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Abstract
An iron(III) chloride hexahydrate-catalyzed Friedel–Crafts acylation of benzene derivatives in tunable aryl alkyl ionic liquids
(TAAILs) has been developed. Through optimization of the metal salt, reaction conditions and ionic liquids, we were able to design
a robust catalyst system that tolerates different electron-rich substrates under ambient atmosphere and allows for a multigram scale.
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Introduction
The Friedel–Crafts acylation is one of the oldest metal-cata-
lyzed reactions in organic chemistry [1] and allows for the syn-
thesis of a broad range of diverse compounds [2-5]. Starting
from electron-rich aromatic compounds, acylation is possible by
an organic acid chloride/acid anhydride and a Lewis acid [6,7].
In the course of the development of ionic liquids (ILs) as a reac-
tion medium for chemical reactions [8,9], the Friedel–Crafts
reaction was also examined [10-16]. First protocols were
presented by Wilke and colleagues in 1986 [17]. At that time,
chloroaluminate ionic liquids were used both as a solvent and
catalyst [18,19], but these systems proved to be unstable under
ambient air conditions and prone to decompose in the presence
of water [20].

In the following years, ionic liquids proved to be a remarkable
class of compounds due to their high thermal and chemical

stability, their negligible vapor pressure and high versatility in
terms of chemical structure and usage [21-24].

Successive research for the Friedel–Crafts acylation lead to the
development of various reaction protocols using different metal
salts [25-30] and ionic liquids [31-35] to acylate [36-41], alky-
late [42-44], benzylate [45-47] and alkenylate [48,49] different
benzene derivatives. But surprisingly, a robust protocol using
commercially available and cost-efficient metal salts in a water
and air stable ionic liquid is still hard to find [50,51].

In this contribution, we present the use of imidazolium-based
tunable aryl alkyl ionic liquids (TAAILs) in a catalytic
Friedel–Crafts acylation. This relatively new class of ionic
liquids [52] previously proved to be a potent reaction medium
in catalytic hydrosilylation [53], hydroamination and hydro-
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arylation [54], as well as for the synthesis of nanoparticles
[55,56].

Results and Discussion
Ionic liquids 1–6 were synthesized via a three-step procedure
starting from commercially available aniline derivatives (see
Scheme 1). First, the arylimidazole is obtained through a ring
closing reaction using an aniline derivative, glyoxal, formalde-
hyde and ammonium chloride. The following alkylation with
hexyl bromide yields the bromido ionic liquid. TAAILs 1–6 are
then formed by an anion exchange reaction using lithium
bis(trifluoromethylsulfonyl)imide (LiNTf2). All reactions are
generally tolerant towards different aryl substitutions, substitu-
tion patterns, alkyl chain lengths and can be carried out in a
multigram scale [57].

Scheme 1: Synthesis of TAAILs. i) 1 equiv glyoxal, 2.1 equiv formalde-
hyde, 2 equiv NH4Cl, MeOH, 65 °C, ii) 1.1 equiv C6H13Br, THF,
70 °C, iii) 1.1 equiv LiNTf2, DCM/MeOH/H2O, rt.

The acylation of the electron-rich benzene derivative anisole
with acetic anhydride (Ac2O) to acetanisole 7 was chosen as the
model reaction (Scheme 2) [36].

Scheme 2: Model reaction for the Friedel–Crafts acylation.

As different metal salts are known to be effective catalysts for
this reaction [58-60], several metal chlorides were tested for
their capability to catalyze the acylation in TAAILs. To our
surprise, neither water-free AlCl3 nor the hexahydrate were able
to catalyze the reaction in TAAILs. The hydrates of several
rare-earth metal chlorides (CeCl3, NdCl3 and SmCl3) were used
as well, but only small amounts of product (less than 5%) were
observed, whereas the hydrates of cobalt and iron chloride were
able to catalyze the acylation successfully (Table 1). The best
results were achieved with the FeCl3 hexahydrate. Interestingly,

we also used the anhydrous salt for this reaction, it did, howev-
er, show inferior performance compared to the hydrate. No for-
mation of the ortho-isomer of acetanisole 7 was observed while
screening the different Lewis acids, the reaction is regioselec-
tive for the para-position.

