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ABSTRACT: The synthesis of a tridentate NNN ligand incorporating an amidoquinoline and an iminophosphorane (LRH, R =Ph, 

Cy) was carried out. Coordination to PdII and NiII precursors gave as expected square planar complexes of general formula [LRMCl]. 

The most surprising result came from the reaction of LPhH with [Ni(COD)2] which gave a NiII-phenyl complex bearing a tridentate 

amidoquinoline-aminophosphine ligand. This rearrangement would result from a proton transfer assisted by the Ni0 when stabilized 

by a phenyl substituent at the phosphorus, as suggested by DFT calculations and complementary experiments. This nickel-phenyl 

complex formed the corresponding benzoyl complex under a CO atmosphere.  

INTRODUCTION 

Pincer ligands are widely used in coordination chemistry be-

cause of their ability to coordinate a large variety of metals and 

the stabilization brought by the tridentate meridional anchoring 

points.1 Moreover, the multiple synthetic possibilities to tune 

their steric and electronic properties, via the modification of the 

central coordinating atoms, the lateral ones and the linker be-

tween them allow adapting the ligand structure to the targeted 

applications. A large variety of NNN ligands offering only ni-

trogen coordinating atoms, was described. The most emblem-

atic is maybe the terpyridine which has found numerous appli-

cations in catalysis, material science, and supramolecular chem-

istry.2 The well-known bis(imino)pyridines, whose ability to 

store electrons was used to develop redox non-innocent base 

metal catalysts, belong to the same family.3 Possible architec-

tures associating nitrogen heterocycles (pyridine, pyrrole, pyra-

zole, pyrazine), amine, imine, or amide are countless.4 However 

pincer structures incorporating electron-rich iminophosphorane 

(N=P) functions are by far less developed (see Figure 1). 

Bochmann and coworkers reported in 2000 the coordination of 

bis(iminophosphoranyl)pyridine derivatives (A) to iron, cobalt, 

and nickel centers and used those complexes for olefin polymer-

ization.5 More recently we studied the coordination of the more 

flexible ligands B to lanthanides6 or electron-rich CuI centers.7 

The ligand C, exhibiting a central anionic pyrrole in place of a 

pyridine, was employed by the group of Hayes to stabilize rare 

earth complexes8 or prepare RhI complexes able to promote CO 

activation in presence of borane.9 Ligands D with a nitrogen 

atom as linker between the P=N functions were shown to stabi-

lize rare earth10 or uranium11 complexes while ligands E based 

on carbazole were coordinated to f-elements12 as well as rho-

dium centers.13 The coordination of the neutral ligands F to 

group 10 metal centers was studied by Stephan’s group.14 A 

closely related ligand labelled G was synthesized by Alajarin 

via an original Michael addition of amine onto vinyliminophos-

phorane, and coordinated to cationic palladium centers.15  

 

Figure 1: Tridentate NNN iminophosphorane based ligands 

Given our continuous interest in developing new iminophos-

phorane ligand platforms,16 we describe herein the synthesis of 

tridentate NNN ligands associating an amidoquinoline and an 

iminophosphorane moiety. The first coordination experiments 

were conducted with PdII and NiII. The most surprising result 

came when reacting LPhH with [Ni(COD)2] with the initial idea 

to isolate nickel-hydride complexes17 as already reported with 

other proton responsive functions.18 Instead we observed a rear-

rangement of the ligand, which mechanism was investigated by 

DFT-calculations, yielding a nickel-phenyl complex. Its car-

bonylation under CO giving the corresponding benzoyl nickel 

complex is also reported. 

 



 

RESULTS AND DISCUSSION 

Tridentate NNN ligand LPhH was easily synthesized thanks to 

a Staudinger reaction between triphenylphosphine and the azide 

1 (Scheme 1). The latter was prepared in high yield by a proce-

dure differing slightly from the one described by Chan and 

coworkers:19 8-aminoquinoline was acylated with bromoace-

tylbromide in presence of triethylamine to give, in 98% yield, 

2-bromo-N-(quinolin-8-yl)acetamide, which was reacted with a 

slight excess of sodium azide in DMSO following Alvarez 

method20 to deliver azide 1 in 85% yield. The Staudinger reac-

tion between 1 and triphenylphosphine proceeded nicely in di-

ethyl ether to give LPhH which was isolated as a white solid in 

98% yield. 

 

Scheme 1. Synthesis of LRH 

The workup was facilitated by its poor solubility in Et2O allow-

ing isolation by filtration. The formation of LCyH was achieved 

in the same manner but required less time (1 h vs 15 h) thanks 

to the better nucleophilicity of the tricyclohexylphosphine. 

The IR spectrum of LPhH shows bands at 3230 and 1518 cm-1 

corresponding to the N-H bond, one at 1676 cm-1 for the car-

bonyl bond and one at 1218 cm-1 associated to the iminophos-

phorane bond.21 Moreover, LPhH is characterized in 31P{1H} 

NMR spectroscopy by a singlet at 11.7 ppm in CD2Cl2 which is 

in the range of chemical shifts observed for free iminophospho-

rane of triphenylphosphine. In 1H NMR spectroscopy, the meth-

ylenic protons resonate as a doublet at 3.89 ppm (3JP,H = 15.0 

Hz) and the amido proton as a broad singlet at low field ( = 

12.4 ppm). This is fairly deshielded compared to 1 ( = 1.84 

ppm) and may account for a hydrogen bonding between this 

proton and the nitrogen atom of the iminophosphorane.  

This could be investigated thanks to X-ray diffraction. The 

structure of LPhH (see Figure 2) shows a planar molecule with 

a free iminophosphorane exhibiting bond and angle values typ-

ical of free iminophosphorane (P=N bond distance of 1.567(1) 

Å and an angle of 121.5° between the amido carbon, the phos-

phorus and the nitrogen). The short distance between the nitro-

gen of the iminophosphorane and the amido proton (2.1 Å) is in 

line with a weak interaction, as suggested by NMR data, but the 

three atoms are far from linearity (N-H-N 115.9 °).  

