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Treatment of the 1-ferrocenylethanone thiosemicarbazone li-
gands (η5-C5H5)Fe(η5-C5H4)C(Me)=NN(H)C(=S)NHR [R = H
(a), Me (b)] with K2[PdCl4] gave the novel heterometallic oc-
tanuclear palladium(II) compounds [Pd{(η5-C5H5)Fe(η5-
C5H3)C(Me)=NN=C(S)NHR}]4 [R = H (1a), Me (1b)] as tetra-
mers, after deprotonation of the NH group, with the ligands
acting as terdentate donors through the [C,N,S] atoms. Treat-
ment with nucleophiles cleaves the tetrameric clusters giving
compounds in which splitting only of the Pd−Sbridging bonds
has occurred. The strength of the Pd−Schelating bond hinders
its cleavage. Thus, treatment of 1a or 1b with

Introduction

The synthesis, isolation and characterization of ferro-
cene[1] marked an important milestone in the evolution of
modern organometallic chemistry. One of the developments
in this area over the last two decades has been the cyclomet-
allation of ferrocene derivatives. The cyclometallation reac-
tion has been widely investigated in view of the growing
chemistry[2] and the novel and outstanding applications
which the resultant compounds present. To name but a few
examples: the synthesis of new organometallic and organic
compounds, many of which can be obtained by insertion
reactions of unsaturated species to the metal�carbon
bond,[3] the design of complexes with specific antitumor ac-
tivity towards some forms of cancer[4] or their promising
properties as liquid crystals,[5] and their use in the isolation
of enantiomerically pure chiral compounds[6] or as efficient
catalytic materials.[7]

In the past years, great efforts have been made in order to
achieve the isolation and characterization of palladacycles
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Ph2P(CH2)nPPh2 [n = 2 (dppe), 3 (dppp), 4 (dppb)] in a 1:2
molar ratio gave the tetranuclear species 2a−4a and 2b−4b,
respectively, and treatment with PPh2R gave the dinuclear
compounds 5a−7a and 5b−6b [R = Ph (5a, 5b), Et (6a, 6b), Me
(7a)]. The complexes described are the first fully character-
ized cyclometallated palladium(II) complexes with 1-ferro-
cenylethanone thiosemicarbazone ligands. The crystal and
molecular structure of compound 5b have been determined
by X-ray crystallography.
( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

derived from [C,N,X] terdentate ligands (C � phenyl C;
X � N,[8] P,[9] O,[10] S[11]), mainly due to the potential hemil-
ability of the Pd�X bond in these systems, which plays an
important role in homogeneous catalysis.[12] The reported
examples of those complexes containing terdentate
[Cferrocene,N,X] ligands are scarce, and only compounds
with X � N have been described.[13] In some instances po-
tentially terdentate [C,N,N] ferrocenyl ligands do not un-
dergo cyclometallation reactions and only complexes with
N,N-coordination could be isolated.[14] More recently, inser-
tion of alkynes into the Cferrocene�Pd bond has given new
insights into the chemistry of cyclometallated ferrocene
compounds such as the influence of the binding mode of
the ferrocenyl ligand.[15]

As a continuation of our studies related to cyclometal-
lated compounds with terdentate [C,N,S] ligands, we have
extended our work in this area aimed at incorporating the
�C(Me)�NN(H)C(�S)NHR system into the ferrocene
ring, to give (η5-C5H5)Fe(η5-C5H4)C(Me)�NN(H)C(�S)-
NHR (R � H, Me), with the purpose of producing the
hitherto unknown cyclometallated 1-ferrocenylethanone
thiosemicarbazone complexes by treatment with an appro-
priate palladium() salt. These compounds turned out to
be octanuclear species, and we wished to further explore
their reactivity with tertiary mono- and diphosphane li-
gands which affords the corresponding dinuclear and tetra-
nuclear complexes, respectively. Our report includes a de-
scription of the first known crystal structure of this kind
of compounds.
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Results and Discussion

For convenience, the compounds and reactions are
shown in Scheme 1. The compounds described in this paper
were characterized by elemental analyses (C, H, N, S), mass
spectrometry (in part), IR spectroscopy, and 1H and
31P{1H} NMR spectroscopy (data in the Exp. Sect.).

