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Table S1

No. Name NIN2 N2N3 v(NH) v(NH) NMR References
distance distance IR Raman
(ppm) (ppm) (em™) (em™)
1. | porphycene 262.5 282.8 2500~ 3.15 1-3
2800

2. | 9,10,19,20-tetramethylporphycene 253.2 291.2 6.67 4,5

3. | 9,10,19,20-tetra-n- 252.8 289.8 6.82 6
propylporphycene

4. | 9,10,19,20-tetrphenylporphycene 254.7 287.4 5.98 7

5.1 9,10,19,20-tetraoctylporphycene 253 289.8 6.85 5

6. | CF3Pc 255.2 289.4 5.68 7

7. | FPc 256.2 286.6 5.66 7

8. | CHsPc 256.8 287.3 5.94 7

9. | OAPo-T 258.4 286.7 5.67 8

10.| 3b 251.9 296 6.81 9

11.| la 260.2 289.8 5.5 9

12.| 1c 269.4 280.5 0.8 9

13.| 2,7,12,17-tetraethyl-3,6,13,16- 279.1 2737 0.86 10
tetramethylporphycene

14.| 2,3,6,7,12,13,16,17- 279.9 273.2 0.65 10
octaethylporphycene

15.| Cy6Pc 255.5 289.7 6.7 11

16.| Cy5Pc 260.5 286.9 4.96 11

17.| mMBPc 257.8 289 7.85 12

18.| mMBPc* 258.9 289 7.47 12

19.| mDBPc 253.4 294 8.83 12

20.| 2,7,12,17-tetrapropylporphycene 261.5 283.1 3.04 13

21.| 2,7,12,17-tetra-tert-butylporphycene 3.58 4,14

22.| 2,7,12,17-tetraphenylporphycene 263.5 284.3 3.5 15,16

23.| 2,7,12,17-tetra(p- 3.92 16
trifluoromethylphenyl)-porphycene

24.| 2,7,12,17-tetra(p-methoxyphenyl)- 260.8 286.3 3.77 16
porphycene

25.] 2,7,12,17- 249.1 294.7 9.27 17
tetraisopropyldinaphthoporphycene

26.| 2,7,12,17-tetra~(tert-butyl)-3,6- 251 10.57 18
13,16-dibenzo[cde;mno]porphycene

27.| 2,7,12,17-tetra-n-propylporphycene | 262 3.15 18

28.| 3,6,13,16-tetramethoxyporphycene 271.1 277.2 0.82 19

29.| 2,3,6,7,12,13,16,17- 275.8 274.1 0.36 20
octamethoxyporphycene

30.| p-tetrakis 268.3 276.6 2.33 21
(trifluoromethyl)porphycene

31.| 12,17-tetraethyl-3,6,13,16- 263.1 282.7 2.65 22
tetrakis(trifluoromethyl)porphycene

32.| 3-bromo-2,7,12,17- 266.6 281.3 1.69 22
tetrapropylporphycene

33.| 3,13-dibromo-2,7,12,17- 272.3 2744 1.51 22
tetrapropylporphycene

34.| 3,6,13-tribromo-2,7,12,17- 271.1 278.7 1.15 22

tetrapropylporphycene




35.| 3,6,13,16-tetrabromo-2,7,12,17- 273.4 281.3 3.6 23
tetra-propylporphycene

36.| 2,3,7,12,13,17- 280.5 271 0.39 24
hexaethylporphycene

37.| 2,3,6,12,13,16- 267 279.7 2.08 24
hexaethylporphycene

38.| BHPcH2 267.9 279.8 2.77 25,26

39.| 9,10-diacetoxy-2,7,12,17- 259.6 284.8 432 27
tetrapropylporphycene

40.| 9,10-diacetoxy-2,7,12,17- 261.1 285.7 3.67 27
tetrapropylporphycene*

41.| 3,3'-(Buta-1,3-diyne-1,4-diyl)- 264.4 2.75 28
bis(2,7,12,17-tetrahexylporphycene)

42.| 3,3'-(Buta-1,3-diyne-1,4-diyl)- 263.3 3.04 28
bis(2,7,12,17-
tetrahexylporphycene)*

