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Palladium(II)-Selenated Schiff base Complex Catalyzed Suzuki−Miyaura Coupling: Dependence of Efficiency on Alkyl Chain Length of Ligand
Gyandshwar Kumar Rao, Arun Kumar, Bharat Kumar, Dinesh Kumar and Ajai K. Singh*
NMR Spectra of L1−L4 and 1−4:

L1: Yield: (0.851 g) 91%; m.p. 79 °C. Anal. Found: C, 61.43; H, 4.87; N, 3.04%. Calc. for C24H23NO4Se: C, 61.54; H, 4.95; N, 2.99%.
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1H NMR (300 MHz, CDCl3, 25 °C): δ (ppm): 2.063−2.130 (m, 2H, H6), 2.966 (t, J = 7.2 Hz, 2H, H5), 3.674 (t, J = 6.3 Hz, 2H, H7), 3.873 (s, 3H, H20), 6.728 (dd, J = 8.1 & 1.8 Hz, 1H, H13), 6.806 (d, J = 1.8 Hz, 1H, H11), 6.970 (d, J = 8.7 Hz, 2H, H18), 7.209−7.257 (m, 4H, H1, H2, H14), 7.484−7.509 (m, 2H, H3), 8.132 (d, J = 8.7 Hz, 2H, H17), 8.253 (s, 1H, H8), 13.773 (bs, 1H, −OH). 13C{1H} NMR (75 MHz, CDCl3): δ (ppm): 24.99 (C5), 30.86 (C6), 55.44 (C7), 58.25 (C20), 110.41 (C11), 112.32 (C13), 113.79 (C18), 116.46(C9), 121.48 (C16), 126.91 (C1), 129.07 (C2), 129.75 (C4), 132.07 (C14), 132.27 (C17), 132.66 (C3), 154.08 (C10), 162.86 (C12), 163.91 (C19), 164.31 (C15), 164.72 (C8). 77Se{1H} NMR (57 MHz, CDCl3): δ (ppm) 285.87.

L2: Yield: (1.012 g) 85%; m.p. 71 °C. Anal. Found: C, 66.59; H, 6.91; N, 2.41%. Calc. for C33H41NO4Se: C, 66.66; H, 6.95; N, 2.36%. NMR: 1H (300 MHz, CDCl3, 25 °C): δ (ppm): 0.886 (t, J = 6.9 Hz, 3H, H22), 1.279−1.490 (m, 14H, HY), 1.790−1.838 (m, 2H, H21), 2.071−2.116 (m, 2H, H6), 2.973 (t, J = 7.2 Hz, 2H, H5), 3.686 (t, J = 6.3 Hz, 2H, H7), 4.032 (t, J = 6.6 Hz, 2H, H20), 6.731 (dd, J = 8.4 & 2.1 Hz, 1H, H13), 6.802 (d, J = 2.1 Hz, 1H, H11), 6.961 (d, J = 9.0 Hz, 2H, H18), 7.216−7.278 (m, 4H, H1, H2, H14), 7.484−7.515 (m, 2H, H3), 8.121 (d, J = 9.0 Hz, 2H, H17), 8.265 (s, 1H, H8), 13.787 (bs, 1H, −OH). 13C{1H} NMR (75 MHz, CDCl3): δ (ppm): 14.09 (C22), 22.64, 25.06 (C5), 25.94, 29.28, 29.32, 29.51, 31.86, 29.05 (C21), 30.93 (C6), 58.34
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(C7), 68.31 (C20), 110.47 (C11), 112.38 (C13), 114.29 (C18), 116.50 (C9), 121.27 (C16), 126.96 (C1), 129.11 (C2), 129.80 (C4), 132.08 (C14), 132.30 (C17), 132.75 (C3), 154.18 (C10), 162.88 (C12), 163.61 (C19), 164.40 (C15), 164.76 (C8). 77Se{1H} NMR (57 MHz, CDCl3): δ (ppm) 285.91.
L3: Yield: (1.34 g) 76%; m.p. < room temperature. Anal. Found: C, 70.13; H, 9.08; N, 1.60%. Calc. for C53H81NO6Se: C, 70.18; H, 9.00; N, 1.54%. 1H NMR (300 MHz, CDCl3, 25 °C): δ (ppm): 0.880 (t, J = 6.6 Hz, 9H, H22), 1.272−1.486 (m, 42H, HY),  1.715−1.878 (m, 6H, H21), 2.085−2.130 (m, 2H, H6), 2.986 (t, J = 7.2 Hz, 2H, H5), 3.707 (t, J = 6.3 Hz, 2H, H7), 4.022−4.077 (m, 6H, H20), 6.724 (dd, J = 8.1 & 1.8 Hz, 1H, H13), 6.792 (d, J = 2.1 Hz, 1H, H11), 7.239−7.264 (m, 4H, H1, H2, H14), 7.386 (s, 2H, H17), 7.499−7.524 (m, 2H, H3), 8.286 (s, 1H, H8), 13.831 (bs, 1H, −OH). 13C{1H} NMR (75 MHz, CDCl3): δ (ppm): 14.08 (C22), 22.65, 25.04 (C5), 26.04, 29.26−29.69, 30.31 (C6), 30.90 (C21), 31.87, 58.31 (C7), 69.22 (C20b), 73.54 (C20a), 108.54 (C17), 110.50 (C11), 112.31 (C13), 116.58 (C9), 123.61 (C16), 126.96 (C1), 129.11 (C2), 
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129.77 (C4), 132.12 (C14), 132.74 (C3), 143.05 (C19), 152.92 (C18), 154.10 (C10), 162.93 (C12), 164.51 (C15), 164.74 (C8). 77Se{1H} NMR (57 MHz, CDCl3): δ (ppm) 285.69.

