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The synthesis, characterization, and study of the reactivity of the novel cyclopalladated complexes
[PA{ [(17°-CsH3) CH=N(CsH4-2-CH,OH)]Fe(°>-CsHs)} Cl] (2) and [Pd [(77°-CsHs) CH=N(CeH,-2-CH;0)]-
Fe@®>CsHs)} 2 (3) with PPk or MeO,CC=CCO,Me are described. Electrochemical &fige Mssbauer
spectroscopic studies of the new palladacycles are also reported.

Palladium(ll) compounds derived from ligands containing
three donor atoms with different hardneddesve attracted great
interest due to their potential hemilabili#yyhich is especially
relevant in view of their use in homogeneous catalyglespite
of this and the prochiral nature of ferrocenyl ligands in the
cyclopalladation processé8 palladium(Il) compounds contain-
ing terdentate [C(spferrocene), N, X~ (X =N, S, O;q= 1,

2) ligands are scarc&° It is well-known that organometallic
complexes with as(Pd—0) bond are particularly interesting,
due to their applications in organic and/or organometallic
synthesis and in homogeneous catalysi¢However, only two
palladacycles with a [C(8p ferrocene), N, Of ligand are
known ! and in both cases, the palladium(ll) is bound to the

modes than their analogues with an OR substitdrit-17
Palladium(ll) or platinum(ll) complexes derived from organic
imino alcohols have been report&d?l” and some of them (i.e.
[P CsH4CH=N(CgH4-2-O)}14) exhibit unusual structural fea-
tures!é

On the other hand, ringchain tautomeric equilibria involving
1,3-O,N-heterocyclic systems have generated great interest in
the last few yeard?~2° since this process may affect the
reactivity of the species involved. However, none of the articles
published so far have focused on the study of the effect produced
by transition metals upon the reactivity of the two tautomers.
We have recently reported the synthesis of 2-ferrocenyl-2,4-
dihydro-1H-benzofl][1,3]oxazine (&) and the tautomeric equi-

oxygen of an ether group. Recent contributions have shown thatlibrium betweenla and the imino alcohol {>-CsHs)Fe{ (7°-

imino alcohols may exhibit greater versatility in the coordination
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CsH4)CH=N(CgH4-2-CH,OH)}] (1b).?° In view of this, 1b
appeared to be a good candidate to attempt the preparation of
palladacycles with terdentate [C&errocene), N, O] or
[C(sp, ferrocene), N, O ligands. Here we describe the study

of the reactivity ofla with palladium(ll).
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aR! = CO,Me. Legend: (i) in MeOH followed by the addition of NaOH (in the molar ratio Pd(Il):Na©H.:1) dissolved in MeOH at room
temperature; (ii) PPh(in the molar ratio Pd:PRh= 1) in CH,Cl; at 298 K; (iii) addition of TI[BF] in acetone followed by the removal of the TICI
formed; (iv) PPh in CDCls; (v) NaOH in methanol; (vi) in CDGJ (vii) addition of MeQCC=CCO,Me (in the molar ratio alkyn& = 2) in
refluxing CHCI; for 2 h, followed by SiQ column chromatography (see text).

The treatment of 1a2° with equimolar amounts of  chloride (CI(1) or Cl(2)), a carbon atom of thekd; ring of the
Nay[PdCly] and NaOAe3H,0 in methanol at 298 K for 24 h  ferrocenyl moiety (C(6) (inl) or C(6A) (in 1)), the imine
produced a deep purple crystalline solid. Its characterization nitrogen (N(1) or N(2)), and the oxygen atom of the alcohol
data agreed with those expected for {Rg>-CsH3)CH= group (O(1) (inl) or O(2) (inIl)). This confirms that, in2,
N(CsH4-2-CH,OH)]Fe(°-CsHs)} Cl] (2) (Scheme 1), in which ligand 1b behaves as a [C(3pferrocene), N, O] terdentate
the imine formlb acts as a [C(Spferrocene), N, O] terdentate group. The palladiumdonor atom bond lengths are similar to

ligand. those reported for related palladacycles with [E(sthenyl),
The crystal structure 02?! consists of two nonequivalent N, O] groupst416.17and the bond angles around the palladium-
molecules of [P[(°-CsHz)CH=N(CeH.-2-CH,OH)]Fe(;>- (1) vary from 83.3(4) to 96.2(2)(in |) or from 82.5(4) to 94.46-

