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Non-catalytic alkylation of the 2-positioned methyl group
in 3-acyl-2-methylindoles
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Non-catalytic alkylation of 3-acyl-2-methylindoles upon the
deprotonation with lithium diisopropylamide occurs at the
2-positioned methyl group. With the use of methyl iodide
(dimethyl sulfate) or benzyl chloride, the reaction affords
3-acyl-2-ethylindoles or 3-acyl-2-(2-phenylethyl)indoles,
respectively, with isolated yields up to 90%.
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The indole core is an important pharmacophore responsible for
the emergence of various types of biological activities.'™
3-Acylindole derivatives (such as clometacin, pravadoline or
JWH-015) are of particular interest since they are agonists of
cannabinoid receptors and can act on the CP-55,940 cannabinoid
binding site.*> For example, the anti-inflammatory and analgesic
drug pravadoline is used as a cyclooxygenase inhibitor with non-
ulcerogenic properties.® Pravadoline and its analogues are able
to inhibit prostaglandin synthesis in the mouse brain,” show
antinociceptive activity and interact with G-coupled proteins in
the brain.® The antifungal activity of 3-acylindoles has also been
described.’ In addition to biological activity, 3-acyl-2-methyl-
indoles 1 are of special interest for organic synthesis, since they
can be converted into carbazoles'® 2, y-carbolines!' 3, and
thiopyrano[4,3-blindole-3(5H)thiones'> 4 through lithium
intermediates 5 (Scheme 1).

Previously, we discovered a new cascade reaction of thio-
pyrano[4,3-b]Jindole-3(5H)thiones 4 with dimethyl acetylenedi-
carboxylate leading to thiopyrano[4,3-blindoles of type 6.'314
For a detailed study of the structural and electronic effects on
this unusual transformation, we needed to expand the range of
initial compounds 1, namely, to obtain 3-acyl-2-alkylindoles with
a 2-positioned alkyl group having two or more carbon atoms.
The simplest method for the synthesis of such compounds seemed
to be the acylation of 2-alkylindoles unsubstituted at position 3.
However, this approach is not reliable since the preparation of
2-Alk-3-H’ indoles by the Fischer reaction is problematic due to
the poor regioselectivity in the course of the cyclization.!5~1?
Although other methods for the preparation of 3-acyl-2-alkyl-
indoles proceeding through the formation of the pyrrole cycle of
the indole core are described,??-23 almost all of them are multi-
stage, non-selectivite, or require the use of expensive palladium
or platinum catalysts.

The aim of this work was to develop the synthetic procedure
towards 3-acyl-2-alkylindoles 7 with an alkyl group higher than
the methyl one from simple synthetic precursors, namely from
3-acyl-2-methylindoles 1, by alkylation of its 2-methyl group.
Previously,?* deprotonation of the 2-positioned methyl group of

© 2025 Mendeleev Communications

the indole was carried out using butyllithium, which is unacceptable
in our case due to the presence of a reactive acyl group at
position 3. Therefore, we tested a non-nucleophilic base such as
lithium diisopropylamide (LDA). There is a single example in
the literature of using LDA for alkylation of the methyl group of
1,2-dimethyl-3-(ethoxycarbonyl)indole,? but these results were
not systematized, the method was not optimized, and it had not
been used for alkylation of 3-acyl-2-methylindoles.
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Scheme 2

The non-catalytic alkylation of 3-acyl-2-methylindole
derivatives 1 should proceed through initial formation of
intermediate lithium butadienolates S (cf. refs. 11, 12) and their
subsequent reactions with alkyl halides or dimethyl sulfate
(Scheme 2). Compounds 1 are the vinylogues of alkyl ketones
and should possess sufficient acidity of the methyl protons, and
their deprotonation under the action of LDA should afford
enolates 5.

