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Abstract 

The dimeric cyclometalated complexes [Pd2{κ2C,N-C6H4CH2CH2C(R)(Me)NH2-

2}2(µ-Cl)2] (R = Me (1a), H (1b)) are prepared by reacting 1,1-dimethyl-3-

phenylpropylammonium or 1-methyl-3-phenylpropylammonium triflate with Pd(OAc)2 in a 

1:1 molar ratio, and subsequent treatment with excess NaCl. The mononuclear 

derivatives [Pd{κ2C,N-C6H4CH2CH2C(R)(Me)NH2-2}Cl(L)] (L = PPh3, R = Me (3a), H 

(3b); L = 4-picoline (4-pic), R = Me (4a), H (4b)) were prepared from 1a,b, by splitting the 

chloro-bridges with the neutral ligands L. A conformational analysis of the mononuclear 
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palladacycles in solution has been carried out. Insertion of CO takes place into the Pd–C 

bond of complexes 1a,b affording Pd(0) and the tetrahydro-benzazepinone 5a or 5b, 

which possesses potential pharmacological interest. Additionally, the triflate salt A or B 

undergoes catalytic carbonylation with CO to afford the corresponding N,Nʼ-dialkylurea, 

using Pd(OAc)2/Cu(OAc)2, in boiling acetonitrile. The crystal structures of 3a·1/2H2O, 3b, 

4b·CHCl3, and 5a were determined by X-ray diffraction studies. 

 

Introduction 

It is well established that most palladium-catalyzed C–H functionalizations 

assisted by heteroatom-containing directing groups occur through cyclometalated 

intermediates.1,2 Because of this, there has been an increasing interest in the study of 

ortho-palladated complexes as models to reach a deep understanding of the mechanism 

of these catalytic transformations. 

The most common palladacycles are those that contain N-donor ligands and five- 

or six-membered rings.3 Several methods are used in their synthesis. These include 

metalation, transmetalation, carbometalation, or oxidative addition reactions. The most 

interesting method, from a catalytic point of view, is the metalation since it involves the 

direct activation of a C–H bond by a palladium salt. Seven-membered palladacycles are 

relatively scarce and, to the best of our knowledge, only one of them has been obtained 

by metalation of an arene.4 The synthesis of the reported seven-membered 

palladacycles comprises: (1) insertion of alkynes into the Pd–C bond of five-membered 

palladacycles,5 or of RNC into the Pd–C bond of six-membered palladacycles,6 (2) 

coordination of a donor atom of a functionalized ligand previously C-bonded to Pd(II),7 

(3) coordination to Pd(II) of bis-N-heterocyclic carbenes, bis-ylides, or phosphine-
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carbene ligands usually generated in situ,8 (4) oxidative addition of ArP,N,SX (ArP,N,S = 

PR2, NR2, py, or RS-functionalized aryl; X = Br, I) to Pd(0) compounds,9 followed 

occasionally by a C–C coupling reaction,10 and (5) C–H activation by a Pd(II) salt, where 

the metalated CH can belong to an allyl,11 a phenyl,4 or a methyl group.12 It is worthy to 

note that the later are very uncommon processes: the allylic activation affords a pincer 

complex,11 the Caryl–H activation occurs in a tetraphenylcyclobutadiene complex of 

Co(II),4 and the C(sp3)–H palladation takes place in a di-tert-butyl(biaryl)phosphine 

coordinated to Pd(II).12 Shi, Zhao et al. have also reported the sequential alkenylation of 

oxalyl amide protected phenylpropylamine derivatives via a seven-membered 

palladacycle, which can be detected in a stoichiometric reaction in an NMR tube.13 

The initial work of Cope and Friedrich14 on cyclopalladation of arylalkylamines 

stated that this type of ligand could only be ortho-metalated when (1) the amine was 

tertiary, (2) a five-membered metallacycle was formed, and (3) the aromatic ring was not 

deactivated towards electrophilic attack.15 Since then, these rules have been partially or 

completely broken, and thus, ortho-metalated derivatives of a wide variety of primary 

benzyl- and phenethylamines containing electron withdrawing or releasing substituents 

on the aromatic ring have been obtained.6,16,17,18,19-22 However, there are no precedents 

for the synthesis of the corresponding seven-membered palladacycles. In this work, the 

synthesis and isolation of these metallacycles, prepared by direct palladation of a Caryl–H 

bond of phenylpropylamine derivatives, is described for first time. These examples may 

pave the way for the development of new palladium-catalyzed directed C–H 

functionalizations via these unusual rings.23 

We also report the insertion of CO into the Pd–C bond of the cyclometalated 

complexes, affording Pd(0) and the tetrahydro-3-benzazepin-1-ones 5, which possess 



4 

potential pharmacological interest.24 This moiety constitutes the core structure of some 

pharmacologically relevant compounds that have been tested as modulators for 

dopamine (D3),25,26 and serotonin (5-HT2A, 5-HT2C, and 5-HT6) receptors,26,27 as well as 

inhibitors for glycogen synthase kinase (GSK-3)28 or anaplastic lymphoma kinase 

(ALK).29 According to these studies, these compounds could play important roles in the 

treatment of severe health disorders such as depression, anxiety, schizophrenia, pain, 

epilepsy, obesity, diabetes, cancer, and neurodegenerative diseases. 

 
Results and Discussion 

The Orthometalation Reaction: Synthesis of Seven-Membered 

Palladacycles. We have reported that a simple change in the starting materials usually 

employed in the orthometalation reactions of arylalkylamines can drastically affect the 

success of the reaction.21 Thus, when using not the free amines but the corresponding 

ammonium triflates, (1) orthometalation of new arylalkylamines could be achieved,22 and 

(2) the yields of previously reported orthopalladation reactions could be significatively 

improved.21 These results were explained on the basis of the enhanced electrophilicity of 

the Pd(II) intermediate formed when the ammonium triflate is used as starting material. 

We planned to use this improved method to synthesize new seven-membered 

palladacycles derived from phenylpropylamines, as the free amines do not react with 

Pd(OAc)2 to afford the corresponding ortho-metalated complexes. 

Indeed, the chloro-bridged cyclopalladated complex [Pd2(κ2C,N-

C6H4CH2CH2CMe2NH2-2)2(µ-Cl)2] (1a), containing a novel seven-membered ring, was 

obtained in good yield (70%) by reacting the ammonium triflate derived from 1,1-

dimethyl-3-phenylpropylamine with 1 equiv of Pd(OAc)2, in acetonitrile at 78 ºC, followed 
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by treatment with NaCl (Scheme 1). No previous orthopalladation of any 

phenylpropylamine has been reported. 

 
Scheme 1. Synthesis of Seven-Membered Palladacyles 

 

 
An analogous reaction sequence, starting from 1-methyl-3-phenylpropylammonium 

triflate, afforded a mixture, from which two different complexes could be isolated: 

[Pd2{κ2C,N-C6H4CH2CH2CH(Me)NH2-2}2(µ-Cl)2] (1b; 46%), containing the ortho-

metalated phenylpropylamine, and [PdCl2{NH2CH(Me)CH2CH2Ph}2] (2b; 33%). Complex 

2b could be independently prepared by reaction of PdCl2 and two equiv of 1-methyl-3-

phenylpropylamine. Other authors have reported the synthesis of complex 2b from 

[Pd2{κ2C,N-C6H4CH2CH2CH(Me)NH2-2}2(µ-OAc)2] and NaCl.30 Finally, orthometalation of 

3-phenylpropylammonium triflate was pursued under the same reaction conditions, but 

in this case only the coordination complex [PdCl2{NH2CH2CH2CH2Ph}2] (2c; 70%) was 

isolated, i.e., orthometalation was not observed for the amine with no substituents in α-
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position. It has previously been reported that α-substitution in arylalkylamines promotes 

the intramolecular C–H bond activation, an effect that was attributed to steric factors 

affecting the stability and reactivity of the reaction intermediates.20,31,32 

Complexes 1a and 1b are insoluble in CH2Cl2 and CHCl3 but very soluble in 

DMSO. Most likely, the DMSO splits the chloro-bridges, leading to mononuclear species 

in solution.33,34 The 1H and 13C NMR spectra of 1a and 1b (in DMSO-d6) confirm the 

metalation of the aromatic ring: in the 1H spectra there are only four aromatic proton 

resonances, while in the aromatic region of their APT spectra, the expected resonances 

for two quaternary and four tertiary carbons can be observed. Interestingly, the 1H NMR 

spectrum of 1a (in DMSO-d6, 25 ºC) reveals the diastereotopic nature of the hydrogen 

atoms of the NH2 and CH2 groups, as well as the Me groups of the CMe2 moiety, an 

indication that the molecule is chiral in solution, i.e., either the seven-membered ring is 

not fluxional, or its fluxionality does not result in the equivalence of the two sides of the 

molecule. For 1b, the 1H and 13C NMR spectra (in DMSO-d6) reveal the presence of two 

diastereoisomers in solution, in ca. 2:1 molar ratio, being for each of them the hydrogen 

atoms of the NH2 and CH2 groups, as well as the Me groups of the CMe2 moiety, again 

diastereotopic. These two diastereoisomers must arise from the presence in 1b of two 

sources of chirality: the asymmetric carbon of the starting amine, and the (at least 

partial) rigidity of the chelate ring. 

As expected, some of the 1H and 13C resonances of the non-chelate complex 2b 

also show two sets of signals, in a 1:1 ratio, which belong to the two possible 

diastereoisomers (RR + SS, and the meso form RS). For each of them, the hydrogen 

atoms within each NH2 and CH2 group are again diastereotopic.  

Finally, the 1H and 13C NMR spectra of complex 2c, (R = Rʼ = H), with neither chiral 
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centers nor cyclopalladated moieties, show the presence of only one isomer in solution, 

for which the protons of the NH2 and CH2 groups are not diastereotopic. 

