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ABSTRACT:An e cient route for the coupling of maleimides with chromones at the C5-position has been developed under
Ru(ll) catalysis. It could provide 1,4-addition products and oxidative Heck-type products by switching additives. Benzoic acid led
the formation of 1,4-addition products under solvent-free conditions, and silver acetate was promoted to the generation of oxidati
Heck-type products. Various maleimides and chromones were suitable for this transfordiatjgchgadesired products with

good to excellent yields in a short reaction time. To understand the mechanism of this reaction, deuteration studies and contr
experiments have been performed.

INTRODUCTION intermediatd is formed in the coupling reactions of arenes
The succinimide and maleimide motifs are prevalent in mat‘wq malelmldgg, and it does not hatigdrogen in theyn ,
natural products and drug candidates, exhibiting a bro riplanar position. There are two ways for the transformation

of intermediaté: one way is acid-promoted protodemetalla-

spectrum of biological activitieBherefore, development of di qditi g - and the oth i< b
e cient and practical methods for the preparation of thediPn: a ording 1,4-addition products; and the other way is base

compounds has drawn considerable attention from chemis"i'g.et""t(la ion-promoted déeproton_atlon, g|v||ng !—éeck—typde prod-
Transition-metal-catalyzedkbond activation is considered ucts. In most reported reactions, maleimides underwent

as a direct way to construct structurally diverse molecules.nxdroarylat'on’ providing 1,4-agjd|t|on pro&u@s.erent
tal catalysts (such as rhodium, ruthenium, cobalt, and

recent years, several directing groups assisted couplm§ full lied in this t f tion. |
reactions of maleimides afldetero)arenes have been manganese) were successfully applied in this transformation. In

accomplished by transition-metal-catalyzeti Gond 2018, the Prabhu group reported trs Heck-type coupling

activatiort. °> According to the mechanisfcheme )] the of maleimides with ketones by Rh(ll)-catalyzed direkit C
bond activation, and the desired products were obtained in

Scheme 1. Formation of the 1.4-Addition Product and moderate yieldsLater, they developed an elegant method for
Heck-Type Product from Intermediate |
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Scheme 2. Comparison of Previous Work with Current Work

previous work:
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the coupling of maleimides with indoles at the C4-positiomwas reported for the Cb5-alkylation of chromones with
under Rh(lll) catalysis. In this protocol, 1,4-addition productsnaleimides under Rh(Ill) catalysiSciieme &3° The

and Heck-type products could be obtained by switching therotocols for the alkenylation of chromones at the C5-position
additives $cheme @23° In 2019, a Rh(lll)-catalyzed with maleimides has never been reported.

alkenylation of maleimides with arylacetamides was achieveth continuation of our studies on the direct functionalization
by Jeganmohangroup. Very recently, Sharma and co- of unactivated CH bonds/*'? we are interested in the
workers reported a method on the regioselectiid C exploration of transition-metal-catalyzed protocols for the
alkylation and alkenylation at the C5-position of 2-aminacoupling of maleimides with chromones at the C5-position.
1,4-naphth0 Uinones W|th maleimides Undel’ Rh(”l) Catalysiﬁspired by the aforementioned background and our
(Scheme 19).* Obviously, approaches for the preparation ofyperiences in thiseld!? we herein aim to disclose a
1,4-addition products and Heck-type products of maleimidepﬁj(”)_catmyzed novel protocol for hydroarylation and
yvith (hetero)arenes via direct i€ bond activation are highly . iqative Heck-type coupling of chromones at the C5-position
in demand. . o with maleimides by switching the additi€esiéme d).

