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1. Introduction 

Organic azides play a distinct role in organic chemistry, they are highly effective compounds that  

have a major role in many organic chemical reactions such as Curtius rearrangement [19,23], aza-

Wittig reaction [14,24], and Staudinger reduction [15, 16] synthesis of triazoles and tetrazoles 

through 1,3 dipolar cycloaddition reaction to alkynes [4,12]  and nitriles [28], as well in natural 

product        synthesis [30]. 

As reactive molecules, organic azides exhibit many interesting properties such as cross-linkers [29] 

and photoaffinity labels [17,18]. Using azidonucleosides as a treatment of Acquired 

immunodeficiency syndrome (AIDS) has attracted specialist in this field, and azidothymidine (AZT) 

is one of the first treatments for AIDS [5]. Furthermore, AZT gold (I) complex has been shown to act 

as an anti-inflammatory agent, and as an inhibitor to HIV-1, as well [26].  

A number of studies have been carried based on practical and theoretical usefulness of organic azides. 

Najafi et al synthesis and characterization of performed DFT calculations at B3LYP/6-31G* level on 

4-(Sulfonylazide)phenyl-1-azide, and they compared the spectral properties that have been calculated 
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ABSTRACT 

 
The compound 4-Azido-N-(6-chloro-3-pyridazinyl)benzenesulfonamide 

was synthesized and studied using FTIR, and 1H-NMR . The influence of a 
solvent on the experimental 1H-NMR chemical shifts of title compound is 
discussed. Small chemical shift Δδ < 0.1 ppm were observed when switching 
from DMSO-d6 to CD3OD. Record a marked change in chemical shifts 
valeues Δδ > 0.3 ppm when transform from high-polar solvents (DMSO-
d6,and CD3OD)  to low-polar solvent (CDCl3). The 1H-NMR chemical shifts 
of C2-H and C6-H were shown to have excellent linear correlation with the 
dielectric constants of the solvents DMSO-d6, CD3OD,and CDCl3 (r = 0.995). 
The 1H-NMR chemical shifts of C18-H shows a perfect relationship with 
solvatochromic parameter β (r = 0.999). 
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with the practical results [13]. Zhu et al use IR absorption, Raman scattering, and synchrotron angle-

dispersive X-ray diffraction (ADXRD) measurements to study the behavior of the azide group and the 

structure evolution of 4-acetamidobenzenesulfonyl azide at high pressure [31]. Zeng et al had been 

using a combined of matrix-isolation IR spectroscopy and quantum chemical calculations to study the 

thermal and photo-decomposition of benzenesulfonyl azide [31] .   

In the present study, we report preparation 4-Azido-N-(6-chloro-3-pyridazinyl)benzenesulfonamide 

(Figure 1) and effect of solvents on chemical shifts in 
1
H-NMR. Since the chemical shifts in the 

1
H-

NMR spectrum are affected by a number of factors, including concentration [2] , anisotropic [1] , 

substituents [11], temperature [12], and solvent effects [22]. 

 

  Figure 1. Shows the structure of 4-Azido-N-(6-chloro-3-pyridazinyl)benzenesulfonamide. 

 

2. Experimental 

2.1 Materials and Measurements 

All chemical reagents employed in this study used were of analytical grade and have not been purified 

more. The chemicals and solvents were provided by Sigma-Aldrich and Romell. Thermal Scientific 

melting point equipment was used to measure and record the melting point of utilized at the 

Chemistry Department, College of Education for Pure Sciences, University of Basrah, Iraq. Fourier-

transform infrared (FTIR) spectra were recorded as KBr discs in the 4000-400 cm-1 range using a 

JASCO-4200 FTIR spectrophotometer at Polymer Research Center, University of Basrah – IRAQ. 

Varian-INOVA 500MHz spectrometer instrument in Tehran University central lab was used to 

measure 1HNMR spectra  in DMSO-d6, CDCl3, and CD3OD as solvents. All chemical shifts were 

measured relative to tetramethylsilane (TMS), which used as an internal reference. 

