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35 N-(Phenyl)-, N-(2/4-chlorophenyl)- and N-(2/4-methylphenyl)-substituted acetamides are pre-
pared, characterised and their NMR spectra studied in solution state. The variation of the chemical
shifts of the aromatic protons in these compounds follow more or less the same trend with changes
in the side chain. The chemical shifts remain almost the same on introduction of Cl substituent to the
benzene ring, while that of methyl group lowers the chemical shifts of the aromatic protons. But only
13C-1 and 13C-4 chemical shifts in these compounds are sensitive to variations of the side chain. The
incremental shifts in the chemical shifts of the aromatic protons and carbons due to –COCH3−iXi or
NHCOCH3−iXi groups in all the N-(phenyl)-substituted acetamides, C6H5NHCOCH3−iXi (where
X = Cl or CH3 and i = 0, 1, 2 or 3) are calculated. These incremental chemical shifts are used to
calculate the chemical shifts of the aromatic protons and carbons in all the N-(2/4-chlorophenyl)-
and N-(2/4-methylphenyl)-substituted acetamides, in two ways. In the first way, the chemical shifts
of aromatic protons or carbons are computed by adding the incremental shifts due to –COCH3−iXi

groups and the substituents at the 2nd or 4th position in the benzene ring to the chemical shifts of
the corresponding aromatic protons or carbons of the parent aniline. In the second way, the chemical
shifts are calculated by adding the incremental shifts due to –NHCOCH3−iXi groups and the sub-
stituents at the 2nd or 4th position in the benzene ring to the chemical shift of a benzene proton or
carbon, respectively. Comparison of the two sets of calculated chemical shifts of the aromatic protons
or carbons of all the compounds revealed that the two procedures of calculation lead to almost the
same values in most cases and agree well with the experimental chemical shifts.
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1. Introduction

Amides are of fundamental chemical interest as con-
jugation between nitrogen lone pair electrons and car-
bonyl π-bond results in distinct physical and chemical
properties [1 – 2]. The amide moiety is a constituent
of many biologically important compounds. Many ac-
etanilides exhibit fungicidal, herbicidal and pharmaco-
logical activities. Thus we are interested in the spec-
troscopic and structural aspects of this class of com-
pounds for correlating their activity with the chemical
bond parameters.

The 35Cl NQR and infrared spectra of a number
of N-(chlorophenyl)-chloroacetamides have been stud-
ied [3 – 7]. We have recently prepared several substi-
tuted amides of the configuration: XyC6H5−y-NHCO-
CH3−yCly (where X = CH3, NO2 or Br and y = 1, 2
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Table 1. Melting points (◦C) of N-(aryl)-substituted acet-
amides, ArNHCOCH3−iXi.

2/4-X C6H4NHCOCH3−iXi
(X = Cl or CH3 and i = 0, 1, 2 or 3)

Ar CH3 CH2Cl CHCl2 CCl3 CH2CH3 CH(CH3)2 C(CH3)3

C6H5 114 134 120 83 104 111 134
2-ClC6H4 88-90 73 105-107 92 59-60 119 193
4-ClC6H4 178 178-180 130-132 63 105 139 128
2-CH3C6H4 102 81 130 90 92 116 109
4-CH3C6H4 149-151 156 152 104 128 – 102-103

or 3) and measured their 35Cl NQR and IR spec-
tra [6 – 8]. The crystal structures of some of
the N-(phenyl)-acetamides have also been de-
termined [9 – 18]. We report herein the NMR
spectra of 35 N-(phenyl)- and N-(2/4-chlorophenyl
or 2/4-methylphenyl)-substituted acetamides of
the constitutions C6H5NHCOCH3−iXi and 2/4-
XC6H4NHCOCH3−iXi (where X = Cl or CH3 and
i = 0, 1, 2 or 3) (Table 1).
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Table 2. The C=O and N-H infrared absorption fre-
quencies (cm−1) of N-(aryl)-substituted acetamides,
ArNHCOCH3−iXi (where X = Cl or CH3 and i = 0, 1,
2 or 3).