CsHs)} Cl] (hereatfter referred to dsandll ). In each one of the @7y (in ).

molecules (Figure 1) the palladium(ll) atom is in a slightly  \j5jecules| and Il contain a [5.5.6.6] tetracyclic system
distorted square-planar environment, where it is bound to a ¢5rmed by the GHs ring of the ferrocenyl moiety

a practically
(21) Crystallographic data: 6-1sCIFeNOPd, monoclinica — 10.878- pla}nar five-membered paIIa_dacycIe, a six-membered chelate ring
(1) A, b="20.934(1) Ac = 14.569(1) Ao = y = 90.C°, B = 90.560(1}, (with half-chair conformation), and the phenyl group. The

zpace group2y/n,V = 33308.6(4) R z=s, le 293(2) K,A =0.710 69 phenyl rings are planar and form angles of 34.3, 33.1, and¢ 33.0

, Dcaicda = 1.847 g cm3, u = 2.217 mm?, F(000) = 1824, 10 297 i o0y ; ;
refleéﬁgns_co[lected, of which 7667 were assumed as indepenBgn( (in I)d.or ?.2'3‘ |29'1’t2nd Sf'ﬁm “I) Wlthdt?he CorreSp?ndmgf th
0.0543).R indices: R1= 0.0721 and wR2= 0.2345 ( > 20(l)); R1 = cooraination plane, the metallacycle, and the mean plane of the

0.0994 and wR2= 0.2556 (all data). CsH3 unit. The main difference between moleculeand Il
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Figure 1. ORTEP diagrams of the two nonequivalent molecules
(I andIl') present in the crystal structure of [ ¢h°-CsHz)CH=
N(CgH4-2-CH,OH)]Fe@®>-CsHs)} Cl] (2). Hydrogen atoms have
been omitted for clarity. Selected bond lengths (in A) and angles
(in deg): Pd(1)}C(6), 1.940(11); Pd()N(1), 2.059(9); Pd(%y
0O(1), 2.190(8); Pd(2)CI(1), 2.289(3); Pd(2yC(6A), 1.914(10);
Pd(2)-N(2), 1.033(8); Pd(2Y0(2), 2.191(8); Pd(2)CI(2), 2.292-
(2); C(6)-Pd(1)-N(1), 83.2(4); N(1)-Pd(1)-0O(1), 90.0(3); O(1y
Pd(1)-ClI(1), 96.5(2); C(6)-Pd(1)-CI(1), 90.7(4); C(6A)-Pd(2)
N(2), 82.5(4); N(2)-Pd(2)-0(2), 89.2(3); O(2yPd(2)-Cl(2),
94.52(18); C(6A)-Pd(2)-CI(2), 94.3(3).

arises from the planar chirality of ther%-CsHs)Fe@®-CsHs)”
moieties & in | andRy in II').

The intramolecular and the minimum intermolecular separa-
tions between the iron(ll) and palladium(ll) atoms are clearly
greater than the sum of their van der Waals rédii.

Peaez et al.

duplicate and none of them were coincident with thosd af

or 1b. The analysis of the cross-peaks detected in{fth&—

IH} NOESY spectra o8 suggested the existence of at least
two nonequivalent units of the ligand. In one of them, one of
the protons of the-CH,— moiety was close to the B3 ring

of the other ligand, while in the other nonequivalent unit it was
proximal to the H proton of the GHs ring. All of these findings
suggested thaB could have higher nuclearity. Elemental
analyses of3 did not differ significantly from those expected
for [Pd{ [(775-C5H3)CH=N(C6H4-2-CH20)]Fe(775'C5H5)}]n, and

the mass spectra showed an intense peak/at848, which
agreed with the value expected for a dimer. In the view of the
characterization data available, we postulateohe dimeric
structure presented in Scheme 1. The complexity ofithand
13C{1H} NMR spectra o3 could be ascribed to several factors,
such as conformational differences of the nonplanar rings of
between the halves and/or the presence of isomeric forrs of
in solution. Since the cyclopalladation produces 1,2-disubstituted
ferrocenyl moieties with planar chirality, the formation of
diastereomers a8 could also be expected on principle.