Table 1: Yields achieved with TAAILs 1–6 and different catalystsa.

TAAIL CoCl2·6H2O FeCl3·6H2O FeCl3

1 28% 60% 53%
2 27% 61% 49%
3 17% 47% 47%
4 33% 60% 52%
5 30% 61% 50%
6 43% 62% 60%

aReaction conditions: 1 mmol anisole, 1.3 equiv Ac2O, 10 mol % cata-
lyst, T = 60 °C, t = 24 h, 0.5 g TAAIL.

TAAIL 6 was chosen for further optimizations because it
appeared to be a slightly better reaction medium compared to
the other TAAILs. To optimize the yield of the reaction and to
reduce the reaction time, different amounts of acetic anhydride
were used and a time-dependent investigation of the catalytic
system was performed. Samples of the reaction mixture were
taken after 10, 20, 30, 60 and 120 minutes and analyzed via
GC–MS. The results are shown in Figure 1.

Figure 1: Time-dependent analysis of the reaction using varying
amounts of anhydride. Reaction conditions: 1 mmol anisole,
1.3–3.0 equiv Ac2O, 10 mol % FeCl3·6H2O, T = 60 °C, 0.5 g TAAIL 6.

The results show that full conversion of the starting material is
achieved after two hours when using 2 or 3 equivalents of an-
hydride. Since the use of more than 2 equivalents of anhydride
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does not appear to be beneficial for the reaction, further investi-
gations were done using 2 equivalents of the anhydride. To see
how temperature and catalyst load impact the yield of the reac-
tion, the reaction was carried out at 40 °C while the catalyst
load was varied between 2 and 10 mol %. The results are given
in Table 2.

Table 2: Variation of catalyst load and reaction temperaturea.

Entry FeCl3·6H2O (mol %) T (°C) Yield (%)

1 10 60 97
2 5 60 87
3 2 60 65
4 10 40 82
5 5 40 68
6 2 40 51

aReaction conditions: 1 mmol anisole, 2 equiv Ac2O, t = 2 h, 0.5 g
TAAIL 6.

As can be expected, the lower temperature results in a reduced
yield after 2 hours of reaction time. Decreasing the catalyst load
also leads to diminished yields, but the loss is rather small com-
pared to the reduced catalyst concentration. To further charac-
terize our catalytic system, the acylation was performed on a
larger scale to investigate whether upscaling changes the perfor-
mance of the catalytic system. Table 3 shows the results of the
reactions and their respective turn over numbers (TONs) [61].

Table 3: Upscaling experimentsa.

Entry Scale (mmol) FeCl3·6H2O
(mol %)

Yield (%) TONb

1 1 10 99 10
2 2 10 94 9
3 2 5 86 17
4 4 10 90 9
5 4 2.5 65 26
6 6 10 92 9
7 6 1.7 58 34

aReaction conditions: 1 mmol anisole, 2 equiv Ac2O, 0.5 g TAAIL 6,
T = 60 °C, t = 2 h, bTON = turn over number (amount of product/
amount of catalyst).

10 mol % of catalyst was used for Table 3, entries 1, 2, 4 and 6.
Both the yield and the calculated TONs decrease only slightly
when increasing the scale of the reaction. For Table 3, entries 3,
5 and 7, 0.1 mmol catalyst were used which corresponds to
5 mol % at the 2 mmol scale and 1.7 mol % at 6 mmol scale.
Even though the yields decrease with smaller catalyst loadings,
the TONs increase considerably.

We also tested the scope of the reaction by using various sub-
strates with our catalytic system, since both the benzene deriva-
tive and the anhydride can be varied (Scheme 3).

