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Terdentate [C,N,S] Pincer Ligands — Crystal and Molecular Structure of
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NI2-(SMe)CsH43(CD)]
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Treatment of the thiosemicarbazone ligands 4-
MeCe¢H,C(Me)=NN(H)C(=S)NHMe (a), 4-MeCcH,C(Me)=
NN(H)C(=S)NHEt (b), and 4-MeCgH,C(Me)=NN(H)C(=
S)NHPh (c¢) with K,[PdCl,] produced the tetranuclear palla-
dium(II) compounds [Pd{4-MeCeH3C(Me)=NNC(=S)-
NHMe}l, (1a), [Pd{4-MeCsH3;C(Me)=NNC(=S)NHELt}], (1b),
and [Pd{4-MeCzH3;C(Me)=NNC(=S)NHPh}], (1c) with depro-
tonation of the NH group. Treatment of thiosemicarbazones
4-MeOCgH,C(H)=NN(Me)C(=S)NH, (d) and 3-Me-
OCH,C(H)=NN(Me)C(=S)NH, (e) with K,[PdCl,] gave the
mononuclear palladium(Il) compounds [Pd{4-MeOCgHj3-
C(H)=NNMe)C(=S)NH,}(Cl)] (1d) and [Pd{3-MeOCgH;3-
C(H)=NN(Me)C(=S)NH,}(Cl)] (1e). Treatment of the Schiff

base 4-MeOCsH,C(H)=N[2-(SMe)CsH,] (f) with Li,[PdCl4]
afforded [Pd{4-MeOCsH3;C(H)=N][2-(SMe)CsH,4]}(CD)] (11).
All the ligands are terdentate through the [C,N,S] atoms and
the Pd—S bond formed is sufficiently strong to tolerate treat-
ment with nucleophiles without bond cleavage. Treatment of
1a, 1b, and 1c with triphenylphosphane gave the mononu-
clear species 2a, 2b, and 2¢, which upon treatment with hy-
drochloric acid resulted in the 1:1 electrolytes 3a, 3b, and 3c,
with NH and C=S groups. Coordination of PPh; to Pd in 1f
was achieved by treatment of the compound with sodium
perchlorate, followed by the nucleophile in a 1:1 molar ratio,
to yield 2f. The crystal structures of compounds 2a and 1f
are described.

Introduction

Cyclometallated compounds, as a class within the or-
ganometallic family, are quite numerous and they have been
intensively studied.l'~71 This is due especially to the wide
variety of organic ligands bearing an appropriate donor
atom that may sustain metallation with formation of the
stable five-membered ring. When the ligand to be
metallated has more than one donor atom, a second ring,
bonded to the metal ion through the corresponding non-
carbon donor atoms, may be created, thus giving com-
pounds with two fused rings at the metal center. We have
previously met with this situation with terdentate [C,N,N]
Schiff bases,® 1% terdentate [C,N,O] semicarbazones,!'!!
and terdentate [C,N,S] thiosemicarbazones.!'?l The last case
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is clearly distinct from the former two, in that the sulfur
atom strongly binds to the metal ion, palladium(Il) and
platinum(Il) in our case, thus making the ligands excellent
pincer species that powerfully secure three of the four coor-
dination positions of the metal ion, allowing only the fourth
coordination site to undergo further reaction with nucleo-
philes such as tertiary phosphanes. Even with the use of
strongly chelating diphosphanes, the palladium— or
platinum—sulfur bond remains uncleaved, in contrast to the
breakage of the oxygen— or nitrogen—metal bonds of the
chelate ring found in the cases of semicarbazone or Schiff
base ligands, respectively. Another interesting issue relating
to these ligands is the tetrameric nature of the compounds
obtained upon treatment of the ligand with the correspond-
ing metal salt; these are cyclometallated thiosemicarbazone
Pd, or Pty clusters, which also form polymers through hy-
drogen bonds."?! The outstanding question still to be an-
swered is whether these findings are dependent on the struc-
ture of the —C(R)=N—-X(R")—C(S)—NH(R"") chain (X =
C, N; R, R’, R"”" = H, alkyl, aryl) that supports the rings
at the metal atom and how modification of this chain may
alter the nature of the resulting products and their proper-
ties. That is the purpose of this paper, and here we report
results concerning ligands with three different chain se-
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quences, —C(Me)=N—-N(H)-—C(NHR)—-S (R = Me, Et,
Ph), —C(H)=N-NMe)-C(NH,)—S, and -—-CH)=
N—-C—-C—SMe, in order to undertake a comparative study
of the complexes.

Results and Discussion

The thiosemicarbazones a, b, ¢, d, and e were prepared
by treatment of 4-methylthiosemicarbazide, 4-ethylthiosemi-
carbazide, 4-phenylthiosemicarbazide, or 2-methylthiosemi-
carbazide with 4-methylacetophenone, 4-methoxybenzal-
dehyde, or 3-methoxybenzaldehyde as appropriate, whilst li-
gand f was prepared by treatment of 4-methoxybenzal-
dehyde with 2-(methylthio)aniline (see Exp. Sect.). All the
ligands showed the characteristic v(C=N) stretch in their
IR spectra, and ligands a—e also showed the v(C=S) band
(Exp. Sect.); although bands involving the C=S group are
often difficult to assign, we have located the v(C=S) mode
in the free ligands in the 850—820 cm ! range [for a more
detailed study concerning the v(C=S) mode, see refl'?].
The NH protons in a, b, and ¢ showed signals at 5 = 8—9.5.
From these ligands, new cyclometallated compounds were
obtained, and these are shown in Schemes 1 and 2. In a
typical experiment, a suspension of potassium tetrachloro-
palladate in ethanol/water was treated with the correspond-
ing thiosemicarbazone ligand to give complexes [Pd{4-
MeC4H;C(Me)=NNC(=S)NHMe}], (1a), [Pd{4-
MeC4H;C(Me)=NNC(=S)NHEt}]; (1b), and [Pd{4-
MeC4H;C(Me)=NNC(=S)NHPh}]; (1c) as yellow, air-
stable solids, with the ligand in the (E,Z) configuration.
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Scheme 1. (i) Ko[PdCL,J/EtOH or Pd(AcO)./glacial acetic acid; (ii)
PPh,/Me,CO (1:4); (iii) HCl(aq)

The products were characterized by elemental analysis
(C,H, N) and IR and 'H and '3C {'H} NMR spectroscopy.
For complexes 1a, 1b, and 1c¢, the mass spectra (FAB)
showed peaks at m/z = 1302.9, 1359.0, and 1551.2, respect-
ively, suggesting tetranuclear complexes similar to others
obtained by us!'? and by others.l'3~ 131 In addition, the ab-
sence of signals for the NH groups in the '"H NMR spectra
attested to deprotonation, as observed previously.[!3:14:16.17]
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Scheme 2. (i) K,[PdCL,/EtOH:; (ii) Li,[PdCl,)/NaAcO/MeOH; (iii)
AgClO4/PPhy/Me,CO; (iv) PPhy/Me,CO

