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A photosensitive and transition metal-free technique without inert gas shielding is
reported for the facile synthesis of multifunctional coumarins. The current proce-
dure avoids the inherent drawbacks of the previous coumarin production protocol ==~
in the presence of transition metal. The prominent aspects of the methodology also  «.__
include the absence of photocatalyst, the absence of external additives including

OH  CS,CO; CH;CN

36 W Blue Led (455 nm )
rt, 14-16h

transition metals, and the employment of a straightforward precursor. Additionally,

we went into great detail on the mechanistic investigation and utilization of multi-

functional coumarins.

Photosensitizer free
Does not require any transition metal
without any inert atmosphere protection
Room Temperature
14 examples up to 94 % yield

INTRODUCTION:

Numerous natural compounds and biologically active inter-

mediates contain coumarin motifs, which serve as one of the
most significant structural scaffolds for the numerous phar-
maceutical medication molecules available on the market
(Figure 1) Considering that coumarins and their deriva-
tives have anti-HIV, antioxidant, anti-fungal, anti-helmintic,
and anti-bacterial activities, there is an increasing interest in
them?°, They are commonly used as an additive in the food
and cosmetics sectors and are also used as pesticides, optical
brighteners, fluorescent, and laser dyes*!. Notably, various
photophysical properties have been explored by the alkynyl®
and alkenyl” substituted coumarin systems. Unsaturated lac-
tone skeletons, present in coumarins are traditionally synthe-
sized by aldol or Knoevenagel,'>¢ Pechmann,” Refor-
matsky,*® and Wittig 2°condensations. Recently, a conver-
gent synthetic tool, i.e., cross-coupling technology,? has
emerged to allow rapid assembly of diversified coumarin
structures.All of these methods provide elegantly substituted
multifunctional coumarins, but they require the use of metal
catalysts and/or external oxidants, which make dangerous
byproducts and limit the compatibility of the functional
groups. So, it would be great to come up with a new, sustain-
able way to make multifunctional coumarins.

In the recent years, visible light driven photoredox catalysis
has gained colossal interest in the exploration of novel trans-
formations employing photocatalyst to promote the reac-
tions under external oxidant-free or reductant-free condi-
tions. Visible light driven synthesis of coumarins were re-
ported such as synthesis of 3-acyl coumarins framework was
reported with the help AQN as a photocatalyst 7, radical ar-
yldifluoroacetylation of alkynes with ethyl bromodifluoro-
acetate for the synthesis of 3-difluoroacetylated coumarins?,
coumarin biosynthesis with (-)-riboflavin 4. To be the best of

our knowledge, herein we describe the first example of Pho-
tosensitizer Free Approach for Synthesizing Multifunctional
Coumarins With visible light.
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Figure 1: Structure of some coumarin drug
RESULTS AND DISCUSSION:

Herein, we describe the first example of Photosensitizer Free
Cascade Approach for Synthesizing Multifunctional Cou-
marins with visible light. Accordingly, our investigation in-
itiated with a model substrate 1a to test our hypothesis mul-
tifunctional coumarin frameworks (Table 1).

Initially, we utilized 1a as the model substrate to optimize
the reaction conditions and in presence of various type of
photocatalyst in the visible-light driven approach of mul-
tifunctional coumarins and thereby, a model reaction condi-
tion was established as follows: 1a (0.02 mmol), Cs,CO3
(3equiv ) and (10 mol%) of photocatalyst such as Eosin-
Y,RFTA,Rose bengal,Eosin Blue (Table 1, entry 1-4 ) were
mixed in 3 mL of solvent under irradiation of single 36 W
blue LED (455 nm) without inert gas protection at room



temperature for 14-16h. we showed the variation of yield in
presence of different type of photocatalyst (Figure 2).
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Figure 2: Yield variation in presence of different types of photocatalyst

As the reaction conditions were optimized, the following be-
came the model reaction conditions: 1a (0.02 mmol) and
Cs2COs3 (1-3equiv) were mixed in 3 mL of solvent and ex-
posed to a single 36 W blue LED (455 nm) without protec-
tion from an inert gas at room temperature (rt) for 14-16
hours. A significant yield was found in the absence of a pho-
tocatalyst (Table 1, entry 5,14,15).

