35CI NQR Spectra of Substituted N-(phenyl)-2-chloroacetamides

B. Thimme Gowda, D. Krishna Bhat, H. Fuess® and Al. Weiss (1)

Department of Chemistry, Mangalore University, Mangalagangotri-574199, Mangalore, India
 Fachbereich Materialwissenschaft, TH Darmstadt, Petersenstrasse 23, D-64287 Darmstadt

Reprint requests to Prof. B. T. G.; Fax: 0091-824-742367. e mail: gowdabt @mnglr.ernet.in

Z. Naturforsch. 54a, 679-684 (1999); received September 7, 1999

Fifteen methyl-, nitro-, or mixed substituted N-(phenyl)-2-chloroacetamides were investigated by
35C1 NQR. The temperature dependence of the frequencies of the 3-methylphenyl and 2,6-dimethylphe-
nyl derivatives were studied for the range 77 K<T<300 K. Only one @w C—Cl frequency was observed
for the compound with the two exceptions. For N-(2-nitro,4-chlorophenyl)-2-chloroacetamide the ob-
served values of 35.623 and 35.350 MHz were assigned to @ C—Cl and ring C-Cl, whereas the corre-
sponding values are 36.254 and 34.815 MHz for N-(2-methyl, 3-chlorophenyl)-2-chloroacetamide. The
experimental frequencies of all compounds have been compared with values estimated from NQR sub-
stituent parameters ‘k’ and the frequency of N-(phenyl)-2-chloroacetamide. The agreement is remark-
ably good with a maximum deviation of 1.64 MHz. Furthermore y(*>Cl) of all compounds has been

correlated with ¥ k; and with the Hammett constants.
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Introduction

Amides are of fundamental chemical interest as con-
jugation between nitrogen lone pair electrons and the car-
bonyl 7-bond results in distinct physical and chemical
properties [1, 2]. Addition of a third hetero atom, either
a or B, to the amino nitrogen of the amide group, as in
hydroxamic acids, N-halo compounds and hydrazides in-
creases their chemical complexity, which has required
the advent of modern physical techniques to become un-
raveled. The amide moiety is an important constituent of
many biologically significant compounds. Therefore an
understanding of the formation, properties and reactions
of amides is central to future development in such areas
as polypeptide and protein chemistry. Many imides, hy-
droxamic acids and hydrazides exhibit pharmacological
activity, which has further stimulated recent interest in
their chemistry. Further, many acetanilides exhibit fun-
gicidal, herbicidal and pharmacological activities [3-8].

NQR studies are done to provide evidence on the
chemical bonding in molecules or crystals [9-13]. They
are especially useful in the study of halogen com-
pounds.

As part of our efforts in rationalising the correlations
of ¥CINQR frequencies with chemical bond parame-
ters, >C1 NQR studies of several substituted acetamides
represented by the general formula X,C¢Hs_, NHCOR
(where X = C1,CH;0rNO,,y = 1,2,0or3andR = CH,Cl)
have been undertaken and reported in this paper.

Materials and Methods

The substituted N-(phenyl)-2-chloroacetamides were
prepared [14, 15] from the respective anilines and chlo-
roacetyl chloride (Aldrich, Germahy). The commercial
anilines were purified by either double distillation or zone
refining. The respective anilines in acetone or benzene
were treated with chloroacetyl chloride in acetone or ben-
zene in the presence of excess 2 M NaOH with constant
stirring. The solids separated were filtered under suction,
washed thoroughly with water and dried. The amide sam-
ples were recrystallised several times from ethanol. The
purity of the compounds was checked by elemental anal-
ysis for C, H, and N (Table 1). The compounds have been
further characterised by recording their infrared spectra
and by determining their melting points. All the chemi-
cals employed in the preparation of acetanilides were of
analytical grade.

