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A study has been made of the reactivity of the 6(Pd-C,,:) bond in the di-p-chloro-bridged cyclopalladated complexes
[Pd{(n*-CsH;CH=NC¢H,C¢Hs-2)Fe(n’*-CsHs)} (1-CD)], 1a and [Pd{(CgH,-2-CsH,)N=CH(n’*-CsH,)Fe(n’-CsHy)} -

(u-CD], 1b {which differ in the nature of the metallated carbon atom C ferrocene 0T C

sp’, biphenyl> respeCtIVely}

towards the alkynes, R'"C=CR? {with R' = R* = Et; R! = H, Me or Ph, and R? = Ph; or R = R*= CO,Me}. Thus
palladacycles containing seven-, eight-, nine- and ten-membered rings have been isolated and characterized. The
crystal structure of [Pd{(EtC=CEt),(C,H,-2-C,H,)N=CH(n*-CsH,)Fe(n*-CsH;)}Cl] has also been determined and
confirms the presence of a [6, 6, 10] tricyclic system arising from fusion of the two hexagonal rings of the biphenyl
group and a ten-membered palladacycle generated through bis(insertion) of hex-3-yne into the c(Pd—C;: piphenyt)

bond in 1b.

Introduction

The syntheses, characterization and study of cyclopalladated
complexes '™ has attracted great interest during the last decade
due to a wide variety of interesting applications in different
areas.”™® Some examples of metallomesogens or antitumor
drugs containing palladacycles have been reported.*® More
recently, the applications of chiral cyclopalladated complexes
for the determination of enantiomeric excesses of chiral
reagents or for their discrimination have been described.!'"!®
However, one of the main interests of this sort of compounds is
based on their use as precursors for organic or organometallic
synthesis.'*? For instance, cyclopalladated complexes show
high reactivity towards a wide variety of substrates, such as CO,
isocyanides, alkenes or alkynes.'**® Reactions of this kind have
provided new procedures for the syntheses of novel organic
compounds. Several examples of mono-, bis- and even tris-
(insertions) of alkynes into the o(Pd-Cg ;) bond have been
reported for cyclopalladated complexes derived from organic
N-donor ligands.'*?* However, only a few articles involving
insertions of alkynes into the G(Pd-Cgy rocene) bond have
been reported so far,”>*° and most of them focus exclusively on
the insertion of diphenylacetylene.

On the other hand, studies on the insertion of alkynes into
the o(Pd-Cqy ,,) bond have shown that differences in the
reactivity of the o(Pd-C) bond in cyclopalladated derivatives
may be related to a wide variety of factors, including: (a) the
lability of the Pd—N bond, (b) the nature of the substituents on
the alkyne ligand, (¢) the structure of the metallacycle, and (d)
the remaining ligands bound to the palladium."** However,
the relative importance of these factors has yet to be clarified.

Furthermore, it has recently been reported that cyclo-
palladation of the ferrocenyl Schiff base [Fe(n*-CsHs)(n’>-Cs-
H,CH=NCH,C(H;-2)] produces two types of metallacycle
[Pd{(n*-CsH;CH=NCH,C(H;-2)Fe(n’-CsHs)} (u-Cl)], 1a and
[Pd{(C¢H,-2-C;H,)N=CH(n’*-CsH,)Fe(n*-CsHy)} (u-CD],  1b
(Fig. 1)3" which differ in the nature of the metallated carbon
atom {Cgp ferrocene 1N 12 01 Cyp pippeny in 1b}. Here we compare

4470 J. Chem. Soc., Dalton Trans., 2000, 4470-4478

Table 1 Electronic and steric parameters of the substituents on the
alkyne*“

R!or R? oy oRr Es'CH

H 0.0 0.0 0.0

Me —-0.08 —-0.15 1.0

Et —0.01 —0.14 2.0

Ph 0.12 0.10 3.0

CO,Me 0.21 0.16 4.0

“ oy and oy are the inductive (para) and mesomeric (para) parameters
of the substituents R' and R Positive o values indicate the electron-
withdrawing character of the substituent, negative electron donor
groups. The Es’CH values are Chartons’s steric parameters for R' and
R? substituents calculated according to structural data. All the values
presented in this table were taken from reference 32.
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Fig. 1 Schematic view of the two di-p-chloro-bridged cyclopalladated
complexes 1a and 1b.

2

the reactivity of the two types of o(Pd—C) bond versus a wide
variety of alkynes R!C=CR? {with R!'=R*=Et; R'=H, Me
or Ph and R?=Ph; or R!'=R?=CO,Me} which differ in
the electronic and steric properties® of the substituents R!
and R? (Table 1). This type of study could be useful to elucidate
the relative influence of (i) the substituents on the alkyne
{electron-donor/electron-withdrawing character and/or their

DOI: 10.1039/6007537j

This journal is © The Royal Society of Chemistry 2000



bulk} and (if) the structure of the metallacycle upon the final
product.

Results and discussion
Alkyne insertions

When  [Pd{(n*-CsH;CH=NC:H,C¢H;s-2)Fe(n’*-CsHs)} (1-Cl),]
la was treated separately with the alkynes R!C=CR? {with
R!'=R?*=Et; R'=Me, R2=Ph; or R'=H, R*=Ph} ina 1:4
molar ratio in refluxing CHCI, for 1.5 h a brown-red solution
was obtained and compounds [Pd{(R'C=CR?),(n*-CsH,CH=
NCH,CHs-2)Fe(n’-CsHs)}Cl] 2a-4a (Scheme 1) were iso-

\
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1_R2
1a R'=R“=Et 2a,

R'=Me, R>=Ph 3a,
R'=H, R®=Ph 4a

Scheme 1 (i) 4 R'"C=CR? in refluxing CHCl,, followed by SiO, column
chromatography.

lated by SiO, column chromatography. Compounds 2a—4a
arose from the bis(insertion) of the corresponding alkyne
into the 6(Pd-Cgy frrocene) bond. These results are in good
agreement with previous studies on compounds [Pd{(n’-
C,H,C(R)=NCH,CHs)Fe(n’-CsHy)} (u-Cl)], {with R=H or
Me}, which also react with hex-3-yne giving bis(insertion)
products.?’-*

The bis(insertion) of the asymmetric alkynes R'C=CPh (with
R'=Me or H) into the o(Pd—Cy: rrocens) bond of com-
pound la has an additional interest since the two terminal
groups have different electronic and steric properties which may
be important in determining the nature of the final product.
Depending on the relative arrangement of the substituents
(Me or H) and phenyl groups in the n*-butadienyl moiety of
the nine-membered rings of [Pd{(R!C=CPh),(n*-CsH,CH=NC,-
H,CHs-2)Fe(n®-CsHy)}Cl] (R'=Me or H) this reaction
may produce different isomeric species. In addition, previous
studies on bis(insertions) of symmetric alkynes into the o(Pd-
Csp’, ferrocene) bond of [Pd{(nS_CSHSCHZNMeZ)Fe(nS_CSHS)}_
Cl] allowed the isolation and characterization of two isomers
of [Pd{(R!C=CR?),(n*-CsH;CH,NMe,)Fe(n*-CsH;)}Cl] {with
R!=R2?=FEt} which differed in the orientation of the nine-
membered ring with respect to the iron(m).** On this basis,
the bis(insertion) of the alkynes R'C=CPh into the o(Pd-
Cyp. ferrocene)  bONd of 1a could provide additional inform-
ation about the importance of the properties of the substituents
(R! and Ph) in determining the nature of the final products
formed in the process, ie. the number of isomers of
[Pd{(R'C=CPh),(n’>-CsH;CH=NC:H,CsH;-2)Fe(n*-CsHy)} Cl]
and their relative abundance. One- and two-dimensional NMR
spectra of 3a and 4a (see below) revealed that only one species
was present in solution. This suggested that the formation of
one of the isomers occurred preferentially and consequently
bis(insertion) of the alkynes R'C=CPh proceeded with a higher
degree of selectivity. For 3a and 4a, the arrangement of the
substituents (R* and Ph) depicted in Scheme 1 is consistent with
the NMR studies discussed below.