Examples of palladium(ll) compounds with central R2g’
cores have been describB&121426and the X-ray crystal
structures reported so far show that when these sorts of
compounds contain (L,). bidentate ligands, the two identical
donor atoms of the two (L,). ligands are in a trans
arrangementc12.14.26The self-assembly of the two “[R{{#°-
CsH3)CH=N(CsH4-2-CHO)]Fe>-CsHs)}]” units forming the
central “PdO;" ring of 3 is only possible if the metalated
carbons of each one of the moieties are in a trans arrangement.
VT-NMR sudies of 3 (in CDCl3) showed that the relative
intensities of the two sets of signals decreased upon cooling

Bond lengths and angles of the ferrocenyl moieties agree with (from 1.0:1.0 (at 298 K) to 1.0:0.7 (at 223 K)) and the formation

data reported for most ferrocene derivativéthe pentagonal
rings are practically parallelilt angles1.3 and 2.6 in | and
II) and they deviate by 133(in I) or 2.6 (in 1) from the
ideal eclipsed conformation.

Since the molar ratida:1lb is dependent on the solvedtt,
we also studied the reactivity dfa with cis-[PdCL(PhCN})]

of small amounts of insoluble materials was detected. These
findings could be rationalized by assuming the coexistence of
isomeric forms (in a nearly 1:1 molar ratio at 298 K) with
different solubilities at low temperatures.

In 3 the planar chiralities of the ferrocenyl moieties could be

different (R, and S)) or identical (R,Ry) or ($.S)). The

under different experimental conditions (reaction periods in the coexistence of these species in solution would produce two sets
range 3 h to lday) using equimolar amounts @& and cis- of signals in the NMR spectra, one due to the centrosymmetric
[PACL(PhCN}] (or this reagent and NaAcO) as reactants and form and the other to the noncentrosymmetric species, respec-
in refluxing toluene or toluene/methanol (5:1) mixtures. Un- tjyely. The use of molecular models for these forms revealed
fortunately, in all these reactions the formation of metallic that'in both cases the environment of the palladium(ll) atoms
palladium was detected, even for the shortest reaction pefiods. is rather crowded. In the centrosymmetric form one of the
This suggests that the reduction of the palladium(ll) could be _cH,— protons is close to thedBls group of the other half of
promoted by the ferrocenyl substrate. In fact, electrochemical the molecule (this is reflected in a high-field shift of the
studies® have demonstrated thiais more prone to oxidation  yesonance), while for the non-centrosymmetric form it is near
than the ferrocenylimines¢-CsHs)F¢{ (17°-CsHs) CH=N(R")}]- the H proton. This arrangement of the groups introduces severe

(R* = substituted phenyl ring:2* . ___ restrictions on the conformational changes of the six-membered
To attempt the synthesis of palladacycles having a dianionic chelate rings.

[C(sp, ferrocene), N, G ligand, 2 was treated with NaOH in Treatment of2 with PPh in CHyCl, gave [Pd[(75-CsHa)-

methanol at 298 K. This led to a deep purple so8dgcheme CH=N(CgH4-2-CHOH)Fe(;5-CsHs)} CI (PPh)] (4; Scheme 1
1, stepA). Its IR spectrum did not sglsow the typical band due stepB),(Whe4re the IigarZ]d ags az ;)[}C{séerroc)t]aéé), NI group,
to the stre_tchlng of the-OH group;™ thus suggesting that and the PPhis in a cis arrangement to the metalated carbon
deprotonation of the alcohol group had ta_ken place. Intthe _ atom, in good agreement with thansphobia effec’Complex
and *C{*H} NMR spectra most of the signals appeared in 4 results from the cleavage of thgPd—OH) bond and the

(22) (a) Bondi, JJ. Phys. Cheml964 64, 441. (b) Kitaigorodskii, A.
I. Molecular Crystals and Moleculeg\cademic Press: London, 1973.
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Compounds5th ed.; Wiley: New York, 1997.
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Organometallic001, 20, 2545. (c) Dura-Vila, V.; Mingos, D. M. P.; Vilar,
R.; White, A. J. F.; Williams, D. JChem. Commur200Q 1525. (d) Mann,
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binding of the PPk This process is fast at ca. 293 K and
involves a change of the coordination mode of the ligand from
[C(sp?, ferrocene), N, O (in 2) to [C(sp, ferrocene), Nj

(in 4). 2 !