 

Figure 2. ORTEP plot of LPhH. Hydrogen atoms were omitted for 

clarity. Selected bond lengths (Å) and angles (°): P1–N1 1.567(1), 

P1–C3 1.805(2), O1–C2 1.229(2), N1–C1 1.453(2), N2–C2 

1.354(2), N2–C21 1.396(2), C1–C2 1.515(2), N1–P1–C3 

106.52(7), C1–N1–P1 121.5(1), C2–N2–C21 129.6(1), N1–C1–C2 

112.1(1), O1–C2–N2 125.5(2), O1–C2–C1 121.1(1), N2–C2–C1 

113.4(1). 

The spectroscopic data for LCyH are very similar to that of 

LPhH. The only difference in the IR spectrum is the band corre-

sponding to the iminophosphorane which appears at 1203 cm-1 

(vs 1218 cm-1 for LPhH). In NMR, the differences are: the 

deshielded phosphorus (P = 28.5 ppm) in line with previous 

reports,6 and the signals of the cyclohexyl protons between 1.2 

and 2.3 ppm. The structure of LCyH (see Figure S1) was also 

analyzed by X-ray diffraction. This molecule is far less planar 

that its phenyl analogue (Figure S2) which is explained by the 

steric hindrance generated by the three cyclohexyl groups on 

the phosphorus. The P=N bond is also longer than in LPhH 

(1.580(1) vs 1.567(1) Å) as already observed for iminophospho-

ranes featuring alkyl groups on the phosphorus.6 

 

 

Scheme 2. Coordination of LPh to NiII and PdII  

The coordination study was focused on LPhH. Its deprotonation 

by one equivalent of KHMDS gave LPh-, with a phosphorus nu-

cleus resonating as a broad singlet at 10.5 ppm in THF, which 

was then reacted with one equivalent of PdCl2 at 40°C leading 

to 2 obtained as an orange solid in 50% yield after crystalliza-

tion. The reaction could also be performed in presence of a 

weak base such as triethylamine. In NMR spectroscopy, the co-

ordination results in a deshielding of the phosphorus nucleus, 

which resonates at 33.7 ppm, as well as that of the carbonyl 

(=179.8 vs 174.3 ppm) and the methylenic carbon (60.9 vs 50.6 

ppm). In this latter case, deshielding is accompanied by the ex-

tinction of the 2JP,C coupling constant. In the 1H NMR also, co-

ordination induces a decrease of the 3JP,H of the methylenic pro-

tons (4.5 vs 12.5 Hz) which are however slightly shielded after 

coordination (3.73 vs 3.89 ppm). The structure of 2 was further 

confirmed by X-ray diffraction analysis performed on single 

crystals obtained by slow diffusion of diethyl ether solution into 



 

dichloromethane solution. The unit cell contains two slightly 

different molecules; one is presented Figure 3 and the second 

one in Figure S3. In this neutral complex, the palladium is co-

ordinated to three nitrogen atoms of different chemical nature 

and a chloride. It therefore adopts, as expected for a d8 metal 

center, a distorted square planar geometry, with the N3–Pd1–

N1 and N2–Pd1–Cl1 measured respectively at 164.1 and 

176.2°. The atoms linked to the metal and those of quinoline are 

coplanar, only C1 (0.47 Å), C2 (0.31 Å), and O1 (0.48 Å) are 

slightly distant from this plane. The central Pd1-N2 bond is 

slightly shorter (1.961(3) Å) than the lateral N1-Pd1 and N3-

Pd1 ones of comparable length (2.029(3) Å), this is thus the 

strongest N-Pd bond of the molecule in agreement with the an-

ionic character of N2. Upon coordination, there is not much 

change in the metrics of the amino-acetamide segment, while 

the iminophosphorane bond at 1.605 Å is, as expected, slightly 

elongated after coordination. 

 

Figure 3. ORTEP plot of one molecule of 2. solvent molecules and 

hydrogen atoms were omitted for clarity. Selected bond lengths (Å) 

and angles (°): Pd1–N2 1.961(3), Pd1–N3 2.029(3), Pd1–N1 

2.029(3), Pd1–Cl1 2.330(1), P1–N1 1.605(3), O1–C2 1.229(4), 

N2–C2 1.349(4), N2–C21 1.397(4), N3–C1 1.473(4), C2–C1 

1.518(4), N2–Pd1–N3 81.8(1), N2–Pd1–N1 82.4(1), N3–Pd1–N1 

164.1(1), N2–Pd1–Cl1 176.21(8), N3–Pd1–Cl1 99.77(8), N1–

Pd1–Cl1 96.09(8), C2–N2–C21 125.8(3), C2–N2–Pd1 118.4(2), 

C21–N2–Pd1 114.9(2), C1–N3–P1 119.6(2), C1–N3–Pd1 

110.1(2), P1–N1–Pd1 127.9(2), N1-C1-C2 111.9(3). 

Coordination to NiII was achieved by reacting LPhH with 

[NiCl2(DME)] in THF in presence of a slight excess of triethyl-

amine. After filtering off the ammonium salt, 3 was isolated in 

90 % as a yellow solid, and characterized in 31P{1H} NMR as a 

singlet at 36.1 ppm, a chemical shift very similar to that ob-

served for 2. This points towards the formation of an analogous 

square planar diamagnetic NiII complex. The 1H and 13C chem-

ical shifts are also close to those of the palladium congener. 

Only the methylenic protons are pretty shielded with a reso-

nance at 3.18 ppm vs 3.73 ppm in 2. We tried to find an expla-

nation to this observation but none were satisfying. The struc-

ture of 3 was further proved by X-ray diffraction analysis. It is 

very similar to that of the palladium analogue (see Figure S4) 

except that the coordination bonds are slightly shorter (- 6% on 

average) as expected since Ni2+ is smaller than Pd2+.  

