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ABSTRACT 
Reactions of CuX (X= Cl, Br, I), Di (iso-propyl) amino} (morpholino) (phenyl)  phosphine (L) / Bis (morpholino) 

(phenyl) phosphine(L’) with triphenylphosphine in the ratio 2 :1 :1 gave novel dimeric Cu(I) mixed phosphine 

complexes.  In this paper we report syntheses and 
31

P NMR characterization (solution and solid state) of the copper 

(I) complexes. 
31

P-Spectra of aminophosphines gets desheilded after coordination with Cu (I) due to the back 

donation of electron density from d
10

 system. CPMAS 
31

P-spectra showed broadening for aminophosphine, while 

triphenyl phosphine showed characteristic quartet.  

Keywords: aminophosphine, copper (I), metal complex, 
31

P-NMR studies 
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INTRODUCTION 
Aminophosphines are phosphorus (III) compounds with at least one P-N bond. Chemistry of 

aminophosphines have been well documented.
1-2

 One of the most attractive features of an 

aminophosphine ligand is the accessibility of tuning their electronic and steric profiles by the choice of 

the amino substituent. This modulation possibility of steric and electronic factors provide for the basis of 

selection of a particular ligand for catalytic purposes.
3
 

Aminophosphines are widely used as ligands to various transition metal centers.
4-6

 
31

P NMR is an 

important tool for the characterization of metal phosphine complexes. 
31

P chemical shift is extremely 

sensitive to the electronic, steric and geometric environments of the 31P nuclei. Studies reveal that 

phosphorus chemical shifts largely depend on the: (a) nature, (b) electronegativity, (c) steric effect, (d) π-

bonding effects of the substituents on the phosphorus and (e) bond angles (nature of the hybridization) 

around the central phosphorus atom.
7
 Recently, in addition to conventional solution state NMR, solid 

state 
31

P Cross Polarization Magic Angle Spinning (CP MAS) NMR is also used for obtaining structural 

and bonding details of copper (I) aminophosphine complexes.
8
 Reactions of aminophosphine to “soft” 

copper (I) centre have been studied extensively
9
. However, the reports on phosphines carrying three 

different substituents (P*chiral phosphines) are limited.
10

 Earlier we reported the synthesis and 

characterization of P*chiral aminophosphine and its coordination studies with metal centers.
4,9

 In this 

paper, we report synthesis and characterization of novel Cu (I) aminophosphine complexes and their 
31

P 

NMR studies (liquid and solid state). 

 

EXPERIMENTAL 
All the reactions were carried out under pure and dry nitrogen using standard Schlenk techniques. 

Solvents were purified by literature methods.
11

 {Di (iso-propyl) amino}(morpholino)(Phenyl) phosphine 

(L) and Bis (morpholino) (phenyl) phosphine (L’) were synthesized by literature methods
4,9

. 

Triphenylphosphine (Merck) 99.5% purity was used. 
31

P NMR spectra were recorded in CDCl3 solutions 

using 85% H3PO4 as external standard on a JEOL 400 MHz NMR spectrometer. All CP MAS 
31

P 

chemical shifts were externally referenced to 85% H3PO4 via solid triphenylphosphine (δ= -9.9).   
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Synthesis of copper (I) aminophosphine complexes 
To a stirred solution of CuCl (0.20 g, 2.02 mmol) in acetonitrile (15 mL) was added slowly 

aminophosphine ligand (L) (0.30 g, 1.01 mmol) and triphenylphosphine (0.26 g, 1.01 mmol) in 

acetonitrile (20 mL) in 10 minutes. A white precipitate was formed immediately and its formation slowly 

increased with time. After 8 h of stirring at room temperature, the reaction mixture was filtered to remove 

the precipitate. It was washed with acetonitrle (2 X 5 mL) and dried in vacuo to obtain Cu2Cl2(L) 

[P(C6H5)3] (1). The filtrate was concentrated to 15 mL and kept in the deep freezer for two days to obtain 

more of compound (1) (0.54 g, 71%). m.p. 165-167 ºC.  

Similar procedure was followed with ligand L using CuBr and CuI to obtain complexes Cu2 Br2(L) 

[P(C6H5)3] (2), Cu2I2(L)[P(C6H5)3] (3) respectively. Reaction between aminophosphine L and CuCl, CuBr 

and CuI gave Cu2Cl2(L’)[P(C6H5)3] (4), Cu2 Br2(L’)[P(C6H5)3] (5) and Cu2 I2(L’)[P(C6H5)3] (6). All the 

complexes were obtained over 90% yield.     

