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Computational details

The geometry optimization, magnetic shielding calculation using GIAO approach,>* sequent
GIMIC analyses, and EDDB analysis were performed for structures 1-24 at the PBEO/aug-cc-
PVTZ levelS?58 using the Gaussian.>” The aug-cc-pVTZ-pp°® basis set was utilized for the Te
atom. The additional commands Pop(NBORead), Density=Current, NoSymm, and
Int(NoBasisTransform) for Gaussian and also command set $NBO SKIPBO
FILE=molecule_name DMNAO=W49 AONAO=W49 $END for built-in NBO v3.1 module
were used. The EDDB analysis was performed using the RunEDDB script.® The visualization of
NODB orbitals for 1-10 (Figure S5) was done using the Avogadro programS® with default
setting. For EDDB(r) isosurface plotting with a set of isovalues using the Paraview program
(version 5.6),!! the RunEDDB FCHK output files were recalculated to the Cub-format using
standard Cubgene utilityS” and converted to the VTK-format using the MultiwnFN program.s?

Since the magnetic current distribution depends on the direction of the external magnetic
field, the latter is accepted to choose as normal to the ring plane (Z axis). The basis set and
magnetic shielding matrix were extracted from FormCHK output file of Gaussian and converted
using Gaussian2gimic.py script>t® to format (MOL and XDENS files) suitable for the GIMIC
calculation. The IC distribution were calculated with using the GIMIC 2.0 program.5* The IC
distribution presented as streamline plots were obtained using Streamline modules implemented
in the Paraview, parameters are adopted for the best view. It was noticed that the streamline
extraction above 0.25 A molecular plane possess a better clearness to view both the net IC
and the circuit 1Cs for each ring. For calculation of IRCS value, integration grid with a 0.1 bohr
step was chosen over a bond cross-section. It begins at the geometric ring center and extends up
to 6 bohr in outward directions.
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Table S1 EDDB and GMIC results for the monocyclic diazoles 21-24

n-EDDB View and occupation number (€)
isosurface for NODBs IC stream line IRCS
# X and 7- plot (C-0),
EDDBw(?) 1 2 3 nA/T
value

7
- 4’ . ’ ’ \

26 0.941 0933  0.742
1.188 1169 1.007
e I" “ ’ '
0.891 0.877  0.868
200 0.790 0.666  0.639

11.8

13.4

12.2

10.6

The m-EDDB isosurfaces are presented at the standard isovalue 0.015 e.

The IC streamline plots are shown 0.25 A above the ring plane.



Table S2 n-EDDBH, n-EDDBFE, and IRCS values for 11-20

_ n-EDDBE, € IRCS, nA/T
# X ¥ mEDDBn @ XN2C2 CoNsHz YN2C2 X-N Y-N C-N C-C
11 O O 6.82 2.70 2.96 2.70 65 65 -19 87,88
12 O S 7.14 2.71 3.59 3.17 6.2 74 -23 9.7
13 O Se 6.87 2.72 3.37 2.57 65 6.7 -17 86,84
14 O Te 6.45 2.73 3.21 2.16 69 6.1 -12 856.9
15 S S 8.02 3.17 2.78 3.17 6.8 6.8 -27 9.6
16 S Se 7.48 3.19 3.65 2.59 74 63 -19 96,82
17 S Te 7.04 3.20 3.47 2.19 78 57 -13 91,638
18 Se Se 7.03 2.64 3.50 2.64 6.7 6.7 -14 8.0
19 Se Te 6.63 2.67 3.35 2.24 71 61 -09 7.8,6.6
20 Te Te 6.29 2.28 3.23 2.28 6.3 6.3 -05 6.4
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The IRCS values for X—N and Y—N bond describe ring current in the five-membered cycles,
whereas the IRCS values for C—N bond corresponds to the six-membered cycle. It should be
noted that hetereoatoms and the IRCS values being not additive for polycyclic molecules can
prompt additional errors. The IRCS(C—C) being greater up to ~2 nA/T gives an insight into the
reliability of the aromaticity estimation in the 5-membered rings. In the case of 11-20 the IRCS
values for the X—N, Y-N and C—C bonds result in the same aromaticity degree series depending
on heteroatom X/Y: Te<Se<0O<S.