Substitution of the chloride by a hydride was attempted with 

KHBEt3 either in toluene or THF at -35°C (Scheme 3). Both 

reactions gave a sole product exhibiting a singlet at 30.5 ppm in 

toluene. This product (4) could not be isolated since the filtra-

tion, evaporation of solvent and washing of the residue with 

pentane or diethyl ether led to a mixture of at least three prod-

ucts as judged by 31P{1H} NMR in which the initial product is 

still the major one. The hydride resonance could be observed as 

a doublet at -23.0 ppm (3JP,H = 7.0 Hz) 

 

Scheme 3. Formation of complexes 5 and 6 and its carbonylation.  

An alternative strategy to prepare a nickel hydride complex 

could be an oxidative addition of the N-H bond to electron-rich 

nickel center. Therefore LPhH was reacted with [Ni(COD)2] 

(Scheme 3). Heating the reaction mixture in toluene at 60 °C 

overnight led to one phosphorous compound exhibiting a sin-

glet at 72.4 ppm. This low field chemical shift compared to 

those of NiII or PdII complexes and the absence of hydride res-

onance clearly showed that the expected product was not 

formed. The 1H NMR characterization of the red solid obtained 

after work-up exhibited a doublet of triplets at 3.89 ppm (J = 

8.0 Hz, J = 5.0 Hz) integrating for one proton, which couples 

with a doublet of doublets at 3.68 ppm (J = 5.0 Hz) integrating 

for two protons. These 1H chemical shifts are in line with those 

reported for aminophosphine.22 Moreover, 13C NMR spectros-

copy evidenced one additional quaternary aromatic carbon cou-

pling with the phosphorus compared to 3. In the IR spectrum, 

the N-H band appears at higher frequency (3209 cm-1) com-

pared to 3044 cm-1 in 3 and the carbonyl at 1577 vs 1617 cm-1 

previously. The structure of this complex was finally elucidated 

thanks to X-ray diffraction analysis performed on single crys-

tals obtained by cooling a concentrated toluene solution of the 

complex. The unit cell contains two independent molecules 

with similar parameters; one is presented in Figure 4 and the 

second one in Figure S5. The product of the reaction is a neutral 

NiII complex in a distorted square planar geometry resulting 

from the migration of one phenyl group from the phosphorus to 

the metal so that the iminophosphorane becomes an aminophos-

phine. Nickel in this complex labelled 5, is therefore coordi-

nated by the phosphorus, the nitrogen atoms from the amide and 

the quinoline and the carbon of the phenyl.  



 

Figure 4. ORTEP plot of one molecule of 5. All hydrogen atoms 

(except that of the aminophosphine) were omitted for clarity. Se-

lected bond lengths (Å) and angles (°): Ni1–C3 1.895(2), Ni1–N3 

1.946(2), Ni1–N2 1.959(2), Ni1–P1 2.1212(6), P1–N1 1.663(2), 

O1–C2 1.240(2), N1–C1 1.462(2), N2–C2 1.360(2), N2–C21 

1.419(2), C1–C2 1.525(3), C3–Ni1–N3 91.99(7), C3–Ni1–N2 

171.57(8), N3–Ni1–N2 83.87(7), C3–Ni1–P1 84.72(6), N3–Ni1–

P1 176.63(5), N2–Ni1–P1 99.31(5), N1–P1–Ni1 107.22(6), C1–

N1–P1 115.0(1), C2–N2–C21 119.4(2), C2–N2–Ni1 129.0(1), 

C21–N2–Ni1 111.5(1), N1–C1–C2 113.2(2), N2–C2–C1 116.6(2). 

The P-Ni bond measured at 2.121(3) Å) is short compared to 

those described in the CCDC database for 

aminodiphenylphosphino nickel complexes (2.21 Å on 

average). Both N-Ni bonds are elongated comparing with those 

observed for 3 but the largest variation is seen for N2-Ni1 at 

1.959 Å which is explained by the strong trans influence of the 

aryl ligand. The Ni1-C3 distance at 1.895 Å is comparable to 

that measured by van der Vlugt and coworkers on the only other 

example found in the CCDC database of a nickel-Ph complex 

with a pincer NNP ligand obtained via the photochemical CH 

activation of benzene by nitrido Ni complex.23 The length of the 

P-N bond at 1.663(2) Å, is in the range of those measured for 

aminodiphenylphosphino nickel complexes (1.69 Å on 

average). This change in the nature of the phosphorous function 

induces also a slight elongation of the bonds within the amino-

acetamide segment. This is due to the formation of a 6-

membered metallacycle inducing a strong deformation from the 

ideal square planar geometry since N2-Ni1-P1 measures 99.3°. 

The methylenic carbon is also rejected away from the mean 

coordination, located at a distance of 0.62 Å from the P1-Ni1-

N3-N2 plane (Figure S6). Because of steric hindrance, the 

phenyl ligand is almost perpendicular to this coordination plane 

(angle at 86.2°) and tilted from the plane defined by N2-Ni1-C3 

(dihedral angle: 27.4 °, Figure S6). The ipso carbon of this 

phenyl does not belong to the main coordination plane but is 

distant by 0.22 Å from it.  

The only similar rearrangement we could find in the literature 

was reported by the group of  Stephan in 2011 and occurred 

when heating a bis(iminophosphorane) NCN pincer ligand with 

[PdCl2(COD)].24 It was proposed to result from C-H oxidative 

addition of the arene cis to the iminophosphorane leading to a 

zwitterionic intermediate from which chlorobenzene is elimi-

nated to afford the aminophosphine complex (Scheme 4). 

 

Scheme 4: Previous example of iminophosphorane to aminophos-

phine rearrangement 

This could not be confirmed by the characterization of the ex-

pected organic by-product. Given that precedent, we were curi-

ous to check whether the same rearrangement would take place 

with a Pd0 precursor. LPhH was reacted with [Pd2(dba)3] in tol-

uene at 60°C leading to a mixture of products from which none 

could be isolated. The rearrangement we observed can hardly 

be compared to the previously known example (different metal, 

oxidation state, and ligand). Therefore, we conducted DFT cal-

culations to shed light on the mechanism of this transformation. 

