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NITRATION OF 2,3-DIMETHYLBENZ[4,5]- AND 2,3-DIMETHYLBENZ{6,7]INDOLES
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Electrophilic substitution in the pyrrole part of the molecules of benz[4,5]- and
benz[6,7]indoles has been widely investigated [2-4]. However, data on the introduction of
substituents into the naphthalene part of the molecule are limited to a small amount of data
on the bromination [5], acylation [6], and nitration [7, 8] of 2,3-disubstituted benz[4,5]-
and benz[6, 7]indoles. The position of the substituent in nitration was not determined.

TABLE 1. Nitro Derivatives of 2,3~Dimethylbenz[4,5]- and 2,3-Dimethylbenz[6,7]indoles
(III-VIII)
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*For Communication 19, see {1].
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The purpose of the present work was to study nitration for the case of 2,3-dimethyl-
benz[4,5]- and 2,3-dimethylbenz[6,7]indoles (I, II), which were synthesized by the known
scheme from naphthylamines [6, 9].

Nitration was realized by the action of sodium or potassium nitrate in concentrated
sulfuric acid and with a mixture of concentrated sulfuric and nitric acids (d2° 1.35).

By treatment of benzindole (I) with nitrating agents we isolated the monosubstituted
4-nitro-, 6-nitro-, and 7-nitro-2,3-dimethylbenz[4, 5]indoles (III-V) in a ratio of 1l:1l:1
(according to PMR spectroscopy and to the product yields) and also a very low yield of the
disubstitution product 4,6~dinitro-2,3-dimethylbenz[4,5]indole (VI). The overall yield of
the nitration products with sodium and potassium nitrate amounted to 80 and 89% respectively
(Table 1). The yield with the nitrating mixture was considerably lower (54%). The products
(III-V) have almost identical chromatographic mobility (Table 1), and this greatly complicates
their separation,

The nitration of the benzindole (II) alsc takes place ambiguously. From the reaction
mixture we isolated the monosubstitution products 6-nitro- and 9-nitro-2,3-dimethylbenz[6,
7]indoles (VII) and (VIII).

The main product (up to 51%) is the 9-nitro derivative (VIII), which is easily sepa-
rated fromthe other components of the reaction mixture by chromatography. The isomer (VII)
was obtained in a mixture with a product of undetermined structure, from which it could be
partially isolated in the pure form after additional purification. The overall yield of the
products from nitration of 2,3~dimethylbenz[6,7]indole amounted to 51 and 58% with sodium
nitrate and potassium nitrate respectively and 25% with the nitrating mixture.

Thus, the nitration of (I) and (II) occurs in the benzene ring (B) not fused with
pyrrole. From the ratio of the yields of the mononitro derivatives it follows that the
probability of attack at positions 4, 6, and 7 of 2,3-dimethylbenz{4, 5]}indole (I) is approxi-
mately the same. For (II), in comtrast to (I), substitution is observed at positions 6 and
9 with preferential orientation to position 9. The position of the nitro group was estab-
lished by PMR spectroscopy (Table 2). The lines were assigned and identified by comparison
with the PMR spectra of angular benzindoles and some of their derivatives [10] and also of
substituted naphthalenes [11-13]. An assessment was first made of the multiplicity and
chemical shift of each proton for all possible cases of substitution by the nitro group.

The multiplicity of the signals was determined on the assumption of first-order spectra with
the characteristic constants for benzene: Jortho = 6-9, Jpeta = 1-3, Jpara = 0-3 Hz [14].
The sequence of the signals was determined from the chemical shifts of the protons of angular
benzindoles [10] with allowance for the contributions from the nitro group to the chemical
shift. These contribution were assumed to be equal to the values obtained for benzene deri-
vatives [14]. Although it is approximate for the absolute values of the contributions to

the chemical shift of the protons in the benzindoles, the last suggestion must, we consider,
retain the same sequence for the signals in the second benzene ring of the benzindoles as in
substituted benzene. .

On the basis of the determinatioms, the spectra of compounds (III) and (V) correspo?d to
substitution at positions 4 and 7 respectively. 1In the PMR spectrun of compound (V) (Fig. 1)
for the signal of the 4-H proton with § 8.72 ppm, apart from the.c9nstants Jf'S =.707 and.
Ju.e = 1.1 Hz, there is an additional constant ' J = 0,5 Hz. Examlnlng'the splnfspln.coupllng
constants of substituted naphthalenes [11-13], we supposed that this is the spin-spin coupling
constant of the 4-H and 8-H protons. From comparison of the chemical §hifts of the 8-H and
9-H indole protons of compound (V) and of the initial compound fI).it is §een that the 8TH
proton is greatly descreened (A8s % 30 Hz) in compound (V). This is possible when the nitro
group is at position 7.