As a first approach to achieve palladacycles containing 3
simultaneously a [C(Spferrocene), N, O] ligand and a PPh
group, the reactions shown in stepandD of Scheme 1 were
studied. In both cases, [Pl7°-CsHz)CH=N(CeH4-2-CH,OH)]- 10uA /
Fe(°-CsHs)} (PPR)][BF4] (5) was isolated. The differences 10uA
detected in théP{1H} NMR spectra o and4 are similar to
those reported for [Rd4,5-MeO)»CgH,CH=N(CH,CH,0OH)} - 4 1 j
CI(PPh)] and [P{ (4,5-MeOYCgH,CH=N(CH,CH,OH)} (PPh)]-

ClO4, which contain a [C(sh phenyl), N[ and a [C(sp
phenyl), N, Of ligand, respectively’? /

The addition of PPhto a solution of3 (molar ratio PPiPd
= 1) in CDCk gave [Pg[(77°-CsH3)CH=N(CgH4-2-CH,O)]Fe-
(7°-CsHs)} (PPR)] (6; Scheme 1, stef). The reactivity of3
with PPh is similar to that of [PECsH4sCH=N(CeH4-2-O)} ], . )
which, under identical experin[1egtal condition(s, gave( [Bﬁal-]u- E(in mV) E(in mV)
CH=N(CsH4-2-O)} (PPhy)], also containing a terdentate [Cfsp  Figure 2. Cyclic voltammograms of the monomeric compounds
phenyl), N, Of ligand1® Comparison of the results obtained [Pd [(#%-CsH3s)CH=N(CsH4+-2-CH,OH)]Fe(;°>-CsHs)} Cl] (2) and
in the reactions o and 3 with PPh reveal that the PdOH [PA{ [(175-CsH3) CH=N(CsH,-2-CH,OH)]Fe(;°-CsHs)} CI(PPhy)] (4)
bond (in2) is more labile than the PéO.koxo bond (in3). and of the dinuclear product [Pidr>-CsHz) CH=N(CeH2-2-CH,0)]-

When a CDC{ solution of4 was treated with the stoichio- '!:oegze_?Z?r%%;]ezn(g/)fg:rgcl-lesr?ill:ln?tciasIz (the potentials are referred
metric amount of NaOD dissolved in methanol (Scheme 2, step ple).

F), thelH NMR spectrum of the crude reaction mixture revealed
the coexistence ob and 4 in the molar ratio6:4 = 0.4.
Furthermore, the'H NMR spectrum of a freshly prepared
solution of 6 (in CDCl3) changed with time. After several
hours of storage the presencedofvas also detected (Scheme
2, stepF') and the molar ratic6:4 decreased slowly with
time 28 thus indicating tha6 was less stable thahin CDCl; at
298 K.

5"Fe Mtssbauer spectra o2—4%° consisted of a single
quadrupole doublet, indicating a unique iron site. Bpthe
value of thel parameter is similar to those @fand 4, thus
suggesting that in the solid state the environments of the two
iron(Il) centers of3 should be very similar at 80 K. Previous
studies or?’Fe Mssbauer spectroscopy of ferrocene derivatives
have shown that the quadrupole splitting paramefdt is
strongly sensitive to the nature of the substituéhts.particular,
it is widely accepted that electron-withdrawing substituents
produce a decrease of thé, value, relative to ferrocene, while
for electron-donating groups the effect is oppo&it&he AE,
values obtained foR—42° are smaller than that of ferrocene
(AEq = 2.37 mm/s (at 298 K) and 2.41 mm/s (at 80 R))his
suggests that the formation of the palladacycles has an electron
withdrawing effect upon the iron(ll). A comparison of thé,
parameters fo?2° and [Pd [(#°-CsH3)CH=N(CsH4-2-SMe)]Fe-
(7°-CsHs)} Cl]%areveals that in these cyclopalladated complexes
the replacement of the CH,OH substituent (ir2) by an—SMe

500 -200 100 400 700  -500 -200 100 400 700

group produces an increase of the electron-pulling character of
the substituents on the #§-CsHs)Fe(;>-CsHs)” moiety. Ad-
ditionally, the differences detected in tiAéEy values of2—4
confirm that the intensity of this effect is dependent on small
changes on the heteroatoms bound to the palladium(ll) that are
at a distance of three bonds from the iron(ll).