Scheme 1. i) K2PdCl4, ethanol/water; ii) Ph2P(CH2)nPPh2 (n � 2,
3, 4), 1:2 ratio, acetone; iii) PPh2R� (R� � Me, Et, Ph), 1:4 ratio,
acetone

The 1-ferrocenylethanone thiosemicarbazones[16] a and b
were prepared by treatment of thiosemicarbazide or 4-
methylthiosemicarbazide, respectively, with acetylferrocene
in water in the presence of a few drops of hydrochloric acid,
and obtained as air-stable solids, which were fully charac-
terized (see Exp. Sect.). In particular, the IR spectra showed
the typical ν(C�N) and ν(C�S) stretches,[17] and the 1H
NMR spectra revealed the NH resonances at δ � 7.38 (a)
and 6.20 (b) ppm.

Cyclopalladated compounds derived from ferrocenyl li-
gands may be prepared by cyclomercuration and ulterior
transmetallation reactions or by direct treatment with a pal-
ladium salt. The additional presence of a base such as
NaOAc may be necessary.[13f] In the latter case, M2PdCl4
(M � Li, Na, K) proved to be a convenient reagent, as well
as in the synthesis of cyclopalladated compounds derived
from thiosemicarbazone ligands. Thus, treatment of a sus-
pension of potassium tetrachloropalladate in ethanol/water
with the corresponding 1-ferrocenylethanone thiosemicar-
bazone ligand yielded complexes 1a and 1b as brown air-
stable solids, with the ligand in an (E,Z) configuration and
the sulfur atom of each cyclometallated moiety displaying
two different coordination modes: chelating, as part of the
PdNNC(NHR)S coordination ring, and bridging, linking
two cyclometallated moieties through the metal atoms. We
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tentatively assigned a tetrameric structure for these species
in accordance with the results reported by us[18] and
others[19] in related complexes derived from terdentate
[C,N,S] ligands, as shown by the spectroscopic data. Hence
1a and 1b should be considered as novel octanuclear cyclo-
metalled palladium() compounds.

The IR spectra showed, as the main difference from the
starting material, the disappearance of the ν(N�H) bands
due to the �NH group[20] and the ν(C�S) band at 900�800
cm�1, which indicated deprotonation and loss of the C�S
double bond character, respectively. The position of the
NH2 and NH bands showed that the former group was not
coordinated. The displacement of the ν(C�N) band
towards lower wavenumbers upon complex formation[21] is
in contrast with other thiosemicarbazone complexes in
which the shift is towards higher wavenumbers, probably
due to the presence of the five-membered metallacycle in
compounds 1a and 1b.[22] No ν(Pd�Cl) band was found in
the IR spectra of the compounds, indicating the absence of
a chloride ligand in the coordination sphere of the metal
center. The FAB mass spectra of 1a and 1b showed clusters
of peaks, centered at 1622 and 1678 amu, which both corre-
spond to [M]�.[23] The 1H NMR spectra showed only one
set of signals, although the activation of the Cferrocene�H
bond promotes planar chirality (Rs or Rp) in the ferrocenyl
moiety.[24] This issue has been dealt with elsewhere.[25] In
the 1H NMR spectra, the absence of the �NH proton res-
onance confirms deprotonation as observed in other coor-
dination and organometallic compounds with similar li-
gands.[26] Broad signals at δ � 6.60 ppm were assigned to
the NH2 (1a) and NHMe (1b) proton resonances, shifted
upfield with respect to their positions in the free ligands. A
group of three signals at δ � 4.50�4.10 ppm, integrating
for one proton each, and a singlet at δ � 4.22 ppm assigned
to the C5H5 group in each case were consistent with 1,2-
disubstituted ferrocenes.[27] These facts provided evidence
of metallation of the ligand. Variable-temperature NMR
experiments did not produce any significant changes in
the spectra.