The chromone scald is a core structure and ubiquitously ~ \va ' started our exploration using chromaaeand
present in numerous t_)loactlve corr_]pounds a_md pharmaceméleimidéaas model substrates. &ent additives, solvents,
!cals, an dd the(ljr_ derl\gtlvesf have gamled con5|_der?]ble agenté(?ﬂounts of the additive, reaction temperatures, equivalents of
n new drug discoveno far, several strategies have eer}lnaleimide, and catalysts were screened for this transformation

developed for the functionalization oérnt positions of the . ; : X
chromgne fing to synthesize their derivé’ﬁ%ejso The C5- (Tables S1S5 Supporting Information). Finally, the optimal
' |;I:_onditions for the hydroarylation of maleimides and

position of chromones could be functionalized by chelatio btaineN:ethvimaleimide (2.5 :
assisted transition-metal-catalyzed transformation. In this c4{80mones were obtaineN:ethylmaleimide (2.5 equiv),
u(p-cymene)Gl, (2.5 mol %), AgNTf(10 mol %), and

the keto group of chromones, which has weakly coordinati ) X , . .
ability, was used as a directing group. On the basis of tHi§"20IC acid (0.8 equiv) without solvent & air (entry

strategy, Jeganmohan and Padala and Antengviokp 3, Tgble S3 Supporting Informahqn); and the. qptlmal
successfully developed elegant methods of oxidative crgéditions for the Heck-type coupling of maleimides and
coupling of olens with chromones at the C5-position usingchromones were obtained:ethylmaleimide (2.5 equiv),
Ru(ll) and Rh(lll) catalysts, respectivelySubsequently, [Ru(p-cymene)Gl, (5 mol %), AgNTSf (20 mol %), and
several research groupsished the C5-amination of AgOAc (3 equiv) in DCE (2 mL) at 12C in air (entry 1,
chromones with sulfonyl azides usingrent transition- Table S5 Supporting Information). Moreover, gram-scale
metal catalyst§.In 2015, a Ru(ll)-catalyzed hydroxylation of reactions were carried out under the optimal conditions, and
chromones at the C5-position was accomplished bys Honghe desired produciaand4awere obtained in 84 and 81%
group-* However, the methods for the coupling of chromoneyields, respectively (entry Taple Sand entry 13Table S5

at the C5-position with maleimides are rare. Only one methdslupporting Information). The structure of prodiectvas
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Table 1. Hydroarylation of Chromones and Maleimitles

[Ru(p-cymene)Cl,], (2.5 mol%)

o o)
AgNTf, (10 mol%)
N + || N-R? -
RT | PhCOOH (0.8 equiv)
O o)

Neat, Air, 80 °C
1 2 3
o o) o o o o)
| \ |
o) o) o)
3a,4.5h, 91% 3b, 6 h, 87% 3¢, 6 h, 93% 3d,6h, 87%
o) Q o)
HN
o o © o
| |
o) o)
3e, 4 h, 87% 3f, 6 h, 85% 3g, 6 h, 89% 3h,12h,79% 3i,6.5h, 89%
R3
% o)
__—\ 0]
o
O (0]
(0] o) o (e) o
| , L1
o)
o) o o
3L,R®=H,6h,81% 30 2 h 82%
3j, 5 h, 91% 3k, 6.5h,90% 3m,R3=Et 6.5h, 86% e Reh
g o I R

®Reaction condition%:(0.2 mmol, 1 equivg (0.5 mmol, 2.5 equiv), [Roicymene)G], (0.005 mmol, 0.025 equiv), AgNTd.02 mmol, 0.1
equiv), and benzoic acid (0.16 mmol, 0.8 equiv) without solverftGiir8air.

further conrmed by single-crystal X-ray analysis (CCDCgroup to hydrogen or other alkyl groups at the nitrogen
1901928, see tt&upporting Informatidn position of maleimides, the related products were obtained in
Having the optimized conditions in hand, we explored thgood yields 4r 4v). N-benzylmaleimide and-phenyl-
scope for the hydroarylatiaeaction. Chromones and maleimides with various substituents (bromo, ethyl, acetyl,
maleimides with diverse substituents were examined undgerd nitro) were tolerated in this transformation, furnishing the
the solvent-free reaction conditions. Various substituents welesired products in good yields in a short reaction4wne (
tolerated in this transformation, and the desired products wedad. To our delight, this protocol was also suitable for

obtained in good to excellent yields i® B (Table 13b acrylates, and the corresponding products were obtained in
3n). The reaction of xanthone gave the desired product in 82¢ood yields in 1 h4@d 4af). Furthermore, application of
yield in 2 h Table 130).*® phenyl vinyl sulfone was successful, providing the desired

