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[VO(™H)(C1O4)], [VO(HeY)], and [VO(*™?H)](ClO.) were
prepared by reactions of VOSO, and P"H (N-2-pyridylmethyl-
(S)-histidine), HeY (V,N’-ethylene-(S)-histidine-(S)-tyrosine),
and ®™’H (N, N-bis(2-pyridylmethyl)-(S)-histidine), respectively,
and followed with Ba(ClOs);. X-ray structure analysis of
[VO(HeY)] showed that a pentadentate ligand and an oxoanion
were coordinated with a vanadium(IV) ion, thereby forming a
distorted octahedral geometry. In in vitro evaluation using
isolated rat adipocytes, a tetradentate complex [VO(*"H)
(ClO4)] (ICs0 = 0.762 mM) was found to be more active at lower
concentration than VOSO4 (ICso = 3.56 mM) in term of ICso
value, a 50% inhibition concentration of FFA release from the
adipocytes. On the other hand, two VO complexes of penta-
dentate (HeY and ®™?H) ligands were found to be inactive for
insulin-like activities.

Insulin-dependent diabetes mellitus (IDDM) is treated only by
an intramuscular injection of insulin because insulin is a protein
and most of it is hydrolyzed quickly in the body. Recently, the
coordination chemistry of oxovanadium(IV) has gained
prominence since a vanadyl cation has been found to be
effective as an oral insulin-mimetic compound instead of insulin
in humans.! In previous studies, several bis-bidentate vanadyl
complexes such as [VO(picolinate);] and [VO(cysteine methyl
ester);] have been found to have insulin-mimetic activity.” In
addition, tetradentate (such as N,N’-ethylene-bis-amino acid
(XeX: X; a-amino acid)) oxovanadium(IV) complexes have
insulin-like effects.’

In the present investigation, the syntheses and structures of
novel oxovanadium (IV) complexes with a pseudo tripod-type
tetradentate alternative to linear XeX types and two pentadentate
ligands including a His residue were studied, and their in vitro
insulin-like activities were evaluated.

A novel ligand, N-2-pyridylmethyl-(S)-histidine methyl ester
(""H-Me),* was prepared with a Schiff base that was obtained
from pyridine-2-aldehyde and (S)-histidine methyl ester by
reducting with NaBH3;CN.  After the saponification of 0.140 g
of P"H-Me with 0.085 g of Ba(OH),*8H.0, 0.121 g of
VOS04°3.5H,0 was added to its aqueous solution and followed
by stirring for 12 h at rt. After the filtration of BaSO4
(precipitated by the addition of 0.209 g of Ba(ClO4)2*3H,0), a
violet complex, [VO("™H) (ClO4)] 1,” was obtained with a yield
of 0.094 g (42%) from the methanol solution.

A novel ligand, N,N’-ethylene-(S)-histidine-(S)-tyrosine
methyl ethyl ester (Me-HeY-Et),® was obtained from (S)-
histidine methyl and (S)-tyrosine ethyl esters by a one pot
method similar to that used for the preparation of ¢eHH-OMe.’
After the saponification of 1.18g of Me-HeY-Et with 0.92 g of

Ba(OH), *8H,0, 0.66 g of VOSO43.5H,0 was added to the
aqueous solution and followed by stirring for 1 h at rt.
[VO(HeY)]*H,0 2° was obtained with a yield of 0.65 g (50%)
from the mixed solution.

Another novel ligand, N,N-bis(2-pyridylmethyl)-(S)-histidine
methyl ester (P™?H-Me),” and a purple complex, [VO(*™?H)]
(ClOy) *4H,0 3,'° were prepared using the methods used for
those of P"H-Me and 1, respectively. 3 was obtained with a
yield of 38% by recrystallization from the methanol solution.

Figure 1. ORTEP drawing of [VO(HeY)]*H,O (2) having an enantiomer,
A-cis-a~(RR, AdA), for the skelton of HeY similar to that of MeM® on the
basis of the absolute configuration of the ligand.