Table 1. Reaction Condition Optimization

CO,Et

=
CS,CO;CH;CN O
OO OH 2C0O;CH; S
36wBlue Led (455 nm ) O °

rt,14-16h o
1a 2a

en-  Solvent/Di- Base/eq Cata- (T°C)/(h) iso Light
try electric lyst lated
constant yield
(x) (%0)
1 MeCN/(37.5) Cs,C0s/3 RFTA 25/16 94 Yes
2 MeCN/(37.5) Cs:C04/3 Eosin-y 25/16 92 Yes
3 MeCN/(37.5) Cs2C0s/3 Rose 25/16 92 Yes
Bengal
4 MeCN/(37.5) Cs2C04/3 Eosin- 25/16 91 Yes
blue
5 MeCN/(37.5) Cs2C0s/3 - 25/14 94 Yes
6 MeCN/(37.5) Cs,C0s/3 - 25/15 traces
7 MeCN/(37.5) - - 25/15 0
8 MeCN/(37.5) Cs2C0s/3 - 90/15 0
9° MeCN/(37.5) K2CO3/3 - 25/16 72 Yes
10 MeCN/(37.5) Li>COa/3 - 25/16 73 Yes
11 MeCN/(37.5) Na.COs/3 - 25/16 76 Yes
12 MeCN/(37.5) NaOH/3 - 25/16 82 Yes
13 MeCN/(37.5) Pyridine/3 - 25/16 28 Yes
14 MeCN/(37.5) Cs:C03/2 - 25/16 79 Yes
15 MeCN/(37.5) Cs:C0s/1 - 25/16 64 Yes
16 MeCN/(37.5) KOH/3 - 25/16 76 Yes
17 DCM/(8.9) Cs,C0s/3 - 25/16 56 Yes

18 Methanol/33 Cs2C0s/3 - 25/15 79 Yes
19 DMSO0/(46.6) Cs2C04/3 25/19 79 Yes
20 Ace- Cs2C04/3 - 25/16 63 Yes
tone/(20.7)
21 1-4 Dioxane Cs2C0s/3 - 25/16 56 Yes
22 Toluen/(2.4) Cs2C04/3 - 25/16 43 Yes
23 Water Cs2C03/3 - 25/16 - Yes
24 DMF/(37.7) Cs2C0s/3 - 25/16 76 Yes
26 THF/(7.6) Cs2C0s/3 - 25/16 46 Yes

Reactions were performed with 1a (0.2 mmol) and solvent (3 ml) in
Presence of single 36 W Blue Led (455 nm)

We also carried out the model reaction in the absence of light
and photocatalyst, but only very little amounts were recov-
ered, and no conversion occurred in the absence of light,
base, and photocatalyst (Table 1, entry 6,7). We looked into
a number of solvents for this change in the interim. In gen-
eral, we saw higher yields when the process was carried out
with solvents particularly with higher dielectric constant val-
ues (Table 1, entry 5,18,19,24). Lower yields of 2a were ob-
tained when CH3CN was substituted with other solvents like
DCM, Acetone, 1-4 Dioxane, THF, or Toluene. The reaction
took almost longer to complete in the presence of DMSO,
and particularly with H,O, we observed signs of product pro-
duction while a significant proportion of the starting material
was recovered.

On the other hand, comparatively Lower yields of 2a were
obtained when CS,CO3; was substituted with other bases like
K2COs3, Na,COs, Li,CO3 but showed higher yield in pres-
ence of NaOH, or KOH (Table 1, entry 9,10,11,12,16) but
the reaction showed almost less yield in presence of organic
bases like pyridine (Table 1, entry 13). While doing this, we
optimized different kinds of light sources and compared
their yields while deviating from the requirements of the 36
W Blue led (455 nm) standard. We used 23 W, 3 W, and 0.9
W Blue LEDs to optimize the reaction conditions, and we
obtained the best yield of 94% while utilizing 36 W Blue
LEDs (Figure 3).