35CINQR Frequency Measurements

Polycrystalline samples of the title compounds were
employed. The **CI NQR of the substituted N-(phenyl)-
2-chloroacetamides were measured at 77 K or as func-
tion of temperature 7, (77 < T/K < 300). The spectra were
registered by the continuous wave method with a super-
regenerative spectrometer. This temperature at the sam-
ple site was produced by a stream of temperature and
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Table 1. Elemental analysis of the acetanilides studied, Table 2. **CINQR frequencies of acetanilides, X,CeHs_,

X,CeHs_,NHCOCH,CI with X,. NHCOCH,CI with X, (Temp. 77 K).
X, % Nitrogen % Carbon % Hydrogen m.p. X, Y. Assignment  S/N Y(MHz)
(°C) '
calc. found calc. found calc. found -H Y w 30 35.333
H 826 823 5665 5656 472 470 134 2 CHs oW 15 36026
2-CH;y 763 7.54 5886 5821 545 5.38 81 3-CH;,4 % w 38 36.590
3-CH;, 763 7.53 5886 58.87 545 5.55 84 ¥ w 35 35.766
4-CH, 763 754 5886 58.69 545 549 156
2-NO, 1305 1312 4477 4465 329 316 g8 +CHs n W 8 35.150
3-NO, 13,05 13.16 4477 4473 329 320 115 2-NO, % w 5 34.793
4-NO, 13.05 13.16 4477 4468 329 3.18 182 Y
2.3-(CHs), 710 731 6076 6080 608 611 120 - NO2 N W 36.566
2,4-(CHs), 7.0 798 60.76 60.68 6.08 6.10 144  4-NO, % w 7 36.335
2,5-(CH3), 7.10 716 60.76 60.65 6.08 6.14 146 )
26-(CHy, 710 721 6076 6086 608 620 141 2> CHa —m W No resonance
2-CH,, 3-Cl 1225 1226 4201 4697 394 384 120 24-(CH;), % w 15 35.835
2-NO,,4-C1  11.25 11.25 3855 38.38 241 237 111 I
3NO»4-CH; 642 638 4954 4961 413 396 127 >>CH) o w No rEsovemps
26-CHy), % w 60 35723
2-CH;,3-Cl % w 22 36254
%» m 25 34815
flow regulated nitrogen gas or with a liquid nitrogen bath  2-NO,, 4-C1 ¥, w 30 35.623
at 77 K. The temperatures at the sample site were mea- % p 35 35.350
sured by copper-constantan thermocouplesto+1 K. The = 2-NO,,4-CH; ¥ w 25 34.810

resonance frequencies were measured via a frequency
counter to an accuracy of =5 kHz. The latter accuracy
was determined by the line width of the resonances,
which was between 10 and 20 kHz.

The parent compound N-(phenyl)-2-chloroacetamide
and N-(2/3/4-nitrophenyl)-2-chloroacetamide were also
prepared, characterised and their 33CI NQR frequencies
were measured under identical conditions for compari-
son. All the corresponding N-(chlorophenyl)-2-chloro-

0,04 3-CHyCgHNHCOCH, C L
36.5
0 2,6-1CH, ), CHNHCOCHCL

s y . A
acetamides were prepared, characterised and their H
33CI NQR frequencies were measured for the same pur- L
pose. T 35.7
Results

35.3

The **CI NQR frequencies of fifteen N-(methyl, nitro
or mixed substituted phenyl)-2-chloroacetamides along
with the available literature on *>CI NQR frequencies of
the corresponding N-(chlorophenyl)-2-chloroaceta-
mides are shown in Table 2. The temperature dependence
of the *>CI NQR frequencies of N-(3-methylphenyl)-2-
chloroacetamide and N-(2,6-dimethylphenyl)-2-chlor-
acetamide were followed up to 300 K (Figure 1). The fre-
quencies of N-(3-methylphenyl)-2-chloroacetamide cor-
responding to two crystallographically inequivalent ;
states of the same @-Cl, and that of N-(2,6-dimethylphe-
nyl)-2-chloroacetamide decreased smoothly with in-
creasing temperature as expected for molecular crystals,  Fig. 1. Plot of (**CI NQR) vs. temperature.

