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Figure S1.  ORTEP of 1R,2R,5S-1b with thermal ellipsoids are shown at the 50 % probability 

level.  Selected bond lengths (Å) and angles (°): Pd(1)−C(1) 2.025(3), Pd(1)−C(2) 2.020(3), 

Pd(1)−Br(1) 2.4352(7), Pd(1)−Br(2) 2.4551(7), C(1)−Pd(1)−C(2) 179.41(15), 

Br(1)−Pd(1)−Br(2) 177.984(17), C(1)−Pd(1)−Br(2) 91.57(10), C(1)−Pd(1)−Br(1) 90.02(10).   
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Figure S2.  ORTEP of 1S,2S,5R-2b with thermal ellipsoids are shown at the 50 % probability 

level.  Selected bond lengths (Å) and angles (°): Pd−C(1a) 2.008(6), Pd−C(1b) 2.028(5), 

Pd−Br(1) 2.4479(9), Pd−Br(2) 2.4319(10), C(1a)−Pd−C(1b) 179.2(2), Br(1)−Pd−Br(2) 

175.32(5), C(1a)−Pd−Br(2) 89.72(15), C(1b)−Pd−Br(1) 90.24(15).   
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Figure S3.  ORTEP of 1R,2R,5S-2b with thermal ellipsoids are shown at the 50 % probability 

level.  Selected bond lengths (Å) and angles (°): Pd(1)−C(1) 2.049(11), Pd(1)−C(16) 2.012(12), 

Pd(1)−Br(1) 2.4369(15), Pd(1)−Br(2) 2.4446(15), C(1)−Pd(1)−C(16) 178.8(5), 

Br(1)−Pd(1)−Br(2) 175.39(7), C(1)−Pd(1)−Br(2) 90.9(3), C(1)−Pd(1)−Br(1) 90.1(3).   
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Figure S4.  ORTEP of 1R,2R,5S-3b with thermal ellipsoids are shown at the 50 % probability 

level.  Selected bond lengths (Å) and angles (°): Pd(1)−C(1) 2.018(9), Pd(1)−C(2) 2.022(9), 

Pd(1)−Br(1) 2.4354(12), Pd(1)−Br(2) 2.4370(12), C(1)−Pd(1)−C(2) 177.5(5), 

Br(1)−Pd(1)−Br(2) 169.51(5), C(1)−Pd(1)−Br(2) 91.3(3), C(1)−Pd(1)−Br(1) 87.8(3). 
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Figure S5.  ORTEP of 1S,2S,5R-3c with thermal ellipsoids are shown at the 50 % probability 

level.  Selected bond lengths (Å) and angles (°): Pd(1)−C(1) 2.022(10), Pd(1)−C(20) 2.028(10), 

Pd(1)−O(1) 2.006(6), Pd(1)−O(3) 2.017(6), C(1)−Pd(1)−C(20) 176.8(5), O(1)−Pd(1)−O(3) 

179.1(4), C(1)−Pd(1)−O(1) 87.0(4), C(20)−Pd(1)−O(3) 85.0(3).   
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Figure S6.  ORTEP of 1R,2R,5S-3c with thermal ellipsoids are shown at the 50 % probability 

level.  Selected bond lengths (Å) and angles (°): Pd(1)−C(1) 2.033(8), Pd(1)−C(2) 2.020(8), 

Pd(1)−O(1) 2.022(5), Pd(1)−O(2) 2.021(5), C(1)−Pd(1)−C(2) 176.7(3), O(1)−Pd(1)−O(2) 

178.7(3), C(1)−Pd(1)−O(1) 95.3(3), C(2)−Pd(1)−O(2) 91.3(3).   
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Figure S7.  
1
H NMR spectrum of 1R,2R,5S-A in CDCl3. 
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Figure S8.  
13

C{
1
H} NMR spectrum of 1R,2R,5S-A in CDCl3.   
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Figure S9.  Infrared spectrum of 1R,2R,5S-A in KBr.   
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Figure S10.  High Resolution Mass Spectrometry (HRMS) data of 1R,2R,5S-A.   
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Figure S11.  Elemental analysis data of (1R,2R,5S)-A.   
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Figure S12.  Specific rotation of (1R,2R,5S)-A in CHCl3.   
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Figure S13.  
1
H NMR spectrum of (1R,2R,5S)-1a in CDCl3. 
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Figure S14.  
13