CH3−iXi (X = Cl or CH3 and i = 0, 1, 2 or 3)
Ar CH3 CH2Cl CHCl2 CCl3 CH2CH3 CH(CH3)2 C(CH3)3

γC=O (str) (cm−1)
C6H5 1685.0s 1673.0s 1672.0s 1695.0s 1666.2s 1661.4s 1654.6s
2-Cl C6H4 1664.3s 1673.9s 1679.7s 1709.6s 1664.3s 1654.6s 1665.2s
2-CH3 C6H4 1652.7s 1637.0s 1672.0s 1705.0s 1653.7s 1653.7s 1655.6s
4-Cl C6H4 – 1670.0s 1681.0s 1709.0s – – –
4-CH3 C6H4 – 1676.0s 1674.0s 1695.0s – – –

γN−H (str) (cm−1)
C6H5 3305.0s 3266.8s 3269.7s 3290.0s 3258.1s 3299.6s 3312.1s
2-Cl C6H4 3241.8s 3266.8s 3254.3s 3299.6s 3288.0s 3242.7s 3369.1s
2-CH3 C6H4 3222.5s 3340.0s 3254.3s 3300.0s 3280.3s 3269.7s 3346.9s
4-Cl C6H4 – 3270.0s 3278.0s 3262.0s – – –
4-CH3 C6H4 – 3365.0s 3211.0s 3300.0s – – –

s = strong, m = medium and w = weak.

Table 3. Chemical shifts (δ , ppm) of various aromatic
and other protons in N-(phenyl)-substituted acetamides,
C6H5NHCOCH3−i Xi (X = Cl or CH3 and i = 0, 1, 2 or 3).

δ , ppm
COCH3−i Xi H-2,6 H-3,5 H-4 N-H Alkyl H
COCH3 7.50d 7.20t 7.02t 8.94 2.05
COCH2Cl 7.47d 7.27t 7.10t 8.33 4.00
COCHCl2 7.52d 7.32t 7.17t 8.53 6.11
COCCl3 7.53d 7.33t 7.18t 8.48 –
COCH2CH3 7.60d 7.22t 6.97 9.57 2.35, 1.15
COCH(CH3)2 7.57d 7.26t 7.06t 7.97 2.52, 1.20
COC(CH3)3 7.49d 7.22t 7.01t 7.76 1.25
H 6.48 7.05 6.67 3.39 –

Table 4. The incremental shifts in chemical shifts (δ ,
ppm) of aromatic protons due to -COCH3−iXi and
-NHCOCH3−iXi groups in N-(phenyl)-substituted ac-
etamides, C6H5NHCOCH3−iXi (X = Cl or CH3 and i = 0,
1, 2 or 3).

COCH3−iXi H-2,6 H-3,5 H-4 NHCOCH3−iXi H-2,6 H-3,5 H-4
COCH3 1.02 0.15 0.35 NHCOCH3 0.40 −0.2 −0.30
COCH2Cl 0.99 0.22 0.43 NHCOCH2Cl 0.20 0.0 −0.17
COCHCl2 1.04 0.27 0.50 NHCOCHCl2 0.25 0.05 −0.10
COCCl3 1.05 0.28 0.51 NHCOCCl3 0.26 0.06 −0.06
COCH2CH3 1.12 0.17 0.30 NHCOCH2CH3 0.33 −0.17 −0.31
COCH(CH3)2 1.09 0.21 0.39 NHCOCH(CH3)2 0.27 −0.01 −0.21
COC(CH3)3 1.01 0.17 0.34 NHCOC(CH3)3 0.22 −0.05 −0.26

2. Experimental

Materials and Methods: The N-(phenyl)-, N-
(2-chlorophenyl)-, N-(2-methylphenyl)-, N-(4-chloro-
phenyl)- and N-(4-methylphenyl)- substituted ac-
etamides (Table 1) were prepared from substituted
anilines, substituted acetic acids (Aldrich, Germany)
and thionyl chloride [18 – 21]. The commercial ani-
lines (Sisco Research Laboratories, India) were puri-

Table 5. Shifts in the position of benzene protons (δ , 7.27)
caused by the substituents.

