SUPPLEMENTARY MATERIAL

Structural Study of Azide-Tetrazole Equilibrium in Pyrido[2,3-d]pyrimidines

Kristaps Leskovskis?, Anatoly Mishnev®, Irina Novosjolova**, Maris Turks®*

2 |nstitute of Technology of Organic Chemistry, Faculty of Materials Science and Applied Chemistry, Riga Technical
University, P. Valdena str. 3, Riga, LV 1048, Latvia

b Latvian Institute of Organic Synthesis, Aizkraukles str. 21, Riga, LV-1006, Latvia

* Corresponding author e-mail: Maris. Turks@rtu.lv; Irina.Novosjolova@rtu.lv



mailto:Maris.Turks@rtu.lv
mailto:Irina.Novosjolova@rtu.lv

Table of contents

Sl

S2.

S3.

S4.

NIMR SPECLIA. ...t sr e e r e e nn e 3
FT-TR SPECIIA. ...t n e e 6
Gibbs free energy PIOTS.........ov i 8

'H NMR, *C NMR and 3P NMR spectra of characterized compounds

S2



S1. NMR spectra
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Figure S1. Diazide 2 2D-EXSY spectrum in CDCls;
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Figure S2. 1D-EXSY spectrum of diazide 2 in CDCls
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Figure S3. *H-NMR spectra of diazide 2 in various organic solvents (*H-NMR shifts referenced
to internal standard 1,2,3-trimetoxybenzene)

Table S1. Relative tautomer form ratios of diazide 2 in different solvents

Relative tautomer ratio

Entry Solvent  Dielectric [} ] Y )
constant

1 DMSO-ds 78.5 74 23 2
2 MeCN 36.6 21 72
3 MeNO; 35.9 11 82 3
4 MeOH 32.6 14 65 10 11
5 Acetone 211 33 56 7 4
6 i-PrOH 18.3 3 77 2 18
7 DCM 9.1 2 75 7 16
8 THF 7.5 36 50 8 6
9 AcOH 6.2 5 55 18 22
10 EtOAC 6 34 53 7 6
11 CDCls 4.8 1 59 9 31
12 MTBE 4.5 9 57 10 24
13 CeDs 2.28 11 17 58 14
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Figure S5 *H-NMR spectra of diazide 2 in CDCls at different temperatures
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Figure S6. *H-NMR spectra of diazide 2 in DMSO-ds at different temperatures

S2.FT-IR spectra
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Figure S7. FT-IR spectra of diazide 2
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Figure S8. FT-IR spectra of phosphonimidate 12
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S3. Gibbs free energy plots
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Flgure S9. 1H—NMR spectra of 4 in CDCl; at different temperatures

T=323K m J Py
dh | !
T = 298K Mt Jo o
9.5 9.4 9.3 8.8 8.7 8.6 8.5 8.4 8.3 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7

Figure S10. *H-NMR spectra of 7a in CDCl; at different temperatures
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Figure S11. *H-NMR spectra of 7b in CDCl; at different temperatures

0.00
295 300 305 310 315 320 325
-1000.00 y =57.711x - 21295
— R2 = 0.9996
S -2000.00
£
e Y S SUPRRPT L L ]
© -3000.00 | e
L e o
-4000.00 @t
-5000.00

Temperature (K)

Figure S12. Gibbs free energy plot for 4
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Figure S13. Gibbs free energy plot for 7a
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Figure S14. Gibbs free energy plot for 7b

Table S2. Thermodynamic heats of equilibriation for 4, 7a and 7b in CDClI; obtained using
van’t Hoff plot

AGa2gs
Compound (ki/mol) AH (kJ/mol) AS (J/mol-K)
4 4.10 21.28 57.66
7a 5.69 23.21 58.77
7b 3.03 16.99 46.82
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Figure S15. Van’t Hoff plot for 4
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Figure S16. Van’t Hoff plot for 7a
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Figure S17. Van’t Hoff plot for 7b
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S4.'H NMR, 3C NMR and 3P NMR spectra of characterized compounds

2,4-diazidopyrido[2,3-d]pyrimidine (2):
'H NMR (500 MHz, DMSO-ds)
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'H NMR (500 MHz, CDCls)
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5-(cyclohexylthio)pyrido[3,2-e]tetrazolo[1,5-a]pyrimidine (4):
!H NMR (500 MHz, DMSO-ds)
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5-(cyclohexylthio)pyrido[3,2-e]tetrazolo[1,5-a]pyrimidine 4 and 2-azido-4-
(cyclohexylthio)pyrido[2,3-d]pyrimidine (4A):
'H NMR (500 MHz, CDCls)
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2-chloro-4-(cyclohexylthio)pyrido[2,3-d]pyrimidine (5a):