Optimization of LPhH with Ni0 led to complex A (Scheme 5), in 

which the metal is ligated by the nitrogen atom of the quinoline 

moiety and -linked to a phenyl group. The distance between 

the nickel center and the amide hydrogen is quite short (2.07 

Å), but the N-H bond is only slightly elongated compared to a 

standard one (1.03 vs 0.99 Å). This suggests the presence of an 

electrostatic interaction between the negatively charged nickel 

(-0.130) atom and the positively charged amide hydrogen 

(0.353). The iminophosphorane nitrogen is too far from the 

metal to be engaged in bonding (3.11 Å). However, the closer 

amide nitrogen might become able to coordinate nickel if depro-

tonated. This deprotonation could actually be modeled through 

TSAB in which the iminophosphorane nitrogen serves as a base. 

This transition state lays only 10.8 kcal mol-1 above A. It con-

nects A with the amide nickel(0) complex B. This step is exer-

gonic by 5.1 kcal mol-1. In the latter, the Ni-P distance is quite 

short, 2.90 Å. The Ni-P ligation is achieved after transferring a 

Ph group from the phosphonium center to the metal via TSBC, 

which was located at 0.9 kcal mol-1 on the free energy surface. 

The formation of the final and experimentally observed NiII 

complex C is markedly exergonic (30.4 kcal mol-1 from A). The 

free energy of TSAB is rather low for a reaction requiring heating 

at 333 K but the exchange of the cyclooctadiene ligands from 

[Ni(COD)2] is endergonic by 14.3 kcal mol-1 (Scheme S1). 

Thus, the barrier of the proton transfer when referenced to the 

reactants [Ni(COD)2] and the iminophosphorane ligand is 25.1 

kcal mol-1. The entire process remains exergonic by 16.1 kcal 

mol-1. Of note, the nickel atom cannot link with the amido and 

iminophosphorane nitrogen atoms when one COD is still pre-

sent. Complex D was obtained as a 2-quinoline complex where 

the nickel is placed above the iminophosphorane ligand (see 

SI). From the calculations, the rearrangement is due to the elec-

tron-rich nickel atom assisting the proton transfer from the am-

ido to the iminophosphorane nitrogen atom. We therefore con-

trolled that this rearrangement cannot occur with NiII precursor. 

Indeed, heating LPhH and [NiBr2(DME)] at 60°C in THF did 

not allow observing the formation of 5. 



 

Scheme 5. Free Energy Profile of the rearrangement(G333, kcal/mol) 

Two 31P resonances at 37.2 and 35.1 ppm are observed in the in 

situ 31P{1H} NMR spectrum, suggesting the formation of 

[LPhNiBr] and the aminophosphonium LPhH2Br (LPh having 

served as a sacrificial base). Further heating to 110°C did not 

induce any change. As in the calculated intermediate A, the 

presence of the phenyl is important to stabilize the nickel center, 

we conducted a control experiment with LCyH. Its reaction with 

[Ni(COD)2] leads to a mixture of products among which some 

are paramagnetic as attested by signals at low field in the in situ 
1H{31P} NMR spectrum. Moreover, a singlet can be seen at -

22.8 ppm and may account for the formation of a hydride com-

plex. All our attempts to isolate those products remain vain. 

Only the structure of one product formulated as [(LCy)2Ni] can 

be obtained (see Figure S7). Nevertheless, this confirms the im-

portant role of the phenyl substituents of the phosphorus in the 

formation of 5 as proposed by the calculations. 

The reactivity of nickel-phenyl complexes in presence of car-

bon monoxide was studied in the context of nickel catalyzed 

ethylene/CO copolymerization and (de)carbonylation.25 We 

were therefore curious to test if 5 could cleanly form the corre-

sponding acyl complex. Indeed, the reaction, performed in a J. 

Young valve NMR tube, is rapid at room temperature under 0.3 

bar of CO leading to a sole product characterized by a singlet at 

70.0 ppm. However, the 1H NMR shows only two multiplets 

integrating for one proton each at 4.14 and 3.97 while 3 protons 

(CH2 and NH) should be observed in this region. Actually 2D 

1H-13C correlation experiments show that the methylenic carbon 

resonating at 52.2 ppm correlates with the signal at 3.97 and 

3.55 ppm, which overlaps with the solvent peak. In 13C NMR, 

a doublet at 256.6 (2JP, C = 37.5 Hz) confirmed the incorporation 

of carbon monoxide. This low-field chemical shift is in line with 

that reported for other NiII benzoyl complexes.26 This is also 

clear from the IR spectrum evidencing a new intense band at 

1600 cm-1 for COPh ligand while a less intense one at 1587 cm-

1 corresponds to the amide CO bond. The NH of the aminophos-

phine gives bands at 3293 and 1563 cm-1 which are slightly 

shifted compared to 5. The structure of 6 could be analyzed by 

X-ray diffraction. In this complex, the NiII adopts a distorted 

square planar geometry, the N2-Ni1-P1 angle measuring 97°. 

The benzoyl ligand is located trans to the amide nitrogen. The 

coordination bonds as well as the P-N one are very close to 

those measured for 5. The Ni-C(O) bond length (1.860 Å) is in 

the range of those measured in the six other examples of nickel 

benzoyl complexes found in the CCDC database (1.864 Å on 

average).27 The benzoyl points away from the phosphorus be-

cause of the steric hindrance due to the phenyl substituents, the 

angle between Ni1-C3-O2 and the benzoyl plane being at 20.6 

°. Because of the constraint due to the 6-membered metallacycle 

in 5, the N and P atoms of the aminophosphine and the CH2O 

are located on opposite sides of the N3-C3-Ni1-N2 plane 

(Figure S8), the distances to this mean plane are P1 (0,616 Å), 

N1 (0,561 Å), C1 (0,527 Å), C2 (0,397 Å) and O1 (0,702 Å). 