L4: Yield (1.144 g) 81%; m.p. 89 °C. Anal. Found: C, 69.61; H, 8.11; N, 2.03 %. Calc. for C41H57NO4Se: C, 69.67; H, 8.13; N, 1.98%. NMR: 1H (300 MHz, CDCl3, 25 °C): δ (ppm): 0.880 (t, J = 6.6 Hz, 3H, H22), 1.265−1.473 (m, 30H, HY), 1.773−1.842 (m, 2H, H21), 2.058−2.147 (m, 2H, H6), 2.981 (t, J = 7.2 Hz, 2H, H5), 3.696 (t, J = 6.3 Hz, 2H, H7), 4.040 (t, J = 6.6 Hz, 2H, H20), 6.739 (dd, J = 8.4 & 2.1 Hz, 1H, H13), 6.803 (d, J = 2.1 Hz, 1H, H11), 6.963 (d, J = 8.7 Hz, 2H, H18), 7.220−7.291 (m, 4H, H1, H2, H14), 7.494−7.519 (m, 2H, H3), 8.121 (d, J = 8.7 Hz, 2H, H17), 8.277 (s, 1H, H8), 13.718 (bs, 1H, −OH). 13C{1H} NMR (75 MHz, CDCl3): δ (ppm): 14.10 (C22), 22.66, 25.06 (C5), 25.94, 29.06−29.67, 30.91 (C21), 31.89 (C6), 58.32 (C7), 68.30 (C20), 110.47 (C11), 112.39 (C13), 114.28 (C18), 116.49 (C9), 121.24 (C16), 126.96 (C1), 129.11 (C2), 129.79 (C4), 132.09 (C14), 132.30 (C17), 132.74 (C3), 154.17 (C10), 
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162.90 (C12), 163.60 (C19), 164.41 (C15), 164.75 (C8). 77Se{1H} NMR (57 MHz, CDCl3): δ (ppm) 286.41.
1 [Pd(L1−H)Cl]: Yield (0.542 g) 89%; m.p. 148 °C (d). Anal. Found: C, 47.35; H, 3.67; N, 2.34%. Calc. for C24H22ClNO4PdSe: C, 47.32; H, 3.64; N, 2.30%. NMR: 1H (300 MHz, CDCl3, 25 °C): δ (ppm): 2.016−2.178 (m, 1H, H6), 2.553−2.587 (m, 2H, H5, H6), 3.420−3.483 (m, 2H, H5, H7), 3.899 (s, 3H, H20), 4.174−4.254 (m, 1H, H7), 6.244 (dd, J = 8.4 & 1.5 Hz, 1H, H13), 6.682 (d, J = 1.5 Hz, 1H, H11), 6.840 (d, J = 8.7 Hz, 1H, H14), 6.990 (d, J = 8.7 Hz, 2H, H18), 7.294 (s, 1H, H8), 7.412−7.428 (m, 3H, H1, H2), 8.140 (d, J = 8.7 Hz, 2H, H17), 8.346−8.374 (m, 2H, H3). 13C{1H} NMR (75 MHz, CDCl3): δ (ppm): 27.92 (C6), 32.56 (C5), 55.53 (C20), 62.15 (C7), 109.76 (C13), 111.63 (C11), 113.89 (C18), 117.01(C9), 121.83 (C16), 129.58 (C1 & C2), 131.23 (C4), 132.34 (C17), 133.93 (C3), 136.67 (C14), 156.68 (C10), 161.15 (C8), 164.00 (C12), 164.08 (C19), 164.83 (C15). 77Se{1H} NMR (57 MHz, CDCl3): δ (ppm) 332.72.