The IR spectra of 2b and 2c show one band at ca. 340 cm–1 (2b: 340; 2c: 337 cm–

1) assigned to the ν(Pd–Cl) stretching vibration and consistent with a trans-Cl–Pd–Cl 

geometry,35 as usual for this type of complexes.32,33,36 

 
Reactions of Seven-Membered Palladacycles with Neutral Ligands. Chloro-

bridges in dimeric ortho-palladated complexes containing primary arylalkylamines are 

easily split by neutral ligands, such as phosphines or pyridines,16,19,37,38 to give 

mononuclear complexes. Thus, the reaction of the dimeric complexes 1a,b with 

triphenyphosphine or 4-picoline (4-pic) in a 1:2 molar ratio, at room temperature in 

CH2Cl2, led to the mononuclear derivatives [Pd{κ2C,N-C6H4CH2CH2C(R)(Me)NH2-

2}Cl(L)] (L = PPh3, R = Me (3a), H (3b); L = 4-pic, R = Me (4a), H (4b)) (Scheme 2). In all 

the new complexes, the incoming ligand is coordinated trans to the amino group, as 

expected according to the greater transphobia between C-/P- and C-/N-donors than 

between N-/P- and N-/N-donor pairs, respectively.38,39 

 
Scheme 2. Synthesis of Mononuclear Derivatives and Lactams 
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Despite their apparent similarity, complexes 3a (L = PPh3) and 4a (L = 4-pic) show 

quite different behaviors in solution, according to their 1H NMR spectra in CDCl3 (Figure 

1). For 3a the two protons of the NH2 and CH2 groups, as well as the Me groups of the 

CMe2 moiety, are diastereotopic. In contrast, for 4a there is only one 1H resonance for 

each of these groups, an indication that in this complex the palladacycle ring is fluxional 

at room temperature, making both sides of the molecule equivalent in the NMR 

timescale. It is necessary to lower the temperature to –40 ºC to slow down this 

conformational fluxionality (Figure 2). A lineshape analysis of the VT 1H NMR spectra, 

using the program gNMR (see Figure S13 in the Supporting Information), has revealed 

an Arrhenius activation energy for the fluxional process of 12.4 kcal mol–1. This value is 

in the upper range of those reported for the exchange between different conformations in 

seven-membered DIOP chelate rings (between ca. 6 and 12 kcal mol–1).40 
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Figure 1. 1H NMR spectra (0.5–4.1 ppm) of complexes 3a,b (600 MHz) and 4a,b (400 

MHz) in CDCl3 at room temperature. The asterisks indicate the signals corresponding to 

traces of solvents. For 3b, the circles and squares correspond to the major and minor 

diastereoisomers, respectively. 
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Figure 2. VT 1H NMR spectra of complex 4a in CDCl3 (aliphatic region). The asterisks 

indicate the signals corresponding to traces of solvents. 

 
Complexes 3b and 4b contain a chiral center in the asymmetric carbon of the 

starting amine, and thus, if the cyclopalladated ring is relatively rigid, two 

diastereoisomers are expected in their NMR spectra, as described above for 1b. This is 

indeed the case for 3b (L = PPh3), which at room temperature shows the separate 1H, 

13C, and 31P NMR resonances of two diastereoisomers, in ca. 1.3:1 molar ratio (Figure 

1). For each of them, the hydrogen atoms of the NH2 and CH2 groups are diastereotopic. 

An NMR sample of 3b was heated to 55 ºC (in CDCl3), to check if the ring became more 

fluxional at the higher temperature, but both diastereoisomers where still observed, with 

no significant line broadening. In contrast, complex 4b (L = 4-pic), similarly to 4a, is 

fluxional at room temperature and shows only one set of NMR resonances. The 1H 

resonances of the CH2CH2CH(Me)NH2 moiety are so broad that they are almost 
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imperceptible, with the exception of the Me group, which appears as a single doublet 

(Figure 1). When the temperature is decreased to –50 ºC, the 1H and APT RMN spectra 

of 4b show the expected two diastereoisomers in ca. 1.4:1 ratio, being, for each of them, 

the hydrogen atoms of the NH2 and CH2 groups diastereotopic. 

Thus, there is a very significant difference in the fluxional behavior between 

complexes 3a,b (L = PPh3) and 4a,b (L = pic), in CDCl3. We suggest that the reason for 

this difference arises from the steric hindrance of the PPh3 in 3a,b, which hinders the 

conformational changes in the ring as a result of the proximity between the Ar ring of the 

metalated ligand and the Ph rings of the phosphine. This spatial proximity is confirmed 

by the 1H NOESY spectra of 3a,b, which show strong NOE contacts between the o-Hʼs 

of the PPh3 and the aryl H6 proton (see Figure S8 in the Supporting Information). 

The crystal structures of complexes 3a·1/2H2O, 3b, and 4b·CHCl3 (Figures 3–5) 

were determined by X-ray diffraction studies. For complexes 3b and 4b·CHCl3, there are 

two independent molecules in the asymmetric unit (A and B). The three structures 

displayed the palladium atoms in square-planar or distorted square-planar geometries, 

with mean deviations of the Pd(II)-coordination plane between 0.001 and 0.062 Å 

(3a·1/2H2O: 0.062 Å; 3b: (A) 0.030 Å, (B) 0.030 Å; 4b·CHCl3: (A) 0.001 Å, (B) 0.001 Å), 

and dihedral angles of 0.3–6.4° between the planes N–Pd–C and Cl–Pd–X (3a·1/2H2O, 

X = P: 6.4º; 3b, X = P: (A) 3.0°, (B) 3.8°; 4b·CHCl3, X = N: (A) 0.3°, (B) 2.4°). The 

chelated ligand formed a seven-membered metallacycle, with a chair conformation41 for 

complex 3a·1/2H2O. For complexes 3b and 4b·CHCl3, one of the two molecules of the 

asymmetric unit is disordered over two positions (occupancy distribution: 3b, ca. 82:12; 

4b·CHCl3, ca. 73:27). The metallacycles in the non-disordered molecules adopt a chair 

(3b) or a boat conformation (4b·CHCl3). In the disordered molecules, both conformations 
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are present, corresponding the major occupancy distribution to the same conformation 

as for the non-disordered molecule (i.e., chair for 3b and boat for 4·CHCl3). The plane of 

the metalated aryl ring formed an angle of 55–67º with the coordination plane of the Pd 

atom (3a·1/2H2O, 67º; 3b, (A) 65°, (B) 66°; 4b·CHCl3, (A) 54.8°, (B) 62.1°). As expected, 

the nitrogen atom of the amine and the phosphorus or nitrogen atom of the 

monodentated ligand are mutually trans; for complex 4b·CHCl3, the picoline ring is 

rotated ca. 70º with respect to the metalated aryl ring to avoid steric hindrance (A, 65.9º; 

B, 74.6º). 

 

!

Figure 3. X-ray thermal ellipsoid plot of complex 3a·1/2H2O (50% probability). The 

solvent molecule and the hydrogen atoms bonded to carbon have been omitted for 

clarity. Selected bond lengths (Å) and angles (deg): Pd(1)–C(1) = 1.9969(14), Pd(1)–

N(1) = 2.1112(12), Pd(1)–Cl(1) = 2.4334(4), Pd(1)–P(1) = 2.2570(4); C(1)–Pd(1)–N(1) = 

85.83(5), N(1)–Pd(1)–Cl(1) = 89.08(4), Cl(1)–Pd(1)–P(1) = 92.633(13), P(1)–Pd(1)–C(1) 

= 92.55(4). 

!
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!

Figure 4. X-ray thermal ellipsoid plot of one (A) of the two independent molecules of 

complex 3b (50% probability). The hydrogen atoms bonded to carbon have been omitted 

for clarity. Selected bond lengths (Å) and angles (deg) are given for both independent 

molecules present in the asymmetric unit (A and B): (A) Pd(1)–C(1) = 1.998(4), Pd(1)–

N(1) = 2.101(3), Pd(1)–Cl(1) = 2.4051(12), Pd(1)–P(1) = 2.2413(11); C(1)–Pd(1)–N(1) = 

86.11(15), N(1)–Pd(1)–Cl(1) = 88.05(11), Cl(1)–Pd(1)–P(1) = 91.28(4), P(1)–Pd(1)–C(1) 

= 94.59(11). (B) Pd(2)–C(41) = 1.992(4), Pd(2)–N(2) = 2.115(4), Pd(2)–Cl(2) = 

2.4052(10), Pd(2)–P(2) = 2.2535(11); C(41)–Pd(2)–N(2) = 85.81(17), N(2)–Pd(2)–Cl(2) 

= 87.81(14), Cl(2)–Pd(2)–P(2) = 93.55(4), P(2)–Pd(2)–C(41) = 92.84(10). 
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Figure 5. X-ray thermal ellipsoid plot of one (A) of the two independent molecules of 

complex 4b·CHCl3 (50% probability). The solvent molecule and the hydrogen atoms 

have been omitted for clarity. Selected bond lengths (Å) and angles (deg) are given for 

both independent molecules present in the asymmetric unit (A and B): (A) Pd(1)–C(1) = 

1.990(4), Pd(1)–N(1) = 2.066(3), Pd(1)–Cl(1) = 2.4408(10), Pd(1)–N(2) = 2.044(3); C(1)–

Pd(1)–N(1) = 93.99(15), N(1)–Pd(1)–Cl(1) = 86.68(10), Cl(1)–Pd(1)–N(2) = 92.03(9), 

N(2)–Pd(1)–C(1) = 87.30(14). (B) Pd(2)–C(21) = 1.983(4), Pd(2)–N(3) = 2.055(15), 

Pd(2)–Cl(2) = 2.4361(12), Pd(2)–N(4) = 2.029(3); C(21)–Pd(2)–N(3) = 94.6(2), N(3)–

Pd(2)–Cl(2) = 85.45(19), Cl(2)–Pd(2)–N(4) = 90.65(9), N(4)–Pd(2)–C(21) = 89.22(14). 

 
Conformational Investigation in Solution. We have investigated the structure in 

solution of the palladacycles 1a,b (in DMSO-d6) and 3a,b (in CDCl3) which, as described 

above, appear to have a relatively rigid cyclopalladated ring in solution. The relatively 

scarce reports that have dealt with the conformational behavior of seven-membered 

rings concern mainly organic molecules,42,41,43 and describe the possibility of several 

chair and boat conformations.41 Although there are investigations concerning complexes 

with seven-membered P,P-chelates, no studies have been performed on seven-

membered C,N-metallacycles, such as those described in this article. In contrast, there 

are some reports on the conformations of five- or six-membered palladacycles.44,45 

To try to elucidate the structures in solution, we have measured 1H NOESY spectra 

of 1a,b (in DMSO-d6) and 3a,b (in CDCl3). These experiments have revealed an 

interesting difference between these pairs of complexes: in 1a,b there is actually a slow 

fluxional process that exchanges the diastereotopic nuclei within each CH2, CMe2, and 

NH2 group,47 while for 3a,b no such slow exchange has been detected (see Figure 6 and 

Figures S7,S9 in the Supporting Information for some sections of these 1H NOESY 
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spectra). This observation is in agreement with our supposition (see above) that the 

steric hindrance between the PPh3 and the Ph group of the amine is the source of the 

rigidity of the cyclopalladated ring in 3a,b. For 1a,b in DMSO-d6 solution, the steric 

hindrance of the coordinated DMSO would be lower, although the influence of the 

solvating polar solvent molecules should also be considered, and could account for the 

relative rigidity of 1a,b (in DMSO-d6) when compared with the very fluxional picoline 

complexes 4a,b (in CDCl3). Thus, we can now establish the following order of ring 

fluxionality (in solution) for our palladacycles: 4a,b (CDCl3) > 1a,b (DMSO-d6) > 3a,b 

(CDCl3). 

