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Additional Crystal Information 

Table S1 Crystallographic data and refinement details for compounds 18-21. 
 
Compound 18 19 20 21 

Empirical formula C28H34N6Zn2 C40H66N10Na2Zn C50H92N3NaO6Zn2 C50H92KN3O6Zn2 
Mr (g mol-1) 585.35 798.38 985.00 1001.11 
Crystal system Monoclinic Monoclinic Triclinic Triclinic 
Space group P21/c P21/n P -1 P-1 
a/ Å 9.4833(3) 11.5137(3) 10.0075(11) 9.8787(6) 
b/ Å 10.4377(4) 21.6403(4) 11.1283(9) 11.2247(7) 
c/ Å 14.0888(5) 18.3837(3) 13.3084(15) 13.5206(7) 
α (º) 90 90 69.353(9) 72.296(5) 
β (º) 105.844(4) 93.636(2) 85.491(9) 83.032(5) 
γ (º) 90 90 84.723(8) 84.558(5) 
V/Å3 1341.58(8) 4571.26(16) 1379.3(2) 1415.02(14) 
Z 2 4 1 1 
2θmax 58.0 57.9 58.0 60.4 
Measured reflections 7483 23176 16565 15934 
Unique reflections 3451 10516 6820 7408 
Rint 0.0284 0.0243 0.0346 0.0309 
Observed rflns [I > 2σ(I)] 2840 8121 5614 5590 
μ (mm-1) 1.816 0.594 0.922 0.965 
No. of parameters 166 492 321 359 
R [on F, obs rflns only] 0.0413 0.0388 0.0606 0.0642 
wR [on F2, all data] 0.1039 0.0864 0.1679 0.1874 
GoF 1.065 1.032 1.057 1.034 
Largest diff.  
peak/hole/e Å-3 

1.583/-0.732 0.549/-0.494 0.912/-0.723 0.911/-0.597 

 



Supporting Information 

 S5 

NMR Spectra 
 

 
 

Figure S1 1H NMR Spectrum of [{(dpa)Zn(tBu)}2] (18). 
 
 

 
Figure S2 13C NMR Spectrum of [{(dpa)Zn(tBu)}2] (18). 
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Figure S3 DOSY NMR Spectrum of [{(dpa)Zn(tBu)}2] (18). 
 
 

 
 

Figure S4 High concentration 1H NMR spectrum of [{(dpa)Zn(tBu)}2] (18). 
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Figure S5 Medium concentration 1H NMR spectrum of [{(dpa)Zn(tBu)}2] (18). 

 
 
 

 
 

Figure S6 Low concentration 1H NMR spectrum of [{(dpa)Zn(tBu)}2] (18). 
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Figure S7 Variable concentration 1H NMR spectra of [{(dpa)Zn(tBu)}2] (18). 

 

 

Figure S8 Variable temperature 1H NMR spectra of [{(dpa)Zn(tBu)}2] (18) in C6D6 solvent. 

 
 
 



Supporting Information 

 S9 

 
 

Figure S9 1H NMR Spectrum of [(TMEDA)2Na2(µ-dpa)2Zn(tBu)2] (19). 
 
 

 

 
 

Figure S1 13C NMR Spectrum of [(TMEDA)2Na2(µ-dpa)2Zn(tBu)2] (19). 
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Figure S2 1H NMR Spectrum of [{Na(THF)6}

+{Zn(tBu)2(dpa)Zn(tBu)2}ˉ] (20). 
 

 
 
Figure S12 13C NMR Spectrum of [{Na(THF)6}

+{Zn(tBu)2(dpa)Zn(tBu)2}ˉ] (20). 
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Figure S13 1H NMR Spectrum of [{K(THF)6}
+{Zn(tBu)2(dpa)Zn(tBu)2}ˉ] (21). 

 

 

 

 
 

Figure S14 13C NMR Spectrum of [{K(THF)6}
+{Zn(tBu)2(dpa)Zn(tBu)2}ˉ] (21). 
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Figure S3 Crude NMR Spectrum of 4-tert-butylbenzophenone and additional by-products. 
 
 

 
 
Figure S4 1H NMR Spectrum of [(PMDETA)Na(dpa)]2, (22). 
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Figure S5 13C NMR Spectrum of [(PMDETA)Na(dpa)]2, (22).  
 
