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Three novel organotin complexes with general formula Sn(OH)(bz),L (bz = benzyl, HL = 2-, 3-, or 4-(1-
oxo-1H-2,3-dihydroisoindol-2-yl)benzoic acid) and one of their ligands were prepared and characterized.
In vitro antifungal and antibacterial activities of these complexes and ligands were investigated with the
representative strains of Candida albicans, Staphylococcus aureus, Escherichia coli, and Pseudomonas
aeruginosa. Their fluorescence properties have also been discussed.
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Heterocyclic compounds containing the phthalimidine (isoin-
dolin-1-one) skeleton are being paid more and more attention
due to their fascinating properties and potential applications in
many fields, especially in biology and medical science.! The recent
elaboration has proven that the phthalimidino group plays a key
role in the pharmacological activity of correlated synthetic and
natural compounds.? The new phthalimidine derivative with un-
ique biological activity might be a precursor of efficacious drug
for therapeutic and prophylactic use, such as antipsychotics, hypo-
lipidemic, and antimicrobial.® In the last decades, many new
N- and C-substituted phthalimidine derivatives have been synthe-
sized and tested for their diverse biological activity.# Although the
majority of synthetic N-substituted derivatives are N-alkylphtha-
limidines, and most of them display no antifungal activity.'™* The
relatively less regarded N-arylphthalimidines might also be an
alternative strategy in designing potent agents for medical use, in
which the electronic delocalization in N-arylphthalimidines will
be bound to affect the stability of the phthalimidino ring which
is closely related to the bioactivity of this kind of compound.?®
Moreover, many substituents such as carboxyl and hydroxyl them-
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selves might be able to endow the compound with a broader spec-
trum of biological activity.® Thus, a further study regarding the
synthesis, bioeffect and structure-activity relationship of this kind
of compound is essential. The combination of functionals from dif-
ferent kinds of compounds with extensive bioactivities could often
be helpful for good selectivity and stronger activity as well as low-
er toxicity. Thus, an organotin complex containing phthalimidino
group can improve the bioactivity of phthalimidines in view of
the special bioactivity widely existed in a variety of organotin com-
pound. However, to the best of our knowledge, no example of this
kind of compound has been reported until now.

Herein, as a part of our ongoing research projects, we report the
synthesis and characterization of 3-(1-oxo-1H-2,3-dihydroisoin-
dol-2-yl)benzoic acid (1, mHpba, positional isomer of our
previously reported 2- and 4-(1-oxo-1H-2,3-dihydroisoindol-2-
yl)benzoic acid (oHpba 2 and pHbpa 3, respectively))’ and three
correlated organotin carboxylates with general formula
Sn(OH)(bz),L (4, 5, and 6, bz = benzyl, HL = mHpba, oHpba, and
pHpba, respectively). The latter are the first examples of organotin
complex with phthalimidine derivative. The fluorescent and bio-
logical activities of all these six compounds have been investigated.

According to the synthetic scheme described in Scheme 1, com-
pounds 4, 5, and 6 were prepared by the one-step reaction of dib-
enzyltin chloride and the corresponding sodium salt of the
phthalimidinobenzoic acids 1-3 in an ethanol/dimethylformamide
(2:1) mixture with moderate yield.®!° Both of the two kinds of
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Scheme 1. Synthetic method for compounds 1-6: (a) EtOH, 90 °C; (b) NaOH; (c) Sn, H,0, toluene, 123 °C; (d) EtOH/DMF, 50 °C.

