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Introduction pharmacological properties of these coumarin dévies.

] ] Wa Herein, we report the details of our research on this
Coumarins are very attractive targets for combinaltdibrary multicomponent reaction (Scheme 1).

synthesis due to their wide range of valuable bicklgactivities
Ry

including anticancet,anti-HIV,? anti-acetylcholinesterageanti- R 0 ¢ o
fungal? antioxidant antihelmintic® antibacteridl and antivirdl 2 “n, °>< + RgOH eCls (5mol%) Re N oRe
activities. They are also extensively used in faages, r OH o] s 70°C,68h oo

Ry o )

agrochemicals, insecticides and in food and cossets ) : Ry

additives? On the other hand, they have also found applicstion 1 4

as photosensitizers, laser dyes, fluorescent itafigaoptical Scheme 1 Synthesis of coumarin-3-carboxylic esterns
brighteners and photosensitizét$® As a result, the drive to FeCk-catalyzed multicomponent reaction of salicylaldiés;
obtain typically functionalized coumarins in oneetfrom  Meldrum’s acid and alcohols.

readily available starting materials with minimal veadess time ) )

and simple manipulation has been prevalent among thResults and discussion

community of organic chemists. Initially, salicylaldehyde 1a), Meldrum’s acid 2) and ethanol

Multicomponent reactions (MCRs) has been one ofabgt  (38) were chosen as the starting materials in the medettion.
approaches that meet the requirements of greenistngms well ~ Ethanol played both as the reagent and solvent vdifferent
as the library development of medicinal scaffdftiBreviously, —metal salt catalysts were screened (Table 1). lstiagdy, when
we have reported Fegtatalyzed cascade reaction to efficientthe FeC} were used as the catalyst (Table 1, entry 7)hidleest
approach to functionalized coumarin derivatites.ln  yield of the product (92% yield) was obtained, ahettCuBgp
continuation of our efforts toward the developmefitnovel (Table 1, entry 2) also had good catalytic abi(®6% yield).
methodologies for the synthesis of heterocytie® new Here, the yield could not be improved by increadimg amount
synthetic route to coumarin-3-carboxylic esters hasen of catalyst (Table 1, entries 12 and 13), even wdhdlereasing the
explored. To the best of our knowledge, this workspnés the amount of catalyst to 5 mol% could lead to a slightgher yield
first simple direct route to the important class afumarin  of 93% (Table 1, entry 11). However, the productd/igtopped
derivatives, which would facilitate relevant studiesm the to 72% by further decreasing the catalyst to 2 mélable 1,

OCorresponding author. Tel.: +86-553-5910129; f86-553-5910126; e-mail: shyj@mail.ahnu.edu.cn



entry 9). In the absence of catalyst, the modettiea failed to 4¢ 100 EtOH
provide the desired product, while 2-oxB-2hromene-3-

carboxylic acid was isolated as the only producZ#% yield 5 70 DMF 8 0
after a prolonged reaction time of 24 h. Thereférejol% FedJ

©

90

ST ! 6 70 THF 8 60
was chosen as catalyst for further optimizing otheaction
conditions. 7 70 CHCN 8 60
Table ]. Screen of catalyst8. 8 70 Toluene 8 45
o]
A~ 9 70 DMSO 8 0
catalyst A (o]
@6‘\ g: >< + CH3CH,OH ——= > 70°C, 8h 10 70 Cyclohexane 8 50
o” o
3a
4aa 11 70 HO 8 21
Entry Catalyst (mol %) Yield (%) 12° 70 EtOH 2 40
1 Cu(OAC) (10) 10 13° 70 EtOH 5 80
2 CuBb (10) 86 14° 70 EtOH 10 92
@ Reaction condition: salicylaldehyda (1.0 mmol), Meldrum'’s acid
3 CusQ (10) 65 2 (1.2 mmol), ethanoBa (1.2 mmol), solvent (3 mL), Fe£(0.05
. mmol).
4 NiCl 610 (10) 80 ® Isolated yields.
5 AgNO; (10) 10 Ethanol (3 mL) was used as solvent.
6 KsFe(CN) (10) trace Subsequently, various structural diverse salicghjdles1b-
7 FeC} (10) 92 1j were subjected to the optimum reaction conditionsh wi

Meldrum’s acid2 and ethanoBa. The results are summarized in
8° — 0 Table 3. A variety of functional groups in the exaed
substituted salicylaldehydes were well tolerated it@ good to

o FeCi (2) & excellent yields of ethyl 2-oxoF2chromene-3-carboxylatdda-
10 CuBs (2) 70 4ja), regardless of their electronic nature or stdicdrance.

Particularly, when the substituents on salicylalditsyl were
1 FeCi(5) 93 strongly electron-donating groups (e.g. -OCHNEL) at thepara
12 FeC4 (15) 92 position of the aldehydes (Table 3, entries 3, #)swongly

electron-withdrawing groups (e.g. -MCat thepara position of
13 FeCi (20) 90 the phenol hydroxyl group (Table 3, entry 8), algave the

desired products in good to excellent yields. Meezggtert-butyl

Reaction condition1a (1.0 mmol).2 (1.2 mmol), group at the 3,5-position of salicylaldehyd&e participated

3a(3 mL), 70°C, 8 h.

® Isolated yields. successfully in this reaction (Table 3, entry SheTstructure of
¢ 2-oxo-H-chromene-3-carboxylic acid was obtained the product 4aa was unambiguously confirmed by X-ray
in 72% yield as the only product after 24 h. crystallographic analysis (Figure 1).

