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Two unprecedented dinuclear tin compounds containing deproto-
nated S-cyclodextrins have been constructed by using different
organotin and inorganotin precursors under solvothermal conditions,
which display two dinuclear airscrew-like structures with different
packing modes.

The field of organotin chemistry has been developed for
150 years." Numerous organotin compounds have been
prepared by the reaction of appropriate organotin precursors
with carboxylic, phosphonic, and sulfonic acids, alcohols,
and phenols.>® The interaction of carbohydrates with orga-
notin species has also be investigated. For example, it is
found that the D-saccharose—Ar;Sn™ conjugates are effective
in marine antifouling paints.>* A few crystal structures of
the organotin complexes with partially protected sugars have
been determined.®” On the other hand, because the organotin
complexes of unprotected sugars are presumed to be oligo-
meric, it is very difficult to obtain their crystals suitable for
X-ray diffraction analysis.*® As a special class of carbohy-
drates,’ cyclodextrins have been generally used in the studies
of molecular recognition, enzyme models, and molecular
assemblies. It is also found that cyclodextrins can be used
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as multiply deprotonated polyolato ligands to form metal
complexes in aqueous alkaline solutions.® An inclusion
complex between allyldi-n-butyltin chloride and S-cyclo-
dextrin has been reported.” It is supposed that the n-butyl or
allyl group is inserted into the cavity of 8-cyclodextrin, and
no covalent Sn—O bonds are formed. No studies of true
organotin complexes containing a covalent Sn—O bond
between the Sn atom and deprotonated cyclodextrins have
been reported. It is known that solvothermal methods can
cause a reaction to shift from the kinetic to the thermody-
namic domain and are optimal for crystal growth.'” In a
previous work,'' a mixed-valence Sn—-O cluster has been
synthesized by using the solvothermal methods.

In this work, we intended to investigate the reaction
between organotin precursors and cyclodextrins under sol-
vothermal conditions. Fortunately, a novel dinuclear tin
compound with the deprotonated 3-cyclodextrins, [Sn™,(f3-
CD);]H 5-H,0 (1) (where -CD is S-cyclodextrin), has been
obtained'? from the reaction of BuSnO(OH) and S-cyclo-
dextrins. The result shows that the organotin precursor has
translated into an inorganotin through Sn—C bond cleavage
under the solvothermal condition. According to this result,
we try to use SnCly*5H,0 as a raw material instead of an
organotin precursor under the same reaction conditions, and
compound [Sn™,(3-CD);]H_g (2) has been synthesized suc-
cessfully. It is interesting that compounds 1 and 2 display
the first example of tin compounds based on deprotonated
cyclodextrin by using solvothermal methods.
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Figure 1. Ball—stick representation of the structure of 1 (left). Schematic
view of the structures of 1 and 2 (right).

Single-crystal X-ray structural analysis' reveals that the
structure of compound 1 contains one kind of crystallo-
graphically unique cyclodextrin ion and two kinds of
crystallographically unique Sn atoms that have the similar
coordination environments. Each Sn ion is located on the
genuine 3-fold rotation axis (Figure 1) and coordinated by
six hydroxyl O atoms from three 5-CD anions, showing a
distorted octahedral geometry (Figure S1 in the Supporting
Information). Each $-CD anion coordinates to two Sn ions
through four hydroxyl O atoms, with 2#- and 34-O atoms
chelating one Sn ion and 2B- and 3B-O atoms chelating the
other Sn ion (Figure S2 in the Supporting Information). The
chelating coordination mode of the two glucose units in a
B-CD anion is the same as that of the partially protected
sugars in organotin complexes.™ Three B-CD ions are
bridged by two Sn ions with a Sn+++Sn distance of 4.985
A to form an airscrew-like structure of 1, with three 5-CD
ions encircling the 3-fold axis where two Sn ions lie.
Compound 2 shows a similar structure with a Sn+++Sn
distance of 5.061 A.

