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This work is focused on investigating the interaction of antitumor active metallocene vanadocene dichloride
(CpaVCly) and amino acids in aqueous solution at physiological pH. Sixteen vanadocene amino acid complexes
[Cp2V(aa)][X] (aa = gly, ala, val, leu, ile, phe, his, and trp; X = Cl, PFs) were prepared and characterized on the
basis of spectral measurements (EPR, MS, IR, Raman). Amino acids are coordinated to the vanadocene fragment
through the oxygen atom of the carboxylic group and the nitrogen of the amino group, resulting in a five-membered
chelate ring. Complexes [Cp,V/(val)][PF¢] and [Cp,V(ile)][PFe] have been characterized by X-ray structure analyses.
It was evidenced that all prepared complexes are stable in both aqueous solutions with physiological pH and in
therapeutic NaCl solutions. EPR spectra of vanadocene amino acid complexes in Krebs—Ringer solution in human
blood plasma and in whole blood showed that these complexes react with the hydrogen carbonate anion present
forming complex Cp,V(0,CO).

and chemist3? 28 As a result of this comprehensive research,
TDC has advanced into phase Il of the clinical tri#&i&

Introduction
Bent metallocene complexes ($MCl;; M = Ti, V, Nb,

and Mo) attract considerable attention for their cytostatic
activity.° In the last two decades, €RCl, (TDC) was the
most widely studied metallocene complex by biologfsts
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Scheme 1. Preparation of Amino Acid Complexes
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Recently, the strong interest in &{Cl, (VDC, 1)337 and

tailed knowledge of the interaction between metallocenes and

Cp:MoCl, (MDC)%84° has reappeared because these haveessentiab--amino acids (components of enzymes) is neces-
some suitable properties such as the greater stability of thesary to gain an understanding of the mechanism of cytostatic

CpM moiety** When various metallocenes are compared

, action at the molecular level. Although titanoceite and

there are some distinct differences in both the chemistry of molybdenocerféd-58 derivatives of amino acids were known

the components of DNA and the cytostatic activity.
Although TDC and MDC form stable complexes with
alkylated nucleobases and nucleoti®4® no such com-

plexes were found for VDC1).*® Some studies indicate that

for a long time, the preliminary work on vanadocene
derivatives with the simplest amino acids has been performed
only recently?®

The aim of this study is to investigate the behavior of

the cytostatic activity of bent metallocenes should be ascribedvanadocene complexes in water, physiological solutions,
to the inhibition of the DNA processing enzymes such as human blood plasma, and whole human blood. These

proteinkinase € and topoisomerase 5! Therefore, de-
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observations result in a considerable view of the complexes
that are formed before and after metallocene drug applica-
tions.

Results and Discussion

Syntheses ofa-Amino Acid Complexes. Vanadocene
complexes2a—9a are formed in water by the reaction of
vanadocene dichloridd) with an appropriate.-amino acid
after neutralization by sodium hydroxide (Scheme 1). The
solid powder samples of the amino acid complexes were
obtained after the evaporation of the solvent and the
crystallization from the acetoremethanol mixture or by the
method described previoust.

When EPR spectra of the reaction mixture and the
methanol solution of the pure product were compared, no
differences were observed. Therefore, we can say that only
amino acid complexe2a—9a are present in the reaction
mixture. Complexe®a—9a are extremely soluble in water
and methanol. They are almost insoluble in organic solvents
(CH.Cl,, CHCl;, hexane, acetone, benzene, and toluene).
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Figure 1. Bonding of amino acids to the metallocene(IV) moiety.

