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1 1H and 13C NMR spectra of compounds 4, 5 and 6

1H NMR (200 MHz, CDCl3) spectrum of 2-(methylthio)-1-ferrocenylethyl acetate (4)
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13C NMR (50 MHz, CDCl3) spectrum of 2-(methylthio)-1-ferrocenylethyl acetate (4)
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1H NMR (400 MHz, CDCl3) spectrum of N,N-diethyl-1-ferrocenyl-3-thiabutanamine (5)
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13C NMR (100 MHz, CDCl3) spectrum of N,N-diethyl-1-ferrocenyl-3-thiabutanamine (5)
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1H NMR (400 MHz, CDCl3) spectrum of trans-dichlorido-(N,N-diethyl-1-ferrocenyl-3-thiabutanamine)palladium(II) (trans-6)
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1H NMR (400 MHz, CDCl3) spectrum of cis-dichlorido-(N,N-diethyl-1-ferrocenyl-3-thiabutanamine)palladium(II) (cis-6)
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13C NMR (100 MHz, CDCl3) spectrum of dichlorido-(N,N-diethyl-1-ferrocenyl-3-thiabutanamine)palladium(II) (6)
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DEPT135 spectrum of dichlorido-(N,N-diethyl-1-ferrocenyl-3-thiabutanamine)palladium(II) (6)
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1H-1H COSY spectrum of dichlorido-(N,N-diethyl-1-ferrocenyl-3-thiabutanamine)palladium(II) (6)
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NOESY spectrum of dichlorido-(N,N-diethyl-1-ferrocenyl-3-thiabutanamine)palladium(II) (6)
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HSQC spectrum of dichlorido-(N,N-diethyl-1-ferrocenyl-3-thiabutanamine)palladium(II) (6)
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HMBC spectrum of dichlorido-(N,N-diethyl-1-ferrocenyl-3-thiabutanamine)palladium(II) (6)
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2 X-ray crystal structure analyses of 6

2.1 Dichlorido-(N,N-diethyl-1-ferrocenyl-3-thiabutanamine)palladium(II) 
monosolvate (6·EtOH), polymorph I

Table S3 Crystallographic data for the crystal structure of 6·EtOH

Empirical formula C19 H31 Cl2 Fe N O Pd S
Formula weight 554.66
Color, crystal shape Dark red, prismatic
Crystal size (mm3) 0.50 x 0.21 x 0.12
Temperature (K) 293(2)
Wavelength (Å) 0.71073
Crystal system Monoclinic
Space group P21/n
Unit cell dimensions
a (Å) 11.8670(4)
b (Å) 14.7863(4)
c (Å) 13.4527(6)
β (°) 105.836(5)
Volume (Å3) 2270.94(14)
Z 4
Dcalc (Mg/m3) 1.622
μ (mm−1) 1.766
F(000) 1128
θ range for data collection (°) 3.17 − 29.68
Index ranges −16<=h<=16, −20<=k<=20, −18<=l<=18
Reflections collected 33237
Independent reflections, Rint 5858, 0.0413
Completeness to θ = 27.00° 99.8 % 
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 5858 / 0 / 238
Goodness-of-fit on F2 1.151
Final R1/wR2 indices (I >2σI) 0.0506, 0.0969
Final R1/wR2 indices (all data) 0.0667, 0.1037
Largest diff. peak and hole (e Å−3) 0.759 and −0.402
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Table S4 Selected bond lengths (Å) and bond angles (°) in the crystal structure of 6·EtOH.