Compounds 1 and 2 crystallize in P63 and R3 space
groups, respectively, and show entirely different packing
modes (parts a and b of Figure 2). As shown in Figure 2c,
in the crystal structure of 1, compound 1 stacks to form
channels along the ¢ axis. The space of the channel
(approximately 6 A x 6 A) results from the packing of
different molecules. The solvent-accessible volume occupies
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Figure 2. (a and b) Ball—stick representations of the structures of 1 and
2 along the ¢ axis. (c and d) Packing diagrams of 1 and 2 with channels
along the different directions.

as much as 28.7% (2781.1 A3 per unit cell) of the crystal
volume (9675.7 A3).'* The molecular packing of 2 generates
the channels 5.0 x 2.5 A (Figure 2d). The solvent-accessible
volume occupies as much as 32.5% (4796.0 A3 per unit cell)
of the crystal volume (14 764.5 A3). So, the density of
compound 1 of 1.254 Mg m3 is larger than that of com-
pound 2 (1.226 Mg m ™). The result indicates that compound
1 shows a closer packing than compound 2. The complex
molecules are linked by lattice—water molecules through
hydrogen bonds, and a closer packing mode is formed.

In previous work, few structures of the metal complexes
containing deprotonated cyclodextrins were isolated from the
aqueous solution through a conventional reaction.® In
comparison with the above-mentioned compounds, we have
tried to use the solvothermal method to investigate the
coordination chemistry of cyclodextrins. Compounds 1 and
2 exhibit novel structures, indicating that the solvothermal
method is not only a versatile method in pursuit of multi-
functional materials but also an effective route to synthesize
novel tin compounds through the use of different organotin
or inorganotin precursors. To the best of our knowledge,
compounds 1 and 2 together constitute the first example of
tin compounds based on deprotonated cyclodextrin by using
solvothermal methods.

The X-ray photoelectron spectra of 1 and 2 show Sn 3ds,
peaks with binding energies of 485.3 and 485.8 eV,
respectively (Figure S3 in the Supporting Information). The
binding energies of tin are not very sensitive to the valence
of tin, and the ranges of binding energies for different
valences are overlapped. We cannot deduce the valence of
tin in compounds 1 and 2 from this binding energy of 485.3
or 485.8 eV.
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In order to obtain the atomic charges of tin in the
complexes 1 and 2, the model complexes were examined
by natural population analyses (NPA) (see computational
methods)'>~'® for 1 and 2 (Figure S4 in the Supporting
Information). From the results, the natural charges of the
endo Sn atoms are 2.616 and 2.647e for 1 and 2.609 and
2.658e for 2, respectively. The natural atomic orbital
occupancies of two Sn atoms are [core]5s(0.630)5p,-
(0.232)5p,(0.253)5p-(0.251) and [core]5s(0.630)5p.(0.230)-
5p,(0.239)5p.(0.236) for 1 and [core]5s(0.638)5p.(0.233)-
5p,(0.260)5p.(0.260) and [core]5s(0.628)5p.(0.236)-
5p,(0.239)5p-(0.240) for 2, respectively. The atomic orbital
occupancies of Sn atoms come from the covalent Sn—O
component and oxygen’s back-donation. The natural
charges of the Sn atoms indicate that the valences of both
Sn atoms are IV in 1 and 2. To verify the results further,
the +2e-, +4e-, —2e-, and —4e-charged complexes are
calculated. The natural charges of two Sn atoms range
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from 2.609 to 2.659¢ for 1 and from 2.612 to 2.662e for
2, and their natural atomic orbital occupancies are almost
consistent. These natural charges of tin in charged systems
indicate that the atomic charges of tin in the complex will
not change in such coordinated circumstances if the charge
were introduced to cyclodextrin.

In conclusion, a pair of tin compounds containing depro-
tonated f-cyclodextrin has been isolated from the reactions
of fB-cyclodextrin and different tin precursors. This work
shows the special importance of solvothermal methods for
organotin chemistry and coordination chemistry of cyclo-
dextrin. The solvothermal methods may provide an appropri-
ate condition for Sn—C bond cleavage, and the Sn—C bond
cleavage reaction can be used to prepare novel tin com-
pounds.'® A variety of novel tin compounds may be obtained
under solvothermal conditions by changing ligands, tin
precursors, solvents, and reaction temperatures. The studies
of the solvothermal syntheses of novel tin compounds from
organotin precursors are currently in progress in our labora-
tory.
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