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The migratory insertions of cis or trans olefins CH(X)=CH(Me) (X=Ph, Br, or Et) into the metal–
acyl bond of the complex [Pd(Me)(CO)(iPr2 ACHTUNGTRENNUNGdab)]+ [B{3,5-(CF3)2C6H3}4]

� (1) (iPr2ACHTUNGTRENNUNGdab=1,4-diisopropyl-
1,4-diazabuta-1,3-diene=N,N’-(ethane-1,2-diylidene)bis[1-methylethanamine]) are described (Scheme
1). The resulting five-membered palladacycles were characterized by NMR spectroscopy and X-ray anal-
ysis. Experimental data reveal some important aspects concerning the regio- and stereochemistry of the
insertion process. In particular, the presence of a Ph or Br substituent at the alkene leads to the formation
of highly regiospecific products. Moreover, in all cases, the geometry of the substituents in the formed
palladacycle was the same as in the starting olefin, as a consequence of a cis addition of the Pd–acyl frag-
ment to the C=C bond. Reaction with CO and MeOH of the five-membered complex derived from trans-
b-methylstyrene (= [(1E)-prop-1-enyl]benzene) insertion, yielded the 2,3-substituted g-keto ester 9 with
an (2RS,3SR)-configuration (Scheme 3).

Introduction. – Insertions of unsaturated molecules into metal–C bonds represent
the fundamental steps in many catalytic reactions [1]. In particular, olefin insertion
into a Pd–acyl bond is a crucial step involved in several important palladium-catalyzed
carbonylation processes for the synthesis of esters, ketones, and CO/alkene alternating
copolymers [2] [3]. Isolation of the intermediates was achieved by reaction of alkenes
with palladium(II) complexes containing a chelating ligand and an acyl moiety, either
pre-existent or derived from a-migration of an alkyl group to a coordinated carbon
monoxide molecule [4]. In the case of ethylene as olefin, the kinetic and thermody-
namic aspects of the reaction were analyzed [5], and the results were confirmed by
DFT analysis [6]. Styrene [7] [8] and propylene [9] insertions are the most investigated
among terminal olefins, vinyl chloride was also recently employed [10]. Moreover,
while several studies have been described dealing with cyclic olefins such as norbor-
nene, norbornadiene, cyclopentene, and cycloheptene [11], to the best of our knowl-
edge, only two examples with acyclic 1,2-diACHTUNGTRENNUNGsubstituted olefins are known. Diethyl fuma-
rate and diethyl maleate insertion in an acylpalladium complex bearing a diphosphine
ligand was reported [12], and reaction of (Z)- and (E)-but-2-ene with an asymmetrical
phosphine-phosphitepalladium complex has been studied [9].

Here we illustrate unprecedented examples of insertion of acyclic internal olefins in
the complex [Pd(Me)(CO)(iPr2ACHTUNGTRENNUNGdab)]+ [B{3,5-(CF3)2C6H3}4]

� (1), where iPr2ACHTUNGTRENNUNGdab=1,4-
diisopropyl-1,4-diazabuta-1,3-diene (=N,N’-(ethane-1,2-diylidene)bis[1-methylethan-
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amine]). Recently, we found that complex 1 is an active catalyst in the syndiotactic CO/
styrene copolymerization, and it resulted in being a useful starting point for studying
the first steps of the copolymerization process [13]. The investigations described in
the present work were undertaken to acquire new insight into the insertion mechanism,
with the aim of evaluating how steric and electronic properties of the alkene can influ-
ence the olefin reactivity and the regio- and stereochemistry of the products. Further-
more, we describe a methodology for the selective synthesis of highly substituted car-
bonyl compounds.

Results and Discussion. – X-Ray Structure of Complex 1. Complex 1 was synthe-
sized by a procedure previously reported [13a]. Crystals suitable for X-ray diffraction
were obtained by slow diffusion of hexane into a CH2Cl2 solution of the compound. The
palladium ion is tetracoordinated, in a square-planar fashion, by the N-atoms provided
by the 1,4-diazabutadiene ligand and the C-atoms of the CO and Me ligands (Fig. 1).
The PdII center is in the mean plane defined by the four donor atoms, the Me atom
C(10) showing the highest deviation (0.133(9) Å). The length of the Pd(1)�N(2)
bond, which is trans to the Me group, is significantly larger than that of Pd(1)�N(1),
which faces the CO ligand, most probably because of the higher trans effect of alkyl
groups relative to CO (Table 1). To the best of our knowledge, as established by a
search in the Cambridge Structural Database (CSD, v. 5.27, November 2005) [14],
this is the second example of a tetracoordinated Pd complex featuring both the CO
and the Me group in the coordination sphere characterized by X-ray crystallography.
However, the first one reported by Setsune and co-workers [15] is affected by a posi-
tional disorder between the CO and the Me ligands, thus preventing any reliable struc-
tural comparison concerning the Pd coordination sphere.