The metallation of the ligand was clear, from the absence
of the AA’XX’ systems of the para-substituted phenyl
rings, and the three remaining proton resonances were un-
equivocally assigned (see Exp. Sect.). The '*C-{'H} data
confirmed metallation of the phenyl ring:'® the C=N,
C(1), and C(6) resonances were shifted to low field relative
to those of the free ligands, whilst the NCS resonance was
shifted upfield. The v(C=N) band shifted to lower wave-
numbers on complex formation,!'” contrary to the trend
observed for other thiosemicarbazone complexes, which
show a shift to higher wavenumbers.l*”! The v(C=S) band
disappeared, in agreement with loss of the double bond
character upon deprotonation of the NH group, which is
necessary in order to preserve the electroneutrality of the
tetranuclear complexes. In view of these results, we rea-
soned that, if deprotonation of the NH group could be
hindered, then the N(H)—C=S moiety would not be able
to adopt the N---C---S character needed for the tetrameric
species. In order to achieve this, we synthesized ligands d
and e, in which the chain sequence on the metallated aro-
matic ring was —C(H)=N-N(Me)—C(NH,)—S. The
stronger N—Me bond, in place of the N—H bond, should
keep the —N(Me)—C=S moiety unaltered, providing a
mononuclear compound. Thus, treatment of ligands d or e
with potassium tetrachloropalladate in ethanol/water gave
the complexes [Pd{4-MeOCsH;C(H)=NN(Me)C(=
S)NH,}(CI)] (1d) and [Pd{3-MeOCzH;C(H)=NN(Me)C(=
S)NH,}(CI)] (1e), as yellow, air-stable solids, which were
fully characterized (see Exp. Sect.).
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The 'H and '3C-{'H} data showed metallation of the
aromatic ring (vide supra). The mass spectra (FAB) in each
case showed a peak at m/z = 364.2. The IR spectra showed
v(C=S) bands (absent in 1a, 1b, and 1c¢) at 831 and 837
cm ™! for 1d and 1e, respectively, and v(Pd—Cl) bands (also
absent in 1a, 1b, and 1e¢, in accordance with the absence of
the chloride ligand in the palladium coordination environ-
ment) at 310 and 306 cm ! for 1d and 1e, respectively. These
findings are in good agreement with mononuclear species
and establish that the —N(Me)—C=S group remains un-
changed, confirming our initial assumption. Having estab-
lished how modification of the chain alters the nature of
the compounds synthesized, another issue to be considered
was the reactivity of the complexes; that is, whether similar
variations would influence the excellent pincer properties
of the terdentate [C,N,S] ligands so far studied by us, the
thiosemicarbazones, which strongly retain three metal coor-
dination positions. For this purpose we included the se-
quence —C(H)=N—-C=C-SMe (ligand f, in which the
—C—C— group is part of an aryl ring) and synthesized
compound 1f for more detailed comparative study. Thus,
treatment of 4-MeOCsH,4C(H)=N[2-(SMe)CsH,4] with li-
thium tetrachloropalladate in methanol gave compound
[Pd{4-MeOCsH;C(H)=N[2-(SMe)CsH,4]}(CI)] as an air-
stable, fully characterized solid (see Exp. Sect.). The shift of
the v(C=N) stretch towards lower wavenumbers>'l and the
upfield shift of the HC=N resonance in the '"H NMR spec-
trum supported nitrogen coordination to the metal
center./??l The metallated ligand showed the absence of the
AA'’XX' system of the para-substituted phenyl ring (vide
supra). The C=N, C(1), and C(6) resonances in the '*C-
{"H} NMR spectrum were shifted downfield from those of
the free ligand, in accordance with metallation and Pd—N
coordination.!'® The SMe resonance was shifted downfield
in both the 'H and the '*C-{'"H} NMR spectra, in agree-
ment with Pd—S coordination. The crystal and the molecu-
lar structure of 1f are described below.

Reactivity of the Complexes

For 1a, 1b, and lc, a reactivity pattern similar to that
observed by us earlier!!?l was found. Thus, treatment of 1a,
1b, and 1c with triphenylphosphane in a 1:4 molar ratio
gave compounds [Pd{4-MeCsH;C(Me)=NNC(=
S)NHMe}(PPh3)] (2a), [Pd{4-MeCzH;C(Me)=NNC(=
S)NHELt}(PPhj3)] (2b), and [Pd{4-MeCcH;C(Me)=NNC(=
S)NHPh}(PPhs)] (2¢), which were fully characterized (see
Exp. Sect.). The 'TH NMR spectra showed the H(5) reson-
ance shifted upfield and coupled to the phosphorus nucleus.
The C=S, C=N, C(1), and C(6) signals in the '3C-{'H}
spectra appeared shifted as shown above. The 3'P resonance
was a singlet and the chemical shift values were consistent
with a geometry with the phosphorus atom trans to the ni-
trogen atom.!?>72% Treatment of complexes 1a, 1b, and l¢
with  hydrochloric acid gave compounds [Pd{4-
MeCgH;C(Me)=NNC(=S)NHMe}(PPh;)]*Cl~ (3a), [Pd-
{4-MeC¢H;C(Me)=NNC(=S)NHEt}(PPh;)]*Cl~ (3b),
and [Pd{4-MeC4H;C(Me)=NNC(=S)NHPh}(PPh;)]*Cl~
(3¢) as fully characterized 1:1 electrolytes, as shown by elec-

Eur. J. Inorg. Chem. 2002, 613—620

tric conductivity measurements®” (see Exp. Sect.). The
most noticeable feature of these compounds is the pro-
tonation of their NC(=S) nitrogen atoms, as shown by the
resonances at § =~ 9.0 in their '"H NMR spectra, and bands
attributable to v(C=S) in the 840—820 cm ' range. We then
treated complex 1f with triphenylphosphane to compare its
behavior with that of the thiosemicarbazone complexes
la—1c, which did not show cleavage of the Pd—S bond even
with a large excess of the triphenylphosphane ligand and
use of prolonged reaction times (compounds 1d and 1e dis-
played similar behavior, and neither the Pd—S bond nor the
Pd—Cl bond were cleaved). Under similar reaction condi-
tions, the Pd—S bond in 1f remained uncleaved and com-
pound 3f was not formed (Scheme 2). Triphenylphosphane
could be coordinated to the metal atom only after abstrac-
tion of the chlorine ligand; this was achieved by treatment
of compound 1f with silver perchlorate, followed by addi-
tion of the phosphane ligand to give compound [Pd{4-Me-
OC¢H;C(H)=NJ[2-(SMe)CcHy4]} (PPh3)](ClOy) (2f) as a fully
characterized (see Exp. Sect. and Scheme 2) 1:1 electrolyte.
The removal of the chlorine ligand was confirmed by the
absence of the v(Pd—Cl) band. The H(5) resonance in the
'H NMR spectrum showed an upfield shift and appeared
as a multiplet, due to coupling to the 3'P nucleus, whilst the
MeO resonance was shifted to lower frequency by
0.20 ppm, due to shielding by the phosphane phenyl ring.

Crystal and Molecular Structures of 2a and 1f

Suitable crystals were grown by slow concentration of
chloroform solutions of complexes 2a and 1f. The labelling
schemes for the complexes are shown in Figures 1 and 2,
respectively. Both crystals consist of discrete molecules sep-
arated by normal van der Waals distances. Crystallographic
data and selected interatomic distances and angles are listed
in Tables 1 and 2.

