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ABSTRACT    

A series containing thirteen title compounds were synthesized and recorded IR and NMR 

spectra.  The infrared νNH, C=N(cm
-1

)stretches, 
1
H NMR δNH, 

13
C NMR δC=N(ppm) chemical shifts 

of  synthesized oxazine amines were assigned and correlated with Hammett substituent constants, F 

and R parameters. From the results of statistical analyses, the effect of substituents on the above 

spectral frequencies can be discussed.  
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1.  INTRODUCTION 

 

Spectroscopic data are useful for ground state equilibration of organic compounds [1]. 

From the infrared spectral frequencies E s-cis and s-trans conformers of styrenes [2], 

polyenes [3], chalcones [4], unsaturated aldehydes [5], acid chlorides [6], unsaturated esters 

[7], gauche and anti- form acyl halides and its esters [8]. Nuclear magnetic resonance spectral 

chemical shifts was used for prediction of the spatial arrangement of protons such as  cis  and 

trans of organic stereo chemical compounds [9]. Now-a-days chemists and spectroscopic 

researchers [10-15] have paid much more interest for correlation of spectral data with 

Hammett substituent constants. Thirunarayanan and Ravi [15] have synthesized and studied 

the effect of substituents of some pyrazoline-1-ethanones. Substituent effects on the spectral 

group frequencies of 9H-fluorenayl bromides were investigated by Thirunarayanan [16]. 

Sakthinathan et al., have studied the effect of substituents on naphthyl based pyrazoline 

derivatives [17]. Sasikala et al., [18] have investigated the effect of substituents and 

antimicrobial activities of some 5-bromo-2-thienyl based pyrazolines. The spectral 

correlation of infrared and nuclear magnetic resonance spectra of E-imines have been studied 

by Sakthinathan et. al. and Suresh et al., [19,20]. Thirunarayanan and Sekar  have studied the 

substituent effects on the IR and NMR spectral frequencies of some 3-(3,4-dichlorophenyl)-

pyrazoline carbothiomides [21]. Spectral correlation study was first studied on the Trogers 
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bases by Thirunarayanan [22]. Recently, Janaki et al, Vanangamudi et al, Subramanian et al. 

and Thirunarayanan et al., [23-26,29-32] have been studied the effects of substituents on the 

spectral data of various chalcones. Within the above view, there is no report available for the 

study of spectral correlation analysis on 4-(6-methoxy-2-naphthyl)-5,6-dihydro-6(substituted 

phenyl)-
4
H-1,3-oxazine-2-amines. Therefore the author have taken effort to synthesis and 

recorded the IR and NMR spectra for studying spectral correlation of above title compounds. 

 

 

2.  EXPERIMENTAL 

2. 1. General 

All chemicals and solvents used in this present study were procured from Sigma-

Aldrich and Merck companies. The infrared spectra of all oxazine imines have been recorded 

in SHIMADUZ Fourier Transform IR spectrophotometer using KBr disc. The NMR spectra 

of all compounds were recorded in BRUKER AV 400 type spectrometer, Using  CDCl3 as a 

solvent, 400 MHz frequency was applied for recording
 1

H, 100 MHz for 
13

C NMR spectra, 

taking TMS as standard.   

 

2. 2. Synthesis of 4-(6-methoxy-2-naphthyl)-5,6-dihydro-6(substituted phenyl)-
4
H-1,3- 

        oxazine-2-amines [27]  

The title oxazine-2-amines were synthesized and their purities were checked by  

literature method.  

 

 

3.  RESULTS AND DISCUSSION 

 

In the present study, the author have investigated the effect of substituents on the 

infrared νNH, C=N (cm
-1

) stretches, 
1
H NMR δNH, 

13
C NMR δC=N (ppm) chemical shifts of 

4-(6-methoxy-2-naphthyl)-5,6-dihydro-6(substituted phenyl)-
4
H-1,3-oxazine-2-amines by 

Hammett correlation (Table 1). 

 
Table 1. the infrared νNH, C=N (cm

-1
) stretches, 

1
H NMR δNH, 

13
C NMR δC=N (ppm) chemical 

shifts of 4-(6-methoxy-2-naphthyl)-5,6-dihydro-6-(substituted phenyl)-
4
H-1,3-oxazine-2-amines. 