b o n d  l e n g t h s b o n d  a n g l e s  
Pd1−N1 2.107(3)N1−Pd1−S1 87.92(8)
Pd1−S1 2.2350(10)N1−Pd1−Cl1 174.67(9)
Pd1−Cl1 2.3016(11)S1−Pd1−Cl1 86.77(4)
Pd1−Cl2 2.3387(11)N1−Pd1−Cl2 93.73(8)
Fe1−C9 2.018(5)S1−Pd1−Cl2 178.34(4)
Fe1−C8 2.020(6)Cl1−Pd1−Cl2 91.58(5)
Fe1−C7 2.020(7)C12−S1−C13 99.3(2)
Fe1−C2 2.027(4)C12−S1−Pd1 100.25(14)
Fe1−C10 2.028(5)C13−S1−Pd1 107.54(19)
Fe1−C4 2.029(6)C16−N1−C14 105.6(3)
Fe1−C5 2.031(5)C16−N1−C11 114.6(3)
Fe1−C6 2.035(6)C14−N1−C11 107.6(3)
Fe1−C3 2.037(5)C16−N1−Pd1 108.8(2)
Fe1−C1 2.049(4)C14−N1−Pd1 110.6(2)
S1−C12 1.804(4)C11−N1−Pd1 109.6(2)
S1−C13 1.804(5)C5−C1−C2 106.9(4)
N1−C16 1.496(5)C5−C1−C11 127.3(4)
N1−C14 1.504(5)C2−C1−C11 125.8(4)
N1−C11 1.543(5)C1−C2−C3 107.8(5)
C1−C5 1.413(6)C4−C3−C2 107.5(4)
C1−C2 1.416(6)C3−C4−C5 108.9(5)
C1−C11 1.498(5)C4−C5−C1 108.8(5)
C2−C3 1.428(7)C10−C6−C7 107.2(7)
C3−C4 1.391(9)C8−C7−C6 107.3(8)
C4−C5 1.392(7)C9−C8−C7 109.2(7)
C6−C10 1.376(10)C8−C9−C10 108.0(8)
C6−C7 1.411(11)C6−C10−C9 108.3(7)
C7−C8 1.378(12)C12−C11−C1 114.3(3)
C8−C9 1.360(11)C12−C11−N1 112.4(3)
C9−C10 1.395(9)C1−C11−N1 113.0(3)
C11−C12 1.493(5)C11−C12−S1 109.4(3)
C14−C15 1.499(7)C15−C14−N1 116.5(3)
C16−C17 1.465(7)C17−C16−N1 118.8(4)
O1−C18 1.379(8)C19−C18−O1 118.9(8)
C18−C19 1.374(11)
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Fig. S1 Crystal structure of 6·EtOH shown in two orthogonal projections.
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Fig. S2 Molecules of 6 form a dimer (illustrated in two orthogonal projections) with two 
Pd1…S1i intermolecular contacts [symmetry code: (i) −x+1,−y+1,−z+2].  The Pd1…S1i distance 
is 3.7633(10) Å.
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Fig. S3 Two molecules of 6 within the dimer shown in Figure S2 are additionally interconnected 
by following weak intermolecular interactions: a) C12−H12b…O1 [C12…O1 = 3.302(6) Å, 
H12b…O1 =2.63 Å, C12−H12b…O1 = 126.8 °], b) C11−H11…Cl1 [C11…Cl1 = 3.741(4) Å, 
H11…Cl1 = 2.87 Å, C11−H11…Cl1 = 148.3 °] and c) O1−H1…Cl2 [O1…Cl2 =3.321(5) Å, 
H1…Cl2 = 2.53 Å, O1−H1…Cl2 – 154.8 °].
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Fig. S4 Molecules of 6 form the dimer with two ferrocene units placed in parallel orientation and 
direct contact. The formation of the dimer is based on a large stabilizing electrostatic 
complementarity between two ferrocene units9.
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2.2 Dichlorido-(N,N-diethyl-1-ferrocenyl-3-thiabutanamine)palladium(II) 
(6), polymorph II

Fig. S5 The molecular structure of 6 in polymorph II with the atom numbering scheme 
(hydrogen atoms are omitted for clarity). Displacement ellipsoids are drawn at 30% probability 
level. Other projections of the molecule are given in Figure S6.
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Fig. S6 Crystal structure of 6 (polymorph II) shown in two orthogonal projections.
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(a)

(b)

Fig. S7 Polymorphs I (a) and II (b) have different orientation of the two ethyl groups bonded to 
the N1 atom.
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Table S5 Crystallographic data for the crystal structure of 6.