Light Source vs Yield %

Figure 3. Deviation from the standard condition. illustration of light de-
pendence.Reaction conditions: 1a (0.02 mmol), CS,COzs(3equiv), in 3 mL
of Acetonitrile under variable light irradiation without inert gas protection

at rt for 16h. Isolated yields were given on the basis of Product 2a of Table



We also used Sunlight, Red Led light, Green light with other
light sources and in presence of dark condition for optimiza-
tion purpose from deviating from the standard reaction con-
ditions: 1a (0.02 mmol), CS,COs(3equiv), in 3 mL of Ace-
tonitrile under variable light irradiation without inert gas
protection at rt for 16h. Isolated yields were given on the ba-
sis of Product 2a of Table 1.0ur next target was to expand
the synthetic utility of our methodology for the formation of
multifunctional coumarins with the optimized reaction con-
ditions (Table 1). Likewise, 3H-benzo[f]chromen-3-one
coumarins synthesis, a broad range of phenol, naphthol mol-
ecules were converted to ethyl (E)-3-(2-hydroxynapthalen-
1-yl) acrylate or (E)-3-(2-hydroxyphenyl) acrylate types of
esters which eventually converted to electronically diverse
substituents were tested using the optimized reaction condi-
tions to examine the generalizability of the reaction to fur-
nish the multifunctional coumarin products (Table 2) in
moderate to excellent yield (Table 2,2a-2n).Electron donat-
ing as well as withdrawing groups on ester worked smoothly
to provide multifunctional coumarin products in good yields
but in case of electron donating group like -OMe, deliver
the product with less yield and also compounds containing
Halogen groups were also well tolerated by our synthetic
methodology.

Table 2: Scope of substrate Towards multifunctional coumarins scaffolds
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Our next target was to find out the application of our syn-
thetic methodology. we carried out large scale synthesis with
our methodology (Scheme 2) and successfully synthesized
2a and 2b with 72.57% and 76% yield respectively. Ini-
tially, we started with 1156 mg and got 839 mg and for 2b
we started with 1200 mg and got 912 mg product.

We also successfully synthesized 7-amino coumarin (Table
2,2c¢) which also have large scope for study of biological
molecules due to its strong intermolecular charge transfer
marked solvatochromism and high quantum yield 3%-32,

Scheme 2: Gram Scale Synthesis of 2a,2b
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To gain insight into the reaction mechanism, Control exper-
iments was carried out in presence of radical scavengers Fur-
ther, the reaction hardly exhibited any retarding effect in the
presence of radical scavengers such as TEMPO, which aban-
doned any radical pathways involved in the reaction. The re-
action proceeds via the formation of 2 in the presence of
base, For the confirmation of electron donor acceptor com-
plex generation TS1, we carried out experiment via uv-spec-
troscopy (Figure 5) and got satisfactory result. A peak at 450
nm shows the EDA complex formation which increases with
time.

— Naphthol
—— Naphthol + base 2 min
—— Naphthol + base 3 min
12 —— Naphthol + base 30 min
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Figure 4: UV-spectroscopic experiment

Scheme 3: Plausible Reaction Pathway
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EDA complex was mainly formed via the intramolecular or
intermolecular pathway to form TS1 and it proceeds via ex-
cited single S; state TS2 and Intersystem crossing is hap-
pened to form TS3 then bond flipping is happened to form
E — Z and it was mainly happened due to the stereoselec-
tivity arises from the differing photophysical properties of
the reactant and product isomers: the Z isomer is not re-ex-
cited by energy transfer as a consequence of deconjugation
After that, Substitution reaction in happened to form 4
from 3 (Scheme 3).

CONCLUSIONS:

In summary, we have achieved the first visible-light-driven,
photosensitizer free and transition metal-free technique
without inert gas shielding is reported for the facile synthesis
of multifunctional coumarins. The method is mild, opera-
tionally simple, tolerant of a number of functional groups
and exhibit excellent scalability. We believe this methodol-
ogy provides practitioners with an alternative tool that will
permit the scrutiny of unexplored chemical space and find
useful applications in organic synthesis.

