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Late Transition Metal Complexes of a
Coumarin-Functionalized Ditertiary Phosphine

Mark R. J. Elsegood, Andrew J. Lake, Claire L. Elliott,
Martin B. Smith, and George W. Weaver
Department of Chemistry, Loughborough University, Loughborough,
Leics, United Kingdom

The synthesis of a new coumarin-modified ditertiary phosphine is reported along
with three square-planar PdII and PtII complexes. All compounds have been char-
acterised by 31 P{1 H} and 1 H NMR spectroscopy, FT–IR spectroscopy and micro-
analysis. Furthermore a single crystal X-ray structure determination of one of these
complexes has been undertaken.
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INTRODUCTION

Coumarin-containing compounds have found important uses as lig-
ands for the synthesis of coordination complexes based on Mo,1 Ru,2

Os,3 Ir,4 Pd,5 and Pt.6 In these complexes, the coumarin group can
participate in monodentate, didentate or η6-arene binding modes to a
metal centre based upon the coumarin/donor atoms present. Coumarins
and/or their metal complexes have been shown to display interesting
biological,5 cation/anion sensor,7,8 phosgene detection,9 and lumines-
cent properties.4 As part of ongoing studies10 investigating new phos-
phine ligands, accessible through simple condensation reactions, we
describe here the preparation of a new coumarin based ditertiary phos-
phine and a preliminary study of its coordination chemistry to some d8

square planar metal centers.
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RESULTS AND DISCUSSION

The ditertiary phosphine ligand 1 containing an aminocoumarin mod-
ified group was prepared according to Scheme 1. The precursor A was
prepared from 7-amino-4-methylcoumarin using a procedure similar to
one previously reported.11 In the 31P{1H} NMR spectrum of 1, a phos-
phorus resonance at δ(P) −26.2 ppm (CDCl3) was observed in a region
typical for this kind of ditertiary phosphine.10
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SCHEME 1 (i) Ph2PCH2OH, CH3OH (ii) MCl2(COD) or Pd(CH3)Cl(COD),
CH2Cl2.

Reaction of 1 with either MCl2(COD) (M = Pt, Pd; COD = cycloocta-
1,5-diene) or Pd(CH3)Cl(COD) in CH2Cl2 gave the corresponding com-
plexes 2–4 in good yields. The 31P{1H} NMR data fully support P, P-
chelation as indicated by the downfield shift in the phosphorus signals.
Furthermore, a 1 J(PtP) coupling constant of 3419 Hz was observed for
2 and in accord with a cis arrangement of the ditertiary phosphine. All
complexes were also characterized by FT–IR spectroscopy and micro-
analysis (see Experimental Section for details).

Suitable crystals of 4 were obtained by vapour diffusion of diethyl
ether into a CH2Cl2 solution over the course of several days. The sin-
gle crystal X-ray structure12 of 4 has been determined (Figure 1) with
selected bond lengths and angles given in Table I. The coordination
environment around the palladium center comprises a chelating diter-
tiary phosphine 1, one chloride and a methyl group. The molecule lies
on a crystallographic mirror plane which runs through Pd(1), the chain
from N(1) to N(2) and through the coumarin fused rings. This results in
50:50 positional disorder in the metal-coordinated chloride and methyl
groups. Within the Pd−P−C−N−C−P six-membered ring the nitrogen
atom lies 0.799 Å above the plane of the P2C2 substituents and the palla-
dium(II) atom 0.467 Å below this plane. There is also an intramolecular
N(2)−H(2)· · ·N(1) hydrogen bond [N(2)· · ·N(1) 2.756(9) Å, H(2)· · ·N(1)
2.27 Å; N(2)−H(2)· · ·N(1) 114◦].

In summary, we have shown that a new coumarin functionalised
ditertiary phosphine can be prepared and complexed to PdII and PtII
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FIGURE 1 a) Molecular structure of 4; and (b) PdP2C2N ring conformation in
4. All hydrogen atoms except H(2) and solvent molecules have been omitted for
clarity. Symmetry operator ′= x, 1−y, z.

metal centres. Further studies are currently underway looking at other
coumarin based ligands, their complexes and electronic properties.

