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13C NMR spectra of some indole derivatives
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The effect of acyl and carboxyl groups in position 2 or 3 of the indole ring on the 13C
chemical shifts of the ring was studied. a-, -, and y-Increments of the indole and isatin
rings for 13C chemical shifts of the substituents at the ring N-atom were determined.
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Derivatives of indole are widely used as drugs, pes-
ticides, and growth stimulants for plants.!=3 There are
many works on the study of the !3C NMR spectra of
various natural and synthetic derivatives of indole.3—8

2-Acylindoles are the starting compounds for the
synthesis of sedative preparations of a novel type.? The
presence of the carboxyl group at the C(3) atom en-
hances the biological activity of these compounds.!?
These compounds can be prepared most readily from
indoline-2,3-diones (isatins) containing a 2-oxoalkyl
group at the N-atom.

In this work we have studied the 13C NMR spectra
of a number of novel derivatives of indole and isatin and
the effects of various substituents on the chemical shifts
of the carbon nuclei of indole and isatin, and de-
termined the contributions of the indole and isatin rings
to the chemical shifts of the substituents at the N atom.
The following compounds have been studied.
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2. RI=R3=H;R2= 0(10)ol@14
3: R'=H;R2= co—@—cx : R3 = C(15)00H

4: R"=H; RZ2=CO r ; R® = COOH

5: R' = C(16)H,—C(17)H,; R? = CO—Ph; R® = COOH
6: R' = C(16)H —C(17)H —C(18)H R2 = COPh;
R3 = COOH

7: R! = C(16)H,—C(17)H,—C(18)H,—C(19)H,; R2 = COPh;
R® = COOH

8: R' = C(16)H,~C(17)H=C(18)H,; R2 = COPh; R® = COOH

9: R!' = H; RZ = C(10)0OC(11)H —C(12 JH(C(13,14H
R3 = C(15)00H

10:R! = H; R2 = C(10)0C(11)H(C(14)HaC(12)H,—C(13)H,;
R3 = C(15)OOH

3)2’

11:R" = C(16)H,—C(17)H,—C(18)Hy; RZ = COPh;

R3 = ( 5)0C(19)H,C(20)H,C(21)H,
12:R' = C(19)H,

14 15

R2 = C(10)O——C(11)H=C(12)H@1s

RS = cl%(w)—ocna)H3
13:R'=R3=R7 =
14:R® = A7 = H; R‘ CH,—CH,
15:R5 = R = H;R' = CH —CH —CH,
16:R5 =R’ =H; R' = CH —CH CH,
17:R® = R” = H; R' = CH COCH
18:R® = R’ = H; R! = CH —C_CH3
19:R% = R7 = H;

R; = —0(10)(0(14)143)—((:11)}12—0(12)00(13)&13
20:R5 = R7 = H;

R' = C(1 ) ——C(11)H C(12)0—C(13)(C(14)H,)
21:R5 = R7 =

14 15

Rl = C(10)H2—C(11)H20(12)o—'®1s
22:R5=R7 =

Rl = 0(10 ——C(11 HBr—C(12)H OH
23:R5 = F(? R7 =

24:R7=CH R!'=R5 = H

Translated from Izvestiva Akademii Nauk. Seriya Khimicheskaya, No. 1, pp. 66—69, January, 1994.
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Experimental

The 13C NMR spectra were recorded on a Bruker AC-80
spectrometer (20 MHz) for 10—20 % solutions in DMSO-dg
under the conditions of complete proton decoupling. To de-
termine the degree of protonation of the C atoms, the spectra
were recorded in multipulse JMODXH and INERTRD type
successions with inversion of the C signals in the positive or
negative direction (relative to the y scale) depending on the
degree of their protonation, or under conditions in which the
signals only from methine C atoms were recorded (the average
value for lJcy = 140170 Hz was taken). The delay time
between the pulses was 10—25 s in the JMODXH mode and
1—2 s in the INERTRD mode. The chemical shifts are given
in the & scale and referred to TMS; DMSO-dg was the internal
standard.

The compounds were synthesized according to the known
procedures.2

Results and Discussion

A comparison of the chemical shifts (Table 1) of
indole and 2-benzoylindole (compound 2) made it possi-
ble to determine the contributions of the PhCO group to
the chemical shifts of the C atoms of indole: AC(2) =
9.3 ppm (w-effect), AC(3) = 11.9 ppm (B-effect);
AC(4) = 3.0 ppm; AC(5) = 1.4 ppm; AC(6) =4.9 ppm,
AC(7) = 1.0 ppm; AC(8) = 0.5 ppm; AC(9) =2.4 ppm;
and a comparison of the chemical shifts of compounds
2, 3, and 4 enabled the determination of the contribu-
tion of the COOH group at C(3): AC(2) = 1.3 ppm
(B-effect); AC(3) = —4.1 ppm (a-cffect), AC(4) =
—0.8 ppm; AC(5) = —1.5 ppm; AC(6) = 1.6 ppm;
AC(7) = 0.4 ppm; AC(8) = —1.5 ppm (B-effect);
AC(9) = 0.8 ppm. Interestingly, when there is no sub-
stituent at ‘the C(2) atom, the w-contribution of the
COOH group attached to C(3) is 7.6 ppm (the chemical
shift was taken from Ref. 3).