Scheme 3: Scope of the Friedel–Crafts acylation. Reaction conditions:
1 mmol benzene derivative, 2 equiv anhydride, 10 mol % FeCl3·6H2O,
T = 60 °C, 0.5 g TAAIL 6; a5% of the ortho-isomer were formed.

Different benzene derivatives were successfully used in the
acylation with acetic anhydride with yields between 65% and
94% (8–13). The reaction time varied between four and
72 hours and the reaction was stopped after full conversion of
the benzene derivative (detected via GC–MS). The products
were isolated via flash column chromatography to determine the
yield. Anthracene was selectively acylated at the 9-position (14)
using acetic anhydride. The use of other anhydrides was also
tested: propionic anhydride and benzoic anhydride lead to
yields between 41% and 92%, with minor formation of the
ortho-isomer when using benzoic acid anhydride. Bromoben-
zene, which is electron poor and less reactive towards acylation,
was also used as a substrate in the acylation reaction, but no
product was observed. This indicates that the ionic liquid 6,
having the same substituent, does not undergo acylation during
the catalysis. Finally, we compared our catalytic system with
commercially available imidazolium and phosphonium-based
ILs (Table 4).

The imidazolium-based IL [EMIm]NTf2 converts anisole with a
yield of 77% (see Table 4, entry 1), whereas [BMIm]NTf2
shows a similar performance as TAAIL 6. Using IL 1,3-dibutyl-
2-methylimidazolium NTf2 (Table, entry 3), carrying no hydro-
gen atom at the C2 position of the imidazolium ring, 86% of
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Table 4: Comparison with other ILsa.

Entry Ionic liquid Yield (%)

1 [EMIm]NTf2 77
2 [BMIm]NTf2 96
3 [BBMIm]NTf2 86
4 [P66614]NTf2 81
5 [P66614]Cl 0

aReaction conditions: 1 mmol anisole, 2 equiv Ac2O, 10 mol %
FeCl3·6H2O, T = 40 °C, t = 4 h, 0.5 g IL.

product were obtained. The phosphonium-based IL
[P66614]NTf2 again shows an inferior performance compared
to TAAIL 6. Upon changing the anion of the ionic liquid, cata-
lytic activity is suppressed and product formation is not ob-
served at all (Table 4, entry 5). An additional advantage of ILs
is the reusability of the catalytic system, we were able to reuse
our system for three consecutive runs.

Conclusion
In conclusion, we have established a robust system for a catalyt-
ic Friedel–Crafts acylation. The reaction was carried out at
moderate temperatures of 40 °C to 60 °C under air, was scal-
able to gram-scale and tolerated different electron-rich benzene
derivatives as well as anhydrides. The catalytic performance
depends on the choice of ionic liquid and the TAAILs outper-
form commercially available ILs in our model reaction.

Supporting Information
Supporting Information File 1
Experimental procedures, characterization data, copies of
1H and 13C NMR spectra.
[https://www.beilstein-journals.org/bjoc/content/
supplementary/1860-5397-19-20-S1.pdf]

ORCID® iDs
Thomas Strassner - https://orcid.org/0000-0002-7648-457X

References
1. Friedel, C.; Crafts, J. M. C. R. Hebd. Seances Acad. Sci. 1877, 84,

1392–1395.
2. Groves, J. K. Chem. Soc. Rev. 1972, 1, 73–97.

doi:10.1039/cs9720100073
3. Raja, E. K.; DeSchepper, D. J.; Nilsson Lill, S. O.; Klumpp, D. A.

