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The '3C NMR spectra of 23 di- and tri-
substituted derivatives of esters, thioesters
and amides of benzoic acids have been cal-
culated and fully assigned. The A, empirical
parameters of the (alkoxy)(dialkoxycar-
bonyl) methylamino, (alkoxy)(alkoxycar-
bonyl){cyano)methylamino, (alkylamino)
(dialkoxycarbonyl) methylamino and
(alkylthio) {dialkoxycarbonyl) methylamino
groups have been caiculated for use in the
prediction of the chemical shifts of substi-
tuted benzenes.
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INTRODUCTION

The '3C NMR spectra of many derivatives of
benzoic acid, which are of great interest in
connection with their reactivity and bio-
logical activity, have already been examined
thoroughly.!~ However, no work has been
published on the 3C NMR spectra of poten-
tially analgesic di- and tri-substituted deriv-
atives of esters, thioesters or amides of
benzoic acid with a (dialkoxycarbonyl)
(alkoxy, thioalkyl, cyano or alkylamino)
methylamino substituent in the ortho posi-
tion to the ester, thioester or amide group.
We have previously reported the synthesis of
these compounds.>~7 We now report the *3C
NMR spectra of 2-[(dialkoxycarbonyl)Xalkoxy
or alkylthio)methylamino]-4-nitro-substitut-
ed alkyl esters of benzoic acid (3, 4, 6, 7),
2 - [(ethoxy)(ethoxycarbonyl)(cyano)methy -
lamino]-4-nitrobenzoic acid ethyl ester (5), 2-
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[(alkoxy- or alkylamino) (dialkoxy-carbonyl}
methylamino]-4,6-dinitro-substituted  alkyl
esters of benzoic acid (8-15), 2-[(alkylthio)
(dialkoxycarbonyl) methylamino]}-4,6-dinitro-
substituted S-alkyl thioesters of benzoic acid
(16-21), 2-[(dialkoxycarbonyl)alkylamino)

methylamino]-4,6-dinitro-substituted N-
alkylamides of benzoic acid (22, 23), the 2-

methyl-
S-n-propyl

(diethoxycarbonyl)
substituted

[(propylthio)
amino]-4-nitro-

thioester of benzoic acid (24) and 2-
{(diethoxycarbonyl) (1-piperidyl) methyla-
mino}-4-nitro-substituted piperidinamide of
benzoic acid (25). The ethyl esters of 4-
nitrobenzoic acid (1) and 2,4-dinitrobenzoic
acid (2) were included for comparative pur-
poses. The information derived from the *3C
NMR spectra of 8-15 and 16-23 can be used
to differentiate between 2,4,6-trisubstituted
esters, thioesters and amides of benzoic acids.
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EXPERIMENTAL

Compounds 3-25 were prepared by the
rearrangement of 2,4-dinitro(or 2,4,6-trinitro)
benzylidenemalonate derivatives in the pre-
sence of an alcohol, thiol or amine according
to the methods described previously.>~7
Ethyl 4-nitrobenzoate (1) and ethyl 24-
dinitrobenzoate (2) were prepared by ester-
ification of the corresponding acids; their
physical data were consistent with the liter-
ature values.®?

Spectra

The '3C NMR coupled and proton decou-
pled spectra were recorded at 20.50 MHz on
a Jeol FX-90 spectrometer. CDCl; was used
as the solvent and lock with TMS as the
internal standard. The number of data points
in the frequency domain was 8K and the
spectral width was 4000 Hz. The repro-
ducibilities of the chemical shifts were +0.1
ppm.
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RESULTS AND DISCUSSION

Tables 1-6 give the '3C NMR data for 1-25.
The assignments were made on the basis of
the signal multiplicities and the current

understanding of the total electron density
and the chemical shifts in benzene. The

assignment of the chemical shifts of 3-25 was
also aided by comparing the measured and

of substituent-induced

increments

(Tables 7-9). The A; parameters of the nitro,

ethoxycarbonyl

and N,N-dimethylamino

groups were taken from the literature.!