43.] 9,10,19,20-tetrakis(but-1-en-4- 254.2 289.9 6.82 29
yDporphycene

44.| 2,3,6,7,12,13,16,17- 269.4 276.2 2.98 30
octa(methylthio)porphycene

45.] 2,7,12,17-tetrachloro-3,6,13,16- 271.5 278 0.98 31
tetramethoxyporphycene

46.| 3,6,13,16-tetrachloro-2,7,12,17- 276.1 272.7 0.16 31
tetramethoxyporphycene*

47.| Compound-18 255.7 286.8 5.87 32

48.| Compound-8 254.4 287.5 591 32

49.| Compound-9 256.2 285.9 5.84 32

50.| Compund-10 255.3 287.2 5.84 32

51.| Compound-12 257 287.2 5.73 32

52.| 2,7,12,17-tetra(5-hexyl-thien-2- 264.2 283.8 2.59 33
yl)porphycene

* - two different molecular structures in the crystal or two different NN distances in one structure




Table S2

No. Name NIN2 N2N3 v(NH) v(NH) NMR References
distance distance IR Raman
(ppm) (ppm) (em?) | (em™)
1. | porphyrin 289.1 290.8 3330 3366 -3.76 34-39
2. | 5-(2-pyrrolyl)porphyrin 282.5 299.1 -3.02 38
3.1 2,3,7,8,12,13,17,18-octaethyl- 288.6 292.7 3325 -2.68 39, 40
5,10-diphenylporphyrin
4.1 2,3,7,8,12,13,17,18-octaethyl- 3101 39, 40
5,15-diphenylporphyrin
5.1 2,3,7,8,12,13,17,18-octaethyl- 284.2 296.3 -2.11 39
5,10,15-triphenylporphyrin
6. | meso-tetraphenyl porphyrin 289 289 3311 -3.6 42,43
7. | 2,8,12,18-tetrabutyl-3,7,13,17- 269.2 320.7 -2.42 44
8. | tetramethyl-5-(4- 272.7 315.9 -2.51 44
pyridyDporphyrin
9.1 23,5,78,12,13,15,17,18- 263 329 -1.78 45
decaalkylporphvrins
10.| 2,8,12,18-tetra-n-butyl-5,15- 274.6 3155 46
bis(4-hexyloxyphenyl)-3,7,13,17-
tetramethylporphyrin
11.| 2,8,12,18-tetra-n-butyl-5,15- 271.7 316.1 -2.45 46
bis(4-octyloxyphenyl)-3,7,13,17-
tetramethylporphyrin
12.| 5,15-diphenyl-2,8,12,18- 269.6 3174 47
tetraethyl-3,7,13,17-
tetramethylporphyrin
13.] 5,15-bis(3-hydroxyphenyl)- 274.6 317.1 -2.64 47
14.| 5,15-bis(4-cyanophenyl)- 271.7 317.4 -2.48 47
2,8,12,18-tetra-n-hexyl-3,7,13,17-
tetramethylporphyrin
15.] 5,15-bis(3-hydroxyphenyl)- 281.6 303.4 -3.2 47-49
porphyrin, 5,15-diarylporphyrin,
5,15-dialkylporphyrins, 5,15-
disubstituted porphyrin
16.| 5,15-bis(ethyl) porphyrin 2717.6 305.5 -2.92 50
17.] 5,15-bis(n-butyl) porphyrin 278.7 303.7 -2.91 50
18.| 5,15-di-n-butyl- 264.3 325.8 -1.53 51
2,3,7,8,12,13,17,18-
octaethylporphyrin
19.] 1-w 281.8 288.1 -0.61 52
20.| 2-w 285.2 291.7 -1.81 52
21.| 3-w 287.1 290.1 -2.23 52
22.| 4-w 290.1 292.4 -2.55 52
23.] 1-s 284.1 288.6 -0.41 52
24.| 2-s 284.5 289.4 -1.3 52
25.] 3-s 288.6 290.6 -2.14 52
26.| 4-s 289.5 292.7 -2.55 52
27.| 1 271.6 279.1 0.08 52
28.| 2-r 270.3 282.3 0.09 52
29.| 3-r 285.5 288.9 -0.88 52
30.| 4-r 288 289.8 -1.8 52




31.

5,10,15,20-tetraphenyl-
2,3,7,8,12,13,17,18-
octakis(phenyl-
ethynyl)porphyrin

293.4

296.7

3320

53

32.

5,10,15,20-tetrakis(2,6-dibromo-
3,4,5-trimethoxyphenyl)
porphyrin

289.6

291

-2.38

54

33.

2,3,7,8,12,13,17,18-
octaisopropylporphyrin

291

293.2

-3.88

55

34.

