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Table S1. Comparisons of computed geometrical parameters of 4a using various basis sets in the gaseous phase 
with the corresponding experimental ones. 
Structural 
Parameter 

    B3LYP    
6-31G 6-31G(d)  6-31G 

(d, p) 
6-
311G 

6-311G+ 
(2d, p) 

6-311G++ 
(d, p) 

6-311G++ 
(d, 2p) 

X-ray data  

Bond length(Å)         
C3-C20 1.544 1.538 1.538 1.542 1.532 1.537 1.538 1.532 
C3-C21 1.548 1.543 1.542 1.546 1.539 1.541 1.542 1.539 
C3-C4 1.548 1.542 1.542 1.548 1.539 1.541 1.541 1.528 
C4-C5 1.523 1.527 1.527 1.519 1.522 1.525 1.525 1.5 
C5-O1 1.257 1.229 1.229 1.256 1.225 1.225 1.226 1.197 
C5-C6 1.459 1.465 1.465 1.457 1.461 1.463 1.463 1.488 
C6-C7 1.53 1.526 1.526 1.53 1.524 1.526 1.527 1.509 
C6-C1 1.367 1.362 1.362 1.364 1.356 1.36 1.359 1.318 
C7-C12 1.541 1.537 1.537 1.541 1.535 1.535 1.536 1.537 
C7-C8 1.517 1.516 1.516 1.516 1.514 1.514 1.514 1.517 
C8-C9 1.403 1.402 1.402 1.4 1.398 1.401 1.401 1.386 
C8-C11 1.402 1.396 1.396 1.398 1.391 1.393 1.393 1.392 
C9-O2 1.362 1.341 1.342 1.362 1.339 1.339 1.338 1.325 
O2-C18 1.466 1.433 1.433 1.466 1.435 1.436 1.437 1.443 
C9-N2 1.347 1.336 1.336 1.347 1.332 1.334 1.333 1.351 
N2-C10 1.349 1.337 1.338 1.348 1.333 1.335 1.335 1.315 
C10-O3 1.361 1.342 1.343 1.361 1.34 1.341 1.342 1.365 
O3-C19 1.464 1.43 1.43 1.464 1.432 1.433 1.434 1.427 
C10-N3 1.34 1.331 1.331 1.34 1.326 1.327 1.327 1.32 
N3-C11 1.352 1.341 1.34 1.353 1.336 1.337 1.337 1.356 
C11-N1 1.387 1.386 1.387 1.387 1.385 1.387 1.387 1.361 
N1-C1 1.386 1.38 1.38 1.387 1.379 1.38 1.38 1.389 
C1-C2 1.51 1.508 1.508 1.509 1.504 1.506 1.506 1.505 
C2-C3 1.551 1.545 1.545 1.551 1.542 1.543 1.543 1.536 
C12-C13 1.404 1.4 1.4 1.401 1.395 1.398 1.398 1.378 
C12-C17 1.405 1.4 1.401 1.403 1.395 1.398 1.398 1.384 
C13-C14 1.399 1.395 1.394 1.398 1.391 1.394 1.393 1.388 
C14-C15 1.392 1.393 1.393 1.388 1.387 1.39 1.39 1.374 
C15-Cl1 1.833 1.763 1.763 1.835 1.761 1.762 1.762 1.731 
C15-C16 1.392 1.393 1.393 1.389 1.387 1.391 1.391 1.348 
C16-C17 1.4 1.396 1.394 1.397 1.391 1.393 1.394 1.395 
R2 value 0.9513 0.9715 0.9711 0.9507 0.9734 0.972 0.9724 1 
Bond angle (°)         
C20-C3-C21 109.05 109.02 109.02 109.1 109.01 109.02 108.96 108.9 
C21-C3-C4 110.48 110.49 110.5 110.41 110.43 110.44 110.46 110.5 
C3-C4-C5 114.2 114.64 114.7 114.28 114.97 114.92 114.87 114.65 
C4-C5-O1 120.08 120.35 120.32 120.07 120.2 120.23 120.31 121.02 