As to the iPr2ACHTUNGTRENNUNGdab ligand, it appears that the two isopropyl groups are not iso-ori-
ented with respect to the a-diimine moiety: across the C(6)�N(2) bond, both Me
groups of the iPr group that faces the less bulky CO are gauche-positioned (ca.
�608) with respect to the Pd ion. Instead, across the C(3)�N(1) bond, the atoms
C(5) and H(3) are gauche with respect to the central atom, possibly to minimize the
steric repulsion with the facing Me group, as already hypothesized for a PdII complex
with the same diaza ligand [16].

Fig. 1. ORTEP3 view of the complex cation of 1. All atoms are drawn at 40% probability, except for
H-atoms, which were assigned arbitrary thermal parameters.
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Insertion Reactions and Structures of Palladacycles 2–7. Insertion of cis- or trans-
1,2-disubstituted alkenes into the Pd–acyl bond was achieved by reaction of 1 in
CDCl3 at 08 with a 10 : 1 excess of one of the following olefins: trans-b-methylstyrene
(= [(1E)-prop-1-enyl]benzene), cis-b-methylstyrene (= [(1Z)-prop-1-enyl]benzene),
(1E)-1-bromoprop-1-ene, a 93 : 7 mixture of (1Z)- and (1E)-1-bromoprop-1-ene iso-
mers (as furnished by Aldrich), and (2E)-pent-2-ene (Scheme 1). By using (2Z)-pent-
2-ene, a complete isomerization to the (2E) form was observed before the insertion
reaction took place. A large excess of olefin with respect to the Pd complex 1 was
required to prevent decomposition reactions. Formation of black Pd precipitate was
observed when a stoichiometric amount of the alkene was employed.

The progress of the reactions was monitored by analysis of 1H-NMR spectra follow-
ing the disappearance of the Me�Pd signal of complex 1 and the concomitant increase
of an acetyl peak at d ca. 2.4. After complete consumption of complex 1, the solvent was
evaporated, and the resulting products were washed with hexane. With trans-b-methyl-
styrene, cis-b-methylstyrene, and (1E)-1-bromoprop-1-ene, exclusive formation of
compounds 2, 3, and 4, respectively, was observed. In the case of the 93 :7 mixture of
(1Z)- and (1E)-1-bromoprop-1-ene, due to the higher reactivity of the (1E) isomer
(vide infra), both compounds 5 and 4 were obtained in a 45 : 55 ratio. With (2E)-
pent-2-ene, a brown oil was isolated, which was an equimolar mixture of complexes
6 and 7 (Scheme 1).

The individuation of the spin system CH(X)CH(Me) (X=Ph, Br, or Et) and of an
acetyl fragment in the 1H- and 13C-NMR spectra of all complexes 2–7 confirmed the
olefin insertion. The coordination of the Ac O-atom to the metal was established by
the presence of a very deshielded carbonyl signal (at d >238) together with an IR
stretching band at ca. 1600 cm�1 [4] [17]. The regiochemistry was determined by
means of 2D heteronuclear correlation experiments based on 1H,13C long-range cou-

Table 1. Selected Bond Distances [Å] and Angles [8] of the Coordination Sphere for Compounds 1–4

1 2 3 4

Pd(1)�N(1) 2.089(6) 2.033(4) 2.037(3) 1.98(1)
Pd(1)�N(2) 2.140(5) 2.149(4) 2.129(3) 2.08(2)
Pd(1)�C(9) 1.87(1)
Pd(1)�C(10) 2.035(7)
Pd(1)�O(1) 2.054(3) 2.057(2) 2.05(1)
Pd(1)�C(13) 2.043(5) 2.030(4) 2.00(2)
N(1)�Pd(1)�N(2) 78.3(2) 79.1(2) 79.2(1) 80.0(6)
C(9)�Pd(1)�N(1) 176.8(3)
C(9)�Pd(1)�N(2) 103.8(3)
C(9)�Pd(1)�C(10) 82.6(3)
C(10)�Pd(1)�N(1) 95.5(3)
C(10)�Pd(1)�N(2) 172.0(3)
N(1)�Pd(1)�O(1) 176.0(2) 177.8(1) 178.2(6)
N(1)�Pd(1)�C(13) 100.0(2) 100.2(2) 100.7(7)
O(1)�Pd(1)�N(2) 99.0(2) 98.9(1) 98.4(6)
C(13)�Pd(1)�N(2) 176.9(2) 176.9(2) 178.7(7)
C(13)�Pd(1)�O(1) 82.1(2) 81.9(1) 81.0(7)
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plings and NOE measurements. Thus, the proximity of the CH(Me) fragment to the
acetyl moiety in compounds 2–6 was inferred by the observation of the 3J(CH) cou-
plings CH(Me)C(O)Me and CH(Me)C(O)Me. In complex 7, this type of couplings,
being 4J, were not observed. The presence of an NOE enhancement CH(Me)/
MeC(O) was further evidence for the structure of compounds 2–6. For determining
the configuration, we exploited the considerable difference in the NOE enhancements
CH(X)/CH(Me) observed in the pairs 2 and 3, and 4 and 5 ; the cis isomer was assigned
to the higher enhancement.