Figure 1. Molecular structure of complex [Pd{4-MeCsH;C(Me)=
NNC(=S)NHMe} (PPh3)] (2a), with labelling scheme; hydrogen
atoms have been omitted for clarity

In compound 2a, the structure comprises a molecule with
the palladium(II) atom bonded in a slightly distorted
square-planar environment to four different donor atoms, a
terdentate thiosemicarbazone through the aryl C(1) carbon,
the imine N(1) nitrogen, the thioamide S(1) sulfur atom,
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Figure 2. Molecular structure of complex [Pd{4-MeOCsH;C(H)=
N[2-(SMe)CsH,l} (CD)] (1f), with labelling scheme; hydrogen atoms
have been omitted for clarity

Table 1. Crystal data for compounds 2a and 1f

Table 2. Selected bond lengths [A] and angles [°] for complexes 2a
and 1f

2a 1f
Pd(1)—C(1) 2.044(4)  Pd(1)—C(6) 2.004(5)
Pd(1)—N(1) 2.024(3)  Pd(1)-N(1) 2.013(4)
Pd(1)—P(1) 2.2519(9)  Pd(1)—CI(1) 2.303(4)
Pd(1)—S(1) 2.3419(11)  Pd(1)—S(1) 2.387(3)
S(1)—~C(8) 1.757(4)  S(1)—C(9) 1.791(5)
N(1)—C(7) 1.2904)  N(1)—-C(7) 1.314(5)
N(1)—Pd(1)-C(1) 81.03(13)  N(1)-Pd(1)-C(6) 81.7(2)
N()—Pd(1)-P(1) 176.93(9) N(1)-Pd(1)-S(1)  85.6(2)
C(1)-Pd(1)-P(1)  97.05(10)  C(6)—Pd(1)~Cl(1)  95.6(2)
N()—Pd(1)—-S(1) 82.77(9)  S(1)—Pd(1)-Cl(1) 97.13(12)
C(1)-Pd(1)-S(1)  163.74(10) C(6)—Pd(1)~S(1)  167.30(12)
P()—Pd(1)—-S(1)  99.194)  N(1)—Pd(1)—Cl(1) 176.91(10)
C(7)-N(1)—-Pd(1) 117.6(2)  C(1)—C(6)—Pd(1)  111.2(3)
C(6)-C()—Pd(1) 11042)  C(6)-C(1)-C(7)  116.1(4)
C(1)-C(6)—-C(7)  116.8(3)  C(1)—-C(-N(I)  115.7(4)
N()-C(7)—C(6) 11423)  C(7)-N(1)—Pd(l) 115.03)

zone ligand. The angles N(1)—Pd(1)—C(1), at 81.03(3)°,
and N(1)—Pd(1)—S(1), at 82.77(9)°, are less than 90°, whilst
C(1)—Pd(1)—P(1), at 97.05(10)°, and S(1)—Pd(1)—C(1), at
99.19(4)°, are thus greater than 90°; the sum of angles at
the palladium center in the equatorial plane is 360.04°. All

2a 1f
Empirical formula C,oH,gN;PPdS C,;sH4CINOPdS
Formula mass 587.97 398.18
T [K] 293(2) 150(2)
A [A] 0.71073 0.71073
Crystal system triclinic monoclinic
Space group Pl P2,/c
Unit cell dimensions
a [A] 9.977(1) 8.117(10)
b[A] 11.536(1) 11.814(13)
c[A] 12.680(1) 15.69(2)
o [°] 93.214(1) 90
BI°] 108.285(1) 98.05(15)
vI[°] 108.000(1) 90
VA% 1298.8(1) 1490(3)
Z 2 4
Density (caled.) [Mg/m?) 1.503 1.775
p [mm~1 0.880 1.558
Crystal size [mm] 0.20 X 0.10 X 0.05 0.34 X 0.21 X 0.21
0 range for data collection [°] 1.72 to 28.26 2.17 to 27.89
Reflections collected 8873 4021

Independent reflections

Final R indices [I > 2.0c(])]

R indices (all data) .
Largest diff. peak and hole [eA ™3]

6173 (R;,, = 0.0243)

R;, = 0.0447, wR, = 0.0923
R; = 0.0659, wR, = 0.1038
0.542 and —

2755 (R, = 0.0209)
R, = 0.0350, wR, = 0.0747
R, = 0.0527, wR, = 0.0810

0.475 0.725 and —0.846

and the phosphorus atom P(1) of the triphenylphosphane
ligand.

The deviations from the mean plane are as follows: Pd
—0.0096, C(1) —0.0320, N(1) 0.0403, P(1) 0.0282, S(1)
—0.0269 A. The angles between adjacent atoms in the coor-
dination geometry of the metal atom are close to the ex-
pected value of 90°, in the 99.19(4) to 81.03(13)° range, with
the most noticeable distortions being in the thiosemicarba-
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bond lengths are within the expected range, with allowance
for the strong trans influence of the phosphorus donor li-
gand,® which is reflected in the Pd(1)—N(1) distance of
2.024(3) A [a value larger than the sum of the covalent radii
for Pd and N: 2.01 A]. The Pd(1)—C(1) length, at 2.044(4)
A, and the Pd(1)—P(1) length, at 2.2519(9) A, are shorter
than the expected values of 2.081 A and 2.41 A,*! respect-

ively; this suggests some degree of multiple bond character
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in the Pd—C(ary)**~321 and Pd—P linkages.?* The
S(1)—C(8) bond length, at 1.757(4) A, and the N(2)—-C(8)
length, at 1.306(5) A, are consistent with increased single-
and double-bond character, respectively; the former is sim-
ilar to that found for the Pd—S single bond in compound
1f (vide infra). The metallacycle Pd, C(1), C(6) C(7), N(1)
is planar, with mean deviations from the plane in the
+0.0113 A range.

The crystal structure of 1f consists of molecules with the
palladium(II) atom bonded to a terdentate Schiff base sys-
tem through the aryl C(6) carbon, the imine N(1) nitrogen,
and the S(1) sulfur atoms, and also to the chlorine CI(1)
atom, thus yielding the palladium ion bonded to four differ-
ent atoms.

The deviations from the mean plane are as follows: Pd
—0.0088, C(6) —0.0162, N(1) 0.0218, S(1) —0.0127, and
CI(1) 0.0160 A. The angles between adjacent atoms in the
palladium coordination sphere show deviations from the
ideal 90° similar to those described above for compound
2a, with the most noticeable distortion in the
N(1)—Pd(1)—C(6) angle of 81.7(2)°, a consequence of che-
lation; the sum of angles around the palladium atom is
360.03°. All bond lengths are within the expected ranges,
with a shorter Pd(1)—C(aryl) linkage than in compound 2a
(vide supra). The Pd(1)—N(1) distance is also shorter in 1f
than in 2a, reflecting the smaller trans influence of the
chlorine atom in comparison with that of the phosphorus
atom of the phosphane ligand. The metallacycle Pd, C(1),
C(6), C(7), N(1) and the coordination ring Pd(1), N(1),
C(8), C(9), S(1) are planar, with mean deviations from the
plane in the =0.0236 A and +0.0097 A ranges, respectively,
and they form angles with the Pd(1), C(6), N(1), S(1), CI(1)
palladium coordination plane of 2.63 and 0.72°, respect-
ively.