34.9

Y *cl) (MHZ)

34.5

341

L

1 1 1
100 150 200 250 300
T(K) —




B. T. Gowda et al. -

Table 3. Coefficients of the power series development

yPCl)=f(T) for 3-CH;C(H,NHCOCH,Cl and 2.6-
(CH3),C4H3;NHCOCH,CI.
¥ oz o ap L a;-10°  a,-10°
(kHz) MHz MHzK MHz.K™' MHzK?
3-CH;C¢H4,NHCOCH,CI
v 9 77 35.8595 5.7457 -86.3671 -0.1722
% 9 16 35.8031 40.6769  5.9066 -0.3306
2,6-(CH3),C¢H;NHCOCH,CI
v 10 7.1 36.4921 -24.995]1 -5.4224  —4.2410

4 Please see text.

obeying predictions of the Bayer theory [16] (Figure 1).
The coefficients a; of the power series development of
the 3CI NQR frequencies as f (T) have been computed
according to equation (Table 3)

y=%aT,-1<i<2. (1)

Discussion

There is no problem in the assignment of the 3CINQR
frequencies as there is only one w C—Cl frequency in all
the substituted amides except in N-(2-methyl, 3-chloro-
phenyl)-2-chloroacetamide and N-(4-chloro, 2-nitro-
phenyl)-2-chloroacetamide. The two **C1 NQR frequen-
cies of N-(2-methyl, 3-chlorophenyl)-2-chloroaceta-
mides are 36.254 and 34.815MHz compared to
36.026 MHz of N-(2-methylphenyl)-2-chloroacetamide.
N-(3-chlorophenyl)-2-chloroacetamide did not show
resonance in the NQR. Further, the 3CI NQR CClI ring
frequencies of N-(3-chlorophenyl)-acetamide, N-(3-
chlorophenyl)-2,2-dichloroacetamide and N-(3-chloro-
phenyl)-2,2,2-trichloroacetamide are 34.735, 34.564 and
34.954 MHz, respectively. Hence the frequency of
36.254 MHz in N-(2-methyl, 3-chlorophenyl)-2-chloro-
acetamide is assigned to w C—Cl, and 34.815 MHz to the
ring C—Cl. Similarly, the two **CINQR frequencies,
35.623 and 35.350 MHz of N-(2-nitro, 4-chlorophenyl)-
2-chloroacetamide have been assigned to w C-Cl and
ring C-Cl, respectively. This is supported by ring C—Cl
frequencies of N-(4-chlorophenyl)-acetamide, N-(4-
chlorophenyl)-2-chloroacetamide, N-(4-chlorophenyl)-
2,2-dichloroacetamide and N-(4-chlorophenyl)-2,2,2-
trichloroacetamide of 34.788, 34.962, 34.636 and
34.564 MHz, respectively, which are lower than the
@ C—Cl frequency of 35.745 MHz for N-(4-chlorophen-
yl)-2-chloroacetamide.
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Table 4. NQR substituent parameters (k) and Hammett o val-
ues.