Substituent ortho meta para
-CH3, -R −0.15 −0.10 −0.10
-COOH, -COOR +0.80 +0.15 +0.20
-CN +0.30 +0.30 +0.30
-CONH2 +0.50 +0.20 +0.20
-COR +0.60 +0.30 +0.30
-SR +0.10 −0.10 −0.20
-NH2, -NHR −0.80 −0.15 −0.40
-N(CH3)2 −0.50 −0.20 −0.50
-I +0.30 −0.20 −0.10
-CHO +0.70 +0.20 +0.40
-Br 0.00 0.00 0.00
-NHCOR +0.40 −0.20 −0.30
-Cl 0.00 0.00 0.00
-F +0.30 +0.02 +0.22
-NH3

+ +0.40 +0.20 +0.20
-OR −0.20 −0.20 −0.20
-OH −0.40 −0.40 −0.40
-OCOR +0.20 −0.10 −0.20
-NO2 +1.00 +0.30 +0.40
-SO3H, -SO2NH2 +0.40 +0.10 +0.10

fied by either double distillation or zone refining. All
other reagents employed in the preparations and purifi-
cation of reagents were of analytical grade. Pure sam-
ples of the respective anilines (aniline, 2-chloroaniline,
2-methylaniline, 4-chloroaniline or 4-methylaniline)
were treated with mixtures of respective acetic acids
(acetic acid, 2-chloroacetic acid, 2,2-dichloroacetic
acid, 2,2,2-trichloroacetic acid, 2-methylacetic acid,
2,2-dimethylacetic acid or 2,2,2-trimethylacetic acid)
and thionyl chloride with constant stirring. The re-
sulting mixtures were slowly warmed to expel HCl.
Excess thionyl chloride was hydrolysed by adding
cold water dropwise under ice cold conditions. HCl
produced was removed by treating with excess 2M
NaOH. The solids separated were filtered under suc-
tion, washed thoroughly with water and dried. The N-
(aryl)-substituted acetamides thus prepared were re-
crystallised from ethanol several times to the constant
melting points (Table 1). The compounds have been
further characterised by recording their infrared spec-
tra (Table 2) [21].

2.1. NMR Spectral Measurements

The proton and carbon-13 NMR spectra of the
compounds were measured on a BRUKER Ac 300F,
300 MHz FT-NMR spectrometer. The spectra were
recorded in CDCl3 and DMSO with tetramethylsilane
(Me4Si) as internal standard. The experimental condi-
tions employed for 1H NMR spectra were as follows.
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Table 6. Chemical shifts (δ , ppm) of various aromatic and other protons in N-(2-chlorophenyl)-substituted acetamides, 2-
ClC6H4NHCOCH3−i Xi (X = Cl or CH3 and i = 0, 1, 2 or 3).

H-3 H-4 H-5 H-6 N-H Alkyl H
COCH3−i Xi obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. obs.
COCH3 7.3d 7.20 7.20 7.16t 7.02 7.02 7.17d 7.20 7.20 8.10d 6.83 7.50 7.76 2.2
COCH2Cl 7.25d 7.27 7.27 7.05t 7.10 7.07 7.25t 7.27 7.25 8.30d 7.47 7.47 8.89 4.20
COCHCl2 7.24d 7.32 7.32 7.06t 7.17 7.17 7.35t 7.32 7.32 8.20d 7.52 7.52 8.72 6.09
COCCl3 7.26d 7.33 7.33 7.08t 7.18 7.18 7.35t 7.33 7.33 8.17d 7.53 7.53 8.98 –
COCH2CH3 7.3d 7.22 7.22 6.98t 6.97 6.97 7.20t 7.22 7.22 8.28d 7.60 7.60 7.78 2.23, 1.23
COCH(CH3)2 7.33d 7.26 7.26 7.0t 7.06 7.06 7.23t 7.26 7.26 8.35d 7.57 7.57 7.74 2.59, 1.27
COC(CH3)3 7.29d 7.22 7.26 6.96t 7.01 7.01 7.20t 7.22 7.26 8.35d 7.49 7.79 8.0 1.52, 1.31, 1.10
H 7.13 – 6.93 – 7.13 – 6.59 – 3.85 –

Table 7. Chemical shifts (δ , ppm) of various aromatic and other protons in N-(2-methylphenyl)-substituted acetamides, 2-
CH3C6H4NHCOCH3−iXi (X = Cl or CH3, and i = 0, 1, 2 or 3).