When the reaction was carried out using diphenylacetylene
(Scheme 2), under identical experimental conditions, two

: R'=R2=Ph 6a,

R'= R%=CO,Me 8a

Scheme 2 (i) 4 R'"C=CR? in refluxing CHCl,, followed by SiO, column
chromatography.

compounds (5a and 6a) were isolated by SiO, column chroma-
tography. Elution with CHCI, gave a red band which contained
the minor component. According to its elemental analyses and
NMR spectra {'H and *C} it was identified as [Pd {(PhC=CPh)-
(n*-CsH,;)CH=NCH,C¢H;-2)Fe(n’-CsHy)} (u-Cl)], 5a.  This
complex contains a [5,7] bicyclic system derived from fusion of
the C;H; ring and a seven-membered metallacycle, which is
formed through the insertion of one molecule of PhC=CPh
into the o(Pd—Cyp frocen) bond (Scheme 2). The major
component was obtained from elution with CHCl;-methanol
(100:2), and its characterization (see Experimental section) was
consistent with that expected for [Pd{(PhC=CPh),(n*-CsHs;-
CH=NC¢H,C¢H;-2)Fe(n>-CsHs)}Cl] 6a which contains a
nine-membered palladacycle generated in the bis(insertion)
process.

These results are in contrast with those reported previ-
ously,”#® which have shown that the cyclopalladated
compounds [Pd{(n’>-CsH;C(R)=NCH,CHs)Fe(n’>-CsHy)} -
(1-CD)], {with R =H (1¢) or Me (1d)} react with PhC=CPh {in
a 1:4 molar ratio} to produce the bis(insertion) compounds
[Pd {(Ph-C=C-Ph),(n’-CsH;C(R)=NCH,C¢Hs)Fe(n*-CsHy)} -
Cl] {with R=H (6¢) or Me (6d)}, and no evidence of the
formation of any other complex was detected by 'H or *C-{'H}
NMR. These findings suggest that the presence of the two
phenyl rings on the alkyne might introduce significant steric
effects which may hinder insertion of the second molecule of
PhC=CPh. According to mechanistic studies on alkyne inser-
tions reported by Ryabov et al.'’ a cis——> trans isomerization
of the olefinic fragment (of the monoinsertion product) takes
place during insertion of the second molecule of the alkyne.
The use of molecular models of 5a reveals that in the seven-
membered palladacycle, where the two phenyl groups of the
>C=C< moiety are in a cis arrangement, the environment of
the metallacycle is crowded due to the arrangement of the
ferrocenyl, phenyl and biphenyl groups. This arrangement of
ligands may play an important role in the insertion of the
second alkyne molecule. In a first attempt to elucidate whether
the different reactivity of compound 1a compared to those of
1c and 1d could be related to the presence of a bulky substituent
bound to the imine nitrogen, we studied the reactions of
compounds [Pd{(n’>-CsH;CH=NC:H,R-2)Fe(n’>-C;H;)} (u-Cl)],
{R=H (1e) or Me (1f)} previously reported.’** These com-
pounds can be visualized as derived from 1a by replacement of
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the ortho phenyl ligand by either a hydrogen (in 1e) or a methyl
(in 1f). According to the literature the basicity of the N-donor
atom does not differ significantly in the three complexes.’’
Besides, the stability of the (Pd—N) bond in 1e, 1f is similar to
that of 1a.3"**3¢ On this basis, comparison of the reactions of
compounds 1a, 1e and 1f could show whether an increase in the
effective bulk of the substituent in the ortho site is important to
the nature of the products formed in the reaction of these di-p-
chloro-bridged derivatives with diphenylacetylene.

When complex le or 1f was treated with an excess of Ph-
C=CPh {in a molar ratio alkyne: Pd"=2:1} in refluxing chloro-
form for 1.5 h a deep red solution was obtained. In each case
only one band was released by column chromatography and its
concentration to dryness produced an orange-red solid. The
elemental analyses and NMR data (see Experimental section)
were consistent with those expected for the bis(insertion)
derivatives  [Pd{(PhC=CPh),(n*-CsH;CH=NCH,R-2)Fe(n’-
C,;H,)}Cl] {R =H (6e) or Me (6f)} (Scheme 3), and there was

R=H 1e,Me 1f

Scheme 3 (i) 4 PhC=CPh in refluxing CHCl;, followed by SiO, column
chromatography.

R=H 6e, Me 6f

no evidence of formation of the corresponding monoinserted
derivatives. These results suggest that an increase in the effective
bulk of the substituent {£s’CH3*? =0 for H, 1.0 for Me and 3.0
for Ph, Table 1} in the adjacent position to the N-phenyl bond
hinders insertion of the second molecule of the alkyne in 1a.

Complex 5a, which is obtained in a higher yield when the
reaction is carried out using la and PhC=CPh in a 1:2 molar
ratio, also reacts with an additional mole of the alkyne to give
6a.

Although MeO,CC=CCO,Me is more reactive *** than any
of the other alkynes used in this work, its reaction with 1a in a
4:1 molar ratio (Scheme 2) also produced a mixture of the
mono- and bis-(insertion) products (7a and 8a, respectively).
This result is similar to that found in the reaction of la with
MeO,CC=CCO,Me (described above) and suggests that in 7a
the two CO,Me (which are bulkier than the Ph groups) in a cis
arrangement may hinder insertion of the second molecule of
the alkyne. Complex 7a was also isolated in a higher yield by
decreasing the amount of the initial alkyne by 50%.

When these reactions were carried out using compound 1b as
starting material and the alkynes hex-3-yne, 1-phenylprop-1-
yne or phenylacetylene, [Pd{(R'C=CR?),(C,H,-2-C,H,)N=
CH(n’-CsH,)Fe(n®>-CsHy)}Cl] {R'=R?*=Et (2b); R'=Me,
R>=Ph (3b) or R'=H, R*=Ph (4b)} (Fig. 2) were isolated
exclusively, and their characterization data revealed that they
contain a tricyclic [6, 6, 10] system formed by the two aryl
rings of the biphenyl group and a ten-membered palladacycle
{generated in a bis(insertion) process}. The crystal structure of
2b (see below) confirmed these results. These findings suggest
that the two types of 6(Pd-C) bond in 1a or 1b show similar
reactivity to these three alkynes.

Similarly to what was mentioned above for compounds 3a and
4a, bis(insertion) of the asymmetric alkynes 1-phenylprop-1-
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R' R? Compound
Et Et 2b
Me Ph 3b
H Ph 4b
Ph Ph 6b
COMe  COMe 8b

Fig. 2 Schematic view of the ten-membered palladacycles obtained in
bis(insertion) of the alkynes R'C=CR?* {where R'=R?=Et, Ph or
CO,Me; or R'=H or Me and R*=Ph} into the 6(Pd—Cyy. pipheny))
bond of complex 1b.

yne or phenylacetylene into the 6(Pd—Cgy yiphenyy) bond may
produce different isomers depending on the relative arrange-
ment of the R' (Me or H) and Ph groups in the n3-butadienyl
fragment of the ten-membered palladacycles [Pd{(R!C=CPh),-
(C¢H,-2-C¢H,)N=CH(n*-CsH,)Fe(n*-CsH;)} Cl] with R'=Me
or H. However, the (*H and *C) NMR spectra of 3b and 4b
(see below) revealed that only one of the isomers was present
in solution, suggesting that bis(insertion) of the alkynes
R!C=CPh {R'=Me or H} took place with a high degree of
selectivity.