To elucidate the influence of the mode of binding of the lig-
and in2—4 upon the proclivity of the iron(1l) toward oxidation,
electrochemical studies @-4, based on cyclic voltammetry,
were also performe#t The cyclic voltammogram a2 (Figure
2) showed an anodic peak directly associated with a cathodic
one in the reverse scan. The wave is shifted to a more anodic
area than for ligandla. This indicates, according to the
literature33 that the substituents bound to the ferrocenyl moiety
in 2 have a greater electron-withdrawing character thaban
For 2, the values of the cathodic and anodic potentials are similar
to those of [P@[(7°-CsHz) CH=N(RY)]Fe(#°-CsHs)} CI(L)] (with
R! = phenyl group and = neutral ligand), in which the imine
acts as a bidentate [C&pferrocene), Nj group?*2 The H
NMR spectrum of2 (in acetonitrileds) suggested that this
solvent induced the cleavage of the-RaH bond, giving [Pd-
{[(5-CsHz)CH=N(CgH4-2-CHOH)]Fe(;5-CsHs)} Cl(acetonitrile-
ds)] (7). This confirms the lability of the terminak(Pd—OH)
bond in2. The cyclic voltammogram of (Figure 2) shifted to
more anodic potentials than f@r and in this case, the shape of
the wave, together with the larg&E value and the lack of a

linear relationship between t val nd th re-root
(28) The progress of the transformation &f(in CDCls) into 4 was € 0 b be @'a alues and the square-roo

monitored by'H NMR. The molar raticé:4 after different periods of storage ~ ©Of the scan ratesv{’?), suggested a quasi-reversible electro-

at 298 K was 4.2 (24 h), 2.3 (48 h), 1.3 (96 h), and 0.9 (5 days; in this case

the presence of traces of ferrocenecarboxaldehyde and other byproducts (32) Summary of electrochemical data (in mV), with anodig 4 and

was also detected). cathodic Ep, potentials and the separation between peals) for 2—4:
(29) Summary of’Fe Mcssbauer hyperfine parameters (isomer shift (IS)-  for 2, Eya= 118, Epc = 27, andAE = 91; for 3. Ey (1) = 99, E, {2) =

, quadrupole splitting4Eg), and full-width at half-heightI(, in mm/s) at 291,Ep (1) = 168, andE, (2) = 12 (see Figure 2), andlE = 123 and ca.

80 K): for 2, IS = 0.475(4),AE; = 2.122(4), and” = 0.25(1); for3, IS 87; for 4, Epa= 214,E, . = 37, andAE = 177.

= 0.527(2),AEq = 2.146(3), and” = 0.24(1); for4, IS = 0.492(4),AEq (33) (a) Little, W. F.; Reilley, C. N., Johnson, J. D.; Saunders: Al.P.

= 2.164(6), and” = 0.233(8). Am. Chem. S0d 964 86, 1376. (b) Zanello, P.; Cinquantini, A.; Mangani,
(30) (a) Houlton, A.; Miller, J. R.; Silver, J.; Jassim, N.; Ahmet, M. J.;  S.; Opromolla, G.; Pardi, L.; Janiak, C.; Rausch, MJDOrganomet. Chem.
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chemical proces¥! The differences between titg , values of
7 and 4 suggest tha? is more prone to oxidation thah

The cyclic voltammogram a3 (Figure 2) was more complex
than those o2 and4 and showed two anodic peaks, in contrast
with the results reported for the polynuclear cyclopalladated
complex8, depicted in Chart 1, for which only one wave was
detectable in the cyclic voltammogram under identical experi-
mental conditiong® The differences detected in the electro-
chemical behaviors d@ and8 suggest that the replacement of
the acetato bridges (i) by the alkoxo oxygen (in3) is
important in allowing communication between the two iron (I1)
centers.