B
The CI ions can be replaced by a reaction with kP& ®

water resulting in corresponding PFsalts 2b—9b. In
contrast to the chloride complexe®a-9a), the Pk~
complexes Zb—9b) are much less solubile both in water
and methanol, probably because of a large anion effect. ©

Two bonding modes of the amino acid to bent metallocene
are known (Figure 1). The first one is realized exclusively
via the oxygen atom of the carboxylic groups of two amino
acid molecules. This bonding was observed in the case of
titanocene complexéd:536° The more common chelate (D)
bonding mode, realized via both the oxygen of the carboxylic
group and the nitrogen of the amino function, was previously
found for a majority of molybdenocene derivativé$®
Therefore, the prepared amino acid vanadocene complexes 3000 3200 3400 3600 3800
(2—9) were studied by means of spectroscopic techniques B©)

with a view to determine the bonding mode of the amino Figure 2. EPR spectra of complega (v = 9.46 GHz) in methanol
acid solution (A), in the Krebs-Ringer solution immediately after dissolution

. . (B), in the Krebs-Ringer solution 24 h after dissolution (C), and in whole
IR and Raman Spectroscopy.The integrity of the bent  blood (D).

vanadocene moiety [G@]?" in compounds2—9 was ac-
complished on the basis of vibrational spectra. The presenc
of two 7°-bonded cyclopentadienyl rings is evident from
medium to strong absorptionsig{C—H) (IR: ~3140 cn?),

Table 1. Experimental HFC Tensors (1®cm™1) andg Tensors of
€amino Acid Complexes

Aiso Jiso Ax Ox Ay gy Az 9z

- o 1 o ; 2a 626 1986 76.8 1.989 1027 1966 7.4 2003
v(C—H) (IR: ~3096 cm 3 Raman: ~3105 cnr?), 2b 629 1986 76.8 1.982 1027 1969 82 2.007
v¢(C—C) (Raman: ~1132 cn?), andd(C—H) (IR: ~840 3a 625 1986 77.2 1.98 1022 1967 7.1 2.005
Cm—l)_ﬁl The very Strong Raman band af285 cm?t (Cp 3b 627 198 77.3 1977 102.2 1.968 7.7 2.010

. - - . 4a 622 1988 766 1989 1023 1967 6.7 2.008
ring tilting) is typical for bent metallocenés. 4 623 1983 766 1979 1023 1970 7.3 2000

Intensive bands of the Nt$tretching vibrationsi(NH,) 5a 627 1989 76.6 1989 1025 1965 7.8 2.013
~3345 cml, v(NH,) ~3210 cml) as well as the band of ~5b 627 1983 767 1982 1027 1969 7.9 1.998
the COO vibration £(C00)~1640 crr) in IR spectiaof 53 %35 1357 799 L1 124 lsee 70 zois
complexe®—9 were observed. This indicates thatthe amino 7a 627 198 777 1986 1025 1964 6.7 2.008
acid could be bonded through both amino and carboxylic 7b 625 1981 764 1979 1021 1960 8.0 2004
groups. This presumption was confirmed by a comparison gz gg:g i:ggg ;;g i:ggg igg:g i:ggg 2:3 g:ggé
with the vibrational spectra ofi-amino acid compounds 9a 626 198 76.9 1991 1025 1966 7.6 2.001
containing the free Nkffunction. Similar observations were 90 626 1.985 769 1970 1014 1958 7.6 2027
reported for other chelate complexescofimino acid$?

EPR SpectroscopyFrom recently published works, it is
known that changes in hyperfine coupling (HFC) tensors
reflect the different coordination environments around the
vanadium aton§#%°> These HFC differences are often ob-
served both in isotropic EPR spectra (measured in solution)
and anisotropic EPR spectra (measured in solid state).

Amino acids complexe2—9 dissolved in methanol give
simple eight-line EPR spectra corresponding to one para-
magnetic species (e.g., Figure 2, spectrum A). The aniso-
tropic spectra were obtained from frozen methanol solutions.
The HFC tensors of amino acid complex2s9 were in a
very narrow rangeAiso = 62.6 + 0.2 x 104 cm?t, A =
77.0+ 04 x 104cm™t, Ay = 10244+ 0.3 x 104 cm™},

(60) Bina, R.; Csaova |.; Pavliga, M.; Pavik, I. Appl. Organomet. Chem. andA; = 7.3+ 0.5 x 10™* cm}; see Table 1). Replacing

2004 18, 262-263. Cl~ with PR~ as well as using different amino acids does
(61) Diana, E.; Rossetti, R.; Stanghellini, P. L.; Kettle, S. Findrg. Chem.