When the acetylene was PhC=CPh the reaction was more
complex and the mono- and bis-(insertion) products [Pd{(Ph-
C=CPh)(C¢H,-2-C¢H,)N=CH(n*-CsH,)Fe(n’-CsHs)} (u-Cl)], 5b
and [Pd{(PhC=CPh),(C¢H,-2-C¢H,)N=CH(n’>-CsH,)Fe(n*-Cs-
H;)}Cl] 6b were isolated by SiO, column chromatography.
In order to confirm this result the reaction was repeated using
a Pd:PhC=CPh molar ratio of 1:1, and in this case 5b
was obtained exclusively. Further treatment of 5b with the
stoichiometric amount of the corresponding alkyne in refluxing
CHCI, also allowed us to isolate the bis(insertion) product 6b.

In contrast to the results obtained for la, when MeO,-
CC=CCO,Me and the di-p-chloro-bridged cyclopalladated
complex 1b (in a 4:1 molar ratio) were refluxed in chloroform
for 1.5 h only the bis(insertion) derivative [Pd{(MeO,CC=
CCO,Me),(C¢H,-2-C¢H,)N=CH(n*-CsH,)Fe(n>-CsH;)} Cl] 8b
was obtained.

As mentioned above, the differences observed in the reactiv-
ity of the o(Pd—C) bond in cyclopalladated derivatives may be
related to a wide variety of factors. Previous studies on the
reactivity of compound 1a or 1b with PPh; have demonstrated
that the Pd-N bond is highly stable since no evidence of
its cleavage was detected in either 1a or 1b.*' In spite of
this poor lability the insertion of the alkynes R'C=CR? takes
place, which suggests that the reaction is not initiated through
cleavage of this bond, in agreement with the results reported
by Ryabov et al' on the insertion of alkynes into the
6(Pd-Cgy pheny) bond of cyclopalladated derivatives con-
taining N,N-dimethylbenzylamines [Pd[RC¢H;CH,N(CHs;),]-
(1-X)], (R=H, 4-MeO, 5-Me, or 5-F; X=ClI or I), which
contain a more labile Pd-N bond.



Study of the reactivity of the “Pd(u-Cl),Pd” fragments in the
monoinsertion compounds versus neutral ligands

Potentially bidentate chelating ligands [C,X]™ {where X =N, P,
O or S} may adopt different bonding modes and hapticities,
which is relevant to catalytic processes. Previous studies on five-
and six-membered cyclopalladated complexes derived from
Schiff bases have shown that the ease with which the Pd-N
bond cleaves depends on the nature of the metallacycle, the
relative position of the functional C(R)=N group and the bas-
icity of the nitrogen.***¢ As mentioned above, the ring of the
metallacycle in compounds 1a and 1b is unlikely to open, as this
would involve cleavage of the Pd-N bond. In this study we
isolated and characterized di-p-chloro-bridged cyclopalladated
complexes containing seven- or eight-membered palladacycles:
[Pd{(R'C=CR?*)(n*-CsH;CH=NC(H,CsH;-2)Fe(n*-CsHy)} (-
CD], {R'=R?=Ph (5a) or CO,Me (7a)} and [Pd{(PhC=CPh)-
(C¢H,-2-CgH,)N=CH(n’*-CsH,)Fe(n*-CsHy)} (u—CD)], 5b. On
this basis, we examined whether the incorporation of the
>C=C< unit into the five- or six-membered metallacycles
could modify the lability of the Pd-N bond. With this aim the
reactions of the monoinsertion complexes (5a,5b and 7a) with
deuteriated pyridine (py-ds) and PPh; were studied and the
results compared with those for the starting materials 1a,1b.
The addition of an excess of py-ds to the monoinsertion
products 5a,5b or 7a produced [Pd{(R'C=CR?)(n*-CsH,CH=
NCH,C¢H;-2)Fe(n’-CsHs)} Cl(py-ds)|{R' =R*=Ph (9a) or
CO,Me (10a)} (Scheme 4, A) or [Pd{(PhC=CPh)(C¢H,-2-
C4¢H,)N=CH(n’-CsH,)Fe(n’>-CsH)} Cl(py-ds)] 9b (Scheme 4,

A)

|
s 1 C=N @ s__ 1. CxN @
‘@N/P\dﬁ 4@%\/1:‘\(1/0'
YR! ) o, YR \
Fe R ) Fe R

R'=Ph,L=py-d; 9
R'=CO,Me, L = py-d; 10a
R'=Ph, L=PPhy 11a
R'=CO,Me, L =PPh; 12a

1
g R_J /c7l n"w;_
ol ar
—c” H
N=CG s N=c,
o O g 0.
Y ’
N ’
@e Fe

R'=Ph 5a
R'=CO,Me 7a

R'=Ph,L=py-d5 9b

R'=Ph 5b
R'= Ph,L=PPh; 11b

Scheme 4 (i) py-ds in CDCI, for 9a and 10a, or PPh, in benzene for 11a
and 12a at room temperature; (ii) py-ds in CDCl; for 9b or PPh, in
benzene for 11b at room temperature (20 °C).

B). These complexes arise from cleavage of the “Pd(u-Cl),Pd”
and co-ordination of pyridine to the palladium. Similarly, the
corresponding reaction with PPh; (in a 1:2 molar ratio) in
benzene at room temperature produced cleavage of the “Pd-
(u-C1),Pd” units and formation of [Pd{(R!C=CR?)(n’-Cs-
H,CH=NCH,C¢H,-2)Fe(n>-CsH,)} CI(PPh;)] {R'=R*=Ph
(11a) or CO,Me (12a)} or [Pd{(PhC=CPh)(C4H,-2-C¢H,)-
N=CH(n’-CsH,)Fe(n*-CsHs)} C1(PPh;)] 11b (Scheme 4, A and
B). When compounds 11a and 11b were treated separately with
larger excesses of PPh; {in a 11:PPh; molar ratio 2:1} (in
CDCl,) no significant variation was observed in their 3P NMR

spectra, thus suggesting the poor lability of the Pd—N bond in
11a and 11b. In contrast to these results, when the reaction was
carried out using 12a as starting material, the *'P-{'H}NMR
spectrum was significantly different: the singlet due to the start-
ing material (at 6 27.19) was not observed and a new signal at
0 12.10 appeared. This finding suggested the formation of
[Pd{(MeO,CC=CCO,Me)(n*-CsH;CH=NCH,CH;-2)Fe(n°’-

CsH;)} CI(PPh;),] 13a (Scheme 5) which arose from cleavage

P{h3
cl
Pd—"

Fe R ; Fe R PPhy

Q.

Scheme 5 R = CO,Me. (i) PPh; in CDCI, at room temperature.

of the Pd—N bond and incorporation of a second PPh,
molecule in the co-ordination sphere of palladium(ir). The
multiplicity and number of signals detected in the 'H NMR
spectra were also consistent with those expected for 13a. Com-
parison of the results obtained in the reactions of complexes
11a,11b and 12a shows the greater lability of the Pd—N bond in
12a, which may be related to the stronger electron-withdrawing
nature of the CO,Me group when compared with that of
phenyl.*?

Characterization of the compounds

All the compounds used in this study are orange or dark red
solids at room temperature. The mononuclear complexes are
highly soluble in CHCI;, CH,CIl,, benzene and toluene, but
practically insoluble in alkanes and methanol. However, the
di-p-chloro-bridged compounds are less soluble. Elemental
analyses are consistent with the proposed formulae (see
Experimental section). Infrared spectra of all the compounds
show a sharp intense band in the range 16501500 cm ™, which
is attributed to stretching of the imine group.