 

2.2 Synthesis of 4-Azido-N-(6-chloro-3-pyridazinyl)benzenesulfonamide 
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    (0.002 mol) was dissolved in conc. HCl (2 ml) from Sulfachloropyridazine. The solution was 

cooled to 0 °C using an ice bath, and then sodium nitrite (0.002 mole) that dissolved in 10 ml of water 

was slowly added at 0 °C while stirring. Aqueous sodium azide NaN3 solution (0.002 mole dissolved 

in 10 ml water) was added dropwise to the previous solution and stirred for 30 minutes at 5°C. The 

solid product was filtered , dried, and recrystallized from THF-hexane (8:2) give pale yellow powder. 

Yield: 82 % ; mp 122–124 °C. FTIR (ν, cm–1): 3177 (NH), 2132 (N3), 3080 (C-Harom), 1584 

(C=C). 

 

3. Results and Calculations   

3.1 Infrared Spectroscopic 

The chemical structure of 4-Azido-N-(6-chloro-3-pyridazinyl)benzenesulfonamide was determined 

using spectroscopic data. The IR spectra revealed a huge band at 2132 cm-1 owing to asymmetric N3 

stretching [34], as well as disappearing absorption bands in the area 3490-3390 cm-1 due to 

asymmetric and symmetric stretching vibrations of the NH2 group. 

 

3.2 
1
H-NMR Spectroscopic  

 

3.2.1 Assignment of Chemical Shifts 

The structure of 4-Azido-N-(6-chloro-3-pyridazinyl)benzenesulfonamide was determined using 
1
H-

NMR in several deuterated solvents DMSO-d6, CD3OD, and CDCl3. Table 1 shows the 
1
HNMR 

chemical shifts of compound under study in various deuterated solvents. Note that the resonant signal 

of C2-H ,and C6-H  in all solvents is shown in the region 7.10 - 7.29 ppm, while resonance signal of 

C3-H and C5-H   appears in highly deshielded area  at 7.91-7.98 ppm in agreement with the study of 

Refs. [31, 21].  pyridazine C17-H showed as a singlet at 7.58 ppm in DMSO-d6, while appearing as a 

doublet signal in CD3OD and CDCl3 at 7.65, and 7.36 ppm respectively. On the other hand, C18-H has 

a doublet resonance signal in the three solvents under study, and it is highly deshielded compared with 

signal of C17-H, and that is the result of an effect of the electronic withdrawal of the chlorine atom 

attached in C20 adjacent to C18. The resonant signal of -NH group did not appear this is due to the 

rapid exchange with the water residue in the sample. 

3.2.2 Solvent Effect on Chemical Shifts 

    In this study, three different polar solvents were selected for the purpose of studying their on 

chemical shifts in the compound under study. These solvents included DMSO-d6 and CD3OD as polar 

solvent, and CDCl3 as nonpolar solvent.  Table 1 shows the experimental results. The results show that 

there is no significant change in the chemical shifts of all protons (C-H bond type), and that is when 

going in from DMSO-d6 as high-polar solvent to CD3OD which is less polar solvent. However,  when 

shifting from DMSO-d6 and CD3OD to CDCl3, there are obvious changes in the chemical shifts values, 

these results are consistent with that of Abraham et al [1], and Mari et al [20] . 

There is a noticeable difference in chemical shifts for C18-H, C17-H, C2-H, and C6-H. Considerable 

(0.36 and 0.32 ppm) values have been found for C18-H.  A plot of chemical shift values for C2-H,         
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C6-H protons vs. dielectric constant )ε) values of solvents  is shown in Figure 2. The chemical shift 

value for C2-H, and C6-H has an excellent linear relationship (correlation coefficient r = 0.995) with 

the dielectric constant values of solvents, while the chemical shift value for C18-H has less linear 

relationship (r = 0.972) with the dielectric constant values of solvents (see Figure 3). 

The resonance signal of C17-H has shifted significantly with CD3OD solvent being the most downfield 

(7.65 ppm) compared with DMSO-d6 solvent, which are the most polar, but it suffers a displacement 

towards highfield region when moving from DMSO-d6 and CD3OD to CDCl3 solvent. In this case, the 

correlation between chemical shift values and the dielectric constant values of solvents is 1.842 ( see 

Figure 4) . Finally, the chemical shift of C3-H, and C5-H is influenced by the change of the solvent 

polarity, but the effect of the change in solvent polarity on the chemical shift values of these protons is 

small. In addition, there is a weak correlation between the polarity of solvents and the chemical shift 

value of these protons, with correlation coefficients equal -0.093. 