Treatment of 1a or 1b with Ph2P(CH2)nPPh2 [n � 2
(dppe), 3 (dppp), 4 (dppb)] in a 1:2 molar ratio gave the
tetranuclear species 2a�4a and 2b�4b, respectively (see
Scheme 1). These reactions confirm the different reactivities
of the chelating and bridging Pd�S bonds, the former being
retained in the final products, even when a large excess of
diphosphane was used, whilst the latter was cleaved in all
instances, in agreement with the tendency observed in other
cyclometallated Pd4 cluster complexes derived from thiose-
micarbazone ligands, indicating once again the greater
strength of the Pd�Schelating bond.[18] All compounds were
fully characterized by elemental analyses, and by IR and
NMR spectroscopy. The 1H NMR spectra showed only one
set of signals in each case. The metallated cyclopentadienyl
ring protons appeared as three signals at δ �
4.67�3.48 ppm, with the 4-H proton resonance experienc-
ing an upfield shift and appearing at lower frequency values
than the C5H5 signal (see Exp. Sect.), due to the shielding
effect of the phosphane phenyl rings, consistent with a P
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trans to N arrangement within the terms of the ‘‘transpho-
bic effect’’.[28] Unfortunately, the coupling constants to the
phosphorus nuclei could not be assigned, in contrast with
related complexes with diphosphane ligands.[29] The
31P{1H} NMR spectra showed singlets for the two equiva-
lent phosphorus nuclei, shifted to higher frequency com-
pared with those in the spectrum of the free phosphane, in
agreement with the phosphorus atom coordinating to the
metal center.[30] Based on the 1H and 31P{1H} NMR spec-
troscopic data we propose a centrosymmetric arrangement
for the compounds (see Scheme 1). Variable-temperature
NMR experiments failed to show any noteworthy changes
in the spectra. Also, the 1H NMR spectra for compounds
2a�4a and 2b�4b were recorded in the presence of an
NMR shift reagent {tris[3-heptafluoropropylhydroxymethy-
lene-d-camphorato]europium(), [Eu(hfc)3]} and the appear-
ance of the resultant spectra in terms of the positions of the
signals and the presence of new signals remained un-
changed upon varying the quantity of the chiral ligand.

Treatment of 1a and 1b with PPh2R gave the dinuclear
air-stable solids 5a�7a, 5b�6b [R � Ph (5a, 5b), Et (6a,
6b), Me (7a)] (see Scheme 1). Characteristic microana-
lytical, IR and NMR spectroscopic data are given in the
Exp. Sect. Important spectroscopic features include the ab-
sence of the ν(NH) and ν(C�S) bands in the IR spectra
(vide supra), the shift of the 4-H signal in the 1H NMR
spectra, which appears to high field of the non-substituted
C5H5 resonance, and the chemical shift value of the 31P
singlets in the 31P{1H} NMR spectra, the latter two being
consistent with a P trans to N geometry (vide supra). The
molecular structure of compound 5b has been determined
by a single-crystal X-ray diffraction analysis.

Molecular Structure of Complex 5b

Suitable crystals of 5b were grown by slowly concentrat-
ing a chloroform solution. The crystal structure has been
determined (Figure 1) and confirms the geometry predicted
from spectroscopic studies. Selected bond lengths and
angles are listed in Table 1. The structure is comprised of a
molecule of 5b per asymmetric unit, with discrete molecules
separated by van der Waals distances. Chirality is intro-
duced in the complex due to activation of the C(sp2)�H
bond. The centrosymmetric space group of the crystal
structure, however, indicates that both enantiomers are pre-
sent in the solid state. The palladium atom Pd(1) is in an
approximately square-planar coordination environment
(r.m.s. � 0.0845 Å, plane 1) bonded to a terdentate 1-ferro-
cenylethanone thiosemicarbazone ligand through the ferro-
cene carbon atom C(1), the nitrogen atom N(1) of the C�
N moiety, and the thioamide sulfur atom S(1), all of which
pertain to the thiosemicarbazone ligand, with the remaining
site occupied by the phosphorus atom P(1) of the tri-
phenylphosphane group. Each molecule contains a [5,5,5]
tricyclic system which includes the three fused ferrocenyl,
cyclometallated and chelate rings, with the C,N-metallacy-
cle and the N,S-chelate rings sharing the Pd(1) atom. The
cyclometallated [Pd(1),C(1),C(5),C(11),N(1), plane 2], coor-
dination [Pd(1),N(1),N(2),C(12),S(1), plane 3] and metal-