Proton NMR studies on five- or six-membered cyclo-
palladated compounds derived from Schiff bases have shown
that the variation observed in the position of the imine hydro-
gen in the free imine upon ortho-palladation reveals the struc-
ture (endo- or exo-cyclic) and conformation of the ligand (anti
or syn) in the cyclopalladated derivatives.**-*® For palladacycles
containing the >C=N group (which can be formed if the imine
has an anti conformation) the signal is shifted to high field;***®
on this basis in 2a-13a, the >C=N group is endocyclic and the
imine retains the anti conformation. For the exocyclic deriv-
atives the ligand can adopt either conformation (syn or anti),
but for the syn the proximity of the methinic proton to the
palladium usually produces a downfield shift of the signal of
the CH=N proton;*** if the ligand maintains the anti conform-
ation of the resonance does not vary appreciably from the
position observed for the free imines. Consequently, we can
conclude that in compounds 2b-11b the conformation of
the imine is syn. This type of arrangement provides less steric
hindrance between the ligands bound to the palladium and the
ferrocenyl fragment. Therefore, in these cases the formation of
the palladacycle requires anti—> syn isomerization of the
ligand. It has recently been reported that the enthalpy for
isomerization of the ligand (AH,,) in [Pd{(n®-CsHs)Fe(n?’-
CsH,CH=NCH,CH,NMe,)} Cl,] is small (—4.32 kcal mol").5

These findings are consistent with the number and multiplici-
ties of signals due to protons of the ferrocenyl moiety in the
palladium(11) compounds. For instance, four signals of relative
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Table 2

BC-{"H} NMR chemical shifts (in ppm) of the alkylic or alkoxylic carbon nuclei of the R' and R?* groups, of those belonging to the

substituted pentagonal ring of the ferrocenyl fragment [C'~C%] and the imine carbon atom [CH=N] for compounds 2a-8a, 11a—13a and 2b—4b.

Labelling of the atoms corresponds to those shown in Schemes 1-4

Compound R'/R? C! C? (o ct C’ CH=N
2a“ Me 12.14 14.30 14.78 15.12 92.99 80.91 71.81 72.15 72.30 167.14
CH, 23.15 23.35 28.10 30.90
3abe Me 18.65 28.80 90.43 85.54 71.19 73.04 71.95 168.36
4al 92.99 80.91 71.81 74.38 72.65 167.10
6a b’ g g 70.30 72.54 72.47 168.80
7a" OMe 51.44 51.75 87.02 69.90 73.81 75.35 71.90 159.60
8a” OMe 51.84 51.93 52.17 52.55 g g 68.26 75.95 73.08 170.21
11a%f* g 69.66 71.74 73.22 70.83 170.02
12a” OMe 51.44 51.75 g 69.66 71.74 73.22 70.83 170.02
13a” OMe 51.01 51.19 g g 70.83 72.61 71.75 170.02
2b“ Me 12.43 14.47 15.37 15.95 92.57 80.60 71.93 71.93 72.52 165.21
CH, 22.36 27.59 27.59 31.30
3bbe Me 18.75 28.80 g 85.42 72.70 73.35 72.46 168.29
44 97.97 80.82 71.73 74.11 72.55 168.01

“R!=R?=Et. ® R?=Ph. “ See text. “ R' = H. ¢ Additional signals at 6 138.60 and 138.97 due to the C* and C carbons of the n3-butadienyl unit.
SR?=Ph. ¢ Not observed. ” R' = R? = CO,Me. | Additional signals at § 136.67 and 138.90 due to the C* and C carbons of the n’-butadienyl unit.

intensities 1:1:1:5 in the range ¢ 3.0-5.0 were detected in the
NMR spectra of compounds 2a-13a, which contain a 1,2-
disubstituted ferrocenyl moiety, while for 2b-9b and 11b a set of
five signals of intensities 1:1:1:1:5 was detected in the same
area of the spectrum.

The BC-{"H}NMR spectra of selected compounds were also
recorded, and a summary of the most relevant data is presented
in Table 2. The signals due to the carbon nuclei of the CH,, Me
or OMe groups belonging to the R! or R? substituents were
easily identified in the high field region of the spectra and
provided additional evidence of incorporation of one or two
molecules of the alkynes R'C=CR? into the 6(Pd—C) bond in 1a
or 1b. The positions of these signals were in good agreement
with results reported for related palladacycles arising from the
mono- or bis-(insertion) of the alkynes under study into the
o(Pd-C,y .)) bond having a similar arrangement of the R'
and R? groups.?*3 Besides that, the signals due to carbon atoms
of the ferrocenyl fragment appeared in the range 6 65.0-100.0
(Table 2). For the two families of compounds, the signals due to
the ipso carbon of the ferrocenyl fragment (C') exhibited low
intensity and a similar feature was also observed for the
resonance of the metallated carbon (C?) in derivatives arising
from insertion of the alkyne into the o(Pd—Cyy rermocene) bond.
The resonances due to the carbon nuclei of the biphenyl group,
the phenyl rings of substituents (R! or R?) or of the PPh, ligand
as well as those of the quaternary carbons (C*, CP, C* and C?)
of the inserted fragment appeared in a narrow interval and
precluded their assignment unambiguously. The signal due to
the imine carbon (>C=N) appeared in the range 6 150-171.

In a first attempt to elucidate the relative arrangement of
the substituents R! (Me or H) and Ph in [Pd{(R'C=CPh),-
(n*-CsH,CH=NC(H,C,H;s-2)Fe(n’>-CsH,)} Cl] {R! = Me (3a) or
H (4a)} and [Pd {(R'C=CPh),(C¢H,-2-C¢H,)N=CH(n*-CsH,)Fe-
(m*-CsHy)}Cl] {R' = Me (3b) or H (4b)} their two dimensional
[ROESY (rotating-frame Overhauser enhancement spectro-
scopy) and heteronuclear "H-"*C] NMR spectra were recorded.
The most relevant feature observed in the ROESY spectra of 3a
and 4a was the existence of cross peaks between the H? proton
of the CsH; unit and the protons of the methyl group (in 3a) or
the hydrogen in 4a of the R' substituent. Thus suggesting that
in compounds 3a or 4a the substituent on the carbon directly
attached to the ferrocenyl fragment in the nine-membered ring
C’is a Me in 3a and a H in 4a. Comparison of the position of
the signals due to the protons of the other R! group with data
reported for the two isomers of compound [Pd{(MeC=CPh),-
C4,H,CH,NMe,}Cl]* suggested that the second R is bound to
the C? carbon, and consequently the phenyl groups are attached
to the C* and C' carbons. The arrangement of the Me and
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Ph groups in 3a is formally identical to that reported for [Pd-
{(MeC=CPh),(n*-CsH,;CH,NMe,)Fe(n’-CsH;)}Cl]* and for
one of the isomers of [Pd{(MeC=CPh),C,H,CH,NMe,}CI].**
For the ten-membered palladacycles 3b and 4b, analysis of the
cross-peaks detected in the two dimensional NMR spectra sug-
gested also close vicinity of the R! group (Me in 3b and H in 4b)
and the CH bond adjacent to the carbon which participated
in the formation of the C-C bond in the insertion process.
Consequently, the results obtained from these experiments
suggested that the smaller substituents (R'=Me or H) are
linked to the CP and C® atoms of the n’-butadienyl unit in
compounds 3a, 3b and 4a, 4b.