H-3 H-4 H-5 H-6 N-H Alkyl H
COCH3−i Xi obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. obs.
COCH3 7.22d 7.05 7.05 7.10t 6.92 6.92 7.00t 7.10 7.10 7.54d 7.40 7.40 7.62 2.16, 1.90
COCH2Cl 7.17d 7.12 7.12 7.08t 7.00 7.00 7.17t 7.17 7.17 7.74d 7.37 7.37 8.26 4.13, 2.22
COCHCl2 7.13d 7.17 7.17 7.13t 7.07 7.07 7.21t 7.22 7.22 7.68d 7.42 7.42 8.14 6.05, 2.26
COCCl3 7.18d 7.18 7.18 7.11t 7.08 7.11 7.37t 7.23 7.23 7.61d 7.43 7.43 8.28 2.40, 2.24
COCH2CH3 7.11d 7.07 7.07 7.02t 6.87 6.87 7.11t 7.12 7.12 7.57d 7.50 7.50 7.48 2.32, 2.16, 1.17
COCH(CH3)2 7.10d 7.11 7.11 7.02t 6.96 6.96 7.10t 7.16 7.16 7.58d 7.47 7.47 7.47 2.52, 2.15, 1.16
COC(CH3)3 7.19d 7.05 7.07 7.04t 6.91 6.91 7.16t 7.12 7.12 7.75d 7.39 7.69 7.31 2.21, 1.30
H 6.97 – 6.64 – 6.97 – 6.49 – 3.31 2.01

Table 8. Chemical shifts (δ , ppm) of various aromatic and
other protons in N-(4-chlorophenyl)-substituted acetamides,
4-ClC6H4NHCOCH3−iXi (X = Cl or CH3 and i = 0, 1, 2
or 3).

H-2,6 H-3,5 N-H Alkyl H
COCH3−i Xi obs. calc.1 calc.2 obs. calc.1 calc.2 obs. obs.
COCH3 7.58d 6.83 7.50 7.22d 7.20 7.25 9.61 2.06
COCH2Cl 7.47d 7.47 7.47 7.22d 7.27 7.27 7.76 4.00
COCHCl2 7.47d 7.52 7.52 7.32t 7.32 7.32 8.09 6.02
COCCl3 7.45d 7.53 7.53 7.28d 7.33 7.33 8.44 –
COCH2CH3 7.41d 7.60 7.60 7.18d 7.22 7.22 8.11 2.33, 1.18
COCH(CH3)2 7.41d 7.57 7.57 7.18d 7.26 7.26 7.75 3.42, 1.16
COC(CH3)3 7.46d 7.49 7.79 7.22d 7.22 7.26 7.56 1.27
H 6.48 – 7.03 – 3.59 –

The spectral frequency (SF) was kept at 300.134 MHz,
sweep width (SW) at 6024.096, pulse width (PW) at
8.0, relaxation delay (RD) of 1.0 (sec), acquisition time
(AQ) was 1.360 (sec), receiver gain (RG) 10, decou-
pling power (DP) was 63L CPD, filter to suppress noise
(LB) 0.0, reference value (SR) was set at 4125.36 ppm
for H2O internally. For 13C NMR spectra, the spectral
frequency (SF) was kept at 75.469 MHz, sweep width
(SW) at 22727.273, pulse width (PW) at 5.0, relaxation
delay (RD) of 1.0 (sec), acquisition time (AQ) was
0.360 (sec), receiver gain (RG) 400, decoupling power
(DP) was 14H CPD, filter to suppress noise (LB) 6.0,
reference value (SR) was set at 701.89 ppm for DMSO
at 39.5 ppm externally.

Table 9. Chemical shifts (δ , ppm) of various aromatic and
other protons in N-(4-methylphenyl)-substituted acetamides,
4-CH3C6H4NHCOCH3−iXi (X = Cl or CH3 and i = 0, 1, 2
or 3).