J. Org. Chem. 2012, 77, 5788–5793. doi:10.1021/jo300922p
4. Motiwala, H. F.; Vekariya, R. H.; Aubé, J. Org. Lett. 2015, 17,

5484–5487. doi:10.1021/acs.orglett.5b02851

5. Olah, G. A.; Kobayashi, S.; Tashiro, M. J. Am. Chem. Soc. 1972, 94,
7448–7461. doi:10.1021/ja00776a030

6. Kobayashi, S.; Komoto, I.; Matsuo, J.-i. Adv. Synth. Catal. 2001, 343,
71–74.
doi:10.1002/1615-4169(20010129)343:1<71::aid-adsc71>3.0.co;2-j

7. Mo, F.; Trzepkowski, L. J.; Dong, G. Angew. Chem., Int. Ed. 2012, 51,
13075–13079. doi:10.1002/anie.201207479

8. Welton, T. Chem. Rev. 1999, 99, 2071–2084. doi:10.1021/cr980032t
9. Wasserscheid, P.; Keim, W. Angew. Chem., Int. Ed. 2000, 39,

3772–3789.
doi:10.1002/1521-3773(20001103)39:21<3772::aid-anie3772>3.0.co;2-
5

10. Earle, M. J.; Seddon, K. R.; Adams, C. J.; Roberts, G. Chem. Commun.
1998, 2097–2098. doi:10.1039/a805599h

11. Stark, A.; MacLean, B. L.; Singer, R. D. J. Chem. Soc., Dalton Trans.
1999, 63–66. doi:10.1039/a806708b

12. Rueping, M.; Nachtsheim, B. J. Beilstein J. Org. Chem. 2010, 6, 6.
doi:10.3762/bjoc.6.6

13. Olivier-Bourbigou, H.; Magna, L. J. Mol. Catal. A: Chem. 2002,
182-183, 419–437. doi:10.1016/s1381-1169(01)00465-4

14. Kozhevnikov, I. V. Chem. Rev. 1998, 98, 171–198.
doi:10.1021/cr960400y

15. Zhang, Q.; Zhang, S.; Deng, Y. Green Chem. 2011, 13, 2619–2637.
doi:10.1039/c1gc15334j

16. Vekariya, R. L. J. Mol. Liq. 2017, 227, 44–60.
doi:10.1016/j.molliq.2016.11.123

17. Boon, J. A.; Levisky, J. A.; Pflug, J. L.; Wilkes, J. S. J. Org. Chem.
1986, 51, 480–483. doi:10.1021/jo00354a013

18. Wilkes, J. S. Green Chem. 2002, 4, 73–80. doi:10.1039/b110838g
19. Seddon, K. R. J. Chem. Technol. Biotechnol. 1997, 68, 351–356.

doi:10.1002/(sici)1097-4660(199704)68:4<351::aid-jctb613>3.0.co;2-4
20. Plechkova, N. V.; Seddon, K. R. Chem. Soc. Rev. 2008, 37, 123–150.

doi:10.1039/b006677j
21. Dupont, J.; Kollar, L., Eds. Ionic liquids (ILs) in organometallic

catalysis; Topics in Organometallic Chemistry; Springer: Berlin,
Heidelberg, 2015. doi:10.1007/978-3-662-47857-8

22. Pârvulescu, V. I.; Hardacre, C. Chem. Rev. 2007, 107, 2615–2665.
doi:10.1021/cr050948h

23. Sheldon, R. Chem. Commun. 2001, 2399–2407. doi:10.1039/b107270f
24. Steinrück, H.-P.; Wasserscheid, P. Catal. Lett. 2015, 145, 380–397.

doi:10.1007/s10562-014-1435-x
25. Earle, M. J.; Hakala, U.; McAuley, B. J.; Nieuwenhuyzen, M.;

Ramani, A.; Seddon, K. R. Chem. Commun. 2004, 1368–1369.
doi:10.1039/b403650f

26. Hoang Tran, P.; Bich Le Do, N.; Ngoc Le, T. Tetrahedron Lett. 2014,
55, 205–208. doi:10.1016/j.tetlet.2013.10.155

27. Kore, R.; Berton, P.; Kelley, S. P.; Aduri, P.; Katti, S. S.; Rogers, R. D.
ACS Catal. 2017, 7, 7014–7028. doi:10.1021/acscatal.7b01793