To determine the optimum reaction conditions, tffecés of
other reaction parameters such as the solvent,eienype, and
reaction time were studied. Several other solventduding
dimethyl formamide (DMF), tetrahydrofuran (THF), awtrile,
toluene, dimethylsulfoxide (DMSO), cyclohexane andtewa
were screened but inferior yields were obtained @&blentries
5-11). So in this reaction alcohol was used both aslvent and
as one of the reactants as well. In addition, thiecefof
temperature and reaction time were also investigéfetle 2,
entries 1-4, and 12-14). It was found that neithereasing nor Figure 1. X-ray crystal structure of compoudda®

increasing the reaction temperature/time could avetthe yield.  1gp1e 3 Synthesis of ethyl coumarin-3-carboxylate
lhgrefore, :h:s rtgactlt%n colulq[ ?g fbesSt Eerformed wimol % of  yerjvativesvia FeCh-catalyzed multicomponent reactions of
eCl as catalyst in ethangl a oren. salicylaldehydes, Meldrum’s acid and ethanol.

Table 2 Optimization of reaction condition$. D S o R o
Q ’ H, §t0>< + EtoH FeCls(Smol%) Tz N o™
FeCls (5 mol%) N 0N R OH o 3  0GERR o 0o
><+ CH3CH20H Ry 0 Rs
Solvent 0 o 1 2 4
daa Entry R,R2,Rs,Rs Product  Yields (%}
) —
Entry Temp. {C) Solvent Time (h)  Yield (%) 1 1a(H, H, H. H) 42a 03
[
1 rt EtOH 8 20 2 1b(H, CH H, H) 4ba 89
c
2 50 EtOH 8 60 3 1c(H, H, CHO, H) 4ca 89

3° 70 EtOH 8 93
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4 1d(H, H, NE, H) 4da 83
5  1e(C(CH)s H, C(CH)s, H) dea 80
6  1f(H,Cl, H, H) 4fa 91
7 1g(H,Br, H, H) 4ga 90
8  1h(H,NO, H, H) 4ha 89
9  1i (HF H H) dia 93
10  1j ((CH=CH-CH=CH-,H,H,H)  4ja 90

# Reaction condition: salicylaldehyde(1.0 mmol), Meldrum’s aci@
(1.2 mmol), ethandda (3 mL), FeC} (0.05 mmol), 70C, 6-8 h.
b Isolated vyields.

Subsequently, a series of alcohols such as metbghal
(3b), 2-pentanol c), benzyl alcohol 3d) and allyl alcohol e
were subjected to the reaction with salicylaldehydesnd

Meldrum’s acid2 (Table 4). We found that both saturated and

unsaturated alcohols gave the desired products, tlaadallyl

alcohol gave relatively higher yields of the progucTo our
delight, good yields of products were also obtaimethe case of

benzyl alcohoBd (Table 4, entries 13-15).

Table 4. FeCk-catalyzed multicomponent reactions for the

formation of coumarin-3-carboxylic estefs.

Ry 0 0
Ry C\H o
+ ) + ReOH
Ry OH o 3
Rq °,
1

Ry

(o]
Ry N o R
Ry )
Ry

FeCl; (5mol%)

70°C,6-8 h
4
Entry RuRo,RoRs Rs Product \EE,Z')C’E
1 1a(H H H, H) CH (3b) 4ab o1
2 1b(H, CH, H, H) 3b 4bb 90
3 1c(H, H, CHO, H) 3b 4ch 88
4 1d(H, H, NES, H) 3b 4db 85
5 éicn—é)ffﬁfm H, 3b 4eb 80
6  1f(H,Cl H, H) 3b 4fb 89
7 1g(H,Br, H, H) 3b 4gb 88
8  1h(H, NO, H, H) 3b 4hb 89
9 gH:CH-, I-(ICHHzHC)H 3b 4jb 90
10 1c pe”(tgcr;'z'y' 4cc 88
11 1t 3c 4fc 90
12 1g 3c 49c 89
13 1c CHsCH; 3d)  4cd 73
14 1g 3d 4gd 81
15 1h 3d 4hd 83
16 1c CHZ:(C;S'CHZ 4ce 90
17 le 3e 4ee 85
18 1f 3e 4fe o1
19 1g 3e 4ge 90
20 1h 3e she 91

21 1j 3e 4je 91

@ Reaction condition: salicylaldehyde (1.0 mmol), Meldrum’s acic®
(1.2 mmol), alcohoB (3 mL), FeC{ (0.05 mmol), 70C, 6-8 h.
® |solated yields.

In order to understand the reaction mechanism, aenied
the reaction of Meldrum’s aci@ with ethanol3a catalyzed by
FeCL in 70 °C. The esterification product of diethyl malonate
was obtained in 93% vyield after 4 h. On the basithefabove
observations and our reported wotka possible reaction
mechanism is proposed in Scheme 2. First, Meldrumcigl 2
reacted with alcohd to form the esterification producssin the
presence of Feglas a Lewis acid catalyst, and then the
Knoevenagel condensation between 5 and 2-hydroxyatio
aldehydesl would form the intermediaté, which are readily

converted to the desired product4 via intramolecular
transesterification.
o
H =
0 o o IR
0 FeCl, (Lewis acid) HO™,
OH ———3 0,
><oj§ ' R53 (esterification) Rs‘OJ\/U\O’R5 Knoevenagel
o) 5 condensation
2
Reo o
o~
o oRs Q
| ‘Rs
XN -RsOH R A (0]
RL — Ry _
Z>oH ? o

A
Scheme 2 Proposed mechanism for the formation of
coumarin-3-carboxylic esters

Conclusions

In conclusion, we have developed a highly efficiemd
environmental friendly method for the synthesiscofimarin-3-
carboxylic ester derivativeda FeCk-catalyzed multicomponent
reactions in good to excellent yields. The notailgantages of
this method are mild reaction conditions, lower aniswf cheap
and nontoxic FeGlas catalyst, and the reactant of alcohol as
solvent. It should be noted that this protocolnsexpedient and
atom-economic approach to the coumarin-3-carboxghters
from easy available starting materials. In additioperational
simplicity and no need for extra solvent are theaative features
which make this protocol highly practical for acéegsnew
coumarin scaffolds.