Next, we turned our attention to evaluate the generality fggroduct in 93% yield in 0.5 4a9.
the Heck-type coupling reaction. Chromone derivatives with After successfully developing the protocol for the prepara-
diverse electron-donating or electron-withdrawing groups tn of Heck-type products of succinimides with chromones,
the dierent positions were tested withethylmaleimide we tried to modify the C3-position of the chromone ring of the
under optimal conditions. Generally, the reactions proceedptbducts using reported methods to demonstrate their further
smoothly, providing the corresponding products in good teynthetic utility cheme)3 Selenation of the produtawith
excellent yields in a short reaction timable 2 4b 4q). diphenyl diselenide employing the method from our group was
Notably, chromone derivatives containing halogens or estrccessf(f,a ording the desired produsain 68% isolated
groups were tolerated in this transformation, providing ayield. The producta could be further alkenylated wint
opportunity for further modiation of the related products at butyl acrylaté or benzoquinor by palladium catalysis, and
the remaining reactive sitete (4h, 4i, 41 40, and 4q). the expected produdib and5c were obtained in moderate
Subsequently, we turned our attention to investigate the scoyields.
of the reaction with respect to maleimide reactants with To gain some insights into the mechanism of this interesting
chromone under the optimal conditions. Changing the ethylpproach, we conducted the deuterium labeling experiments.
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Table 2. Heck-Type Coupling of Chromones and Maleinftdes

[Ru(p-cymene)Cl,], (5 mol%)

o O
AgNTTf, (20 mol%)
T + | N-R? ;
R _ | AgOAc (3 equiv)
o o)

DCE, Air, 120 °C

1 2

®Reaction conditiong: (0.2 mmol, 1 equivg (0.5 mmol, 2.5 equiv), [Rpcymene)G], (0.01 mmol, 0.05 equiv), AgNT0.04 mmol, 0.2
equiv), and AgOAc (0.6 mmol, 3 equiv) in DCE (2 mL, 0.1 M) at@ 2@ air.”[Ru(p-cymene)G], (0.015 mmol, 0.075 equiv) and AgNTf
(0.06 mmol, 0.3 equiv) were used.

la was treated with 2 equiv ot under the optimal and see th8upporting Informatidior details). These results
conditions in the absence of maleimide, leading to thsuggest that the initial €& activation step might be
incorporation of deuterium at the C5-positiobaafccording reversible, and the @& activation exclusively occurs at the
to the proton NMR spectrumS¢heme & and see the C5-position with the assistance of the keto group. Moreover,
Supporting Information for details). Then, we performed thé&,4-addition producBa was examined under the optimal
same reaction with 2.2 equiv2& No incorporation of  conditions. After 12 h, 84%3#was recovered, atd was
deuterium was observed for the isolated pro8obeine kit obtained in 10% isolated yiel8clieme ¢! and see the
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Scheme 3. Synthetic Applicatiéhs

®Reaction conditions: #a(53.8 mg, 0.2 mmol), diphenyl diselenide (31.2 mg, 0.1 mmol), NIS (6.7 mg, 0.03 mmol), TBHP {@0%iin H

L, 0.8 mmol), DMF (2 mL, 0.1 M), PC, and 12 h; (iiga(53.8 mg, 0.2 mmollertbutyl acrylate (58L, 0.4 mmol), Pd(OAg)4.5 mg, 0.02
mmol), Cu(OAc) (109.0 mg, 0.6 mmol), £&O; (165.4 mg, 0.6 mmol), PivOH (2 mL, 0.1 M), 220 and 8 h; and (iii¥a(53.8 mg, 0.2
mmol), 1,4-benzoquinone (86.5 mg, 0.8 mmol), Pd{@&E) mg, 0.04 mmol), AgOAc (83.4 mg, 0.5 mmol), PivOHL(46.4 mmol), 1,4-
dioxane (2 mL, 0.1 M), 10C, and 12 h.