AUTHOR INFORMATION

Corresponding Author
*Debayan Sarkar, E.mail: sarkard@iiti.ac.in

CONFLICTS OF INTEREST

There are no conflicts to declare.

ACKNOWLEDGMENT

We sincerely acknowledge the SERB, Department of Sci-
ence and Technology (DST), Govt. of India (Grant Nos.
EEQ/2020/000463, and TTR/2020/000015), CSIR, Govt. of
India (Grant No. 02(0443)/21/EMR-1I), UGC, Govt of India
Grant No. F.No.1-7/2020/IC) and NIT Rourkela and IIT
INDORE for instrumental facility and funding support. We
acknowledge the SIC, IIT Indore for instrumental support
and DST-FIST 500 MHz NMR facility Department of
Chemistry IIT Indore.

REFERENCES:

1. Fu, W, Zhu, M., Zou, G., Xu, C., Wang, Z. and Ji, B., 2015.
Visible-light-mediated radical aryldifluoroacetylation of al-
kynes with ethyl bromodifluoroacetate for the synthesis of 3-
difluoroacetylated coumarins. The Journal of Organic Chemis-
try, 80(9), pp.4766-4770.

2. Kawaai, K., Yamaguchi, T., Yamaguchi, E., Endo, S., Tada, N.,
Ikari, A. and Itoh, A., 2018. Photoinduced generation of acyl
radicals from simple aldehydes, access to 3-acyl-4-arylcou

3. He, X, Li, R, Choy, P.Y,, Liu, T., Yuen, O.Y., Leung, M.P.,
Shang, Y. and Kwong, F.Y., 2020. Rapid Access of Alkynyl and
Alkenyl Coumarins via a Dipyridinium Methylide and Propar-
gylamine Cascade Reaction. Organic Letters, 22(18), pp.7348-
7352.

10

11

Metternich, J.B. and Gilmour, R., 2016. One photocatalyst, n
activation modes strategy for cascade catalysis: Emulating cou-
marin biosynthesis with (—)-riboflavin. Journal of the American
Chemical Society, 138(3), pp.1040-1045.

He, X., Li, R., Choy, P.Y., Liu, T., Yuen, O.Y., Leung, M.P.,
Shang, Y. and Kwong, F.Y ., 2020. Rapid Access of Alkynyl and
Alkenyl Coumarins via a Dipyridinium Methylide and Propar-
gylamine Cascade Reaction. Organic Letters, 22(18), pp.7348-
7352.

Metternich, J.B. and Gilmour, R., 2016. One photocatalyst, n
activation modes strategy for cascade catalysis: Emulating cou-
marin biosynthesis with (—)-riboflavin. Journal of the American
Chemical Society, 138(3), pp.1040-1045.

Hou, J., Ee, A., Feng, W., Xu, J.H., Zhao, Y. and Wu, J., 2018.
Visible-light-driven alkyne hydro-/carbocarboxylation using
CO2 via iridium/cobalt dual catalysis for divergent heterocycle
synthesis. Journal of the American Chemical Society, 140(15),
pp.5257-5263.

Ferguson, J., Zeng, F. and Alper, H., 2012. Synthesis of couma-
rins via Pd-catalyzed oxidative cyclocarbonylation of 2-vi-
nylphenols. Organic letters, 14(21), pp.5602-5605.

Kawaal, K., Yamaguchi, T., Yamaguchi, E., Endo, S., Tada, N.,
Ikari, A. and Itoh, A., 2018. Photoinduced generation of acyl
radicals from simple aldehydes, access to 3-acyl-4-arylcouma-
rin derivatives, and evaluation of their antiandrogenic activi-
ties. The Journal of Organic Chemistry, 83(4), pp.1988-1996.