Eur. J. Inorg. Chem. 2004, 2937�2942 www.eurjic.org  2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 2939

lated ferrocenyl [C(1)�C(5), plane 4] rings are also planar
(r.m.s. � 0.0208, 0.0076 and 0.0039 Å, respectively) and co-
planar with the palladium coordination plane (angles be-
tween planes: 1/2 � 6.2°, 1/3 � 5.5°, 2/3 � 1.2°, 1/4 � 9.5°,
2/4 � 3.8°, 3/4 � 5.0°). The angles between adjacent atoms
in the coordination geometry of the metal atom are close
to the expected value of 90°, with the most noticeable dis-
tortion in the P(1)�Pd(1)�S(1), C(1)�Pd(1)�N(1) and
N(1)�Pd(1)�S(1) angles of 103.47(8), 81.0(3) and 81.3(2)°,
respectively. The sum of the angles around the palladium
atom is approximately 360°. All bond lengths are within the
expected ranges, allowing for the strong trans influence of
the phosphorus donor ligand,[18] which is reflected in the
Pd(1)�N(1) distance of 2.067(6)Å (cf. sum of the covalent
radii for palladium and nitrogen, 2.01 Å[31]). The
Pd(1)�C(1) bond of 2.001(8) Å is shorter than the expected
value of 2.081 Å based on the sum of the covalent radii of
carbon (sp2) and palladium, 0.771 and 1.31 Å, respec-
tively,[31] but similar to values reported for other cyclomet-
allated complexes.[25,32] The Pd(1)�P(1) distance, 2.245(2)
Å, is also shorter than the expected value of 2.41 Å.[31] The
S(1)�C(12) bond length of 1.764(8) Å, and the N(2)�C(12)
length of 1.305(9) Å, are consistent with increased single-
and double-bond character, respectively, resulting from de-
protonation of the ligand. The two C5H5 rings are parallel
with a tilt angle of 0.8°. They are also nearly eclipsed, being
skewed 8.9° form an eclipsed conformation.

Figure 1. Molecular structure of [Pd{(η5-C5H5)Fe(η5-
C5H3)C(Me)�NN�C(S)NHMe}(PPh3)] (5b) with labeling scheme;
hydrogen atoms have been omitted for clarity

Table 1. Selected bond lengths [Å] and angles [°] for 5b

2.001(8) C(1)�C(5) 1.438(9)Pd(1)�C(1)
Pd(1)�N(1) 2.067(6) C(5)�C(11) 1.441(9)
Pd(1)�P(1) 2.245(2) C(11)�N(1) 1.285(8)
Pd(1)�S(1) 2.343(2) N(2)�C(12) 1.305(9)
C(12)�S(1) 1.764(8)
C(1)�Pd(1)�N(1) 81.0(3) C(1)�Pd(1)�S(1) 162.1(2)
C(1)�Pd(1)�P(1) 94.4(2) N(1)�Pd(1)�S(1) 81.3(2)
N(1)�Pd(1)�P(1) 170.0(2) P(1)�Pd(1)�S(1) 103.47(8)
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Experimental Section

General Remarks: All solvents were distilled prior to use from ap-
propriate drying agents.[33] Chemicals were used as supplied from
commercial sources. Elemental analyses (C, H, N, S) were carried
out at the Servicio de Análisis Elemental at the University of Santi-
ago de Compostela using a Carlo�Erba Elemental Analyzer,
model 1108. IR spectra were recorded as KBr discs or Nujol mulls
with a Perkin�Elmer 1330 spectrophotometer. NMR spectra were
recorded with a Bruker WM250 or AMX-300 spectrometer in
CDCl3 and were referenced to SiMe4 (1H) or 85% H3PO4

(31P{1H}). The FAB mass spectra were recorded with a Fisons
Quatro mass spectrometer with a Cs ion gun; 3-nitrobenzyl alcohol
was used as the matrix.

Synthesis of (η5-C5H5)Fe(η5-C5H4)C(Me)�NN(H)C(�S)NH2 (a):
A suspension of thiosemicarbazide (0.19 g, 2.19 mmol) and hydro-
chloric acid (0.1 mL) in water (40 mL) was stirred at room tempera-
ture. Acetylferrocene (0.5 g, 2.19 mmol) was added and the mixture
stirred for 4 h, filtered and the resultant orange solid dried in va-
cuo. Yield 603.8 mg, 91.2%. C13H15FeN3S (301.2): calcd. C 51.8,
H 5.0, N 13.9, S 10.7; found C 52.2, H 4.9, N 13.6, S 10.5. IR: ν̃ �

3406 s, 3221 s [ν(N�H)], 1590 s [ν(C�N)], 819 m [ν(C�S)] cm�1.
1H NMR (CDCl3): δ � 8.54 (br., 1 H, NH), 7.38 (br., 1 H, NH2),
6.20 (br., 1 H, NH2), 4.57 [d, 3J(HH) � 1.6 Hz, 2 H, 2-H, 5-H],
4.39 (br., 2 H, 3-H, 4-H), 4.16 (s, 5 H, C5H5), 2.18 (s, 3 H, Me).