5-cyano-2,3,7,8,12,13,17,18-
octamethoxyporphyrin

278.1

303.7

-4.17

56

35.

2,3,7,8,12,13,17,18-
octamethoxyporphyrin

279

303.7

-4.82

57

36.

2,3,7,8,12,13,17,18-octaethyl-
5,10,15,20-tetrakis(2-
phenylethynyl)-21H,23H-
porphine

286.9

292.4

0.26

58

37.

5,15-(4, 11-diaza-3, 12-
dioxotetradecan- I, 14-diyl)-
2,8.12,18-tetraethyl-3,7,13,17-
tetramethylporphyrin

2850

-1.6

59

38.

ethioporphin

298.5

298.5

3314

-3.74

60

39.

octaethylporphin

291.6

291.6

3310

-3.74

61




Table S3

Name

NIN2
distance
(ppm)

N2N3
distance

(ppm)

v(NH)
IR
(em™)

v(NH)
Raman
(em™)

NMR

References

dibenzo[ 14]tetraazaannulene

279.5

267.5

3187

3185

13.96

63, 64

7,16-dihydro-6,8,15,17-
tetramethyl-
dibenzo(b,1)(1,4,8,11)tetra-
azacyclotetradecine

267.6

270

3064

3048

12.59

65, 66

4,11-dihydro-6,13-dimethyl-
2,3:9,10-dibenzo-1,4,8,11-
tetrazacyclotetradeca-5,7,12,14-
tetraene

2753

267.5

3176

67

Compound no-10

272.7

270.7

14.29

68

Compound no-8

277.5

267.3

13.57

68

7,16-bis[2-(octoxy)benzoyl]-
5,14-
dihydrodibenzo[b,i][1,4,8,11]tetra
azacyclotetradecine

2752

270.2

14.41

69

7,16-bis[2,2'-
(pentadioxy)benzoyl]-5,14-
dihydrodibenzo[b,i][1,4,8,11]tetra
azacyclotetradecine

268.1

270.8

14.35

69

7,16-bis[2,2'-(1,10-
decanedioxy)benzoyl]-5,14-
dihydrodibenzo[b,i][1,4,8,11]tetra
azacyclotetradecine

273.8

270.4

14.3

69

Compound no-6

275.8

269.2

14.13

69

10.

7,16-[2,2'-(1,4-bis[2-(2-
ethoxy)ethoxy]benzene)benzoyl]-
5,14-
dihydrodibenzo[b,i][1,4,8,11]tetra
azacyclotetradecine

266.2

269.5

14.19

69

11.

7,16-bis(2-hydroxybenzoyl)-5,14-
dihydrodibenzo[b,i][1,4,8,11]-
tetraazacyclotetradecine

274.5

270.1

14.3

70,71

12.

Compound no. 3

273.1

268.1

14.22

72

13.

9,20-bis(2-[4-(N-pyridinium-1-
yl)butoxy]benzoyl)-7,18-
dihydrodinaphtho[b,i][1,4,8,11]te
traazacyclotetradecine dibromide

276.6

269.7

13.51

73

14.

9,20-bis[2-(4-
bromobutoxy)benzoyl]-7,18-
dihydrodinaphtho[b,i][1,4,8,11]te
traazacyclotetradecine

271.5

268.9

13.94

73

15.

9,20-bis[2,2'-(1,10-
decanedioxy)benzoyl]-7,18-
dihydrodinaphtho[b,i][1,4,8,11]te
traazacyclotetradecine

2747

268.8

13.74

73

16.

9,20-bis(3-(hydroxypropyl))-
7,18-
dihydrodinaphtho[b,i][1,4,8,11]te
traazacyclotetradecine

275.6

268.6

3194

3176

12.72

74

17.

1,1'-(6,17-dihydrodinaphtho[2,3-
b:2',3"-
i][1,4,8,11]tetraazacyclotetradeci
ne-8,19-diyldipropane-3,1-
diyDdipyridinium bis(bromide)

2733

271.8

3122

3185

12.74

74

7,16-dibenzoyl-6,8,15,17-
tetramethyl-5,14-
dihydrodibenzo(b,i)(1,4,8,11)
tetraazacyclotetradecine

262

274

2800

14.2

75,76

19.