Supporting Informatiodor details). The result of this puri cation. Solvents for chromatography were _technical grade.
experiment indicates thd is not formed by the oxidation Column chromatography was performed using silica gel Merck 60

of 3ain this transformation. Additionally, the kinetic isotope(particle size, 0.040.063 mm). Solvent mixtures are understood as
golume/volume.lH NMR, BC{H} NMR, and ¢ NMR were

e ect (KIE) values of the parallel and competitive reaction : ;
g recorded using a Bruker DRX 500 (500 MHz) spectrometer ig CDCI
were obtained, and these results suggest that tHe C é = 7.26 ppm for 1H; = 77.00 ppm foFC) and in DMSCr ( =

metallation might be involved in the rate-determining step g, ppm fofH: = 39.43 ppm folC). Data are reported in the
(Schemediand see thBupporting Informatiofor details).  foliowing order: chemical shify {n ppm; multiplicities are indicated

On the basis of control studies and the reportedss s (singlet), d (doublet), t (triplet), g (quartet), and m (multiplet);
literature, >° ** a plausible mechanism of the reactions ofand coupling constanty ére given in hertz (Hz). High-resolution
maleimides with chromones at the C5-position was proposethss spectra were recorded using an ESI-Q-TOF mass spectrometer.
(Scheme)s Initially, [Rup-cymene)G], reacts with AgNFf  Chemical yields refer to isolated pure substances.

and benzoic acid or AgOAc to generate a more active General Procedure for SynthesisGeneral Procedure for the

; ih At Preparation of Substituted Chromones (Others Are Commercially
monomerch or A and AgCl. Coordination between Available). General Procedure for the Preparation of 3-(o-Tolyl)-
ruthenium species and the oxygen atom of the keto grouf_chromen-4-one and 3-(3-Chlorophenyl)-4H-chromen-4-bne.

followed by CH bond activation provides se-membered  3-Bromochromone (0.5 mmol, 1 equiv), phenylboronic acid (1.5
metallocycld. Subsequently, maleim@inserts into the  mmol, 3 equiv), and MaO; solution (2 M) were taken in toluene (3
carbon ruthenium bond ofB and produces a bicyclic mL, 0.17 M) in a 25 mL round-bottorask. The solvent was purged
intermediat€ in which the -hydride elimination is restricted with argon for 30 min to remove the dissolved oxygen from solvent.
due to the lack of-hydrogen in aynperiplanar manner. If the Then, Pd(PPj, (0.025 mmol, 0.05 equiv) was added to the reaction
additive is benzoic acid, the reaction gives 1,4-addition proddfiture and it was rexed for 1824 h. After completion of the
3a along with the speciés by protodemetallation. If the reaction, it was aIIowed_to come to room temperature. The reaction
additive is silver acetate, the Heck-type pradabong with mixture was extracted with ethyl acetate, washed with water and brine,

S - ... and dried over anhydrous MgSThe concentrated organic phase
Ru(0) species is generated by deprotonation of the acidic ¢ puried by normyal silica §e| column chromatogra?ph)@(g@

hydrogen of intermedia@ by OAc. Oxidation of RU(0)  ethyi acetate/petroleum ether) toomd the corresponding iso-
species by silver acetate regenerates the active Ru(ll) catalygiones.

In conclusion, we have reported a Ru(ll)-catalyzed coupling General Procedure for the Preparation of 7-Methyl-4H-chro-
reaction of chromones at the C5-position with maleimidesen-4-one, 7-Chloro-4H-chromen-4-one, 8-Methyl-4H-chromen-
using keto as a weak directing group. Succinimide-contain#igne. and 8-Chloro-4H-chromen-4-cfidhe corresponding 1-(2-
chromones and maleimide-containing chromones can B¥droxyphenyhethan-1-one (0.5 mmol, 1 equiv) was placed in a

