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Variable concentration 
1 
H NMR experiments of 1PdPd   in CDCl3.    

1
H NMR spectra of 1PdPd   in 

CDCl3  were measured at several concentration (0.195, 0.390, 0.781, 1.56, 3.13, 12.5, 50.0, and 100 

mM) at 293 K (Figure S1).    As a result, it is revealed that imine protons and amide protons were 

downfield  shifted  along  with  increasing  the  concentration.     These  concentaration  dependent 

downfield shifts suggests the existence of intramolecular hydrogen bonds between palladium moiety 

and amides through chlorine atoms. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S1. Variable concentration (0.195 – 100 mM) 
1
H NMR spectra of 1PdPd in CDCl3 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2013



Variable temperature 
1
H NMR experiments of 1PdPd  in EtOAc-d8.    

1
H NMR spectra of 1a (3.00 

mM) in EtOAc-d8 were measured at several temperature (298, 303, 308, 313, 318, 323, 328, 333, 338, 

and 343 K) (Figure S2).    This result revealed that imine protons and amide protons were upfield 

shifted  with  elevating  temperature.     These  temperature  dependent  upfield  shifts  supports  the 

existence of intramolecular hydrogen bonds between palladium moiety and amides through chlorine 

atoms. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S2. Imine and amide regions of 
1 
H NMR spectra of 1a in EtOAc-d8. 

 
Association  experiments  for  analysing  the  equilibrium  constant  (Ka)  between  PdCl-  5a  and 

PtCl-benzaldimine complexes 5b with N-methylacetamide.    
1
H NMR spectra were measured for CDCl3 

solution containing N-methylacetamide (NMA: 4.00 × 10
-3  

M) and several contents (1.60, 0.80, 0.40, 

and 0.20 × 10
-4   

M) of 5a or 5b.    Downfield shifts of amide proton of NMA were observed with 

increasing of complex contents (Figure S3 and S4).    This downfield shift shows the adduct formation 

between complex 5a or 5b and NMA based on hydrogen bonds.   The equilibrium constants were 

calculated using Benesi-Hildebrand equation 1,
2  

where, Ka is the equilibrium constant, Af is the chemical 

shift of free host, Aob is the observed chemical shift in the presence of various guest contents, and Afc is the 
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chemical shift at saturation.   The relationship between 1/(Af-Aob) and 1/[guest] was shown in Figure S3. 

The linear dependence of 1/(Af-Aob) on the reciprocal of the guest concentration indicates the formation of a 

1:1 molecular complex between complex 5a or 5b and NMA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S3.    Variable concentration 
1
H NMR experiment for Benesi-Hildebrand plots on the association 

of 5a and NMA in CDCl3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S4.    Variable concentration 
1
H NMR experiment for Benesi-Hildebrand plots on the association 

of 5b and NMA in CDCl3. 

 

 

Comparison of 
1 
H NMR downfield shifts of -imino hydrogen of Pd-complexes in CDCl3.    

1 
H 

NMR spectra of O-acetyl-protected 6a, 6a, and 1PdPd  (3.00 mM) in CDCl3  were measured at 298K 

(Figure S5).   The observed downfield shifts of 5a and 1PdPd  strongly suggested Pd–Cl•••H–N 

intramolecular hydrogen bond. 
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Figure S5.    
1 
H NMR spectra of O-acetyl-protected 5a, 5a, and 1PdPd  in CDCl3. 

 
 

Computational methods.    The NBO charges of the complex 6a and 6b were obtained from DFT 

calculations  using  crystal  structures  of  them.      The  optimization  was  carried  out  using  the 

Gaussian03
1 

programs implementation of DFT (B3LYP) with LanL2DZ basis. 

 
 

Variable concentration UV-vis experiments of 1PdPd  in CDCl3.    UV-vis spectra of 1PdPd  in CDCl3 

were measured at several concentration (0.195, 0.391, 0.781, 1.56, 3.13, 6.25, 12.5, 25, 50, and 100 

mM) at 293 K (Figure S6).    Hypochromicity was observed at the range of 215 – 281 nm under the 

high concentration conditions.    In the AcOEt gel, there was no absorbance in the region from 215 to 

256 nm related to the Fmoc moiety of 1PdPd. 
 

 

Figure S6.    Variable concentration UV-vis spectra of 1PdPd  in CDCl3 and UV-vis spectrum of AcOEt 

gel state (red line). 
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2b 
 

 
 
 
 
 
 
 
 
 

 

Figure S7. 
1
H and 

13
C NMR spectra of 2b. 
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3b 
 
 
 
 
 
 
 
 
 
 

 

Figure S8. 
1
H and 

13
C NMR spectra of 3b. 
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1PdPt 
 
 
 
 
 
 
 
 
 

 

Figure S9. 
1
H and 

13
C NMR spectra of 1PdPt. 
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1PtPd 

 
 
 
 
 
 
 
 
 
 

 

Figure S10. 
1
H and 

13
C NMR spectra of 1PtPd. 
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1PtPt 
 
 
 
 
 
 
 
 
 

 

 
 

Figure S11. 
1
H and 

13
C NMR spectra of 1PtPt. 
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5b 
 
 
 
 
 
 
 
 
 

 

 
 

Figure S12. 
1
H and 

13
C NMR spectra of 5b. 
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