reactants were prepared by the reported methods in the litera-
ture.!-13

Although an attempt to obtain single crystals of compounds 1
and 4-6 for single-crystal X-ray diffraction was not successful,
their molecular structure has been elucidated by elemental analy-
ses, 'TH NMR, IR, and mass spectra.!*"'7 The results of elemental
analyses are in good agreement with the proposed formulates.
The molecular ion peak at m/z 253 and one set of fragments in
the mass spectrum of 1 are fully consistent with its molecular
structure as drawn. The IR spectrum of 1 showed a broad band at
3421 cm™! assigned to v(O-H), and the medium band at 3062
cm~! ascribed to the C-H stretching of the aromatic ring. The
bands of the antisymmetric and symmetric stretching vibrations
of methylene C-H bond are observed at 2906 and 2827 cm™’,
respectively. The broad band around 2538 cm ™! indicated the pres-
ence of strong hydrogen bond interaction.'® The characteristic
strong absorption of the stretching vibration of lactam carbonyl
was redshifted towards 1633 cm™~! due to the conjugation between
the benzene ring, carbonyl group, and an sp?>-hybridized nitrogen.”
The free carboxyl group are clearly present at 1695 (vs, v(C=0)),
1385 (s, O-H bend), 1257 (s, v(C-0)) cm ' Bands at 1587,
1491, and 1444 cm™! are attributed to the skeleton vibration of
aromatic ring, and the meta-disubstitution pattern on benzene ring
was confirmed by the peaks at 758 (s) and 685 (m) cm~' (C-H out-
of-plane bend).?° The most significant change in IR spectra from
the ligands 1-3 to their organotin carboxylates 4-6 mainly are
embodied in the following three aspects: (1) the disappearance
of strong absorption at ca. 1700 cm™! corresponding to v(C=0) of
carboxyl group; (2) the presence of obvious absorption at ca.
1545 fOr Vasym(CO0), 550 cm™! for Sn-C and 450 cm™! for Sn-
0;2! (3) the appropriate blue shift (ca. 20 cm™!) of v(C=0) of the
lactam carbonyl group in complex compared to that of 1. These
changes clearly indicated the deprotonation and participation of
the carboxyl group in the complexation process with Sn(IV) cation.
The AV[Vasym(COO) — vsym(COO)] in the range 160-210 cm ! sug-
gested the chelating bidentate coordination mode of the carboxyl
group in these three organotin complexes.?!?? As a result, the
Sn(IV) center is coordinated by two C atoms from two benzyl
groups and three O atoms from one carboxyl and one hydroxyl
group, forming a distorted trigonal bipyramidal geometry. This
mode is also proven by the 'H NMR spectroscopic data, in which
the most fascinating character is the coupling pattern and chemical
shift related to the bridging methylene protons. Because of the lack
of a plane of symmetry in the molecule, the methylenes of two
benzyl groups as well as the relevant protons are stereochemically
and magnetically non-equivalent. Large chemical-shift differences
were observed between these methylene protons. Complex 5 gives
typical two AX patterns for two groups of bridge CsgHsCH,Sn pro-
tons at ¢ 2.03-2.29 and 2.66-3.03, which arise as an AB system
and an AX system in 4 (6 2.58 and 2.68-2.86) and 6 (5 2.61 and
2.79-2.99). The diagnostic signal of the resonance of bridging
methylene protons of the phthalimidino group is represented by
an AB system at ca. § 6.54-6.72 the three complexes, which often

appear as a singlet in 'H NMR of related free ligands at ca. ¢
5 ppm.”® In addition, the existence of the hydroxyl hydrogen atom
in the three complexes are confirmed by the singlet in the region of
0 1.24-3.27.

In complexes, the Av value of 160-210 cm™! indicated the dif-
ference of the two O atoms of the carboxyl group with chelating
bidentate coordination mode. Meanwhile, the big unsymmetrical
phthalimidino carboxylate group’ tend to hamper the rotation of
the two benzyl groups, and it inevitably lead to the large chemi-
cal-shift difference between the methylene protons with magneti-
cally non-equivalent as above mentioned. And vice versa, the IR
and NMR data suggested that there is no symmetry plane (o) in
these organotin molecules. Obviously, the inversion center (i) and
4n-fold improper axis (S4,) of rotation cannot exist in these mole-
cules. Therefore, the organotin carboxylate molecules have no type
of symmetry whatever, and are chiral molecules. Whereas, it
would be beyond the scope of this study to assign the chiral Sn(IV)
centers as R or S, since the stereoisomers have not been separated
into enantiomers.