H-2,6 H-3,5 N-H Alkyl H
COCH3−i Xi obs. calc.1 calc.2 obs. calc.1 calc.2 obs. obs.
COCH3 7.39d 6.38 7.47 7.06d 6.90 7.05 8.18 2.10, 2.26
COCH2Cl 6.19d 7.37 7.37 6.19d 7.12 7.12 8.35 2.13, 2.85
COCHCl2 7.47d 7.42 7.52 7.11d 7.17 7.32 8.91 2.29, 6.33
COCCl3 7.40d 7.43 7.43 7.15d 7.18 7.18 8.44 2.31
COCH2CH3 7.37d 7.70 7.50 6.97d 7.07 7.17 8.30 2.27, 1.15
COCH(CH3)2 7.37d 7.57 7.47 6.97d 7.26 7.16 8.30 2.25, 1.16
COC(CH3)3 7.40d 7.47 7.69 7.05d 7.11 7.16 7.51 2.27, 1.26
H 6.49 – 6.89 – 3.59 2.18

3. Results and Discussion

3.1. 1H NMR Spectra

The 1H chemical shift values of N-(phenyl)-
substituted acetamides are shown in Table 3. Since the
chemical shift depends on the electron density around
the nucleus or associated with the atom to which it
is bonded, the incremental shifts of the aromatic pro-
tons (ppm) due to –COCH3−iXi (where X = Cl or CH3
and i = 0, 1, 2, 3) in all the N-(phenyl)-substituted
acetamides, C6H5NHCOCH3−iXi were calculated by
comparing the proton chemical shifts of these com-
pounds with those of aniline proton values of H-2,6 =
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Table 10. Chemical shifts (δ , ppm) of various aromatic
and other carbons in N-(phenyl)-substituted acetamides,
C6H5NHCOCH3−iXi (where X = Cl or CH3 and i = 0, 1,
2 or 3).

δ , ppm
-COCH3−i Xi C-1 C-2,6 C-3,5 C-4 C=O Alkyl C
COCH3 138.1 120.4 128.5 124.0 169.3 23.8
COCH2Cl 136.8 120.4 128.9 125.1 164.2 42.9
COCHCl2 136.2 120.6 129.2 125.8 162.3 66.9
COCCl3 135.9 120.6 129.1 126.0 159.3 92.9
COCH2CH3 139.0 119.3 128.7 122.8 172.2 29.7, 9.5
COCH(CH3)2 138.2 120.0 128.8 124.0 175.9 36.4, 19.6
COC(CH3)3 138.1 120.4 128.3 123.7 176.6 39.2, 27.2
H 146.2 114.6 128.8 117.8 – –

Table 11. The incremental shifts in chemical shifts of
aromatic carbons due to -COCH3−iXi and -NHCOC
H3−iXi groups in N-(phenyl)-substituted acetamides, C6H5

NHCOCH3−iXi (X = Cl or CH3 and i = 0, 1, 2 or 3).

-COCH3−iXi C-1 C-2,6 C-3,5 C-4 NHCOCH3−iXi C-1 C-2,6 C-3,5 C-4
COCH3 −8.1 5.8 −0.3 6.2 NHCOCH3 9.6 −8.1 0.0 −3.4
COCH2Cl −9.4 5.8 −0.1 7.3 NHCOCH2Cl 8.3 −8.1 0.4 −4.5
COCHCl2 −10.0 6.0 0.4 8.0 NHCOCHCl2 8.4 −7.9 0.7 −2.7
COCCl3 −10.3 6.0 0.3 8.2 NHCOCCl3 7.4 −7.9 0.6 −2.5
COCH2CH3 −7.2 4.7 −0.1 5.0 NHCOCH2CH3 10.5 −9.2 0.1 −6.0
COCH(CH3)2 −8.0 5.4 0.0 6.2 NHCOCH(CH3)2 9.7 −8.4 0.3 −4.4
COC(CH3)3 −8.1 5.8 −0.5 5.9 NHCOC(CH3)3 9.7 −8.0 −0.2 −4.8

6.48 ppm, H-3,5 = 7.05 ppm, H-4 = 6.67 ppm. The
calculated values are shown in Table 4. Similarly the
incremental shifts of the aromatic protons (ppm) in N-
phenyl substituted acetamides due to –NHCOCH3−iXi

(where X = Cl or CH3 and i = 0, 1, 2, 3) were cal-
culated by comparing the proton chemical shifts of
these compounds with those of benzene proton value
of 7.27 ppm. The calculated values are also shown in
Table 4.