28. Saha, A.; Payra, S.; Dutta, D.; Banerjee, S. ChemPlusChem 2017, 82,
1129–1134. doi:10.1002/cplu.201700221

29. Tran, P. H.; Hansen, P. E.; Hoang, H. M.; Chau, D.-K. N.; Le, T. N.
Tetrahedron Lett. 2015, 56, 2187–2192.
doi:10.1016/j.tetlet.2015.03.051

30. Tran, P. H.; Nguyen, T.-D. T.; Tu, T.-A. T.; Le, T. N. Arabian J. Chem.
2020, 13, 290–297. doi:10.1016/j.arabjc.2017.04.008

31. Sheng, X.; Wang, B.; Mao, C.; Sha, X.; Zhou, Y.
Appl. Organomet. Chem. 2021, 35, e6055. doi:10.1002/aoc.6055

32. Kumar, S.; Rastogi, S. K.; Singh, A.; Bharati Ahirwar, M.;
Deshmukh, M. M.; Sinha, A. K.; Kumar, R. Asian J. Org. Chem. 2022,
11, e202100749. doi:10.1002/ajoc.202100749

https://www.beilstein-journals.org/bjoc/content/supplementary/1860-5397-19-20-S1.pdf
https://www.beilstein-journals.org/bjoc/content/supplementary/1860-5397-19-20-S1.pdf
https://orcid.org/0000-0002-7648-457X
https://doi.org/10.1039%2Fcs9720100073
https://doi.org/10.1021%2Fjo300922p
https://doi.org/10.1021%2Facs.orglett.5b02851
https://doi.org/10.1021%2Fja00776a030
https://doi.org/10.1002%2F1615-4169%2820010129%29343%3A1%3C71%3A%3Aaid-adsc71%3E3.0.co%3B2-j
https://doi.org/10.1002%2Fanie.201207479
https://doi.org/10.1021%2Fcr980032t
https://doi.org/10.1002%2F1521-3773%2820001103%2939%3A21%3C3772%3A%3Aaid-anie3772%3E3.0.co%3B2-5
https://doi.org/10.1002%2F1521-3773%2820001103%2939%3A21%3C3772%3A%3Aaid-anie3772%3E3.0.co%3B2-5
https://doi.org/10.1039%2Fa805599h
https://doi.org/10.1039%2Fa806708b
https://doi.org/10.3762%2Fbjoc.6.6
https://doi.org/10.1016%2Fs1381-1169%2801%2900465-4
https://doi.org/10.1021%2Fcr960400y
https://doi.org/10.1039%2Fc1gc15334j
https://doi.org/10.1016%2Fj.molliq.2016.11.123
https://doi.org/10.1021%2Fjo00354a013
https://doi.org/10.1039%2Fb110838g
https://doi.org/10.1002%2F%28sici%291097-4660%28199704%2968%3A4%3C351%3A%3Aaid-jctb613%3E3.0.co%3B2-4
https://doi.org/10.1039%2Fb006677j
https://doi.org/10.1007%2F978-3-662-47857-8
https://doi.org/10.1021%2Fcr050948h
https://doi.org/10.1039%2Fb107270f
https://doi.org/10.1007%2Fs10562-014-1435-x
https://doi.org/10.1039%2Fb403650f
https://doi.org/10.1016%2Fj.tetlet.2013.10.155
https://doi.org/10.1021%2Facscatal.7b01793
https://doi.org/10.1002%2Fcplu.201700221
https://doi.org/10.1016%2Fj.tetlet.2015.03.051
https://doi.org/10.1016%2Fj.arabjc.2017.04.008
https://doi.org/10.1002%2Faoc.6055
https://doi.org/10.1002%2Fajoc.202100749


Beilstein J. Org. Chem. 2023, 19, 212–216.