The 1H NOESY spectrum of 3a in CDCl3 (Figure 6) has revealed quite selective 

NOE contacts within the molecule, confirming its relative rigidity in solution. Thus, the 

ortho protons of the PPh3 show NOE contacts with only one of the Me groups of the 

CMe2 moiety, and only one of the methylenic protons of the CH2Ar group and, very 

significantly, not with the other methylenic group (CH2CMe2). There are also selective 

NOE contacts between one NH2 proton and only one methylenic proton of the CH2CMe2 

group, and not with the CH2Ar group. If the cyclopalladated ring was fluxional in solution 

in the NMR timescale, we would see more indiscriminate intramolecular NOE contacts. 

Based on the observed contacts we propose a chair-like conformation (C) in solution for 

3a in CDCl3, as shown in Figure 6. This conformation would give rise to two 

enantiomers, δ and λ (see Figures S10-S11 in the Supporting Information for a graphic 

representation of both conformations). Interestingly, this conformation is very similar to 

that found in the solid state (Figure 3). It is also the more stable conformation according 

to a molecular modeling performed using the software Spartan 14. 
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Figure 6. Sections of the 1H NOESY spectrum of 3a (600 MHz, CDCl3), together with a 

minimized 3D molecular model of the molecule obtained with Spartan 14, which displays 

a chair conformation (the δ enantiomer, Cδ, is depicted). This conformation is in 

agreement with the observed NOEʼs. Thus, NOE contacts (blue rectangles and arrows) 

are found between the o-Hʼs of the PPh3 and only one of the Me groups (Mei, pointing 

“inwards”), as well as one methylenic proton of the CH2Ar group (Hi). There is also an 

NOE contact between the aryl H3 proton and the other methylenic proton of the CH2Ar 

group (Ho, pointing "outwards"), as well as a weak contact between H3 and one CH2C 

proton (Ha). Both are depicted in blue. In the aliphatic region, the red rectangles mark 

the NOE contacts between Mei and both Hi (CH2Ar) and Hb (CH2C), as well as between 
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Meo and both Ha,b (CH2C). The red crosses mark the absence of NOE contacts between 

Mei and Ha (CH2C) or Ho (CH2Ar), as well as between Meo and both Hi,o (CH2Ar). The 

green rectangles mark the NOE contacts between one NH2 proton and Ha (CH2C), while 

the green crosses mark the absence of NOE contacts between the NH2 protons and 

both CH2Ar protons. The asterisks indicate the signals corresponding to traces of 

solvents. 

 

In principle, one would expect that the two diastereoisomers of 3b in CDCl3 solution 

would have a similar chair-like ring conformation as the one found for 3a, differing only in 

the R or S conformation of the chiral CHMe carbon. Thus, the two diastereomeric pairs 

of enantiomers of 3b would be CδR/CλS and CλR/CδS. However, the 1H NOESY 

spectrum of 3b (see Figure S9 in the Supporting Information) shows very similar 

intramolecular NOE contacts for both diastereoisomers, which would not be possible if 

both would have the chair-like conformation. Thus, as shown in Figure 6, in 3a the Me 

group in axial position is close to the CH2Ar methylene group, while the Me group in 

equatorial position is close to the CH2CMe2 methylene, and indeed those are the NOE 

contacts found for 3a. For 3b, however, the Me group of both diastereoisomers shows a 

strong NOE contact with the CH2C methylene group, and not with the CH2Ar (see Figure 

S9 in the Supporting Information), indicating that both of them are in equatorial position 

and thus, that the CδR/CλS conformation (with the Me group in axial position) does not 

actually exist in solution. We suggest instead a boat-like conformation, BλR/BδS, with the 

Me group in equatorial position (Figure 7). The preference of Me substituents to occupy 

equatorial positions has been described before.45 
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Figure 7. Chair (C) and boat (B) conformations for 3b. The CδS and BλR enantiomers 

are drawn (the other enantiomers would be CλR and BδS). Both conformations place the 

Me group in equatorial position, as suggested by the 1H NOESY spectrum of 3b (CDCl3, 

25 ºC, Figure S9 in the Supporting Information), which shows for both diastereoisomers 

strong NOE contacts between the Me group and the CH2C methylenic protons, and not 

between the Me group and the CH2Ar methylenic protons (as would be expected for a 

CδR/CλS conformation (depicted in Figure S12 in the Supporting Information). 

 

The observation of the 1H chemical shifts of 3a,b in CDCl3 (Table 1) confirms the 

proposed conformations. Thus, while for 3a the two diastereomeric Me groups (one 

equatorial and the other axial) show quite different chemical shifts (1.21 and 1.83 ppm), 
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for 3b the Me groups of the two diastereoisomers show almost the same chemical shift 

(1.16 and 1.13 ppm) indicating that both have a similar (equatorial) disposition within the 

molecule (Figure 7). Moreover, there is a very significant difference in the chemical shift 

of the methine CHMe proton between the two diastereoisomers of 3b (ca. 3.9 ppm for 

the major isomer vs ca. 2.3 ppm for the minor isomer), which can be explained by the 

different spatial situation of this 1H in both conformations (Figure 7). While in the chair 

conformation (CλR/CδS) the methine proton is almost on the same plane as the Ph ring 

of the amine, in the boat conformation (BλR/BδS) this proton is almost over the Ph ring, 

in a region shielded by the aromatic anisotropic effect. Thus, the minor diastereoisomer 

would be the one with a BλR/BδS boat conformation, and the major diastereoisomer the 

one with a CλR/CδS chair conformation. These results are also in agreement with the 

data from the X-ray solid structure of 3b (see above), where the molecules display the 

CλR, CδS, (major) and BλR, BδS (minor) conformations. 

 

Table 1. Some 1H chemical shifts (ppm) for 3a and 3b, in CDCl3. 

  CMe CH 

3a   1.83 1.21  

3b  
Major 1.16 3.96–3.88 

Minor 1.13 2.32–2.22 

 

Insertion of CO into the Pd–C bond of Seven-Membered Palladacycles. 

Synthesis of 2,3,4,5-Tetrahydro-2-benzazepin-1-ones and N,Nʼ-Phenylpropyl-

ureas. Lactams and esters can be synthesized through oxidative Pd(II)-catalyzed 

carbonylation of N-protected arylalkylamines.2,48,49 Two key steps in this process are (1) 

the directed C–H aryl activation of the aryl ring by a Pd(II) salt, and (2) the insertion of 
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CO into the Pd–C bond of the ortho-metalated intermediate to give an acyl-derivative, 

which subsequently decomposes. However, with the exception of a few α-alkyl-

substituted benzyl-50 or phenethylamines,51 primary arylalkylamines cannot be used as 

starting materials, because in the presence of an excess of the amine, orthometalation 

of the aromatic ring (i.e., the C–H activation) does not occur (or it is extremely slow).17,19 

Nevertheless, it has been possible to convert primary arylalkylamines to benzolactams 

through stoichiometric processes, and thus we have prepared 

tetrahydroisoquinolones,6,20,22 or tetrahydrobenzazocinones52,53 by reaction with CO of 

six- or eight-membered palladacycles containing primary arylalkylamines. 

Following this line of research, we have carried out the reaction of the palladacycle 

1a or 1b with CO in CH2Cl2 at room temperature, obtaining Pd(0) and the lactam 5a or 

5b in moderate yield (Scheme 2; 5a: 47%, 5b: 44%). We also attempted the reaction 

with CO of one family of mononuclear complexes, 4a and 4b, obtaining the lactams as 

well, along with 4-methylpyridinium chloride. Nevertheless, they could be easily purified 

by crystallization from Et2O/n-pentane.  

We have also tried the synthesis of the lactams through catalytic carbonylation with 

the triflate salts A and B, which seemed the most promising starting materials for this 

reaction, since they undergo the orthometalation reaction. Each of these salts was 

dissolved in acetonitrile, Pd(OAc)2 (10%) and Cu(OAc)2 (100%) were added, and the 

mixtures were heated at reflux under a CO atmosphere (1.1 atm). However, instead of 

the lactams 5a,b, these reactions afforded the corresponding ureas, N,N'-bis(2,2-

dimethyl-3-phenylpropyl)-urea (6a) and N,N'-bis(1-methyl-3-phenylpropyl)-urea (6b), in 

good yields (Scheme 3). This result is in agreement with previous reports by Orito et al.49 

The reaction pathway proposed for this transformation involves the following steps 
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(Scheme 4):49,52 (a) deprotonation of the ammonium salt with AcO– to give the free 

amine, (b) coordination of the amine to Pd(II) to form an amino-complex, (c) coordination 

of CO to Pd(II), and deprotonation of the coordinated amine to give an amido-compound, 

(d) insertion of CO into the Pd–N bond to afford a carbamoyl intermediate, (e) β-hydride 

elimination to give an isocyanate and a hydride complex of Pd(II), which decomposes to 

Pd(0), (f) reaction of the isocyanate with the free amine to form the urea, and (g) 

regeneration of Pd(OAc)2 by oxidation of Pd(0) with Cu(OAc)2. 

 

Scheme 3. Catalytic Carbonylation of Triflate Salts A and B.  

 
 

Scheme 4. Proposed Catalytic Cyclic for the Synthesis of Ureas 
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The 1H and 13C NMR spectra of 5a, 6a, and 6b are in agreement with the proposed 

structures, and those of 5b, with the data reported in the literature.54 In the lactams 5a,b, 

the anisotropic influence of the C=O double bond results in a deshielding of the aryl H9 

proton, which is shifted to higher frequencies (7.75 ppm, 5a; 7.61 ppm, 5b) with respect 

the other aromatics protons, which resonate between 7.4–7.1 ppm.6 Compounds 5a and 

6a do not have chiral centers, and thus the protons and Me substituents of the CH2 and 

CMe2 groups are not diastereotopic, and afford a single resonance for each group. In the 

lactam 5b the chiral center makes the methylenic protons diastereotopic, while for the 

urea 6b the two chiral centers result in two diastereoisomers (RR + SS, and a meso 

form, RS). The crystal structure of 5a, determined by X-ray diffraction studies shows that 

the azepinone ring adopts a twisted boat conformation (Figure 8). The molecules are 

associated through N–H···O hydrogen bonds, forming dimers (see the Supporting 

Information). 