 

Table 1. Experimental chemical shifts (ppm) in DMSO-d6, CD3OD, and CD3Cl, and their 

differences.  

Position δ(DMSO-d6) δ(CD3OD) δ(CDCl3) Δδ(DMSO-

d6- CD3OD) 

Δδ(DMSO-d6- 

CDCl3) 

Δδ(CD3OD

-CDCl3) 

C2-H,  

and C6-H 

7.29 

(8.75 Hz) 

7.21 

(8.65Hz) 

7.10 

(8.75Hz) 

0.08 0.19 0.11 

C17-H 7.58 

(singlet) 

7.65 

(9.4Hz) 

7.36 

(9.55Hz) 

0.07 0.22 0.29 

C18-H  7.78 

(9.5Hz) 

7.74 

(9.4Hz) 

7.42 

(9.55Hz) 

0.04 0.36 0.32 

C3-H, 

and C5-H 

7.91 

(8.60Hz) 

7.98 

(8.65Hz) 

7.93 

(8.8Hz) 

0.07 -0.02 0.05 
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Figure 2. Plot of the dielectric constants values of solvents vs. 
1
H NMR chemical shift (ppm) of 

C2-H , and C6-H protons. 

 

 

 

Figure 3. Plot of the dielectric constants values of solvents vs. 
1
H NMR chemical shift (ppm) of 

C18-H proton. 
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Figure 4. Plot of the dielectric constants values of solvents vs. 
1
H NMR chemical shift (ppm) of 

C17-H proton. 

 

3.2.3 Correlation between chemical shifts and solvatochromic parameters 

The relationship between 
1
H-NMR chemical shifts values of compounde under study in three 

deuterated solvent and solvatochromic parameters of solvents was evaluated. These parameters 

included scale of solvent hydrogen-bond acceptor basicities  (β), solvent acidity (SA), solvent basicity 

(SB), solvent dipolarity and polarizability scale (SPP), solvent dipolarity (SdP), and acceptor number 

scale (AN). The dielectric constant, and solvatochromic parameters values for the solvents tested are 

listed in Table 2. 

Table 3 gives the correlation coefficient values for relationship between the 
1
H chemical shifts values 

recorded in solvents under discussed (see Table 1) and the parameters relating to these solvents. From 

this table, it can be seen that the 
1
H chemical shifts values of positions  C2-H,  and C6-H , C17-H, and 

C18-H in the title compound have an excellent linear relationship with the β values, similar results 

were too gained by Hashimoto and Sakata. (28). Maximum linear relation with  β values shown by 

resonant signal of position  C18-H (Figure 5). This result is consistent with practice, where the 

resonance signal of C18-H is clearly affected by solvent change (see Table 1). In contrast, the chemical 

shift of C3-H, and C5-H shows a weak relationship with β values. This result is consistent with 
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practical results, as the chemical shift of C3-H, and C5-H shows random variable as the solvent 

changes. 

 

 

Table 2. Dielectric constant, and solvatochromic parameters values of three solvents studied 

Parameter 

Solvent 

ε
a β

b SA
c
 SB

d
 SdP

e SPP
f
 AN

g
 

DMSO-d6 47.24 0.76 0.072 0.647 1 1 19.3 

CD3OD 33.00 0.66 0.605 0.545 0.904 0.857 41.3 

CDCl3 4.80 0.1 0.047 0.071 0.614 0.786 4 

a. Values taken from reference [9], b. from reference [27], c,d, and e from reference [6], f. from 

reference [8], and g. from reference [7]. 