The structural assignment for compounds 2–4 was fully confirmed by X-ray solid-
state analyses (Fig. 2). Crystals of compounds 2 and 3 are almost isomorphous, and both
their asymmetric units contain one complex cation and one counterion; the same con-
tent holds for the asymmetric unit of 4. Concerning compounds 2 and 3, the two metal
complexes are practically superimposable, with the obvious exception of the Me atom
C(12): the Ph rings are nearly perpendicular to the PdII coordination plane and face the
1,4-diazabuta-1,3-diene ligand (Fig. 2). In all the complexes, PdII is tetracoordinated, in
a square-planar geometry, by the two N-atoms of the iPr2ACHTUNGTRENNUNGdab ligand, the Ac atom O(1),
and the atom C(13). As already pointed out for 1, even in these complexes, the Pd�N

Scheme 1a)

a) Reaction conditions: 100 mg of complex 1; Vtot (solvent+olefin)=1 ml; olefin/Pd molar ratio 10 : 1.
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bond in trans position to the Pd–alkyl bond is significantly longer with respect to the
bond facing the Ac O-atom (Table 1).

The conformation (with respect to the 1,4-diazabuta-1,3-diene skeleton) of the iPr
groups is almost identical and superimposable to that found in 1 for all the complexes.
The two Me groups opposite the O-atom point toward the palladacycle, while the atoms
C(5) and H(3), facing the C-atom bearing the Ph or Br substituent, are gauche-posi-
tioned with respect to the central atom.

On the basis of the experimental results, we were able to draw some important con-
siderations: i) in all palladacycles, the relation (cis or trans) between the Ph, Br, or Et
substituents and the vicinal Me group corresponds to that in the starting olefin ((Z) or
(E)). ii) The regioselectivity of the insertion reaction depends on the nature of the ole-
fin substituents: in complexes 2–5, the Ph or Br substituent is exclusively at the C-atom
in a position to the Pd-atom, while with pent-2-ene, a nearly equimolar mixture of the
two regioisomers 6 and 7 is obtained. iii) Reaction rates are strictly related not only to
the olefin employed, but also to its configuration; the following order of reactivity can

Fig. 2. ORTEP3 view of the complex cations of 2 (left), 3 (right), and 4 (below). All atoms are drawn
at 40% probability; H-atoms are omitted for the sake of clarity.
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be derived from a comparison of the reaction times: cis-b-methylstyrene> (1E)-1-bro-
moprop-1-ene� (2E)-pent-2-ene� (1Z)-1-bromoprop-1-ene> trans-b-methylstyrene.

These findings can be rationalized on the basis of general accepted mechanisms. As
previously observed in analogous reactions with ethylene [5] [6] or terminal olefins
[7a] [9], the formation of compounds 2–7 should include a-migration of the Me ligand
in complex 1, olefin coordination (intermediates I-trans and I-cis in Scheme 2), and ole-
fin insertion passing through a concerted cis addition of the Pd–acetyl fragment to the
C=C bond. The resulting four-membered transition states TS-trans and TS-cis (Scheme
2) account for the conservation of the trans or cis geometry of the substituents in com-
pounds 2–7.

The high regioselectivity observed in the insertion of b-methylstyrene and 1-bromo-
prop-1-ene is presumably due to the concurrence of steric and electronic factors. The
hindrance between the Ph or Br substituents and the migrating Ac moiety induces
the latter to bind to the Me-substituted olefin C-atom [3a] [18]. A comparison of the
volumes of the Ph, Br, and Me substituent, 68, 31, and 21 Å3, respectively, evaluated
by means of the search-compare module of Insight-II [19], supports this hypothesis.
In addition, as estimated by the Merz–Singh–Kollman (MK) [20] charge-derivation
scheme (implemented in Gaussian 03, revision B.05), the CH(X) olefin C-atom, with
X=Ph or Br, is negatively charged, while the other alkene C-atom is positive, and a
significant polarization of the C=C bond (ca. 0.7e) is present. Thus, given that the bond-
ing of the Pd-atom to the more negative olefin C-atom (Scheme 2) should be favored
[21], both these data justify the observed regioselectivity.