 

 

Figure 5. ORTEP plot of one molecule of 6. All hydrogen atoms 

(except that of the aminophosphine) were omitted for clarity. Se-

lected bond lengths (Å) and angles (°): Ni1–C3 1.860(2), Ni1–N3 

1.9458(17), Ni1–N2 1.9572(16), Ni1–P1 2.1316(5), P1–N1 

1.6620(17), O1–C2 1.233(2), O2–C3 1.224(2), N1–C1 1.460(3), 

N2–C2 1.359(2), N2–C22 1.406(2), C1–C2 1.526(3), C3–Ni1–N3 

92.10(8), C3–Ni1–N2 175.90(8), N3–Ni1–N2 84.21(7), C3–Ni1–

P1 87.47(6), N3–Ni1–P1 164.32(5), N2–Ni1–P1 96.57(5), N1–P1–

Ni1 107.23(6), C1–N1–P1 119.05(14), C2–N2–C22 119.4(2), C2–

N2–Ni1 129.0(1), C22–N2–Ni1 111.63(12), N1–C1–C2 

114.10(16), O1–C2–N2 126.40(19) N2–C2–C1 116.32(16). 

Contrary to CO, CO2 could not be inserted when placing 5 un-

der 0.3 bar of CO2, but carboxylation generally occurs with al-

kyl complexes at higher pressure. We will have to pursue our 

investigations in that direction. 

 

CONCLUSION 

To conclude, we described the straightforward synthesis of a 

new tridentate pincer ligand associating three chemically differ-

ent nitrogen atoms: one from a quinoline, one amide and one 

iminophosphorane. Two ligands differing by the nature of the 

phosphorus substituents (either phenyl (LPhH) or cyclohexyl 

(LCyH)) were prepared. Preliminary coordination tests were 

conducted with Group 10 metals. Reaction with [NiCl2(DME)] 

and PdCl2 precursors in presence of a base led to [LPhMCl] (2, 

M= Pd, 3 M= Ni) which were thoroughly characterized includ-

ing X-ray crystallography. The formation of the hydride com-

plex [LPhNiH] (4) was observed upon reaction of 3 with a hy-

dride donor; nevertheless this complex could not be isolated. In 

order to form 4 by an alternative route, [Ni(COD)2] was reacted 

with LPhH. The outcome of this reaction was surprising since 

the anticipated insertion of the metal into the N-H bond does 

not take place. Instead, an aminophosphine nickel(II) phenyl 

complex labelled 5 was formed. The mechanism of this trans-

formation investigated by DFT calculations shows that the pro-

ton transfer from the amido to the iminophosphorane nitrogen 

atom is assisted by the electron-rich Ni0. Thus, the basicity of 

the P=N function cannot be neglected when coordinating imino-

phosphorane ligand featuring acidic protons. In that rearrange-

ment the phosphorus substituents, belonging to the second co-

ordination sphere, deeply influence the outcome of the reaction. 

The phenyl substituents are necessary to stabilize the Ni0 inter-

mediate. Their role is here different from tuning the electronic 

properties of the P or N atoms as commonly observed. These 

observations could open new possibilities regarding the coordi-

nation chemistry of ylide ligands with electron-rich metal pre-

cursors. 

 

EXPERIMENTAL SECTION 

General considerations. All reactions were conducted under an at-

mosphere of dry nitrogen, or argon, using standard Schlenk and glove-

box techniques. Solvents and reagents were obtained from commercial 

sources. Solvents were distillated from a benzophenone/sodium solu-

tion or dried with a M-Braun MB-SPS 800 solvent purification system, 

transferred to the glovebox without exposure to air, and stored over 

molecular sieves. Deuterated solvents were used as received and stored 

over molecular sieves and sodium (where appropriate). All other rea-

gents and chemicals were obtained commercially and used without fur-

ther purification. Nuclear Magnetic Resonance (NMR) spectra were 

recorded on a Bruker Avance 300 spectrometer operating at 300 MHz 

for 1H, 75.5 MHz for 13C and 121.5 MHz for 31P. Solvent peaks were 

used as internal references for 1H and 13C chemical shifts (ppm). 
31P{1H} NMR spectra are relative to a 85% H3PO4 external reference. 

Unless otherwise mentioned, NMR spectra were recorded at 300 K. 

Coupling constant are expressed in hertz. The following abbreviations 

are used: br, broad; s, singlet; d, doublet; dd, doublet of doublets; t, 

triplet; m, multiplet; v, virtual. The spectra were analyzed with Mes-

tReNova software. The labelling used is indicated in Figure 6. Ele-

mental analyses were performed by the Elemental analysis service of 

the London Metropolitan University (United Kingdom). Mass spec-

trometry experiments were recorded on tims-TOF mass spectrometer 

(Bruker, France). Samples are prepared in CH3CN and introduced at 5 

L. min-1 flow rate into the electrospray ion (ESI) source in positive 

mode. Accurate masses and elemental compositions were obtained us-

ing the DataAnalysis software. The elemental compositions were ob-

tained with a tolerance below 5 ppm. 

 

Figure 6. Labelling used for LR moiety 

2-bromo-N-(quinolin-8-yl)acetamide: 8-aminoquinoline (5 g, 34.7 

mmol) was dissolved in dry CH2Cl2 (200 mL) and cooled to 0 °C before 

the addition of triethylamine (5.1 mL, 36.6 mmol) and that of 2-Bro-

moacetyl bromide (1.332 mL, 38.2 mmol) dropwise over 20 minutes. 

The resulting mixture was allowed to stir at 0 °C for further 10 minutes 

at which point full conversion was observed by TLC (eluent CH2Cl2). 