 

 X 
IR (ν, cm

-1
) 

1
H (δ, ppm) 

13
C (δ, ppm) 

NH C=N NH C=N 
1 H 3553 1592 2.234 165.67 

2 3-NH2 3545 1592 2.114 165.46 

3 4-NH2 3532 1598 2.123 165.25 

4 3-Br 3543 1606 2.223 164.15 

5 3-Cl 3540 1592 2.121 165.35 

6 4-Cl 3545 1618 2.124 164.89 

7 4-N(CH3)2 3540 1602 2.034 164.89 

8 4-OH 3553 1589 2.223 165.87 

9 4-OCH3 3538 1634 2.242 164.48 

10 4-CH3 3544 1623 2.219 164.98 

11 2-NO2 3559 1622 2.334 165.62 

12 3-NO2 3555 1615 2.324 165.40 

13 4-NO2 3555 1634 2.190 165.35  
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3. 1. Infrared spectral study 

In infrared  spectral study, the νNH, C=N (cm
-1

) stretches of  synthesized amines  were 

correlated by the Hammett equation as shown in equation (1).  

 

                                        ν = ρσ + νo     …(1)  

where νo is the frequency for the parent member of the series.  

The assigned νNH, C=N (cm
-1

) stretches, 
1
H NMR δNH, 

13
C NMR δC=N (ppm) 

chemical shifts of 4-(6-methoxy-2-naphthyl)-5,6-dihydro-6(substituted phenyl)-
4
H-1,3-

oxazine-2-amines were presented in Table1. These data were correlated with Hammett 

substituent constants, F and R parameters linear regression analysis. The result of statistical 

analysis was presented in Table 2. 

The correlation of infrared νNH (cm
-1

) stretches of 4-(6-methoxy-2-naphthyl)-5,6-

dihydro-6(substituted phenyl)-
4
H-1,3-oxazine-2-amines were satisfactorily with Hammett 

substituent constants, F and R parameters excluding H,  3-NH2, 4-N(CH3)2, 4-OH and 4-CH3 

substituents. When these substituents were included in the correlation, the correlation was  

reduced considerably. All correlations gave positive ρ values. This implies that the normal 

substituent effects operates in all systems.  

The correlation of  infrared νCN (cm
-1

) stretches of 4-(6-methoxy-2-naphthyl)-5,6-

dihydro-6(substituted phenyl)-
4
H-1,3-oxazine-2-amines were satisfactorily with Hammett 

substituent constants, F and R parameters excluding H,  3-Cl, 4-N(CH3)2, 4-OH, 4-OCH3 and 

4-CH3 substituents. When these substituents were included in the correlation, the correlation 

was reduced considerably. All correlations gave positive ρ values. This implies that the 

normal substituent effects operates in all systems.  

 
Table 2.  Results of statistical analysis of infrared νNH, C=N, 

1
H NMR δNH, 

13
C NMR of δC=N 

(ppm) of  4-(6-methoxy-2-naphthyl)-5,6-dihydro-6-(substituted phenyl)-
4
H-1,3-oxazine-2-amines 

derivatives with Hammett substituent constants σ, σ
+
, σI, σR, F and R parameters. 

 

Freq. Constt. r I ρ s n Correlated derivatives 

νNH σ 0.953 3545.02 9.278 7.07 10 
3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl, 

4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2 

 σ
+
 0.946 3546.63 5.080 7.42 10 

3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl, 

4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2 

 σI 0.948 3541.40 15.390 7.33 11 
3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl, 4-NO2 

4-N(CH3)2, 4-OH, 4-OCH3, 2-NO2, 3-NO2, 

 σR 0.972 3550.73 22.304 5.73 11 
H, 4-NH2, 3-Br, 3–Cl, 4-Cl,  4-N(CH3)2, 

4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2 

 F 0.953 3540.65 17.596 7.10 11 
3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl,  4-N(CH3)2, 

4-OH, 4-OCH3, 2-NO2, 3-NO2, 4-NO2 

 R 0.965 3550.64 13.325 6.34 13 
H, 3-NH2,4-NH2,3-Br, 3–Cl, 4-Cl, 4-N(CH3)2, 

4-OH, 4-OCH3, 4-CH3,2-NO2, 3-NO2, 4-NO2 

νC=N σ 0.934 1607.31 12.971 15.90 10 
H, 3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl,  4-OH, 