In the case of pent-2-ene, for steric reasons (34 Å3 is the estimated volume of the Et
group), the Ac group should bind preferentially to the Me-substituted olefin C-atom.
However, from the computation of the atomic charges, both the olefin C-atoms have
a negative charge assigned (the Et-substituted C-atom is the most negative) and the
C=C bond is less polarized (ca. 0.4e) with respect to that of b-methylstyrene and
bromo-1-propene. Thus the lack of regioselectivity in the pent-2-ene insertion could
be related to a vague difference in terms of electron density between the two olefin
C-atoms.

Concerning the reactivity, a remarkable difference in the reaction times between
the (Z)- and the (E)-form of the same olefin appears evident. Insertion of cis-b-meth-
ylstyrene occurs within a few minutes, while the reaction of the trans isomer is com-

Scheme 2
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pleted only after two days. In the case of bromo-1-propene, instead, the (E)-isomer
appears to be more reactive than the (Z)-isomer. Apparently, the activation energies
involved in the insertion process are differently influenced by the geometry and the
type of the olefin substituents [22].

Reactivity of Complex 2 with Carbon Monoxide. To check whether the five-mem-
bered palladacycles 2–7 could be intermediates for the synthesis of highly substituted
carbonyl compounds, we studied their reactivity with carbon monoxide. Bubbling CO
in a CDCl3 solution of 2 at �308 quickly led to open-chain complex 8 (Scheme 3). No
reaction was observed with complexes 3–7, even after bubbling CO through their sol-
ution for a long time. The inertness of compounds 4 and 5 can be ascribed to the pres-
ence of the electron-withdrawing Br substituent, which produces both a tight chelation
(confirmed by shorter Pd(1)�C(13) and Pd(1)�O(1) bond distances of 4 with respect
to those of 2 and 3) and a low migratory aptitude of the CH(Br)CH(Me)C(O)Me frag-
ment [10].

The structure of complex 8 is highlighted by three CO chemical shifts observed in
the 13C-NMR spectra: one at d 171.9, due to the CO coordinated to Pd, and the other
two at d>200, due to the acyl-moiety CO of the open chain. This assignment is further
confirmed by the presence of three IR bands, one of which (2130 cm�1) is typical of a
CO ligand bonded to a metal center.

Methanolysis of the Pd–acyl bond of complex 8 afforded the g-keto ester 9 which,
according to the 1H- and 13C-NMR spectra, was established to be just one diaster-
eoisomer. The vicinal coupling constants between HA and HB is 11.2 Hz, in agreement
with a locked conformation, with these two H-atoms in anti-periplanar position (see
Newman projection in Scheme 3). Observation of an NOE enhancement between the
Me group and the Ho-atom of the Ph substituent indicates that compound 9 has the
(2RS,3SR) configuration, corresponding to a retention of configuration with respect
to 2.

Conclusions. – We have isolated and fully characterized, for the first time, inter-
mediates derived from the insertion of 1,2-substituted acyclic olefins in the Pd–acyl
bond of an (a-diimine)palladium complex. We found that the presence of a Ph or Br
substituent at the C=C bond leads to the formation of highly regiospecific products,

Scheme 3

Helvetica Chimica Acta – Vol. 89 (2006)1666



due to both steric and electronic factors. Moreover, all the reported examples confirm a
cis addition of the Pd-atom and acyl group to the olefin through a four-membered con-
certed transition state, allowing the synthesis of palladacycles with a defined geometry
concerning the substituents. Previously described reactions with diethyl maleate,
diethyl fumarate [12], and but-2-ene [9] instead produce mixtures of cis and trans com-
pounds. Starting from trans-b-methylstyrene, we synthesized a g-keto ester deriving
from the methoxycarbonylation of the palladacycle. The acquired knowledge can be
applied to the synthesis of highly substituted carbonyl compounds with a specific geom-
etry.

This work was supported by the Ministero dell’Istruzione, dell’Università e della Ricerca (MIUR
Rome; PRIN N8 2003039774). CRIST (Centro Interdipartimentale di Cristallografia Strutturale), Uni-
versity of Florence, where the X-ray measurements were performed, is gratefully acknowledged. Thanks
are due to Dr. Andrea Ienco of ICCOM-CNR (Florence) for the quantum-chemical calculations carried
out by using the high performance systems at the Centro di Calcolo Interuniversitario CINECA (CNR-
CINECA agreement) and to Mrs. Anna Rita Pierleoni for technical assistance.