4. Experimental SectionGeneral comments
4.1 General comments

Unless otherwise specified, all reagents and startiatgrials
were purchased from commercial sources and usedcas/ed,
and the solvents were purified and dried by stangdandedures.
The chromatography solvents were technical gradedistiled
prior to use. Flash chromatography was performenigu00-300
mesh silica gel with the indicated solvent systerooeding to
standard techniques. The and**C NMR data were recorded on
300 MHz NMR spectrometers, unless otherwise specified.
Chemical shiftsd) in parts per million are reported relative to the
residual signals of chloroform (7.26 ppm fet and 76.1 ppm for
¥C). Multiplicities are described as s (singlet),(dbublet), t
(triplet), g (quartet), or m (multiplet), and coung constantsJj
are reported in hertz. HRMS analysis with a quadrpiohe-of-
flight mass spectrometer yielded ion mass/charge)(matios in



atomic mass units. IR spectra were measured asliohs/ fKBr), CDCly) 9: 8.43 (s, 1H), 7.60 (s, 1H), 7.26-7.33 (m, 2H), 44,3

and peaks are reported in terms of wave numbet)(cm = 7.2 Hz, 2H), 1.41 (t) = 7.2 Hz, 3H) ppm=C NMR (75 MHz,
CDCly) ¢: 162.6, 156.0, 153.4, 147.2, 134.1, 130.1, 128B19,4,
4.2 General procedure for the synthesis of polysubstited 118.8, 118.2, 62.2, 14.2 ppm. IR (KBv) 3070, 1755, 1705,
coumarin-3-carboxylic esters 4. 1616, 1560, 1473, 1415, 1367, 1290, 1244, 1211310824,

997, 840, 794, 663, 605 EmHRMS (ESI) calcd for GH.CIO
Anhydrous FeGl(0.05 mmol) was added to a stirred solution ([M+H] ") 253.0267, found 253.0267.( ) GHCIO

of salicyladehydéla (1 mmol), Meldrum’s aci® (1.2 mmol) in

ethanol (3 mL). The mixture was heated af@@dor 8 h in an oil 4.2.7 Ethyl 6-bromo-2-oxo-2H-chromene-3-carboxylate
bath and then cooled down to room temperature sbhent was ~ (4ga)."® White solid, yield 90%, mp 175-17C. ‘H NMR (300
removed under vacuum, and the residue was direatifigtl by =~ MHz, CDCL) 0: 8.42 (s, 1H), 7.69-7.74 (m, 2H), 7.24 (s, 1H),
flash column chromatography on silica gel with ethgbtate and  4.44 (0, = 7.2 Hz, 2H), 1.42 () = 7.2 Hz, 3H) ppm."C NMR
petroleum ether (1:6, v/v) as eluting solvent tof the product (75 MHz, CDC}) &: 162.6, 155.9, 153.9, 147.0, 136.9, 131.5,

4aain 93% yield. 119.4, 119.3, 118.5, 117.3, 62.2, 14.1 ppm. IR (KBr3070,
1753, 1705, 1616, 1598, 1558, 1477, 1411, 13670,12942,
421 Ethyl 2-0x0-2H-chromene-3-carboxylate 1211, 1024, 794 cth HRMS (ESI) calcd for GHoBro,

(4aa)."® White solid, yield 93%, mp 90-9%C. 'H NMR (300  ([M+H]") 296.9762, found 296.9765.

MHz, CDCk) 6: 8.52 (s, 1H), 7.60-7.67 (m, 2H), 7.30-7.37 (m, _ .
2H), 4.42 (qJ = 7.2 Hz, 2H), 1.43 () = 7.2 Hz, 3H) ppm*®*c 428 Ethyl 6-.n|tro-2-oxo-2H-chrome1e~31-carboxylate (4ha).
NMR (75 MHz, CDC}) &: 162.9, 156.8, 155.0, 148.6, 134.3, White solid, yield 89%, mp 192-19€. '"H NMR (300 MHz,
129.5, 124.8, 118.1, 117.8, 116.6, 61.9, 14.2 plRn(KBr) v: ~ CDCL) o: 8.58 (s, 1H), 8.56 (s, 1H), 8.51 (@= 9.0 Hz, 1H),
3062, 1776, 1766, 1606, 1564, 1450, 1375, 1296211633, /.51 (dJ=9.3 Hz, 1H), 4.47 (q)= 7.2 Hz, 2H), 1.44 (U= 7.2
962, 775 crit. HRMS (ESI) caled for GH.O, ((M+H]")  Hz, 3H) ppm.“C NMR (75 MHz, CDCJ) 5: 162.0, 158.3, 155.0,

219.0657, found 219.0657. 146.9, 144.2, 128.6, 125.2, 120.5, 118.0, 117.&%,624.1 ppm.
IR (KBr) v: 3088, 1780, 1757, 1691, 1618, 1570, 1497, 1348,
422 Ethyl 6-methyl-2-0xo0-2H-chromene-3- 1257, 1219, 1095, 1018, 985, 752 tnRMS (ESI) calcd for

carboxylate (4ba). White solid, yield 89%, mp 108-10€. C1HgNOg ([M+Na]*) 286.0322, found 286.0324.