S - ? : . _ame-driedask with a stir bar in 0.5 M ethyl formate and cooled to O
generated by switching the additives in this transformation- "\ .y (60% in mineral oil, 3 mmol, 6 equiv) was added

benzoic acid leads to the. .formatlon Of. 1,4-addition prOd.uctﬁ)rtionwise to the cooled solution over 2 h. If necessary for stirring,
under solvent-free conditions, and silver acetate furnishgsimal amounts of dry THF were added to #sk in portions as
Heck-type products. This protocol features short reaction timgeeded. After addition of all of the NaH, the solution was warmed to
good tolerance with various functional groups, and wid@om temperature and quenched with methanol (5 mmol, 10 equiv).
substrate scopes, providing the desired products in good @oncentrated HCI (25 mmol, 50 equiv) was then added slowly and
excellent yields. allowed to stir overnight at room temperature. The reaction was then
diluted with ethyl acetate, washed with water, Nak$@0aq.), and
brine, dried with N&Q,, and concentrated under vacuum todh
EXPERIMENTAL SECTION the crude chromone. The chromones were then recrystallized with
General Information. Unless otherwise noted, all commercially ethyl acetate/hexanes or dichloromethane/hexane®rtb @ure
available compounds were used as provided without furthematerials.
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Scheme 4. Mechanistic Investigation

General Procedure for the Preparation of 4-Oxo0-4H-chromen-7- times with ethyl acetate. The combined organic layer was washed two
yl acetate'®’ (i) 7-Hydroxy-#-chromen-4-one was prepared times with a little amount of water, dried over anhydrous magnesium
according to the General Procedure for the Preparation of &ulfate, andltered. The ltrate was evaporated under vacuum, and
Methyl-4H-chromen-4-one, 7-Chlord-6éhromen-4-one, 8-Methyl-  the residue was pwed by ash column chromatography on silica gel
4H-chromen-4-one, and 8-Chlokb-¢hromen-4-one. (eluting with petroleum ether/ethyl acetate) to provide the desired

(ii) Acetyl chloride (0.282 mL, 3.96 mmol) was added dropwise tgroducts3.

a solution of 4-oxd4chromen-7-yl acetate (0.5 g, 3.3 mmol) and General Procedure for the Synthesis of Prodéia®hromoned
pyridine (0.294 mL, 3.63 mmol) in dichloromethane (2.5 mL). After(0.2 mmol, 1 equiv) and maleimi@€.5 mmol, 2.5 equiv) were

3 h, the mixture was washed, in sequence, with water (2.5 mL), 1@f6solved in a 12 mL screw-capped tube with 2 mL of DCE (0.1 M).
HCI (2.5 mL), water (1.2 mL), and a saturated solution of NgHCO Then, [Rup-cymene)G], (0.01 mmol, 0.05 equiv), AgNTD.04

(2.5 mL). The organic phase was dried and concentrated to give themol, 0.2 equiv), and AgOAc (0.6 mmol, 3 equiv) were added to the

desired product. reaction mixture at room temperature in air. The reaction mixture was
General Procedure for the Synthesis of ProdBid@hromoned allowed to warm up to 12Q in a heating mantle and stirred for 1
(0.2 mmol, 1 equiv), maleimid2g0.5 mmol, 2.5 equiv), [Ro{ 12 h. After nishing the reaction, the reaction mixture was directly

cymene)Gl, (0.005 mmol, 0.025 equiv), AghT®.02 mmol, 0.1 loaded on a silica gel column and pdrivith the petroleum ether/
equiv), and benzoic acid (0.16 mmol, 0.8 equiv) were added in a E2OAc mixture to provide the desired proddicts

mL screw-capped tube at room temperature in air. The reaction Procedure for the Synthesis of Prod&et’® A mixture of4a
mixture was allowed to warm up to°80in a heating mantle and (53.8 mg, 0.2 mmol), diphenyl diselenide (31.2 mg, 0.1 mmol), NIS
stirred for 112 h. When the reaction was completed, it was mixe@6.7 mg, 0.03 mmol), TBHP (70% in@® 11 L, 0.8 mmol), and

with water and ethyl acetate. The reaction mixture was extracted thi2elF (2 mL, 0.1 M) was added in a 5 mL glass tube, which was
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Scheme 5. Proposed Mechanism