Conclusion

We have shown that cyclometallation of organic ligands
may be controlled, to provide different species through the
introduction of appropriate changes in the chain bonded to
the metallated aryl ring, and which contains the donor
atoms that afford the metallated and coordination rings at
the metal center. Thus, polynuclear metal compounds or
mononuclear complexes may be synthesized by impeding
cleavage of the N—H linkage on the hydrazine nitrogen
atom. Furthermore, we have also demonstrated that the li-
gands discussed in this paper are good terdentate [C,N,S]
pincer species that firmly sustain three metal coordination
sites, allowing only one remaining position to undergo fur-
ther reactions with nucleophiles, and they are therefore
most suitable for providing a means to protect the metal
ion against undesirable side reactions. Our goal now is to
extend these findings to related ligands and also to examine
their behavior in six-coordinate metals.

Experimental Section
General Remarks: Solvents were purified by standard methods.[*¥

Chemicals were reagent grade. Lithium tetrachloropalladate was
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prepared in situ by treatment of palladium(II) chloride with lithium
chloride in methanol or ethanol. Palladium(II) acetate, potassium
tetrachloropalladate, and palladium(II) chloride were purchased
from Alfa Products, triphenylphosphane from Aldrich-Chemie.
Microanalyses were carried out at the Servicio de Analisis Ele-
mental at the University of Santiago, with a Carlo Erba Elemental
Analyzer Model 1108. IR spectra were recorded as Nujol mulls or
KBr discs with a Perkin—Elmer 1330 and with a Mattson spectro-
photometer. NMR spectra were obtained as CDCl; solutions and
referenced to SiMe, (‘H, 13C) or 85% H;PO,4 (3'P-{'H}) and were
recorded with Bruker WM250 and AMX 300 spectrometers. All
chemical shifts are reported downfield from standards. The FAB
mass spectra were recorded with a Fisons Quatro mass spectro-
meter with a Cs ion gun; 3-nitrobenzyl alcohol was used as the mat-
rix.

CAUTION: Perchlorate salts of metal complexes are potentially
explosive. Extreme caution should be exercised when handling
these materials.

Synthesis of 4-MeCsH,C(Me)=NN(H)C(=S)NHMe (a): 4'-
Methylacetophenone (650 mg, 4.84 mmol) and hydrochloric acid
(35%, 0.65 mL) were added to a suspension of 4-methyl-3-thiosem-
icarbazide (510 mg, 4.84 mmol) in water (25 mL) to give a clear
solution, which was stirred at room temperature for 4 h. The white
solid that precipitated was filtered off, washed with cold water, and
dried in air. Yield: 858 mg, 80%. C;1H5N3S (221.3): caled. C 59.7,
H 6.8, N 19.0, S 14.5; found C 59.5, H 6.6, N 18.6, S 13.9. IR: V =
1620 [s, v(C=N)], 849 [m, v(C=S)] cm~'. 'H NMR (CDCl,): § =
8.61 (s, 1 H, NH), 7.63 (br, 1 H, NHMe), 7.59 (d, 2 H, H2, H6,
N =28.3Hz),7.21(d,2H, H3, H5, N = 8.3 Hz), 3.27 (d, 3 H, NMe,
3Juu = 4.9 Hz), 2.38 (s, 3 H, C4—Me), 2.25 (s, 3 H, =C—Me). 13C-
{'H} NMR (62.46 MHz, CDCls): § = 179.3 (C=S), 147.3 (C=N),
140.3 (Cl), 135.0 (C4), 129.7 (C2, C6), 126.6 (C3, C35), 31.7
(NHMe), 21.7 (C4—Me), 13.9 (MeC=N).

Thiosemicarbazones b—e: These were prepared by similar proced-
ures.

4-MeCgH,C(Me)=NN(H)C(=S)NHEt (b): Yield: 992 mg, 87%.
C1,H,7N,S (235.4): caled. C 61.2, H 7.3, N 17.9, S 13.6; found C
61.0, H 7.2, N 17.8, S 13.2. IR: ¥ = 1617 [m, (C=N)], 835 [m,
v(C=S)] em~!. '"H NMR (CDCly): 3 = 8.56 (s, | H, NH), 7.57 (d,
2 H, H2, H6, N = 8.5 Hz), 7.50 (br, NHEY), 7.21 (d, 2 H, H3, HS5,
N = 8.5Hz), 3.77 (m, 2 H, NCH,CHs), 2.37 (s, 3 H, C4—Me),
2.24 (s, 3 H, =C—Me), 1.30 (t, 3 H, NCH,CH;, /gy = 7.1 Hz).
13C {H} NMR (62.46 MHz, CDCl,): § = 178.1 (C=S), 147.3 (C=
N), 140.3 (C1), 135.1 (C4), 129.7 (C2, C6), 126.6 (C3, C5), 39.8
(NCH,CH,), 21.7 (C4—Me), 14.9 (NCH,CHj), 14.0 (MeC=N).

4-MeC4H,C(Me)=NN(H)C(=S)NHPh (c): Yield: 1263 mg, 92%.
C16H7N;S (283.4): caled. C 67.8, H 6.0, N 14.8, S 11.3; found C
68.0, H 6.2, N 14.8, S 11.0. IR: ¥ = 1611 [s, v(C=N)], 828 [m,
v(C=S)] em~". "H NMR (CDCly): § = 9.41 (s, 1 H, NH), 8.77 (br,
NHMe), 7.63 (d, 2 H, H2, H6, N = 8.2 Hz), 7.23 (d, 2 H, H3, HS5,
N = 8.2 Hz), 2.39 (s, 3 H, C4—Me), 2.32 (s, 3 H, =C—Me).'*C-
{'H} NMR (62.46 MHz, CDCL): § = 176.6 (C=S), 147.9 (C=N),
140.7 (C1), 1384 (C4), 129.2 (C2, C6), 124.6 (C3, C5), 21.8
(C4—Me), 14.2 (MeC=N).

4-MeOCcH4C(H)=NN(Me)C(=S)NH, (d): Yield: 906 mg, 85%.
CoH3N308 (223.3): caled. C 53.8, H 5.9, N 18.8, S 14.4; found
C 534, H6.0, N 18.5, S 15.3. IR: v = 1619 [m, v(C=N)], 836 [m,
v(C=S)] cm~!. "TH NMR (CDCls): § = 8.27(s, 1 H, NH,), 8.22 (s,
1 H, NH,), 7.84 (s, 1 H, HC=N), 7.86 (d, 2 H, H2, H6, N =
8.6 Hz), 6.96 (d, 2 H, H3, H5, N = 8.6 Hz), 3.78 (s, 3 H, MeO),
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3.74 (s, 1 H, NMe). '3C {'H} NMR (62.46 MHz, CDCl): § =
180.5 (C=S), 161.0 (C4), 141.4 (C=N), 129.8 (C2, C6), 127.4 (C1),
114.4 (C3, C5), 55.6 (MeO), 33.1 (NMe).