A blue crystal of 2 for X-ray structure analysis was obtained
from hot water, but the single crystals of 1 and 3 were not
obtained. The molecular structure of 2 was formed by only one
enantiomer, A-cis-a—(RR, ASA), for the skelton of HeY, (which
is similar to that of MeM®) on the basis of the absolute
configuration of the ligand (Figure 1).11 The complex has a
distorted octahedral coordination structure. The V(IV) ion in 2
lies in an equatorial least-square plane (O1, N2, O3, N3) with a
mean deviation of 0.001 A. In addition, the V(IV) ion lies with
a mean deviation of 0.367 A from an equatorial least-square
plane (01, N2, O3, N3) toward an oxo ligand. The distances of
the coordinated atoms around the V1 atom are 2.014(2),
1.985(2), 1.603(3), 2.324(3), 2.127(3), and 2.111(2) A for V1-
01, V1-03, V1-05, V1-N1, V1-N2, and V1-N3, respectively.
There are eight intermolecular hydrogen bonds in crystals
primarily in 02---07 = 2.885(4), 04---O7 = 2.805(4), N1---O2
= 3.085(4), N2---04 = 3.001(4), N4---O1' = 2,946(4), N4---03'
= 2.908(4), N4---O5' = 3.038(4), 06---07" = 2.726(4) A
[symmetry code: (i) -x + 1/2, -y, z +1/2 (i) x + 1/2, -y + 1/2, -
z]. An O(6) atom of the phenolic OH group and an N(4) atom
of the imidazolic NH group exclusively form intermolecular
hydrogen bonds with an O(7) atom of the water molecule and an
O(5) atom of the vanadyl oxygen, respectively.

Infrared spectroscopy has been used extensively to determine
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the mode of coordination of the ClO;~ ligand in solid state.'?
The free ClO4~ ion belongs to the high-symmetry point group
T, and only vs; and v, are infrared-active. In 1, the absorption
bands due to v3 and v, appear at 1122 and 1109 and 1033 crn‘l,
respectively. Two absorption bands due to v; indicate the
unidentate coordination of ClO4~ to V(IV) ion. In 3, v;and vq4
for a typical free ion appear at 1125-1090 and 1027 (weak) cm™,
respectively. The complexes in this study with a coordination
number of 6 give V=0) at 974, 969, and 978 cm™ for 1, 2, and
3, respectively.'” The possible geometrical isomers of 1 are
shown in Figure 2. From the results of above IR spectra and
the X-ray structure of [VO(N-(2-pyridylmethyl)iminodiacetato)
(H,0)] with a tripodal ligand,” 1 seems highly possible to have
structures as shown in (a) and/or (b) of Figure 2.
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Figure 2. The possible geometrical isomers of [VO(P"H)(CIO4)] (1).

The insulin-like activity of these three complexes has been
evaluated by in vitro experiments, in which the inhibition of the
release of free fatty acid (FFA) from isolated rat adipocytes
treated with epinephrin was estimated'® by comparing the
activity of vanadyl sulfate (VS) as a positive control. The in
vitro experiments were performed by the method described in
references. (2 and 14).

The effects of 1, 2, 3 and VS were found to be dose-
dependent in the concentration range of 10™*-10° M, as shown in
Figure 3. The apparent ICsp value, which is the 50% inhibition
concentration of the FFA release in each compound, was
estimated from the results. The obtained ICsg = 0.762 mM for
1 was found to be more active at lower concentrations than VS
(ICsp =3.56 mM). On the basis of the in vitro results, 1 may be
a potent insulin-mimetic complex in the treatment of IDDM in
animals. Complexes 2 and 3, which have two different penta-
dentate ligands, were found to be inactive for insulin-like
activities as shown in Figure 3.
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Figure 3. Inhibitory effects of vanadyl complexes on free fatty acid (FFA)
release from rat adipocytes treated with epinephrine (EP)."* B and C are
blank and control, respectively. VS1-3, 1-1-3, 2-1-3, and 3-1-3 are VOSO,,
1, 2, and 3, respectively. In each system, adipocytes (2.7 X 10° cells /
ml) were treated with 10, 5 X 10% and 10° M of 1, 2, and 3,
respectively, for 30 min and then incubated with 10° M EP for 3 h at 37 °C.
Bach column represents the mean=SD for three repeated experiments.

Oxovanadium(IV) complexes of a coordination number 52
such as [VO(cysteinate methyl ester),] and [VO(picolinate),]
may act as potent insulin-mimics. Vanadium(IV) complexes of
a coordination number 6 having a pseudo tripode-type
tetradentate ligand such as P"H or a linear one such as XeX, an
oxoanion and a mondentate ligand, such as a perchlorate ion or a
water molecule may also act in the same manner. On the other
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hand, VO complexes of a coordination number 6 having a rigid
penta-dentate ligand and an oxoanion are inactive in terms of
insulin-like activity. =~ Based on the above results, one
coordinate site on a vanadium(IV) ion needs to be vacant or to
have a monodentate ligand, such as a perchlorate ion or a water
molecule, in order to give insulin-like activity.
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