1997 36, 382391 not affect the EPR parameters. From this uniformity, it is
(62) Pavlisa, M.; Bina, R.; @rno®k, Z.; Erben, M.; Vinklaek, J.; Pavk, evident that the same coordination around the central metal
I. Appl. Organomet. Chen2005 19, 90—93. i i -

(63) Nakamoto, Kinfrared and Raman Spectra of Inorganic and Coor- ta.‘kes place. On the basis of EPR and particularly, the X-ray
dination Coumpoundsith ed.; Wiley: New York, 1986; pp 6267. dlffl’af:tlon analyses (see bglow) gp and6b, the C.helate
(64) ;golnigglg, J.; Vinklaek, J.; Nachtigall, PChem. Phys2004 305 bonding mode of the amino acid was established for

(65) Honz’éek:J.; Nachtigall, P.; Gelova |.; Vinklarek, J.J. Organomet. complexes2—9. Addltlolna”y' the complexes with two
Chem.2004 689, 1180-1187. monodentate amino acids (bonded via the oxygen of the
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Table 2. Selected Bond Lengths (A) and Bond Angles (deg) of

Complex4b and 6b
4b 6b

V—-Cg? 1.9675(12) 1.966(2)
V—-Cg2 1.9630(13) 1.965(2)
Cgl-V—Cg2 133.48(5) 133.16(9)
V—N1 2.148(2) 2.142(3)
V-01 2.004(16) 2.010(3)
N1-V-01 77.45(7) 76.72(12)
Pri—pPrz 46.45(16) 46.7(3)

aCgl = centroid of atoms C*C5.° Cg2 = centroid of atoms C6
C10. ¢ Pr1= plane defined by atoms CXC5; Pr2= plane defined by atoms
C6—C10.

the pseudotetrahedral coordination sites around the vana-
> dium(IV) center. Cg-V distances (1.9631.968 A) and Cer

Figure 3. ORTEP drawing of the molecular structure of [@val)][PFe] V—Cg angles{133) are comparable with those of the other
(4b) with atom numbering (ellipsoids: 30% probability). vanadocene(lV) complexes (€Y = 1.96-1.97 A;
Cg—V—Cg = 131-135).346566 The V—O bond lengths
(2.004(16) A forab and 2.010(3) A fo6b) are close to the
values found in vanadocene complexes with mono and
dicarboxylic acids (2.022.04 A)%567Neighboring cationic
units are connected through intermolecular hydrogen bonds
between the proton of the amino group and the carbonyl
oxygen of the carboxylic group forming a chain of molecules
along thea axis @b: N(1)---O(2) 2.959(3) A, N(1¥
H(1B)-+-O(2) 170(3y; 6b: N(1):-+O(2) 2.957(5) A, N(1)»-
H(1B)---O(2) 1724).

Behavior of Complexes 2a-9a in Aqueous Solutions
at Various pH. Detailed knowledge of the behavior of
prepared complexes in aqueous media has elemental impor-
tance because antitumor drugs are in contact with water both
Figure 4. ORTEP drawing of the molecular structure of [®file)][PFe] when they _are dISSOlVII’lg.In a therapeutic solution and after
(6b) with atom numbering (ellipsoids: 30% probability). they enter into the organism.

On the basis of EPR spectroscopic measurements, it was
confirmed that in the water solution amino acids complexes
5a—9abehave in the same way as was described previously

x 1074 cm‘l).f’g_'65 . . o for compounds2a—4a.5° Such compounds are stable at a
The preparation of complexes with two amino acid ligands pH range of 5-10 for 3 days after dissolving. In the more

was attempted by using a large excess of amino acid (1:10)'acidic solutions (pH 355), an equilibrium between the