We first examined the methylation reaction. It turned out that
it was non-selective and gave a mixture of starting compounds 1,
monomethylation (7) and dimethylation (8) products (Scheme 2).
It is obvious that dialkylation occurs through formation of a new
enolate 9 from product 8 by deprotonation with an excess of
lithium diisopropylamide and its subsequent alkylation. The
possibility of the second alkylation of 2-ethylindoles was noted
earlier.?*

In order to optimize the reaction conditions for achieving
the highest yields of compounds 7 (Table 1), methylation of
indole 1c as the model was carried out in various solvents (THF,
diethyl ether, benzene) at different temperatures (storage with an

Table 1 Optimization of methylation of substrate 1c.

. Reaction mixture
Reagent ratio

. o L
Entry Base Solvent T/°C 1e/base/CH,1 iz;;[c)/(;scltlon
1 LDA THF ~20  1:2:5 0.55:1:0.71
2 LDA THF =32 1:2:5 0.16:1:0.07
3  LDA THF -32 1:3:5 0.17:1:0.10
4 Bu'OK THF -32  1:2:5 1:0:0
5 LDA THF/TMEDA? -32  1:2:5 0.86:1:0
6 LDA Et,O ~20  1:2:5 0.47:1:0.67
7  LDA Et,O ~20  1:3:5 0.10:1:0.42
8 LDA Et,0 =32 1:1:5 0.13:1:0
9 LDA Et,0 =32 1:2:5 0.19:1:0.25
10 LDA Et,0 -32 1:3:5 0.95:1:0.13
11 LDA PhH ~20  1:2:5 0.36:1:0.35
12 LDA PhH -32 1:2:5 0.39:1:0.20
13 LDA THF ~20  1:2:2¢ 0.73:1:0.45
14 LDA THF =32 1:2:2¢ 0.58:1:0.38

¢ From NMR. » TMEDA is tetramethylethylenediamine. ¢ Me,SO, as
alkylating agent.
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Scheme 3

alkylating agent at =32 °C or at room temperature). The ratio of
the reagents and base nature were also varied. With potassium
tert-butoxide, the alkylation did not occur (see Table 1, entry 4).
In most cases, three-component mixtures of products 7¢, 8¢ and
unreacted 1c were obtained ('H NMR spectra of the crude
materials). The largest fraction of compound 7¢ in the mixture
was achieved under conditions of entries 2 and 8. However, it is
preferable to carry out the reaction in THF due to better solubility
of compound 1c¢ in it (entry 2). With the use of active dimethyl
sulfate in place of Mel, the 1c¢/7¢/8c ratios were not good in
favour of the desired 7¢ (entries 13, 14). Unfortunately, it was
not easy to fully separate the resulting mixtures. Meantime,
multiple (3-5 times) recrystallizations led to the desired
product 7¢ containing 97% of the main substance and 3 mol% of
the original indole 1¢, which was sufficient for further research.

Carrying out the further methylation of the resulting
mixture (1¢ + 7¢ + 8c¢) gave a mixture with higher content of
compound 7¢, however the content of the by-product 8c also
grew. Attempts to perform exhaustive methylation of this mixture
in order to prepare product 8¢ were not successful due to strong
tarring of the reaction mixture.

Methylation of other indoles 1a,b was carried out using an
optimized procedure (see Scheme 2). The structures of 2-ethyl
derivatives 7a-c¢ were confirmed by 'H and 'C NMR
spectroscopy (see Online Supplementary Materials). Attempts to
apply higher alkylating agents (bromoethane, diethyl sulfate or
1-iodopentane) to obtain higher homologues were unsuccessful.
Instead of the desired compounds, the mixtures of starting
materials together with the products of the reaction of excess
LDA with the alkylating agents were formed.