2 [Pd(L2−H)Cl]: Yield (0.588 g) 80%; m.p. 184 °C (d). Anal. Found: C, 53.93; H, 5.46; N, 1.94%. Calc. for C33H40ClNO4PdSe: C, 53.90; H, 5.48; N, 1.90%. 1H NMR (CDCl3, 25°C, TMS): δ (ppm): 0.884 (t, J = 6.6 Hz, 3H, H22), 1.280−1.473 (m, 14H, HY), 1.771−1.863 (m, 2H, H21), 2.198−2.290 (m, 1H, H6), 2.543−2.590 (m, 2H, H5, H6), 3.422–3.488 (m, 2H, H5, H7), 4.042 (t, J = 6.6 Hz, 2H, H20), 4.182−4.261 (m, 1H, H7), 6.226 (dd, J = 8.4 & 2.1 Hz, 1H, H13), 6.665 (d, J = 2.1 Hz, 1H, H11), 6.818 (d, J = 8.7 Hz, 1H, H14), 6.971 (d, J = 9.0 Hz, 2H, H18), 7.276 (s, 1H, H8), 7.405−7.426 (m, 3H, H1, H2), 8.121 (d, J = 9.0 Hz, 2H, H17), 8.346−8.377 (m, 2H, H3). 13C{1H} NMR (75 MHz, CDCl3): δ (ppm): 14.07 (C22), 22.63, 25.93, 27.80, 29.04, 29.26, 29.31, 29.50, 31.84, 32.69 (C5), 62.08 (C7), 68.33 (C20), 109.65 (C13), 111.45 (C11), 114.31 (C18), 117.01(C9), 121.41 (C16), 129.48 (C1 & C2), 131.39 (C4), 132.27 (C17), 133.94 (C3), 136.83 (C14), 156.56 (C10), 161.07 (C8), 163.58 (C12), 163.75 (C19), 164.92 (C15). 77Se{1H} NMR (57 MHz, CDCl3): δ (ppm) 333.83.
3 [Pd(L3−H)Cl]: Yield (0.692 g) 66%; m.p. < room temperature. Anal. Found: C, 60.71; H, 7.71; N, 1.39%. Calc. for C53H80ClNO6PdSe: C, 60.74; H, 7.69; N, 1.34%. 1H NMR (CDCl3, 25°C, TMS): (δ,ppm): 0.797−0.902 (m, 9H, H22), 1.274−1.639 (m, 42H, HY), 1.746−1.866 (m, 6H, H21), 2.128−2.169 (m, 1H, H6), 2.555−2.614 (m, 2H, H5, H6), 3.401−3.476 (m, 2H, H5, H7), 4.196−4.277 (m, 6H, H20), 6.214 (dd, J = 8.4 Hz & 1.8 Hz, 1H, H13), 6.659 (d, J = 1.8 Hz 1H, H11), 6.828 (d, J = 8.7 Hz, 1H, H14), 7.294 (s, 2H, H17), 7.385−7.429 (m, 3H, H1, H2), 8.356−8.388 (m, 2H, H3). 13C{1H} NMR (75 MHz, CDCl3): δ (ppm): 14.01 (C22), 22.60, 26.02 (C6), 29.26−30.28, 31.83, 31.86 (C5), 62.07 (C7), 69.26 (C20a), 73.53 (C20b),109.46 (C13), 111.43 (C11), 117.13 (C9), 123.74 (C16), 129.44 (C1 & C2), 131.38 (C4), 133.86 (C3), 136.89 (C14), 143.11 (C19), 152.96 (C18), 156.46 (C10), 161.05 (C8), 163.76 (C12), 165.04 (C15). 77Se{1H} NMR (57 MHz, CDCl3): δ (ppm) 335.62.