The EPR spectra measured after neutralization as well asappropriate amino acid complex and the aqua complex

the EPR spectra measured after dissolving the products in[Cp2V(H20)2]2+ (10; Ao = 74.3x 104 cm L, geo = 1.983°

methanol correspond to complex@s-9a Thus, itis evident | -< ohserved. At pH lower than 3.5 only complEXwas

that no other type of complex is formed. _ detected by EPR spectroscopy. The conversion of the amino
Mass Spectrometry. The base peaks of the first-order  5.iq complexes into compleQ s a reversible reaction.

positive-ion ESI mass spectra of compou@ds-9aand2b— Degradation of amino acid complexes into an agua

+ — + ;
9b are the [M-CII" and [M-PR]" ions, respectively. complex and a free amino acid was subsequently confirmed

Tandem mass spectra of [MCI]* also provide common b . . . : : . :
! . t hyd tion. Ninhyd ts with a f
features because the [ 1 ion atm/z 181 is the base peak Ly positive ninydrine reaction. INinhydrine reacts with a free

carboxylic group) should give afys, value in the range that
is typical for complexes with monocarboxylic acids{5

; nonbonded) amino group of an amino acid to form a colored
or the second most abundant peak in all cases. The neutra ) group

losses observed in MS/MS spectra agelQ(A iz 66), CO ompound, which was detected by BVis spectroscopy
(44), CO (28), and NEI(17). The fragmentation behavior is (Amax = 570 nm). . . .
in accordance with expected structures. Complexes2a—9a are not stable in basic solutions. At

: pH values higher than 10 some EPR silent vanadium
(iISﬁPSIt:a:] S(tgtj)(;tu::elzgje[g pévévnﬂ)][dlfal:sﬂ(()c\?)tigd Egi\émar compounds are formed. This is caused by the degradation

structures of complexedtb and 6b, respectively. The (66) Ghosh, P.; Kotchevar, A. T.; DuMez, D. D.; Ghosh, S.; Peiterson, J.;

import_ant struptural parameters are listed in the Table 2. The Uckun, F. M.Inorg. Chem.1999 38, 3730-3737.

cationic part in complexedb and 6b has a typical bent  (67) Vinklarek, J.; Honztek, J.; Csdova |.; Pavliga, M.; Holubova J.
metallocene structure in which the nitrogen and oxygen eq Sont EUr J. Chem20s 3, 157168,

g YO€N (g8) Pavik, I.; Vinklarek, J.Eur. J. Solid State Inorg. Chem991, 28,

atoms of the amino acid and twg-bonded Cp rings occupy 815-827.
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Scheme 2. Behavior of Complexea—9ain Acidic Solutiort Scheme 3. Behavior of Complexe2a—9ain Krebs—Ringer
ol* o Solutior?
@i}m‘o H,0, H* @i,ﬂo]-[o = ol"
< NHAN | =<\ ~OH, 0 Heosy <& 0
PR} m i %V\NH?‘( V~o7=0
2a-9a 10 2 R a RSN
aLabeled as in Scheme 1. 2a-9a 11

aLabeled as in Scheme 1.
of amino acid complexes, which is accompanied by the

ireversible evoluthn of cyclopentadiene. . Plasma. Vanadocene dichloridel) dissolved in blood
The results obtained from the study of the behavior of plasma gives a single eight-line EPR spectruig, = 58.0

these complexes in aqueous solutions at different pH were' 1074 cm, giso = 1.989) of complext 1. CompoundL1is
applied to more complex systems (see below). stable in such solutions for 24 h.

~ Behavior of Complexes 2&9a in Physiological Solu- The behavior of complexeza—9ain plasma is different
tions. The behavior of complegain physiological sodium  from that of complexl. On the basis of EPR spectra, it was
chloride solution (0.9% NaCl) and in Kreb&inger solution  found that after dissolution, two paramagnetic species are
was studied by EPR spectroscopy. The sodium chloride present. They were identified as starting amino acid com-
solution (0.9% NacCl) is the simplest physiological solution, pounds pa—9a) and carbonate complekl. After 24 h, a
and it is isotonic with blood plasma. Therefore, it can be majority of complexi1was observed in the EPR spectrum.
used as a therapeutic or an application solution. The Krebs vanadocene complexdsand 2a—9a show approximately
Ringer solution is consistent with the ionic composition and  the same behavior in plasma as was that in the Kr&tisger

the pH of human plasma. Consequently, the interactions of sojution. Thus, an interaction with the organic components
prepared complexes with KrebRinger solution components  of human blood cannot be presumed.