2-NO2, 3-NO2, 4-NO2 

 σ
+
 0.962 1609.37 5.821 16.39 10 

H, 3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl,  4-OH, 

2-NO2, 3-NO2, 4-NO2 
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 σI 0.941 1600.54 26.540 15.41 10 
H, 3-NH2, 4-NH2, 3-Br, 4-Cl,  4-N(CH3)2, 

4-OH, 2-NO2, 3-NO2, 4-NO2 

 σR 0.945 1614.54 27.913 15.17 11 
3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl,  4-N(CH3)2, 

4-OH, 4-CH3, 2-NO2, 3-NO2, 4-NO2 

 F 0.945 1599.27 30.247 15.16 9 
H, 3-NH2, 4-NH2, 3-Br, 4-Cl,  4-N(CH3)2, 

2-NO2, 3-NO2, 4-NO2 

 R 0.944 1614.90 18.690 15.26 11 
3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl,  4-N(CH3)2, 

4-OH, 4-CH3, 2-NO2, 3-NO2, 4-NO2 

δNH σ 0.953 2.178 0.099 0.07 12 

H, 3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl, 

4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 

2-NO2, 3-NO2 

 σ
+
 0.951 2.196 0.060 0.07 12 

H, 3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl, 

4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3,  

2-NO2, 3-NO2 

 σI 0.944 2.148 0.152 0.08 13 
H, 3-NH2,4-NH2,3-Br, 3–Cl, 4-Cl,4-N(CH3)2, 

4-OH, 4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2 

 σR 0.968 3.248 0.222 0.06 10 
H, 3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl, 

4-N(CH3)2, 4-CH3, 2-NO2, 3-NO2 

 F 0.947 2.130 0.168 0.07 11 
3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl,  4-N(CH3)2, 

4-OH, 4-OCH3, 2-NO2, 3-NO2, 4-NO2 

 R 0.966 2.240 0.151 0.06 13 
H,3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl, 4-N(CH3)2, 

4-OH, 4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2 

δCN σ 0.915 165.15 0.162 0.50 11 
H, 3-NH2, 4-NH2, 3–Cl, 4-Cl,  4-N(CH3)2, 

4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2 

 σ
+
 0.915 165.18 0.100 0.50 11 

H, 3-NH2, 4-NH2, 3–Cl, 4-Cl,  4-N(CH3)2, 

4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2 

 σI 0.810 165.17 0.030 0.50 13 
H,3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl, 4-N(CH3)2, 

4-OH, 4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2 

 σR 0.916 165.25 0.364 0.49 10 
H, 4-NH2, 3–Cl, 4-Cl,  4-N(CH3)2, 4-OCH3, 

4-CH3, 2-NO2, 3-NO2, 4-NO2 

 F 0.801 165.16 0.037 0.50 13 
H,3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl,4-N(CH3)2, 

4-OH, 4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2 

 R 0.901 165.24 0.189 0.50 9 
3-NH2, 4-NH2, 3-Br, 3–Cl, 4-Cl, 

4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3 

r = correlation co-efficient;  ρ = slope;  I = intercept; s = standard deviation;  n = number of substituents 

  

 

Similarly the multi-functional regression analysis of these stretches shows satisfactory 

correlation with σI and  σR or F and R Swain-Lupton [28] parameters. The generated multi-

regression analysis equations are given in (2-5) 

 

NH(cm
-1

)
  
= 3549.99(±4.373) + 1.699(±0.873)σI + 21.282(±8.533)σR ...(2) 

(R = 0.973, n = 13, P > 95 %) 

 

NH(cm
-1

)
  
= 3547.38(±4.788) + 7.430(±0.948)F  + 10.961(±6.007)R ...(3) 

(R = 0.967, n = 13, P > 95 %) 
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CN(cm
-1

)
  
= 1608.41(±11.357) + 13.998(±2.268)σI + 19.509(±2.192)σR ...(4)     

(R = 0.948, n = 13, P > 90 %) 

 

CN(cm
-1

)
  
= 1606.25(±11.443) +19.713(±2.262)F + 11359(±1.435)R ...(5)     

(R = 0.950, n = 13, P > 95 %) 

 

3. 2. NMR spectral study 

1
H NMR spectral study 

In nuclear magnetic resonance spectra, the 
1
H or the 

13
C chemical shifts (δ) (ppm) 

depend on the electronic environment of the nuclei concerned. These chemical shifts have 

been correlated with reactivity parameters. Thus the Hammett equation may be used in the 

form as shown in (6). 