'H NMR (300 MHz, CDCJ) d: 8.45 (s, 1H), 7.44 (dl = 8.4 Hz, _
1H), 7.37 (s, 1H), 7.24 (dl = 8.4 Hz, 1H), 4.40 qu =7.2Hz, 429 Ethyl 6_—f|uoro-2—oxo-2H-chromene~13-carboxylate (dia).
2H), 2.40 (s, 3H), 1.41 (] = 7.2 Hz, 3H) ppm™*C NMR (75 White solid, yield 93%, mp 104-10%®C. *H NMR (300 MHz,
MHz, CDCL,) &: 163.0, 156.9, 153.2, 148.5, 135.4, 134.6, 129.1CDCk) &: 8.48 (s, 1H), 7.59 (s, 2H), 7.32 (@= 8.4 Hz, 1H),
118.0, 117.5, 116.3, 61.8, 20.6, 14.2 ppm. IR (KBn3053, 444 (q,J=7.2 Hz, 2H), 1.42 () = 7.2 Hz, 3H) ppm."C NMR
1761, 1705, 1620, 1575, 1492, 1375, 1296, 11349,1@89, 798 (75 MHz, CDC}) &: 162.7 (d,"Jer = 177.4 Hz), 157.1 (dJor =
™ HRMS (ESI) caled for GH140, ((M+H] ) 233.0814, found  62.0 Hz), 151.3, 147.4 (Wcr = 1.8 Hz), 130.5, 122.0 (d)cr =

233.0814. 24.4 Hz), 119.5, 118.5 (dJcr = 8.2 Hz), 114.5 (d'Jr = 23.6
Hz), 62.2, 14.2 ppm. IR (KBny: 3059, 1751, 1687, 1618, 1571,
423 Ethyl 7-methoxy-2-oxo-2H-chromene-3-carboxylate 1489, 1369, 1294, 1157, 1114, 1026, 993, 798; ¢iRMS (ESI)

(4ca).'® Yellow solid, yield 89%, mp 130-13Z. *H NMR (300  calcd for G,H;oFO, ([M+H] ") 237.0563, found 237.0562.

MHz, CDCL) &: 8.45 (s, 1H), 7.48 (dl = 8.7 Hz, 1H), 6.87 (] 1
= 8.7 Hz, 1H), 6.77 (s, 1H), 4.39 (4= 7.2 Hz, 2H), 3.86 (s, 42.10 Ethyl 3-0x0-3H-benzo[f] chromene-2-carboxylate (4ja).
3H), 1.38 (tJ = 7.2 Hz, 3H) ppm™C NMR (75 MHz, CDC}) & Yellow solid, yield 90%, mp 118-11%€. "H NMR (300 MHz,
165.1, 163.7, 157.5, 157.1, 148.9, 130.7, 114.8.6,1111.5, CDCk) d: 9.30 (s, 1H), 8.32 (dl = 8.1 Hz, 1H), 8.10 (d] = 9.0
100.3, 61.6, 56.0, 14.2 ppm. IR (KBr)3053, 1753, 1726, 1714, Hz, 1H), 7.93 (dJ = 8.1 Hz, 1H), 7.77 () = 7.5 Hz, 1H), 7.63
1620, 1558, 1506, 1381, 1294, 1172, 1118, 1031, B@p cni. (L J=7.8 Hz, 1H), 7.46 (d] = 9.0 Hz, 1H), 4.50 (q) = 7.2 Hz,
HRMS (ESI) calcd for GH1,0s ([M+H]") 249.0763, found 2H). 1.46 (tJ=7.2 Hz, 3H) ppm."C NMR (75 MHz, CDCY) o

249.0762. 162.7, 155.9, 155.0, 143.6, 135.2, 128.3, 128.5.612120.5,
115.7, 111.4, 61.1, 13.4 ppm. IR (KBv) 3080, 1745, 1697,
424 Ethyl 7-(diethylamino)-2-oxo-2H-chromene-3- 1627, 1604, 1568, 1463, 1396, 1296, 1217, 11245,1D42 cni.