Then the chemical shifts of all the aromatic
protons in all the N-(2/4-chlorophenyl)- and N-
(2/4-methylphenyl)-substituted acetamides, 2/4-
XC6H4NHCO-CH3−iXi (where X = Cl or CH3 and
i = 0, 1, 2 or 3) were calculated in two ways by adding
substituent contributions to the chemical shifts of
either aniline protons or benzene proton, as per the
principle of substituent addition. In the first method,
the chemical shifts of various aromatic protons in
these compounds were computed by adding the shifts
due to –COCH3−iXi groups (Table 4) and the shifts
due to the substituents (Table 5) [22 – 24] at the 2 nd or
4th position in the benzene ring to the chemical shifts
of the corresponding aromatic protons of the parent
aniline. In the second method, the chemical shifts of
various aromatic protons of N-(2/4-chlorophenyl)- and

Table 12. Incremental shifts of the aromatic atoms of mono-
substituted benzenes (ppm from benzene at 128.5 ppm,
+downfield, −upfield) carbon atom of substituents from
TMS.
Substituent C-1 C-2 C-3 C-4 C of substituent

(Attachment) (ppm from TMS)
H 0.0 0.0 0.0 0.0 –
CH3 +9.3 +0.7 −0.1 −2.9 21.3
CH2CH3 +15.6 −0.5 0.0 −2.6 29.2 (CH2), 15.8 (CH3)
CH(CH3)2 +20.1 −2.0 0.0 −2.5 34.4 (CH), 24.1 (CH3)
C6H5 +12.1 −1.8 −0.1 −1.6 –
OH +26.6 −12.7 +1.6 −7.3
OCH3 +31.4 −14.4 +1.0 −7.7 54.1
COOH +2.9 +1.3 +0.4 +4.3 168.0
NH2 +19.2 −12.4 +1.3 −9.5 –
NO2 +19.6 −5.3 +0.9 +6.0 –
F +35.1 −14.3 +0.9 −4.5 –
Cl +6.4 +0.2 +1.0 −2.0 –
Br −5.4 +3.4 +2.2 −1.0 –
I −32.2 +9.9 +2.6 −7.3 –
SO2NH2 +15.3 −2.9 +0.4 +3.3 –

N-(2/4-methylphenyl)-substituted acetamides were
calculated by adding the shifts due to –NHCOCH3−iXi

groups (Table 4) and the substituents (Table 5) at the
2nd or 4th position in the benzene ring to the chemical
shift of benzene proton.

These calculated chemical shifts of different aro-
matic protons of N-(2/4-chlorophenyl)- and N-(2/4-
methylphenyl)-substitutedacetamides are shown in Ta-
bles 6 – 9.

3.2. 13C NMR Spectra

The 13C chemical shifts of N-(phenyl)-substituted
acetamides, C6H5NHCOCH3−iXi (where X = Cl or
CH3 and i = 0, 1, 2 or 3) are shown in Table 10. The
incremental shifts of the aromatic carbons (ppm) due
to –COCH3−iXi (where X = Cl or CH3 and i = 0, 1,
2 or 3) in all the N-(phenyl) substituted acetamides
were calculated by comparing the chemical shifts of
aromatic carbons of these compounds with those of
aniline carbon values of C-1 = 146.2 ppm, C-2,6 =
114.6 ppm, C-3,5 = 128.8 ppm, C-4 = 117.8 ppm.
Similarly the incremental shifts of the aromatic car-
bons (ppm) due to –NHCOCH3−iXi (where X = Cl
or CH3 and i = 0, 1, 2 or 3) in N-phenyl sub-
stituted acetamides were also calculated, by com-
paring the chemical shifts of aromatic carbons of
these compounds with the benzene carbon value of
128.5 ppm. The calculated values are shown in Ta-
ble 11. These values were used to calculate the chem-
ical shifts of all the aromatic carbons in all the N-
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Table 13. Chemical shifts (δ , ppm) of various aromatic and other carbons in N-(2-chlorophenyl)-substituted acetamides,
2-ClC6H4NHCOCH3.iXi (X = Cl or CH3 and i = 0, 1, 2 or 3).

