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For the complexes, the notations of type MnLn(OTf)m, [MnLn]m+ and MnLn are to be 
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+ 4 Zn(OTf)2  (CD3CN solution)
5 min 

32h 

1H NMR spectra for the reaction: Pb414(OTf)8 + 4 Zn(OTf)2 → mixture

Pb414

ppm

(400 MHz, CD3CN)

mixture

mixture

(1 equiv.)
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+ 4 ZnCl2 (CD3CN solution)
5 min; precipitate

4h 

1H NMR spectra for the reaction:  Pb414(OTf)8 + 4 ZnCl2 → Zn414(OTf)8 + 4 PbCl2

ppm

Pb414

Zn414

Zn414

(400 MHz, CD3CN)

(1 equiv.)
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+ 4 ZnBr2 (CD3CN solution)
5 min; precipitate

10 min 

Pb414

Zn414

14 h 

ppm

1 equiv. of Pb414

1H NMR spectra for the reaction: Pb414(OTf)8 + 4 ZnBr2 → Zn414(OTf)8 + 4 PbBr2

(400 MHz, CD3CN)
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Zn414

+ 17.2 KOH (CD3OD solution)
(free ligand 1 is only partly soluble in CD3CN and precipitates)

1) removal of the solvent
2) addition of CDCl3 (or CHCl3)
3) centrifugation or filtration
4) removal of the solvent
5) addition of 4 equiv. of Pb(OTf)2 in  CD3CN

Pb414

+ 4 Zn(OTf)2 (CD3CN solution)
+ CDCl3

+ 8 PBu4
+ Br - (CD3CN solution)

5 min; precipitate

Zn414

1

1h

1 Zn414

1H NMR spectra for the conversion: Zn414(OTf)8 → Pb414(OTf)8 → Zn414(OTf)8

+ 0.8 PBu4
+ Br - (CD3CN solution) 

27h

(400 MHz, starting solvent: CD3CN)

ppm
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1H NMR spectrum of complex Zn414(OTf)8

(400 MHz, CD3NO2)
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Reference: A.-M. Stadler, N. Kyritsakas, R. Graff and J.-M. Lehn, Chem.-Eur. J, 2006, 12, 4503-4522.
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+ 4 ZnCl2 (CD3CN solution)
5min; precipitate

1h 

+ 4 AgOTf (CD3CN solution)
5min; precipitate

ppm

1H NMR spectra for the reaction: 2 Ag212(OTf)2 + 4 ZnCl2 + 4 AgOTf → Zn414(OTf)8 + 8 AgCl

Zn414

Ag212

(400 MHz, starting solvent: CD3NO2/CD3CN 18/1)

2 Ag212
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+ 4 Zn(OTf)2 (CD3CN solution)
5min 

15h 

+ 4 hexacyclen (solid)

1h

20h

20h

ppm

1H NMR spectra for the conversion: Ag212(OTf)2 → Zn414(OTf)8 → Ag212(OTf)2

Ag212

Ag212

Zn414

(400 MHz, starting solvent: CD3NO2/CD3CN 18/1)

2 Ag212

2 Ag212

Zn414
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ppm

2 Ag212

2 Ag212

2 Ag212

Zn414

Zn414

Zn(OTf)2 (CD3CN solution)
4 equiv.

hexacyclen (solid), 4 equiv.
sonication: 1 min
2 h at r.t.

TfOH (CD3CN solution)
about 16 equiv.; determined by titration;
several hours at r.t.

Et3N (CD3CN solution)
17 equiv.; 1 h at r.t.