For the most recent review, see: Yang, Q.; Guo, R.; Wang, J.
Catalytic Asymmetric Syntheses of 2-Aryl Chromenes. Asian J.
Org. Chem.2019, 8, 1742-1765 and references therein.

(a) Huang, L.; Yuan, X.; Yu, D.; Lee K.; Chen, C. Mechanism
of action and resistant profile of anti-HIV-1 coumarin deriva-
tives. Virology2005, 332, 623-628. (b) Borges, F.; Roleira, F.;
Milhazes, N.; Santana L.; Uriarte, E. Simple Coumarins and An-
alogues in Medicinal Chemistry: Occurrence, Synthesis and Bi-
ological Activity. Curr. Med. Chem.2005, 12, 887-916. (c) Abd
El-Wahab, H.; Abd El-Fattah, M.; Abd El-Khalik, N.; Nassar
H.; Abdelall, M. Synthesis and characterization of coumarin thi-
azole derivative 2-(2-amino-1,3-thiazol-4-yl)-3H-
benzo[f]chromen-3-one with anti-microbial activity and its po-
tential application in antimicrobial polyurethane coating. Prog.
Org. Coat.2014, 77, 1506-1511. (d) Zhao, G.; Peng, C.; DUuW.;
Wang, S. Pharmacokinetic study of eight coumarins of Radix
AngelicaeDahuricae in rats by gas chromatography—mass spec-
trometry. Fitoterapia2013, 89, 250-256. (¢) Smyth, T.; Rama-
chandran V.; Smyth, W. A study of the antimicrobial activity of
selected naturally occurring and synthetic coumarins. Int. J. An-
timicrob. Agents2009, 33, 421-426.

(a) Razavi, M.; Nazemiyeh, H.; Delazar, A.; Hajiboland, R.;
Rahman, M.; Gibbons, S.; Nahar L.; Sarker, S. Coumarins from
the roots of Prangosuloptera. Phytochem. Lett.2008, 1, 159-162.
(b) Ballin N.; Sgrensen, A. Coumarin content in cinnamon con-
taining food products on the Danish market. Food Control2014,
38, 198-203. (c) Khaligh, N. Synthesis of coumarins via Pech-
mann reaction catalyzed by 3-methyl-1-sulfonic acid imidazo-
lium hydrogen sulfate as an efficient, halogen-free and reusable
acidic ionic liquid. Catal. Sci. Technol.2012, 2, 1633-1636. (d)
Fischer, A.; Cremer C.; Stelzer, E. H. K. Fluorescence of cou-
marins and xanthenes after two-photon absorption with a pulsed
titanium-sapphire laser. Appl. Opt.1995, 34, 1989-2003. (e)
Cravotto, G.; Nano, G. M.; Palmisano G.; Tagliapietra, S. An
asymmetric approach to coumarin anticoagulants via hetero-
Diels-Alder cycloaddition. Tetrahedron: Asymmetry2001, 12,
707-709.

(a) Elangovan, A.; Lin, J.-H.; Yang, S.-W.; Hsu, H.-Y.; Ho, T.-
I. Synthesis and Electrogenerated Chemiluminescence of Do-
nor-Substituted Phenylethynylcoumarins. J. Org. Chem.2004,
69, 8086-8092. (b) Myung, N.; Connelly, S.; Kim, B.; Park, S.
J.; Wilson, I. A.; Kelly, J. W.; Choi, S. Bifunctional coumarin
derivatives that inhibit transthyretin amyloidogenesis and serve