2,3 :9,10- dibenzo - 6,13 -
dibenzoyl- 7,12 — dimthyl 5,14 -
diphenyl - 1,4,8,11 -
tetraazacyclotetradeca -
2,5,7,9,11,13 - hexaen
(Bz,bzo,Me,Ph,[14]hexaenN4

2700

75




20.

H2TAA

264.4

269.9

3491

12.87

71

21.

6,13-Diphenyl-1,8-dihydro-
2,3:9,10-dibenzo-1,4,8,11-tetra-
azacyclotetradecane-4,6,11,13-
tetraene

272.5

267.9

14.27

78

22.

5,14-Dihydro-7,16-
dimenthyloxycarbonyl-6,17-
dimethyl-8,15-diphenyl-
dibenzo(b,I)(1,4,8,11)-
tetraazacyclo-tetradecine

255.1

269.9

14.28

79

23.

7,16-dibenzoyl-8,17-dimethyl-
6,15-diphenyl-5,14-
dihydrodibenzo[b,i][1,4,8,11]tetra
azacyclotetradecine

260.5

268.3

14.27

80




Table S4

No. Name NIN2 N2N3 v(NH) v(NH) NMR References
distance distance IR Raman
(ppm) (ppm) (em") | (em™)
1. | bisvinylogous octaethylporphyrin 317.2 5234 -6.61 81
2. | hemiporphycene 267.7 293.8 3140 -0.51 82
3. | hemiporphycene* 293.4 273 3040 1.14 82
4. | octaethylhemiporphycene 270.9 312.9 -2.35 83
5. | octaethylhemiporphycene* 304.5 262.7 -0.76 83
6. | 2,3,8,9,14,15,20,21- 263.6 534.4 0.83 84
octamethoxy[22]porphyrin-
(2.2.2.2)
7. | 2,3,8,9,14,15,20,21-octamethoxy- 260.8 535.5 0.86 84
5,6,17,18-
tetradehydro[22]porphyrin-(2.2.2.2)
8. | 2,3,8,9,14,15,20,21- 267.4 5154 1.34 85
octaethyl(22)porphyrin(2.2.2.2)
9. | octaethyl acetylene-cumulene 261.8 538.7 2.28 86
prophycene
10.| 2,3,7,8,12,13,17,18-Octacthyl-5,10- | 260.3 791.2 2.04 87
diphenylporphyrin
11.| 6-Aza-5,11,16-tris(4-t- 261.8 3.13 88
butylphenyl)hemiporphycene
12.| 6-Aza-5,11,16-tris(4-t- 277.6 4.25 88
butylphenyl)hemiporphycene*
13.| (E)-octaethylisoporphycene 282.6 254.2 3357 0.1 89
14.| (E)-octaethylisoporphycene* 390.9 254.2 3398 -1.43 89
15.| DAB 285 289.7 -0.69 90
16.| Compound no. 10 280.8 281.7 -1.67 91
17.| Compound no. 9 277.9 289.5 -1.92 91
18.| 10,20-di(3-chloro-2,4,6- 273 295.1 -2.56 91
trimethylphenyl)-5,15-
diazaporphyrin
19.| phthalocyanine 271.5 284 3275 92,93
20.| 1,4,8,11,15,18,22,25-octacthoxy- 2717.5 280.1 0.23 94
29H,31H-phthalocyanine
21.| 1,4,8,11,15,18,22,25- 279.5 279.6 3301 -0.15 95
octakis(cyclopentylmethyl)phthaloc
yanine
22.| 1,4,8,11,15,18,22,25- 3297 -0.09 95
octakis(cyclohexylmethyl)phthaloc
yanine
23.| 2,3,6,7,11,12,17,18- 280.7 254.8 3283 3317 96
octaethylcorrphycene
24.1 2,3,6,7,11,12,17,18- 280 344.8 97
octaethylcorrphycene
25.| 2,7,11,18-tetracthyl-3,6,12,17- 3274 -2.08 97
tetramethylcorrphycene
26.| 2,3,7,8,17,18-hexapropyl-(1,4,5,7- 273.5 275.7 -2.56 98
tetramethyl-1,4-
diazacyclohepta(2,3-1))-5,10,15,20-
tetra-azaporphyrin
27.| 2,3,7,8,12,13,17,18- 3021 -2.11 99
octakis(propyl)porphyrazine
28.| 2,3,9,10,16,17,23,24-octa 3620 -2.01 99
substituted
phthalocyanine 3a
29.| 2,3,7,8,12,13,17,18-octakis(1- 3326 -2.21 100

naphthylmethylthio)H21, H23
porphyrazine




30. 1,4,14,17-
tetrahydroxyhemiporphyrazine

295.2

297.2

3414

101

31.] 2,3,12,13-
tetrakis(trifluoromethyl)tetraphenyl

porphyrin

289.4

209.9

-1.33

102, 103

* - two different molecular structures in the crystal or two different NN distances in one structure