 

 
 
Figure S18 DOSY NMR Spectrum of [(PMDETA)Na(dpa)]2, (22) with tBu2Zn. 
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Figure S19 1H NMR Spectrum of [(TMDAE)Na(dpa)]2, (23). 

 
 

 
 
Figure S20 13C NMR Spectrum of [(TMDAE)Na(dpa)]2, (23). 
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Figure S21 DOSY NMR Spectrum of [(TMDAE)Na(dpa)]2, (23) with tBu2Zn. 
 
 

 
 
Figure S22 1H NMR Spectrum of [(H6-TREN)Na(dpa)], (24). 
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Figure S23 13C NMR Spectrum of [(H6-TREN)Na(dpa)], (24). 
 

 
Figure S24 DOSY NMR Spectrum of [(H6-TREN)Na(dpa)], (24) with tBu2Zn. 
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Figure S25 1H NMR Spectrum of [(TEMPO)Zn(tBu)]. 
 
 

 
 
Figure S26 13C NMR Spectrum of [(TEMPO)Zn(tBu)]. 
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DOSY and Variable Temperature NMR Spectroscopic Analysis 
of 18, 22, 23 and 24 
 
The Diffusion-Ordered Spectroscopy (DOSY) NMR experiments were performed on a 

Bruker AVANCE 400 NMR spectrometer operating at 400.13 MHz for proton 

resonance under TopSpin (version 2.0, Bruker Biospin, Karlsruhe) and equipped with 

a BBFO-z-atm probe with actively shielded z-gradient coil capable of delivering a 

maximum gradient strength of 54 G/cm. Diffusion ordered NMR data was acquired 

using the Bruker pulse program dstegp3s employing a double stimulated echo with 

three spoiling gradients. Sine-shaped gradient pulses were used with a duration of 3 

ms together with a diffusion period of 100 ms. Gradient recovery delays of 200 μs 

followed the application of each gradient pulse. Data was accumulated by linearly 

varying the diffusion encoding gradients over a range from 2% to 95% of maximum 

for 64 gradient increment values. DOSY plot was generated by use of the DOSY 

processing module of TopSpin. Parameters were optimized empirically to find the 

best quality of data for presentation purposes.  

 

At ambient temperature, 1H and 13C NMR spectra of 18 in C6D6 solution display two 

sets of pyridyl resonances and two tBu resonances (Figure S3 and Figure S4), where 

one set may be expected due to the centre of symmetry of 1 in the solid state.  

Variable temperature 1H NMR analysis revealed that these resonances coalesce at 

320K, whilst cooling to subambient temperature enhances their separation.  A 

variable concentration study (Figure S4 - S7), alongside a DOSY NMR spectrum 

(Figure S3), suggest the two sets of resonances belong to the same species, hence 

this effect is likely to be a result of conformational isomerism as opposed to any 

dimer/monomer equilibrium (refer to DFT calculations for further information).  
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Table S2 Diffusion coefficients obtained from 1H DOSY NMR experiment for 

[{(dpa)Zn(tBu)}2], 18. 

Chemical Shift 
(ppm) 

Peak Assignment Diffusion Co-efficient D 
(10-10) m2 s-1 

7.73 H1-dpa 0.545 
6.86 H3-dpa 1.007 
6.70 H4-dpa 0.782 
6.22 H2-dpa 0.657 
1.79 tBu 0.782 
1.21 tBu 0.840 

 

Table S3 Diffusion coefficients obtained from 1H DOSY NMR experiment for 

[(PMDETA)Na(dpa)]2, 22 with tBu2Zn. 

Chemical Shift 
(ppm) 

Peak Assignment Diffusion Co-efficient D 
(10-10) m2 s-1 

8.02 H1-dpa 6.354 
7.09 H3- and H4-dpa 6.262 
6.28 H2-dpa 6.097 
2.01 NCH2-PMDETA 7.681 
1.95 NCH2-PMDETA 8.142 
1.89 NCH3-PMDETA 7.821 
1.82 N(CH3)2-PMDETA 7.515 
1.52 tBu 6.856 

 
Table S4 Diffusion coefficients obtained from 1H DOSY NMR experiment for 

[(TMDAE)Na(dpa)]2, 23 with tBu2Zn. 