The introduction of an alkyl or allyl substituent to
the N atom (compounds 5—8, 11, and 12) results in
only a minor downfield shift, of 1.1—1.2 ppm, of the
signal of C(9) (¢f. compounds 4 and 5) (B-effect) and an
upfield shift (0.4—2.6 ppm) of the signal of C(3)
(y-effect). '

A comparison of the chemical shifts (Table 2) of the
corresponding C atoms of isatin (compound 13) and its
1-substituted derivatives {(compounds 14—22) shows that
in this case, unlike the 1-substituted compounds 5—8§,
11, and 12, the introduction of a substituent in position
1 leads to a substantial diamagnetic shift (5.6—6.8 ppm)
of the C(7) signal. The chemical shifts of the remaining
C atoms change insignificantly.

The dissimilar behavior of the chemical shifts of the
C(7) atom in 1-substituted isatins and 1-substituted
2-acylindolyl-3-carboxylic acids is probably due to the
differences between the structures of isatin and indole
molecules. According to Ref. 11, isatin molecules form
dimers in the crystalline state by means of two
‘N—H...O(C(2)) H-bonds.

In concentrated (10—20 %) solutions the dimeric
state of isatin is apparently retained, whereas
1-alkylisatins are monomeric. It is quite probable that
the local fields near the C(7) atom in dimeric isatin and
its 1-substituted derivatives are essentially different; and
this is the reason for the diamagnetic shift of the C(7)
signal in the latter. In the case of indole, which is
monomeric, the chemical shift for C(7) does not mark-
edly differ from that in 1-substituted indoles and isatins.

Introducing CH;3 groups to positions 5 and 7 causes
the following changes (¢f. compounds 13, 23, and 24):
in the former case (compound 23) the signals for C(7)
and C(9) are displaced upfield (y- and §-effects) by 5.3
and 2.3 ppm, respectively, and the signal for C(5) shifts
downfield by 9.2 ppm (a-effect); in the latter case
(compound 24) the signal for C(7) shifts downfield by
4.2 ppm (a-effect) and the C(6) (B-effect) and C(5)
{(y-effect) signals are displaced upfield by 2.1 and
1.0 ppm, respectively.

A comparison of the chemical shifts of the carbon
atoms of the substituents with those for their hydrocar-
bon analogs allowed us to determine the a-, p-, and
y-contribution of the isatin ring for saturated hydrocar-
bons (CH;CH,;, CH;CH,CH;) as well as for
CH;CH,COPh, CH;—CH=CH,, CH;COCH;, and
CH3;—C=CH. The values for the chemical shifts for the
model compounds were taken from Ref. 12. For al-
kanes, the following values for the contributions were
obtained: AC, = 26.8 ppm; ACz = —4.9 ppm, and
AC, = —3.8 ppm. For those compounds whose CHj
groups are bonded with sp2- or sp-hybridized carbon
atoms, the contributions for propene are AC, =
24.6 ppm, AC; = —4.9 ppm, and AC, = 1.6 ppm; for
propyne: AC, = 11.9 ppm, ACz = —3.1 ppm, and
AC, = 6.6 ppm; for acetone: AC, = 18.6 ppm, AC, =
—5.1 ppm, and AC, = —3.6 ppm.

Similar contributions of the 2-acyl-3-carboxyindole
ring were determined for normal hydrocarbons and for
unsaturated hydrocarbons of the series CH;—CH=CHR.
In the former case AC, = 31.1 ppm, ACy = 7.3 ppm,
and AC, = —5.0 ppm; in the latter case AC, =
29.4 ppm, ACg = —2.1 ppm, and AC, = 1.9 ppm.

References

1. Comprehensive Organic Chemistry, Eds. D. Barton and
W. D. Olliss, 5, Pergamon Press, Oxford, 1979.

2.G. I. Zhungietu and M. A. Rekhter, in Izatin i ego
proizvodnye [Isatin and Its Derivatives}], Shtiintsa, Kishinev,
1977 (in Russian).

3. M. S. Morales-Rios, J. Espinera, and P. Joseph-Nathan,
Magn. Reson. Chem., 1987, 25, 377.

4. R. G. Parker and J. D. Roberts, J. Org. Chem., 1970, 35,
996.

5. P. Joseph-Nathan, R. E. del-Rio, and M. S. Morales-Rios,
Heterocycles, 1988, 27, 377. .

6. M. Ishikura and M. Tetrashima, Heterocycles, 1988, 27,
203.



13C NMR spectra of some indole derivatives Russ.Chem.Bull., Vol. 43, No. 1, January, 1994 63

7.J. R. Frost, B. R. P. Gaudilliere, E. Kauffmann, D. Loyaux, 11. N. A. Frolov, V. Kh. Kravtsov, V. N. Biyushkin, Yu. M.

N. Normand, D. Petry, P. Poirier, E. Wenkert, and A. E. Chumakov, O. N. Bel'kova, and T. I. Malinovskii, ZA.

Wick, Heterocycles, 1989, 28, 175. Strukt. Khim., 1988, 29, 155 [J. Struct. Chem., 1988, 29
8. N. Farfan, J. M. Hernandez, P. Joseph-Nathan, and (Engl. Transl.)].

R. Contreras, J. Heretocycl. Chem., 1990, 27, 1745. 12. E. Pretsch, J. Seibl, W. Simon, and T. Clerc, Tables of
9. Belg. Pat. 637355, Chem. Abstrs., 1965, 62, 7731. Spectral Data for Structure Determination of Organic Com-
10. USSR Pat. 696016, Byull. Izobret, 1979, Nedl, 96 (in pound 3C-NMR, 'H-NMR, IR, MS, UV/VIS, Springer-

Russian). Verlag, Berlin, Heidelberg, New York, 1990.

Received March 31, 1993