δ , ppm
COCH3−iXi C-1 C-2 C-3 C-4 C-5 C-6 C=0 Alkyl C

obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. obs.
COCH3 133.5 137.8 138.3 127.7 126.8 126.9 129.2 128.7 128.7 123.6 125.0 125.0 128.6 126.8 126.5 122.9 121.4 121.4 162.2 24.4
COCH2Cl 133.5 137.0 137.0 127.6 126.8 126.8 129.0 128.9 129.1 125.3 126.1 126.0 127.6 126.7 126.9 121.1 121.4 121.4 163.8 43.0
COCHCl2 133.1 136.4 136.9 127.3 127.0 127.0 129.2 129.4 129.4 127.7 126.8 126.8 127.7 127.2 127.2 121.6 121.6 122.1 161.5 66.9
COCCl3 132.5 136.1 136.1 126.2 127.0 127.0 129.0 129.3 129.3 126.2 127.0 127.0 127.6 127.1 127.1 121.2 121.6 121.6 158.6 92.0
COCH2CH3 134.4 139.2 139.2 124.3 125.7 125.7 128.7 128.9 128.7 122.8 123.8 123.5 127.3 126.7 126.6 121.6 120.3 121.4 171.9 30.6, 9.4
COCH(CH3)2 134.6 138.4 138.4 124.4 126.4 126.5 128.8 129.0 129.0 122.7 125.0 125.0 127.5 126.0 126.8 121.6 121.0 120.3 175.1 36.8, 19.5
COC(CH3)3 134.5 138.3 138.3 124.1 126.8 126.8 128.5 128.5 128.5 122.7 124.7 124.7 127.5 126.3 126.3 121.3 121.4 121.4 176.2 39.8,27.2
H 142.7 – – 118.6 – – 129.0 – – 118.6 – – 127.4 – – 115.7 – – – –

Table 14. Chemical shifts (δ , ppm) of various aromatic and other carbons in N-(2-methylphenyl)-substituted acetamides,
2-CH3C6H4NHCOCH3.iXi (X = Cl or CH3 and i = 0, 1, 2 or 3).

δ , ppm
COCH3−iXi C-1 C-2,6 C-3,5 C-4 C-5 C-6 C=0 Alkyl C

obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. obs.
COCH3 135.5 138.3 140.3 126.3 129.7 127.9 130.4 129.2 129.4 124.2 123.9 122.8 125.5 125.6 125.8 124.2 120.3 118.5 168.9 23.8, 17.7
COCH2Cl 134.6 137.5 136.8 130.4 129.7 129.7 129.5 129.4 129.5 125.7 125.0 125.0 126.6 125.8 126.0 122.7 120.3 120.3 164.0 43.0, 17.4
COCHCl2 133.9 136.9 136.9 130.7 129.9 129.9 130.2 129.9 129.9 126.5 125.7 125.7 126.9 126.3 126.3 123.2 120.5 120.5 162.2 67.0, 17.4
COCCl3 133.9 136.6 136.6 131.2 129.9 129.9 130.7 129.8 129.8 123.4 125.9 125.9 126.8 126.2 126.2 121.7 120.5 120.5 159.4 93.1, 17.5
COCH2CH3 135.7 139.7 139.7 126.3 128.6 128.6 130.3 129.4 129.3 123.9 122.7 123.9 125.2 125.8 125.7 123.9 119.2 119.2 172.5 30.1, 17.7, 9.8
COCH(CH3)2 135.7 138.9 138.9 126.3 129.3 129.4 130.3 129.5 129.5 123.9 123.9 123.7 125.2 125.9 125.4 123.9 119.9 120.3 175.5 36.0, 19.6, 17.6
COC(CH3)3 135.8 138.8 138.9 126.6 129.7 129.7 130.3 129.0 129.0 123.2 123.6 123.7 125.0 125.4 125.4 123.2 120.3 120.4 176.5 39.6, 27.6, 17.6
H 144.3 – 124.6 – 129.7 – 117.7 – 126.2 – 114.3 – – 16.4

Table 15. Chemical shifts (δ , ppm) of various aromatic and other carbons in N-(4-chlorophenyl)-substituted acetamides,
4-ClC6H4NHCOCH3−iXi (where X = Cl or CH3 and i = 0, 1, 2 or 3).