I1. Reproduction of experimental data by DFT simulations

Figures S1-S3 show correlations between calculated and experimental parameters.
These plots illustrate the extent to which the selected B3LYP/6-31G(d,p) method can reproduce
the experimental parameters considered in the analysis. Ideally, a linear relationship with a 45°
slope (corresponding the equation Y = X) is expected between experimental (represented on the
X-axis) and calculated (represented on the Y-axis) values. However, such ideal condition is
uncommon. The accuracy of the calculated parameters is limited by the method employed and
their values often contain systematic errors. For example, vibrational frequencies obtained by
DFT methods usually require additional rescaling to improve their fit to the experimental values.

The crystal structure and chemical shifts are typical properties determined for newly
synthesised compounds. The wide availability of these data enables their comparison with the
corresponding calculated values, to estimate the accuracy of the geometric and spectroscopic
parameters predicted by the simulations. The crystallographic analysis can precisely determine
the relative distances between heavy atoms and the lengths of chemical bonds. In most cases,
the size of the intramolecular cavity of the studied macrocycles can be defined by specifying
only two distances between adjacent nitrogen atoms; due to molecular symmetry, the other two
distances are almost identical. Slight differences usually result from the different local
environments of the two sides of the molecule in the crystal lattice, or from differences in the
configuration of the substituents. More significant differences only arise in the case of an
asymmetrically substituted macrocycles .

Figure S1 shows the correlation between the two possible N...N distances, usually
directed almost perpendicularly to each other. The linear correlation is described by the equation
Y=1.02 - X -5.45, (R* = 0.95). The data points exhibit a linear trend, except for a few points
showing significant (~5 pm) shifts. This deviation is not surprising, taking into account the
precision of the X-ray diffraction technique and the environment/arrangement of molecules
embedded in the crystal. Moreover, the same molecule can adopt more than one crystal structure
or even exhibit more than one orientation in the same structure, as observed in
dibenzotetraaza[ 14]annulenes.'**!% In addition, DFT simulations are performed on isolated

molecules, and the functional and basis set choices affect the results. 96197

Figure S2 shows the
linear relationship between the simulated and experimental 'H chemical shift values, whose
correlation is described by the equation Y = 0.91 - X + 1.97 (R? = 0.97). Only slight deviations
from the corresponding straight line are visible. The chemical shifts of the protons participating
in a hydrogen bond are not strongly affected by the molecular environment when the protons
are located in the cavity. The discrepancy is even smaller when each macrocycle family is
considered separately. In such a case, the data points of each family show an almost linear trend,

but the slopes of the corresponding fitted lines are slightly different. Similarly, a slight scattering



of points around the fitting line is observed in Figure S3, which compares the simulated and
experimental values of the NH stretching frequency. The points marked in Figure S3 with letters
A, B, and C were excluded from the fitting (we expect their experimental values are the result
of a wrong assessment), and the intercept was fixed at 0. The resulting correlation is described
by the equation ¥ = 0.93 - X (R*> = 0.9997).

Because the NH stretching bands of porphyrin-like molecules in the vibrational (IR and
Raman) spectra are very weak and often appear close to the CH bands, their frequencies are
rarely reported; therefore, only a small number of NH stretching frequency data points are
considered in the present study. A few points marked with the capital letters A, B, and C strongly
deviate from the fitting line, whereas the NH stretching frequencies for all other porphyrin and
dibenzotetraaza[ 14]annulene derivatives are located close to the line. The experimental values
of the three outlier points (A, B, and C) are close to 3400 cm™'. The broad band corresponding
to water molecules bonded in the KBr salt or to ice deposited on the cooled detector wind ow
also appears in this spectral region (~3400 cm™'), and may be incorrectly assigned to the NH

stretching mode. These points were not considered in the fitting calculation.