C4-C5-C6 118.41 117.84 117.8 118.49 118.07 117.91 117.89 116.92 
C5-C6-C7 117.93 118.07 118.1 118.23 118.53 118.54 118.51 115.53 
C5-C6-C1 119.99 119.95 119.97 119.94 119.76 119.85 119.87 120.68 
C7-C6-C1 122.08 121.98 121.92 121.84 121.7 121.6 121.62 123.78 
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C6-C7-C12 111.12 111.07 111.08 111.13 111.15 111.03 110.98 110.15 
C6-C7-C8 109.87 109.57 109.55 109.9 109.56 109.49 109.51 109.61 
C7-C8-C9 123.91 124.28 124.32 123.99 124.52 124.51 124.52 121.91 
C7-C8-C11 122.04 122.21 122.18 121.72 121.86 121.9 121.9 122.21 
C9-C8-C11 114.02 113.49 113.48 114.26 113.6 113.56 113.56 115.72 
C8-C9-N2 123.33 123.6 123.62 123.12 123.42 123.38 123.41 122.95 
C8-C9-O2 117.55 117.07 117.1 117.56 117.16 117.23 117.22 118.28 
C9-O2-C18 118.46 117.9 117.89 118.73 118.19 118.38 118.4 118.18 
C9-N2-C10 116.61 115.94 115.9 116.77 116.18 116.21 116.19 114.23 
C10-O3-C19 118.06 117.66 117.64 118.34 117.95 118.16 118.1 116.53 
N2-C10-N3 126.06 127.29 127.29 125.97 126.95 126.98 127 130.38 
C10-N3-C11 115.49 114.6 114.62 115.42 114.9 114.88 114.85 113.68 
N3-C11-C8 124.46 125.06 125.07 124.42 124.89 124.95 124.95 123.01 
C8-C11-N1 119.4 119.01 118.99 119.4 118.98 118.94 118.94 120.79 
C11-N1-C1 122.14 121.91 121.88 122.01 121.64 121.65 121.69 120.58 
N1-C1-C6 120.59 120.64 120.66 120.44 120.59 120.56 120.61 122.21 
C6-C1-C2 123.62 123.77 123.76 123.74 123.96 123.87 123.89 123.6 
C1-C2-C3 113.16 113.45 113.45 113.3 113.72 113.64 113.57 113.1 
C2-C3-C4 107.71 107.65 107.62 107.74 107.71 107.69 107.73 108 
C7-C12-C13 120.09 120.21 120.18 119.99 120.1 120.04 120.09 121.96 
C12-C13-C14 120.96 121.15 121.21 120.97 121.21 121.18 121.18 120.32 
C13-C14-C15 118.77 119.19 119.14 118.74 119.18 119.19 119.19 119.69 
C14-C15-Cl1 119.13 119.59 119.54 119.09 119.59 119.58 119.59 119.22 
C14-C15-C16 121.91 120.96 120.98 122 120.96 120.58 120.97 120.57 
C15-C16-C17 118.58 119.05 119.07 118.53 119.07 119.03 119.05 120.46 
C16-C17-C12 121.09 121.27 121.28 121.15 121.31 121.34 121.27 119.7 
C17-C12-C13 118.69 118.38 118.31 118.61 118.28 118.29 118.34 119.2 
R2 value 0.9149 0.9279 0.927 0.908 0.9165 0.9156 0.9174 1 
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Table S2. Comparisons of computed geometrical parameters of 4b, 4c and 4d using B3LYP/6-
31G(d) basis sets in the gaseous phase with the corresponding experimental ones. 