To the best of our knowledge, no synthesis of 5a has been reported before. 

Previous syntheses of compound 5b involve the intramolecular cyclization of N-hydroxy-

2-methyl-4-phenylbutanamide with polyphosphoric acid (PPA),55 and the reaction of 2-
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methyl-3,4-dihydro-2H-1-naphthalenone with NaN3 in aqueous HCl.54 In the first case, 

5b (3-methyl-2,3,4,5-tetrahydro-1H-2-benzazepin-1-one) was obtained in 29% yield 

along with its regioisomer 3-methyl-2,3,4,5-tetrahydro-1-benzazepin-2-one,55 while in the 

second report,54 the Schmidt reaction was incomplete, and the product was isolated in 

only 34% yield. Moreover, this reaction54 involved the use of hydrazoic acid (prepared in 

situ from sodium azide and hydrochloric acid), which is both explosive and toxic, and 

should be handled with extreme care. 

 

 

Figure 8. X-ray thermal ellipsoid plot of compound 5a (50% probability). The hydrogen 

atoms bonded to carbon have been omitted for clarity. Selected bond lengths (Å) and 

angles (deg): N(1)–C(3) = 1.4842(10); N(1)–C(1) = 1.3474(11), C(1)–O(1) = 1.2444(10), 

C(1)–C(9A) = 1.4937(11); C(3)–N(1)–C(1) = 129.02(7), N(1)–C(1)–O(1) = 121.18(7), 

N(1)–C(1)–C(9A) = 119.19(7), O(1)–C(1)–C(9A) = 119.62(7). 

 
Experimental Section 

 General Considerations, Materials and Instrumentation. Unless otherwise 

noted, all preparations were carried out at room temperature under atmospheric 

conditions. Reagents and synthesis grade solvents were obtained from commercial 

sources and used as received. 
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NMR spectra were recorded in CDCl3 at 298 K, unless otherwise stated. 

Chemical shifts are referenced to TMS (1H, 13C) or H3PO4 (31P). Signals in the 1H and 

13C NMR spectra of all complexes were assigned with the help of APT, HMQC and 

HMBC techniques. The 1H NOESY experiments were measured in a 600 MHz Bruker 

spectrometer, with a mixing time of 400 ms. The 1,2-C6H4 arylene group is denoted by 

Ar. Melting points were determined on a Reichert apparatus and are uncorrected. 

Infrared spectra were recorded in the range 4000–200 cm–1, using Nujol mulls between 

polyethylene sheets. 

 Chart 1 gives the numbering schemes for the new palladacycles and the organic 

lactams. 

 
Chart 1. Numbering Schemes for the New Palladadium(II) Complexes and the Lactams 

 

 

Synthesis of (PhCH2CH2CMe2NH3)(CF3SO3) (A). 1,1-Dimethyl-3-

phenylpropylamine hydrochloride (2.04 g, 10.20 mmol) and Na2CO3 (2.56 g, 24.2 mmol) 

were stirred in water (90 mL) for 30 min, and the resulting 1,1-dimethyl-3-

phenylpropylamine was extracted with CH2Cl2 (3 × 40 mL). The combined extracts were 

dried over anhydrous Na2SO4, the suspension was filtered and the solvent removed from 

the filtrate. The resulting oil was dissolved in Et2O (30 mL), and triflic acid (1 mL, 11.46 

mmol) was slowly added. The mixture was stirred for 15 min and kept in the freezer 

overnight. The suspension was filtered, and the solid washed with Et2O (3 × 5 ml) and 

vacuum-dried to give A as a colorless solid. Yield: 2.69 g, 8.58 mmol, 84%. Anal. Calcd 

NH

O

1

3

4
5

5a
6

7

8

9
9a

R'
R

Pd
NH2

R

R'

Cl 2

2
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1
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for C12H18F3NO3S (313.34): C, 46.00; H, 5.79; N, 4.47; S, 10.23. Found: C, 46.09; H, 

5.91; N, 4.57; S, 10.33. Mp: 120 ºC. ΛM: 124 Ω–1 cm2 mol–1 (5.07 × 10–4 M in acetone). 

IR (cm–1): ν(NH), 3109 (br vs); δ(NH2), 1626 (s); ν and δ(TfO), 1269 (br, vs), 1166 (s), 

1034 (s), 762 (m), 701 (m), 634 (s), 580 (w), 519 (s). ESI-HRMS: exact mass calcd for 

C11H18N, 164.1434 [(M–CF3SO3)+]; found, 164.1439. 1H NMR (400.9 MHz, DMSO-d6): δ 

7.78 (br s, 3 H, NH3), 7.32–7.28 (m, 2 H, Ph), 7.21–7.17 (m, 3 H, Ph), 2.62–2.58 (m, 2 H, 

CH2Ph), 1.80–1.75 (m, 2 H, CH2CMe2), 1.28 (s, 6 H, Me). 13C{1H} NMR (100.8 MHz, 

DMSO-d6): δ 141.2 (s, i-C, Ph), 128.5 (s, o-CH, Ph), 128.2 (s, m-CH, Ph), 126.0 (s, p-

CH, Ph), 53.6 (s, CMe2), 41.8 (s, CH2CMe2), 29.3 (s, CH2Ph), 25.0 (s, Me). The 13C 

resonance corresponding to the CF3 group was not observed. 

Synthesis of (PhCH2CH2CH(Me)NH3)(CF3SO3) (B). Triflic acid (1.1 mL, 12.3 

mmol) was slowly added to a solution of 1-methyl-3-phenylpropylamine (2.0 ml, 12.4 

mmol) in Et2O (50 mL) at 0 oC, and the mixture was stirred in an ice-bath for 15 min. The 

resulting suspension was filtered, and the solid washed with Et2O (2 × 5 ml) and 

vacuum-dried to give B as a colorless solid. Yield: 3.28 g, 11.0 mmol, 89%. Anal. Calcd 

for C11H16F3NO3S (299.31): C, 44.14; H, 5.39; N, 4.68; S, 10.71. Found: C, 44.15; H, 

5.48; N, 4.71; S, 10.85. Mp: 124 ºC. ΛM: 114 Ω–1 cm2 mol–1 (7.22 × 10–4 M in acetone). 

IR (cm–1): ν(NH), 3234 (s), 3167 (s), 3088 (s); δ(NH2), 1626 (m), 1591 (m); ν and δ(TfO), 

1279 (s), 1238 (s), 1171 (s), 1033 (s), 748 (m), 699 (m), 640 (s), 582 (m), 516 (m). ESI-

HRMS: exact mass calcd for C10H16N, 150.1283 [(M–CF3SO3)+]; found, 150.1279. 1H 

NMR (300.1 MHz, DMSO-d6): δ 7.50 (br s, 3 H, NH3), 7.32–7.27 (m, 2 H, Ph), 7.22–7.16 

(m, 3 H, Ph), 3.13 (m, 1 H, CH), 2.63 (m, 2 H, CH2Ph), 1.90–1.78 (m, 1 H, CH2CH), 

1.76–1.70 (m, 1 H, CH2CH), 1.20 (d, 3 H, Me, 3JHH = 6.6 Hz). 13C{1H} NMR (75.4 MHz, 

DMSO-d6): δ 140.9 (s, i-C, Ph), 128.5 (s, o-CH, Ph), 128.2 (s, m-CH, Ph), 126.1 (s, p-
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CH, Ph), 46.5 (s, CH), 36.0 (s, CH2CH), 30.8 (s, CH2Ph), 18.1 (s, Me). The 13C 

resonance corresponding to the CF3 group was not observed. 

Synthesis of (PhCH2CH2CH2NH3)(CF3SO3) (C). Triflic acid (1.5 mL, 17.0 mmol) 

was slowly added to a solution of 3-phenylpropylamine (2.0 ml, 14.1 mmol) in Et2O (50 

mL) at 0 oC, and the mixture was stirred in an ice-bath for 15 min. The resulting 

suspension was filtered, and the solid washed with Et2O (2 × 5 ml) and vacuum-dried to 

give C as a colorless solid. Yield: 2.66 g, 9.32 mmol, 66%. Anal. Calcd for 

C10H14F3NO3S (285.065): C, 42.10; H, 4.95; N, 4.91; S, 11.24. Found: C, 42.18; H, 4.98; 

N, 4.72; S, 10.99. Mp: 119 ºC. ΛM: 137 Ω–1 cm2 mol–1 (4.7 × 10–4 M in acetone). IR (cm–

1): ν(NH), 3169 (br vs); δ(NH2), 1620 (s); ν and δ(TfO), 1243 (br vs), 1170(s), 1035 (s), 

744 (m), 700 (m) 640 (s), 516 (m). ESI-HRMS: exact mass calcd for C9H14N, 136.1126 

[(M–CF3SO3)+]; found, 136.1126. 1H NMR (400.9 MHz, DMSO-d6): δ 7.63 (br s, 3 H, 

NH3), 7.32–7.28 (m, 2 H, m-H, Ph), 7.21–7.17 (m, 3 H, o- and p-H, Ph), 2.78 (m, 2 H, 

CH2N), 2.63 (“t”, 2 H, CH2Ph, 3JHH = 7.6 Hz), 1.82 (“q”, 2 H, CH2CH, 3JHH = 7.6 Hz). 

13C{1H} NMR (100.8 MHz, DMSO-d6): δ 140.8 (s, i-C, Ph), 128.4 (s, m-CH, Ph), 128.3 (s, 

o-CH, Ph), 126.1 (s, p-CH, Ph), 120.7 (q, CF3, 1JCF = 322.2 Hz), 38.5 (s, CH2N), 31.8 (s, 

CH2Ph), 28.8 (s, CH2CH). 

Synthesis of [Pd2(κ2C,N-C6H4CH2CH2CMe2NH2-2)2(µ-Cl)2] (1a). The ammonium 

triflate A (1.02 g, 3.26 mmol) was added to a suspension of Pd(OAc)2 (731 mg, 3.26 

mmol) in acetonitrile (60 mL) and the resulting solution was heated at 60 ºC for 2 h, and 

then at 78 ºC for 24 h. The mixture was filtered through a plug of Celite/Na2CO3, and the 

solvent was removed from the filtrate. NaCl (2.30 g, 39.4 mmol) and acetone (30 mL) 

were added and the mixture was stirred for 3 h. The solvent was removed, and Et2O (20 

mL) added to the residue. The yellow suspension was stirred for 30 min, and filtered. 
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The solid was washed with Et2O (4 x 5 ml), water (5 x 10 ml) and Et2O (4 x 5 ml), and 

vacuum-dried to give 1a as a yellow solid. An analytically pure sample of 1a was 

obtained by recrystallization from CH2Cl2/n-pentane. Yield: 691 mg, 1.14 mmol, 70%. 