Experimental Part

General. All manipulations were carried out under N2 by using Schlenk techniques. CP-Grade chem-
icals were used as received unless otherwise stated. Solvents were dried by standard methods and freshly
distilled under N2. CDCl3 was degassed and stored over 3-Å molecular sieves. [Pd(Me)(CO)(iPr2 ACHTUNGTRENNUNGdab)]+

[BAr’4]
� (1) (iPr2 ACHTUNGTRENNUNGdab=1,4-diisopropyl-1,4-diazabuta-1,3-diene; Ar’=3,5-(CF3)2C6H3) was synthesized as

previously reported [13a]. trans- and cis-b-Methylstyrene, (1E)- and (1Z)-1-bromoprop-1-ene, (2Z)-
pent-2-ene were purchased from Aldrich, while (2E)-pent-2-ene was purchased from Lancaster. Carbon
monoxide (CP grade 99.99%) was supplied by Air Liquide. IR Spectra: Nicolet-FT-IR-Avatar-360 spec-
trometer; in cm�1; range 4000–600 cm�1. NMR Spectra:Bruker-AC200 spectrometer with a multinuclear
5-mm probehead, d in ppm rel. to SiMe4 measured by using the residual 1H or 13C resonance of the deu-
terated solvents, J in Hz. Elemental analyses (C, H, N): Fisons-Instruments-1108-CHNS-O elemental
analyzer.

Data of the Counterion Tetrakis[3,5-bis(trifluoromethyl)phenyl]borate(1�) ([B{3,5-(CF3)2C6H3}4]
�)

of 2–8 1H-NMR (CDCl3, 208): 7.71 (s, 8 Ho); 7.54 (s, 4 Hp). 13C-NMR (CDCl3, 208): 161.7 (q, 1J(C,
B)=49.3, Cipso); 134.8 (Co); 128.8 (q, 2J (C,F)=31.2, Cm); 124.6 (q, 1J (C,F)=270.8, CF3); 117.5 (Cp).

Synthesis of Complexes 2–7. Compound 1 (100 mg, 86.7 mmol) was dissolved in CDCl3 in an NMR
tube, and (Z)- or (E)-olefin (0.87 mmol; olefin/Pd molar ratio 10 : 1) was added, the total soln. volume
was 1 ml. The soln. was kept at 08 and monitored by NMR spectroscopy until the signals relative to
the starting Pd complex 1 completely disappeared. Then, the soln. was filtered through Celite, and the
solvent was evaporated i.v. The resulting solid was washed with hexane (2× 3 ml) and dried under vacuum
to yield, depending on the starting olefin, palladacycles 2–7.

(SP-4-2)-{N,N’-(Ethane-1,2-diylidene)bis[1-methylethanamine-kN]}[(1RS,2RS)-2-methyl-3-(oxo-kO)-
1-phenylbutyl-kC]palladium(1+) Tetrakis[3,5-bis(trifluoromethyl)phenyl]borate(1�) (trans-[Pd(CH-
(Ph)CH(Me)C(O)Me)(iPr2 ACHTUNGTRENNUNGdab)]+[BAr’4]

� ; 2). Reaction time 48 h, yield 78.2 mg (71%). Orange solid.
IR (nujol): 1621 (C=O), 1610 (C=N). 1H-NMR (CDCl3, 208): 7.81, 7.67 (2s, 2 CH=N); 7.33–7.22 (m,
Ph); 3.88 (sept., J=6.4, 1 Me2CH); 3.42 (d, J=3.6, PhCH); 3.38 (sept., J=6.4, 1 Me2CH); 2.80 (dq,
J=3.6, 7.4, MeCH); 2.49 (s, MeCO); 1.47 (d, J=7.4, MeCH); 1.32, 1.28, 1.21, 0.93 (4d, J=6.4, 2
Me2CH). 13C-NMR (CDCl3, 208): 240.9 (MeCO); 161.8, 156.4 (C=N); 144.4 (Cipso); 129.6, 126.8 (Co,
Cm); 127.3 (Cp); 62.4 (MeCH); 62.4, 57.5 (Me2CH); 53.2 (PhCH); 27.2 (MeCO); 23.6, 21.5, 21.4, 20.7
(Me2ACHTUNGTRENNUNGCH); 17.8 (MeCH). Anal. calc. for C51H41BF24N2OPd (1271.06): C 48.19, H 3.25, N 2.20; found: C
47.90, H 3.06, N 2.16.