C{
1
H} NMR spectrum of 1R,2R,5S-1a in CDCl3.   
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Figure S15.  Infrared spectrum of 1R,2R,5S-1a in KBr.   
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Figure S16.  High Resolution Mass Spectrometry (HRMS) data of 1R,2R,5S-1a.   
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Figure S17.  Elemental analysis data of (1R,2R,5S)-1a.   
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Figure S18.  Specific rotation of (1R,2R,5S)-1a in CHCl3.   
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Figure S19.  
1
H NMR spectrum of 1S,2S,5R-2a in CDCl3. 



S21 
 

 

Figure S20.  
13

C{
1
H} NMR spectrum of 1S,2S,5R-2a in CDCl3. 
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Figure S21.  Infrared spectrum of 1S,2S,5R-2a in KBr. 
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Figure S22.  High Resolution Mass Spectrometry (HRMS) data of 1S,2S,5R-2a. 
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Figure S23.  Elemental analysis data of 1S,2S,5R-2a.   
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Figure S24.  Specific rotation of 1S,2S,5R-2a in CHCl3. 
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Figure S25.  
1
H NMR spectrum of (1R,2R,5S)-2a in CDCl3. 
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Figure S26.  
13

C{
1
H} NMR spectrum of 1R,2R,5S-2a in CDCl3. 
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Figure S27.  Infrared spectrum of 1R,2R,5S-2a in KBr. 
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Figure S28.  High Resolution Mass Spectrometry (HRMS) data of 1R,2R,5S-2a. 
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Figure S29.  Elemental analysis data of (1R,2R,5S)-2a.   
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Figure S30.  Specific rotation of (1R,2R,5S)-2a in CHCl3.   
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Figure S31.  
1
H NMR spectrum of (1R,2R,5S)-3a in CDCl3. 



S33 
 

 

Figure S32.  
13

C{
1
H} NMR spectrum of (1R,2R,5S)-3a in CDCl3.   
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Figure S33.  Infrared spectrum of 1R,2R,5S-3a in KBr. 
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Figure S34.  High Resolution Mass Spectrometry (HRMS) data of 1R,2R,5S-3a. 
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Figure S35.  Elemental analysis data of (1R,2R,5S)-3a.   
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Figure S36.  Specific rotation of (1R,2R,5S)-3a in CHCl3.   
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Figure S37.  
1
H NMR spectrum of (1R,2R,5S)-1b in CDCl3. 
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Figure S38.  
13

C{
1
H} NMR spectrum of (1R,2R,5S)-1b in CDCl3.   
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Figure S39.  Infrared spectrum of 1R,2R,5S-1b in KBr.   
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Figure S40.  High Resolution Mass Spectrometry (HRMS) data of 1R,2R,5S-1b.   
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Figure S41.  Elemental analysis data of (1R,2R,5S)-1b.   
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Figure S42.  Specific rotation of (1R,2R,5S)-1b in CHCl3.   
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Figure S43.  
1
H NMR spectrum of 1S,2S,5R-2b in CDCl3. 
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Figure S44.  
13

C{
1
H} NMR spectrum of 1S,2S,5R-2b in CDCl3. 
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Figure S45.  Infrared spectrum of 1S,2S,5R-2b in KBr. 
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Figure S46.  High Resolution Mass Spectrometry (HRMS) data of 1S,2S,5R-2b. 
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Figure S47.  Elemental analysis data of 1S,2S,5R-2b.   
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Figure S48.  Specific rotation of 1S,2S,5R-2b in CHCl3.   
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Figure S49.  
1
H NMR spectrum of (1R,2R,5S)-2b in CDCl3. 