Water (100 mL) was added, the phases were separated, and the aqueous 

phase was extracted with CH2Cl2 (3 x 50 mL). The combined organic 

fractions were washed with brine, dried over MgSO4, filtered through 

a pad of celite to remove solid impurities and concentrated under re-

duced pressure to yield 2-bromo-N-(quinolin-8-yl)acetamide as a 

brown solid (9.00 g, 98 %).19 1H NMR (CDCl3): δ 10.74 (bs, 1H), 8.86 

(dd, JH,H = 4.5 and 1.5 Hz, 1H), 8.74 (vdd, 1H), 8.19 (dd, JH,H = 8.5 and 

, 1.5 Hz, 1H), 7.57-7.55 (m, 2H), 7.49 (dd, JH,H = 8.5 and 4.5 Hz, 1H), 

4.15 (s, 2H). 

2-Azido-N-(quinolin-8-yl)acetamide: 2-bromo-N-(quinolin-8-

yl)acetamide (2.16 g, 8.16 mmol) was dissolved in DMSO (60 mL) and 



 

sodium azide (0.78 g, 12.0 mmol) was added. The reaction mixture was 

stirred until full conversion observed after ca. 2 h by TLC (eluent: Pen-

tane (8) : Et2O (2)). Water (100 mL) and Et2O (200 mL) were added, 

the phases were separated, and the organic phase was washed with wa-

ter (2 x 150 mL) and brine (150 mL). The organic phase was then dried 

over MgSO4 and concentrated under reduced pressure to yield 2-azido-

N-(quinolin-8-yl)acetamide as an off-white to orange solid (1.55 g, 85 

%). 1H NMR (CDCl3): δ 10.57 (bs, 1H, NH), 8.87 (dd, 3JH,H = 4.0 Hz 

and 4JH,H =1.5 Hz, 1H, H10), 8.76 (vdd, 1H, H6), 8.18 (dd, 3JH,H = 8.5 

Hz, 4JH,H =1.5 Hz, 1H, H8), 7.57-7.55 (m, 2H, H4,5), 7.49 (dd, 3JH,H = 

8.5 Hz, 3JH,H = 4.0 Hz, 1H, H9), 4.27 (s, 2H, H1). 13C NMR (CDCl3): δ  

165.1, 148.8, 138.7, 136.5, 133.6, 128.1, 127.3, 122.6, 121.9, 116.9, 

53.7. HRMS (ESI+): 228.0887 ([MH]+; C11H10N5O +; calcd 228.0880). 

LPhH: 2-azido-N-(quinolin-8-yl)acetamide (1.55 g, 6.82 mmol) was 

dissolved in Et2O (80 mL) and triphenylphosphine (1.79 g, 6.83 mmol) 

was added under vigorous stirring resulting in a small nitrogen evolu-

tion. The reaction mixture was stirred under nitrogen flux during 1 h 

and then closed. A white precipitate appeared after overnight stirring. 

The white solid was filtered, washed with Et2O (2 x 40 mL) and petro-

leum ether (2 x 40 mL), and then dried in vacuo to yield LPhH (3.10 g, 

98 %).31P{1H} NMR (CD2Cl2): δ 11.7 (s).1H NMR (CD2Cl2): δ 12.40 

(bs, 1H, NH), 8.90 (dd, 3JH,H = 4.0 Hz, 4JH,H = 1.5 Hz, 1H, H10), 8.81 

(m, 1H, H6), 8.20 (dd, 3JH,H = 8.5 and 1.5 Hz, 1H, H8), 7.92 – 7.78 (m, 

6H, H13), 7.64 – 7.44 (m, 12H, H4,5,9,14,15), 3.89 (d, 3JP,H = 12.5 Hz, 2H, 

H1).13C NMR (CD2Cl2): δ 174.3 (d, 3JP,C = 24.5 Hz, C2), 148.9 (s, C10), 

139.7 (s, C11), 136.7 (s, C8), 135.8 (s, C3), 133.1 (d, 2JP,C = 9.0 Hz, C13), 

132.2 (d, 4JP,C = 3.0 Hz, C15), 131.3 (d, 1JP,C = 97.5 Hz, C12), 129.1 (d, 
3JP,C = 12.0 Hz, C14), 128.8 (s, C4), 127.8 (s, C7), 122.0 (s, C9), 121.48 

(s, C5), 116.0 (s, C6), 50.6 (d, 2JP,C = 3.5 Hz, C1). IR (neat, cm-1) : 3230 

(NH), 1676 (CO), 1518 (NH), 1435, 1234, 1218 (P=N), 1109. HRMS 

(ESI+): 462.1733 ([MH]+; C29H24N3OP+; calcd 462.1730). 

LCyH: 2-azido-N-(quinolin-8-yl)acetamide (2.18 g, 9.59 mmol) was 

dissolved in Et2O (80 mL) and tricyclohexylphosphine (2.69 g, 9.59 

mmol) was added portionwise under vigorous stirring resulting in a ni-

trogen evolution. The reaction mixture was stirred under nitrogen flux 

during 1 h. A white precipitate appeared rapidly after the addition. The 

white solid was filtered, washed with petroleum ether (3 x 40 mL), and 

then dried in vacuo to yield LCyH as a white solid (3.50 g, 76 

%).31P{1H}NMR (CD2Cl2): δ 28.2 (s).1H NMR (CD2Cl2): δ  12.22 (bs, 

1H, NH), 8.86 – 8.76 (m, 2H, H6,10), 8.14 (dd, 3JH,H = 8.5 Hz, 4JH,H = 

1.5 Hz, 1H, H8), 7.59 – 7.37 (m, 3H, H4,5,7), 3.97 (d, 3JP,H = 11.5 Hz, 

2H, H1), 2.31 – 1.21 (m, 33H, H12-15).13C{31P} NMR (CD2Cl2): δ 175.3 

(s, C2), 148.6 (s, C10), 139.8 (s, C11), 136.4 (s, C8), 136.0 (s, C3), 128.7 

(s, C4), 127.7 (s, C7), 121.9 (s, C9), 121.3 (s, C5), 116.1 (s, C6), 51.9 (s, 

C1), 35.4 (s, CCy), 27.9 (s, CCy), 27.8 (s, CCy), 26.9 (s, CCy). IR (cm-1) : 

3223 (NH), 2924 (CH), 2843 (CH), 2784 (CH), 1674 (CO), 1514 (NH), 

1443 (CCAr), 1249, 1203 (P=N), 1172. Anal. Calcd for C29H24N3OP: C, 

72.62; H, 8.83; N, 8.76. Found: C, 72.78; H, 8.95; N, 8.87.  