T

s

o

@

o
eEI
o

e
=1 i

[ )
oo oo
o
@
o T,

a

-

o
8
]

T T
255 260 265 270 275 280 285 200 295 300
N...N distance simulated [pm]

250 305

Figure S1. Relationship between the calculated and experimental N...N distances in porphyrins (green),
porphycenes (red), dibenzotetraaza[l4]annulenes (blue), and other macrocycles (black). Squares
represents N...N distances along hydrogen bond and circles are N...N distances along the other N...N
direction. The line is the linear fitting to the datapoints.
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Figure S2. Relationship between the calculated and experimental 'H chemical shifts in porphyrins
(green), porphycenes (red), dibenzotetraaza[ 14]annulenes (blue), and other macrocycles (black). The line
is the linear fitting to the datapoints.
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Figure S3. Relationship between the calculated and experimental NH stretching mode frequencies in
porphyrins (green), porphycenes (red), dibenzotetraaza[l4]annulenes (dark and light blue), and other
macrocycles (black and grey). Points marked with letters A, B represent porphyrin derivatives, and point
C denotes dibenzotetraaza[ 14]annulene derivative. Red line represents linear fit with the intercept fixed
at 0.



II1. Fitting plots of experimental and simulation data

The results of fitting with linear or second-order functions of the experimental and simulated (fully
optimised molecular structures) are presented. On each figure, open circles represent data points
extracted from the result of simulations for fully optimised molecular geometries. Stars represent
experimental data points taken from the literature. All fitting curves are held red but different colours
of data points are used to represent different macrocycles families: red for porphycenes, green for
porphyrins, and blue for dibezotetraaza[ 14]annulenes. All fittings were performed with the algorithm

inbuild in Origin 2020b software.
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Figure S4. Relationships between two N...N distances (N1...N2: distance along a hydrogen bond, N2...N3:
distance between nitrogen atoms not forming a hydrogen bond) in porphycenes. Stars represent experimental data,
and circles denote calculated values for fully optimised molecular structures. Lines represent fittings of datapoints
of:

- simulation: Y =-(0.84 £ 0.056) - X + (510 + 15), R?=0.885

- experiment: Y =-(0.71 £0.031) - X + (471 £ 8), R>=0.911
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Figure S5. Relationships between two N...N distances (N1...N2: distance along a hydrogen bond, N2...N3:
distance between nitrogen atoms not forming a hydrogen bond) in porphyrins. Stars represent experimental data,
and circles denote calculated values for fully optimised molecular structures. Lines represent fittings of datapoints
of:

- simulation: Y =-(1.29 +£0.12) - X + (669 + 35), R>=0.871

- experiment: Y =- (1.41 £0.06) - X + (698 £ 17), R = 0.96
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Figure S6. Relationships between two N...N distances (N1...N2: distance along a hydrogen bond, N2...N3:
distance between nitrogen atoms not forming a hydrogen bond) in dibenzotetraaza[14]annulenes. Stars represent
experimental data, and circles denote calculated values for fully optimised molecular structures. Lines represent
fittings of data points of:

- simulation: Y =-(0.002 £0.083) - X + (270 + 23), R>=0.077

- experiment: Y = - (0.040 + 0.040) - X + (280 = 11), R?=0.000
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Figure S7. Relationships between N...N distance along hydrogen bond and 'H chemical shift in porphycenes.
Stars represent experimental data, and circles denote calculated values for fully optimised molecular structures.
Lines represent fittings of datapoints of:

- simulation: Y =(0.011=0.002) - X?-(6.25+1.39) - X + (882 + 186), R?>=0.893

- experiment: Y = (0.0089 £ 0.0018) - X?- (4.99 £ 0.98) - X + (702 + 129), R>=0.876
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Figure S8. Relationships between N...N distance along hydrogen bond and 'H chemical shift in porphyrins. Stars
represent experimental data, and circles denote calculated values for fully optimised molecular structures. Lines
represent fittings of datapoints of:

- simulation: Y =-(0.0052 +0.0039) - X2 - (2.83 £2.19) - X + (390 = 307), R2 = 0.343