3-MeOCsH,C(H)=NN(Me)C(=S)NH, (e): Yield: 906 mg, 85%.
C1oH,3N;08 (223.3): caled. C 53.8, H 5.9, N 18.8, S 14.4; found
C 53.6, H 6.0, N 18.6, S 15.0. IR: ¥ = 1615 [m, v(C=N)], 840 [m,
v(C=S)] cm~'. '"H NMR (CDCLy): § = 8.38 (s, | H, NH,), 8.31 (s,
1 H, NH,), 7.85 (s, | H, HC=N), 7.50 (s, | H, H2), 7.45 [d, 1 H,
H6, *J(H5H6) = 7.5 Hz, 7.32 (t, 1 H, H5, 3Jyaus = 7.5 Hz), 6.96
(d, 1 H, H4), 3.79 (s, 3 H, MeO), 3.76 (s, 3 H, NMe). '3C {'H}
NMR (62.46 MHz, CDCly): § = 180.9 (C=S), 159.9 (C3), 141.5
(C=N), 136.2 (C1), 130.0, 121.2, 116.3, 112.4 (C2, C4, C5, C6),
55.6 (MeO), 33.2 (NMe).

Preparation of 4-MeOCsH,C(H)=N|2-(SMe)CcHy| (f): 4-Methox-
ybenzaldehyde (500 mg, 3.67 mmol) and 2-methylthioaniline
(518 mg, 3.72 mmol) were heated together under reflux in a
Dean—Stark apparatus. After the mixture had cooled to room tem-
perature, the solvent was evaporated to dryness, and the residue
was dried under vacuum to give an oily yellow product from which
the desired ligand was obtained as a yellow solid. Yield: 785 mg,
83%. CsH;sNOS (257.4): calcd. C 70.0, H 5.9, N 5.4, S 12.5; found
C 70.1, H 6.0, N 5.7, S 12.3. IR: ¥ = 1626 [s, (C=N)] cm . 'H
NMR (CDCl): 6 = 8.44 (s, 1 H, HC=N), 7.88 (d, 2 H, H2, H6,
N = 8.0 Hz), 7.2 (m, 4 H), 7.07 (d, 2 H, H3, H5, N = 8.0 Hz), 3.82
(s, 3 H, MeO), 2.37 (s, 3 H, SMe). 13C {'H} NMR (62.46 MHz,
CDCl): 8 = 165.1 (C—SMe), 162.4 (C=N), 151.5 (C4), 137.0
(C—N), 133.6 (C2, C6), 132.0 (C1), 129.2, 128.0, 127.0, 120.4 (N-
ring C atoms), 117.4 (C3, C5), 58.5 (MeO), 16.7 (SMe).

Preparation of [Pd{4-MeCsH;C(Me)=NNC(=S)NHMe}|, (1a). —
Method 1: Ethanol (40 mL) was added to a stirred solution of pot-
assium tetrachloropalladate (200 mg, 0.61 mmol) in water (6 mL).
The obtained fine, yellow suspension of potassium tetrachloropal-
ladate was treated with 4-MeOCsH,C(Me)=N(H)C(=S)NHMe (a)
(148 mg, 0.67 mmol). The mixture was stirred for 48 h at room tem-
perature. The yellow precipitate was filtered off, washed with eth-
anol, and dried. Yield: 178 mg, 89%. Cy3HsoNoPdsS, (1302.9):
caled. C 40.6, H 4.0, N 12.9, S 9.8; found C 40.1, H 3.8, N 12.3, S
9.5. IR: ¥ = 1590 [m, v(C=N)] cm~'. "TH NMR (CDCl,): 6 = 7.27
(d, 1 H, H5, *Jy3ns = 1.3 Hz), 6.71 (dd, 1 H, H3, 3Jyou3 = 7.8 Hz),
6.65 (d, 1 H, H2), 5.03 (q, 1 H, NHMe, 3Jyy = 5.0 Hz), 2.98 (d,
3 H, NHMe), 2.30 (s, 3 H, C4—Me), 1.65 (s, 3 H, =C—Me). 13C
{'H} NMR (62.46 MHz, CDCls): § = 169.6 (C=S), 165.9 (C=N),
165.1 (Cl), 147.2 (C6), 138.0 (C4), 134.2 (C2), 125.8, 125.0 (C3,
C35), 33.1 (NHMe), 22.3 (C4—Me), 13.0 (MeC=N). — Method 2:
Ligand a (201 mg, 0.91 mmol) and palladium(II) acetate (204 mg,
0.91 mmol) were added to glacial acetic acid (45 mL) to give a clear
solution, which was heated to 60° C for 8 h. After this had cooled
to room temperature, the yellow precipitate was filtered off, washed
with ethanol, and dried. Yield: 169 mg, 57%.

[Pd{4-MeCcH;C(Me)=NNC(=S)NHEt}]4 (1b). — Method 1: Ana-
logous to 1a. Yield: 181 mg, 87%. C4sHgoN1,Pd4S, (1359.0): caled.
C 424, H4.5 N 124, S 94; found C 41.9, H 3.6, N 11.8, S 8.7.
IR: V = 1586 [m, v(C=N)] cm~'. '"H NMR (CDCl5): § = 7.30 (s,
1 H, H5), 6.71 (d, 1 H, H3, 3Jyou3 = 7.4 Hz), 6.64 (d, 1 H, H2),
5.03 (m, 1 H, NHEt), 3.44 (m, 2 H, NCH,CHs), 2.29 (s, 3 H,
C4—Me), 1.65 (s, 3 H, =C—Me), 1.26 (t, 3 H, NCH,CHs, 3Jyy =
7.1 Hz). 3C {'H} NMR (62.46 MHz, CDCls): § = 169.1 (C=S),
165.8 (C=N), 165.0 (C1), 147.5 (C6), 137.5 (C4), 134.3 (C2), 125.8,
125.0 (C3, C5), 414 (NCH,CHj), 222 (C4—Me), 15.0
(NCH,CHj3), 13.0 (MeC=N). — Method 2: Ligand b (186 mg,
0.79 mmol) and palladium(II) acetate (177 mg, 0.79 mmol) were
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added to glacial acetic acid (40 mL) to give a clear solution, which
was heated to 60° C for 8 h. After this had cooled to room temper-
ature, the acetic acid was removed under vacuum. The residue was
diluted with water and extracted with dichloromethane. The com-
bined extracts were dried with anhydrous sodium sulfate, filtered,
and concentrated in vacuo to give a yellow solid. This was chroma-
tographed on a column packed with silica gel. Elution with dichlor-
omethane/ethanol (1%) afforded product 1b as a yellow solid after
concentration. Yield: 169 mg, 63%.