There is also direct evidence for the analysis made above in the spectrum of compound
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TABLE 2. PMR Spectra of the Nitro Derivatives of 2,3-Dimethyl-
benz[4,5]- and 2,3-Dimethylbenz[6,7]indoles (III-VIII) in
Acetone-dg

Com-
d ] H |2-CHo [3-CHs | 4-H |51 |6-H |7-H |8-H |9-H Aby 5 | Adgg I, He
pount Hz Hz
111 {1048} 2,32 12,06 | — 17,79{7,31{8,05{7,48({7,58] — 98 | [Is6=77; Js1=1,1;
: Js,7=8,0; J7,3=0,2:
80=85
v [1052] 2,41 | 2,54 |8,78!8,17) — {8,5317,66{7,64] — 24,0 | Ji5=90; J17=02;
J4,6=05; I57=26;
J786=0,3; J55=9,2
Vv |10,53] 2,40 | 2,53 |8,72{7.54]|7,88] — |7,81{7.66] — | 150 Jas=77; J1e=1,1;
J48=0,5; J56=8,0;
8.9=8,
v |11,00} 239|200 — |851] —|9,00{7,80{7.80; — | O J5,7=2,2; Jg9=85
vi* 111,97] 2,34 { 2,01 | — |852| — 19,1217,88({7,77) — | 10,6 | Js7=24; J75=02;
8,9= O,y
VII 10,89 2,38 | 2,20 |7.73|%,78| — [7,86}7,4818,49 4,0 | — | Ji.4=04; J45=90;
[ J5,0=0,5; J73=738;
J79=11; J34=80
VIII | 9,692,401} 2,3317,69|7,53{8,17{7,36]6,01| — | 15,0 — | Ji,4=0,4; J,5=85;
J67=80; Jep=1,1;
I 7,8=78

*In DMSO-ds.
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Fig. 1. Aromatic part of the PMR spectrum of
compound {V): a) Single resonance spectrum;
b) with suppression of the signal for the 4-H
proton. ’

(I11). The chemical shift of the methyl protons at position 3 changes greatly (v 40 Hz)
compared with the chemical shift of this methyl group in compound (I). The assignment of the
methyl protons in all the investigated compounds was based on the results presented in Table
3. Here it was supposed that the chemical shift of the 2-CH,; protons must be more sensitive
to replacement of the solvent than the chemical shift of the 3-CHs; protons [15]. 1In the
spectrum of compound (III) it should be noted that there is an additiomal constant J = 0,2 Hz
with one of the indole protons for the signal of the proton with § = 8.05 Hz. By analogy
with substituted naphthalenes [12, 13] we suppose that this is the spin—spin coupling constant
of the 7-~H and 8-H protons., The assignmer:. of the signals of the 5-H and 7~H protons in
compound (III) was made on the basis of the fact that the J¢_ s constant is smaller than Je¢,»
in all previously investigated benzindoles [10] and naphthalenes [14].

The spectrum of compound (VI) indicates dinitro substitution at position 4 and 6, since
it contains two doublets with a characteristic meta constant Jpeta = 2.2 Hz. They evidently
belong to the protons arranged in the meta position in the benzene ring at which substitution
occurs. In addition, in the spectrum of this compound, recorded in acetone~dq, there is a
singlet with double intensity at &8 7.8 ppm, which becomes an AB quartet when the solvent is
substituted by DMSO-ds¢. This makes it possible to assign it to the protons of the first
benzene ring. The doublet at § 9.12 ppm has an additional constant J = 0.2 Hz with one of
the protons of the AB system. On the basis of data on substituted naphthalenes and of
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TABLE 3. Chemical Shifts of the Methyl Groups in Substituted
Benz[4,5]- and Benz[6,7]indoles (8, ppm)

Compound Solvent { 2cH 3_382{3
2-Methylbenz{4,5Jindole cCly A 6,47
Acetone-d 2,44 6,67

2,3~Dimethylbenz{4,5 Jindol CC1 2,24 2,48
3-Dt ylbenz{4,5] € ’ Ace‘tone-d 2,37 2,52
DMSO-d 2,33 2,48

2-Methylben# 6,7]indole CCl, 2,34 6,11
Acetone-d 2,43 6,22

,3-Dimeth; 6,7}indole CCl1 2,25 2,17
2,3-Dimethylbenz{6,7Jindol Ace4tone-d 558 219
DMSO-d 2,30 2,i1

comparison with the spectra of compounds (III) and (V) we suppose that this is J,_.s. The
position of the signals for the methyl protons is close to their position in compound (III).
All this confirms the assignment.