S51 
 

 

Figure S50.  
13

C{
1
H} NMR spectrum of (1R,2R,5S)-2b in CDCl3. 
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Figure S51.  Infrared spectrum of 1R,2R,5S-2b in KBr. 
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Figure S52.  High Resolution Mass Spectrometry (HRMS) data of 1R,2R,5S-2b.  
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Figure S53.  Elemental analysis data of (1R,2R,5S)-2b.   
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Figure S54.  Specific rotation of (1R,2R,5S)-2b in CHCl3.   
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Figure S55.  
1
H NMR spectrum of (1R,2R,5S)-3b in CDCl3. 
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Figure S56.  
13

C{
1
H} NMR spectrum of (1R,2R,5S)-3b in CDCl3.   
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Figure S57.  Infrared spectrum of 1R,2R,5S-3b in KBr. 
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Figure S58.  High Resolution Mass Spectrometry (HRMS) data of 1R,2R,5S-3b. 
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Figure S59.  Elemental analysis data of (1R,2R,5S)-3b.   
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Figure S60.  Specific rotation of (1R,2R,5S)-3b in CHCl3. 
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Figure S61.  
1
H NMR spectrum of 1S,2S,5R-1c in CDCl3. 
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Figure S62.  Expanded 
1
H NMR spectrum of 1S,2S,5R-1c in CDCl3. 
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Figure S63.  
13

C{
1
H} NMR spectrum of 1S,2S,5R-1c in CDCl3. 
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Figure S64.  
19

F{
1
H} NMR spectrum of 1S,2S,5R-1c in CDCl3. 
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Figure S65.  Infrared spectrum of 1S,2S,5R-1c in KBr. 
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Figure S66.  High Resolution Mass Spectrometry (HRMS) data of 1S,2S,5R-1c. 
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Figure S67.  Elemental analysis data of 1S,2S,5R-1c.   
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Figure S68.  Specific rotation of 1S,2S,5R-1c in CHCl3. 
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Figure S69.  
1
H NMR spectrum of (1R,2R,5S)-1c in CDCl3. 
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Figure S70.  
13

C{
1
H} NMR spectrum of (1R,2R,5S)-1c in CDCl3. 



S72 
 

 

Figure S71.  
19

F{
1
H} NMR spectrum of (1R,2R,5S)-1c in CDCl3. 
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Figure S72.  Infrared spectrum of 1R,2R,5S-1c in KBr. 
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Figure S73.  High Resolution Mass Spectrometry (HRMS) data of 1R,2R,5S-1c. 
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Figure S74.  Elemental analysis data of (1R,2R,5S)-1c.   
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Figure S75.  Specific rotation of (1R,2R,5S)-1c in CHCl3.   
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Figure S76.  
1
H NMR spectrum of 1S,2S,5R-3c in CDCl3. 
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Figure S77.  
13

C{
1
H} NMR spectrum of 1S,2S,5R-3c in CDCl3. 
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Figure S78.  
19

F{
1
H} NMR spectrum of 1S,2S,5R-3c in CDCl3. 
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Figure S79.  Infrared spectrum of 1S,2S,5R-3c in KBr.   
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Figure S80.  High Resolution Mass Spectrometry (HRMS) data of 1S,2S,5R-3c. 
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Figure S81.  Elemental analysis data of 1S,2S,5R-3c. 
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Figure S82.  Specific rotation of 1S,2S,5R-3c in CHCl3. 
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Figure S83.  
1
H NMR spectrum of (1R,2R,5S)-3c in CDCl3. 
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Figure S84.  
13

C{
1
H} NMR spectrum of (1R,2R,5S)-3c in CDCl3. 
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Figure S85.  
19

F{
1
H} NMR spectrum of (1R,2R,5S)-3c in CDCl3.   
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Figure S86.  Infrared spectrum of 1R,2R,5S-3c in KBr. 
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Figure S87.  High Resolution Mass Spectrometry (HRMS) data of 1R,2R,5S-3c. 
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Figure S88.  Elemental analysis data of (1R,2R,5S)-3c. 
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Figure S89.  Specific rotation of (1R,2R,5S)-3c in CHCl3. 
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(a) (b) (c)

 

Figure S90.  Antiproliferative activity of (1R,2R,5S)-1c against (a) MCF-7 and (b) MCF10A.  (c) Antiproliferative activity of 

cisplatin against MCF7 measured using sulforhodamine B assay.  The experiment was performed three times and average data was 

plotted.  Error bars indicate standard deviation.   
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(a) (b)

 

Figure S91.  Antiproliferative activity of (a) (1R,2R,5S)-1c and (b) cisplatin against HeLa measured using sulforhodamine B assay.  