 

RESULTS AND DISCUSSION 
Reactions of aminophosphines ( L and L’) with copper (I) halides in presence of PPh3 were  carried out 

according to the schemes given below.  
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Scheme-1: Reactions of CuX (X= Cl, Br, I) with aminophosphine, L in presence of PPh3 
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Scheme-2: Reactions of CuX (X= Cl, Br, I) with aminophosphine, L’ in presence of PPh3 

 

These reactions resulted in the formation of dimeric copper (I) mixed halide complexes, Cu2X2(PPh3)(L) 

and Cu2X2(PPh3)(L’) (Scheme-1 and 2). A total of six novel complexes with PPh3 were isolated and 

characterized (Table-1).  
Table-1: List of compounds synthesized and structure 

 

Compound No. Structure 

1 Cu2Cl2(L)[P(C6H5)3]  

2 Cu2Br2(L)[P(C6H5)3]  

3 Cu2I2(L)[P(C6H5)3]  

4 Cu2Cl2(L’)[P(C6H5)3]  

5 Cu2Br2(L’)[P(C6H5)3]  

6 Cu2I2(L’)[P(C6H5)3]  
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 Only 
31

P NMR characterization details are mentioned in this paper. Among the various NMR tools (
1
H, 

13
C and 

31
P) available for these complexes 

31
P NMR was found to be the most useful for characterization. 

Some important observations made are the followings-  

 

1. In 
31

P NMR spectra of complexes two peaks are seen, one due to aminophosphine ( L or L’) and other 

due to PPh3. Sharp peak of free aminophosphine ligand gets slightly broadened after coordination with 

the metal center. The broadening of the signal is due to 
1
JCu-P coupling. Cu is known to be a 

quadrupolar nuclei ( 
63

Cu and 
65

Cu, I = 3/2)(Figure-1). 

2. Proton decoupled 
31

P chemical shifts for ligands L and L’ are 76.4 and 95.7 respectively. 
31

P chemical 

shifts of the complexes are shielded after coordination when compared to the free aminophosphines. 

This is true for all copper(I) complexes synthesized. Aminophosphines accepts a part of electron 

density from the electron rich d
10

 system, which results in shielding of signals. On the other hand, 
31

P 

chemical shift for PPh3 get deshielded after coordination to metal center. This suggests that 

aminophosphines are better π-acceptors when compared to PPh3.  

3. Coordination chemical shifts (δcomplex- δligand) of the complexes are given in the Table-2.  It was 

found to be negative for aminophosphines and positive for PPh3. For aminophosphine L and L’, 

coordination chemical shifts are found to be ca. -10 and -16 ppm respectively. Negative value for the 

coordination chemical shift implies that aminophosphines can be a good π-acceptor ligand and its π-

acceptor ability varies with amino substituents. From the coordination chemical shift values for both 

aminophosphines, it was observed  that ligand L’ is a better π-acceptor ligand than ligand L. 

 
 

Fig.-1: 
31

P spectra of  Cu2Br2(L’)[P(C6H5)3] (5) 

 

The presence of NMR friendly 
31

P nuclei helped in recording solid state NMR as well. 
31

P CPMAS 

spectra of Cu(I) aminophosphines  revealed interesting features.   The observed signals (for each 

crystallographically independent phosphine) are split into a pair of asymmetric quartets. Asymmetry 

results from dipolar interaction between the phosphorus (
31

P, I = 1/2) and the quadrupolar copper nuclei 

(
63,65

Cu, I = 3/2). Quartet pattern (2 X 3/2+1 = 4), sometimes an overlapping quartet is an evidence for 

direct Cu-P coupling. For aminophosphines, the spectrum obtained is very broad spreading over wide 

range (extending over few hundreds of Hz) and was poorly resolved to observe the characteristic quartet 

(Figure-2). Mostly, the 
31

P signal due to PPh3 is sharp and well defined quartet. The spacings between the 

lines were almost uniform. 
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Table-2: 
31

P chemical shifts of aminophosphine ligands (L and L’) and its  

  copper(I) complexes with PPh3 

 

S.No. Phosphine 

ligand 

31
P NMR (δ, 

ppm) 

Compound 
31

P NMR (δ, 

ppm) 

Coordination 

chemical shift 

 

1. 

 

(L), P(C6H5)3 

 

76.4, -6.0 

 

(1) 

(2) 

(3) 

65.5, -4.2 

65.7, -3.9 

66.0, -4.4 

-10.9, 1.8 

-10.7, 2.1 

-10.4, 1.6 

 

2. 

 

(L’), P(C6H5)3 

 

95.7, -6.0 

(4) 

(5) 

(6) 

79.6, -3.5 

80.2, -5.7 

79.8, -2.9 

-16.1, 2.5 

-15.5, 0.3 

-15.9, 3.1 

 

These structures have a smaller line spacing between lines 1 and 2 (∆υ1) of the quartet compared with the 

spacing between line 3 and 4 (∆υ3). The ratio (∆υ3/ ∆υ1) can be used to find the coordination mode of Cu 

(I) complexes. For three coordinate species, this value varies from 1.2-1.5, while the ideal tetrahedral 

geometry will have a value of 1.0.
12,13

 For complexes 1, 2 and 3 it was found to be 1.27, 1.25, 1.31 

respectively. This confirms the three coordinate geometry for copper (I). 

 

 
 

Fig.-2:   
31

P CPMAS of  Cu2Cl2(L)[P(C6H5)3] (1)    

 

CONCLUSION 
Six new dimeric copper(I) aminophosphine complexes were synthesized and characterized using 

31
P 

NMR. It was seen that aminophosphines were shielded, while triphenyl phosphine showed deshielding 

after coordination with Cu(I). Solid state NMR showed broadening for aminophosphines while triphenyl 

phosphine showed characteristic quartet. 
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