carboxylate (4da).”® Pale brown solid, yield 83%; mp 171-172 HRMS (ESI) calcd for GH;,0, ([M+H]") 269.0814, found
°C.*H NMR (300 MHz, CDCJ) &: 8.40 (s, 1H), 7.34 (1= 9.3  269.0813.
Hz, 1H), 6.60 (dJ = 9.0 Hz, 1H), 6.43 (s, 1H), 4.38 (@= 7.2 ,
Hz, 2H), 3.45 (q) = 7.2 Hz, 4H), 1.38 () =7.2 Hz, 3H), 1.23 (t, 4-2.11 Methyl 2—oxo-2H-chron1e111e3-carboxyIate (4ab). White
J = 7.2 Hz, 6H) ppm=C NMR (75 MHz, CDCJ) &: 164.2,  solid, yield 91%, mp 118-1C. *H NMR (300 MHz, CDCJ) 5
158.4, 158.3, 152.8, 149.2, 131.0, 109.5, 108.8,6,®6.6, 61.1, 8:53 (s, 1H), 7.56-7.64 (m, 2H), 7.27-7.34 (m, 2H)23(s, 3H)
45.0, 14.3, 12.4 ppm. IR (KBK} 3354, 1732, 1699, 1622, 1589, PPM. "C NMR (75 MHz, CDC)) 4: 163.8, 156.9, 155.2, 149.1,
1514, 1477, 1446, 1354, 1222, 1186, 1103, 1028, Ba® cnt. ~ 134.4, 129.5, 124.9, 117.9, 117.8, 116.7, 52.9 gRT(KBIr) V.
HRMS (ESI) calcd for GHiNO, (IM+H]") 290.1392, found 3059, 1745, 1701, 1685, 1616, 1560, 1452, 1363113247,
200.1393. 1215, 1155, 997, 756 ¢m HRMS (ESI) calcd for GHeO,
(IM+H] ") 205.0501, found 205.0500.
425 Ethyl 6,8-di-tert-butyl-2-oxo-2H-chromene-3-carboxylate
(4ea). White solid, yield 80%; mp 115-11%. '"H NMR (300 ~ 4.2.12 Methyl  6-methyl-2-oxo-2H-chromene-3-carboxylate
MHz, CDCL) o: 8.49 (s, 1H), 7.66 (s, 1H), 7.39 (s, 1H), 4.40 (g,(4bb). White solid, yield 90%; mp 135-13&. "H NMR (300
J=7.2 Hz, 2H), 1.49 (s, 9H), 1.41 @,= 7.2 Hz, 3H), 1.34 (s, MHz, CDCl) &: 8.49 (s, 1H), 7.45 (d] = 8.7 Hz, 1H), 7.37 (s,
9H) ppm. ®C NMR (75 MHz, CDC)) &: 163.3, 156.6, 152.0, 1H), 7.24 (dJ=8.7 Hz, 1H), 3.93 (s, 3H), 2.40 (s, 3H) ppric
149.9, 147.1, 137.4, 129.7, 123.9, 117.8, 117.07,65.1, 34.6, NMR (75 MHz, CDC}) &: 163.8, 156.9, 153.3, 149.2, 149.1,
31.2,29.7, 14.2 ppm. IR (KB} 2981, 1739, 1707, 1618, 1577, 135.6, 134.7, 129.1, 117.7, 117.5, 116.4, 52.86 Z(pm. IR
1471, 1396, 1286, 1255, 1211, 1035, 979, 798;¢4RMS (ESI)  (KBr) v: 3064, 1772, 1755, 1622, 1571, 1492, 1436, 138341
calcd for GoH,70, ((M+H] ") 331.1909, found 331.1909. 1132, 1029, 933, 756 ¢m HRMS (ESI) caled for GHy;0,
(IM+H] ") 219.0657, found 219.0655.

4.2.6 Ethyl 6-chloro-2-oxo-2H-chromene-3-carboxylate (4fa).*
White solid, yield 91%, mp 174-17%&. 'H NMR (300 MHz,
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4.2.13 Methyl  7-methoxy-2-oxo-2H-chromene-3-carboxylate
(4cb). Yellow solid, yield 88%, mp 226-22%. "H NMR (300
MHz, CDCL) d: 8.81 (s, 1H), 7.62 (dl = 8.7 Hz, 1H), 7.00 (d]
= 8.7 Hz, 1H), 6.89 (s, 1H), 3.91 (s, 6H) ppHC NMR (75

1394, 1296, 1211, 1120, 1103, 1008, 983, 794; ¢RMS (ESI)
calcd for GsH1;,0, ([M+H]™) 255.0657, found 255.0658.

4.2.20 Pentan-2-yl 7-methoxy-2-oxo-2H-chromene-3-

MHz, CDCH) &: 163.1, 151.2, 149.5, 131.7, 130.7, 115.1, 113.7¢arboxylate (4cc). White solid, yield 88%, mp 125-12€. H

100.7, 100.3, 56.3, 52.7 ppm. IR (KBv) 3049, 1751, 1681,
1614, 1556, 1473, 1363, 1298, 1205, 1072, 1001, B28 cn:;
HRMS (ESI) calcd for GH.,0s ([M+H]*) 235.0606, found
235.0605.

4.2.14 Methyl 7-(diethylamino)-2-oxo-2H-chromene-3-
carboxylate (4db).*® Yellow solid, yield 85%, mp 173-17€. 'H
NMR (300 MHz, CDC)) &: 8.41 (s, 1H), 7.34 (d] = 9.0 Hz,

NMR (300 MHz, CDCJ) &: 8.43 (s, 1H), 7.50 (dJ = 9.0 Hz,
1H), 6.85-6.89 (dJ) = 8.7 Hz, 1H), 6.80 (s, 1H), 5.10-5.20 (m,
1H), 3.89 (s, 3H), 1.68-1.75 (m, 1H), 1.51-1.60 (m, ,1HB6-
1.48 (m, 2H), 1.34 (d) = 6.3 Hz, 3H), 1.23 (1) = 6.9 Hz, 3H)
ppm; °C NMR (75 MHz, CDCJ) &: 164.1, 162.0, 156.6, 147.5,
138.7, 129.7, 113.7, 112.7, 110.7, 99.4, 71.5, 53711, 17.8,
17.5, 13.0 ppm; IR (KBry: 2962, 1749, 1697, 1606, 1556, 1506,
1462, 1377, 1263, 1219, 1170, 1022, 794'cHRMS (ESI)

1H), 6.59 (dJ = 9.0 Hz, 1H), 6.42 (s, 1H), 3.871§s, 3H), 3.45 (q, caled for GgH140s ([M+H] ") 291.1232, found 291.1232.

J= 7.8 Hz, 4H), 1.22 (1] = 6.6 Hz, 6H) ppm*C NMR (75

MHz, CDCL) &: 164.9, 158.5, 152.9, 149.6, 131.1, 109.6, 108.3%-2.21 Pentan-2-yl

107.6, 96.6, 52.2, 45.0, 12.3 ppm. IR (KBr)3502, 1755, 1703,
1618, 1587, 1514, 1446, 1419, 1354, 1224, 1199611878,
796 cni; HRMS (ESI) calcd for GH,,NO, (M+H") 276.1236,
found 276.1235.