are analogous to conditions in vivo but without the effects  Behavior of Complexes 1 and 2a9a in Human Whole

of the organic compounds contained in blood or plasma B|ood. Vanadocene dichloridelf shows the same behavior

(proteins, fats, saccharides, etc.). in both whole blood and plasma. In its EPR spectrum, only
Complex2a does not interact with physiological sodium one paramagnetic species corresponding to carbonate com-

chloride solutions. The EPR spectrum is stable for days in plex 11 was observef® The intensity or the pattern of this

such physiological solutions without the appearance of a spectrum did not change 24 h after dissolving.

signal from any of the other compounds. Consequently, the  Amino acid complexeRa—9a show higher stability in

behavior of2a corresponds to its behavior in pure water at whole blood than in blood plasma. Its EPR spectra contain

neutral pH. signals of two paramagnetic species (Figure 2, spectrum D).
Complex2adissolved in KrebsRinger solution gives an ~ The first of these was identified as an appropriate amino

EPR spectrum that is a superposition of the signals of two acid complex and the second one as carbonate coniglex

paramagnetic species (Figure 2, spectrum B). The first oneHowever, these EPR spectra of compouas9ain whole

was identified as?a, whereas the second was carbonate blood are stationary for 24 h.

complex CpV(0O2CO) (11) (Ao = 58.4 x 107 cm™, giso

= 1.980). Compoundll was previously described as a

product of the interaction of vanadocene dichloride with an  In this study, an interaction of vanadocene dichloride with

aqueous solution of hydrogencarbonate as well as with aa-amino acids in an aqueous environment was unambigu-

Krebs-Ringer solutiorf? ously evidenced by means of EPR spectroscopy. The amino
The decreasing EPR signal intensity of compfaxand acid complexes formed [GW(aa)][X] (aa= gly, ala, val,

increasing signal intensity of compléd was found during  leu, ile, phe, his, and trp; %= Cl, PF) were isolated and

the time-dependent EPR measurements. After 24 h, only thecharacterized by spectroscopic techniques, and the structures

signal of 11 was observed in EPR (Figure 2, spectrum C). of compounds [Cp/(val)][PFe] (4b) and [CpV(ile)][PFg]

This spectrum did not change in intensity, number of bands, (6b) were determined by X-ray diffraction analysis. All

and character for the next 8 h. The presence of a noncoor-amino acids are coordinated to the vanadocene fragment

dinated amino acid was proved by a ninhydrine test similar through one oxygen atom of the carboxylic group and a

to that described above. nitrogen atom of the amino function. No other type of amino
Further measurements showed that compl8ge®ahave acid interaction was observed.

the same behavior in both physiological NaCl solutions and 't was evidenced that prepared chelate compl@esda

in Krebs-Ringer solutions as that of compl®a (Scheme @€ stable in aqueous solutions with physiological pH and

3). The behavior of vanadocene dichlorid {n Krebs— in therapeutic NaCl solutions. Dissolving of amino acid

Ringer physiological solutions was described previo@ly. complexes Z—9) in aqueous media does not lead to a
In this case, only one EPR-active complex was detected angdecrease in pH, as can be observed in the case of vanadocene

Behavior of Complexes 1 and 2a9a in Human Blood

Conclusions

identified as11 dichloride (). Additionally, the amino acids evolved during
the decomposition of the complexes and are biologically
(69) Vinkiarek, J.; Honziek, J.: HolubovaJ. Magn. Reson. Cher004 acceptable. From these aspects, vanadocene amino acid
42, 870-874. complexes could be used as a novel potent antitumor agent.
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In vestigation of Vanadocene(lVix-Amino Acid Complexes