Synthesis of (η5-C5H5)Fe(η5-C5H4)C(Me)�NN(H)C(�S)NHMe
(b): Thiosemicarbazone b was synthesized as an orange solid in a
similar fashion. Yield 673 mg, 97.4%. C14H17FeN3S (315.2): calcd.
C 53.3, H 5.4, N 13.3, S 10.2; found C 53.2, H 5.3, N 12.9, S 9.9.
IR: ν̃ � 3361 s, 3235 m [ν(N�H)], 1663 w [ν(C�N)], 897 m [ν(C�

S)] cm�1. 1H NMR (CDCl3): δ � 8.23 (br., 1 H, NH), 7.64 (br., 1
H, NHMe), 4.55 (br., 2 H, 2-H, 5-H), 4.37 (br., 2 H, 3-H, 4-H),
4.14 (s, 5 H, C5H5), 3.34 [d, 3J(HH) � 3.9 Hz, 3 H, NHMe], 2.26
(s, 3 H, Me).

Preparation of [Pd{(η5-C5H5)Fe(η5-C5H3)C(Me)�NN�C(S)-
NH2}]4 (1a): To a stirred solution of potassium tetrachloropalladate
(0.2 g, 0.61 mmol) in water (6 mL) were added ethanol (40 mL) and
ligand a (0.2 g, 0.67 mmol) and the mixture was stirred at room
temperature for 24 h. The dark brown precipitate was filtered,
washed with cold ethanol and dried in vacuo. Yield 581.3 mg,
58.7%. C52H52Fe4N12Pd4S4 (1622.4): calcd. C 38.5, H 3.2, N 10.4,
S 7.9; found C 38.3, H 3.1, N 10.2, S 7.7. IR: ν̃ � 3434 s [ν(N�H)],
1569 w [ν(C�N)] cm�1. 1H NMR (CDCl3): δ � 6.50 (br., 2 H,
NH2), 4.45 (br., 1 H, 2-H), 4.32 (br., 1 H, 3-H), 4.22 (s, 5 H, C5H5),
4.12 (br., 1 H, 4-H), 2.13 (s, 3 H, Me) ppm. FAB-MS: m/z �

1622 [M]�.

Preparation of [Pd[{η5-C5H5)Fe(η5-C5H3)C(Me)�NN�C(S)-
NHMe}]4 (1b): Complex 1b was prepared as a brown solid in a
similar manner. Yield 678.2 mg, 66.2%. C56H60Fe4N12Pd4S4

(1678.5): calcd. C 40.1, H 3.6, N 10.0, S 7.6; found C 40.0, H 3.4,
N 9.8, S 7.8. IR: ν̃ � 3402 m [ν(N�H)], 1588 s [ν(C�N)] cm�1.
1H NMR (CDCl3): δ � 6.78 (br., 1 H, NHMe), 4.45 [d, 3J(HH) �

1.1 Hz, 1 H, 2-H], 4.33 (br., 1 H, 3-H), 4.22 (s, 5 H, C5H5), 4.11
(br., 1 H, 4-H), 2.73 [d, 3J(H,H) � 4.6 Hz, 3 H, NHMe], 2.16 (s, 3
H, Me) ppm. FAB-MS: m/z � 1678 [M]�.

Preparation of [{Pd[(η5-C5H5)Fe(η5-C5H3)C(Me)�NN�C(S)-
NH2]}2{µ-Ph2P(CH2)2PPh2}] (2a): 1,2-Bis(diphenylphosphanyl)e-
thane (14.7 mg, 0.037 mmol) was added to a suspension of 1a
(30.0 mg, 0.0185 mmol) in acetone (8 mL). The mixture was stirred
for 24 h and the resultant orange solid filtered and dried. Yield
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28.7 mg, 64.2%. C52H50Fe2N6P2Pd2S2 (1209.6): calcd. C 51.6, H
4.2, N 6.9, S 5.3; found C 51.5, H 4.2, N 6.9, S 5.5. IR: ν̃ � 3428
s [ν(N�H)], 1572 sh [ν(C�N)] cm�1. 1H NMR (CDCl3): δ � 5.78
(br., 2 H, NH2), 4.54 [d, 3J(HH) � 1.7 Hz, 1 H, 2-H], 4.40 (br., 1
H, 3-H), 4.14 (s, 5 H, C5H5), 4.01 (br., 1 H, 4-H), 2.01 (s, 3 H, Me)
ppm. 31P NMR (CDCl3): δ � 58.7 (s).