Anal. Calcd for C22H32Cl2N2Pd2 (608.25): C, 43.44; H, 5.30; N, 4.61. Found: C, 43.25; H, 

5.36; N, 4.53. Dec pt: 190 ºC. IR (cm–1): ν(NH2), 3290 (w), 3215 (m). 1H NMR (400.9 

MHz, DMSO-d6): δ 7.25–7.22 (m, 1 H, H6, C6H4). 6.88–6.84 (m, 3 H, H3 + H4 + H5, 

C6H4), 3.98 (br d, 1 H, NH2, 2JHH = 10 Hz), 3.41 (“t”, 1 H, CH2Ar, JHH = 12.5 Hz), 3.32 (br 

d, 1 H, NH2, 2JHH = 10 Hz), 2.65–2.59 (m, 1 H, CH2Ar), 1.79–1.73 (m, 1 H, CH2CMe), 

1.53 (s, 3 H, Me), 1.41 (“t”, 1 H, CH2CMe, JHH = 12.6 Hz), 1.11 (s, 3 H, Me). 13C{1H} 

NMR (100.8 MHz, DMSO-d6): δ 148.1 (s, C2, C6H4), 147.0 (s, C1, C6H4), 134.3 (s, CH6, 

C6H4), 127.2 (s, CH3, C6H4), 125.1 (s, CH5, C6H4), 124.5 (s, CH4, C6H4), 55.4 (s, CMe2), 

41.8 (s, CH2CMe), 33.3 (s, Me), 31.9 (s, CH2Ar), 29.1 (s, Me). 

Synthesis of [Pd2{κ2C,N-C6H4CH2CH2CH(Me)NH2-2}2(µ-Cl)2] (1b). The 

ammonium triflate B (500 mg, 1.67 mmol) was added to a suspension of Pd(OAc)2 (417 

mg, 1.85 mmol) in acetonitrile (25 mL), and the resulting solution was stirred at room 

temperature for 24 h and then at 78 ºC for 8 h. The mixture was filtered through a plug of 

Celite, and the solvent was removed from the filtrate. NaCl (1.00 g, 17.1 mmol) and 

acetone (15 mL) were added and the mixture was stirred for 6 h. The solvent was 

removed, and CH2Cl2 (10 mL) added. The yellow suspension was filtered, and the solid 

washed with water (3 x 5 ml) and Et2O (3 x 5 ml), and vacuum-dried to give 1b as a 

yellow solid. An analytically pure sample of 1b was obtained by recrystallization from 

CH2Cl2/Et2O. Yield: 221 mg, 0.38 mmol, 46%. Anal. Calcd for C20H26Cl2N2Pd2 (580.16): 

C, 41.40; H, 4.86; N, 4.83. Found: C, 41.23; H, 4.80; N, 4.87. Mp: 200 ºC. IR (Nujol, cm–

1): ν(NH2), 3288 (m), 3242 (m), 3213 (m). The NMR spectra of this complex showed two 
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sets of signals in approximately 2:1 ratio (determined by 1H integration), corresponding 

to the two possible diastereomeric pairs of enantiomers. 1H NMR (600.1 MHz, DMSO-

d6): Major diastereoisomer: δ 7.26 (d, 1 H, H6, C6H4, 3JHH = 7.5 Hz). 6.94–6.82 (m, 3 H, 

H3 + H4 + H5, C6H4, overlapped with the corresponding resonance of the minor isomer), 

4.45 (d, 1 H, NH2, 3JHH = 10.8 Hz), 3.73–3.65 (m, 1 H, CH2Ar), 3.56–3.50 (m, 1 H, NH2, 

overlapped with the corresponding resonance of the minor isomer), 2.78–2.72 (m, 1 H, 

CH2Ar), 1.95–1.85 (m, 1 H, CH), 1.70–1.62 (m, 1 H, CH2CH), 1.47–1.38 (m, 1 H, 

CH2CH), 0.97 (d, 3 H, Me, 3JHH = 6.3 Hz). Minor diastereoisomer: δ 7.19–7.17 (m, 1 H, 

H6, C6H4), 6.94–6.82 (m, 3 H, H3 + H4 + H5, C6H4, overlapped with the corresponding 

resonance of the major isomer), 3.65–3.61 (m, 1 H, NH2), 3.56–3.50 (m, 1 H, NH2, 

overlapped with the corresponding resonance of the major isomer), 3.50–3.44 (m, 1 H, 

CH2Ar), 3.44–3.36 (m, 1 H, CH), 2.87–2.81 (m, 1 H, CH2Ar), 2.0–1.95 (m, 1 H, CH2CH), 

1.28–1.20 (m, 1 H, CH2CH), 1.02 (d, 3 H, Me, 3JHH = 6.2 Hz). 13C{1H} NMR (75.4 MHz, 

DMSO-d6): Major diastereoisomer: δ 150.8 (s, C1, C6H4), 142.8 (s, C2, C6H4), 133.4 (s, 

CH6, C6H4), 126.7 (s, CH3, C6H4), 124.7 (s, CH5, C6H4), 124.6 (s, CH4, C6H4), 45.7 (s, 

CH), 34.3 (s, CH2CH), 32.9 (s, CH2Ar), 23.1 (s, Me). Minor diastereoisomer: δ 147.9 (s, 

C2, C6H4), 147.7 (s, C1, C6H4), 134.2 (s, CH6, C6H4), 127.4 (s, CH3, C6H4), 125.1 (s, 

CH5, C6H4), 124.4 (s, CH4, C6H4), 54.0 (s, CH), 36.7 (s, CH2CH), 36.0 (s, CH2Ar), 25.6 

(s, Me). 

Synthesis of [PdCl2{NH2CH(Me)CH2CH2Ph}2] (2b). 1-Methyl-3-

phenylpropylamine (0.5 mL, 2.81 mmol) was added to a suspension of PdCl2 (249 mg, 

1.40 mmol) in acetone (20 mL). The mixture was stirred for 48 h and filtered through a 

plug of Celite. The solvent was removed from the orange filtrate, n-pentane (10 mL) was 

added to the residue, and the mixture vigorously stirred for 24 h. The resulting 
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suspension was filtered, and the solid washed with n-pentane (2 x 3 mL) and vacuum-

dried to give 2b as a yellow solid. Yield: 488 mg, 1.03 mmol, 73%. Anal. Calcd for 

C20H30Cl2N2Pd (475.80): C, 50.49; H, 6.36; N, 5.89. Found: C, 50.73; H, 6.41; N, 5.88. 

Mp: 116 ºC. IR (cm–1): ν(NH2), 3227 (m), 3137 (m), 3209 (m); δ(NH2), 1576 (s); ν(Cl–

Pd), 340 (m). Some of the NMR resonances of this complex showed two sets of signals 

in approximately 1:1 ratio (determined by 1H integration), corresponding to two 

diastereoisomers. 1H NMR (300.1 MHz): All resonances correspond to both 

diastereoisomers, except the Me resonances, which can be distinguished for each of 

them: δ 7.30–7.17 (m, 10 H, Ph), 3.32–3.15 (m, 4 H, 2 H of NH2 + 2 H of CH), 2.91–2.65 

(m, 6 H, 2 H of NH2 + 4 H of CH2Ph), 2.13–1.99 (m, 2 H, CH2CH), 1.89–1.78 (m, 2 H, 

CH2CH), 1.46 and 1.45 (d, 3 H, Me, 3JHH = 6.4 Hz, one isomer each), 1.45 (d, 3 H, Me, 

3JHH = 6.3 Hz). 13C{1H} NMR (75.4 MHz): All resonances correspond to both 

diastereoisomers, except the CH and CH2CH resonances, which can be distinguished 

for each of them: δ 141.3 (s, i-C, Ph), 128.7 (s, o-CH, Ph), 128.6 (s, m-CH, Ph), 126.3 (s, 

p-CH, Ph), 50.84 and 50.83 (s, CH, one isomer each), 40.17 and 40.15 (s, CH2CH, one 

isomer each), 32.4 (s, CH2Ph), 22.2 (s, Me). 

Synthesis of [PdCl2(NH2CH2CH2CH2Ph)2] (2c). 3-Phenylpropylamine (0.2 mL, 

1.41 mmol) was added to a suspension of PdCl2 (125 mg, 0.71 mmol) in acetone (20 

mL), the mixture was stirred for 18 h and filtered through a plug of MgSO4. The solvent 

was removed from the filtrate, and n-pentane (20 mL) was added. The resulting 

suspension was filtered, and the solid washed with n-pentane (2 x 3 mL) and vacuum-

dried to give complex 2c as a yellow solid. Yield: 192.0 mg, 0.429 mmol, 61%. Anal. 

Calcd for C18H26Cl2N2Pd (447.738): C, 48.29; H, 5.85; N, 6.26. Found: C, 48.10; H, 5.77; 

N, 6.19. Mp: 169 ºC. IR (cm–1): ν(NH2), 3272 (s), 3224 (s), 3140 (m); δ(NH2), 1587 (m); 



30 

ν(Cl–Pd), 337 (m). 1H NMR (400.9 MHz): δ 7.31–7.26 (m, 2 H, m-H, Ph), 7.22–7.17 (m, 

3 H, o- and p-H, Ph), 2.90 (br m, 2 H, NH2), 2.77 (q, 2 H, CH2N, 3JHH = 7.2 Hz), 2.70 (t, 2 

H, CH2Ph, 3JHH = 7.6 Hz), 2.03 (q, 2 H, CH2CH, 3JHH = 7.6 Hz). 13C{1H} NMR (100.8 

MHz): δ 140.7 (s, i-C, Ph), 128.5 (s, CH, Ph), 128.3 (s, CH, Ph), 126.2 (s, p-CH, Ph), 

44.6 (s, CH2N), 33.0 (s, CH2CH), 32.8 (s, CH2Ph). Spectroscopic data are in agreement 

to those reported in the literature (1H and 13C NMR).30 

Synthesis of [Pd(κ2C,N-C6H4CH2CH2CMe2NH2-2)Cl(PPh3)] (3a). PPh3 (57.0 mg, 

0.217 mmol) was added to a solution of complex 1a (65.6 mg, 0.108 mmol) in CH2Cl2 

(10 mL). The mixture was stirred for 30 min and filtered through a plug of MgSO4. The 

filtrate was concentrated to ca. 2 mL, and n-pentane (20 mL) was added. The 

suspension was filtered, and the solid washed with n-pentane (2 x 3 ml) and vacuum-

dried to give 3a as a pale yellow solid. Yield: 88.0 mg, 0.155 mmol, 72%. Anal. Calcd for 

C29H31ClNPPd (566.40): C, 61.50; H, 5.52; N, 2.47. Found: C, 61.14; H, 5.48; N, 2.65. 