4.2.15 Methyl 6,8-di-tert-butyl-2-oxo-2H-chromene-3-
carboxylate (4eb). White solid, yield 80%, mp 157-15€. 'H

6-chloro-2-oxo-2H-chromene-3-carboxyl ate
(4fc). White solid, yield 90%, mp 139-14%. 'H NMR (300
MHz, CDCL) é: 8.36 (s, 1H), 7.54-7.59 (m, 2H), 7.28 (&= 8.4
Hz, 1H), 5.12-5.26 (m, 1H), 1.68-1.78 (m, 1H), 1.5211 (6,
1H), 1.39-1.46 (m, 2H), 1.36 (d,= 6.3 Hz, 3H), 0.94 (1} =7.2
Hz, 3H) ppm.°*C NMR (75 MHz, CDCJ) &: 162.1, 156.0, 153.3,
146.5, 133.9, 130.0, 128.4, 119.8, 118.8, 118.1,7%7.9, 19.8,
18.6, 13.8 ppm. IR (KBry: 3097, 1745, 1708, 1625, 1566, 1479,

NMR (300 MHz, CDCJ) o: 8.50 (s, 1H), 7.64 (s, 1H), 7.36 (s, 1363, 1292, 1246, 1118, 1083, 1010, 968, 792;¢4RMS (ESI)

1H), 3.90 (s, 3H), 1.46 (s, 9H), 1.31 (s, 9H) ppfa. NMR (75

calcd for GsHClO, ([M+H] ) 295.0737, found 295.0735.

MHz, CDCk) ¢: 164.0, 156.5, 152.1, 150.5, 147.2, 137.4, 129.9,

123.9, 117.8, 116.6, 52.7, 35.1, 31.2, 29.7 ppm.(KBr) v:
2953, 1739, 1718, 1622, 1581, 1467, 1363, 12880,122009,
1018, 956, 767 cih HRMS (ESI) calcd for GH»s0, ((M+H] )
317.1753, found 317.1754.

4.2.16 Methyl 6-chloro-2-oxo-2H-chromene-3-carboxylate (4fb).
White solid, yield 89%, mp 199-20%C. *H NMR (300 MHz,
CDCl) 6: 8.83 (s, 1H), 8.43 (s, 1H), 7.43 @@= 9.6 Hz, 1H),
7.29 (d,J = 9.3 Hz, 1H), 3.92 (s, 3H) pprC NMR (75 MHz,
CDCL) ¢: 163.4, 161.9, 153.5, 150.2, 147.7, 135.6, 13129,3,
128.4, 118.6, 118.3, 53.1 ppm. IR (KBr) 3051, 1753, 1680,
1614, 1560, 1475, 1429, 1384, 1300, 1269, 12057,10835,
1001, 798 cnt; HRMS (ESI) calcd for GHCIO, ([M+H]")
239.0111, found 239.0111.

4.2.17 Methyl 6-bromo-2-oxo-2H-chromene-3-carboxylate
(4gb). White solid, yield 88%, mp 184-18%. '"H NMR (300
MHz, CDCL) &: 8.82 (s, 1H), 8.43 (s, 1H), 7.36 (@= 8.1 Hz,
1H), 7.23 (d,J = 8.1 Hz, 1H), 3.92 (s, 3H) ppm’C NMR (75

4.2.22 Pentan-2-yl 6-bromo-2-oxo-2H-chromene-3-carboxylate
(4gc). White solid, yield: 89%, mp 147-14€. '"H NMR (300
MHz, CDCL) &: 8.35 (s, 1H), 7.68-7.74 (m, 2H), 7.22 (d; 8.4
Hz, 1H), 5.14-5.20 (m, 1H), 1.69-1.78 (m, 1H), 1.5811(m,
1H), 1.39-1.46 (m, 2H), 1.33 (d,= 6.3 Hz, 3H), 0.91 (1) =7.5
Hz, 3H) ppm.°*C NMR (75 MHz, CDCJ) &: 162.1, 155.9, 153.8,
146.4, 136.7, 131.4, 119.9, 119.3, 118.5, 117.21,7%7.9, 19.9,
18.6, 13.8 ppm. IR (KBry: 3091, 1753, 1703, 1624, 1600, 1560,
1475, 1359, 1267, 1209, 1149, 1105, 1010, 968, @92,
HRMS (ESI) calcd for GH,dBrO, ([M+H]") 339.0232, found
339.0232.

4.2.23 Benzyl 7-methoxy-2-oxo-2H-chromene-3-car boxylate
(4cd). Yellow solid, yield 73%, mp 123-12%. 'H NMR (300
MHz, CDCk) &: 8.50 (s, 1H), 7.48 (dl = 9.0 Hz, 2H), 7.33-7.41
(m, 4H), 6.88 (dJ = 9.0 Hz, 1H), 6.81 (s, 1H), 5.37 (s, 2H), 3.89
(s, 3H) ppm;**C NMR (75 MHz, CDCJ) ¢: 165.2, 163.1, 157.6,
149.2, 135.7, 130.7, 128.6, 128.3, 113.7, 111.6,31(67.2, 56.0
ppm; IR (KBr)v: 2951, 1751, 1689, 1614, 1562, 1500, 1463,

MHz, CDCL) &: 163.4, 161.8, 150.0, 147.5, 138.4, 137.1, 132.41377, 1305, 1276, 1170, 1116, 1026, 1006, 869, @36;

131.5, 118.8, 118.5, 117.4, 53.0 ppm. IR (KBr)3051, 1750,
1699, 1616, 1564, 1454, 1438, 1365, 1285, 12092,10002,
796, 758 crt; HRMS (ESI) calcd for GHgBrO, ((M+H]")
282.9606, found 282.9608.