Phosphorus-31 NMR spectra of compounds containing
seven- or eight-membered palladacyles have also been recorded.
For 11a, 11b and 12a only one singlet {in the range ¢ 25.0—
29.0} was detected. The position of the signal is consistent
with a trans arrangement of the PPh; ligand and the imine
nitrogen.’* The high-field shift of the resonance of the phos-
phorus 11a, 11b and 12a, when compared with those of five-
or six-membered palladacycles [Pd{(n*-CsH,CH=NCH,R-2)-
Fe(n’-CsHy)}CI(PPh;)] 14a {5 34.293'} and [Pd{(CsH,-2-
C4H,)N=CH(n’>-C;H,)Fe(n’>-CsH;)} CI(PPh;)] 14b {6 33.86°'},
obtained in the reaction of 1a or 1b with PPh;, can be attrib-
uted to the different influence of the chelated ligand in each
case. *'P-{'H} NMR spectra of 13a, which contains two PPh,
ligands bound to the palladium, showed one singlet at higher
fields (0 12.10), in good agreement with values reported for
[PAL(CI)(PPhy,),].*586

Crystal structure of [Pd{(EtC=CEt),(C;H,-2-C;H,)N=CH-
(n*-C5H,)Fe(n*-CsHy)}Cl] 2b

A perspective drawing of the molecular structure of com-
pound 2b together with the atom numbering scheme is shown
in Fig. 3 and a selection of bond lengths and angles is presented
in Table 3. The structure consists of discrete molecules of
[Pd{(EtC=CEt),(C¢H,-2-C¢H,)N=CH(n*-CsH,)Fe(n*-CsHs)} -

Cl] separated by van der Waals contacts. The palladium atom is
four-co-ordinated, since it is bound to a chlorine, the nitrogen
atom, the terminal carbon of the n-butadienyl fragment
[C(12)] and the middle point of the segment defined by atoms
C(18) and C(21), hereinafter referred to as x. A slightly dis-
torted square-planar environment is the result. The Pd—Cl bond
length [2.3186(9) A] is similar to those found for related
complexes, and clearly larger than values reported for related
palladacycles with a &(Pd—Cy frocens) bond. This complex
contains a tricyclic system which is formed by fusion of the
metallacycle and the two hexagonal rings of the biphenyl



Table 3 Selected bond lengths (in A) and angles (in °) for compound
2b. Standard deviations are given in parentheses

Pd-N 2.146(2) Pd-Cl 2.3186(9)
Pd-C(12) 2.004(3) Pd-C(15) 2.581(3)
Pd-C(18) 2.180(3) Pd-C(21) 2.232(3)
C(10)-C(11) 1.447(4) C(11)-N 1.279(4)
C(12)-C(13) 1.482(5) C(12)-C(15) 1.321(5)
C(12)-Pd-N 176.67(12) N-Pd-C(18) 109.30(11)
C(12)-Pd-C(21)  84.84(13) N-Pd-C(21) 90.42(10)
C(18)-Pd-C(21)  37.31(12) C(12)-Pd—Cl 95.26(10)
N-Pd-Cl 89.93(7) C(18)-Pd-Cl 150.35(9)
C(21)-Pd-Cl 170.17(9) C(12)-Pd-C(15) 30.28(12)
N-Pd-C(15) 144.46(11) C(18)-Pd—C(15) 35.26(11)
C(1)-Pd-C(15)  61.68(11) CI-Pd-C(15) 121.42(8)
C(11)-N-C(35)  121.27(3) C(11)-N-Pd 128.9(2)
C(35)-N-Pd 108.1(2) CO)-C(10)-C(11)  130.1(3)
N-C(11)-C(10)  129.7(3) C(13)-C(12)-Pd = 128.5(3)

Fig. 3 Molecular structure and atom labelling scheme for compound
2b.

group. The iminic group is not contained in the metallacycle
(exocyclic), and the >C=N bond length {1.279(4) A} is similar
to those found in related ferrocenylmines, which range from
1.24 to 1.26 A5+

The ligand has a syn conformation as reflected in the torsion
angle C(10)-C(11)-N-C(35) 7.8°, thus confirming the conclu-
sions reached from the '"H NMR studies. The double bond of
the n*-butadienyl fragment closest to the biphenyl group is
bound unsymmetrically to the palladium, as reflected in the
two Pd-C bond distances. This arrangement, also detected
in [Pd{(PhC=CPh),(n’>-CsH;CH=NCH,Ph)Fe(n*-CsH;)}Cl]¥
is different from those reported for most nine-membered
metallacycles arising from bis(insertion) of alkynes, and pro-
vides less steric hindrance between the remaining substitu-
ents. %23 The distance between the two metals Fe and Pd
{5.941 A} is clearly longer than those reported for cyclo-
palladated compounds derived from bis(insertion) of hex-
3-yne or diphenylacetylene into the o(Pd—Cgp ferocene) bond
of [Pd{(n’-CsHs)Fe(n*-CsH,)C(R)=NCH,Ph}(u-Cl)], (with
R =H or Me).”® The bond distances and angles of the ferro-
cenyl fragment are in good agreement with those reported for
most ferrocene derivatives.®® The two pentagonal rings of the
ferrocenyl fragment are planar and nearly parallel (tilt angle:
0.8°), and their relative orientation is intermediate between the
ideal eclipsed and staggered conformations (average value of
the twist angle: 17.7°).

Conclusions

The results reported here reveal that for the two di-p-chloro-

bridged derivatives 1a and 1b {which differ in the metallated
carbon atom: Cgp ferocene 11 12 0F  Cgp piphenyr 10 1b}  the
nature of the substituents on the alkynes R!C=CR? plays a
crucial role in determining the size of the metallacycle formed
by the insertion. For instance, for R'"C=CR? with non-bulky
electron donor groups {such as R! =R?=Et, R! = Me, R?=Ph
or R'=H, R*=Ph, Table 1} the reaction produces bis(inser-
tion) products containing nine- {in 2a—4a} or ten-membered
{in 2b-4b} metallacycles, and there was no evidence of the
formation of compounds arising from monoinsertion of these
alkynes {which would yield to seven- or eight-membered rings}.
However, when the reactions were carried out using diphenyl-
acetylene, a mixture of products arising from the mono- (5a
or 5b) and bis-(insertion) (6a or 6b) of this alkyne into the
G(Pdicspz, ferrocene) bond (fOI' la) or cY(Pdfcspz. biphenyl) (for
1b) was obtained. Consequently, the presence of two phenyl
rings in the alkyne allowed us to isolate not only the bis-
(insertion) products, but also the monoinsertion derivatives in
both cases. Comparison of the result obtained in the reaction
of 1a with PhC=CPh and those obtained for the closely related
cyclopalladated derivatives of general formulae [Pd{(n’-Cs-
H,CH=N(CH,),C,Hs)Fe(n*-CsHs)}(u-Cl)], {n=1 or 2} and
[Pd{(n*-CsH;CH=NC¢H,R-2)Fe(n’-CsHs)} (1-CD)], {R = H (le)
or Me (1f)} (under identical experimental conditions) reveals
the importance of the bulky biphenyl substituent in 1la.
These factors suggest that the nature of the substituents
bound to the imine nitrogen may also be important in the
reactions of the o(Pd-C,) bond versus alkynes. According
to mechanistic studies on reactions of this type reported by
Ryabov et al®® the formation of the bis(insertion) product
requires cis—> trans isomerization of the fragment
(RH)C=C(R?). On this basis, it is reasonable to assume that the
presence of bulky substituents on the alkyne and on the imine
nitrogen will hinder insertion of the second PhC=CPh
molecule.

On the other hand, comparison of the results obtained in the
reaction of compound la or 1b with MeO,CC=CCO,Me
suggests that for 1b the formation of the bis(insertion) product
8b is preferred over la, which reacts under identical experi-
mental conditions to produce a mixture of the mono- and bis-
(insertion) derivatives {7a and 8a}. This finding can be ascribed
to several factors, including the electron-pulling nature and the
large bulk of the CO,Me substituents on the alkene formed in
the insertion, which may affect the ease with which the second
molecule of the alkyne is inserted.