Empirical formula C17 H25 Cl2 Fe N Pd S
Formula weight 508.59
Color, crystal shape Dark red, prismatic
Crystal size (mm3) 0.24 x 0.15 x 0.13
Temperature (K) 293(2)
Wavelength (Å) 0.71073
Crystal system Orthorhombic
Space group Pna21
Unit cell dimensions
a (Å) 13.6982(5)
b (Å) 18.1868(7)
c (Å) 7.6277(3)

Volume (Å3) 1900.26(13)

Z 4
Dcalc (Mg/m3) 1.778
μ (mm−1) 2.098
F(000) 1024
θ range for data collection (°) 3.17 − 29.16
Index ranges −17<=h<=17, 

−24<=k<=24, 
−10<=l<=9

Reflections collected 10081
Independent reflections, Rint 4175, 0.0267
Completeness to θ = 27.00° 99.7 % 
Refinement method Full-matrix least-squares 

on F2
Data / restraints / parameters 4175 / 0 / 212
Goodness-of-fit on F2 1.139
Final R1/wR2 indices (I >2σI) 0.0571, 0.1423
Final R1/wR2 indices (all data) 0.0634, 0.1465
Largest diff. peak and hole (e Å−3) 1.268 and −1.169
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Table S6 Selected bond lengths (Å) and bond angles (°) in the crystal structure of 6.

b o n d  l e n g t h s b o n d  a n g l e s  
Pd1-N1 2.124(5)N1-Pd1-S1 86.84(16)
Pd1-S1 2.239(2)N1-Pd1-Cl1 172.57(16)
Pd1-Cl1 2.298(2)S1-Pd1-Cl1 85.87(8)
Pd1-Cl2 2.337(2)N1-Pd1-Cl2 96.17(15)
Fe1-C2 2.017(8)S1-Pd1-Cl2 176.76(9)
Fe1-C7 2.028(9)Cl1-Pd1-Cl2 91.15(8)
Fe1-C8 2.028(9)C13-S1-C12 102.3(4)
Fe1-C5 2.032(9)C13-S1-Pd1 106.2(4)
Fe1-C4 2.036(9)C12-S1-Pd1 101.0(3)
Fe1-C3 2.043(10)C16-N1-C14 109.4(7)
Fe1-C9 2.053(8)C16-N1-C11 110.7(6)
Fe1-C1 2.051(7)C14-N1-C11 107.8(5)
Fe1-C10 2.066(11)C16-N1-Pd1 112.9(4)
Fe1-C6 2.072(11)C14-N1-Pd1 108.7(5)
S1-C13 1.802(10)C11-N1-Pd1 107.3(4)
S1-C12 1.818(8)C2-C1-C5 106.8(7)
N1-C16 1.451(10)C2-C1-C11 127.4(7)
N1-C14 1.541(11)C5-C1-C11 125.8(7)
N1-C11 1.545(9)C3-C2-C1 108.9(7)
C1-C2 1.429(11)C4-C3-C2 108.0(8)
C1-C5 1.442(11)C3-C4-C5 108.9(8)
C1-C11 1.483(11)C4-C5-C1 107.4(8)
C2-C3 1.408(12)C10-C6-C7 108.3(9)
C3-C4 1.410(15)C8-C7-C6 106.9(9)
C4-C5 1.420(14)C9-C8-C7 111.5(10)
C6-C10 1.395(15)C8-C9-C10 105.4(9)
C6-C7 1.420(15)C6-C10-C9 107.7(9)
C7-C8 1.385(15)C1-C11-C12 113.2(6)
C8-C9 1.382(14)C1-C11-N1 114.0(6)
C9-C10 1.461(15)C12-C11-N1 109.8(6)
C11-C12 1.498(10)C11-C12-S1 109.5(5)
C14-C15 1.475(13)C15-C14-N1 114.9(7)
C16-C17 1.533(14)N1-C16-C17 114.4(7)
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Fig. S4 Molecules of 6 form a dimer with two ferrocene units placed in parallel orientation and 
direct contact. The formation of the dimer is based on a large stabilizing electrostatic 
complementarity between two ferrocene units (G. A. Bogdanovic and S. B. Novakovic, 
CrystEngComm, 2011, 13, 6930–6932).