mailto:sarkard@iiti.ac.in

12

13

14

15

16

17

18

19

as fluorescent transthyretin folding sensors. Chem. Com-
mun.2013, 49, 9188-9190. (c) Hu, Q.; Tan, Y.; Liu, M.; Yu, J.;
Cui, Y.; Yang, Y. A new highly selective and sensitive fluores-
cent probe for Zn2+ and its application in cell-imaging. Dyes
Pigm.2014, 107, 45-50. (d) Rao, P. S.; Gupta, A.; Bhosale, S.
V.; Bilic, A.; Xiang, W.; Evans, R. A.; Bhosale, S. V. Donor-
acceptor—acceptor-based non-fullerene acceptors comprising
terminal chromen-2-one functionality for efficient bulk-hetero-
junction devices. Dyes Pigm.2017, 146, 502-511. (e) Papado-
poulos, J.; Miller, T. J. Rapid synthesis of 4-alkynyl coumarins
and tunable electronic properties of emission solvatochromic
fluorophores. Dyes Pigm.2019, 166, 357-366. (f) Li, C.; Wang,
D.; Xue, W.; Peng, J.; Wang, T.; Zhang, Z. Synthesis and pho-
tophysical properties of vertically n-expanded coumarins. Dyes
Pigm.2021, 186, 108956.

Papadopoulos, J.; Merkens, K.; Miiller, T. J. J. Three-Compo-
nent Synthesis and Photophysical Properties of Novel Couma-
rin-Based Merocyanines. Chem. - Eur. J.2018, 24, 974-983.
Hepworth, J. D.; Gabbut, C. D.; Heron, B. M. Pyrans and Their
Benzo Derivatives: Synthesis. In Comprehensive in Heterocy-
clic Chemistry I1, Vol. 5; Katritzky, A. R., Rees, C. W., Scriven,
E. F. V., Eds.; Pergamon Press: Oxford, 1996; pp 351-468.

For the most recent reference, see: Dinparast, L.; Hemmati, S.;
Zengin, G.; Alizadeh, A. A.; Bahadori, M. B.; Kafil, H. S.;
Dastmalchi, S. Rapid, Efficient, and Green Synthesis of Couma-
rin Derivatives via Knoevenagel Condensation and Investigat-
ing Their Biological Effects. Chemistry Select2019, 4, 9211-
9215.

(a) von Pechmann, H.; Duisberg,C. Ueber die Verbindungen der
PhenolemitAcetessigéather. Chem. Ber.1883, 16, 2119. (b) von
Pechmann, H.; Duisberg CNeue Bildungweise der Cuma-
rineSynthese des Daphnetins IChem. Ber.1884, 17, 929. (c) Rus-
sel, A.; Fyre, J. R 2,6-DihydroxyacetophenoneOrg. Synth.1941,
21, 22-26. (d) Sethna, S.; Phadke, RThePechmann ReactionOrg.
React.1953, 7, 1-58. (e) Rabjohn, N Selenium Dioxide Synthe-
sisOrg. React.1976, 24, 261-415. (f) Sugino, T.; Tanaka, K Sol-
vent-Free Coumarin SynthesisChemistry Lett.2001, 30,110-111.
Johnson, J. R. The Perkin Reaction and Related Reactions. Org.
React.1942, 1, 210-266.

Shriner, R. L. The Reformatsky Reaction. Org. React.1942, 1,
1-37.

(a) Narasimhan, N. S.; Mali, R. S.; Barve, M. V. Synthetic Ap-
plication of Lithiation Reactions; Part XII1. Synthesis of 3-Phe-
nylcoumarins and Their Benzo Derivatives. Synthesis, 1979,
906-909. (b) Harayama, T.; Nakatsuka, K.; Katsuro, K.; Nish-
ioka, H.; Murakami, K.; Fuji, M. A Convenient Synthesis of
Coumarin Using the Wittig Reagent. Chem. Express1993, 8,
245-248. (c) Yavari, |.; Hekmat-Shoar, R.; Zonouzi, A. A new
and efficient route to 4-carboxymethylcoumarins mediated by
vinyltriphenylphosphonium salt. Tetrahedron Lett.1998, 39,
2391-2392.

de Meijere, A.; Brise, S.; Oestreich, M., Eds. Metal-Catalyzed
Cross-Coupling Reactions and More; Wiley-VCH: Weinheim,
Germany, 2013.