The use of SPARTAN 5.0 computer program® for the
mono(insertion) derivatives of general formula [Pd{(R!C=
CR*)(n*-CsH;CH=NC¢H,C¢H;-2)Fe(n*-CsHs)} (u-CD],  {with
R'=Ph and a nearly orthogonal arrangement of the >C=C<
fragment and the co-ordination plane of the palladium
and a cis orientation of the R! and R? substituents} reveals
that the biphenyl group cannot be coplanar with the imine
moiety. For these systems a coplanar arrangement would
involve short distances between the C4H; ring and the imine
proton or one of the chlorines bound to the palladium, which
would make the complex unstable. In addition, the presence
of bulky substituents on the >C=C< fragment reduces the
free space available for approach of one additional molecule of
the alkyne R'"C=CR? to be inserted. This effect may be respon-
sible for the formation of mixtures of monoinsertion and
bis(insertion) products in the reaction of la with alkynes
having bulky Ph or CO,Me groups.*? Finally, the reactions of
the di-p-chloro-bridged cyclopalladated complexes 5a, Sb with
py-ds or PPh; suggest low lability of the Pd-N bond. However,
for 7a, in which the seven-membered metallacycle contains two
electron-withdrawing groups {CO,Me} as pendant arms, the
addition of excesses of PPh,; produced cleavage of the Pd-N
bond and opening of the metallacycle. This suggests that
electron-pulling groups enhance the lability of the Pd—N imine
bond.
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Experimental
General comments

Triphenylphosphine, deuteriated pyridine (py-ds, 99.8%) and
the alkynes R'C=CR? {with R!'=R?=Et; R'=Me, R?=Ph;
R!'=H, R*=Ph; R!'=R?=Ph or R'=R?=CO,Me} were
obtained from commercial sources and used as received. The di-
p-chloro-bridged cyclopalladated complexes [Pd{(n*-CsH;-
CH=NC¢H, R-2)Fe(n*-CsHs)} (u-CD)], {with R = CqH (1a), H
(1e) or Me (1)} and [Pd{(C¢H,-2-C¢H,)N=CH(n*-CsH,)Fe(n’-
CHy)} (u-Cl)], 1b were prepared as described elsewhere, 33435
The solvents, except benzene, were dried and distilled before
use. Some of the preparations described below require the use
of HAZARDOUS MATERIALS, such as benzene, which should
be handled with CAUTION. Elemental analyses (C, H and N)
were carried out at the Serveis Cientifico-Técnics (Universitat
de Barcelona). Infrared spectra were obtained with a Nicolet-
500-FTIR instrument using KBr pellets. Routine 'H NMR
spectra were recorded at 20 °C on a Gemini 200 MHz instru-
ment using CDCl; (99.9%) as solvent and SiMe, as internal
standard, *C-{'H} and *P-{'H} spectra with a Bruker-
250DXR instrument using the same solvents. P(OCHj;),
was used as internal reference for the 'P-{"H} NMR spectra
[0*P for P(OCH;);: 141.17]. High resolution 'H and two-
dimensional NMR spectra were recorded with either a Varian
VRX-500 or a Bruker Advance-DMX 500 MHz instrument.

Preparations

Compounds 2-4. The appropriate di-pu-chloro-bridged cyclo-
palladated complex (1a or 1b) (0.500 g, 4.94 x 10~* mol) was
suspended in 20 cm?® of chloroform, and then the corresponding
alkyne R'C=CR? (1.98 x 10~ mol) added dropwise at room
temperature and with continuous stirring. After the addition,
the reaction mixture was refluxed for 1.5 h, allowed to cool to
room temperature, and the reddish solution filtered. The un-
dissolved materials were discarded and the filtrate was concen-
trated to ca. 5 cm® on a rotary evaporator. The brownish red
solutions were then passed through an SiO, column (10
mm X 250 mm) using CHCI,-CH;O0OH {100:1 for 2a-4a or
100:3 for 2b-4b}. The orange or reddish bands eluted in each
case were concentrated to dryness on a rotary evaporator, and
the solids were collected, washed in n-hexane and air-dried.
Yields: 72 (2a), 40 (2b), 86 (3a), 49 (3b), 80 (4a) and 45% (4b).
Compound 2a (Found: C, 62.9; H, 5.6 and N, 2.2. C;H;4-
CIFeNPd requires: C, 62.7; H, 5.7 and N, 2.1%): IR ¥, /cm™*
1625 (>C=N); 'H NMR® ferrocenyl moiety 6 4.15 [s, 5H,
C,Hy], 4.42 [s, 1H, H], 4.53 [s, 1H, H*], 4.60 [s, LH, H®]; 7.90 [s,
1H, CH=N]; 1.43 [t, 3H, Me], 1.07 [t, 3H, Me], 0.92 [t, 3H, Me],
0.39 [t, 3H, Me] and 1.90-2.06 [m, 8H, CH,] and 7.1-7.5 [m,
9H, aromatic]. Compound 2b (Found: C, 62.7; H, 5.6 and N,
2.2. C3sH;5ClFeNPd requires: C, 62.7; H, 5.7 and N, 2.1%): IR
Vmadcm ! 1625 (>C=N); '"H NMR  ferrocenyl moiety & 3.98 [s,
5H, CsHy], 3.76 [s, 1H, H?, 4.24 [s, 1H, H%, 4.28 [s, IH, HY,
3.88 [s, IH, H%); 7.89 [s, 1H, CH=N], 1.62 [t, 3H, Me], 1.06 [t,
3H, Me], 0.95 [t, 3H, Me], 0.44 [t, 3H, Me], 2.02-2.52 [br. m,
8H, CH,] and 7.10-7.45 [m, 8H, aromatic]. Compound 3a
(Found: C, 66.4; H, 4.8 and N, 1.9. C,;H;,CIFeNPd requires: C,
66.7; H, 4.6 and N, 1.9%): IR ¥, /cm™! 1621 (>C=N); 'H
NMR ® ferrocenyl moiety J 4.35 [s, SH, CsHs), 4.28 [s, 1H, H?],
4.39 [s, 1H, HY, 4.40 [s, 1H, H%, 8.08 [s, 1H, CH=N], 2.02
[s, 3H, Me], 2.28 [s, 3H, Me] and 6.4-7.6 [m, 19H, aromatic].
Crystal data:* Monoclinic, with a = 10.795(8), b =35.439(6),
c=10.973(5) A, a=89.92), f=106.2(4) and y=90.003)°.
Compound 3b (Found: C, 61.3; H, 4.4 and N, 1.8. C,;H;,-
ClFeNPd-CH,CI, requires C, 61.3; H, 4.4 and N, 1.7%): IR
Tma/cm ™! 1624 (>C=N); '"H NMR % ferrocenyl moiety 6 4.06 [s,
5H, CsHy], 3.65 [s, 1H, H?, 4.35 [s, 1H, H%], 4.42 [s, 1H, HY,
4.25[s, 1H, H); 5.12 [s, 2H, CH,Cl,], 8.08 [s, 1H, CH=N], 1.93
[s, 3H, Me], 2.06 [s, 3H, Me] and 6.7-7.9 [m, 18H, aromatic].
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Compound 4a (Found: C, 65.8; H, 4.2 and N, 2.1. CyH;y-
CIFeNPd requires: C, 65.9; H, 4.3 and N, 2.0%): IR 7,,,/cm™*
1616 (>C=N); 'H NMR % ferrocenyl moiety 6 3.69 [s, 5H,
C,Hy], 3.25[s, 1H, H, 4.23 [s, 1H, H*], 4.35[s, LH, H?], 8.21 [s,
1H, CH=N], 4.85 [s, 1H, CH=] and 4.69 [s, IH, CH=] and 6.4
8.0 [m, 19H, aromatic]. Compound 4b (Found: C, 65.6; H, 4.5
and N, 1.7. C;H;,CIFeNPd requires: C, 65.9; H, 4.3 and N,
2.0%): IR ¥, /em™! 1616 (>C=N); 'H NMR® ferrocenyl
moiety 6 3.68 [s, SH, CsHy], 3.17 [s, 1H, H?, 4.24 [s, 1H, H?],
4.29 [s, IH, H*, 4.19 [s, 1H, H?], 8.06 [s, IH, CH=N], 5.35 [s,
1H, CH=], 5.06 [s, IH, CH=] and 6.7-7.5 [m, 18H, aromatic].