The spectrum of compound (IV) corresponds to 6-nitro-2,3-dimethylbenz[4,5]indole. The
nitro group at position 5 would change the chemical shift of the 4-H proton more downfield
than 8.78 ppm. 1In this case, according to the estimates which were made, the difference in
the chemical shifts of the 4-H and 6-H protons amounted to 80 Hz, In the spectrum of
compound (IV), however,. the difference in the chemical shifts of the 4-H and 5-H protons is
25 Hz, and this corresponds to the calculated data for substitution at position 6. From the
double resonance experiment we determined the spin—spin coupling constant of the 4-~H and
8~H protons J,,e = 0.5 Hz.

The spectra of the nitro derivatives of 2,3-dimethylbenz[6,7]indole correspond to sub-
stitution at positions 6 for compound (VII) and 9 for compound (VIII). As expected, in
compound (VIII) the nitro group has a significant effect in the chemical shift of the NH
proton compared with (VII) [dyy = 10.89 for (VII) and 9.69 ppm for (VIII)]. At the same
time, for compound (VII) the 5-H proton is the most sensitive to the nitro group [85_y =
7.33 for (I1) and 7.79 ppm for (VII)]J. By a double resonance experiment at the NH proton of
compound (VIII) it was possible to assign the signal with & = 7.69 ppm to the 4-H proton
(Ji.4 = 0.4 Hz). 1In addition, as we suppose, the presence of the constant Js s = 0.5 Hz for
(VIII) confirms the conclusion about the point of substitution.

It should be noted that in the spectra of all the investigated compounds there is a
constant Joy,~cH, = 0.2 Hz, obtained by the double resonance method.

EXPERIMENTAL

The PMR spectra were obtained on a high-resolution Varian HA-100D spectrometer for so-
lutions of the compounds in acetone-d, and in DMSO-d¢ at 31.5°C with HMDS as internal
standard. The IR spectra were recorded on a UR-10 instrument. The UV spectra were recorded
on a Shimadzu MPS-50 spectrophotometer for 27% solutions of the compounds in alcohol., The
reaction mixtures were chromatographed on Silufol UV-254 plates in benzene (1) and in a 1:1
mixture of benzene and petroleum ether (2). The compounds were separated by column chroma-
tography on Woelm TLC silica gel.

Nitration of 2,3-Dimethylbenz[4,5]indole (I). Method I. To a solution of 5.0 g (25.6
mmole) of (I) in 20 ml of concentrated sulfuric acid, which had previously been cooled to—8°C,
we added dropwise a solution of 2.25 g (25.6 mmole) of sodium mitrate in 20 ml of concentrated
hydrochloric acid over 1 h 30 min so that the temperature did not rise above — 8°C. The
mixture was then stirred at —8°C for 20 min. It was poured onto ice, and the precipitate
was filtered off, washed on the filter to a neutral reaction with water, and dried in air.

We obtained 5.33 g of dark-brown crystals. After separation of 1.0 g of the mixture of
products (50-mg samples of the mixture of substances, with benzene as eluent) on a column

(50 x 40 mm) of silica gel we obtained 0.26 g of (III) (mp 171-172°C, from benzene), 0.24 g of
(IV) (mp 206-208°C, from benzene), 0.23 g of (V) (mp 164-166°C, from benzene), and 0.014 g
(VI) (mp 263-266°C, from alcohol).
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Method 2. Similarly, by nitration with potassium nitrate in concentrated sulfuric acid
we obtained 0.3 g of (III), 0.25 g of (IV), 0.25 g of (V), and 0.015 g of (VI).

Method 3. To a previously cooled solution of 2.0 g (10.2 mmole) of (I) in 25 ml of
concentrated sulfuric acid over 1 h we added dropwise 0.82 ml (10.2 mmole) of nitric acid
(d2° 1.35) at a temperature not higher than —8°C. The mixture was stirred for 30 min. It
was then treated as in method 1. We obtained 2.6 g of dark-brown crystals. After separa-
tion of the mixture we obtained 0.42 g of (III), 0.40 g of (IV), 0.41 g of (V), and 0.16 g
of (VI).

Nitration of 2,3-Dimethylbenz[6,7]indole (II). Method 1. The reaction was realized
by a method similar to that described above with 2.0 g of (II). We obtained 3.16 g of the
crude product. After separation of 1,0 g of the reaction mixture on a column (100 x 60 mm)
of silica gel (100-mg samples of the mixture of substances, with system 2 as eluent) we ob-
tained 0.35 g of (VIII) {mp 123 124°c, from petroleum ether) and 0.047 g of (VII) (mp 204~
206°C, from benzene).

Method 2. Similarly, by nitration with potassium nitrate in concentrated sulfuric acid
we obtained 0.39 g of (VIII) and 0.048 g of (VII).

Method 3. Nitration was realized under the conditions described for 2,3-dimethylbenz[4,
5]indole. The products were separated as in method 1, and 0.16 g of (VIII) and 0.04 g of (VII)
were obtained
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