 

Table 3. Correlation coefficient values for relationship between the 1H chemical shifts 

parameters values of three solvents studied 

Parameter 

Position  

ε β SA SB SdP SPP AN 

C2-H,  and C6-H 0.995 0.957 0.130 0.964 0.981 0.960 0.489 

C17-H 0.842 0.930 0.715 0.921 0.889 0.582 0.923 

C18-H  0.972 0.999 0.445 0.997 0.990 0.817 0.746 

C3-H, and C5-H -0.093 0.101 0.949 0.075 0.001 -0.455 0.764 

  

From Table 3, the chemical shift value of C3-H and C5-H has a good linear relationship with the SA 

value (r = 0.949). This is an indication that the chemical shift of these positions is sensitive to the 

solvent acidity value for those solvents, while the correlation for δ C17-H with SA is moderate. In 
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opposition, the chemical shifts of C18-H, C2-H and C6-H exhibit poor relationships with SA. The 

chemical shift of C2-H, and C6-H, C17-H, and C18-H protons exhibit an excellent linear correlation 

with SB (r = 0.964, 0.924, and 0.997 respectively). On the other hand, 
1
H chemical shift of C3-H, and 

C5-H does not exhibit an acceptable linear relationship with SB values. This shows that it is 

insensitive to the solvent basicity. 

 

Figure 5. Plot of β values of solvents vs. 1H NMR chemical shift (ppm) of C18- proton. 

 

 

Figure 6. Plot of SdP values of solvents vs. 
1
H NMR chemical shift (ppm) of C18-H proton. 

Figure 6.  shows the correlation between SdP data and 
1
H NMR chemical shift of C18-H proton. The 

correlation is excellent ( r = 0.990). It's also worth mentioning that DMSO and MeOH have a minor 

deviation from line. Similarly, SdP give a good linear relationship with chemical shift of C2-H and C5-
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H, and C17-H protons. In contrast, SdP exhibit a weak relationship with chemical shift of C3-H and 

C5-H. As can be noticed from Table 3, 
1
H chemical shift of C2-H and C5-H protons give a good linear 

relationship with SPP of solvents under discussed. In contrast, SPP exhibit a weak relationship with 
1
H  

 

 

chemical shift of C17-H, C3-H, and C5-H. This is a sign that this chemical shifts are not affected by 

SPP values, while the chemical shift of C18-H has a good relationship with SPP values ( r = 0.889). 

Finally, from Table 3, we can observe the correlation coefficient for 
1
H chemical shifts with acceptor 

number (AN) derived by Mayer et a1 [22] based on the 
31

P NMR chemical shifts . This provides an 

indication of the solvents electrophilic characteristics. The 
1
H chemical shift of C17-H shows good 

relationships with AN values ( r = 0.923). Whereas chemical shifts of other protons gives a lower 

correlation coefficient with AN values comparison with chemical shift of C17-H. 

 

 

 
References: 
 