(SP-4-2)-{N,N’-(Ethane-1,2-diylidene)bis[1-methylethanamine-kN]}[(1RS,2SR)-2-methyl-3-(oxo-kO)-
1-phenylbutyl-kC)palladium(1+) Tetrakis[3,5-bis(trifluoromethyl)phenyl]borate(1�) (cis-[Pd(CH(Ph)-
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CH(Me)C(O)Me)(iPr2ACHTUNGTRENNUNGdab)]+[BAr’4]
� ; 3). Reaction time 10 min. Yield 67.0 mg (61%). Red solid. IR

(nujol): 1610 (C=O), 1610 (C=N). 1H-NMR (CDCl3, 208): 7.83, 7.75 (2s, 2 CH=N); 7.35–7.18 (m, 2
Hm, Hp); 7.08–7.02 (m, 2 Ho); 4.04, 3.87 (2 sept., J=6.5, 2 Me2CH); 3.64 (d, J=7.5, PhCH); 3.33 (dq,
J=7.0, 7.5, MeCH); 2.46 (s, MeCO); 1.37, 1.36, 1.27, 1.06 (4d, J=6.5, 2 Me2CH); 1.07 (d, J=7.0,
MeCH). 13C-NMR (CDCl3, 208): 239.9 (MeCO); 161.6, 156.3 (C=N); 140.9 (Cipso); 129.8, 126.9 (Co,
Cm); 127.2 (Cp); 62.6, 58.7 (Me2CH); 59.5 (MeCH); 54.0 (PhCH); 28.3 (MeCO); 23.3, 21.6, 21.5 (Me2 ACHTUNGTRENNUNGCH);
14.4 (MeCH). Anal. calc. for C51H41BF24N2OPd (1271.06): C 48.19, H 3.25, N 2.20; found: C 47.97, H 2.99,
N 2.19.

(SP-4-2)-[(1RS,2RS)-1-Bromo-2-methyl-3-(oxo-kO)butyl-kC]{N,N’-(ethane-1,2-diylidene)bis[1-
methylethanamine-kN]}palladium(1+) Tetrakis[3,5-bis(trifluoromethyl)phenyl]borate(1�) (trans-
[Pd(CH(Br)CH(Me)C(O)Me)(iPr2ACHTUNGTRENNUNGdab)]+[BAr’4]

� ; 4). Reaction time 1 h. Yield 97.5 mg (88%). Yellow
solid. IR (film): 1624 (C=O), 1609 (C=N). 1H-NMR (CD2Cl2, �308): 7.99, 7.95 (2s, 2 CH=N); 4.05,
3.91 (2 sept., J=6.5, 2 Me2CH); 3.89 (s, BrCH); 3.34 (q, J=7.6, MeCH); 2.55 (s, MeCO); 1.52 (d,
J=7.6, MeCH); 1.43, 1.41, 1.37, 1.27 (4d, J=6.5, 2 Me2CH). 13C-NMR (CD2Cl2, �308): 241.1 (MeCO);
163.0, 158.5 (C=N); 65.2 (MeCH); 63.1, 60.7 (Me2CH); 54.5 (BrCH); 27.8 (MeCO); 23.7, 21.4, 21.3,
20.9 (Me2ACHTUNGTRENNUNGCH); 19.3 (MeCH). Anal. calc. for C45H36BBrF24N2OPd (1273.86): C 42.43, H 2.85, N 2.20;
found: C 41.88, H 2.71, N 2.11.

(SP-4-2)-[(1RS,2SR)-1-Bromo-2-methyl-3-(oxo-kO)butyl-kC]{N,N’-ethane-1,2-diylidene)bis[1-
methylethanamine-kN]}palladium(1+) Tetrakis[3,5-bis(trifluoromethyl)phenyl]borate(1�) (cis-
[Pd(CH(Br)CH(Me)C(O)Me)(iPr2ACHTUNGTRENNUNGdab)]+[BAr’4]

� ; 5). Reaction time 24 h. Yield 85.9 mg (78%). Yel-
low-green powder corresponding to a 55 : 45 mixture 4/5. IR (film): 1622 (C=O), 1608 (C=N). Anal.
calc. for C45H36BBrF24N2OPd (1273.86): C 42.43, H 2.85, N 2.20; found: C 41.57, H 2.78, N 2.10.

The NMR signals arising from 5 were assigned by subtracting the NMR spectra of 4 from those of the
mixture. 1H-NMR (CD2Cl2, �308): 7.99, 7.96 (2s, 2 CH=N); 4.23 (d, J=4.2, BrCH); 4.07, 3.92 (2 sept.,
J=6.5, 2 Me2CH); 3.50 (dq, J=6.8, 4.2, MeCH); 2.47 (s, MeCO); 1.50 (d, J=6.8, MeCH); 1.44, 1.39,
1.36, 1.29 (4d, J=6.5, 2 Me2CH). 13C-NMR (CD2Cl2, �308): 238.3 (MeCO); 162.8, 158.4 (C=N); 58.8
(MeCH); 63.0, 60.9 (Me2CH); 61.3 (BrCH); 29.4 (MeCO); 23.7, 22.2, 21.4, 21.3 (Me2ACHTUNGTRENNUNGCH); 16.2 (MeCH).