Group k o

o-Cl 1.206+0.047 -

m-Cl 0.499+0.035 0.373

p-Cl 0.329+0.072 0.227

o-Br 0.975+0.204 -

p-Br 0.312+0.173 0.232

o-1 0.917+0.196 -

p-I 0.199+0.173 0.276

o-NH, -0.534+0.119 -

m-NH, -0.103+0.130 -0.161

p-NH, -0.119+0.133 -0.660

0-NO, 2.096+0.087 -

m-NO, 1.069+0.093 0.710

p-NO, 0.067+0.125 0.778/1.270
0-CH;4 -0.392+0.054 -

m-CHj, -0.207+0.161 -0.069

p-CH;4 -0.004+0.126 -0.170

m-CF; 0.611+0.147 0.415

p-CF; 0.740+0.207 0.551

0-OH 0.442+0.101 -

m-OH 0.140+0.140 -0.002+0.106
p-OH 0.286+0.143 -0.357+0.104
0-COOH 1.704+0.162 -

m-COOH 0.377+0.153 0.355
p-COOH 0.409+0.148 0.265+0.126
0-OCH;3 0.917+0.172 -

p-OCH,3 0.122+0.145 -0.268
0-OC,H; 0.793+0.172 -

p-OC,Hs -0.027+0.157 -0.250

Table 5. Comparison of computed and experimental @ C-Cl
33CI NQR frequencies of substituted N-(phenyl)-2-chloroacet-
amides, X,C¢Hs_\NHCOCH,CI.

X, ¥(MHz) X, Y(MHz)
calc. obsd. calc. obsd.

-H - 35.333 -H - 35.333
2-CH; 34941 36.026 2-Cl 36.539 36.278
3-CH; 35.126 36.178 3-Cl No resonance
4-CH; 35290 35.150 4-Cl 35.662 35.745
2,3-(CH3), No resonance 2.3-Cl, 37.038 36.725
2,4-(CH;), 34937 35.835 24-Cl, No resonance
2,5-(CHjy), No resonance 2,5-Cl, 37.038 35.584
2,6-(CHz), 34.549 35723 2,6-Cl, 37.745 36.674
2-CH,;, 3-C1 35440 36.254 3,4-Cl, 37.038 36.589
2-NO,, 4-C1  37.748 35.623 2,4,5-Cly 37.367 37.730
2-NO,, 4-CH; 37.425 34.810 2-NO, 37.429 34.793
4-NO, 35940 36.335 3-NO, 36.402 36.566

Biedenkapp and Weiss [17] have deduced NQR sub-
stituent parameters for various groups (Table 4) solely
from y(**CINQR).

y*3°Cl) = % + S k;, with k(H)=0.

i distinguishes the different groups with regard to
the Cl-atom considered. The reference frequency,



682

368

366

36.4

—_—

% 862
2
z
mU 36.0
mv
(¢
02,4-1CH,)
358 | 2,41,
O26lthy); o,
1 1 b 3 1 1
-0.8 0 -0.8 1.6 2.4
Eki Em—

Fig. 2. Plot of y(**CINQR) vs. X k;.

% = 34.695 MHz was obtained by a least squares adjust-
ment of the available *>C1 NQR frequencies of chloro-
benzene derivatives, which in the limit of the crystal field
effect is equal to the **CI NQR frequency of chloroben-
zene (34.622 MHz at 77 K).
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I 362 I
. 358} P
N T
= s
z z
= 35.4 + .,.U
L ~
L ~
= >
35.0+
1 1 1 1
-0.4 0 -0.4 0.8
GI _

Fig. 3. Plot of y(**CI NQR) vs. Hammett 0.
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Using the k values [17] listed in Table 4 and
35.333 MHz (**CI NQR) of @ C—CI for N-(phenyl)-2-
chloroacetamide [15], the corresponding **C1 NQR fre-
quencies of N-(methyl, chloro and mixed substituted phe-
nyl)-2-chloroacetamides have been estimated. These val-
ues along with the experimental frequencies are shown
inTable 5. Despite the fact that the listed k values for var-
ious groups in Table 4 were deduced based on the effects
of these groups on the *>CI NQR frequencies of the ring
C—Cl, the calculated frequencies of w C—Cl of N-(meth-
yl or mixed substituted phenyl)-2-chloroacetamides
measured in this study and those of N-(chloro or nitro-
phenyl)-2-chloroacetamides reported in the literature
agree remarkably well with the experimental frequen-
cies.