4.2.18 Methyl 6-nitro-2-oxo-2H-chromene-3-carboxylate (4hb).
White solid, yield 89%, mp 222-22%C. 'H NMR (300 MHz,
CDCly) 8: 8.58 (s, 1H), 8.52 (s, 1H), 8.47 @@= 8.1 Hz, 1H),
7.48 (d,J = 8.4 Hz, 1H), 3.94 (s, 3H) ppm’C NMR (75MHz,
CDCly) &: 162.6, 158.3, 147.4, 128.7, 125.2, 120.1, 11B1%,7,

HRMS (ESI) calcd for GHiOs ((M+H]*) 311.0919, found
311.0918.

4.2.24 Benzyl 6-bromo-2-oxo-2H-chromene-3-carboxylate (4gd).
White solid, yield 81%, mp 186-18C. ‘H NMR (300 MHz,
CDCL) &: 8.43 (s, 1H), 7.70-7.73 (m, 2H), 7.45-7.48 (m, 2H),
7.36-7.42 (m, 4H), 7.23 (s, 1H), 5.39 (s, 2H) ppi@. NMR (75
MHz, CDCl) &: 162.3, 155.9, 153.9, 147.4, 137.1, 135.1, 131.5,
128.7, 128.5, 128.3, 119.2, 119.1, 118.5, 117.37 §pm. IR
(KBr) v: 3091, 3034, 1762, 1693, 1618, 1558, 1473, 143821

53.3 ppm. IR (KBr)v: 3105, 3068, 1780, 1757, 1697, 1618, 1288, 1209, 1136, 1072, 985, 792, 744'¢ciHRMS (ESI) calcd

1570, 1521, 1477, 1436, 1348, 1305, 1257, 11395,10001,
796, 752 cnif; HRMS (ESI) caled for GHgNOg ([M+H]")
250.0351, found 250.0350.

4.2.19 Methyl 3-oxo-3H-benzo[f] chromene-2-carboxylate (4jb).

Yellow solid, yield 90%, mp 162-16%C. 'H NMR (300 MHz,
CDCl) 3: 9.24 (s, 1H), 8.25 (d] = 8.4 Hz, 1H), 8.05 (dJ = 9.0
Hz, 1H), 7.89 (dJ = 8.1 Hz, 1H), 7.70 () = 7.2 Hz, 1H), 7.57

(t, J = 7.5 Hz, 1H), 7.39 (d) = 9.0 Hz, 1H), 3.98 (s, 3H) ppm.

for C7H,Bro, ([M+H] ") 358.9919, found 358.9916.

4.2.25 Benzyl 6-nitro-2-oxo-2H-chromene-3-carboxylate (4hd).
White solid, yield 83%, mp 236-23C. 'H NMR (300 MHz,
DMSO-d) 4: 8.98 (s, 1H), 8.96 (s, 1H), 8.51 (s 8.7 Hz, 1H),
7.65 (d,J = 8.7 Hz, 1H), 7.50 (dJ = 6.9 Hz, 2H), 7.34-7.42 (m,
3H), 5.34 (s, 2H) ppm->C NMR (75 MHz, DMSO€"®) 5: 162.5,
158.5, 155.5, 148.4, 144.1, 136.0, 129.1, 128.®.612128.4,
126.6, 119.6, 118.6, 118.2, 107.5, 67.2 ppm. IRrjKB 3086,

*C NMR (75 MHz, CDCJ) &: 164.0, 156.8, 155.9, 144.9, 136.2, 3057, 1755, 1703, 1573, 1498, 1452, 1379, 12907,12095,

130.1, 129.3, 129.2, 129.1, 126.6, 121.4, 116.%5.81112.2,

1002, 862, 796 cih HRMS (ESI) calcd for GH;,NOg ([M+H] ")

52.9, 29.6 ppm. IR (KBry: 3051, 1745, 1701, 1602, 1570, 1442, 326.0664, found 326.0664.



4.2.26 Allyl 7-methoxy-2-oxo-2H-chromene-3-carboxylate (4ce).
Yellow solid, yield 90%, mp 108-10%C. 'H NMR (300 MHz,
CDCL) 6: 8.52 (s, 1H), 7.49 (dl = 8.7 Hz, 1H), 6.89 (d] = 8.7
Hz, 1H), 6.80 (s, 1H), 595-6.08 (m, 1H), 5.47 Jds 17.1 Hz,
1H), 5.31 (dJ = 10.5 Hz, 1H), 4.82 (d] = 5.7 Hz, 2H), 3.89 (s,
3H) ppm.**C NMR (75 MHz, CDC)) ¢: 165.2, 163.1, 157.6,
157.1, 149.3, 131.6, 130.8, 118.9, 113.7, 113.6,.5/1100.3,
66.1, 56.0 ppm. IR (KBry: 3047, 3018, 1755, 1732, 1693, 1616,
1560, 1498, 1419, 1379, 1309, 1230, 1172, 10243,1943, 860,
792 cni'; HRMS (ESI) caled for @H;30s (M+H] ") 261.0763,
found 261.0762.