Mp: 233–234 ºC (dec). IR (cm–1): ν(NH2), 3496 (br), 3300 (w), 3208 (m). 1H NMR (600.1 

MHz): δ 7.52–7.46 (m, 6 H, o-CH, PPh3), 7.37–7.33 (m, 3 H, p-CH, PPh3), 7.29–7.23 (m, 

6 H, m-CH, PPh3), 6.70 (d, 1 H, H3, C6H4, 3JHH = 7.3 Hz), 6.66–6.61 (m, 2 H, H4 + H6, 

C6H4), 6.33 (br t, 1 H, H5, C6H4, 3JHH = 7.4 Hz), 3.51 (“t”, 1 H, CH2Ar, 3JHH = 2JHH = 12.6 

Hz), 3.30 (br d, 1 H, NH2, 2JHH = 8.9 Hz), 2.63 (dd, 1 H, CH2Ar, 3JHH = 8.4, 2JHH = 13.8 

Hz), 2.19 (br d, 1 H, NH2, 2JHH = 8.9 Hz), 1.89 (dd, 1 H, CH2CMe, 3JHH = 8.2, 2JHH = 14.4 

Hz), 1.83 (s, 3 H, Me), 1.47 (dd, 1 H, CH2CMe, 3JHH = 12.0, 2JHH = 14.2 Hz), 1.21 (s, 3 H, 

Me). 13C{1H} NMR (75.4 MHz): δ 152.0 (s, C1, C6H4), 147.7 (s, C2, C6H4), 136.8 (d, CH6, 

C6H4, 3JCP = 9.2 Hz), 134.4 (d, o-CH, PPh3, 2JCP = 11.5 Hz), 131.1 (d, i-C, PPh3, 1JCP = 

49.7 Hz), 130.1 (d, p-CH, PPh3, 4JCP = 2.1 Hz), 128.0 (d, m-CH, PPh3, 3JCP = 10.6 Hz), 

126.8 (s, CH3, C6H4), 125.3 (d, CH5, C6H4, 4JCP = 3.2 Hz), 123.5 (s, CH4, C6H4), 56.1 (s, 
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CMe2), 43.1 (s, CH2CMe2), 35.5 (d, Me, 4JCP = 5.1 Hz), 33.5 (d, CH2Ar, 4JCP = 1.6 Hz), 

28.8 (s, Me). 31P{1H} NMR (121.5 MHz): δ 31.9. Single crystals of 3a·H2O suitable for an 

X-ray diffraction study were obtained by slow evaporation of a solution of 3a in CHCl3/n-

pentane. 

Synthesis of [Pd(κ2C,N-C6H4CH2CH2CH(Me)NH2-2)Cl(PPh3)] (3b). PPh3 (114 

mg, 0.432 mmol) was added to a suspension of complex 1b (125 mg, 0.216 mmol) in 

CH2Cl2 (15 mL). The mixture was stirred for 30 min and filtered through a plug of MgSO4. 

The filtrate was concentrated to ca. 2 mL, and a 1:4 mixture of Et2O/n-pentane (25 mL) 

was added. The suspension was filtered, and the solid washed with a 1:4 mixture of 

Et2O/n-pentane (2 x 5 ml) and vacuum-dried to give 3b as a pale yellow solid. Yield: 182 

mg, 0.328 mmol, 76%. Anal. Calcd for C28H32ClNPPd (552.38): C, 60.88; H, 5.29; N, 

2.54. Found: C, 60.57; H, 5.15; N, 2.64. Mp: 203 ºC. IR (cm–1): ν(NH2), 3276 (m), 3305 

(m), 3185 (m); ν and δ(PPh3), 3044 (m), 1578 (m), 11098 (m), 751 (m), 692 (m), 508 

(m), 498 (m). The NMR spectra of this complex showed two sets of signals in 

approximately 1.3:1 ratio (determined by 1H integration), corresponding to the two 

possible diastereomeric pairs of enantiomers. The resonances marked with an asterisk 

are overlapped for both diastereoisomers. 1H NMR (600.1 MHz): Major diastereoisomer: 

δ 7.54–7.46* (m, 6 H, o-CH, PPh3), 7.37–7.32* (m, 3 H, p-CH, PPh3), 7.29–7.23* (m, 6 

H, m-CH, PPh3), 6.72–6.68* (m, 1 H, H3, C6H4), 6.68–6.62* (m, 1 H, H4, C6H4), 6.53–

6.50 (m, 1 H, H6, C6H4), 6.36–6.32 (m, 1 H, H5, C6H4), 3.96–3.88 (m, 1 H, CH, 

overlapped with one H of CH2Ar of the minor isomer), 3.59 (“t”, 1 H, CH2Ar, JHH = 12.4 

Hz), 3.28 (br d, 1 H, NH2, 
2JHH = 7.0 Hz), 2.87–2.79* (m, 1 H, CH2Ar), 2.16–2.10 (m, 1 H, 

CH2CH), 1.96–1.88 (m, 1 H, NH2), 1.30–1.21 (m, 1 H, CH2CH), 1.16 (d, 3 H, Me, 3JHH = 

6.0 Hz).  Minor diastereoisomer: δ 7.54–7.46* (m, 6 H, o-CH, PPh3), 7.37–7.32* (m, 3 H, 
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p-CH, PPh3), 7.29–7.23* (m, 6 H, PPh3 m-CH, PPh3), 6.72–6.68* (m, 1 H, H3, C6H4), 

6.68–6.62* (m, 1 H, H4, C6H4), 6.56–6.53 (m, 1 H, H6, C6H4), 6.36–6.32 (m, 1 H, H5, 

C6H4), 3.96–3.88 (m, 1 H, CH2Ar, overlapped with the CH of the major isomer), 2.87–

2.79* (m, 1 H, CH2Ar), 2.79–2.74 (m, 1 H, NH2), 2.74–2.68 (m, 1 H, NH2), 2.32–2.22 (m, 

1 H, CH), 1.69–1.63 (m, 2 H, CH2CH), 1.13 (d, 3 H, Me, 3JHH = 6.0 Hz). 13C{1H} NMR 

(75.4 MHz): Major diastereoisomer: δ 152.9 (s, C1, C6H4), 147.3 (s, C2, C6H4), 136.5 (d, 

CH6, C6H4, 3JCP = 7.8 Hz), 134.6 (d, o-CH, PPh3, 2JCP = 11.7 Hz), 130.7 (d, i-C, PPh3, 

1JCP = 50.4 Hz), 130.1 (d, p-CH, PPh3, 4JCP = 2.5 Hz), 127.9 (d, m-CH, PPh3, 3JCP = 10.6 

Hz), 126.9 (s, CH3, C6H4), 125.5 (d, CH5, C6H4, 4JCP = 2.9 Hz), 123.5 (s, CH4, C6H4), 

54.1 (s, CH), 38.1 (s, CH2CH), 37.4 (s, CH2Ar), 27.5 (d, Me, 4JCP = 4.0 Hz). Minor 

diastereoisomer: δ 153.8 (s, C1, C6H4), 142.6 (s, C2, C6H4), 136.6 (d, CH6, C6H4, 3JCP = 

9.5 Hz), 134.5 (d, o-CH, PPh3, 2JCP = 11.5 Hz), 131.1 (d, i-C, PPh3, 1JCP = 50.5 Hz), 

130.1 (d, p-CH, PPh3, 4JCP = 2.5 Hz), 127.9 (d, m-CH, PPh3, 3JCP = 10.6 Hz), 126.2 (s, 

CH3, C6H4), 125.2 (d, CH5, C6H4, 4JCP = 3.4 Hz), 123.4 (s, CH4, C6H4), 45.7 (s, CH), 

35.5 (s, CH2CH), 34.0 (s, CH2Ar), 25.1 (d, Me, 4JCP = 3.7 Hz). 31P{1H} NMR (162.29 

MHz): Major diastereoisomer: δ 33.3 (s). Minor diastereoisomer: δ 33.6 (s). Single 

crystals suitable for an X-ray diffraction study were obtained by slow diffusion of n-

pentane into a solution of 3b in CH2Cl2. 

Synthesis of [Pd(κ2C,N-C6H4CH2CH2CMe2NH2-2)Cl(pic)] (4a). 4-Picoline (26 µl, 

0.267 mmol) was added to a suspension of complex 1a (78.4 mg, 0.129 mmol) in 

CH2Cl2 (15 mL) and the mixture was stirred for 30 minutes. The solution was filtered 

through a plug of MgSO4, and the solvent was evaporated from the filtrate. The residue 

was dissolved in Et2O (10 mL) and n-pentane (35 mL) was added. The suspension was 

filtered, and the solid washed with n-pentane (3 x 5 ml) and vacuum-dried to give 4a as 



33 

a colorless solid. Yield: 65.0 mg, 0.164 mmol, 63%. Anal. Calcd for C17H23ClN2Pd 

(397.251): C, 51.40; H, 5.84; N, 7.05. Found: C, 51.44; H, 5.65; N, 7.19. Dec pt: 177 ºC. 