Structural 
Parameter 

B3LYP/ 
6-31G(d) 

X-ray data 
of 4b 

Structural 
Parameter 

B3LYP/ 
6-31G(d) 

X-ray 
data of 4c 

Structural 
Parameter 

B3LYP/ 
6-31G(d) 

X-ray data 
of 4d 

Bond length(Å)         
C3-C13 1.542 1.519 C1-C2 1.547 1.532 C3-C12 1.542 1.523 
C3-C12 1.537 1.528 C2-C12 1.542 1.526 C3-C13 1.538 1.527 
C3-C4 1.543 1.528 C2-C13 1.537 1.522 C3-C4 1.542 1.525 
C4-C5 1.528 1.5 C2-C3 1.544 1.525 C4-C5 1.528 1.503 
C5-O1 1.23 1.231 C3-C4 1.527 1.502 C5-O1 1.229 1.233 
C5-C6 1.465 1.447 C4-O1 1.229 1.234 C5-C6 1.464 1.446 
C6-C7 1.525 1.52 C4-C5 1.466 1.445 C6-C7 1.525 1.519 
C6-C1 1.361 1.351 C5-C11 1.362 1.357 C6-C1 1.362 1.357 
C7-C14 1.537 1.532 C5-C6 1.527 1.523 C7-C14 1.537 1.529 
C7-C8 1.517 1.513 C6-C14 1.538 1.529 C7-C8 1.517 1.512 
C8-C9 1.403 1.395 C6-C7 1.516 1.515 C8-C9 1.403 1.392 
C8-C11 1.396 1.375 C7-C10 1.39 1.379 C8-C11 1.396 1.378 
C9-O2 1.342 1.347 C7-C8 1.408 1.392 C9-O2 1.341 1.347 

O2-C20 1.432 1.436 C8-O2 1.34 1.35 O2-C20 1.432 1.438 
C9-N2 1.336 1.326 O2-C20 1.434 1.434 C9-N2 1.336 1.329 

N2-C10 1.337 1.338 C8-N3 1.331 1.326 N2-C10 1.338 1.339 
C10-O3 1.343 1.345 N3-C9 1.339 1.336 C10-O3 1.343 1.348 
O3-C21 1.429 1.433 C9-O1 1.344 1.347 O3-C21 1.43 1.434 
C10-N3 1.331 1.313 O1-C21 1.429 1.442 C10-N3 1.331 1.313 
N3-C11 1.341 1.352 C9-N2 1.329 1.32 N3-C11 1.34 1.351 
C11-N1 1.387 1.373 N2-C10 1.348 1.35 C11-N1 1.386 1.373 
N1-C1 1.382 1.367 C10-N1 1.387 1.376 N1-C1 1.381 1.371 
C1-C2 1.508 1.497 N1-C11 1.382 1.368 C1-C2 1.509 1.496 
C2-C3 1.545 1.521 C11-C1 1.509 1.501 C2-C3 1.545 1.528 

C14-C15 1.401 1.379 C14-C15 1.394 1.383 C14-C15 1.4 1.386 
C14-C19 1.401 1.381 C15-C16 1.401 1.387 C15-C16 1.393 1.38 
C15-C16 1.395 1.39 C16-O3 1.369 1.374 C16-Cl1 1.763 1.745 
C16-C17 1.396 1.368 O3-C22 1.417 1.418 C16-C17 1.394 1.367 
C17-C18 1.396 1.364 C16-C17 1.4 1.378 C17-C18 1.395 1.372 
C18-C19 1.396 1.384 C17-C18 1.398 1.383 C18-C19 1.395 1.382 

- - - C18-C19 1.391 1.377 C19-C14 1.4 1.385 
- - - C19-C14 1.404 1.392 - - - 

R2 value 0.9827   0.9881   0.9916  
Bond angle (°)         
C12-C3-C13 109.04 109.27 C1-C2-C3 107.79 107.23 C12-C3-C13 108.98 108.99 
C13-C3-C4 110.45 110.42 C1-C2-C12 110.79 110.31 C12-C3-C4 110.51 110.44 
C3-C4-C5 114.65 116.2 C12-C2-C13 109.08 108.47 C3-C4-C5 114.63 115.79 
C4-C5-O1 120.25 119.65 C2-C3-C4 114.44 115.97 C4-C5-O1 120.4 119.94 
C4-C5-C6 117.87 118.94 C3-C4-O4 120.46 119.89 C4-C5-C6 117.81 118.73 
C5-C6-C7 118.11 118.84 C3-C4-C5 117.66 118.45 C5-C6-C7 117.94 118.48 
C5-C6-C1 119.91 118.89 C4-C5-C6 117.96 118.3 C5-C6-C1 120.04 119.37 
C7-C6-C1 121.98 122.27 C4-C5-C11 119.92 119.63 C7-C6-C1 122.02 122.14 
C6-C7-C14 111.16 111.19 C11-C5-C6 122.11 122.05 C6-C7-C14 111.12 111.08 
C6-C7-C8 109.57 109.51 C5-C6-C14 110.85 112.33 C6-C7-C8 109.71 109.42 
C7-C8-C9 124.34 124.26 C5-C6-C7 109.75 109.44 C7-C8-C9 124.24 124.13 
C7-C8-C11 122.2 121.79 C6-C7-C8 124.25 123.63 C7-C8-C11 122.23 121.65 
C9-C8-C11 113.43 113.86 C6-C7-C10 122.24 122.17 C9-C8-C11 113.5 114.09 
C8-C9-O2 117.08 116.45 C10-C7-C8 113.49 113.98 C8-C9-O2 117.05 116.39 