[1] Abraham, R.J., Byrne, J.J., Griffiths, L., Perez, M., 2006. 1H chemical shifts in NMR: Part 23, the effect of 
dimethyl sulphoxide versus chloroform solvent on 1H chemical shifts. Magnetic Resonance in Chemistry 44, 
491-509. 
[2] Abraham, R.J., Mobli, M., 2007. An NMR, IR and theoretical investigation of 1H Chemical Shifts and 
hydrogen bonding in phenols. Magnetic Resonance in Chemistry 45, 865-877. 
[3] Abraham, R.J., Mobli, M., Smith, R.J., 2003. 1H chemical shifts in NMR: Part 19. Carbonyl anisotropies and 
steric effects in aromatic aldehydes and ketones. Magnetic Resonance in Chemistry 41, 26-36. 
[4] Almashal, F.A.K., Al-Hujaj, H.H., Jassem, A.M., Al-Masoudi, N.A., 2020. A Click Synthesis, Molecular Docking, 
Cytotoxicity on Breast Cancer (MDA-MB 231) and Anti-HIV Activities of New 1, 4-Disubstituted-1, 2, 3-Triazole 
Thymine Derivatives. Russian Journal of Bioorganic Chemistry 46, 360-370. 
[5] Bräse, S., Banert, K., 2010. Organic azides. Synthesis and Applications. 
[6] Catalán, J., 2009. Toward a generalized treatment of the solvent effect based on four empirical scales: 
dipolarity (SdP, a new scale), polarizability (SP), acidity (SA), and basicity (SB) of the medium. The Journal of 
Physical Chemistry B 113, 5951-5960. 
[7] Catalán, J., Gómez, J., Saiz, J.L., Couto, A., Ferraris, M., Laynez, J., 1995a. Calorimetric quantification of the 
hydrogen-bond acidity of solvents and its relationship with solvent polarity. Journal of the Chemical Society, 
Perkin Transactions 2, 2301-2305. 
[8] Catalán, J., López, V., Pérez, P., Martin‐Villamil, R., Rodríguez, J.G., 1995b. Progress towards a generalized 
solvent polarity scale: The solvatochromism of 2‐(dimethylamino)‐7‐nitrofluorene and its homomorph 2‐
fluoro‐7‐nitrofluorene. Liebigs Annalen 1995, 241-252. 
[9] Dean, J.A., 1999. Lange’s Handbook of Chemistry, McGrawHill Book Co. Inc., New York. 
[10] Deng, G., Dong, X., Liu, Q., Li, D., Li, H., Sun, Q., Zeng, X., 2017. The decomposition of benzenesulfonyl 
azide: a matrix isolation and computational study. Physical Chemistry Chemical Physics 19, 3792-3799. 
[11] Hashimoto, M., Sakata, K., 1995. Solvent effects on proton Nmr chemical shifts of macrocyclic and 
nonmacrocyclic compounds employed with NH functional group. Analytical sciences 11, 631-635. 
[12] Israr, M., Ye, C., Muhammad, M.T., Li, Y., Bao, H., 2018. Copper (I)-catalyzed tandem reaction: synthesis of 
1, 4-disubstituted 1, 2, 3-triazoles from alkyl diacyl peroxides, azidotrimethylsilane, and alkynes. Beilstein 
journal of organic chemistry 14, 2916-2922. 



10                                               Sadiq M. Hasan, Al-Qadisiyah Journal of Pure  Science 26 , 3 (2021) PP. CHEM. 1–11

 

[13] Jiang, J., Zhu, P., Li, D., Chen, Y., Li, M., Wang, X., Liu, B., Cui, Q., Zhu, H., 2016. High-pressure studies of 4-
acetamidobenzenesulfonyl azide: combined Raman scattering, IR absorption, and synchrotron X-ray diffraction 
measurements. The Journal of Physical Chemistry B 120, 12015-12022. 
[14] Lao, Z., Toy, P.H., 2016. Catalytic Wittig and aza-Wittig reactions. Beilstein journal of organic chemistry 12, 
2577-2587. 
 
 
[15] Lenstra, D.C., Lenting, P.E., Mecinovid, J., 2018. Sustainable organophosphorus-catalysed Staudinger 
reduction. Green Chemistry 20, 4418-4422. 
 