calculated chemical shifts, and use was made The A4; parameters
Table 1. '>*C NMR chemical shifts (ppm) of 3-7
Carbon 3 4 5 6 7 Average
C-1 1175 117.2 1185 117.7 117.7 117.7
Cc-2 147.0 146.9 149.9 146.2 146.2 147.2
Cc-3 109.5 109.3 109.9 109.3 109.5 109.5
C-4 1515 151.6 1515 151.2 151.2 151.4
C-5 111.7 1121 113.1 111.2 111.2 111.8
C-6 132.8 1329 132.9 133.0 133.0 132.9
Table 2. '3C NMR chemical shifts (ppm) of 8-15*
Carbon 8 9 12 13 14 15 Average
C-1 115.1 1149 114.8 114.3 114.3 1144 1144 1145 1145
C-2 145.4 145.1 145.4 146.2 146.2 146.3 146.3 146.3 145.7
C-3 113.2 1131 113.3 113.2 1133 113.6 1134 1134 113.3
Cc-4 151.3 151.3 151.3 151.2 151.2 151.2 151.2 1511 1561.2
C-5 108.4 108.7 108.2 107.4 107.4 107.3 107.3 107.2 107.8
C-6 1495 149.7 149.4 149.2 149.3 149.3 149.2 149.1 149.3

2The constant term, ¢, of 2 (Table 5) and the A, values of (dialkoxycarbonyl)(alkoxy or alkylthio)
methylamino and (alkoxy) (alkoxycarbonyl) (cyano) methylamino groups (Table 7) reproduce
these shifts with an accuracy of 0-2.2 ppm. The constant term, ¢, of C;Hg (128.5 ppm) and the A,
values of NO,, COOCH, and (dialkoxycarbonyl) (alkoxy or alkyithio) methylamino groups (Table
9) reproduce these shifts with an accuracy of 0.1-4.2 ppm.

Table 3. '3C NMR chemical shifts (ppm) of 16-21°

Carbon

C-1
C-2
C-3
C-4
C-5
C-6

2The constant term, ¢, of 24 (Table 5) and the A; value of NO, (Table 9)

16

19 20 21 Average
125.6 1254 125.6 1256 125.5 1253 1255
141.2 141.8 141.4 141.3 141.6 142.0 141.6
1133 113.1 11356 1135 113.5 1133 1133
148.7 148.5 148.8 148.6 148.6 148.5 148.6
109.0 108.4 108.7 108.8 108.7 108.2 108.8
147.7 1475 147.7 1477 147.6 147.5 147.6

reproduce these shifts with an accuracy of 2.5-5.9 ppm.

Table 4. 13C NMR chemical shifts

Carbon

C-1
C-2
C-3
C-4
C-5
C-6

(ppm) of 22 and 23*

22 23 Average
1233 122.7 123.0
144.4 145.2 1448
113.7 114.9 1143
148.3 151.56 149.9
108.2 106.4 107.3
1474 147.0 147.2

®The constant term, c,, of 25 (Table
5) and the A, value of NO, (Table 9)
reproduce these shifts with an accu-
racy of 0-3.6 ppm.

Table 5. '*C NMR chemical shifts (ppm) of
1,2, 24 and 25

Carbon

C-1
C-2
C-3
C-4
C-5
C-6

1

136.1
130.7
1235
150.7
1235
130.7

2

133.0
1314
127.6
1491

1195
148.3

24

1244
144.0
110.0
150.9
111.4
131.8

25

127.5
145.0
1121
148.8
112.6
128.1

(alkoxy)
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Table 6. Measured chemical shifts (ppm) of 1-25

Compound 7 8 9 10
1 164.6 — —
2 163.7 — —
3 166.7 87.7 166.4 63.1
4 167.1 88.1 166.1 63.3
5 166.8 81.0 163.7 62.1
6 166.8 72.0 166.8 63.6
7 166.8 71.9 166.8 63.7
8 163.9 87.5 165.7 63.5
9 164.4 88.0 165.5 63.7
10 164.1 874 165.7 63.5
1 164.1 77.7 1684 54.0
12 164.7 77.7 168.4 54.1
13 164.6 77.8 167.8 63.4
14 164.1 77.8 167.8 63.3
15 164.2 77.7 167.8 63.3
16 190.5 714 166.7 54.6
17 180.7 71.9 167.4 54.6
18 190.5 71.7 166.3 64.1
19 190.6 715 166.3 64.0
20 190.4 71.6 166.6 64.0
21 180.7 721 167.0 64.0
22 163.3 78.0 167.9 63.4
23 168.3 82.8 168.4 62.1
24 193.7 71.9 166.8 63.7
25 167.3 81.6 167.0 62.2

11

13.9
13.9
14.0
138
13.9
139
14.0
14.0

14.0
14.0
13.9

13.9
13.9
139
13.9
14.0
141
138
14.2

14.3
13.8
149

14.2
143
143
14.9

28.1
134

134
134
14.2
311
14.2
22.5
24.3
313
16.2
14.7
228
26.4

15

59.7
51.2
60.5
230
309
60.2
51.5
70.8
36.6
36.5
36.5
36.5
43.7
230
475
229
30.7
34.3
47.3
354
427
309
45.6