(SP-4-2)-{N,N’-(Ethane-1,2-diylidene)bis[1-methylethanamine-kN]}[(1RS,2SR)-1-ethyl-2-methyl-3-
(oxo-kO)butyl-kC)palladium(1+) Tetrakis[3,5-bis(trifluoromethyl)phenyl]borate(1�) (trans-
[Pd(CH(CH2 ACHTUNGTRENNUNGMe)CH(Me)C(O)Me)(iPr2 ACHTUNGTRENNUNGdab)]+[BAr’4]

� ; 6) and (SP-4-2)-{N,N’-(Ethane-1,2-diylidene)-
bis[1-methylethanamine-kN]}[(1RS,2SR)-2-ethyl-1-methyl-3-(oxo-kO)butyl-kC)palladium(1+) Tetra-
kis[3,5-bis(trifluoromethyl)phenyl]borate(1�) (trans-[Pd(CH(Me)CH(CH2 ACHTUNGTRENNUNGMe)C(O)Me)(iPr2 ACHTUNGTRENNUNGdab)]+

[BAr’4]
� ; 7). Reaction time 1 h. Yield 99.2 mg (94%) of 6/7 1 :1. Yellow-brown oil. IR (film): 1620

(C=O), 1610 (C=N). Anal. calc. for C47H41BF24N2OPd (1223.02): C 46.16, H 3.38, N 2.29; found: C
44.60, H 3.67, N 2.01.

Data of 6 : 1H-NMR (CDCl3, 208): 7.86 (s, 2 CH=N); 3.97–3.77 (m, 2 Me2CH); 2.41 (s, MeCO);
2.38–2.26 (m, MeCH, MeCH2CH); 1.55 (d, J=7.6, MeCH); 1.34–1.20 (m, 2 Me2CH); 1.26–1.18 (m,
MeCH2CH); 0.96 (t, J=7.2, MeCH2CH). 13C-NMR (CDCl3, �208): 242.1 (MeCO); 162.1, 156.1 (C=

N); 62.8, 59.4 (Me2CH); 59.6 (MeCH); 56.9 (MeCH2CH); 29.7 (MeCH2CH); 27.1 (MeCO); 23.9, 21.7,
21.5, 20.7 (Me2ACHTUNGTRENNUNGCH); 20.0 (MeCH); 13.2 (MeCH2CH).

Data of 7: 1H-NMR (CDCl3, 208): 7.86 (s, 2 CH=N); 3.97–3.77 (m, 2 Me2CH); 2.55–2.35 (m,
MeCH); 2.42 (s, MeCO); 2.14–1.94 (m, MeCH2CH); 1.98–1.90 (m, MeCH2CH); 1.34–1.20 (m, 2
Me2CH); 1.14 (t, J=7.2, MeCH2CH); 0.78 (d, J=7.6, MeCH). 13C-NMR (CDCl3, �208): 241.4
(MeCO); 162.1, 156.1 (C=N); 69.8 (MeCH2CH); 62.8, 59.4 (Me2CH); 46.4 (MeCH); 28.1 (MeCO);
27.4 (MeCH2CH); 23.9, 21.7, 21.5, 20.7 (Me2CH); 22.3 (MeCH); 12.3 (MeCH2CH).

(SP-4-3)-Carbonyl{N,N’-(ethane-1,2-diylidene)bis[1-methylethanamine-kN]}[(2RS,3SR)-3-methyl-
1,4-dioxo-2-phenylpentyl-kC]palladium(1+) Tetrakis[3,5-bis(trifluoromethyl)phenyl]borate(1�) ([Pd(C-
(O)CH(Ph)CH(Me)C(O)Me)(CO)(iPr2ACHTUNGTRENNUNGdab)]+[BAr’4]

� ; 8). Bubbling CO at �308 for 3 min into a
CDCl3 soln. (0.6 ml) of 2 (50 mg) resulted in the formation of 8. This complex was stable only in soln.
and for a few hours. IR (CDCl3): 2130 (C�O); 1751, 1713 (C=O); 1612 (C=N). 1H-NMR (CDCl3,
�108): 7.79 (s, 2 CH=N); 7.46–7.20 (br. m, Ph); 4.43 (d, J=10.5, PhCH); 3.70 (sept., J=6.0, 2
Me2CH); 3.49 (dq, J=7.3, 10.5, MeCH); 2.33 (s, MeCO); 1.17, 1.04 (2d, J=6.0, 2 Me2CH); 0.95 (d,
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J=7.3, MeCH). 13C-NMR (CDCl3, �558): 212.3, 211.9 (PhCHCO, MeCO); 171.9 (Pd�CO); 163.5, 159.5
(C=N); 131.4 (Cipso); 130.8, 130.3, 130.1 (Co, Cm, Cp); 70.1, 63.3 (Me2CH); 59.9 (PhCH); 49.5 (MeCH);
29.3 (MeCO); 22.6, 22.4, 21.6 (Me2 ACHTUNGTRENNUNGCH); 15.3 (MeCH).