stirred at 70C for 12 h. When the reaction was completed, it was7.75 7.68 (m, 1H), 7.51 (d= 8.4 Hz, 1H), 7.44 (1= 7.5 Hz, 1H),
mixed with water and ethyl acetate. The reaction mixture was35 7.28 (m, 2H), 7.277.23 (m, 1H), 7.19 (d)= 7.4 Hz, 1H),
extracted three times with ethyl acetate. The combined organic layep7 (s, 3H) ppm.
was washed two times with a litle amount of water, dried over 3-(3-Chlorophenyl)-4H-chromen-4-diieThe isolated yield is
anhydrous magnesium sulfate, ahdred. The ltrate was 45%.H NMR (600 MHz, CDG): 8.35 8.29 (m, 1H), 8.04 (s,
evaporated under vacuum, and the residue wasdphyi ash 1H), 7.74 7.68 (m, 1H), 7.59 (s, 1H), 7.50 (@= 8.4 Hz, 1H),
column chromatography on silica gel (eluting with petroleum etherf 48 7.42 (m, 2H), 7_397_37r%m, 2H) ppm.
ethyl acetate) to provide the desired proBact 7-Methyl-4H-chromen-4-orf8. The isolated vyield is 6094
Procedure for the Synthesis of Prodstt’® 4a (53.8 mg, 0.2 NMR (600 MHz, CDG): 8.08 (dJ=8.1 Hz, 1H), 7.80 (dl= 6.0
mmol), Pd(OAc) (4.5 mg, 0.02 mmol), Cu(OAcj109.0 mg, 0.6  Hz, 1H), 7.257.19 (m, 2H), 6.30 (d]= 6.0 Hz, 1H), 2.48 (s, 3H)
mmol), and Ag-O; (165.4 mg, 0.6 mmol) were combined in PivOH ppm.
(2 mL, 0.1 M). Thetertbutyl acrylate (58L, 0.4 mmol) was added 4-Ox0-4H-chromen-7-yl AcetdteThe isolated yield is 48%l
slowly, and the reaction mixture was heated t2ClZthe reaction NMR (600 MHz, CDG): 8.21 (d,J= 8.7 Hz, 1H), 7.83 (d= 6.0
was monitored by TLC using EtOAc/petroleum ether as the mobilgyz 1H) 7.27 (dj= 2.1 Hz, 1H), 7.14 (dd= 8.7, 2.1 Hz, 1H), 6.32
phase. The reaction mixture was diluted wigCGHnd the excess d, J= 6.0 Hz, 1H), 2.34 (s, 3H) ppm.
NaHCO; was added to neutralize PivOH. After stirring the mixture’ 7_chioro-4H-chromen-4-0R8. The isolated yield is 5294
for 10 min, the residue was sequentially washed with AqUEONRIR (600 MHz, CDG):  8.13 (d,J= 8.6 Hz, 1H), 7.82 (d= 6.0
NaHCQ; and NH,CI. The organic layer was dried over MgS&fier Hz, 1H), 7.47 (dJ= 1.9 Hz, 1H), 7.36 (dd= 8.6, 1.9 Hz, 1H), 6.33
removal of solvent, the residue wasgmlibly ash chromatography (d,’J -'6.0 Hz, 1H) ppm,_13c{1i_|} NMR '(151 ,MHz, C’DCj)’:

on silica gel to give the desired progct 176.69, 156.53, 155.29, 139.81, 127.19, 126.11, 123.35, 118.19,

Procedure for the Synthesis of Prodéet’ 4a (53.8 mg, 0.2 . .
mmol), 1,4-benzoquinone (86.5 mg, 0.8 mmol), Pd{@AE) mg, f101u3r£41p7%méglé|TMS (Efnz: [M] caled for GHSCIO,, 179.9978;