Table S3 The NODB occupancy numbers (&) for 11-20

Molecule

#

Y

n-NODB

1

2

3 4

5

6

8

11
12
13
14
15
16
17
18
19
20

@)
S
Se
Te
S
Se
Te
Se
Te
Te

0.931
1.138
0.945
0.953
1.138
1.138
1.143
1.051
1.044
1.050

0.923
1.025
0.939
0.934
1.117
1.047
1.047
1.040
1.031
1.031

0.901 0.897
0.932 0.916
0.927 0.903
0.908 0.901
1.041 1.028
0.991 0.989
0.978 0.966
0.904 0.859
0.891 0.823
0.768 0.732

0.833
0.908
0.857
0.757
0.974
0.894
0.894
0.820
0.783
0.706

0.826
0.901
0.783
0.710
0.970
0.859
0.721
0.801
0.734
0.690

0.763
0.882
0.774
0.646
0.885
0.794
0.666
0.778
0.681
0.658

0.751
0.747
0.751
0.644
0.872
0.769
0.633
0.778
0.648
0.657
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Figure S1 The isosurface plots of 7-EDDB(r) function at the 0.01 & (red) and 0.025 & (cyan)
isovalues for radicals 11-20.

Figure S2. The streamline plots of IC density for 13-20.
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Figure S3. The isosurface plots of n-EDDB(r) function at the 0.01 & (red) and 0.025 & (cyan)
isovalues for the radicals 1-10.
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Figure S4. The NODB plots for 1-10.
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Table S4. The IRCS values (nA/T) for 1-10

# Bond Contribution

XY alpha beta spin total
ON 23 7.7 54 99

1 0 O CN -09 69 78 61
cCC 32 09 23 41

ON 24 79 55 103

CN -05 66 71 6.0

2 O S SN 24 68 44 92
CCo 430 15 15 45

CCs 30 03 27 33

O-N 28 78 49 106

CN -01 66 67 65

3 O Se SeN 21 73 52 94
CCo 29 14 15 44

CCse 22 07 14 29

ON 31 75 44 107

CN 02 63 61 65

4 O Te Te-N 19 72 54 91
CCo 29 14 15 43

CCr 16 09 06 25

SN 24 76 52 100

5 §S § CN 05 72 77 57
cCC 30 06 24 35

SN 29 71 42 100

CN 00 68 68 68

6 S Se SeN 21 78 58 99
CCs 29 03 25 32

CCs 21 11 10 33

SN 33 67 34 100

CN 04 63 59 67

7 S Te TeeN 18 76 58 95
CC 29 03 25 32

CCr 14 12 02 26

Se-N 25 75 50 100

8 Se Se CN 03 66 63 70
cCC 21 09 13 30

Se-N 28 71 43 10.0

CN 05 63 57 68

21 73 52 95

©
w
D
—
@
_|
?
pd

CGCse 22 08 12 3.0
CCre 15 10 05 25
TeN 26 73 47 99
10 Te Te CN 07 61 53 6.8
cCC 17 09 07 26




Table S5

. The NODB occupancy numbers for 1-10
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Molecule _— n-NODB occupancy, & n-EDDBw,
Contribution _

