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I.1 Supplementary Data 
 

 

Scheme S1 Synthesis of compound 9. 
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I.2 Spectroscopic details 

 

 

Figure S1. 11B{1H} NMR spectrum of compound 2. 

 

 
Figure S2. 1H NMR spectrum of compound 2. 
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Figure S3. 1H/11B{1H} HSQC spectrum of compound 2. 

 

 

Figure S4. 13C{1H} NMR spectrum of compound 2. 
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Figure S5. ESI-MS spectrum of compound 2 in CH2Cl2 and MeOH mixture. 

 

 

Figure S6. IR spectrum of compound 2  
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Figure S7. 11B{1H} NMR spectrum of compound 5. 
 
 
 

 
Figure S8. 1H NMR spectrum of compound 5. 
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Figure S9. 13C{1H} NMR spectrum of compound 5. 

 

 
Figure S10. ESI-MS spectrum of compound 5 in CH2Cl2 and MeOH mixture  
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Figure S11.. IR spectrum of compound 5. 
 
 

 

 
Figure S12. 11B{1H} NMR spectrum of compound 6. 
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Figure S13. 1H NMR spectrum of compound 6. 
 
 
 

 
Figure S14. 13C{1H} NMR spectrum of compound 6. 
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Figure S15. ESI-MS spectrum of compound 6 in CH2Cl2 and MeOH mixture. 

 
 

 
Figure S16. IR spectrum of compound 6. 
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Figure S17. 11B{1H} NMR spectrum of compound 8. 

 
 

 
Figure S18. 1H NMR spectrum of compound 8. 
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Figure S19. 13C{1H} NMR spectrum of compound 8. 

 

 
Figure S20. ESI-MS spectrum of compound 8 in CH2Cl2 and MeOH mixture. 
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Figure S21. IR spectrum of compound 8. 

 
 
 
 
 

 
Figure S22. 11B{1H} NMR spectrum of compound 9.( *peaks corresponding to inseparable 
impurities) 
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Figure S23. 1H NMR spectrum of compound 9. ( *peaks corresponding to inseparable 
impurities) 

 
Figure S24. 13C{1H} NMR spectrum of compound 9. 
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Figure S25. . ESI-MS spectrum of compound 9 in CH2Cl2 and MeOH mixture  

 

 
Figure S26. IR spectrum of compound 9. 

 
 

 
 

 

 



S18 
 
 
 

II Computational details 

All the structures were optimized using the Gaussian 16[1] program. The gradient-corrected 

B3LYP functional[2] along with def2-svp basis set[3] from EMSL7 Basis Set Exchange Library[4] 

was used for optimization. The model compounds were fully optimized starting from X-ray 

coordinates in the gaseous state (without solvent). Frequency calculations were carried out 

for the verification of the nature of the stationary state and to confirm the absence of any 

imaginary frequency which eventually confirmed the minima on the potential energy 

hypersurface for all structures. Wiberg bond indices (WBI)[5] was generated from natural 

bond orbital analysis (NBO)[6]. All the optimized geometries were drawn by Chemcraft[7] 

visualization program. Laplacian electronic distribution plots and two-dimensional electron 

density and were generated using the Multiwfn package.[8] 

 

Table.S1. Selected geometrical parameters and Wiberg bond indices (WBI) of 2, I, II, 5 and 6. 

 

 

 

 

2 I 

 Expt. Cal. WBI  Expt. Cal. WBI 
Mo1-Mo2 3.0326(8) 3.096 0.443 Mo1-Mo2 - 3.165 0.308 
Mo1-B1 2.354(5) 2.358 0.458 Mo1-B1 - 2.269 0.743 
Mo1-B2 2.207(5) 2.283 0.477 Mo1-B2 - 2.147 0.785 
Mo1-B3 2.351(6) 2.357 0.460 Mo1-B3 - 2.270 0.743 
B1-B2 1.715(8) 1.735 0.624 B1-B2 - 1.805 0.619 
B2-B3 1.757(7) 1.737 0.623 B2-B3 - 1.805 0.619 
II 5 
 Expt. Cal. WBI  Expt. Cal. WBI 
W1-W2 - 3.194 0.490 Mo1-Mo2 3.058(8) 3.132 0.381 
W1-B1 - 2.362 0.436 Mo1-B1 2.25(3) 2.205 0.716 
W1-B2 - 2.261 0.565 Mo2-B1 2.23(3) 2.320 0.374 
W1-B3 - 2.362 0.436 Co1-B1 2.04(2) 2.133 0.413 
B1-B2 - 1.706 0.725 Co1-Mo1 2.796(8) 2.822 0.374 
B2-B3 - 1.706 0.725 Co1-Mo2 2.758(8) 2.858 0.353 
6 

 

 Expt. Cal. WBI  
   

Mo1-B1 2.180(5) 2.108 0.859     
Mo2-B1 2.125(5) 2.187 0.621     
Co3-B1 2.022(5) 2.088 0.330     
Co4-B1 2.076(5) 2.057 0.381     
Co4-Mo1 2.7023(8) 2.877 0.306     
Co3-Mo2 2.967(5) 2.741 0.396     
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Table S2. Comparison between experimental and theoretical chemical shifts of compounds 2, I, 5 

and 6. 
11B- NMR value 

(ppm) 
2 I 5 6 

Experimental 12.9, 
 3.7 

105.5,  
34.2 

69.7 129.5 

Theoretical -6.8,  
-8.9,  
-24.3  

104.5,  
17.0 

47.4 129.4 

 

Table S3. Calculated natural charges (qM, qB and qE), natural valence population (Pop) and HOMO–

LUMO gaps of 2, I, II, 5, and 6. 

Compounds qM qB Pop (Mval) Pop (Bval) EH-L (eV) 

2 -0.904  

-0.787 

-0.146 

-0.078 

-0.145 

6.899 

6.779 

3.114 

3.046 

3.113 

3.370 

I -0.662 

-0.662 

-0.096 

-0.262 

-0.096 

6.646 

6.646 

3.059 

2.693 

3.056 

2.439 

II -0.353 

-0.353 

-0.221 

-0.286 

-0.221 

6.342 

6.342 

3.185 

3.248 

3.185 

2.853 

 

5 -1.012 (Mo) 

-0.931 (Mo) 

-1.489 (Co) 

-0.136 

 

7.017 (Mo) 

6.948 (Mo) 

10.476 (Co) 

2.818 

 

2.901 

6 -1.186 (Mo) 

-0.961 (Mo) 

-0.937 (Co) 

-1.346 (Co) 

-0.497 

 

7.199 (Mo) 

6.957 (Mo) 

9.925 (Co) 

10.330 (Co) 

2.441 2.585 

 



S20 
 
 
 

 

Figure S27. Comparison of HOMO-LUMO gap in  2(a), I(b). II(c). 
 

 

Figure S28. Selected frontier molecular orbitals of 5. 
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Figure S29. Selected natural bonding orbitals of 5. 
 

 

Figure S30. Selected frontier molecular orbitals of 6. 
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Figure S31. Optimized geometry of 2. 

Total Energy = -1222.68045653 a. u. 
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Figure S32. Optimized geometry of I. 

Total Energy = -1916.41218190 a. u. 
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Figure S33. Optimized geometry of II. 

Total Energy = -1220.43597081 a. u. 

 

 

 

 

Figure S34. Optimized geometry of 5. 

Total Energy = -2726.43589030 a. u. 
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Figure S35. Optimized geometry of 6. 

Total Energy = -4335.47672384 a. u. 

------------------------ 
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