Compounds 5. The corresponding di-p-chloro-cyclopalladated
complex (1a or 1b) (250 mg, 2.47 %< 10~* mol) was suspended in
10 cm? of CHCI, and then 89 mg (5.0 x 10~* mol) of PhC= CPh
were added dropwise at room temperature under continuous
stirring. Once the addition had finished the reaction mixture
was refluxed for 1.5 h and allowed to cool to room temperature.
The solution was then passed through a SiO, column. Elution
with CHCI, gave a red solution, which was then concentrated to
dryness on a rotary evaporator. The residue was treated with
n-hexane at room temperature for 30 min, the solid collected by
filtration and air-dried. Compound 5a was recrystallized in a
1:1 mixture of CH,Cl, and n-hexane. Yields: 70 for 5a and 76%
for 5b. Compound 5a (Found: C, 63.3; H, 4.1 and N, 1.9.
C,,Hs,Cl,Fe,N,Pd,-s1CH,CI, requires C, 63.3; H, 4.1 and N,
2.0%): IR ¥./em™ ! 1564 (>C=N); 'H NMR® ferrocenyl
moiety 6 4.05 [s, 10H, CsHy], 4.20 [s, 2H, H?], 4.50 [s, 2H, H?],
4.45[s, 2H, H, 5.12 [s, IH, CH,Cl,], 8.09 [s, 2H, CH=N], and
6.6-7.6 [m, 38H, aromatic]. Compound 5b (Found: C, 60.6; H,
4.01 and N, 2.2. C,,H4Cl,Fe,N,Pd,-CHCI; requires: C, 60.5;
H, 3.9 and N, 1.9%): IR ¥, /cm ! 1564 (>C=N); '"H NMR
ferrocenyl moiety J 3.95 [s, 10H, CsHy], 4.27 [s, 2H, H?], 3.75 [s,
2H, H%, 4.12 [s, 2H, H?, 4.50 [s, 2H, H]; 8.46 [s, 2H, CH=N]
and 6.0-7.8 [m, 36H, aromatic].

Compounds 6. These compounds were prepared using the
same procedure described for 5a, but using the corresponding
di-p-chloro bridged derivative (2.5 X 10™* mol of 1a, 1b, 1e or
1) and 177 mg (10 x 10~ * mol) or diphenylacetylene as start-
ing materials. The final solution obtained after the reflux was
then passed through an SiO, column. When the starting
material was 1a or 1b elution with CHCI,; gave two bands. In
contrast, when the reaction was performed using 1d or 1e only
one band was released. For 1a or 1b the first eluted red band
was collected and produced after concentration to dryness
small amounts of 5a or 5b (yields: ca. 8 and 10%, respectively).
Compounds 6a and 6b were obtained from the second band,
which was released using a CHCl;-CH;OH (100: 2) mixture as
eluent. In contrast, when the reaction was performed using le
or 1f only one band was released. In all cases the bands were
collected and concentrated to ca. 5 cm® on a rotary evaporator.
Further treatment with n-hexane followed by vigorous stirring
for 15 min at room temperature produced precipitation of the
complexes. The solids were collected by filtration, air-dried and
recrystallized using CH,Cl,—n-hexane (1:1). Yields: 67, 58, 85
and 78% for 6a, 6b, 6e and 6f, respectively. Compound 6a
(Found: C, 65.9; H, 4.2 and N, 1.7. C5;H;3ClFeNPd-1CH,Cl,
requires; C, 65.9; H, 4.3 and N, 1.5%): IR 7, /cm™* 1618
(>C=N); '"H NMR ** ferrocenyl moiety 6 4.16 [s, 5H, CsHj], 3.83
[s, 1H, H?, 4.39 [s, 1H, H*, 4.04 [s, IH, H]; 5.12 [s, 2H,
CH,Cl,], 8.00 [s, 1H, CH=N] and 6.6-7.6 [m, 29H, aromatic].
Compound 6b (Found: C, 67.2; H, 4.3 and N, 1.6. C5;Hy,-
CIFeNPd-0.75CH,Cl, requires: C, 67.2; H, 4.2 and N, 1.5%):
IR ¥, /em ™! 1629 (>C=N); 'H NMR * ferrocenyl moiety J 3.97
[s, 5H, CsHy], 4.28 [s, 1H, H?, 3.72 [s, IH, H?], 4.14 [s, 1H, HY],
4.33[s, 1H, H; 5.12 [s, 1.5H, CH,Cl,], 8.40 [s, IH, CH=N] and
6.0-7.8 [m, 28H, aromatic]. Compound 6e (Found: C, 68.8;
H, 4.4 and N, 1.8. C,;sH;,CIFeNPd requires: C, 68.7; H, 4.4
and N, 1.8%): IR ¥,,,/cm™! 1572 (>C=N). '"H NMR ® ferrocenyl



moiety 3.96 [s, SH, CsHy], 4.02 [s, 1H, H?], 4.55 [s, 1H, H¥, 4.32
[s, 1H, H%); 8.20 [s, 1H, CH=N] and 6.4-7.8 [m, 25H, aromatic].
Compound 6f: Found (C, 68.9; H, 4.5 and N, 1.7. C,sHy-
CIFeNPd requires: C, 69.0; H, 4.5 and N, 1.7%): IR ¥,,,./1575
cm™! (>C=N); 'H NMR® ferrocenyl moiety J 3.99 [s, 5H,
C,H,), 4.08 [s, 1H, H, 4.60 [s, 1H, H¥, 4.40 [s, 1H, H%]; 2.41
[s, 3H, Me]; 8.19 [s, 1H, CH=N] and 6.90-7.91 [m, 24H,
aromatic].

Compound 7a. This complex was prepared according to the
procedure described above for 5a but using the stoichiometric
amount of MeO,CC=CCO,Me as starting material (yield:
58%). Found: C, 52.8; H, 3.8 and N, 2.1. Cs3H,4Cl,Fe,N,O4-
Pd,-CH,Cl, requires: C, 52.7; H, 3.7 and N, 2.1%. IR: ¥,,,./cm ™!
1565 (>C=N). '"H NMR® ferrocenyl moiety & 4.60 [s, 10H,
C,Hy], 4.70 [s, 2H, H, 5.02 [s, 2H, H?], 4.85 [s, 2H, H?]; 5.12
[s, 2H, CH,Cl,]; 8.26 [s, 2H, CH=N], 3.65 [s, 6H, OMe], 3.39
[s, 6H, OMe] and 6.80-8.02 [m, 18H, aromatic].

Compounds 8. This complex was prepared using the same
procedure as described for 5, but using the alkyne MeO,-
CC=CO,Me and an alkyne: 1a (or 1b) molar ratio 2:1 (yields:
70 and 49%, respectively). Compound 8a (Found: C, 51.0; H,
3.9 and N, 1.8. C;H;,ClIFeNOyPd-:CH,Cl, requires: C, 51.2;
H, 3.8 and N, 1.7%): IR ¥,,,/cm™! 1595 (>C=N); '"H NMR
ferrocenyl moiety 6 4.60 [s, SH, CsHy], 4.70 [s, 1H, H?], 5.02 [s,
1H, HY, 4.84 [s, 1H, H?; 5.12 [s, 1H, CH,Cl,], 8.26 [s, 1H,
CH=N]; 4.48 [s, 3H, OMe], 4.39 [s, 3H, OMe], 3.65 [s,
3H, OMe], 3.46 [s, 3H, OMe] and 6.8-7.8 [m, 9H, aromatic].
Compound 8b (Found: C, 53.5; H, 3.9 and N, 1.7. C;H;,-
CIFeNO4Pd requires: C, 53.2; H, 3.8 and N, 1.8%): IR ¥,,,,/cm ™!
1572 (>C=N); '"H NMR*® ferrocenyl moiety ¢ 4.30 [s, 5H,
C,H,], 4.48 [s, 2H, H? and H?], 4.39 [s, 2H, H® and H*]; 8.56
[s, IH, CH=N], 3.97 [s, 3H, OMe], 3.88 [s, 3H, OMe], 3.80
[s, 3H, OMe], 3.74 [s, 3H, OMe] and 6.2-7.8 [m, 9H, aromatic].