Chemical Shift 
(ppm) 

Peak Assignment Diffusion Co-efficient D 
(10-10) m2 s-1 

7.97 H1-dpa 6.661 
7.06 H3- and H4-dpa 6.478 
6.25 H2-dpa 6.655 
2.95 OCH2-TMDAE 7.864 
2.03 NCH2-TMDAE 7.779 
1.90 NCH3-TMDAE 8.135 
1.52 tBu 7.152 
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Table S5 Diffusion coefficients obtained from 1H DOSY NMR experiment for [(H6-

TREN)Na(dpa)], 24 with tBu2Zn. 

Chemical Shift 
(ppm) 

Peak Assignment Diffusion Co-efficient D 
(10-10) m2 s-1 

8.16 H1-dpa 5.912 
7.13 H3-dpa 6.159 
7.03 H4-dpa 5.632 
6.30 H2-dpa 5.766 
2.09 NCH2-TREN 7.839 
1.72 NCH2-TREN 7.759 
1.66 tBu 5.580 
0.53 NH2-TREN 7.910 
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DFT Calculations 

 
DFT calculations were performed using the Gaussian computational package G03.[4] 

In this series of calculations the B3LYP[5] density functionals and the 6-311G(d,p)[6] 

basis set were used. After each geometry optimisation, a frequency analysis was 

performed and the energy values quoted include the zero point energy contribution. 

 

 

 [(TMEDA)2Na2(µµµµ-dpa)2Zn(tBu)2], 19 
 

Dpa Principal Bond Lengths (Å) 
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Dpa Principal Bond Angles (˚) 
 

 
 

Dpa Principle Bond Indices 
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Dpa Charges 
 

 

 

Dpa Principal Bond Lengths (Å) and Angles (˚) 
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Dpa Principal Bond Indices 
 

 
 

Dpa Charges 
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Anion of 20: [Zn(tBu)2(dpa)Zn(tBu)2]ˉ 
 

Principal Bond Lengths (Å) 
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Principal Bond Indices 

 

 

Charges 
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[(PMDETA)Na(dpa)]2, 22 

 

Principal Bond Lengths (Å) 
 

 

Principal Bond Angles (˚) 

 
 



Supporting Information 

 S28 

[(H6-TREN)Na(dpa)], 24 

 

Principal Bond Lengths (Å) 

 
 

Principal Bond Angles (˚) 
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Discussion of Dpa Bond Lengths and Angles 

 
 

 
 

Figure S27 Graphical representation of the resonance delocalisation of dpa. 
   

Through resonance delocalisation, the anionic charge may be focused at the 

(amido)-N or the (pyridyl)-N (Figure S27). If the anion predominantly lies on the 

(pyridyl)-N (Figure S27B), this results in a shortened (amido)N-C bond, and elongated 

(pyridyl)N-C bonds due to the loss of aromaticity. Within Cotton’s cobalt complex 

[Co(dpa)2],[8] the anionic charge is thought to lie primarily on the (pyridyl)-N, as 

indicated by the shortened C-(amido)N bond lengths [1.346(4) and 1.344(4) Å] and 

elongated C-(pyridyl)N bonds [1.367(4) and 1.371(4) Å] (Table S6), in comparison to 

those of the related compound [Co{dpa(H)}Cl2], with C-(amino)N bond lengths of 

[1.373(4) and 1.382(4) Å  and C-(pyridyl)N bonds of 1.351(4) and 1.348(4) Å].  
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Table S6 Key bond lengths for a range of neutral and anionic dpa complexes. 

 

Bond Length (Å) Compound 
a b c d 

dpa(H) 
monoclinic 

1.343(2) 1.388(2) 1.391(2) 1.335(2) 

dpa(H) 
orthorhombic[9] 

1.332(4) 1.379(4) 1.380(4) 1.338(4) 

dpa(H) 
triclinic[10] 

 

 1.337(2) 1.380(3) 1.376(3) 1.334(3) 

[Co{dpa(H)}Cl2]
[8] 

 

1.351(4) 1.373(4) 1.382(4) 1.348(4) 

[Co(dpa)2]
[8] 

 

1.367(4) 1.346(4) 1.344(4) 1.371(4) 

19 

 

1.347(2) 1.371(2) 1.373(2) 1.346(2) 
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