0.04 mmol), AGOAC (83.4 mg, 0.5 mmol), and PiVOH (46.4 8-Methyl-4H-chromen-4-orfé. The isolated yield is 57%

mmol) were combined in 1,4-dioxane (2 mL, 0.1 M) in a cap tesh . _ -
: : . MR (600 MHz, CDG): 8.03 (d,J= 8.0 Hz, 1H), 7.88 (dd,=
tube. The reaction mixture was heated to® @O0 he reaction was 5.9, 3.0 Hz, 1H), 7.48 (d= 6.5 Hz, 1H), 7.27 (tdl= 7.7, 2.9 Hz,

stirred for 12 h untila disappeared (monitored by TLC using . -

EtOAc/petroleum ether as the mobile phase). After being cooled H)'16'32 (ddJ= 5.9, 2.9 Hz, 1H), 2.45 (d= 2.6 Hz, 3H) ppm.

room temperature, the 1,4-dioxane solvent was removed unde {"H} NMR (151 MHz, CDCJ):  177.95, 155.02, 154.98, 134.61,

reduced pressure. The reaction mixture was diluted wiEh,@ird 127.57, 124.71, 124.68, 123.28, 112.72, 15.53 ppm. HRMS (ESI-

the aqueous NaHGQwas added to neutralize the PivOH. After TOF) m/z: [M +H] " caled for gHgO,, 161.0602; found, 161.0598.

stirring the mixture for 10 min, the residue was extracted with 8-Chloro-4H-chromen-4-orie. The isolated yield is 61%

aqueous NECI. The organic layer was dried over Mg®@er NMR (600 MHz, CDG):  8.08 (ddJ=8.0, 1.2 Hz, 1H), 7.92 (@,

removal of solvent, the residue wasquiby ash chromatography = 6.0 Hz, 1H), 7.71 (dd=7.7, 1.2 Hz, 1H), 7.32 (t= 7.9 Hz, 1H),

on silica gel to give the desired pro8act 6.36 (d,J= 6.0 Hz, 1H) ppm:*C{*H} NMR (151 MHz, CDC)):
Characterization of Synthesized Substituted Chromones 3- 176.76, 155.16, 152.17, 134.02, 126.13, 125.21, 124.38, 123.14,

(o-Tolyl)-4H-chromen-4-orié The isolated yield is 77%1 NMR 113.17 ppm. HRMS (E/z: [M] calcd for GHsCIO,, 179.9978;

(600 MHz, CDC): 8.31 (dd,J= 7.9, 1.0 Hz, 1H), 7.89 (s, 1H), found, 179.9980.
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Characterization of Products 3 5. (S)-1-Ethyl-3-(4-oxo0-4H-  after purication through a chromatography column (elution: 40%
chromen-5-yl)pyrrolidine-2,5-dioriEhe producBawas obtained as  EtOAc in petroleum ether). mp 16%6°C. *H NMR (400 MHz,
a white solid (49.3 mg, 91%) after peation through a  CDCL): 7.83(dJ=5.8 Hz, 1H), 7.43 (di= 7.5 Hz, 1H), 7.08 (s,
chromatography column (elution: 17% EtOAc in petroleum etherjiH), 6.23 (d,J= 5.4 Hz, 1H), 4.00 (m, 1H), 3.69.60 (m, 2H), 2.97
mp 136 137°C."H NMR (500 MHz, DMSQ):  8.26 (dJ=5.9  (m, 1H), 2.71 (m, 1H), 2.41 (s, 3H), 1.24J% 7.1 Hz, 3H) ppm.
Hz, 1H), 7.777.74 (m, 1H), 7.64 (dl= 8.4 Hz, 1H), 7.38 (m, 1H),  13c{!H} NMR (151 MHz, CDC)): 178.5, 177.3, 176.4, 156.6,
6.30 (dJ=5.9 Hz, 1H), 4.40 (m, 1H), 3.58.45 (m, 2H), 2.98 (M, 1541 134.2, 133.1, 130.3, 128.9, 122.0, 113.6, 48.4, 37.4, 33.8, 15.9,

iI.H),12.57 (ddJ=17.3, 6.5 Hz, 1H), 1.14 (= 7.2 Hz, 3H) ppm. 12.9 ppm. HRMS (ESI-TOR)/z: [M + H] * calcd for GH;6NO,,
%C{*H} NMR (126 MHz, DMSQ4;): 177.5, 176.9, 176.0, 157.6, 286.1079: found, 286.1072.