[Pd{4-MeCcH3;C(Me)=NNC(=S)NHPh}], (1¢): Compound 1c was
obtained through a similar procedure to that used for 1a (method
1). Yield: 226 mg, 95%. CgsHgoN12Pd4Sy (1551.2): caled. C 49.6, H
3.9,N 10.8, S 8.3; found C49.9, H 3.6, N 10.2, S 7.9. IR: ¥ = 1574
[m, v(C=N)] em~!. '"H NMR (CDCls): § = 7.24 (br, 1 H, H5),
6.94 (s, 1 H, NHPh), 6.78 (br, 2 H, H2, H3), 2.16 (s, 3 H, C4—Me),
1.74 (s, 3 H, =C—Me).'3C {'H} NMR (62.46 MHz, CDCl;): § =
172.1 (C=S), 166.5 (C=N), 161.0 (C1), 147.0 (C6), 139.4 (C4),
134.5 (C2), 126.5, 125.4 (C3, C5), 22.1 (C4—Me), 13.7 (MeC=N).

[Pd{4-MeCsH;C(Me)=NNC(=S)NHMe}(PPh3)] (2a): Triphenyl-
phosphane (40 mg, 0.152 mmol) was added to a suspension of com-
plex 1a (50 mg, 0.038 mmol) in acetone (15 mL). The mixture was
stirred for 3 h and the resulting yellow solid was filtered off and
dried. Yield: 55 mg, 61%. C,9H,sN3PPdS (588.0): caled. C 59.2, H
48, N 7.1, S 5.5; found C 59.1, H 4.7, N 7.0, S 5.4. IR: ¥ = 1588
[m, v(C=N)] cm~ L. 3P {TH} NMR (CDCl;): § = 36.7 (s). 'H
NMR (CDCl): § = 6.95 (d, 1 H, H2, 3Jyous = 7.7 Hz), 6.64 (d,
1 H, H3), 6.05 (d, 1 H, HS, *Jpys = 4.3 Hz), 4.63 (m, 1 H, NHMe),
2.90 (d, 3 H, NHMe, 3Jyy = 4.5 Hz), 2.35 (s, 3 H, C4—Me), 1.73
(s, 3 H, =C—Me).

Compounds 2b and 2c: These were synthesized by a similar proced-
ure.

[Pd{4-MeC¢H;C(Me)=NNC(=S)NHEt}(PPhs)]  (2b):  Yield:
47 mg, 53%. C3oH3N3PPdS (602.1): caled. C 59.9, H 5.0, N 7.0, S
5.3; found C 59.8, H 4.9, N 6.9, S 5.1. IR: v = 1588 [m, v(C=N)]
em~'. 3P {'H} NMR (CDCly): & = 36.8 (s). 'H NMR (CDCl,):
§ = 696 (d, 1 H, H2, s = 7.5Hz), 6.65 (dd, 1 H, H3,
4Jusms = 1.1 Hz), 6.07 (dd, 1 H, HS, “Jpus = 3.5 Hz), 4.63 (m, 1
H, NHEY), 3.35 (m, 2 H, NCH,CHs), 2.35 (s, 3 H, C4—Me), 1.71
(s, 3 H, =C—Me), 1.12 (t, 3 H, NCH,CHs, *Jyu = 7.2 Hz).

[Pd{4-MeCsH;C(Me)=NNC(=S)NHPh}(PPh;3)]  (2¢):  Yield:
48 mg, 57%. C34H3oN;PPdS (650.1): caled. C, 62.8, H 4.7, N 6.5,
S 4.9; found C 62.5, H 4.6, N 6.3, S 4.7. IR: v(C=N) 1577m, cm~ .
3P {TH} NMR (CDCls): & = 36.7 (s). '"H NMR (CDCl5): § = 7.02
(d, 1 H, H2, 3Jyous = 7.2 Hz), 6.68 (d, 1 H, H3), 6.63 (s, | H,
NHPh), 6.10 (d, 1 H, HS, “Jpys = 3.1 Hz), 2.46 (s, 3 H, C4—Me),
1.73 (s, 3 H, =C—Me).

[Pd{4-MeCsH3;C(Me)=NNC(=S)NHMe}(PPh;)]*Cl~ (3a): A sus-
pension of complex 2a (50 mg, 0.085 mmol) in ethanol (15 mL)
was treated with three drops of concentrated hydrochloric acid
(35%). The resulting mixture was stirred for 3 h and the yellow
solid formed was filtered off and dried. Yield: 49 mg, 92%.
CyoH,9CIN;PPdS (624.5): caled. C 55.8, H 4.7, N 6.7, S 5.1; found
C 55.6, H 4.6, N 6.7, S 49. IR: V = 1574 [m, v(C=N)], 840 [m,
v(C=S8)] em~!. Ay (acetonitrile, 3 X 1073 mol L™1) = 97 Q™! cm?
mol~ L. 3P {TH} NMR (CDCl;): § = 38.4 (s). '"H NMR (CDCl;):
8 = 9.05 (s, 1 H, NH), 7.05 (d, 1 H, H2, 3Jioy3 = 7.6 Hz), 6.68
(d, 1 H, H3), 6.09 (d, 1 H, H5, “Jpys = 4.5Hz), 5.9 (m, 1 H,
NHMe), 3.05 (d, 3 H, NHMe, 3Jyy = 4.0Hz), 2.33 (s, 3 H,
C4—Me), 1.93 (s, 3 H, =C—Me).
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Compounds 3b and 3c: These were synthesized by a similar proced-
ure.

[Pd{4-MeC4H;C(Me)=NNC(=S)NHEt}(PPhs)|*Cl~ (3b): Yield:
49 mg, 93%. C3oH CIN;PPdS (638.5): caled. C 56.4, H 4.9, N 6.6,
S 5.0; found C 56.2, H 4.7, N 6.5, S 4.9. IR: v = 1576 [m, v(C=
N)], 832 [m, v(C=S)] cm~!. Ay (acetonitrile, 3 X 103> mol L™!) =
92 Q' em2 mol~". 3'P {'H} NMR (CDCL): § = 38.5 (s). "H NMR
(CDCl3): 6 =9.07 (s, 1 H, NH), 7.03 (d, 1 H, H2, 3Jyoy3 = 7.1 Hz),
6.80 (dd, 1 H, H3, */ysns = 7.0 Hz), 6.10 (dd, 1 H, H5, “Jpys =
3.6 Hz), 6.12 (m, 1 H, NHEY), 3.45 (m, 2 H, NCH,CHs), 2.36 (s,
3 H, C4—Me), 191 (s, 3 H, =C—Me), 1.29 (t, 3 H, NCH,CH;,
3y = 7.0 H).

[Pd{4-MeC HC(Me)=NNC(=S)NHPh}(PPhs)]*Cl~ (3¢): Yield:
48 mg, 91%. Ca,Hs CINSPPdS (686.6): caled. C, 59.5, H 4.6, N 6.1,
S 4.7; found C 59.2, H 4.5, N 6.0, S 44. IR: V = 1570 [m, v(C=
N)], 825 [m, v(C=S)] cm~!. Ay (acetonitrile, 3 X 103> mol L™!) =
9501 em? mol~". 3P {H} NMR (CDCly): § = 38.6 (s). '"H NMR
(CDCly): § = 9.04 (s, 1 H, NH), 7.6 (s, 1 H, NHPh), 7.18 (d, 1 H,
H2, 3oz = 7.0 Hz), 7.02 (d, 1 H, H3), 6.17 (d, 1 H, H5, *Jpyys =
3.4 Hz), 2.53 (s, 3 H, C4—Me), 1.92 (s, 3 H, =C—Me).