The experiment was performed three times and average data was plotted.  Error bars indicate standard deviation.   
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Figure S92.  Antiproliferative activity of (1R,2R,5S)-1c against (a) B16F10 and (b) L929 measured using sulforhodamine B assay.  

The experiment was performed three times and average data was plotted.  Error bars indicate standard deviation.   
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Figure S93.  Antiproliferative activity of (1R,2R,5S)-1c against (a) A549 and (b) EMT6/AR1 cells measured using sulforhodamine B 

assay.  The experiment was performed three times and average data was plotted.  Error bars indicate standard deviation.   
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Table S1.  X-ray crystallographic data for (1R,2R,5S)(1−3)b, (1S,2S,5R)-2b, (1S,2S,5R)-1c, (1R,2R,5S)-1c, (1S,2S,5R)-3c and (1R,2R,5S)-3c.   

Compound (1R,2R,5S)-1b (1S,2S,5R)-2b (1R,2R,5S)-2b (1R,2R,5S)-3b (1S,2S,5R)-1c (1R,2R,5S)-1c (1S,2S,5R)-3c (1R,2R,5S)-3c 

Lattice Triclinic Triclinic Triclinic Triclinic Monoclinic Monoclinic Monoclinic Monoclinic 

Formula C28H50N6PdBr2 C30H50N6PdBr2 C30H50N6PdBr2 C76H108N12Pd2Br4 C32H50N6F6PdO4 C96H150N18F18Pd3O12 C42H54N6F6PdO4 C42H54N6F6PdO4 

Formula weight 736.96 760.98 760.97 1722.18 803.18 2409.53 927.31 927.31 

Space group P1 P1 P1 P1 P21 P21 P21 P21 

a/Å 8.095(2) 7.7060(15) 7.715(4) 11.565(3) 10.561(2) 18.899(5) 9.702(3) 9.734(6) 

b/Å 14.812(4) 7.8581(16) 7.865(4) 13.039(3) 11.169(2) 11.212(3) 20.111(6) 20.3275(10) 

c/Å 15.641(4) 14.256(3) 14.299(7) 13.719(3) 16.133(3) 27.511(7) 11.874(4) 11.937(7) 

/° 66.874(12) 101.44(3) 101.479(8) 98.396(4) 90.00 90.00 90.00 90.00 

/° 76.588(14) 95.42(3) 95.384(5) 95.925(4) 92.303(3) 95.294(4) 109.578(3) 109.531(8) 

/° 77.346(14) 90.11(3) 90.079(7) 101.192(3) 90.00 90.00 90.00 90.00 

V/Å
3
 1660.4(7) 842.1(3) 846.3(7) 1989.1(8) 1901.4(6) 5805(3) 2182.9(12) 2226.0(19) 

Z 2 1 1 1 2 2 2 2 

Temperature (K) 150(2) 150(2) 273 150(2) 100(2) 150(2) 100(2) 150(2) 

Radiation (,Å) 0.71075 0.71073 0.71070 0.71075 0.7107 0.71075 0.7107 0.71070 

ρ (calcd.), g cm
-3

 1.474 1.501 1.493 1.438 1.403 1.379 1.411 1.383 

θ max, deg. 25.00 32.4597 29.13 25.00 29.20 25.00 29.14 25.00 

No. of data 11225 7372 5340 13098 6953 18768 5437 7729 

No. of parameters 683 358 352 859 450 1348 538 538 

R1 0.0258 0.0373 0.0553 0.0369 0.0397 0.0719 0.0571 0.0763 

wR2 0.0529 0.0670 0.1204 0.0823 0.0793 0.1488 0.0925 0.1545 

GOF 0.892 0.929 1.151 1.086 1.030 1.057 0.857 1.044 

Flack 0.007(5) 0.009(6) 0.941(17) 0.015(6) -0.035(14) -0.02(2) -0.03(4) 0.05(4) 
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Table S2.  Anticancer  activity of chiral Pd–NHC complexes, (1S,2S,5R)-(1–3)b and (1R,2R,5S)-(1–3)b, (1S,2S,5R)-(1, 3)c and (1R,2R,5S)-(1,3)c, against MCF-7 cells.   