4.2.27 Allyl 6,8-di-tert-butyl-2-oxo-2H-chromene-3-carboxylate
(4ee). White solid, yield 85%, mp 122-12€. 'H NMR (300
MHz, CDCk) d: 8.52 (s, 1H), 7.66 (s, 2H), 7.39 (s, 1H), 5.82-
6.01 (m, 1H), 4.81 (dJ = 5.4 Hz, 2H), 4.63 (d] = 5.7 Hz, 2H),
1.48 (s, 9H), 1.33 (s, 9H) ppm’iC NMR (75 MHz, CDC)) :
166.0, 163.0, 156.5, 152.1, 150.3, 147.1, 137.4,6,3131.4,
129.8, 124.0, 118.7, 117.8, 116.5, 66.1, 41.4,,349%7 ppm; IR
(KBr) v: 2954, 1739, 1710, 1649, 1620, 1579, 1467, 138821
1211, 1145, 1010, 993, 796 ¢mHRMS (ESI) calcd for
Co1H70, (IM+H] ") 343.1909, found 343.1906.

4.2.28 Allyl 6-chloro-2-oxo-2H-chromene-3-carboxylate (4fe).

White solid, yield 91%, mp 142-14%. 'H NMR (300 MHz,

CDCly) &: 8.45 (s, 1H), 7.59 (s, 2H), 7.32 @~ 8.7 Hz, 1H),
5.95-6.08 (m, 1H), 5.49 (dl = 16.8 Hz, 1H), 5.34 (d) = 10.2

Hz, 1H), 4.85 (dJ = 5.1 Hz, 2H,) ppm™C NMR (75 MHz,

CDCly) 6: 162.3, 155.9, 153.5, 147.4, 134.2, 131.3, 1318, 4,

119.2, 118.7, 118.2, 66.5 ppm. IR (KBr) 3053, 1766, 1741,
1701, 1643, 1620, 1562, 1479, 1379, 1301, 125121943, 794
cm®; HRMS (ESI) calcd for GH,CIO, (M+H]") 265.0267,
found 265.0265.

4.2.29 Allyl 6-bromo-2-oxo-2H-chromene-3-carboxylate (4ge).
White solid, Yield 90%, mp 154-15%C. 'H NMR (300 MHz,
CDCly) 8: 8.44 (s, 1H), 7.73 (s, 2H), 7.23 (s, 1H), 5.97-q1%4
1H), 5.48 (dJ = 16.8 Hz, 1H), 5.33 (d] = 8.7 Hz, 1H), 4.84 (d,

J = 6.0 Hz, 2H) ppm®C NMR (75 MHz, CDCJ) &: 162.2,
155.8, 153.9, 147.3, 137.0, 131.5, 131.3, 119.83.511117.3,
66.5 ppm. IR (KBr)v: 3099, 3053, 1766, 1741, 1699, 1643,
1560, 1477, 1415, 1379, 1247, 1207, 1010, 943, Ti94;
HRMS (ESI) caled for GH,,Bro, ([M+H]") 308.9762, found
308.9760.

4.2.30 Allyl 6-nitro-2-oxo-2H-chromene-3-carboxylate (4he).
Yellow solid, yield 91%, mp 165-168. '"H NMR (300 MHz,
CDCly) 3: 8.60 (s, 1H), 8.56 (s, 1H), 8.50 @~ 9.3 Hz, 1H),
7.50 (d,J = 9.3 Hz, 1H), 5.95-6.08 (m, 1H), 5.49 (tk 17.4 Hz,
1H), 5.35 (dJ = 10.5 Hz, 1H), 4.87 (dl = 7.2 Hz, 2H) ppm*C
NMR (75 MHz, CDC}) &: 161.7, 158.3, 154.8, 147.2, 144.2,
131.0, 128.7, 125.2, 120.2, 119.5, 118.1, 117.78 ¢pm. IR
(KBr) v: 3074, 3055, 1776, 1755, 1693, 1647, 1622, 156871
1346, 1255, 1093, 1006, 939, 752 trRMS (ESI) calcd for
Cy5H1NOg ((M+H] ) 276.0508, found 276.0505.

4.2.31 Allyl 3-oxo-3H-benzo[ f] chromene-2-carboxylate (4je).
Yellow solid, yield 91%, mp 115-118. 'H NMR (300 MHz,
CDCly) 8: 9.30 (s, 1H), 8.29 (d] = 8.4 Hz, 1H), 8.09 (d) = 9.3
Hz, 1H), 7.92 (dJ = 8.1 Hz, 1H), 7.76 (t) = 7.5 Hz, 1H), 7.59
(t, J= 7.5 Hz, 1H), 7.45 (d) = 8.7 Hz, 1H), 6.00-6.14 (m, 1H),
5.53 (d,J = 17.4 Hz, 1H), 5.35 (d] = 11.7 Hz, 1H),4.91 (d] =
6.9 Hz, 2H) ppm°C NMR (75 MHz, CDCJ) &: 163.2, 156.7,
155.9, 144.7, 136.3, 131.5, 130.1, 129.3, 129.3.112126.6,
121.4, 119.1, 116.6, 115.9, 112.1, 66.4 ppm. IRrjKB 3014,
2922, 1745, 1695, 1625, 1600, 1564, 1454, 13920,13055,
1134, 1012, 989, 750 ¢ HRMS (ESI) calcd for GH30,
([M+H] ™) 281.0814, found 281.0816.
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Crystallographic data fofaa space groug(2)1l/c,a = 7.933(2)
A, b=157454) A, c =8.748(2) A& = 9C, # = 108.157(3) y =

0°, V =1038.3(4) A T = 293 K,Z = 4. Crystallographic data for
compound 4i (CCDC-1011994) reported in this paper can be
found in the ESI. These data can be obtained freharge from
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