Compounds 1d and 1e: These were prepared in a similar fashion to
1a (Method 1).

[Pd{4-MeOCH,C(H)=NN(Me)C(=S)NH}(CD)]  (1d):  Yield:
185 mg, 83%. C1oH,»CIN;OPdS (364.2): caled. C 33.0, H 3.3, N
11.5, S 8.8; found C 31.9, H 3.3, N 11.1, S 9.2. TR: ¥ = 1589 [m,
v(C=N)], 309 [m, v(Pd—Cl)], 834 [m, v(C=S)] em~'. 'H NMR
(CDCly): & = 8.14 (s, | H, HC=N), 7.24 (d, 1 H, H2, 3Jypp3 =
8.4 Hz), 6.93 (d, 1 H, HS, “Jysus = 2.2 Hz), 6.53 (dd, 1 H, H3),
372 (s, 3 H, MeO), 346 (s, 3 H, NMe). *C {H} NMR
(62.46 MHz, CDCly): & = 189.1 (C=S), 163.5 (C4), 160.1 (C6),
157.6 (C=N), 139.6 (C1), 130.1 (C2), 118.6 (C3), 109.7 (C5), 55.4
(MeO), 35.4 (NMe).

[Pd{3-MeOCH,C(H)=NN(Me)C(=S)NH}(CD)]  (le):  Yield:
185 mg, 83%. C1oH,,CIN;OPdS (364.2): caled. C 33.0, H 3.3, N
11.5, S 8.8; found C 32.9, H 32, N 11.3, S 9.1. IR: ¥ = 1591
[m, v(C=N)], 315 [m, v(Pd-Cl)], 842 [m, v(C=S)] cm~'. 'H NMR
(CDCly): § = 9.47 (s, 1 H, NH,), 8.74 (s, 1 H, NH,), 8.18 (s, | H,
HC=N), 7.23 (d, 1 H, H5, 3Jyuns = 8.4 Hz), 6.94 (d, 1 H, H2,
4 Jyona = 2.7 Hz), 6.67 (dd, 1 H, H4), 3.68 (s, 3 H, MeO), 3.47 (s,
3 H, NMe). 13C {'H} NMR (62.46 MHz, CDCly): § = 174.6 (C=
S), 160.1 (C6), 157.8 (C=N), 157.1 (C3), 146.7 (C1), 133.2 (C2),
114.1 (C5), 113.4 (C4), 55.4 (MeO), 35.5 (NMe).

[Pd{4-MeOCcH;C(H)=N[2-(SMe)CsH,4]}(CD)] (1f): 4-Me-
OC¢H,4C(H)=NJ[2-(SMe)CsH,] (f) (217 mg, 0.84 mmol) and so-
dium acetate (500 mg, 6.1 mmol) were added to a stirred solution
of palladium(II) chloride (135 mg, 0.76 mmol) and lithium chloride
(65 mg, 1.53 mmol) in methanol (40 mL). The mixture was stirred
for 48 h at room temperature under nitrogen. The yellow precipitate
was filtered off, washed with ethanol, and dried. Yield: 252 mg,
83%. CsH14CINOPdS (398.18): caled. C 45.2, H 3.5, N 3.5, S 8.1;
found C 45.0, H 3.4, N 3.4, S 8.0. IR: ¥ = 1603 [m, v(C=N)], 310
[m, v(Pd—CI)] cm~!. 'TH NMR (CDCls): § = 9.12 (s, 1 H, HC=
N), 7.98 (d, 1 H, H6', 3Jysue = 8.4Hz), 7.83 (d, 1 H, H3’,
3Jusas = 7.9 Hz), 7.55 (t, 1 H, H4', 3Jy4us = 8.0 Hz), 7.53 (d,
1 H, H2, 3Jyons = 8.8 Hz), 7.44 (t, 1 H, HY'), 7.11 (d, 1 H, H5,
“Jusus = 2.7 Hz), 6.71 (dd, 1 H, H3), 3.80 (s, 3 H, MeO), 2.75 (s,
3 H, SMe). *C {'H} NMR (62.46 MHz, CDCl;): § = 169.7 (C=
N), 168.0 (C—-S), 167.1 (C4), 147.5 (C—N), 143.1 (C6), 133.2 (C1),
133.0 (C2), 135.3, 131.6, 129.9, 119.5 (N-ring C atoms), 118.3,
111.4 (C3, C5), 55.8 (MeO), 24.8 (SMe).
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Synthesis of [Pd{4-MeOCH;C(H)=N[2-(SMe)CsH,J}(PPhs)]-
(C10,) (2): AgClO4 (29 mg, 0.14 mmol) was added to compound
1f (56 mg, 0.14 mmol) in acetone (15 mL). The resulting suspension
was stirred for 3 h and filtered through Celite to remove the silver
chloride precipitate. PPh; (37 mg, 0.14 mmol) was added to the fil-
trate and the solution was stirred for 3 h. The solvent was removed
and the product was recrystallized from dichloromethane/hexane
as a yellow solid. Yield: 84 mg, 83%. Cs3H,oCINOsPPdS (724.5):
caled. C 54.7, H 4.0, N 1.9, S 44; found C 542, H39, N 1.8, S
4.7. IR: ¥ = 1607 [m, v(C=N)] cm~'. Ay (acetonitrile, 3 X 1073
mol L™1) =91 Q! cm? mol L.'H NMR (CDCl;): § = 9.18 (d, 1
H, HC=N, “Jpy = 8.4 Hz), 8.06 (d, 1 H, H6', *Jys e = 8.0 Hz),
7.86[d, 1 H, H3', 3Jy3use = 8.4 Hz), H4', H2, H5' (signals hidden
by the phosphane resonances)], 6.57 (d, 1 H, H3, *Jyy3s = 2.7 Hz),
6.71 (dd, 1 H, H5, #Jpy = 5.5 Hz), 3.60 (s, 3 H, MeO), 2.75 (s, 3
H, SMe).

X-ray Crystallographic Study:3! Crystals of complexes 2a and 1f
were mounted on a glass fiber and transferred to the diffracto-
meter. Three-dimensional, room-temperature X-ray data were col-
lected with Siemens (2a) and Bruker (1f) SMART CCD diffracto-
meters by the @-scan method, using graphite-monochromated Mo-
K, radiation. All the measured reflections were corrected for Lor-
entz and polarization effects and for absorption by semiempirical
methods based on symmetry-equivalent and repeated reflections
[T oo Tpie = 0.9573/0.8437 (2a) and 0.7356/0.6194 (1f)]. The struc-
ture was solved by direct methods and refined by full-matrix, least
squares on F?. Hydrogen atoms were included in calculated posi-
tions (except H3 in 2a, which was located from a Fourier-difference
map) and refined in the riding mode. Refinement converged at a
final R = 0.0447 (2a) and 0.0349 (1f) (observed data, F) and wR, =
0.1038 (2a) and 0.0811 (1f) (all unique data, F?), with allowance
for thermal anisotropy of all non-hydrogen atoms. Minimum and
maximum final electron densities: —0.475 and 0.542 ¢ A3 (2a),
0.726 and —0.839 ¢ A3 (1f). The structure solutions and refine-
ments were carried out with the SHELX-97 program package.¢]

Acknowledgments

We thank the Xunta de Galicia, Spain (Proyecto
PGIDT99PX120907B) and the DGES (Grant no. PB98-0638-C02-
01/02) for financial support.