For the description of possible behavior in vivo, the
stabilities of complexea—9ain a Krebs-Ringer solution,
in human blood plasma, and in whole blood were studied.
Experiments detected that all complex@s-9a react with
the hydrogencarbonate anion present to form complex
CpV(0,CO) (11). While in the Krebs-Ringer solution and
in blood plasma, all amino acid complexes are completely
transformed to compleX1 over several hours, and in whole
blood, both starting amino acid complexeza{9a) and
carbonate complexlQ) are present for 24 h. Although the
behavior of2a—9a in Krebs—Ringer solution and blood
plasma is somewhat different, we did not observe any new
EPR active species as products of the interaction with the
organic components of plasma or whole blood.

The phenomenon of the partial dissociation of the five-
membered chelate ring of amino acid is an important aspect
for the preservation of the cytostatic activity of vanadocene
complexes. It is of importance that both amino acid
complexes2—9 and carbonate complegl preserved a
vanadocene fragment [@@]%", which is presumably re-
sponsible for the antitumor activity of vanadocene complexes.

EPR spectroscopic investigations in complex biological
systems such as blood plasma or whole blood, give a novel
view of the chemistry of antitumor active metallocene
complexes. Unfortunately, nuclear magnetic resonance ex-
periments are not suitable for comparable studies of dia-
magnetic titanocene(lV) and molybdenocene(lV) compounds
because of the lower sensitivities Gf*°Ti NMR and **Mo
NMR spectroscopy, respectively.

Experimental Section

Methods and Materials. All operations were performed under
argon by using conventional Schlenk-line techniques. The solvents

Table 3. Crystal Data ofdb and6b: Measurement and Refinement
Detailst

compound 4b 6b
formula CisHooNO,LV, FeP CigH2o0NOLV, FgP
crystal system monoclinic monoclinic
space group P2; (No. 4) P2; (No. 4)
a(A) 6.1600(2) 6.27500(10)
b (A) 15.4740(4) 15.8800(4)
c(A) 9.7220(3) 9.8940(3)
B (deg) 108.1800(15) 105.7680(16)
z 2 2
V (A3 880.44(5) 948.81(4)
D¢ (g cnT3) 1.668 1.597
crystal size (mm) 0.4 0.3x 0.25 0.36x 0.3x 0.25
color green green
shape plate plate
w(mm1) 0.724 0.675
hrange -8,8 -8,8
krange —19, 20 —20, 20
| range -12,12 -12,12
reflections measured 12 060 13625
independentRin?) 4005 (0.033) 4311 (0.033)
observedI[>20(l)] 3811 4134
no. of parameters 245 246
GOP 1.038 1.033
RS, wR® 0.0319, 0.0744 0.0555, 0.1570
Ap (€A3) 0.631,-0.363 1.520;-0.668
ARt = ZF? — Fomeafl/ZFo? b GOF = [EW(Fo? — FA?)/(Naittrs —

Nparamd] ¥2 for all data.cR(F) = Z||Fo| — |F¢/|/Z|Folfor observed data,
WRF?) = [SW(Fo2 — FAI(SW(F)?)]Y2 for all data.

neutralized by 3.96 mL of carbonate-free NaQH=0.5 motL 1),
the solvent was removed in vacuo, and the solid residue was
crystallized from the acetoremethanol mixture. The green powder
was then washed with 10 mL of acetone and dried in vacuo.
Yield: 0.57 g (1.64 mmol, 83%).

Synthesis of [CpV(leu)]PF¢ (5b). After dissolving comple)ba
(0.2 g, 0.58 mmol) in 2 mL of water, 1 mL of saturated KPF
solution was added. The mixture was stirred for 10 min. Then the
precipitate was filtered on the frit, washed with 2 mL of cold water,

were purified and deoxygenated by standard methods. Water wasand dried in vacuo. Yield: 0.15 g (0.33 mmol, 57%).

deionized, double distilled, and saturated with argon. Carbonate-
free sodium hydroxide was prepared by slow dissolution of sodium
in water. Thea-amino acids glycine,-alanine-valine,L-leucine,
L-isoleucine-phenylalanines-histidine, and.-tryptophane (Fluka)
were used without further purification.