Preparation of [{Pd[(η5-C5H5)Fe(η5-C5H3)C(Me)�NN�C(S)-
NH2]}2{µ-Ph2P(CH2)3PPh2}] (3a), [{Pd[(η5-C5H5)Fe(η5-C5H3)-
C(Me)�NN�C(S)NH2]}2{µ-Ph2P(CH2)4PPh2}] (4a), [{Pd[(η5-
C5H5)Fe(η5-C5H3)C(Me)�NN�C(S)NHMe]}2{µ-Ph2P(CH2)2-
PPh2}] (2b) [{Pd[(η5-C5H5)Fe(η5-C5H3)C(Me)�NN�C(S)NH-
Me]}2{µ-Ph2P(CH2)3PPh2}] (3b), [{Pd[(η5-C5H5)Fe(η5-C5H3)C-
(Me)�NN�C(S)NHMe]}2{µ-Ph2P(CH2)4PPh2}] (4b): Compounds
3a, 4a and 2b�4b were synthesized as air-stable orange solids ac-
cording to a similar procedure for the preparation of 1a, but using
the appropriate diphosphane ligand. In the case of 3a and 3b no
solid precipitated and so the solvent was removed at reduced press-
ure from the resultant solution and the residue recrystallized from
dichloromethane/hexane.

3a: Yield 30.8 mg, 68.0%. C53H52Fe2N6P2Pd2S2 (1223.6): calcd. C
52.0, H 4.3, N 6.9, S 5.2; found C 51.9, H 4.0, N 6.7, S 5.3. IR:
ν̃ � 3443 s [ν(N�H)],] 1570 sh [ν(C�N) cm�1. 1H NMR (CDCl3):
δ � 5.81 (br., 2 H, NH2), 4.46 [d, 3J(HH) � 0.9 Hz, 1 H, 2-H],
4.35 (br., 1 H, 3-H), 4.12 (s, 5 H, C5H5), 3.83 (m, 1 H, 4-H), 2.29
(s, 3 H, Me) ppm. 31P NMR (CDCl3): δ � 5.8 s.

4a: Yield 36.1 mg, 78.9%. C54H54Fe2N6P2Pd2S2 (1237.7): calcd. C
52.4, H 4.4, N 6.8, S 5.2; found C 52.3, H 4.3, N 6.5, S 5.1. IR:
ν̃ � 3439 m [ν(N�H)], 1570 m [ν(C�N)] cm�1. 1H NMR (CDCl3):
δ � 4.82 (br., 2 H, NH2), 4.25 [d, 3J(HH) � 2.3 Hz, 1 H, 2-H],
4.12 (br., 1 H, 3-H), 3.81 (s, 5 H, C5H5), 3.49 [d, 4J(PH) � 1.9 Hz,
1 H, 4-H], 2.20 (s, 3 H, Me) ppm. 31P NMR (CDCl3): δ � 27.0 (s).

2b: Yield 41.2 mg, 93.2%. C54H54Fe2N6P2Pd2S2 (1237.7): calcd. C
52.4, H 4.4, N 6.8, S 5.2; found C 52.6, H 4.3, N 6.7, S 5.1. IR:
ν̃ � 3376 m [ν(N�H)], 1628 sh [ν(C�N)] cm�1. 1H NMR (CDCl3):
δ � 5.81 (br., 1 H, NHMe), 4.61 [d, 3J(HH) � 3.2 Hz, 1 H, 2-H],
4.13 (br., 1 H, 3-H), 4.06 (s, 5 H, C5H5), 3.99 (br., 1 H, 4-H), 2.87
[d, 3J(HH) � 4.5 Hz, 3 H, NHMe], 2.37 (s, 3 H, Me) ppm. 31P
NMR (CDCl3): δ � 62.9 (s).

3b: Yield 32.3 mg, 72.2%. C55H56Fe2N6P2Pd2S2 (1251.7): calcd. C
52.8, H 4.5, N 6.7, S 5.1; found C 52.6, H 4.4, N 6.5, S 5.0. IR:
ν̃ � 3418 m [ν(N�H)], 1626 w [ν(C�N)] cm�1. 1H NMR (CDCl3):
δ � 6.01 (br., 1 H, NHMe), 4.67 [d, 1 H, 2-H, 3J(HH) � 3.6 Hz],
4.31 (br., 1 H, 3-H), 4.17 (s, 5 H, C5H5), 3.81 (br., 1 H, 4-H), 2.99
[d, 3J(HH) � 4.6 Hz, 3 H, NHMe], 2.16 (s, 3 H, Me) ppm. 31P
NMR (CDCl3): δ � 3.71 (s).