C9-O2-C20 117.87 117.67 C7-C8-O2 116.79 115.93 C9-O2-C20 117.95 117.19 
C8-C9-N2 123.64 124.48 C8-O2-C20 117.58 117.56 C8-C9-N2 123.59 124.47 

C9-N2-C10 115.92 114.39 C7-C8-N3 123.95 124.66 C9-N2-C10 115.9 114.16 
C10-O3-C21 117.57 116.47 C8-N3-C9 115.66 114.3 C10-O3-C21 117.62 116.78 
N2-C10-N3 127.32 128.49 C9-O1-C21 117.33 116.44 N2-C10-N3 127.34 128.72 
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C10-N3-C11 114.55 114.2 N3-C9-N2 127.39 128.5 C10-N3-C11 114.59 114.24 
N3-C11-C8 125.11 124.5 C9-N2-C10 114.74 114.22 N3-C11-C8 125.05 124.24 
C8-C11-N1 119 120.5 N2-C10-C7 124.75 124.26 C8-C11-N1 119.02 120.33 
C11-N1-C1 121.84 121.46 C-C10-N1 119.4 120.36 C11-N1-C1 121.92 121.48 
N1-C1-C6 120.67 121.09 C10-N1-C11 121.75 121.26 N1-C1-C6 120.69 120.69 
  C6-C1-C2 123.85 123.82 N1-C11-C5 120.63 121.53   C6-C1-C2 123.71 123.61 
C1-C2-C3 113.42 114.01 C5-C11-C1 123.75 123.26 C1-C2-C3 113.45 113.8 
C2-C3-C4 107.63 107.22 C11-C1-C2 113.38 113.61 C2-C3-C4 107.67 107.76 

C14-C15-C16 120.69 120.61 C14-C15-C16 120.94 121.2 C14-C15-C16 119.66 119.87 
C15-C16-C17 120.3 120.32 C15-C16-O3 115.44 115.33 C15-C16-Cl1 119.16 119.39 
C16-C17-C18 119.48 119.68 C16-O3-C22 118.06 118.04 C15-C16-C17 121.72 121.51 
C17-C18-C19 120.11 120.21 C15-C16-C17 119.95 120.42 C16-C17-C18 118.39 118.91 
C18-C19-C14 120.84 121.01 C16-C17-C18 118.89 118.34 C17-C18-C19 120.6 120.53 
C19-C14-C15 118.58 118.15 C17-C18-C19 121.25 121.67 C18-C19-C14 120.63 120.67 

- - - C18-C19-C14 119.91 120.13 C19-C14-C15 119 118.49 
- - - C19-14-C15 119.05 118.22 - - - 

R2 value 0.9802   0.9795   0.9813  
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Crystal X-ray report of compound 4a [CCDC: 2133239]. 
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Crystal X-ray report of compound 4b [CCDC: 2149722].
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Crystal X-ray report of compound 4c [CCDC: 2157100].
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Crystal X-ray report of compound 4d [CCDC: 2157099].
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Optimised structure of Molecule 4(a-d) using B3LYP/6-31G(d) basis sets in gaseous state. 

 

  
(4a) (4b) 

  

  
(4c) (4d) 

 