[16] Lenstra, D.C., Wolf, J.J., Mecinovic, J., 2019. Catalytic Staudinger Reduction at Room Temperature. The 
Journal of organic chemistry 84, 6536-6545. 
[17] Leyva, E., Aguilar, J., González‐Balderas, R.M., Vega‐Rodríguez, S., Loredo‐Carrillo, S.E., 2020. Synthesis of 
nitrophenyl and fluorophenyl azides and diazides by SNAr under phase‐transfer or microwave irradiation: Fast 
and mild methodologies to prepare photoaffinity labeling, crosslinking, and click chemistry reagents. Journal of 
Physical Organic Chemistry, e4171. 
[18] Leyva, E., Leyva, S., Moctezuma, E., González-Balderas, R.M., de Loera, D., 2013. Microwave-assisted 
synthesis of substituted fluorophenyl mono-and diazides by SNAr. A fast methodology to prepare photoaffinity 
labeling and crosslinking reagents. Journal of Fluorine Chemistry 156, 164-169. 
[19] Li, J., Liu, M.-K., Li, Q.-S., Li, Z.-S., 2020. Theoretical study on the photochemistry of furoylazides: Curtius 
rearrangement and subsequent reactions. Physical Chemistry Chemical Physics 22, 28317-28324. 
[20] Mari, S.H., Varras, P.C., Choudhary, I.M., Siskos, M.G., Gerothanassis, I.P., 2019. Solvent-dependent 
structures of natural products based on the combined use of DFT calculations and 1H-NMR chemical shifts. 
Molecules 24, 2290. 
[21] Martucci, A., Cremonini, M.A., Blasioli, S., Gigli, L., Gatti, G., Marchese, L., Braschi, I., 2013. Adsorption and 
reaction of sulfachloropyridazine sulfonamide antibiotic on a high silica mordenite: A structural and 
spectroscopic combined study. Microporous and Mesoporous Materials 170, 274-286. 
[22] Mayer, U., Gutmann, V., Gerger, W., 1975. The acceptor number—A quantitative empirical parameter for 
the electrophilic properties of solvents. Monatshefte für Chemie/Chemical Monthly 106, 1235-1257. 
[23] Nouri, A., Zahedi, E., Ehsani, M., Nouri, A., Balali, E., 2018. Understanding the kinetics and molecular 
mechanism of the Curtius rearrangement of 3-oxocyclobutane-1-carbonyl azide. Computational and 
Theoretical Chemistry 1130, 121-129. 
[24] Palacios, F., Aparicio, D., Rubiales, G., Alonso, C., de los Santos, J.M., 2009. Synthetic applications of 
intramolecular aza-Wittig reaction for the preparation of heterocyclic compounds. Current Organic Chemistry 
13, 810-828. 
[25] Pauli, G.F., Kuczkowiak, U., Nahrstedt, A., 1999. Solvent effects in the structure dereplication of caffeoyl 
quinic acids. Magnetic Resonance in Chemistry 37, 827-836. 
[26] Pill, T., Polborn, K., Kleinschmidt, A., Erfle, V., Breu, W., Wagner, H., Beck, W., 1991. Metallkomplexe mit 
biologisch wichtigen Liganden, LX. Metallkomplexe von 3′‐Azido‐3′‐desoxythymidin (AZT) und 3′‐Isocyan‐3′‐
desoxythymidin. Chemische Berichte 124, 1541-1548. 
[27] Reichardt, C., Welton, T., 2011. Solvents and solvent effects in organic chemistry. John Wiley & Sons. 
[28] Sarvary, A., Maleki, A., 2015. A review of syntheses of 1, 5-disubstituted tetrazole derivatives. Molecular 
Diversity 19, 189-212. 
[29] Schock, M., Bräse, S., 2020. Reactive & Efficient: Organic Azides as Cross-Linkers in Material Sciences. 
Molecules 25, 1009. 
[30] Tanimoto, H., Kakiuchi, K., 2013. Recent applications and developments of organic azides in total synthesis 
of natural products. Natural product communications 8, 1934578X1300800730. 
[31] Teimouri, A., Chermahini, A.N., Emami, M., 2008. Synthesis, spectroscopic characterization and DFT 
calculations on [4-(sulfonylazide) phenyl]-1-azide. Arkivoc 12, 172-187. 



Sadiq M. Hasan, Al-Qadisiyah Journal of Pure  Science 26 , 3 (2021) PP. CHEM. 1–11                                                          11 

 

[32] Terekhov, D.S., Nolan, K.J., McArthur, C.R., Leznoff, C.C., 1996. Synthesis of 2, 3, 9, 10, 16, 17, 23, 24-
octaalkynylphthalocyanines and the effects of concentration and temperature on their 1H NMR spectra. The 
Journal of organic chemistry 61, 3034-3040. 
 
[33] Valentid, N.V., Ušdumlid, G.S., 2003. Effects of substituents on the 1H-NMR chemical shifts of 3-
methylene-2-substituted-1, 4-pentadienes. Journal of the Serbian Chemical Society 68, 525-534. 
[34] Zarchi, M.A.K., Ebrahimi, N., 2012. Facile and one-pot synthesis of aryl azides via diazotization of aromatic 
amine using cross-linked poly (4-vinylpyridine)-supported nitrite ion and azidation by a Sandmeyer-type 
reaction. Iranian Polymer Journal 21, 591-599. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 


	Synthesis, And Studying Effect Of a Solvent On The 1H-NMR Chemical Shifts of 4-Azido-N-(6-chloro-3-pyridazinyl) Benzenesulfonamide
	Recommended Citation

	Article