- experiment: Y = (0.0029 + 0.0032) - X2 - (1.63 £ 1.76) - X + (229 + 245), R? = 0.038
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Figure S9. Relationships between N...N distance along hydrogen bond and 'H chemical shift in
dibenzotetraaza[14]annulenes. Stars represent experimental data, and circles denote calculated values for fully
optimised molecular structures. Due to large scattering of datapoints they were not fitted.
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Figure S10. Relationships between N...N distance along hydrogen bond and NH stretching frequency in
porphycenes. Circles denote calculated values for fully optimised molecular structures. Line represents fitting of
datapoints: Y = - (0.55 £ 0.05) - X2+ (320 £28) - X - (43488 £ 3761), R? = 0.992
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Figure S11. Relationships between N...N distance along hydrogen bond and NH stretching frequency in
porphyrins. Circles denote calculated values for fully optimised molecular structures. Line represents fitting of
datapoints: Y = - (0.36 £ 0.03) - X2+ (211 £ 19) - X - (27096 = 2602), R? = 0.983
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Figure S12. Relationships between N...N distance along hydrogen bond and NH stretching frequency in
dibenzotetraaza[ 14]annulenes. Stars represent experimental data, and circles denote calculated values for fully

optimised molecular structures. Lines represent fittings of datapoints:
- simulation: Y =-(0.55+0.19) - X>+ (315 £103) - X - (41788 £ 13967), R2=0.911
- experiment: Y = - (0.68 £0.71) - X> + (384 £ 391) - X - (50955 + 53427), R = 0.783
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Figure S13. Relationships between N...N distance along hydrogen bond and NH bond length in porphycenes.
Circles denote calculated values for fully optimised molecular structures. Line represents fitting of datapoints:
Y =(0.0031 £ 0.0003) - X% - (1.80 £ 0.17) - X + (365 £ 23), R?=0.989
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Figure S14. Relationships between N...N distance along hydrogen bond and NH bond length in porphyrins.
Circles denote calculated values for fully optimised molecular structures. Line represents fitting of datapoints:

Y = (0.0018 £ 0.0002) - X2 - (1.06 + 0.09) - X + (255 = 13), R = 0.984
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Figure S15. Relationships between N...N distance along hydrogen bond and NH bond length in
dibenzotetraaza[14]annulenes. Circles denote calculated values for fully optimised molecular structures. Line

represents fitting of datapoints:
Y =(0.0031 £ 0.0008) - X?-(1.77 £ 0.45) - X + (354 £ 61), R>=0.936
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Figure S16. Relationships between NH bond length and 'H chemical shift in porphycenes. Stars represent

calculated values for fully optimised molecular structures. Line represents fitting of datapoints:
Y =(234+0.16) - X - (244 =£17), R?=0.881
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Figure S17. Relationships between NH bond length and 'H chemical shift in porphyrins. Stars represent calculated
values for fully optimised molecular structures. Line represents fitting of datapoints:
Y =(1.43 £0.84) - X - (150 + 85), R2=0.107
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Figure S18. Relationships between NH bond length and 'H chemical shift in dibenzotetraaza[ 14]annulenes. Stars
represent calculated values for fully optimised molecular structures. Line represents fitting of datapoints:
Y =(0.105 £ 0.357) - X - (2.809 + 36.6), R? = 0.075
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Figure S19. Relationships between NH bond length and NH stretching mode frequency in porphycenes. Circles
denote calculated values for fully optimised molecular structures. Line represents fitting of datapoints:
Y = (22465 +£116) - X - (186 £ 1), R =0.999
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Figure S20. Relationships between NH bond length and NH stretching mode frequency in porphyrins. Circles
denote calculated values for fully optimised molecular structures. Line represents fitting of datapoints:
Y = (22701 £1195) - X - (189 + 12), R?=0.95
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Figure S21. Relationships between NH bond length and NH stretching mode frequency in
dibenzotetraaza[14]annulenes. Circles denote calculated values for fully optimised molecular structures. Line

represents fitting of datapoints:
Y = (22077 £ 420) - X - (183 +4), R>=0.993
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Figure S22. Relationships between NH stretching mode frequency and 'H chemical shift in porphycenes. Circles
denote calculated values for fully optimised molecular structures. Line represents fitting of datapoints:

Y =-(0.0126 £0.001) - X + (37.9 + 2.5), R = 0.886
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Figure S23. Relationships between NH stretching mode frequency and 'H chemical shift in porphyrins. Stars
represent experimental data and circles denote calculated values for fully optimised molecular structures. Line

represents fitting of datapoints:

- simulation: Y = - (0.0074 + 0.0047) - X + (21.2 + 16.6), R?> = 0.087
- experiment: Not fitted.
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Figure S24. Relationships between NH stretching mode frequency and 'H chemical shift in

dibenzotetraaza[14]annulenes. Stars represent experimental data and circles denote calculated values for fully
optimised molecular structures. Not fitted.
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