Compounds 9. These complexes were prepared in situ as fol-
lows: 5a or 5b (46 mg, 3.09 x 1075 mol) was suspended in 0.7
cm?® of CDCI,. Then an excess of deuteriated pyridine (5 < 1073
cm?®, 6.2 X 107° mol) was added. The reaction mixture was
shaken vigorously for ca. 2 min to dissolve Sa or 5b, which
produced a pale orange solution. Compound 9a: 'H NMR %
ferrocenyl moiety & 3.96 [s, SH, CsHs], 4.02 [s, 1H, H?], 4.55
[s, IH, H*, 4.32 [s, 1H, H; 8.20 [s, IH, CH=N], and 6.4-7.8
[m, 19H, aromatic]. Compound 9b: 'H NMR® ferrocenyl
moiety ¢ 4.29 [s, SH, CsHs], 3.66 [s, 1H, H?, 4.38 [s, 1H, H?,
4.66[s, 1H, HY, 3.96 [s, 1H, H?]; 8.32 [s, 1H, CH=N] and 6.4-7.8
[m, 18H, aromatic].

Compound 10a. This compound was prepared in situ as
follows: 7a (10 mg, 8.4 x 10~ mol) was suspended in 0.7 cm® of
CDCl,. Then an excess of deuteriated pyridine (5% 107* cm™,
6.2 X 107 mol) was added. The reaction mixture was shaken
vigorously for ca. 2 min to dissolve 7a, which produced an
orange solution. 'H NMR % ferrocenyl moiety & 4.07 [s, SH,
C.H,], 4.08 [s, 1H, H’], 4.39 [s, IH, H¥, 4.71 [s, 1H, HY; 7.65
[s, 1H, CH=N], 3.29 and 3.42 [s, 3H, OMe] and 6.6-7.8 [m, 9H,
aromatic].

Compounds 11. Triphenylphosphine (18 mg, 6.8 X 107> mol)
was added to a suspension containing 50 mg (3.36 X 107> mmol)
of compound 5a or 5b and 5 cm® of benzene. The reaction mix-
ture was stirred at room temperature (ca. 20 °C) for 1 h, and
then concentrated to dryness on a rotary evaporator. The solid
obtained was dissolved in the minimum amount of CH,Cl, and
filtered. Then n-hexane (ca. 10 cm®) was added, the mixture
stirred at room temperature for 1 h and the orange-reddish solid
formed filtered out and air-dried. Yield: 86% for 11a and 76%
for 11b. Compound 11a (Found: C, 66.4; H, 4.3 and N, 1.3.
C,sH,;CIFeNPPd-CH,CIl, requires: C, 66.5; H, 4.5 and N,

Table 4 Crystal data and details of the refinement of the crystal struc-
ture of compound 2b. Standard deviations are given in parentheses

Chemical formula C;sH33ClFeNPd

Formula weight 670.36

Crystal system Tetragonal

Space group 14,/a

alA 34.337(5)

bIA 34.337(5)

clA 11.335(2)

VIA? 13364(4)

TIK 293(2)

z 16

/mm™! 1.074

No. measured reflections 9299

No. independent reflections 9299

Final R1, wR2 {for I > 20(I)} 0.0365, 0.0780
(all data) 0.1134, 0.1397

1.4%): IR ¥, /em™ 1564 (>C=N); 'H NMR® ferrocenyl
moiety & 4.28 [s, SH, CsHy], 3.35 [s, 1H, H?], 4.23 [s, 1H, HY,
442 [s, 1H, HY); 5.12 [s, 2H, CH,CL]; 9.60 [d, 1H, CH=N]
and 6.5-7.8 [m, 34H, aromatic]; *'P NMR ¢ 28.95. Compound
11b (Found: C, 68.4; H, 4.3 and N, 1.4. CssH,;ClFeNPPd
requires: C, 68.6; H, 4.5 and N, 1.5%): IR 9, /em™" 1564
(>C=N); 'H NMR ® ferrocenyl moiety 6 3.99 [s, 5H, CsH,], 4.47
[s, 1H, H?, 4.70 [s, 1H, H?], 5.19 [s, 1H, H¥, 4.55 ]s, 1H, H7];
8.47 [d, 1H, CH=N] and 6.0-7.7 [m, 33H, aromatic]; *'P data
0 25.90.

Compound 12a. Triphenylphosphine (18 mg, 6.8 x 10~° mol)
was added to a suspension containing 41 mg (3.43 x 10~° mol)
of compound 7a and 5 cm® of benzene. The reaction mixture
was stirred at room temperature (ca. 20 °C) for 30 min and then
concentrated to dryness on a rotary evaporator. The solid
obtained was dissolved in the minimum amount of CH,Cl, and
filtered. Then n-hexane {ca. 10 cm®} was added, the mixture
stirred at room temperature for 1 h and the orange-reddish solid
formed filtered out and air-dried. Yield: 86%. Found: C, 61.9;
H, 4.3 and N, 1.4. C,;H;,CIFeNO4PPd requires: C, 62.0; H,
4.3 and N, 1.5%. IR: ¥,,/cm™! 1615 (>C=N). 'H NMR %
ferrocenyl moiety J 4.24 [s, SH, CsHy], 3.70 [s, 1H, H?], 4.40 [s,
1H, H*, 4.38 [s, 1H, H%]; 8.25 [s, 1H, CH=N], 3.28 [s, 3H, OMg],
3.36 [s, 3H, OMe] and 6.2-7.8 [m, 24H, aromatic]. *'P NMR
027.19.

Compound 13a. This complex was prepared in solution and
characterized by its '"H NMR spectrum. A 21 mg amount of
12a (2.30 x 107° mol) was dissolved in 0.7 cm® of CDCl,, then
the stoichiometric amount of PPh; (6 mg, 2.29 X 10~° mol) was
added and shaken vigorously at room temperature (ca. 20 °C)
for 2 min, giving a bright orange solution. 'H NMR ® ferro-
cenyl moiety J 4.46 [s, SH, CsHJ], 3.67 [s, 1H, H?], 4.74 [s, 1H,
H*, 4.34 [s, 1H, H®]; 7.77 [s, 1H, CH=N], 3.95 [s, 3H, OMEe],
3.46 [s, 3H, OMe] and 6.4-7.7 [m, 39H, aromatic]. 3'P NMR
012.10.

Crystal structure determination and refinement

A prismatic crystal of compound 2b was selected and mounted
on an Enraf-Nonius CAD4 diffractometer. Crystal data are
given in Table 4. Lorentz polarization corrections were made,
but absorption corrections are not. The structure was solved by
direct methods using the SHELXS computer program®’ and
refined by full-matrix least-squares method using SHELX 93.%®
Twenty six hydrogen atoms were located from difference syn-
thesis and refined with an overall isotropic thermal parameter
and eight were computed and refined with an overall isotropic
thermal parameter using a riding model.

CCDC reference number 186/2209.

See http://www.rsc.org/suppdata/dt/b0/b007537j/ for crystal-
lographic files in .cif format.
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