# X 2 3 4 5 6 7 8 €
alpha 0.688 0.674 0.537 0.523 0.512 0507 0.289 0.273 4.00

1 O O beta 0.888 0.884 0.862 0.853 0.848 0.771 0.748 0.126 5.98
total 1535 1467 1396 1396 1394 1.134 1.036 0.490 9.85

alpha 0.645 0.638 0560 0.535 0.469 0.462 0.308 0.261 3.88

2 0O S beta 0.838 0.827 0.789 0.776 0.767 0.705 0.684 0.128 5.51
total 1437 1405 1.296 1.266 1.239 1.197 0.977 0.441 9.26

alpha 0.611 0.606 0.534 0518 0.474 0.472 0.278 0.231 3.72

3 0O Se beta 0.862 0.852 0.824 0.798 0.791 0.776 0.704 0.127 5.73
total 1440 1433 1326 1.295 1290 1.149 0.991 0.402 9.33

alpha 0.601 0.600 0512 0491 0483 0.480 0.293 0.179 3.64

4 0O Te beta 0.871 0.853 0.837 0809 0.774 0.750 0.700 0.128 572
total 1444 1433 1347 1303 1.264 1.098 0.973 0.366 9.23

alpha 0.698 0.683 0.588 0.552 0545 0534 0351 0.323 4.27

5 S S beta 0.882 0.870 0.864 0817 0.810 0.770 0.755 0.132 5.90
total 1579 1522 1408 1315 1.289 1.259 1.201 0.463 10.04

alpha 0.656 0.646 0579 0551 0522 0509 0.358 0.246 4.07

6 S Se beta 0.849 0.834 0.812 0.786 0.758 0.739 0.734 0.131 5.64
total 1488 1455 1344 1291 1261 1246 1.061 0.424 9.57

alpha 0.639 0.635 0588 0570 0504 0486 0.371 0.196 3.99

7 S Te beta 0.834 0.804 0.787 0.749 0.737 0.719 0.714 0.132 5.48
total 1443 1430 1302 1.291 1239 1221 1.005 0.397 9.33

alpha 0.627 0.614 0540 0518 0518 0512 0.278 0.251 3.86

8 Se Se beta 0.866 0.854 0.822 0.775 0.765 0.764 0.760 0.131 5.74
total 1492 1444 1354 1293 1272 1163 1.046 0.393 9.46

alpha 0.609 0.597 0534 0517 0.498 0.484 0.280 0.206 3.73

9 Se Te beta 0.848 0.846 0.795 0.769 0.760 0.746 0.724 0.132 5.62
total 1455 1420 1324 1286 1.230 1.140 0.988 0.365 9.21

alpha 0.608 0.597 0.527 0502 0.499 0493 0.236 0.211 3.67

10 Te Te beta 0.848 0.837 0.803 0.762 0.745 0.726 0.712 0.132 5.57
total 1456 1416 1326 1.263 1.237 1107 0.948 0.346 9.10
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Figure S5. The IC streamline plots for 1,3-10 above 0.25 A molecular plane.
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Figure S6. The streamline plots of IC spin density for 1, 3-10.

It should be noted that the direction of IC situated outside the cycles is anticlockwise. This fact
points out that the aromatic net current (Figure S5) is determined by p-electrons.
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Comparison aromaticity degree for 1-24 with classical aromatic heterocycles and arenes

To compare the aromaticity of 1-24 and simple heterocycles and some arenes, the IRCS, =n-
EDDB, and stabilization energies are presented in Table S6. As a result of the analysis of the
data obtained, several features should be noted. The degree of aromaticity in monocyclic 21-24 is
expected to be greater than in the five-membered cycle of tricyclic molecules 1-20, moreover, it
was comparable to that in furan 25, thiophene 26, selenophene 27 and tellurophene 28 or even a
little more. The IRCS and EDDB aromatic dependences upon heteroatom changing are the same
for monocyclic molecules 21-28, the aromaticity degree increases in the series Te < Se < O < S.
As commonly accepted, the molecules 21 and 25 (X=0) occupy intermediate position, due to the
difference in the electronegativity of atoms. When comparing the fully aromatic tricyclic radicals
1-10 with anthracene 29 and phenanthrene 30, it can be observed that the IRCS values for 29 and
30 are significantly higher (by 2 nA/T and more), while all =-EDDB values range in 9-10 &,
whereas molecules 1 and 5 exhibit a slightly stronger delocalization (n-EDDB values) than
anthracene 29. These inconsistencies are caused by the presence of heteroatoms, as well as the
well-known fact that the induced currents of adjacent cycles interact, this generates a global,
local, and semi-local currents,5® for the same reason the IRCS values are not additive. In
general, aromaticity in radicals 1-10 appears strength, they have a high degree of delocalization
and a rather strong (~10 nA/T) diamagnetic current.