Reactions with active benzyl chloride were successful
and produced [1-alkyl-2-(2-phenylethyl)-1H-indol-3-yl](aryl)-
methanones 10a—h (Scheme 3). It should be noted that in this
case the products were readily isolated in pure form; the starting
substances and dialkylation products were not observed in the
NMR spectra. To optimize the reaction conditions, we varied the
ratio of compound 1e¢ and benzyl chloride, and the best result
was found with a molar ratio 1¢/LDA/BnCl of 1:2:1.5. A larger
excess of benzyl chloride hindered the crystallization of
products 10a-h. The method we developed herein made it
possible to significantly simplify the synthesis of 3-acylindole
derivatives containing a 2-positioned 2-phenylethyl group.
Previously, their preparation was carried out by reactions
involving transition metals or by multi-stage syntheses including
the Wittig—Horner reaction.?6-
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To conclude, the methylation of 3-acyl-2-methylindoles in
the presence of LDA usually leads to a mixture containing the
starting compounds and the products of mono- and dimethylation
of the 2-methyl group. No side processes were observed in
reactions with benzyl chloride. Optimal conditions were found
for the preparation of 3-acyl-2-ethylindoles 7 with a content of
the main products up to 97% and 3-acyl-2-(2-phenylethyl)-
indoles 10 without admixture of the starting compounds.

This work was supported by the Russian Science Foundation
(grant no. 23-23-00362), https://rsctf.ru/project/23-23-00362.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.71267/mencom.7551.

References

1 M. Ishikura, T. Abe, T. Choshi and S. Hibino, Nat. Prod. Rep., 2015, 32,
1389; https://doi.org/10.1039/C5SNP00032G.

2 S. M. Umer, M. Solangi, K. M. Khan and R. S. Z. Saleem, Molecules,
2022, 27, 7586; https://doi.org/10.3390/molecules27217586.

3 S. Kumar and Ritika, Future J. Pharm. Sci., 2020, 6, 121; https://doi.
org/10.1186/s43094-020-00141-y.

4 D. R. Haubrich, S. J. Ward, E. Baizman, M. R. Bell, J. Bradford,
R. Ferrari, M. Miller, M. Perrone, A. K. Pierson and J. K. Saelens,
J. Pharmacol. Exp. Ther., 1990, 255, 511; https://jpet.aspetjournals.org/
content/255/2/511.

5 J. M. Frost, M. J. Dart, K. R. Tietje, T. R. Garrison, G. K. Grayson,
A. V. Daza, O. F. El-Kouhen, B. B. Yao, G. C. Hsieh, M. Pai, C. Z. Zhu,
P. Chandran and M. D. Meyer, J. Med. Chem., 2010, 53, 295; https://doi.
org/10.1021/jm901214q.

6 M.R.Bell, T. E. D’ Ambra, V. Kumar, M. A Eissenstat, J. L. Herrmann, Jr.,
J. R. Wetzel, D. Rosi, R. E. Philion, S. J. Daum, D. J. Hlasta,
R. K. Kullnig, J. H. Ackerman, D. R. Haubrich, D. A. Luttinger,
E. R. Baizman, M. S. Miller and S. J. Ward, Med. Chem., 1991, 34,
1099; https://doi.org/10.1021/jm00107a034.

7 T.E. D’Ambra, K. G. Estep, M. R. Bell, M. A. Eissenstat, K. A. Josef,
S.J. Ward, D. A. Haycock, E. R. Baizman, F. M. Casiano, N. C. Beglin,
S. M. Chippari, J. D. Grego, R. K. Kullnig and G. T. Daley, J. Med.
Chem., 1992, 35, 124; https://doi.org/10.1021/jm000792a016.

8 D.R.Compton, L. H. Gold, S.J. Ward, R. L. Balster and B. R. J. Martin,
J. Pharmacol. Exp. Ther., 1992, 263, 1118; https://jpet.aspetjournals.
org/content/263/3/1118.

9 H. Xu, W. bin Yang and Q. Wang, Chem. Biol. Drug Des.,2011, 78, 864;
https://doi.org/10.1111/j.1747-0285.2011.01212.x.

10 M. V. B. Rao, J. Satyanarayana, H. Ila and H. Junjappa, Tetrahedron
Lett., 1995, 36, 3385; https://doi.org/10.1016/0040-4039(95)00488-X.

11 J. V. Vyalyh, K. F. Suzdalev, A. V. Lisovin, M. E. Kletskii, O. N. Burov
and S. V. Kurbatov, J. Org. Chem., 2019, 84, 13721; https://doi.
org/10.1021/acs.joc.9b01926.