4b: Yield 36.8 mg, 81.3%. C56H58Fe2N6P2Pd2S2 (1265.7): calcd. C
53.1, H 4.6, N 6.6, S 5.1; found C 53.0, H 4.5, N 6.4, S 5.1. IR:
ν(N�H) 3434 s, ν(C�N) 1629 w cm�1. 1H NMR (CDCl3): δ �

4.67 (br., 1 H, NHMe), 4.25 (br., 1 H, 2-H), 4.10 (br., 1 H, 3-H),
3.82 (s, 5 H, C5H5), 3.48 (m, 1 H, 4-H), 2.97 [d, 3 H, NHMe,
3J(HH) � 4.9 Hz], 2.24 (s, 3 H, Me) ppm. 31P NMR (CDCl3): δ �

24.7 (s).

Preparation of [Pd{(η5-C5H5)Fe(η5-C5H3)C(Me)�NN�C(S)NH2}-
(PPh3)] (5a): Triphenylphosphane (19.4 mg, 0.0739 mmol) was ad-
ded to a suspension of 1a (30.0 mg, 0.0185 mmol) in acetone
(8 mL). The mixture was stirred for 24 h and the resultant orange
solid filtered and dried. The residue was recrystallized from di-
chloromethane/hexane. Yield 35.7 mg, 72.3%. C31H28FeN3PPdS
(667.9): calcd. C 55.8, H 4.2, N 6.3, S 4.8; found C 55.5, H 4.1, N
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6.2, S 4.8. IR: ν̃ � 3346 s [ν(N�H)], 1594 m [ν(C�N)] cm�1. 1H
NMR (CDCl3): δ � 5.05 (br., 2 H, NH2), 4.29 (br., 1 H, 2-H), 4.11
(m, 1 H, 3-H), 3.90 (s, 5 H, C5H5), 3.30 [d, 3J(HH) � 2.2 Hz, 1 H,
4-H], 2.25 (s, 3 H, Me) ppm. 31P NMR (CDCl3): δ � 30.6 (s).

Preparation of [Pd{(η5-C5H5)Fe(η5-C5H3)C(Me)�NN�C(S)NH2}-
(PEtPh2)] (6a), [Pd{(η5-C5H5)Fe(η5-C5H3)C(Me)�NN�C(S)-
NH2}(PMePh2)] (7a), [Pd{(η5-C5H5)Fe(η5-C5H3)C(Me)�NN�
C(S)NHMe}(PPh3)] (5b), [Pd{(η5-C5H5)Fe(η5-C5H3)C(Me)�NN�
C(S)NHMe}(PEtPh2)] (6b): Compounds 5a�7a, 5b and 6b were
obtained as air-stable orange solids according to a similar pro-
cedure for the synthesis of 1a, but using the appropriate phosphane
ligand. In the case of 6a no solid precipitated so the solvent was
removed at reduced pressure from the resultant solution and the
residue recrystallized from dichloromethane/hexane.

6a: Yield 29.5 mg, 64.3%. C27H28FeN3PPdS (619.8): calcd. C 52.3,
H 4.5, N 6.8, S 5.2; found C 52. 3, H 4.2, N 6.7, S 5.1. IR: ν̃ �

3367 m [ν(N�H)], 1579 m [ν(C�N)] cm�1. 1H NMR (CDCl3): δ �

4.58 (br., 1 H, 2-H), 4.38 (br., 1 H, 3-H), 4.15 (s, 5 H, C5H5), 3.86
(br., 1 H, 4-H), 2.37 (s, 3 H, Me) ppm. 31P NMR (CDCl3): δ �

33.6 (s).

7a: Yield 30.8 mg, 68.7%. C26H26FeN3PPdS (605.8): calcd. C 51.6,
H 4.3, N 6.9, S 5.3; found C 51.4, H 4.1, N 6.8, S 5.2. IR: ν̃ �

3409 m [ν(N�H)], 1564 m [ν(C�N)] cm�1. 1H NMR (CDCl3): δ �

4.83 (br., 2 H, NH2), 4.28 [d, 3J(HH) � 1.9 Hz, 1 H, 2-H], 4.13
(m, 1 H, 3-H), 3.97 (s, 5 H, C5H5), 3.51 [d, 3J(HH) � 2.1 Hz, 1 H,
4-H], 2.32 (s, 3 H, Me) ppm. 31P NMR (CDCl3): δ � 29.3 (s).