It is well-known that palladacycles are useful precursors in
the synthesis of organic or organometallic compouAds.Most
of these reactions involve the insertion of small molecules, i.e.
alkynes, alkenes, CO, or isonitriles, into th@>d—C) bond of
complexes containing bidentate [C, N]gands36-38 Previous
studies on the alkyne insertion processes have shown that th
nature of the final product formed depends on a wide variety
of factors, including the nature of the metalated carbon, the
electron-withdrawing/electron-donor nature of the substituents
on the alkyne, the stoichiometry of the reaction, the remaining
ligands bound to the palladium(ll), etc. However, parallel studies
on palladacycles with terdentate [C{sfierrocene), N, XJ~
chelating groups are not comm&H® To the best of our
knowledge, only the reactions of [P@;®>CsH3)CH=NCH,-
(CHy)nNMe]Fe(;>-CsHs)Cl] and [Pd [(#7°-CsHa) CH=N(CsHa-
2-SMe)]Fef®-CsHs)} Cl] with the alkynes RC=CR! (R! =
CO:Me, Et, Ph) have been described so%af?In view of this
and in order to elucidate if the nature of the heteroatom X could
affect the reactivity of thes(Pd—C(sg?, ferrocene)) bond of
complexes with a terdentate [C&ferrocene), N, XJ~ ligand,

(34) (a) Brown, E. R.; Sandifer, J. R. Rhysical Methods in Chemistry.
Electrochemical MethoddRossiter, B. W., Hamilton, J. H., Eds.; Wiley:
New York, 1986; Vol. 4, Chapter 4. (b) Zanello, Rorganic Electro-
chemistry. Theory, Practice and ApplicatidRCS: Northhampton, U.K.,
2003.

(35) Moyano, A.; Rosol, M.; Moreno, R. M.; lgez, C.; Maestro, M.

A. Angew. Chemlnt. Ed 2005 44, 1865.

(36) For a general overview on this field: (a) Spencer, J.; Pfeffer, M.
Adv. Inorg. Met.-Org. Chenil998 6, 103. (b) Pfeffer, MRecl. Tras. Chim.
Pays-Basl199Q 109, 567. (c) Ryabov, A. DSynthesis 985 233

(37) Vicente, J.; Saura-Llamas, |.; Gwald, C.; Alcaraz, C.; Jones, P.
G.; Delia, B.Organometallics2002 21, 3587.

(38) For articles focusing on the reactivity of palladacycles with bidentate
[C(sp), N]~ or [C(sP), N]~ ligands, see: (a) Ryabov, A. D.; van Eldik,
R.; Le Borgne, GOrganometallics1993 12, 1386. (b) Vicente, J.; Saura-
Llamas, |.; Rarfmez de Arellano, M. CJ. Chem. Soc., Dalton Tran995
2529 and references therein. (cJIGN.; Nelson, J. H.; Willis, A. C.; Rae,

A. D. Organometallic2002 21, 2041.

(39) For recent contributions on the insertion of alkynes intootire—
C(sp, ferrocene)) bond of palladacycles, see for instance: (a) Zhao, G.;
Wang, Q. G.; Mak, T. C. W.]J. Organomet. Chenl999 574, 311. (b)
Benito, M.; Lopez, C.; Morvan, X.; Solans, X.; Font-BaajiM., Dalton
Trans.200Q 4470. (c) Bosque, R.; Benito, M.; bez, C.New J. Chem
2001, 25, 827. (d) Lpez, C.; Caubet, A.; Solans, X.; Font-BadM. J.
Organomet. ChenR00Q 598 87.

(40) Peez, S.; Lpez, C.; Caubet, A.; Pawelczyk, A.; Solans, X.; Font-
Barda, M. Organometallics2003 22, 2396.

(41) (a) Dupont, J.; Consorti, C. S.; SpencerCiem. Re. 2005 105
2527. (b) Bedford, R. DChem. Commur2003 1787.
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we also studied the reactions2and3 with MeO,CC=CCO,-
Me. Treatment oR with this alkyne (molar ratio alkyne:P¢
2) under reflux fo 2 h allowed us to isolate two product8 (
and10, in the molar ratid®:10= 3.2) (Scheme 1, step) which
were identified as [Pd(MeO,CC=CCO,Me),(7°-CsH3)CH=
N(CgH4-2-CH,OH)]Fe(;>-CsHs)Cl] and [P [(MeO.,CC=CCO;-
Me)(;75-CsH3) CH=N(CgH4-2-CH,OH)]Fe(;°-CsHs)} Cl], re-
spectively. CompoundO, which is formed by insertion of one
molecule of the alkyne into the(Pd—C(si#, ferrocene)) bond
of 2, was isolated in higher yield when the reaction was
performed using equimolar amounts of the palladium(ll)
complex and the alkyne and shorter refluxing periods (30 min).
The relative arrangements of thReCO,Me substituents on the
alkene, presented in Scheme 1 fband 10, are the common
ones described for all the palladacycles arising from mono or
bis insertion of alkynes that have been characterized by X-ray
diffraction14.38-40 A comparison of these results and those
obtained for [P@[(#°-CsH3)CH=NCHy(CH,),NMe;]Fe(;>-
CsHs)}CI1%° and [Pd[(77°-CsH3) CH=N(CsH4-2-SMe)]Fef®-
CsHs)} Cl1% suggests that for complexes with a terdentate [&(sp
ferrocene), N, X (X = O, S, N) the reactivity of the Pd
C(sp#, ferrocene) bond increases according to the sequence
Namine < Sthioether< Oalcohol-