IR (cm–1): ν(NH2), 3251 (w), 3197 (w); ν(C=N), 1619 (m). 1H NMR (400.9 MHz): δ 8.46 

(d, 2 H, o-H, pic, 3JHH = 6.4 Hz), 7.00 (d, 2 H, m-H, pic, 3JHH = 6.0 Hz), 6.90–6.85 (m, 2 H, 

H3 + H4, C6H4), 6.81 (“d”, 1 H, H6, C6H4, 3JHH = 7.2 Hz), 6.74–6.69 (m, 1 H, H5, C6H4), 

3.50–3.10 (br s, 2 H, CH2Ar), 2.90–2.60 (br s, 2 H, NH2), 2.31 (s, 3 H, Me, pic), 1.74 (br 

s, 2 H, CH2CMe2), 1.52 (br s, 6 H, Me). 1H NMR (400.9 MHz, –50 ºC): δ 8.43 (d, 2 H, o-

H, pic, 3JHH = 6.0 Hz), 7.06 (d, 2 H, m-H, pic, 3JHH = 5.6 Hz), 6.96–6.90 (m, 2 H, H3 + H4, 

C6H4), 6.82 (“d”, 1 H, H6, C6H4, 3JHH = 7.2 Hz), 6.78–6.74 (m, 1 H, H5, C6H4), 3.88 (“t”, 1 

H, CH2Ar, 2JHH
 = 3JHH = 12.4 Hz), 3.23 (d, 1 H, NH2, 2JHH = 10.4 Hz), 2.84 (dd, 1 H, 

CH2Ar, 2JHH
 = 13.2, 3JHH = 8.4 Hz), 2.36 (br s, 1 H, NH2, obscured by the signal of the Me 

of pic), 2.36 (s, 3 H, Me, pic), 1.98 (dd, 1 H, CH2CMe2, 2JHH
 = 13.2, 3JHH = 8.4 Hz), 1.83 

(s, 3 H, Me), 1.55 (“t”, 1 H, CH2CMe2, 2JHH
 = 3JHH = 12.8 Hz), 1.25 (s, 3 H, Me). 13C{1H} 

NMR (75.4 MHz): δ 152.7 (s, o-CH, pic), 149.4 (s, p-C, pic), 148.1 (s, C1, C6H4), 147.7 

(s, C2, C6H4), 135.3 (s, CH6, C6H4), 127.3 (s, CH3, C6H4), 125.4 (s, m-CH, pic), 124.8 

(s, CH5, C6H4), 124.3 (s, CH4, C6H4), 55.8 (s, CMe2), 42.8 (s, CH2CMe), 32.1 (s, 

CH2Ar), 21.0 (s, Me, pic). The Me resonances of the CMe2 group are not observed. 

13C{1H} NMR (100.8 MHz, –50 ºC): δ 152.2 (s, o-CH, pic), 149.5 (s, p-C, pic), 148.2 (s, 

C1, C6H4), 147.5 (s, C2, C6H4), 135.2 (s, CH6, C6H4), 127.2 (s, CH3, C6H4), 125.4 (s, m-

CH, pic), 124.6 (s, CH5, C6H4), 124.1 (s, CH4, C6H4), 55.7 (s, CMe2), 42.0 (s, CH2 

CH2CMe), 34.6 (s, Me), 31.6 (s, CH2Ar), 28.1 (s, Me), 21.2 (s, Me, pic). 

Synthesis of [Pd(κ2C,N-C6H4CH2CH2CH(Me)NH2-2)Cl(pic)] (4b). 4-Picoline (44 

µl, 0.448 mmol) was added to a suspension of complex 1b (130 mg, 0.224 mmol) in 

CH2Cl2 (10 mL) and the mixture was stirred for 30 minutes. The resulting solution was 
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filtered through a plug of MgSO4, the filtrate was concentrated to ca. 1 mL, and n-

pentane (15 mL) was added. The suspension was filtered, and the solid washed with n-

pentane (2 x 5 ml) and vacuum-dried to give 4b as a yellow solid. Yield: 97.0 mg, 0.253 

mmol, 54%. Anal. Calcd for C16H21ClN2Pd (383.22): C, 50.15; H, 5.52; N, 7.31. Found: 

C, 49.96; H, 5.51; N, 7.01. Mp: 112 ºC. IR (cm–1): ν(NH2), 3273 (w), 3197 (w); ν(C=N), 

1617 (m). At –50 ºC, the NMR spectra of this complex showed two sets of signals in 

approximately 1.4:1 ratio (determined by 1H integration), corresponding to the two 

possible diastereomeric pairs of enantiomers. 1H NMR (400.9 MHz): δ 8.42 (d, 2 H, o-H, 

pic, 3JHH = 5.9 Hz), 7.00 (d, 2 H, m-H, pic, 3JHH = 5.9 Hz), 6.91–6.85 (m, 2 H, H3 + H4, 

C6H4), 6.81 (“d”, 1 H, H6, C6H4, 3JHH = 7.5 Hz), 6.76–6.69 (m, 1 H, H5, C6H4), 2.31 (s, 3 

H, Me, pic), 1.15 (d, 3 H, Me, 3JHH = 6.3 Hz). The 1H resonances of the 

CH2CH2CHMeNH2 chain (except the Me resonance) are too broad to be assigned. 1H 

NMR (400.9 MHz, –50 oC): The 1H and 13C resonances marked with an asterisk are 

overlapped for both isomers. Major diastereoisomer: δ 8.40 (d, 2 H, o-H, pic, 3JHH = 6.4 

Hz). 7.06* (d, 2 H, m-H, pic, 3JHH = 6.4 Hz), 6.97–6.91* (m, 2 H, H3 + H4, C6H4), 6.88 

(“d”, 1 H, H6, C6H4, 3JHH = 7.6 Hz), 6.83–6.77 (m, 1 H, H5, C6H4), 3.98 (“t”, 1 H, CH2Ar, 

2JHH = 3JHH = 12.4 Hz), 3.78 (br s, 1 H, CH), 3.25 (br d, 1 H, NH2, 2JHH = 9.6 Hz), 3.04 (dd, 

1 H, CH2Ar, 2JHH = 13.2, 3JHH = 7.6 Hz), 2.99–2.87* (m, 1 H, CH2CH), 2.35 (s, 3 H, Me, 

pic), 2.29–2.18 (m, 1 H, CH2CH), 2.02 (br t, 1 H, NH2, 2JHH = 3JHH = 11.2 Hz), 1.17 (d, 3 

H, Me, 3JHH = 6.0 Hz). Minor diastereoisomer: δ 8.37 (d, 2 H, o-H, pic, 3JHH = 6.4 Hz). 

7.06* (d, 2 H, m-H, pic, 3JHH = 6.4 Hz), 6.97–6.91* (m, 2 H, H3 + H4, C6H4), 6.74 (br td, 1 

H, H5, C6H4, 3JHH = 7.2, 4JHH = 2.0 Hz), 6.68 (“d”, 1 H, H6, C6H4, 3JHH = 7.2 Hz), 4.24–

4.12 (m, 1 H, NH2), 2.99–2.87* (m, 1 H, CH2CH), 2.72–2.50 (br s, 1 H, NH2), 2.36 (s, 3 

H, Me, pic), 1.83–1.70 (m, 1 H, CH2Ar), 1.70–1.57 (m, 1 H, CH2Ar), 1.39–1.22 (m, 1 H, 
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CH2CH, partially obscured by traces of pentane), 1.11 (very br s, 3 H, Me). The 

resonance of the CHMe carbon could not be identified. 13C{1H} NMR (100.8 MHz): δ 

152.5 (s, o-CH, pic), 149.5 (s, p-C, pic), 134.6 (s, CH6, C6H4), 127.2 (s, CH3, C6H4), 

125.5 (s, m-CH, pic), 124.8 (s, CH, C6H4), 124.2 (s, CH, C6H4), 38.0 (s, CH2CH), 31.3 (s, 

CH2Ar), 21.0 (s, Me, pic). The resonances of the aryl quaternary carbons and the CHMe 

group are not observed. 13C{1H} NMR (100.8 MHz, –50 oC): Major diastereoisomer: δ 

152.1 (s, o-CH, pic), 149.5 (s, p-C, pic), 149.4* (s, C1, C6H4), 147.3* (s, C2, C6H4), 134.8 

(s, CH6, C6H4), 127.4 (s, CH3, C6H4), 125.5 (s, m-CH, pic), 124.8 (s, CH, C6H4), 124.0 

(s, CH, C6H4), 54.8* (s, CH), 37.2* (s, CH2CH), 35.7 (s, CH2Ar), 26.9* (s, Me), 21.2* (s, 

Me, pic). Minor diastereoisomer: δ 152.3 (s, o-CH, pic), 149.5 (s, p–C, pic), 149.4* (s, 

C1, C6H4), 147.3* (s, C2, C6H4), 134.2 (s, CH6, C6H4), 126.7 (s, CH3, C6H4), 125.6 (s, 

m-CH, pic), 124.2 (s, CH, C6H4), 123.9 (s, CH, C6H4), 54.8* (s, CH), 37.2* (s, CH2CH), 

35.2 (s, CH2Ar), 26.9* (s, Me), 21.2* (s, Me, pic). Single crystals of 4b·CHCl3 suitable for 

an X-ray diffraction study were obtained by slow evaporation of a solution of 4b in 

CHCl3. 

Synthesis of 3,3-dimethyl-2,3,4,5-tetrahydrobenzo[c]azepin-1-one (5a). 

Method A. CO was bubbled for 5 min through a suspension of the palladacycle 1a (153 

mg, 0.251 mmol) in CH2Cl2 (20 mL) in a Carius tube. The pressure of CO was increased 

to 1 atm, the tube sealed, and the mixture was stirred for 2 h. Decomposition to metallic 

palladium was observed. The resulting suspension was filtered through a plug of 

MgSO4, the solvent was removed from the filtrate, and the residue vacuum-dried to give 

5a as a colorless solid. Yield: 45.0 mg, 0.238 mmol, 47%. Method B. CO was bubbled 

for 5 min through a solution of 4a (50.0 mg, 0.126 mmol) in CH2Cl2 (15 mL) in a Carius 

tube. The pressure of CO was increased to 1 atm, the tube sealed, and the mixture was 
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stirred for 18 h. Decomposition to metallic palladium was observed. The resulting 

suspension was filtered through a plug of MgSO4, the solvent was removed from the 

filtrate, and the residue vacuum-dried. This residue proved to be a mixture of the lactam 

5a and 4-methylpyridinum (by 1H NMR). Et2O (10 mL) was added to the residue, and the 

suspension was filtered. The solvent was removed from the filtrate, and the residue 

vacuum-dried to give 5a as a colorless solid. Yield: 12.9 mg, 0.068 mmol, 54%. Mp: 173 

ºC. IR (cm–1): ν(NH), 3270 (w), 3186 (m), 3040 (m); ν(CO), 1649 (s). ESI-HRMS: exact 

mass calcd for C12H16NO, 190.1232 [(M+H)+]; found, 190.1234. 1H NMR (300.1 MHz): δ 

7.75 (dd, 1 H, H9, 3JHH = 7.5, 4JHH = 1.5 Hz), 7.39 (td, 1 H, H7, 3JHH = 7.5, 4JHH = 1.5 Hz), 

7.32 (td, 1 H, H8, 3JHH = 7.5, 4JHH = 1.5 Hz), 7.10 (m, 1 H, H6), 6.11 (br s, 1 H, NH), 2.90 

(“t”, 2 H, CH2Ar, 3JHH = 6.9 Hz), 2.04 (“t”, 2 H, CH2CMe2, 3JHH = 6.6 Hz), 1.11 (s, 6 H, 

Me). 13C{1H} NMR (75.4 MHz): δ 171.8 (s, CO, C1), 139.6 (s, C5a), 135.0 (s, C9a), 

131.4 (s, CH7), 129.2 (s, CH9), 128.4 (s, CH6), 126.9 (s, CH8), 52.3 (s, CMe2), 43.6 (s, 

CH2CMe2), 32.3 (s, Me), 31.4 (s, CH2Ar). Single crystals suitable for an X-ray diffraction 

study were obtained by slow evaporation of a solution of 5a in CHCl3/n-pentane. 