(2RS,3SR)-3-Methyl-4-oxo-2-phenylpentanoic Acid Methyl Ester (MeOC(O)CH(Ph)CH(Me)-
C(O)Me; 9) Complex 2 (78.2 mg, 61.5 mmol) was dissolved in MeOH (1.5 ml), then CO was bubbled
at r.t. for 5 min. Formation of a black Pd precipitate was observed. The mixture was stirred for 1 h at
208 and then concentrated i.v. . The residue was purified by column chromatography (silica gel, hex-
ane/AcOEt 6 : 4): 9 (12.3 mg, 91%). Yellow oil. The same product was also obtained by bubbling CO
in a CHCl3 soln. of 2, with formation of 8, and then adding MeOH.

Data of 9 : IR (film): 1732 (C=O, ester), 1715 (C=O, ketone). 1H-NMR (CDCl3, 208): 7.39–7.22 (m,
Ph); 3.81 (d, J=11.2, PhCH); 3.61 (s, MeOOC); 3.30 (dq, J=7.3, 11.2, MeCH); 2.29 (s, MeCO); 0.88 (d,
J=7.3, MeCH). 13C-NMR (CDCl3, 208): 211.9 (MeCO); 174.1 (MeOOC); 136.8 (Cipso); 128.9, 128.6 (Co,
Cm); 127.7 (Cp); 53.6 (MeOOC); 52.2 (PhCH); 49.4 (MeCH); 29.0 (MeCO); 14.6 (MeCH). Anal. calc. for
C13H16O3 (220.27): C 70.89, H 7.32; found: C 72.05, H 6.91.

X-Ray Crystallography1). Crystals of compounds 1–4 were obtained by slow diffusion of hexane into
a CH2Cl2 soln. of the corresponding salts. Crystallographic data for 1 were collected on a Siemens-Smart
diffractometer equipped with a rotating anode and controlled by using the SMART [23] software. The
radiation used was CuKa (l 1.5418 Å), and intensity data were acquired at 200 K. Five settings of w
were used, and narrow data ‘frames’ were collected for 0.38 increments in w. A total of 3000 frames of
data were stored providing a sphere of data. Data reduction was performed with the SAINT 4.0 program
[24]. Absorption correction to all data was applied (SADABS) [25]. Data collection on suitable crystals
of compounds 2–4 were carried out on an Oxford-Diffraction-Excalibur diffractometer with MoKa radi-
ation (l 0.7107 Å) equipped with a CCD area detector and a cryocooling device by Oxford Cryosystem
which was used to set the temp. at 150 K for all the experiments. Data collections were performed with
the CrysAlis CCD program [26]. For all the crystals, six runs of data were collected, five of which for 18
increment inw, while the last for 18 increment in f. Around 300 frames of data were collected providing a
sphere of data. Data reduction was carried out with the CrysAlis RED program [27]. Absorption correc-
tion was applied through the ABSPACK program [28]. Crystals of compound 4 are twinned. The twin law

is represented by the matrix

1 0 0

0 �1 0

0 0 �1

0
B@

1
CA ; this is one of the most frequently encountered twin laws in

which a monoclinic symmetry with the b angle of ca. 908 emulates orthorhombic symmetry. The BASF
(fractional contributions of the various twin components) parameter was refined, and its final value is
0.337(3). All structures were solved with the SIR97 program [29], and then refined with the
SHELX97 program [30]. The F-atoms of the counter anion were disordered, as often found for this spe-
cies [31]. Anisotropic thermal parameters were used for all non-H-atoms for compounds 1–3, while in 4
the C-atoms were also treated isotropically. All the H-atoms were introduced in calculated position and
refined with a temp. factor depending on the one of the atom to which they are bound. Geometrical cal-
culations were performed by PARST97 [32], and molecular plots were produced by the ORTEP3 pro-
gram [33]. Details of the crystal data, data collection, structure solution, and refinement are reported
in Table 2.

Computational Details. The GAUSSIAN03 (Revision B.05) [34] package implemented on a personal
computer was used. In all cases, the level of theory was HF-SCF, the basis set was 6–311G(d,p) [35], and
the Berny algorithm was used [36]. The reliability of the stationary point was assessed by the evaluation
of the vibrational frequencies.

1) CCDC-297683, -297684, -297685, and -297686 contain the supplementary crystallographic data for
this paper. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/data_request/
cif from the Cambridge Crystallographic Data Centre.
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