(400 MHz, starting solvent: CD3NO2/CD3CN 55/1)

Ag212

Zn414

Zn414

Ag212

Ag212

1H NMR spectra for the conversion: Ag212(OTf)2 → Zn414(OTf)8 → Ag212(OTf)2 → Zn414(OTf)8 → Ag212(OTf)2
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1H NMR spectra for the reaction: 2 Ag222(OTf)2 + 4 Zn(OTf)2 → Zn424(OTf)8 + 4 AgOTf

2468
ppm

Ag222

+ 4 Zn(OTf)2 (CD3CN solution)
2 min

1.5 h

21 h

Zn424

Reference for Zn424(OTf)8: M. Barboiu, M. Ruben, G. Blasen, N. Kyritsakas, E. Chacko, M. Dutta, O. Radekovich, K. Lenton, D. J. R. Brook and J.-M. 
Lehn, Eur. J. Inorg. Chem., 2006, 784–789

2 Ag222

(400 MHz, starting solvent: CD3NO2/CD3CN 18/1)
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Ag222

Zn424

2

1H NMR spectra for the reactions:   2 2 + 2 AgOTf → Ag222(OTf)2
2 Ag222(OTf)2 + 4 Zn(OTf)2 → Zn424(OTf)8 + 4 AgOTf

(400 MHz, starting solvent: CDCl3/CD3NO2 1/1)

ppm

+ 2 AgOTf (CD3CN solution)

+ 2 Zn(OTf)2 (CD3CN solution)

12 h

9 h

2 equiv. of 2
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1H NMR spectra for the conversion: Zn424(OTf)8 → Ag222(OTf)2

(400 MHz, starting solvent: CDCl3/CD3NO2 1/1)

2468

2

+ 1 Zn(OTf)2 (CD3CN solution)

1 h

1) + 2.7 KOH (CD3OD solution)
2) centrifugation

2

Ag222

Zn424

+ 1 AgOTf (CD3CN solution)

ppm

1 equiv. of 2
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To a suspension of ligand 2 (1.06 mg, 1 equiv) in CD3NO2 (0.55 mL) was added AgCF3SO3 (1 equiv) in CD3CN (34 µL) and the mixture was sonicated for 1 min 
at r.t. Pale yellow solution. 1H NMR (400 MHz, CD3NO2/CD3CN ≈ 16/1 (v/v), reference CHD2NO2 peak, δref = 4.34 ppm): 8.40 (dd, J = 7.8, 1.8 Hz, 4H), 8.06 –
7.97 (m, 12H), 7.81 – 7.75 (m, 4H), 7.64 – 7.54 (m, 8H), 7.22 – 7.15 (m, 4H), 3.63 (s, 12H) ppm; 13C NMR (101 MHz, CD3NO2/CD3CN ≈ 16/1 (v/v), reference 
CD3NO2 peak, δref = 62.9 ppm): 163.9, 163.4, 152.8, 152.0, 141.1, 138.9, 138.3 (d, J = 3.3 Hz), 132.5, 129.9, 129.6, 127.5 (d, J = 3.9 Hz), 126.9 (d, J = 3.6 Hz), 
90.9, 32.3 ppm. ESI-MS (m/z): [C49H44F3N16O3SAg2]+ = [Ag222OTf]+, calcd. 1209.16, found 1209.15.

Complex Ag222(OTf)2

CD2HNO2

water

CD2HCN
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Comparison between the calculated (bottom) and the observed (top) MS peak of [Ag222OTf]+

m/z
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1H NMR spectrum (400 MHz, CD3NO2/CD3CN ≈ 28/1 (v/v)) of compound Ag212(OTf)2

Reference: A.-M. Stadler, N. Kyritsakas, G.Vaughan and J.-M. Lehn, Chem. Eur. J. 2007, 13, 59-68.

Complex Ag212(OTf)2
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Comparison between the 13C NMR spectra (101 MHz, CD3NO2/CD3CN ≈ 16-28/1 (v/v)) of Ag212(OTf)2, Ag222(OTf)2
and of the reaction mixture Ag212(OTf)2 + Ag222(OTf)2 → 2 Ag2(1)(2)(OTf)2
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Comparison between the 13C NMR spectra (101 MHz, CD3NO2/CD3CN ≈ 16-28/1 (v/v)) of Ag212(OTf)2, Ag222(OTf)2
and of the reaction mixture Ag212(OTf)2 + Ag222(OTf)2 → 2 Ag2(1)(2)(OTf)2
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Comparison between the calculated (bottom) and the observed (top) MS peak of [Ag2(1)(2)OTf]+

m/z