20

21

22

23

24

25

26

27

28

29

30

31

32

Papadopoulos, J.; Merkens, K.; Miiller, T. J. J. Three- Compo-
nent Synthesis and Photophysical Properties of Novel Couma-
rin-Based Merocyanines. Chem. - Eur. J.2018, 24, 974-983.
Yee, D. J.; Balsanek, V.; Sames, D. New Tools for Molecular
Imaging of Redox Metabolism: Development of a Fluorogenic
Probe for 3a-Hydroxylsteroid Dehydrogenases. J. Am. Chem.
So0c.2004, 126, 2282-2283.

Wau, J.; Liao, Y.; Yang, Z. Synthesis of 4-Substituted Coumarins
via the Palladium-Catalyzed Cross-Couplings of 4-Tosylcouma-
rins with Terminal Acetylenes and Organozinc Reagents. J. Org.
Chem.2001, 66, 3642-3645.

Luo, Y.; Wu, J. Copper-free Sonogashira reactions of 4-hy-
droxycoumarins with alkynes. Tetrahedron2009, 65, 6810-
6814.

Moulton, B. E.; Lynam, J. M.; Duhme-Klair, A.-K.; Zheng, W.;
Lin, Z.; Fairlamb, I. J. S. Atropisomerisation in sterically hin-
dered o,B-disubstituted cyclopentenones derived from an inter-
molecular colbalt(0)-mediated Pauson-Khand reaction. Org. Bi-
omol. Chem.2010, 8, 5398-5403.

Collings, J. C.; Parsons, A. C.; Porrés, L.; Beeby, A.; Batsanov,
A. S.; Howard, J. A. K,; Lydon, D.; Low, P. J.; Fairlamb, I. J.
S.; Marder, T. B. Optical properties of donor-acceptor phe-
nyleneethynylene systems containing the 6-methylpyran-2-one
group as an acceptor. Chem. Commun.2005, 2666-2668.
Hofmayer, M. S.; Lutter, F. H.; Grokenberger, L.; Hammann, J.
M.; Knochel, P. Practical Ni-Catalyzed Cross-Coupling of Un-
saturated Zinc Pivalates with Unsaturated Nonaflates and Tri-
flates. Org. Lett.2019, 21, 36-39.

Min, M.; Hong, S. Regioselective palladium-catalyzed direct
cross-coupling of coumarins with simple arenes. Chem. Com-
mun.2012, 48, 9613-9615.

For a selected reference, see: Dikova, A.; Cheval, N. P.; Blanc,
A.; Weibel, J.-M.; Pale, P. Handy Protocols using Vinyl Nosyl-
ates in Suzuki-Miyaura Cross-Coupling Reactions. Adv. Synth.
Catal.2015, 357, 4093-4100.

Waheed, M.; Ahmed, N. Pd/Indanone-Based Ligands: An Effi-
cient Catalyst System for Ullmann-Type, Suzuki-Miyaura, and
Mizoroki-Heck Cross-Coupling Reactions with Aryl Tosylates
and Aryl Halides. Synthesis2017, 49, 4372-4382.

He, X,; Li, R.; Choy, P. Y.; Liu, T.; Yuen, O. Y.; Leung, M. P.;
Shang, Y.; Kwong, F. Y. Rapid Access of Alkynyl and Alkenyl
Coumarins via a DipyridiniumMethylide and Propargylamine
Cascade Reaction Org. Lett.2020, 22, 7348-7352.

Atkins, R.L. and Bliss, D.E., 1978. Substituted coumarins and
azacoumarins. Synthesis and fluorescent properties. The Jour-
nal of Organic Chemistry, 43(10), pp.1975-1980.

(a) Murray, R. D. H.; Mendez J.; Brown, S. A. The Natural Cou-
marin: Occurrence, Chemistry, and Biochemistry, Wiley, New
York, 1982; (b) O’Kennedy R.; Thornes, R. D. Coumarins: Bi-
ology, Applications, and Mode of Action, Wiley, Chichester,
UK, 1st edn, 1997; (c) Kontogiorgis C. A.; Hadjipavlou-Litina,
D. J.Synthesis and Antiinflammatory Activity of Coumarin De-
rivatives.J. Med. Chem., 2005, 48, 6400.