Furthermore, the results obtained fardiffer from those
reported for [P@[(775-CsHz) CH=N(CsH4-2-SMe)]|Fe>-CsHs)} -
Cl], for which the reaction with MegCC=CCO,Me (in the
molar ratios Pd(ll):alkyne= 1:1 and 1:2) gave [Rd(MeO,-

CC=CCOMe)("CsHa) CH=N(CsHs-2-SMe)]Fes®-CsHs)} -

Cl] (11) exclusively®? Since10and11 contain a [C(sh alkene),
N, X]~ (X =0 (in 10), S (in11)) ligand, these findings indicate
that the o(Pd—C(sp?, alkene)) bond ofl0 is more likely to
undergo the insertion of MefCC=CCO,Me than when X is
sulfur.

When3 was treated with Me@CC=CCO,Me (in the molar
ratio alkyne:Pd= 1 or 2) and refluxed for periods varying
betwea 1 h and 1 day, the starting materials were recovered
unchanged and evidence of the formation of any product arising
from the insertion of the alkyne into tligPd—C(sf#, ferrocene))
bond of 3 was not detected by NMR analyses of the crude
mixture of these reactions. This suggests tha& more prone
to react with the alkyne tha8.

To sum up, the results presented here provide conclusive
proof of the relevancy of the tautomeric equilibrium between
laand1b upon their reactivity with palladium(ll). In solvents
such as benzene, where the heterocyclic form is the major
componentf the reduction of the palladium(Il) takes place. This
process may be induced by heterocyclic fdrapwhich is more
prone to oxidation tharib.2% In contrast with these findings,
whenlareacted with NgPdClL] and NaOAe3H,0 in methanol
(in which the molar ratidla:1b = 0.5), the complex [Pd(#®-
CsH3) CH=N(CgH4-2-CH,OH)]Fe(;5-CsHs)} Cl] (2, with a [C(sp,
ferrocene), N, O] ligand) was isolated. CompleXis addition-
ally of interest, due to its high reactivity with NaOH, Pfand
the alkyne that allows its use as a precursor in the synthesis of
other organometallic palladium(ll) compounds having ferrocenyl
units. In particular, the reaction @with NaOH revealed that
the OH group could be easily deprotonated, giving{[PgP-
CsH3)CH=N(CgH4-2-CH,O)]Fe(;°-CsHs)} ]2 (3), which forms
by the self-assembly of two cyclopalladated units in which the
imino alcohol (Lb) behaves as a [C(3pferrocene), N, G}
terdentate ligand.

On the other hand, the studies presented show that the binding
of the oxygen of the-OH group (in2) or of its deprotonated
form (in 3) clearly affects the reactivity of this sort of compound.
The reactions o and 3 with PPh allow a fine tuning of the
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hapticity and mode of binding afb ([C(sp?, ferrocene), N} Itis well-known that palladium(ll) compounds withagPd—

(in 4), [C(sp, ferrocene), N, O] (in 5), or [C(si, ferrocene), O) bond, cyclopalladated complexes, and products formed by
N, OJ%~ (in 6)) in the final products by the proper selection of insertion of alkynes into the(Pd—C) bond have a variety of
the starting palladium(ll) complex(r 3) and the experimental ~ applications in several fields;12-3¢42 including organic and
conditions. Additionally, a comparison of the results obtained organometallic synthesfs4! and homogeneous catalysis:?
indicated that the PdOH bond of2 is more labile than the  the new products presented here appear to be excellent
Pd—Oaikoxo bond of 3. A comparative study of the reactivity of ~ candidates to be studied in these fields.
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