216

33. Rinkam, S.; Senapak, W.; Watchasit, S.; Saeeng, R.; Sirion, U. Synlett
2022, 33, 1383–1390. doi:10.1055/a-1809-7768

34. Shanmugapriya, R.; Uthayanila, S.; Ganesh, G. S.; Karthikeyan, P.
J. Indian Chem. Soc. 2021, 98, 100081. doi:10.1016/j.jics.2021.100081

35. Ponpao, N.; Senapak, W.; Saeeng, R.; Jaratjaroonphong, J.; Sirion, U.
RSC Adv. 2021, 11, 22692–22709. doi:10.1039/d1ra03724b

36. Ross, J.; Xiao, J. Green Chem. 2002, 4, 129–133.
doi:10.1039/b109847k

37. Valkenberg, M. H.; deCastro, C.; Hölderich, W. F. Appl. Catal., A 2001,
215, 185–190. doi:10.1016/s0926-860x(01)00531-2

38. Nguyen, H. T.; Le, N.; Kawazoe, Y.; Pham-Tran, N.-N.; Tran, P. H.
ChemistrySelect 2022, 7, e202103708. doi:10.1002/slct.202103708

39. Gao, G.; Zhao, Q.; Yang, C.; Jiang, T. Dalton Trans. 2021, 50,
5871–5882. doi:10.1039/d1dt00355k

40. Lin, Y.-J.; Wu, Y.-P.; Thul, M.; Hung, M.-W.; Chou, S.-H.; Chen, W.-T.;
Lin, W.; Lin, M.; Reddy, D. M.; Wu, H.-R.; Ho, W.-Y.; Luo, S.-Y.
Molecules 2020, 25, 352. doi:10.3390/molecules25020352

41. Khodaei, M. M.; Bahrami, K.; Shahbazi, F. Chem. Lett. 2008, 37,
844–845. doi:10.1246/cl.2008.844

42. He, Y.; Wan, C.; Zhang, Q.; Zhan, X.; Cheng, D.-g.; Chen, F. RSC Adv.
2015, 5, 62241–62247. doi:10.1039/c5ra10117d

43. Qiao, K.; Yokoyama, C. Chem. Lett. 2004, 33, 472–473.
doi:10.1246/cl.2004.472

44. Xiao, Y.; Malhotra, S. V. J. Mol. Catal. A: Chem. 2005, 230, 129–133.
doi:10.1016/j.molcata.2004.12.015

45. Gao, J.; Wang, J.-Q.; Song, Q.-W.; He, L.-N. Green Chem. 2011, 13,
1182–1186. doi:10.1039/c1gc15056a

46. Sarca, V. D.; Laali, K. K. Green Chem. 2006, 8, 615–620.
doi:10.1039/b603176e

47. Yin, D.; Li, C.; Tao, L.; Yu, N.; Hu, S.; Yin, D. J. Mol. Catal. A: Chem.
2006, 245, 260–265. doi:10.1016/j.molcata.2005.10.010

48. Song, C. E.; Jung, D.-u.; Choung, S. Y.; Roh, E. J.; Lee, S.-g.
Angew. Chem., Int. Ed. 2004, 43, 6183–6185.
doi:10.1002/anie.200460292

49. Yoon, M. Y.; Kim, J. H.; Choi, D. S.; Shin, U. S.; Lee, J. Y.; Song, C. E.
Adv. Synth. Catal. 2007, 349, 1725–1737.
doi:10.1002/adsc.200700039

50. Sartori, G.; Maggi, R. Chem. Rev. 2006, 106, 1077–1104.
doi:10.1021/cr040695c

51. Liu, Z. C.; Meng, X. H.; Zhang, R.; Xu, C. M. Pet. Sci. Technol. 2009,
27, 226–237. doi:10.1080/10916460701700898

52. Ahrens, S.; Peritz, A.; Strassner, T. Angew. Chem., Int. Ed. 2009, 48,
7908–7910. doi:10.1002/anie.200903399

53. Schulz, T.; Strassner, T. J. Organomet. Chem. 2013, 744, 113–118.
doi:10.1016/j.jorganchem.2013.05.039

54. Schroeter, F.; Lerch, S.; Kaliner, M.; Strassner, T. Org. Lett. 2018, 20,
6215–6219. doi:10.1021/acs.orglett.8b02688

55. Schmolke, L.; Lerch, S.; Bülow, M.; Siebels, M.; Schmitz, A.;
Thomas, J.; Dehm, G.; Held, C.; Strassner, T.; Janiak, C. Nanoscale
2019, 11, 4073–4082. doi:10.1039/c8nr10286d