The maximum deviation of 1.64 MHz is observed for
N-(2-nitrophenyl)-2-chloroacetamide, while N-(4-chlo-
ro and 4-methylphenyl)-2-chloroacetamides showed
minimum deviation. Further y(zSCl) of all the substitut-
ed acetanilides have been correlated with ¥ k; (Fig. 2),
assuming the additivity i of the substituent effects. The
deviations are understandable considering the fact that
the effect of substitution is not immediately next to the
® C—C1 bond. The effect has to be transmitted through
the peptide linkage -NHCO-. As may be seen, the devi-
ation is unsystematic, although generally electron with-
drawing groups in the ring increased the y(*°Cl) of
@ C—CI. For example the nitro group in the ortho posi-
tion is an exception to this behaviour. Unsystematic be-

6.6 |  XvCeHsy NHCOCH.CL
6§ 3-NO,
3,6-Cly
362 F
358+
35.4
35.0F
§ 2-NO; | & CHy
2-NO,
34.6 1 Ik L 1 1
-08 -0.4 0 0.6 0.8 1:2 1.6
a Y (MHz) —_—

Fig. 4. Plot of y(**CI NQR) vs. Ay.
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N XyCgHs (NHCOCH, Cl N
b § Y
2-CHy,3-CL I 2-NO,, &-CH,
2,4,6-(H), I l 2-NO, L-Cl
2,6-(CHy), | I 2,6-Cl,
No Re sonance J
2,5-(CHy), 2,5-Cl,
I No Resonance
2,b~(CHy), 2,L-Cl,
No Resonance
2,3-(CHy), 2,3-Cl,
- CH, I L L-Cl
1-ch, | L No Resonance 3mCi
2-cH, l | 2-cl
-H ll = n T T o L T T T
35.3 35.7 36.1 36.5 35.0 35.6 36.2 36.8

y &cl) (MHz) —>

Fig. 5. Plot of y(**CI NQR) vs. substitution.

haviour is due to chemically equivalent chlorine atoms
which may exhibit different NQR frequencies due to the
crystal field effect [ 18, 19]. Further, introduction of a ster-
ic parameter adds to the deviation due to the steric inhi-
bition of mesomerism [20]. Intramolecular hydrogen
bonding may also partly contribute. In the absence of
complete crystal structures of the compounds studied and
reported in literature, a quantitative prediction of either
the frequency or deviation becomes extremely difficult.

Available y(**CINQR) of parasubstituted @-mono-
chloroacetanilides have also been correlated with the
Hammett constants (Figure 3). The correlation is ex-
tremely good. Further, frequencies of all the compounds
are correlated with the changes in frequencies on sub-
stitution in the ring, taking y(**Cl) of N-(phenyl)-2-chlo-
roacetamide (Figure 4) as reference. Variation in y(>>Cl)
with substitution is also diagrammatically shown in Fig-
ure 5.

The effect of N-chlorination on the @ C-C1**Cl NQR
frequencies of various ring chlorosubstituted acetanilides
is shown in Table 6, in comparison with those of the cor-
responding chloro and methylsubstituted acetanilides.

J Bcl) (MHz) —>

Table 6. Comparison of @ C-Cl**Cl NQR frequencies of sub-
stituted acetanilides and their N-chloro analogues at 77 K.

X,CeHs_,NHCOCH,Cl X,CeHs_y
NCICOCH,CI
X, y(MHz) X, y(MHz) X, y(MHz)
-H 35.333 -H 35.333 -H 37.004
2-C1 36.278 2-CH; 36.026 2-Cl 35.969
3-Cl No resonance 3-CH; 36.590 3-Cl 37.017
36.766

4-C1 35.745 4-CH; 35.150 4-C1 34.935
2,3-Cl, 36.725 2,3-(CH3); Noresonance 2,3-Cl, 37.568
2,4-Cl, Noresonance 24-(CH;), 35835 24-Cl, 36.728
25-Cl, 35.584 2,5-(CH;); Noresonance 2,5-Cl,  36.625
2,6-Cl, 36.674 2,6-(CHy), 35.723 2,6-Cl,  36.303
2-NO, 34.793 2-NO, 36.402
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