EXPERIMENTAL

The phosphine ligand 1 was prepared by a standard procedure.10

31P{1H} NMR [CDCl3]: δ(P) −26.2 ppm. 1H NMR: 8.32–6.44 (arom.
H), 6.18 (COCH), 4.10 (NH), 3.71 (NCH2CO), 3.67 (PCH2N), 2.39 (CH3)
ppm. The following method is a general procedure used for the synthe-
sis of complexes 2–4. For 2: To a CH2Cl2 (5 mL) solution of PtCl2(COD)
(0.044 g, 0.118 mmol) was added ligand 1 (0.103 g, 0.164 mmol) in
CH2Cl2 (5 mL). The solution was stirred for 45 min, and the volume
reduced to ca. 2 mL under reduced pressure. Addition of diethyl ether

TABLE I Selected Bond Lengths (Å) and Angles (◦) for
4. Symmetry Operator ′ = x, 1−y, z

Pd(1)−P(1) 2.2963(13) P(1)−Pd(1)−P(1′) 95.02(7)
Pd(1)−Cl(1) 2.3579(19) P(1)−Pd(1)−C(1) 173.99(6)
Pd(1)−C(1) 2.3579(19) P(1)−Pd(1)−Cl(1) 88.06(6)
O(2)−C(20) 1.380(10) Cl(1)−Pd(1)−C(1) 88.43(9)
O(3)−C(20) 1.254(12) C(14)−N(1)−C(14‘) 111.6(6)
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(5 mL) gave a solid 2, which was collected by filtration and dried in
vacuo. Yield: Quantitative. Compounds 3 and 4 were prepared in a
similar manner. Selected data for 2: 31P{1H} NMR [(CD3)2SO]: δ(P)
−9.7 ppm, 1 J(PtP) 3419 Hz. 1H NMR: 10.18 (NH), 7.95–7.36 (arom H),
6.34 (COCH), 4.28 (PCH2N), 3.59 (NCH2CO), 2.45 (CH3) ppm. FT IR
(KBr): νNH 3324, νCO 1718, 1701, νPtCl 314, 293 cm−1. FAB-MS: m/z 859
[M–Cl]. Calcd. for C38H34N2O3P2PtCl2·0.1CH2Cl2: C, 50.67; H, 3.82; N,
3.10. Found: C, 50.80; H, 4.11; N, 3.70. Selected data for 3: 31P{1H}NMR
[(CD3)2SO]: δ(P) 6.0 ppm. 1H NMR: 10.15 (NH), 7.88–7.29 (arom. H),
6.25 (COCH), 4.16 (PCH2N), 3.54 (NCH2CO), 2.38 (CH3) ppm. FT IR
(KBr): νNH 3316, 3263, νCO 1719, 1702, νPdCl 304, 298 cm−1. FAB-MS:
m/z 771 [M–Cl]. Calcd. for C38H34N2O3P2PdCl2·0.5CH2Cl2: C, 54.50;
H, 4.16; N, 3.30. Found: C, 54.58; H, 4.17; N, 3.64. Selected data for
4: 31P{1H} NMR [(CD3)2SO]: δ(P) 22.6, −11.0 ppm, 2 J(PP) 48 Hz. 1H
NMR: 9.73 (NH), 7.58–7.00 (arom. H), 6.04 (COCH), 3.94 and 3.80 (both
PCH2N), 3.24 (NCH2CO), 2.17 (CH3), 0.12 (PdCH3) ppm. FT–IR (KBr):
νNH 3317, νCO 1724, 1702 cm−1. FAB-MS: m/z 771 [M–CH3]. Calcd.
for C39H37N2O3P2PdCl·0.5CH2Cl2: C, 57.30; H, 4.63; N, 3.38. Found: C,
57.48; H, 4.65; N, 3.62.
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