H NMR (500 MHz, CDCly)
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2-chloro-4-(phenylthio)pyrido[2,3-d]pyrimidine (5b):
'H NMR (500 MHz, CDCls)
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2,4-bis(cyclohexylthio)pyrido[2,3-d]pyrimidine (6a):
'H NMR (500 MHz, CDCls)
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2,4-bis(phenylthio)pyrido[2,3-d]pyrimidine (6b):
'H NMR (500 MHz, CDCls)
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2,4-bis((4-chlorophenylthio)pyrido[2,3-d]pyrimidine (6c):
'H NMR (500 MHz, CDCls)
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5-isopropoxypyrido[3,2-e]tetrazolo[1,5-a]pyrimidine (7a):
'H NMR (500 MHz, DMSO-ds)
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5-isopropoxypyrido[3,2-e]tetrazolo[1,5-a]pyrimidine (7a) and 2-azido-4-

isopropoxypyrido[2,3-d]pyrimidine (7aA):
'H NMR (500 MHz, CDCls)
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5-phenoxypyrido[3,2-e]tetrazolo[1,5-a]pyrimidine (7b):
'H NMR (500 MHz, DMSO-ds)
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5-phenoxypyrido[3,2-e]tetrazolo[1,5-a]pyrimidine (7b) and 2-azido-4-phenoxypyrido[2,3-

d]pyrimidine (7bA):
'H NMR (500 MHz, CDCls)
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N-hexylpyrido[3,2-e]tetrazolo[1,5-a]pyrimidin-5-amine (8a):
'H NMR (500 MHz, DMSO-ds)
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N-octylpyrido[3,2-e]tetrazolo[1,5-a]pyrimidin-5-amine (8b):
'H NMR (500 MHz, DMSO-ds)
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5-(piperidin-1-yl)pyrido[3,2-e]tetrazolo[1,5-a]pyrimidine (8c):
'H NMR (500 MHz, DMSO-ds)
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5-(piperidin-1-yl)pyrido[3,2-e]tetrazolo[1,5-a]pyrimidine (8c) and 2-azido-4-(piperidin-1-
yl)pyrido[2,3-d]pyrimidine (8cA):
H NMR (500 MHz, CDCls)
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5-(pyrrolidin-1-yl)pyrido[3,2-e]tetrazolo[1,5-a]pyrimidine (8d):

'H NMR (500 MHz, Acetic acid-ds)
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4-(pyrido[3,2-e]tetrazolo[1,5-a]pyrimidin-5-yl)morpholine (8e):
'H NMR (500 MHz, Pyr-ds, 70 °C)
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N-(4-methoxybenzyl)pyrido[3,2-e]tetrazolo[1,5-a]pyrimidin-5-amine (8f):
!H NMR (500 MHz, DMSO-ds)
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N-benzylpyrido[3,2-e]tetrazolo[1,5-a]pyrimidin-5-amine (8g):
!H NMR (500 MHz, DMSO-ds)
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13C NMR (126 MHz, DMSO-ds)

e e o tuom o
N o @ ¥ E NN @ b
Ba5 $ &% RAAR g 3
Y N4
| |
|
T T T T ; T ; T T T T T i T T y ; T y ; ;
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

S32



N-hexyl-2-(4-phenyl-1H-1,2,3-triazol-1-yl)pyrido[2,3-d]pyrimidin-4-amine (10a):

'H NMR (500 MHz, DMSO-ds)
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N-hexyl-2-(4-phenyl-1H-1,2,3-triazol-1-yl)pyrido[2,3-d]pyrimidin-4-amine (10a):

H NMR (500 MHz, CDCl5)
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N-hexyl-2-(4-(p-tolyl)-1H-1,2,3-triazol-1-yl)pyrido[2,3-d]pyrimidin-4-amine (10b):
'H NMR (500 MHz, CDCls)
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N-hexyl-2-(4-hexyl-1H-1,2,3-triazol-1-yl)pyrido[2,3-d]pyrimidin-4-amine (10c):
'H NMR (500 MHz, CDCls)
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4-(cyclohexylthio)-2-(4-phenyl-1H-1,2,3-triazol-1-yl)pyrido[2,3-d]pyrimidine (11):

H NMR (500 MHz, CDCl5)
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1,1,1-triphenyl-N-(pyrido[3,2-e]tetrazolo[1,5-a]pyrimidin-5-yl)-phosphonimine (12) and N-
(triphenylphosphorylidene)-2-azidopyrido[2,3-d]pyrimidin-4-yl-amine (12A):
'H NMR (500 MHz, DMSO-ds)
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'H NMR (500 MHz, CDCls)
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31p NMR (202 MHz, DMSO-ds)
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