5b: Yield 35.7 mg, 73.3%. C32H30FeN3PPdS (681.9): calcd. C 56.4,
H 4.4, N 6.2, S 4.7; found C 56.0, H 4.4, N 6.1, S 4.6. IR: ν̃ �

3352 m [ν(N�H)], 1625 w [ν(C�N)] cm�1. 1H NMR (CDCl3): δ �

4.63 (br., 1 H, NHMe), 4.28 [d, 3J(HH) � 2.1 Hz, 1 H, 2-H], 4.07
[t, 3J(HH) � 2.1 Hz, 1 H, 3-H], 3.89 (s, 5 H, C5H5), 3.27 [d,
3J(HH) � 2.1 Hz, 1 H, 4-H], 2.93 [d, 3J(HH) � 4.9 Hz, 3 H,
NHMe], 2.26 (s, 3 H, Me) ppm. 31P NMR (CDCl3): δ � 30.7 (s).

6b: Yield 30.0 mg, 66.2%. C28H30FeN3PPdS (633.9): calcd. C 53.1,
H 4.8, N 6.6, S 5.1; found C 53.2, H 4.7, N 6.5, S 5.1. IR: ν̃ �

3345 s [ν(N�H)], 1575 w [ν(C�N)] cm�1. 1H NMR (CDCl3): δ �

4.70 (br., 1 H, NHMe), 4.26 (br., 1 H, 2-H), 4.12 (br., 1 H, 3-H),
3.84 (s, 5 H, C5H5), 3.52 (br., 1 H, 4-H), 2.98 [d, 3J(HH) � 4.9 Hz,
3 H, NHMe], 2.25 (s, 3 H, Me) ppm. 31P NMR (CDCl3): δ �

27.8 (s).

X-ray Crystallographic Study:[34] Three-dimensional, room-tem-
perature X-ray data were collected in the range 2.28° � θ � 25.87°
with a Bruker CCD diffractometer using the ω-scan method. Re-
flections were measured from a hemisphere of data collected in
frames each covering 0.3° in ω. The 5968 reflections measured were
corrected for Lorentz and polarization effects and for absorption
using a semiempirical correction based on symmetry-equivalent
and repeated reflections (max/min transmissions: 0.95/0.63). The
structure was solved by direct methods and refined by full-matrix
least-squares unique data (354 parameters) with allowance for the
thermal anisotropy of all non-hydrogen atoms. Hydrogen atoms
were included in calculated positions and refined using the riding
mode. The refinement was carried out taking into account the
minor components of the disorder. Minimum/maximum final elec-
tron density: �1.204/0.564 e·Å�3. The structure solution and re-
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finement were carried out using the SHELX-97 program pack-
age.[35] Crystal data are given in Table 2.

Table 2. Crystal data and structure refinement data for com-
pound 5b

Empirical formula C32H30N3Cl2PSFePd
Formula mass 681.87
Temperature 293(2) K
Wavelength 0.71073 Å
Crystal system triclinic
Space group P1̄
Unit cell a � 11.134(2) Å

b � 11.807(3) Å
c � 12.418(4) Å
α � 75.781(19)°
β � 75.92(2)°
γ � 70.355(19)°

Volume 1467.1(7) Å3

Z 2
Density (calculated) 1.544 Mg cm-3

Absorption coefficient 1.259 mm�1

F(000) 692
Crystal size 0.40 � 0.12 � 0.04 mm
θ range for data collection 2.28�25.87°
hkl �13/0, �14/13, �15/14.
Number of reflections collected 5968
Number of independent reflections 5660 [R(int) � 0.0977]
Max/min transmission 0.422/1.0
Completeness to θ � 25.87° 99.4%
Refinement method full-matrix least-squares on F2

Data/restraints/parameters 5660/0/354
Goodness-of-fit 0.927
Final R indices [I � 2σ(I)] R1 � 0.0511, wR2 � 0.0888
R indices (all data) R1 � 0.2655, wR2 � 0.1229
Largest difference peak/hole 0.564/�1.203 e/Å3
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