Table 7. Empirical parameters for the calculation of the chemical shifts in the
p-nitro-substituted esters, thioesters or amides of benzoic acid®

R (i=2) A,
0
_C—0C,H,
N__
I g
H R,Nz

R, =COOC,H,, CN

R,=0CH,, OC,H,,
SC,H,, S-n-C,H,,
N'C5H1o

-18.4

A

22

+16.5

A23 A24

-14.0 +0.7

? Constant terms, ¢, , of 3-7, 24 and 25 (Table 1 and 5).

A

25

-11.7

26

+2.5

Table 8. Empirical parameters for the calculation of the chemical shifts in 4,6-dinitro-
substituted esters, thioesters and amides of benzoic acid®

R, (i=2)
COOR,

N——C/-—R

PN

H COOR,

R, =0OCH,, OC,H,, NHC,H,
OCH,CH(CH,),, NH-n-C,H,
SC,H,, §-n-C,H,, S-i-C,H,
N(C,Hg),, S-1-C,H,

A

-18.5

A

+14.3

A

23

-14.3

2 Constant terms, ¢, , of 8-15, 16-21, 22 and 23 (Tables 2, 3 and 4).

24

+0.7

25

-11.7

26

+2.1
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Table 9. Empirical parameters for the calculation of the chemical shifts in
substituted benzenes

Al
R C-1 ortho
cl:oorx1
BRRE
H R,
R, =CH,, C,H, +164  -16.2
R,=OCH,, OC,H,, S-t-C H,.
SC,H,, S-n-C3H,, S-i-C,H,.
N(C4H, o), OCH,CH(CH,),,
NH-n-C,H,, N(C,H,),
R,=COOC,H,, CN
1
NO, +20 -4.8
1
COOCH, +2.1 +1.1
1
N(CH,)2 +23 -16

+0.9

+0.1

meta para

-11.7

+5.8

+4.5

-12

(dialkoxycarbonyl) methylamino, (alkylthio)
(dialkoxycarbonyl)methylamino and (alkoxy)
(alkoxycarbonyl)cyano)methylamino groups
(Table 6) were obtained from the pairs 1/3,
1/4, 1/5 and 1/7. It was possible to use the 4,
parameters of the N,N-dimethylamino group
for the calculation of the chemical shifts in
the benzene ring of 3-7, where there is good
agreement between the calculated and mea-
sured chemical shift values; of a total of 30
positions none differs by more than 3.9 ppm,
and 25 differ by less than 2.0 ppm. Good
agreement was also obtained between the cal-
culated and measured values for 8-23.

A comparison of the number and positions
of the carbon signals in the range 120-130
ppm in the spectra of 1-15 and 16-25 allows
the differentiation of esters (1-15), thioesters
(16-21, 24) and N-alkylamides (22, 23, 25) of

di- or tri-substituted derivatives of benzoic
acid. For 1-15, no signals are present in the
range 120-130 ppm. For 16-25, the signals of
the following carbon atoms are seen at
120-130 ppm: C-1, 125.5 (16-21); C-1, 123.0
(22-23); C-1, 124.4 (24); and C-2, 127.5 ppm
(25).
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The '3C NMR spectra of 22 a-
nitrocyclohexanones were recorded and
fully assigned. The one-bond C-H coup-

ling constants for the nitromethine reson-
ances of these compounds were also
obtained and tabulated.

KEY worDs ‘3C  NMR
Nitrocyclohexanones

1J(CH)  2-

INTRODUCTION

Because a-nitroketones are useful interme-
diates in natural product synthesis, we have
developed syntheses for this class of com-
pounds.? We have also determined the con-
formation of 2-nitrocyclohexanones by 'H
NMR.** However, few 13C NMR data have
been reported for this class of compounds.
Having the alkylated-2-nitrocyclohexanones

available, we obtained and analyzed their
13C NMR spectra and report the results in
this paper.

EXPERIMENTAL

All of the a-nitrocyclohexanones were pre-
pared from the corresponding enol acetates
using ammonium nitrate and trifluoroacetic
anhydride.?

The '3C NMR spectra were obtained on a
Varian XL-200 NMR spectrometer. Fully
coupled, broad band decoupled and off-
resonance decoupled '*C NMR spectra were
obtained at 50.31 MHz in CDCl; with TMS
as an internal standard. Usually, a 04-s