 

                     Log δ= Log δ0 + ρσ     … (6)  

 

where δ0 is the chemical shift of the corresponding parent compound.  

The assigned 
1
H NMR δNH, 

13
C NMR δC=N (ppm) chemical shifts of 4-(6-methoxy-

2-naphthyl)-5,6-dihydro-6-(substituted phenyl)-
4
H-1,3-oxazine-2-amines were presented in 

Table1. These data were correlated with Hammett substituent constants, F and R parameters 

linear regression analysis. The result of statistical analysis was presented in Table 2. From 

Table 2, the δNH (ppm) chemical shifts of 4-(6-methoxy-2-naphthyl)-5,6-dihydro-6-

(substituted phenyl)-
4
H-1,3-oxazine-2-amines were satisfactorily correlated with Hammett 

substituent constants, F and R parameters excluding H, 4-OH, 4-OCH3, 4-CH3, 2-NO2, 3-NO2 

and 4-NO2  substituents. If these substituents were accomplished with regression, they 

reduced the regression coefficient considerably. All correlations gave positive ρ values. This 

means that then normal substituent effects operates in all systems.  

 

 
 

Fig. 1. The resonance-conjugative structure. 

 

 

From Table 2, the 
13

C NMR δC=N (ppm) chemical shifts of 4-(6-methoxy-2-naphthyl)-

5,6-dihydro-6-(substituted phenyl)-
4
H-1,3-oxazine-2-amines were satisfactorily correlated 

with Hammett σ, σ
+
, σR substituent constants and R parameters excluding H, 3-NH2, 3-Br, 4-

OH, 2-NO2, 3-NO2 and 4-NO2 substituents. If these substituents were accomplished with 

regression, they reduced the regression coefficient considerably. The Hammett σI constant 
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and F parameter were fail in correlation. This is due to the inability of substituent constants 

for prediction of reactivity on the chemical shifts of oxazine amines and associated with 

resonance conjugative structure shown in Fig. 1. All correlations gave positive ρ values. This 

means that then normal substituent effects operates in all systems. 

In view of the inability of prediction of effect of substituents by single regression 

analysis with Hammett substituent constants, F and R parameters, they are worthwhile when 

seeking in multi-regression analysis for 
1
H NMR δNH, 

13
C NMR δC=N (ppm) chemical 

shifts of 4-(6-methoxy-2-naphthyl)-5,6-dihydro-6-(substituted phenyl)-
4
H-1,3-oxazine-2-

amines. The generated multi-regression[28] analysis equations are given in (7-10) 

 

δNH(ppm)
 
= 2.231(±0.054) + 0.013(±0.001)σI + 0.216(±0.090)σR  ...(7) 

(R = 0.968, n = 13, P > 95 %) 

 

δNH(ppm)
 
= 2.221(±0.051) + 0.042(±0.012)F  + 0.135(±0.061)R  ...(8) 

(R = 0.967, n = 13, P > 95 %) 

 

δCN(ppm)
 
= 165.39(±0.377) -0.332(±0.075)σI + 0.563(±0.072)σR               ...(9)     

(R = 0.923, n = 13, P > 90 %) 

 

δCN(ppm)
 
= 165.33(±0.390) – 0.211(±0.077)F + 0.267(±0.049)R   ...(10)     

(R = 0.917, n = 13, P > 90 %) 

 

 

4.  CONCLUSIONS 

 

Totally thirteen 4-(6-methoxy-2-naphthyl)-5,6-dihydro-6-(substituted phenyl)-
4
H-1,3-

oxazine-2-amine compounds were synthesized and recorded IR and NMR spectra. The 

infrared νNH, C=N (cm
-1

) stretches, 
1
H NMR δNH, 

13
C NMR δC=N (ppm) chemical shifts of  

synthesized oxazine amines were assigned and correlated with Hammett substituent 

constants, F and R parameters. From the single parameter correlation analyses, the infrared 

νNH, C=N (cm
-1

) stretches and 
1
H NMR δNH (ppm) chemical shifts correlated satisfactorily 

with Hammett substituent constants, F and R parameters. The 
13

C NMR δC=N (ppm) 

chemical shifts of synthesized amines All the above spectral frequencies were satisfactorily 

correlated with σI  and σR or F and R Swain-Lupton parameters in multi-regression analysis. 
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