletons of
the natural products is a cyclization reaction. When a chemi-
cally synthesized unnatural substrate 7 was converted by an
enzymatic cyclization reaction, 8 was generated (Figure 3). 8
has a novel structure, but its structure could not be determined
by the NMR analysis. Thus, the structure of 8 was revealed by
the CS method.
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Figure 3. Enzyme reaction to produce 8 from 7.
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