In order to study the bioactivity of this kind of ligand and their
organotin carboxylates, their in vitro antifungal and antibacterial
activities have been evaluated by the minimum inhibition concen-
tration (MIC) test using the doubling dilution technique against
fungus Candida albicans, Gram-positive bacteria Staphylococcus
aureus, and Gram-negative bacteria Escherichia coli and Pseudomo-
nas aeruginosa. The results are summarized in Table 1. As revealed
from these data, all the above mentioned six compounds were
found to be not only active against these bacteria corresponds well
with that of the reported N-substituted phthalimidins, but also to
be active against fungi which is infrequent for this kind of com-
pound.® Moreover, the organotin carboxylates 4-6 display a great
improvement in antibacterial and antifungal activity upon their
corresponding phthalimidine derivatives 1-3. It is also worth men-
tioning that the inhibition efficiency, in cases both of phthalimi-
dine ligands and of organotin carboxylates, is dependent
somewhat on the substitution position of the carboxylate group
on its N-connected benzene ring. Among which, the compounds
1 and 4 with the substituent carboxylate group on the meta-posi-

Table 1
In vitro antifungal and antibacterial activities as the minimum inhibition concentra-
tion (MIC) values (mg/mL)* for compounds 1-6

Compounds EcP P.ac S.ad Cat
1 0.625 0.625 1.25 0.625
2 2.5 1.25 25 1.25
3 1.25 0.625 1.25 1.25
4 0.0625 0.125 0.0625 0.125
5 0.125 0.125 0.0625 0.125
6 0.125 0.125 0.0625 0.125

¢ Values are means of three experiments.

b E.c. = Escherichia coli.

¢ P.a. = Pseudomonas aeruginosa.

4 S.a. = Staphylococcus aureus.

e

C.a. = Candida albicans.
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tion are found to be more active than the others, while the ligand 2
with the carboxylate group on the ortho-position exhibit lowest
activity in three ligands, and its organotin carboxylate 5 display
the same activity as 6 whose carboxylate group is on the para-
position.

The substituent position can also strongly influence the fluores-
cence of the phthalimidine derivatives. Distinctly unlike its posi-
tion isomers 2 and 3 which emits intense fluorescence around
408 nm (in DMF), ligand 1 exhibits only a very weak emission at
455 nm with a large redshift of 47 nm.2 While the emission spectra
of its organotin carboxylate 4 (in the solid state at room tempera-
ture) shows this ligand-centered (LC, n-7* and/or 7-7*) emission
at 451 nm as a very strong peak with a shoulder peak at 425 nm.
Simultaneously, it also exhibits two new strong emissions at 471
and 526 nm which may be assigned as ligand-to-metal charge
transfer (LMCT) or metal-to-ligand charge transfer (MLCT).?®> The
emission spectra of organotin carboxylate 6 is quite similar to that
of 4 except the significant enhancement of the yellow-green emis-
sion at 525 nm which may come from a higher conjugation of the
ligand 3 than that of 4.” However, complex 5 displays the only fluo-
rescence maximum at 409 nm which is attributed to its ligand 2
just with an obvious enhancement. It could be envisioned that
these remarkable and unique fluorescent property of phthalimi-
dine derivatives might be useful in exploiting some sensory and
diagnostic applications.

In conclusion, this Letter describes the preparation and charac-
terization of a new N-substituted phthalimidine and three organo-
tin carboxylates as the first examples of organotin complex of
phthalimidine derivatives with broad spectrum resistance and
great improved antibacterial and antifungal activity upon their
corresponding phthalimidine derivatives. The substitution position
of the carboxylate group on their N-connected benzene ring
strongly influenced the bioactivity and fluorescent activities of
both the ligands and the organotin carboxylates.
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