12 K. F. Suzdalev, J. V. Vyalyh, V. V. Tkachev, E. A. Lysenko, O. N. Burov,
A. V. Lisovin, M. E. Kletskii and S. V. Kurbatov, J. Org. Chem., 2021,
86, 11698; https://doi.org/10.1021/acs.joc.1c01200.

13 K. F Suzdalev, J. V. Vyalyh, V. V. Tkachev, O. N. Burov, A. V. Lisovin,
M. E. Kletskii, G. S. Borodkin, S. V. Kurbatov and E. A. Lysenko,
Tetrahedron, 2022, 112, 132751; https://doi.org/10.1016/j.tet.
2022.132751.

14 K. E. Suzdalev, J. V. Gazizova, V. V. Tkachev, M. E. Kletskii,
A. V. Lisovin, O. N. Burov, D. V. Steglenko, S. V. Kurbatov and
G. V. Shilov, J. Sulfur Chem., 2022, 44, 248; https://doi.org/10.1080/
17415993.2022.2139147.

15 J. Fitzpatrick and R. Hiser, J. Org. Chem., 1957, 22, 1703; https://doi.
org/10.1021/jo01363a611.

16 G. Baccolini, G. Bartoli, E. Marotta and P. E. Todesco, J. Chem. Soc.,
Perkin Trans. 1, 1983, 2695; https://doi.org/10.1039/P19830002695.

17 A.R. Katritzky and K. Akutagawa, J. Am. Chem. Soc., 1986, 108, 6808;
https://doi.org/10.1021/ja00281a061.

18 G. Baccolini, R. Dalpozzo and E. Errani, Tetrahedron, 1987, 43, 2755;
https://doi.org/10.1016/S0040-4020(01)86881-2.

19 R. C. Morales, V. Tambyrajah, P. R. Jenkins, D. L. Davies and
A. P. Abbott, Chem. Commun., 2004, 158; https://doi.org/10.1039/
B313655H.

20 A. Arcadi, S. Cacchi, V. Carnicelli and F. Marinelli, Tetrahedron, 1994,
50, 437; https://doi.org/10.1016/S0040-4020(01)80766-3.

21 F. Zhao, D. Zhang, Y. Nian, L. Zhang, W. Yang and H. Liu, Org. Lett.,
2014, 16, 5124, https://doi.org/10.1021/015024745.

22 T. Shimada, I. Nakamura and Y. Yamamoto, J. Am. Chem. Soc., 2004,
126, 10546; https://doi.org/10.1021/ja047542r.

23 T.Y. H. Wu, S. Ding, N. S. Gray and P. G. Schultz, Org. Lett., 2001, 3,
3827, https://doi.org/10.1021/01016525t.

24 C. D. Buttery, R. G. Jones and D. W. Knight, J. Chem. Soc., Perkin
Trans. 1, 1993, 1425; https://doi.org/10.1039/P19930001425.

25 B. Joseph, O. Cornec, J.-Y. Mérour, X. Solans and M. Font-Bardia,
J. Heterocycl. Chem., 1997, 34, 525; https://doi.org/10.1002/
jhet.5570340229.

26 M. S. Lokolkar, P. A. Mane, S. Dey and B. M. Bhanage, Eur. J. Org.
Chem., 2022, 5, €202101505; https://doi.org/10.1002/ejoc.202101505.

27 H. Yu, H. Zhao, X. Xu, X. Zhang, Yu, Z., L. Li, P. Wang, Q. Shi and
L. Xu, Asian J. Org. Chem., 2021, 10, 879; https://doi.org/10.1002/
2joc.202000712.

28 D. Nagarathnam, J. Heterocycl. Chem., 1992, 29, 1371; https://doi.
org/10.1002/jhet.5570290601.

29 B. Mohan, D. Nagarathnam, M. Vedachalam and P. C. Srinivasan,
Synthesis, 1985, 2, 188; https://doi.org/10.1055/s-1985-31150.

Received: 24th June 2024; Com. 24/7551

- 107 -