S. Trofimenko, Inorg. Chem. 1973, 12, 1215—1221.

M. 1. Bruce, Angew. Chem. Int. Ed. Engl. 1977, 16, 73—386.

1. Omae, Chem. Rev. 1979, 79, 287—321.

1. Omae, Coord. Chem. Rev. 1988, 83, 137—167.

1. Omae, Organometallic Intramolecular-coordination Com-

pounds, Elsevier, Amsterdam, 1986.

[l V. V. Dunina, O. A. Zalevskaya, V. M. Potapov, Russ. Chem.
Rev. 1988, 57, 250—269.

[ G. R. Newkome, W. E. Puckett, W. K. Gupta, G. E. Kiefer,
Chem. Rev. 1986, 86, 451.

(81 J. M. Vila, M. Gayoso, M. T. Pereira, A. Suarez, J. J. Fernan-
dez, J. M. Ortigueira, A. Fernandez, M. Lopez-Torres, Trends
Organomet. Chem. 1997, 2, 21—37.

' J. M. Vila, M. Gayoso, M. T. Pereira, M. Lopez-Torres, J. J.
Fernandez, J. M. Ortigueira, J Organomet. Chem. 1997, 532,
171—180.

(191 J. M. Vila, M. T. Pereira, J. M. Ortigueira, D. Lata, M. Lopez-
Torres, J. J. Fernandez, A. Fernandez, H. Adams, J. Organomet.
Chem. 1998, 566, 93—101.

(1. M. Vila, M. T. Pereira, J. M. Ortigueira, M. Lopez-Torres,
A. Castineiras, J. J. Fernandez, A. Fernandez, D. Lata, J Or-
ganomet. Chem. 1998, 556, 21—30.

121 J. M. Vila, M. T. Pereira, J. M. Ortigueira, M. Grafia, D. Lata,

619



FULL PAPER

J. M. Vila et al.

A. Suarez, J. J. Fernandez, A. Fernandez, M. Lopez-Torres, H.
Adams, J. Chem. Soc., Dalton Trans. 1999, 4193—4201.

131 T. Kawamoto, Y. Kushi, Chem. Lett. 1992, 1057—1058.

14 T. Kawamoto, Y. Nagasawa, H. Kuma, Y. Kushi, Inorg. Chem.
1996, 35, 2427—2432.

SI A. G. Quiroga, J. M. Pérez, 1. Lopez-Solera, J. R. Masaguer,
A. Luque, P. Roman, A. Edwards, C. Alonso, C. Navarro-Ran-
ninger, J Med. Chem. 1998, 41, 1399—1408.

6] F. Hueso-Ureiia, N. A. Illan-Cabeza, M. Moreno-Carretero, A.
L. Penas-Chamorro, R. Faure, Inorg. Chem. Commun. 1999,
2, 323-326.

71 D. Kovala-Demertzi, A. Domopoulou, M. A. Demertzis, C. P.
Raptopoulou, A. Terzis, Polyhedron 1994, 13, 1917—1925.

1181 J. M. Vila, M. Gayoso, M. T. Pereira, M. Lopez-Torres, J. Fer-
nandez, A. Fernandez, J. M. Ortigueira, J. Organomet. Chem.
1996, 506, 165—174.

91D, X. West, J. S. Ives, G. A. Bain, A. E. Liberta, J. Valdés-
Martinez, K. H. Ebert, S. Hernandez-Ortega, Polyhedron 1997,
16, 1895—1905.

201 T. S. Lobana, A. Sanchez, J. S. Casas, A. Castifieiras, J. Sordo,
M. S. Garcia-Tasende, E. M. Vazquez-Lopez, J. Chem. Soc.,
Dalton Trans. 1997, 4289—4300.

P H. Onoue, Y. Moritani, J Organomet. Chem. 1972, 43,
431—-436.

[221'Y, Ustynyuk, V. A. Chertov, J. V. Barinov, J. Organomet. Chem.
1971, 29, C53—C54.

231 P S. Pregosin, R. W. Kuntz, /P and 3C NMR of Transition
Metal Phosphane Complexes (Eds.: P. Diehl, E. Fluck, R. Kos-
feld), Springer, Berlin, 1979.

241 J. Albert, M. Gomez, J. Granell, J. Sales, Organometallics 1990,
9, 1405—1413.

231 R. Bosque, J. Granell, J. Sales, M. Font-Bardia, X. Solans, J
Organomet. Chem. 1993, 453, 147—154.

620

(261 - Albert, J. Granell, J. Sales, M. Font-Bardia, X. Solans, Or-
ganometallics 1995, 14, 1393—1404.

271'W. Geary, Coord. Chem. Rev. 1971, 7, 81—122.

(281 J. M. Vila, M. Gayoso, M. Lopez-Torres, J. J. Fernandez, A.
Fernandez, J. M. Ortigueira, N. A. Bailey, H. Adams, J Or-
ganomet. Chem. 1996, 511, 129—138.

(291 L. Pauling, The Nature of the Chemical Bond, 3rd ed., Cornell
University Press, Ithaca, New York, 1960, pp.224.

(301 J. M. Vila, M. Gayoso, M. T. Pereira, A. Romar, J. J. Fernan-
dez, M. Thornton-Pett, J Organomet. Chem. 1991, 401,
385—394.

B11]J. Selbin, K. Abboud, S. F. Watkins, M. A. Gutiérrez, F. R.
Fronczek, J. Organomet. Chem. 1983, 241, 259—268.

[321 C. Navarro-Ranninger, 1. Lopez-Solera, A. Alvarez-Valdés, J.
H. Rodriguez-Ramos, J. R. Masaguer, J. L. Garcia-Ruano, Or-
ganometallics 1993, 12, 4104—4111.

[331 A, Sudrez, J. M. Vila, E. Gayoso, M. Gayoso, W. Hiller, A.
Castineiras, J. Strihle, Z. Anorg Allg Chem. 1986, 535,
213-218.

(34 D. D. Perrin, W. L. F. Armarego, D. L. Perrin, Purification of
Laboratory Chemicals, 3rd ed., Pergamon, London, 1998.

1331 Crystallographic data (excluding structure factors) for the
structures reported in this paper have been deposited
with the Cambridge Crystallographic Data Centre as supple-
mentary publication nos. CCDC-167981 (2a) and -167980 (1f).
Copies of the data can be obtained free of charge on
application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK [Fax: (internat.) + 44-1223/336-033; E-mail:
deposit@ccdc.cam.ac.uk].

(361 G. M Sheldrick, SHELX-97, An Integrated System for Solving
and Refining Crystal Structures from Diffraction Data, Univer-
sity of Gottingen, Germany, 1997.

Received July 31, 2001
[101281]

Eur. J. Inorg. Chem. 2002, 613—620