δ , ppm
COCH3−iXi C-1 C-2,6 C-3,5 C-4 C=0 Alkyl C

obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. obs.
COCH3 137.6 136.1 136.1 120.4 121.4 121.4 127.0 128.7 129.2 128.0 130.4 130.4 168.3 23.68
COCH2Cl 134.6 134.8 134.8 121.6 121.4 121.4 129.5 128.9 129.1 130.4 131.5 131.5 163.0 40.02
COCHCl2 135.0 134.2 134.2 121.6 121.6 121.6 129.4 129.4 129.4 131.2 132.2 132.2 161.9 66.93
COCCl3 134.5 133.9 133.9 122.1 121.6 121.6 129.2 129.3 129.3 131.5 132.4 132.4 159.5 92.75
COCH2CH3 136.7 137.0 137.0 121.6 120.3 120.3 128.7 128.9 128.8 129.0 129.2 128.9 172.7 30.40, 9.51
COCH(CH3)2 136.7 136.2 136.2 121.5 121.0 121.1 128.7 129.0 129.0 129.0 130.4 130.5 175.1 36.40, 19.41
COC(CH3)3 136.6 138.1 136.1 121.6 120.4 121.5 128.7 128.3 128.5 129.0 130.1 130.2 178.0 39.59, 27.51
H 144.9 – 116.1 – 128.9 – 122.6 – – –

Table 16. Chemical shifts (δ , ppm) of various aromatic and other carbons in N-(4-methylphenyl)-substituted acetamides,
4-CH3C6H4NHCOCH3−iXi (where X = Cl or CH3 and i = 0, 1, 2 or 3).

δ , ppm
COCH3−iXi C-1 C-2,6 C-3,5 C-4 C=0 Alkyl C

obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. calc.1 calc.2 obs. obs.
COCH3 135.5 135.2 135.2 120.3 120.3 121.1 129.3 129.2 129.2 133.8 133.3 133.2 169.0 24.3, 20.8
COCH2Cl 133.2 133.9 133.9 119.7 120.3 120.3 128.7 129.4 129.6 135.0 134.4 134.4 164.1 42.9, 20.2
COCHCl2 134.1 133.3 133.3 119.1 120.5 120.5 129.0 129.9 129.9 134.3 135.1 135.1 161.1 66.8, 20.5
COCCl3 133.3 133.0 133.0 120.6 120.5 121.3 129.7 129.8 129.0 135.8 135.3 135.3 159.3 92.7, 20.9
COCH2CH3 135.7 136.1 136.1 120.5 119.2 120.0 129.1 129.4 128.5 130.6 132.1 131.8 172.7 30.4, 9.5
COCH(CH3)2 135.5 135.3 135.3 120.2 119.9 120.8 129.0 129.5 128.7 133.5 133.3 133.3 175.1 36.0, 19.6, 17.6
COC(CH3)3 135.5 135.2 135.3 120.3 120.4 121.2 129.1 129.0 128.2 133.5 132.9 133.0 176.5 39.4, 27.5, 20.7
H 143.8 – 115.0 – 129.5 – 127.2 – – 20.2

(2/4-chlorophenyl)- and N-(2/4-methylphenyl)- substi-
tuted acetamides, 2/4-XC6H4NHCOCH3−iXi (where
X = Cl or CH3 and i = 0, 1, 2 or 3) in two ways
by adding substituent contributions (Table 12) [22 –
24] to the chemical shifts of either aniline carbons or

benzene carbons, as described under 1H NMR spectra.
The calculated chemical shifts of different aromatic
carbons in all the N-(2/4-chlorophenyl)- and N-(2/4-
methylphenyl)-substituted acetamides are shown in
Tables 13 – 16.



806 B. T. Gowda et al. · 1H and 13C NMR Spectral Studies on N-(Aryl)-Substituted Acetamides

4. Comparisons and Conclusions

Comparison of the two sets of calculated chemical
shifts of the aromatic protons and carbons in N-(2/4-
chlorophenyl)- and N-(2/4-methylphenyl)-substituted

acetamides revealed that the two procedures of calcu-
lation lead to almost the same values in most cases,
which agree well with the experimental chemical
shifts. This has indicated that the principle of additivity
of the substituent effects is valid in these compounds.
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