2: LPhH (0.185 g, 0.4 mmol) was dissolved in dichloromethane (10 

mL) and KHMDS (0.199 g, 0.4 mmol) was then added. The dark 

brownish reaction mixture was stirred during 30 min and PdCl2 (0.071 

g, 0.4 mmol) was added. After overnight stirring at 40 °C, the reaction 

mixture was filtered. The volume was reduced to ca. 5 mL and 10 mL 

of Et2O was layered above to yield crystals of 2 which were dried under 

vacuum (0.12 g, 50 %).31P{1H} NMR (CD2Cl2): δ 33.7 (s).1H-NMR 

(CD2Cl2): δ 8.82 (dd, 3JH,H = 5.0 Hz, 4JH,H = 1.5 Hz, 1H, H10), 8.26 (dd, 

J = 8.5 and 1.5 Hz, 1H, H8), 7.99 – 7.89 (m, 6H, H13), 7.75 – 7.52 (m, 

11H, HAr), 7.40 – 7.31 (m, 2H, HAr), 3.73 (d, 3JP,H = 4.5 Hz, 2H, H1).13C 

NMR (CD2Cl2): δ = 179.8 (d, 3JP,C = 20.0 Hz, C2), 149.5 (s, C10), 147.8 

(s, C11), 146.8 (s), 138.8 (s), 134.4 (d, 2JP,C = 9.5 Hz, C13), 133.3 (d, 
4JP,C = 3.0 Hz, C15), 130.6 (s), 129.6 (s), 129.1 (d, 3JP,C = 12.5 Hz, C14), 

127.3 (d, 1JP,C = 102.0 Hz, C12), 121.7 (s), 120.2 (s), 120.0 (s), 60.9 (s, 

C1). ). IR (neat, cm-1): 3051 (CH), 1618 (CO), 1501 (CCAr), 1433 

(CCAr), 1390, 1108, 1106. HRMS (ESI+): 462.1737 ([LPhH]+; 

C29H24N3OP+; calcd 462.1730), 566.0606 ([M-Cl]+; C29H23N3OPPd+; 

calcd 566.0619). Anal. Calcd for C29H23Cl2N3OPPd: C, 57.82; H, 3.85; 

N, 6.98. Found: C, 57.60; H, 4.02; N, 6.82. 

3: A schlenk flask was charged with LPhH (0.230 g, 0.5 mmol), THF 

(10 mL), triethylamine (77 μL, 0.55 mmol) and [NiCl2(DME)] (0.110 

g, 0.5 mmol). The reaction mixture was stirred overnight at 50 °C. 

Then, volatiles were evaporated and dichloromethane (10 mL) was 

added. This solution was washed with water (3x10 mL) and then evap-

orated. The obtained orange to red solid was then washed with pentane 

(2x10 mL) and dried in vacuo to yield 3 (0.248 g, 90 %).31P{1H} NMR 

(CD2Cl2): δ 35.9 (s).1H-NMR (CD2Cl2): δ 8.52 (d, 3JH,H = 7.5 Hz, 1H, 

H6), 8.30 (d, 3JH,H = 5.0 Hz, 1H, H10), 8.14 (d, 3JH,H = 8.5 Hz, 1H, H8), 

8.04 (dd, 3JP,H = 12.5, 3JH,H = 7.5 Hz, 6H, H13), 7.74 – 7.49 (m, 9H, 

H14,15), 7.42 (t, 3JH,H = 7.5 Hz, 1H, H5), 7.30 – 7.13 (m, 2H, H4,9), 3.18 

(d, 3JP,H = 4.5 Hz, 2H, H1). 13C NMR (CD2Cl2): δ = 180.0 (d, 3JP,C = 

20.5 Hz, C2), 150.5 (s, C10), 146.7 (s,C7), 145.2 (s, C11), 138.4 (s, C8), 

134.2 (d, 2JP,C = 9.5 Hz, C13), 132.9 (d, 4JP,C = 3.0 Hz, C15), 129.5 (s, 

C5), 129.3 (s, C3), 129.0 (d, 3JP,C = 12.5 Hz, C14), 128.5 (d, 1JP,C = 102.0 

Hz, C12), 121.5 (s, C4), 118.7 (s, C9), 118.6 (s, C6), 58.7 (s, C1). IR (neat, 

cm-1): 3044 (CH), 1617 (CO), 1503, 1437 (CCAr), 1403 (CCAr), 1258 

(P=N), 1125, 1105. HRMS (ESI+): 462.1732 ([LPhH]+; C29H24N3OP+; 

calcd 462.1730), 518.0918 ([M-Cl]+; C29H23N3OPNi+; calcd 

518.0927).  