Krebs—Ringer solution (6.9 g NaCl, 3.36 g KClI, 0.28 g CaCl
0.16 g KHPO,, 0.14 g MgSQ and 2.1 g NaHC@ per liter of
redistilled water, pH 7.4) and therapeutic saline solution (0.9%

X-ray Crystallography. The X-ray data fordb and 6b were
obtained at 150 K using an Oxford Cryostream low-temperature
device on a Nonius KappaCCD diffractometer with Max K
radiation ¢ = 0.71073 A), a graphite monochromator, and ihe
andw scan mode. Data reductions were performed with DENZO-
SMN.™ The absorption was neglected. Structures were solved by
direct methods (Sir923 and refined by full matrix least-squares
on the basis oF? (SHELXL97).73 Crystal data are summarized in

NaCl) were used as solutions. All chemicals were of analytical Table 3. Hydrogen atoms on carbon atoms in all of the structures
grade. Deionized redistilled water was used in all experiments. Both were calculated into ideal positionsl r|d|ng during refinement on

human blood plasma and blood were stabilized by heparine the respective pivot atom. The isotropic displacement parameters

(standard tubes Vacuette, greiner bio-one). Stabilization by another
anticoagulant such as citrate and EDTA was not useful because
these agents degrade the vanadocene complexes.
Complexes1,’® and 2—4>° were prepared by the published
methods. Syntheses of compoul@sand5b are outlined in detalil
as an example of the general methodology for the synthesis of
compounds used here. Synthetic details of all new compounds,
spectroscopic, and analytic data are available in the Supporting
Information.
Synthesis of [CpV(leu)]CI (5a). After dissolving compound
(0.5 g, 1.98 mmol) in 20 mL of water;leucine (0.26 g, 1.98 mmol)
was added to the solution. Then, the reaction mixture was

(70) Wilkinson, G.; Birmingham, J. Ml. Am. Chem. So&954 76, 4281~
4284.

of these hydrogen atoms were set to &.PJeq 0f the attached atom
or 1.5 x Uy for the methyl moiety. Hydrogen atoms of the amino
moiety were found on difference Fourier maps and refined either
isotropically @b), riding during refinement on nitrogen atoréh)
with displacement parameter set to kx2Ueq (N).

The anions P§ in 4b and 6b structures are poorly ordered,
acquiring large displacement parameters and leaving the high

(71) Otwinowski, Z.; Minor, W. InMacromolecular Crystallography;
Carter, C. W., Sweet, R. M., Eds.; Academic Press: San Diego, CA,
1997; Vol. 276, pp 307#326.

(72) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Burla,
M. C.; Polidori, G.; Camalli, MJ. Appl. Crystallogr1994 27, 435-

436.

(73) Sheldrick, G. M.SHELXL97;University of Gdtingen: Gitingen,

Germany, 1997.
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residuals on difference Fourier maps. However vanadocene moieties203/05/H001 and no. GACR 203/03/1071) and the Research
remain unaffected, affording the satisfactory resolution of their project of the Ministry of Education of the Czech Republic

structures. _ o (no. 0021627501).
Full crystallographic data for the structures reported in this paper

have been deposited with the Cambridge Crystallographic Data ) ) ) )
Centre as supplementary publication no. CCZXD100and270101 Supporting Information Available: Crystallographic details

for 4b and 6b, respectively). Copies of the data can be obtained for [Cp2V(val)]PFs (4b) and [CpV(ile)]PFs (6b) in CIF format,

free of charge upon request from CCDC, 12, Union Road, experimental procedures, and spectroscopic and analytical details.
Cambridge CB2 1EZ, U.K. (fax: 444) 1223-336—033; e-mail: This material is available free of charge via the Internet at
deposit@ccdc.cam.ac.uk). http://pubs.acs.org.
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