4 [Pd(L4−H)Cl]: Yield (0.626 g) 74%; m.p. 185 °C (d). Anal. Found: C, 58.13; H, 6.68; N, 1.64%. Calc. for C41H56ClNO4PdSe: C, 58.10; H, 6.66; N, 1.65%. 1H NMR (CDCl3, 25°C, TMS): ): δ (ppm): 0.878 (t, J = 6.6 Hz, 3H, H22), 1.259−1.472 (m, 30H, HY), 1.795−1.842 (m, 2H, H21), 2.108−2.143 (m, 1H, H6), 2.554−2.588 (m, 2H, H5, H6), 3.407−3.473 (m, 2H, H5, H7), 4.042 (t, J = 6.3 Hz, 2H, H20), 4.149−4.226 (m, 1H, H7), 6.242 (d, J = 8.4 Hz, 1H, H13), 6.684 (s, 1H, H11), 6.832 (d, J = 8.7 Hz, 1H, H14), 6.969 (d, J = 8.7 Hz, 2H, H18), 7.285 (s, 1H, H8), 7.421−7.427 (m, 3H, H1, H2), 8.118 (d, J = 8.7 Hz, 2H, H17), 8.352−8.364 (m, 2H, H3). 13C{1H} NMR (75 MHz, CDCl3): δ (ppm): 14.09 (C22), 22.06, 25.94, 27.81 (C6), 29.06−29.66, 31.59, 32.70 (C5), 62.07 (C7), 68.33 (C20), 109.68 (C13), 111.47 (C11), 114.30 (C18), 117.00(C9), 121.38 (C16), 129.49 (C1 & C2), 131.37 (C4), 132.28 (C17), 133.94 (C3), 136.81 (C14), 156.56 (C10), 161.07 (C8), 163.58 (C12), 163.74 (C19), 164.93 (C15). 77Se{1H} NMR (57 MHz, CDCl3): δ (ppm) 334.97.
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Fig. S1.1 TEM−EDX of Decomposition Product (Pd nanoparticles protected by organoselenium species) of 1 obtained after Suzuki Coupling Reaction
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Fig. S1.2 SEM Image of Decomposition Product (Pd nanoparticles protected by organoselenium species) of 1 obtained after Suzuki Coupling Reaction
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Fig. S1.3 SEM−EDX of Decomposition Product (Pd nanoparticles protected by organoselenium species) of 1 obtained after Suzuki Coupling Reaction
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Fig. S1.4 TEM−EDX image of Decomposition Product (Pd nanoparticles protected by organoselenium species) of 4 obtained after Suzuki Coupling Reaction
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Fig. S1.5 SEM Image of Decomposition Product (Pd nanoparticles protected by organoselenium species) of 4 obtained after Suzuki Coupling Reaction
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Fig. S1.6 SEM−EDX of Decomposition Product (Pd nanoparticles protected by organoselenium species) of 4 obtained after Suzuki Coupling Reaction
Table S1 Crystal Data and Structure Refinement for 1.
Empirical formula


C24H22ClNO4PdSe.CHCl3
Formula weight


728.60

Temperature



273(2) K

Wavelength



0.71073 Å

Crystal system, space group 

Monoclinic, C2/c
Unit cell dimensions 


a = 22.333(3) Å
alpha (α) = 90.00°

b = 10.6408(15) Å 
beta (β) = 111.481(2)°

c = 25.506(4) Å 
gamma (γ) = 90.00°.

V  




5640.2(14) Å3
Z, Calculated density


8, 1.722 g/cm−3
Absorption coefficient

2.359 mm−1
F(000) 



2880

Crystal color and shape 

Orange rod

Crystal size 



0.453 × 0.215 × 0.157 mm

Theta range for data collection
1.72 to 25.00 deg.

Limiting indices


−26≤h≤26, −12≤k≤12, −30≤l≤30

Reflections collected/unique 

4962/3892 [R(int) = 0.0485]

Completeness to θ = 25.00 

99.0 %

Absorption correction 

Multi-scan

Max. and min. transmission

0.203 and 0.087  
Refinement method 


Full-matrix least-squares on F2
Data / restraints / parameters

4962 / 0 / 326

Goodness-of-fit on F2 

1.043

Final R indices [I>2σ(I)] 

R1 = 0.0630, wR2 = 0.1733

R indices (all data)


R1 = 0.0789, wR2 = 0.1835

Largest diff. peak and hole 

1.822 and −0.933 e.Å−3

CCDC




823568
Table S2 Selected Bond Lengths and Bond Angles of 1.

	Bond Distance  (Å)
	Bond Angle  (°)

	Pd(1)—O(4)

2.000(5)
Pd(1)—N(1)

2.018(6)
Pd(1)—Cl(1)

2.305(2)
Pd(1)—Se(1)

2.3965(9) 

Se(1)—C(18) 

1.928(7)
Se(1)—C(17) 

1.951(9)
N(1)—C(14) 

1.264(9)
N(1)—C(15) 

1.504(11)
O(4)—C10 

1.284(8)
C(11)—C(12) 

1.404(10) 

C(11)—C(14)

1.409(9)
C(6)—C(20) 

1.451(10) 

C(10)—C(9) 

1.410(10)
O(3)—C(7) 

1.358(9)
C(7)—O(2) 

1.208(9)

	O(4)—Pd(1)—Se(1)