56. Woitassek, D.; Lerch, S.; Jiang, W.; Shviro, M.; Roitsch, S.;
Strassner, T.; Janiak, C. Molecules 2022, 27, 1018.
doi:10.3390/molecules27031018

57. Lerch, S.; Strassner, T. Chem. – Eur. J. 2021, 27, 15554–15557.
doi:10.1002/chem.202102545

58. Bauer, I.; Knölker, H.-J. Chem. Rev. 2015, 115, 3170–3387.
doi:10.1021/cr500425u

59. Taheri, A.; Lai, B.; Cheng, C.; Gu, Y. Green Chem. 2015, 17, 812–816.
doi:10.1039/c4gc01299b

60. Jain, N.; Kumar, A.; Chauhan, S.; Chauhan, S. M. S. Tetrahedron
2005, 61, 1015–1060. doi:10.1016/j.tet.2004.10.070

61. Hagen, J. Industrial catalysis. A practical approach, 3rd ed.;
Wiley-VCH: Weinheim, Germany, 2015.

License and Terms
This is an open access article licensed under the terms of
the Beilstein-Institut Open Access License Agreement
(https://www.beilstein-journals.org/bjoc/terms), which is
identical to the Creative Commons Attribution 4.0
International License
(https://creativecommons.org/licenses/by/4.0). The reuse of
material under this license requires that the author(s),
source and license are credited. Third-party material in this
article could be subject to other licenses (typically indicated
in the credit line), and in this case, users are required to
obtain permission from the license holder to reuse the
material.

The definitive version of this article is the electronic one
which can be found at:
https://doi.org/10.3762/bjoc.19.20

https://doi.org/10.1055%2Fa-1809-7768
https://doi.org/10.1016%2Fj.jics.2021.100081
https://doi.org/10.1039%2Fd1ra03724b
https://doi.org/10.1039%2Fb109847k
https://doi.org/10.1016%2Fs0926-860x%2801%2900531-2
https://doi.org/10.1002%2Fslct.202103708
https://doi.org/10.1039%2Fd1dt00355k
https://doi.org/10.3390%2Fmolecules25020352
https://doi.org/10.1246%2Fcl.2008.844
https://doi.org/10.1039%2Fc5ra10117d
https://doi.org/10.1246%2Fcl.2004.472
https://doi.org/10.1016%2Fj.molcata.2004.12.015
https://doi.org/10.1039%2Fc1gc15056a
https://doi.org/10.1039%2Fb603176e
https://doi.org/10.1016%2Fj.molcata.2005.10.010
https://doi.org/10.1002%2Fanie.200460292
https://doi.org/10.1002%2Fadsc.200700039
https://doi.org/10.1021%2Fcr040695c
https://doi.org/10.1080%2F10916460701700898
https://doi.org/10.1002%2Fanie.200903399
https://doi.org/10.1016%2Fj.jorganchem.2013.05.039
https://doi.org/10.1021%2Facs.orglett.8b02688
https://doi.org/10.1039%2Fc8nr10286d
https://doi.org/10.3390%2Fmolecules27031018
https://doi.org/10.1002%2Fchem.202102545
https://doi.org/10.1021%2Fcr500425u
https://doi.org/10.1039%2Fc4gc01299b
https://doi.org/10.1016%2Fj.tet.2004.10.070
https://www.beilstein-journals.org/bjoc/terms
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.3762/bjoc.19.20

	Abstract
	Introduction
	Results and Discussion
	Conclusion
	Supporting Information
	ORCID iDs
	References