S. No. compound [α]D
25

 IC50 (μM) compound [α]D
25

 IC50 (μM) 

1 
Pd

N N

N
Br

Br

NN

N

i-Pr

i-Pr

 

(1S,2S,5R)-1b 

– 29.4 2.2 ± 0.1 
Pd

N N

N
Br

Br

NN

N

i-Pr

i-Pr

 

(1R,2R,5S)-1b 

+ 29.8 2.3 ± 1 

2 
Pd

N N

N
Br

Br

NN

N

i-Pr

i-Pr

 

(1S,2S,5R)-2b 

– 41.7 ≈ 10 
Pd

N N

N
Br

Br

NN

N

i-Pr

i-Pr

 

(1R,2R,5S)-2b 

+ 39.4 ≈ 10 

3 
Pd

N N

N
Br

Br

NN

N

i-Pr

i-Pr

 

(1S,2S,5R)-3b 

– 45.2 > 10 
Pd

N N

N
Br

Br

NN

N

i-Pr

i-Pr

 

(1R,2R,5S)-3b 

+ 45.0 > 10 

4 
Pd

N N

N
O

O

NN

N

CF3O

F3C O
i-Pr

i-Pr

 

(1S,2S,5R)-1c 

+ 47.8 0.7 ± 0.005  
Pd

N N

N
O

O

NN

N

CF3O

F3C O
i-Pr

i-Pr

 

(1R,2R,5S)-1c 

– 48.0 0.55 ± 0.02 

5 
Pd

N N

N
O

O

NN

N

CF3O

F3C O
i-Pr

i-Pr

 

(1S,2S,5R)-3c 

+ 40.2 >10 
Pd

N N

N
O

O

NN

N

CF3O

F3C O
i-Pr

i-Pr

 

(1R,2R,5S)-3c 

– 44.4 > 10 

Data are average IC50 values from three independent set of experiments and ± indicates S.D. 
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Table S3.  Anticancer activity of chiral Pd–NHC complexes (1S,2S,5R)-1c and (1R,2R,5S)-1c, against MCF-7 and HeLa cells in 

comparison to cisplatin.   

S. No. compound 
MCF-7 

IC50 (μM) 

Hela 

IC50 (μM) 

1 
Pd

N N

N
O

O

NN

N

CF3O

F3C O
i-Pr

i-Pr

 

(1S,2S,5R)-1c 

0.7 ± 0.005 2.6 ± 1.6 

2 
Pd

N N

N
O

O

NN

N

CF3O

F3C O
i-Pr

i-Pr

 

(1R,2R,5S)-1c 

0.55 ± 0.02 2.3 ± 1 

3 cisplatin 14.9 ± 0.4 8.5 ± 0.7 

Data are average IC50 values from three independent set of experiments and ± indicates S.D. 
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Table S4.  Anticancer activity of the most potent complex (1R,2R,5S)-1c against various cancer cell lines.   

compound 

IC50 (μM) values 

MCF-7 

(breast cancer) 

HeLa 

(cervical cancer) 

A549 

(lung cancer) 

B16F10 

(skin cancer) 

 

EMT6/AR1 

(multidrug resistant 

mammary cancer) 

 

(1R,2R,5S)-1c 

0.55 ± 0.02 2.3 ± 1 5.7 ± 1.6 1.3 ± 0.4 4.8 ± 0.3 

Data are average IC50 values from three independent set of experiments and ± indicates S.D. 
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Table S5.  IC50 values of complex (1R,2R,5S)-1c against MCF-7 and B16F10 in comparison to their respective noncancerous 

counterparts MCF10A and L929. 

compound MCF-7 

IC50 (µM) 

MCF10A 

IC50 (µM) 

B16F10 

IC50 (µM) 

L929 

IC50 (µM) 

 

(1R,2R,5S)-1c 

 

0.55 ± 0.02 

 

8.6 ± 0.9 

 

1.3 ± 0.4 

 

10.5 ± 0.2 

Data are average IC50 values from three independent set of experiments and ± indicates S.D. 
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