167.97(14)
O(4)—Pd(1)—N(1)

92.5(2)
O(4)—Pd(1)—Cl(1) 

84.95(15)
N(1)—Pd(1)—Cl(1) 

176.48(19)
N(1)—Pd(1)—Se(1) 

99.51(19)
Cl(1)—Pd(1)—Se(1) 

83.09(6)
C(18)—Se(1)—C(17) 
95.4(4)
C(18)— Se(1)—Pd(1) 
104.0(2)
C(17)—Se(1)—Pd(1) 

107.9(2)
C(14)—N(1)—C(15) 

114.7(7)
C(14)—N(1)—Pd(1) 

122.7(5)
C(15)—N(1)—Pd(1) 

122.3(6)
N(1)—C(14)—C(11) 

129.6(7)
C(10)—C(11)—C(14) 
122.6(6)
C(12)—C(11)—C(10) 
119.9(6)
O(4)—C(10)—C(11) 

125.3(6)
O(4)—C(10)—C(9) 

118.0(6)
C(11)—C(10)—C(9) 

116.7(6)
C(7)—O(3)—C(8) 

115.6(6)
O(2)—C(7)—O(3) 

123.0(7)
C(14)—C(15)—C(16) 
117.2(6)
C(10)—O(4)—Pd(1) 

126.8(5)
C(1)—O(1)— C(24) 

118.5(8)
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Fig. S2.1 Molecular Packing of 1 view along Y axis. 
Cl·····H bond distance were found  to be 2.783 Å and 2.784 Å.

[image: image13.png]



Fig. S2.2 Molecular Packing of 1
[image: image14.png]



Fig. S2.3 Molecular Packing of 1
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Fig. S2.4 Molecular Packing of 1
[image: image16.png]



Fig. S2.5 Molecular Packing of 1
[image: image17.png]



Fig. S2.6 Molecular Packing of 1 Showing C−H····π Interaction
[image: image18.png]



Fig. S2.7 Molecular Packing of 1 Showing H····H Interaction
[image: image19.png]



Fig. S2.8 Molecular Packing of 1 Showing Cl······H (aromatic) and 
Cl····H (OMe) Interaction
[image: image20.jpg]



Fig. S3.1 1H NMR Spectrum of L1
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Fig. S3.2 13C{1H} NMR Spectrum of L1
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Fig. S3.3 77Se{1H} NMR Spectrum of L1
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Fig. S3.4 2D COSY Spectrum of L1
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Fig. S3.5 2D HMQC Spectrum of L1
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Fig. S3.6 1H NMR Spectrum of 1
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Fig. S3.7 13C{1H} NMR Spectrum of 1
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Fig. S3.8 77Se{1H} NMR Spectrum of 1
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Fig. S3.9 2D COSY Spectrum of 1
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Fig. S3.10 2D HMQC Spectrum of 1
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Fig. S3.11 1H NMR Spectrum of L2
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Fig. S3.12 13C{1H} NMR Spectrum of L2
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Fig. S3.13 77Se{1H} NMR Spectrum of L2
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Fig. S3.14 2D HMQC Spectrum of L2
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Fig. S3.15 1H NMR Spectrum of 2
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Fig. S3.16 13C{1H} NMR Spectrum of 2
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Fig. S3.17 77Se{1H} NMR Spectrum of 2
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Fig. S3.18 1H NMR Spectrum of L3
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Fig. S3.19 13C{1H} NMR Spectrum of L3
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Fig. S3.20 77Se{1H} NMR Spectrum of L3
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Fig. S3.21 1H NMR Spectrum of 3
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Fig. S3.22 13C{1H} NMR Spectrum of 3
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Fig. S3.23 77Se{1H} NMR Spectrum of 3
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Fig. S3.24 1H NMR Spectrum of L4
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Fig. S3.25 13C{1H} NMR Spectrum of L4
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Fig. S3.26 77Se{1H} NMR Spectrum of L4
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Fig. S3.27 1H NMR Spectrum of 4
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Fig. S3.2813C{1H} NMR Spectrum of 4
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Fig. S3.29 77Se{1H} NMR Spectrum of 4
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Fig. S4.1 15N NMR Spectrum of L1
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Fig. S4.2 15N NMR Spectrum of L4
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Fig. S5.1 TGA of Nanoparticles Obtained from 1 during Suzuki-Miyaura Coupling Reaction 
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Fig. S5.2 TGA of Nanoparticles Obtained from 2 during Suzuki-Miyaura Coupling Reaction 
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Fig. S5.3 TGA of Nanoparticles Obtained from 4 during Suzuki-Miyaura Coupling Reaction
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