5: LPhH (0.346 g, 0.75 mmol) was dissolved in toluene (15 mL) and 

[Ni(COD)2] (0.215 g, 0.78 mmol) was added. After overnight stirring 

at 60 °C, the dark orange reaction mixture is filtered. Toluene was evap-

orated under vacuum. The obtained reddish solid is then washed with 

Et2O (2 x 15 mL) and volatiles were removed in vacuo to yield 5 as a 

red solid (0.198 g, 51 %). 31P{1H} NMR (THF-d8): δ 72.4 (s). 1H NMR 

(THF-d8): δ 9.10 (dd, 3JH,H = 8.0 Hz, 4JH,H = 1.5 Hz 1H, H10), 8.27 (dd, 
3JH,H = 8.0 Hz, 4JH,H = 1.5 Hz, 1H, H8), 7.65 – 7.51 (m, 4H, m-CHPPh2), 

7.47 (t, 3JH,H = 8.0 Hz, 1H, H5), 7.44 – 7.36 (m, 2H, p-CHPPh2), 7.35– 

7.24 (m, 5H, H9 and m-CHPPh2), 7.24 – 7.06 (m, 4H, H4,6  and m-CHPh), 

6.81 – 6.62 (m, 3H, CHPh), 3.82 (vp, 2JP,H
 = 8.0 Hz, 3JH,H = 5.0 Hz, 1H, 

NH), 3.68 (dd, 3JP,H = 24.0 Hz, 3JH,H = 5.0 Hz, 2H, H1). 13C NMR (THF-

d8): δ 175.1 (s, C2), 158.1 (d, 2JP,C = 54.5 Hz, CIV
Ph), 151.2 (d, 3JP,C = 

2.5 Hz, C11), 149.7 (s, C6), 145.6 (s, C3), 139.9 (d, 4JP,C = 2.0 Hz, m-

CHPh), 139.3 (s, C8), 134.5 (d, 1JP,C = 57.0 Hz, C12), 133.9 (d, 3JP,C = 

10.5 Hz, C14), 131.2 (d, 4JP,C = 2.0 Hz, p-CHPPh2), 129.7 (s, C5), 129.1 

(s, C7), 128.8 (d, 2JP,C = 10.0 Hz, C13), 127.2 (d, 3JP,C = 3.0 Hz, o-CHPh), 

123.5 (s, p-CHPh), 123.4 (d, 3JP,C = 1.0 Hz, C10), 121.5 (d, 4JP,C = 2.0 

Hz, C4), 118.0 (s, C9), 51.7 (d, 2JP,C = 3.0 Hz, C1). IR (neat, cm-1): 3209 

(NH), 1577 (CO), 1555 (NH), 1460 (CCAr), 1378, 1341, 1095. Anal. 

Calcd for C29H42N3NiOP: C, 66.96; H, 4.65; N, 8.08. Found: C, 67.15; 

H, 4.75; N, 8.14. 

6: 5 (0.02 g, 0.039 mmol) was dissolved in THF-d8 (0.5 mL) and 

transferred in a NMR tube adapted with a J. Young valve. CO gas (0.3 

bar) was then added to the degassed frozen solution. NMR analyses 

were performed on this tube. Crystals of the compound were obtained 

from a liquid diffusion of cold Et2O into the solution. After drying the 

powder was used without any further purification (0.02 g, 86 %). 
31P{1H}-NMR (THF-d8): δ = 70.0 (s). 1H NMR (THF-d8): δ 9.08 (d, 
3JH,H = 8.0 Hz, 1H, H10), 8.44 – 8.28 (m, 3H, HAr), 8.16 – 8.06 (m, 2H, 

H14), 8.06 – 8.00 (m, 1H, HAr), 7.54 – 7.40 (m, 4H, HAr), 7.37 – 7.26 

(m, 2H, H4,9), 7.25 – 7.11 (m, 3H, HAr), 7.11 – 7.01 (m, 2H, H13), 7.02 

– 6.89 (m, 3H, HAr), 4.14 (bs, 1H, H1), 3.97 (bt, 2JP,H = 17.0 Hz, 1H, N-

H), 3.55 (observed by HSQC, H1b). 13C NMR (THF-d8): δ 256.6 (d, 
2JP,C = 37.5 Hz, COPh), 185.3 (s, free CO), 174.8 (s, C2), 150.4 (d, 3JP,C 

= 2.5 Hz, C3), 149.3 (s, C6), 145.2 (s, C11), 140.8 (d, 3JP,C = 3.0 Hz, 

CIV
Ph), 139.8 (s, C8), 135.7 (d, 1JP,C = 60.5 Hz, C12), 134.9 (d, 3JP,C = 

10.5 Hz, C14), 132.3 (d, JP,C = 10.5 Hz, C13), 131.4 (s, C5), 130.1 (d, 
4JP,C = 1.0 Hz, C15), 130.0 (s, m-CHPh), 129.8 (s, C7), 129.0 (s, o-CHPh), 

128.5 (s, p-CHPh), 123.5 (s, C10), 122.1 (d, 4JC,P = 2.0 Hz, C4), 118.2 (s, 

C9), 52.2 (d, 2JP,C = 3.0 Hz, C1). IR (neat, cm-1) : 3293 (NH), 1600 (CO), 

1587 (CO), 1563 (NH), 1465, 1095.  

Computational details: Following a recent DFT study on a Ni-cat-

alyzed reaction,28 geometries (minima and transition states) were opti-

mized at the M06 level29 of theory at 333.15 K and 1 atm using the 

Gaussian 09 software package.30 The double−ζ basis set (LANL2DZ 

ECP) was used for Ni.31 All other atoms were described by the 6-

31G(d,p) basis set.32 Frequency calculations were conducted at this 

level. Single point energy calculations were carried out at the M06 level 

of theory using the triple−ζ def2-TZVPP basis set for all atoms.33 Sol-

vent correction for toluene was obtained with the CPCM model as im-

plemented in Gaussian.34 The values presented are solvent-corrected 

M06/TZVPP Gibbs free energies (G333, kcal/mol). The discussed 

charges are Mulliken ones. 



 

X-ray crystallography: Data were collected at 150 K on a Bruker 

Kappa APEX II diffractometer using a Mo-κ (λ=0.71069Å) X-ray 

source and a graphite monochromator. The crystal structures were 

solved using Shelxt35 or oleix36 and refined using Shelxl-97 or Shelxl-

2014.37 ORTEP drawings were made using ORTEP III38 for Windows 

or Mercury. Details of crystal data and structure refinements are sum-

marized in Table S1 and S2. 
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