Tables S6. The IRCS, n-EDDB, ASE and ISE values for simple aromatic molecules.

Molecule IRCS, n-EDDB, — ASE, —ISE,
nA/T € kcal mol*  kcal mol?
Benzene 11.8* 515 5552 5352 34 *S16 33.2 *S16
Cyclopentadienyl 12.9% 15 5.73* 26.0 17
anion
Pyridine 11.6* 515 5.25 52 31.0% 5 335*S15
Pyrrole 11.6* 515 11.8 518 2.86 522 20.6 5% 22.5%5%
Furan 25 10.3* 515 2.54* 14.7 519 18.8*
Thiophene 26 11.6* 515 2.93* 18.6 S1° 19.6*
Selenophene 27 11.0* 2.59* 15.2*
Tellurophene 28 10.1* 2.28* 12.0*
Naphthalene 12.9* 6.97 S 39.4 520 52* S15
Anthracene 29 12.4, 15.9* 9.63 52 42.0 5%
Phenanthrene 30 13.1, 10.7* 10.10 52 51.4 S20

* Calculated at the B3LYP level
ASE — aromatic stabilization energy S
ISE — isomerisation stabilization energy S
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Optimized Cartesian xyz-coordinates
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1.3251323348
-1.3251326435
-1.4630715546
1.4630708835

0.7544513110
-0.7544518630
-0.7433034874

0.7433037978
-0.0000002171

0.0000000498
-1.3920507806

1.3920505496

1.3267490798
-1.3267485316
-1.4582098330

1.4582099248

0.7525878699
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-0.7525872813
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-1.3899952296

1.3899941394
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-1.3899943069
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-0.7134890491
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-1.4448241035
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-1.1321690821
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1.1321690821
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0.0000001251
-0.0000002497
0.0000005471
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-0.0000008818
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-0.0000014861
0.0000005994
-0.0000021961
0.0000014214
0.0000008571

-0.0000145379
-0.0000141711
-0.0000057485
-0.0000051859
-0.0000053521
-0.0000192280
0.0000254387
0.0000244396
0.0000095091
0.0000086871
-0.0000019587
-0.0000018925

0.0000085501
-0.0000025629
0.0000102997
-0.0000027155
-0.0000024041
0.0000073012
-0.0000305420
0.0000110048
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0.0000001454
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0.0000010000
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1.1553340807
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-3.1771772259
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1.1562270832
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-1.2012170873
-1.2012170873
-3.1893142289
3.5537802538
2.3089301635
2.3089301635
-2.4215401720
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-0.0368530026
-0.0368530026
-0.0317940023
-0.0317940023

1.1553750814
1.1553750814
-1.2181590885
-1.2181590885
-3.2065062293
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2.2741901639
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-2.4390661732
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0.7315340515
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-0.7109200523
0.7109200523
0.0000000000
0.0000000000
-1.3072690922
1.3072690922
1.1334600788
-1.1334600788
-1.4253830998
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0.7426480543
-0.7426480543
-0.7093860521
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0.0000000000
0.0000000000
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1.3693450972
1.1336870799
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0.0000000000
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-0.0000010000
0.0000000000
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-0.0000020000
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2.3355141657
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-2.3978531718
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-2.4237741732
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-2.3677251690
2.3677251690
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0.0000000000
0.0000000000
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-0.7184410528
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0.0000000000
0.0000000000
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-1.4114441001
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0.7406470499
-0.7406470499
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0.0000000000
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0.0000080000
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0.0000030000
(0.0000040000
0.0000240000
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-1.3099440938
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2.2444701568
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0.0000000000
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0.7235000508
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