Synthesis of 3-methyl-2,3,4,5-tetrahydrobenzo[c]azepin-1-one (5b). Method 

A. CO was bubbled for 5 min through a suspension of the palladacycle 1b (190 mg, 

0.328 mmol) in CH2Cl2 (20 mL) in a Carius tube. The pressure of CO was increased to 1 

atm, the tube sealed, and the mixture was stirred for 24 h. Decomposition to metallic 

palladium was observed. The resulting suspension was filtered through a plug of 

MgSO4, the filtrate was concentrated to ca. 1 mL, and n-pentane (15 mL) added. The 

suspension was filtered, and the solid washed with n-pentane (2 x 5 mL) and air-dried to 

afford compound 5b as a colorless solid. Yield: 49.9 mg, 0.285 mmol, 44%. Method B. 

CO was bubbled for 5 min through a solution of 4b (50.0 mg, 0.130 mmol) in CH2Cl2 (15 
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mL) in a Carius tube. The pressure of CO was increased to 1.1 atm, the tube sealed, 

and the mixture was stirred for 18 h. Decomposition to metallic palladium was observed. 

The resulting suspension was filtered through a plug of MgSO4, the solvent was 

removed from the filtrate, and the residue vacuum-dried. This residue proved to be a 

mixture of the lactam 5b and 4-methylpyridinum (by 1H NMR). Et2O (10 mL) was added 

to the residue, and the suspension was filtered. The solvent was removed from the 

filtrate, and the residue vacuum-dried to give 5b as a colorless solid. Yield: 20.6 mg, 

0.117 mmol, 90%. Mp: 143.2 ºC. IR (cm–1): ν(NH), 3277 (w), 3189 (m), 3059 (w); ν(CO), 

1601 (s). ESI-HRMS: exact mass calcd for C11H14NO, 176.1075 [(M+H)+]; found, 

176.1061. 1H NMR (400.9 MHz): δ 7.61 (dd, 1 H, H9, 3JHH = 7.2, 4JHH = 1.2 Hz), 7.30 (td, 

1 H, H7, 3JHH = 7.2, 4JHH = 1.2 Hz), 7.24 (td, 1 H, H8, 3JHH = 7.6, 4JHH = 1.2 Hz), 7.10 (br 

d, 1 H, H6, 3JHH = 7.2 Hz), 7.01 (br s, 1 H, NH), 3.20 (m, 1 H, CH), 2.92 (m, 1 H, CH2Ar), 

2.60 (dd, 1 H, CH2Ar, 2JHH = 13.6, 3JHH = 6.0 Hz), 1.96–1.85 (m, 1 H, CH2CH), 1.85–1.74 

(m, 1 H, CH2CH), 1.18 (d, 3 H, Me, 3JHH = 6.8 Hz). 13C{1H} NMR (100.8 MHz): δ 172.5 (s, 

CO, C1), 138.7 (s, C5a), 135.1 (s, C9a), 131.1 (s, CH7), 128.6 (s, CH9), 128.5 (s, CH6), 

126.9 (s, CH8), 46.8 (s, CH3), 38.8 (s, CH2CH, C4), 30.7 (s, CH2Ar, C5), 19.9 (s, Me). 

Spectroscopic data are in agreement to those reported in the literature (1H and 13C 

NMR).54  

General Procedure for Preparation of Ureas 6a,b. A Carius tube was charged 

with the triflate salt (A or B, 0.30 mmol), Pd(OAc)2 (6.7 mg, 0.03 mmol, 10 mol%), 

Cu(OAc)2 (18.1 mg, 0.30 mmol), and acetonitrile (3.0 mL). The tube was evacuated, 

refilled with CO (1.1 atm) and sealed. The reaction mixture was heated in an oil-bath at 

100 °C for 16 h. After cooling the Carius tube to RT, the crude was diluted with CH2Cl2 

(15 mL) and washed with 10% aq NH3 (50 mL). The aqueous layer was extracted with 
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CH2Cl2 (3 x 30 mL). The organic layers were combined, dried with anhydrous MgSO4 

and filtered. The solvent was removed from the filtrate, and n-pentane (15 mL) was 

added to the residue. The suspension was filtered, and the solid air-dried to give the 

lactam as a colorless solid. 

Data for 6a. Yield: 44.6 mg, 0.125 mmol, 83%. IR (cm–1): ν(NH), 3364 (m); 

ν(CO), 1638 (s). ESI-HRMS: exact mass calcd for C23H33N2O, 353.2593 [(M+H)+]; found, 

353.2580. 1H NMR (400.9 MHz): δ 7.26–7.13 (m, 5 H, Ph), 4.00 (s, 1 H, NH), 2.61–2.57 

(m, 2 H, CH2Ph), 2.03–1.99 (m, 2 H, CH2CMe2), 1.33 (s, 6 H, Me). 13C{1H} NMR (100.8 

MHz): δ 155.9 (s, CO), 142.1 (s, i-C, Ph), 128.0 (s, CH, Ph), 127.8 (s, CH, Ph), 125.1 (s, 

p-CH, Ph), 52.2 (CMe2), 42.2 (s, CH2CMe2), 30.5 (s, CH2Ph), 27.5 (s, Me). 

Data for 6b. Yield: 41.8 mg, 0.129 mmol, 86%. IR (cm–1): ν(NH), 3318 (m); 

ν(CO), 1619 (s). ESI-HRMS: exact mass calcd for C21H29N2O, 325.2280 [(M+H)+]; found, 

325.2286. Some of the NMR resonances of this compound showed two sets of signals in 

approximately 1:1 ratio, corresponding to two diastereoisomers. 1H NMR (300.1 MHz): 

All resonances correspond to both diastereoisomers, except the Me resonances, which 

can be distinguished for each of them: δ 7.29–7.24 (m, 2 H, Ph), 7.18–7.15 (m, 3 H, Ph), 

4.16 (m, 1 H, NH), 3.76 (m, 1 H, CH), 2.65 (“t”, 2 H, CH2Ph, 3JHH = 8.1 Hz), 1.72 (m, 2 H, 

CH2CH), 1.148 and 1.145 (d, 3 H, Me, 3JHH = 6.6 Hz, one isomer each).  13C{1H} NMR 

(75.4 MHz): When not specified, the resonances correspond to both diastereoisomers: δ 

157.4 (br s, CO); 142.2 and 142.1 (s, i-C, Ph, one isomer each), 128.64 (s, CH, Ph), 

128.55 (s, CH, Ph), 126.1 (s, p-CH, Ph), 45.9 (br s, CH), 39.51 and 39.46 (s, CH2CH, 

one isomer each), 32.70 and 32.67 (s, CH2Ph, one isomer each), 21.91 and 21.88 (s, 

Me, one isomer each). 
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Single Crystal X-ray Structure Determinations. Relevant crystallographic data, 

details of the refinements, complete set of cartesian coordinates and details (including 

symmetry operators) of hydrogen bonds, and CIF files for compounds 3a·1/2H2O, 3b, 

4b·CHCl3, and 5a are given in the Supporting Information. Data Collection. Crystals 

suitable for X-ray diffraction were mounted in inert oil on a glass fiber and transferred to 

a Bruker D8 QUEST (3a·1/2H2O, 4b·CHCl3, 5a) or a Bruker SMART (3b) diffractometer. 

Data were recorded at 100(2) K, using graphite-monochromated Mo-Ka radiation (λ = 

0.71073 Å), and ω-scan (3a·1/2H2O, 3b) or ω- and φ-scan (4b·CHCl3, 5a) mode. 

Multiscan absorption corrections were applied for all complexes. Structure Solution and 

Refinements. Crystal Structures were solved by Patterson (4b·CHCl3) or direct methods 

(3a·1/2H2O, 3b, 5a) and all non hydrogen atoms refined anisotropically on F2 using the 

program SHELXL-2014/7.56! Hydrogen atoms were refined as follows: Complex 

3a·1/2H2O: H2O, free with DFIX; methyl, rigid group; all others, riding. Complexes 3b 

and 4b·CHCl3: NH2 (in the non-disordered molecule), free with SADI; ordered methyl, 

rigid group; all others, riding. Compound 5a: NH, free; methyl, rigid group; all others, 

riding. Special features: For 3b: The NH2CH(Me)CH2 part is disordered over two 

positions, with a ca. 82:18 occupancy distribution; the two hydrogen atoms on NH2 in the 

minor part were not located, so they were not used in the refinement. For 4b·CHCl3: The 

atoms C29, C30 and N3 were disordered over two positions, with a ca. 73:27 occupancy 

distribution; the two hydrogen atoms at N3 were not located so they were not used in the 

refinement; one chloroform molecule is disordered over two positions, with a ca. 51:49 

occupancy distribution. 

 

CONCLUSIONS 
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Seven-membered palladacycles can be synthesized by unprecedented C–H 

activation of phenylpropylamine derivatives. The presence of substituents in the α-

carbon of the arylalkylamine is essential for the orthometalation to take place. The 

structure in solution and dynamic behavior of the palladacycles has been investigated by 

NMR. The reaction of the palladacycles with CO affords Pd(0) and the corresponding 

2,3,4,5-tetrahydro-2-benzazepin-1-ones. Catalytic attempts to perform the carbonylation, 

using the system Pd(OAc)2/Cu(OAc)2 as catalyst, rendered N,Nʼ-phenylpropyl-ureas.  
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Synopsis 
 

The first cyclopalladations of primary arylalkylamines leading to seven-membered rings 

are reported. Stoichiometric carbonylation of the palladacycles give 2-benzazepinones. 

Catalytic carbonylation of the starting amonium salts with CO, using as catalyst the 

system Pd(OAc)2/Cu(OAc)2, affords the corresponding ureas instead the lactams. 
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