1558, 1362, 1336, 1308, 1216, 1190, 1129, 470, 368, 329, 1%§)_3_(4_OXO_4H_Chromen_s_pryrrohd|ne_2,5_d|o'f‘rm prod_

ppm. HRMS (ESI-TOF)n/z: [M + H]* calcd for GH1NO,, uct3hwas obtained as a white solid (38.4 mg, 79%) aftergpior

272.0923; found, 272.0918. . through a chromatography column (elution: 70% EtOAc in petroleum
_(S)-1-Ethyl-3-(2-methyl-4-o_xo-4H-chromen-5-yl)pyrrolld|ne-2,5-ether)_ mp 153154°C. *H NMR (600 MHz, DMSQ%):  11.05

dione.The producBb was obtained as a white solid (49.5 mg, 87%)(brs 1H), 8.27 (dJ= 5.6 Hz, 1H), 7.75 (4= 7.9 Hz, 1H), 7.64 (d

after purication through a chromatography column (elution: 50%: g § HzllH) 736 (dl=5.é Hz ,1H) 6.39.23 (m, 1H), 4.41 (rﬁ

EtOAc in petroleum ether). mp 16465°C. 'H NMR (400 MHz, 1H), 291 (m,’ 1H), 557 (dd1=’ 17.3', 6.6 Hz, 1H5 ppnlﬁi:’»c{lH} '

CDCL): 7.58 (ddJ=8.4,7.5Hz, 1H), 7.43 (A= 8.4 Hz, 1H),  N\R (151 MHz, DMSQ4):  179.1, 178.3, 178.1, 158.1, 156.4
7.18 (s, 1H), 6.09 (s, 1H), 4.05 (m, 1H), 3.383 (m, 2H), 3.02 136 91345 1312, 122.2, 119.5, 1135, 49.1, 38.6 ppm. HRMS (ESI-

(m, 1H), 2.76 (m, 1H), 2.35 (s, 3H), 1.27J& 7.2 Hz, 3H) ppm. . - !
1C{!H} NMR (151 MHz, CDC)): = 178.6, 177.5, 176.3, 165.1, TA?F&%Z' M+ H]" caled for GH,NO,, 244.0610; found,

158.2, 135.7, 133.0, 130.4, 120.8, 119.1, 111.3, 48.4, 37.3, 33.8, 20 Py

' ! : T ' J ' ' 1 £¥(%)-1-Cyclohexyl-3-(4-oxo4Hromen-5-yl)pyrrolidine-2,5-
12.9 ppm. HRMS (ESI-TOR)/z: [M + H] * caled for GgH;eNO,, dione.The producBi was obtained as a white solid (57.9 mg, 89%)
286.1079; found, 286.1073. . after purication through a chromatography column (elution: 40%

_(S)-1-Ethyl-3-(3-methyl-4-oxo-4H-chromen-5-yl)pyrrolidine-2,5- cyo ac in petroleum ether). mp 9 °C. H NMR (600 MHz

dione.The producBcwas obtained as a white solid (53.0 mg, 93%)DMSOd6)' 8.26 (d,J= 5.8 Hz, 1H), 7.75 (1= 7.9 Hz, 1H), 7 6’5
after pgrication through a chromatography column (elution: 40%(d J= 84. Hz .1H) ’738 tS 1|_'|) 6 éo .(11= 5.9 H.z 1H’) 4 ?;4 '(m
EtOAc in petroleum ether). mp 13%9°C. 'H NMR (600 MHz, 1,_’”] 3.86 (t,J’: 12,.2.Hz, 1‘H), 290 (m, 1H) 2.5’5.51 ,(m., 1H),'
CDCl): 7.75 (s, 1H), 7.58 (8=7.9 Hz, 1H), 7.44 (=81 Hz, 5 1% 543 (11 op1) 1,78 (d]= 12.9 Hz, 2H), 1.69 (1= 14.3 Hz,
1H), 7.18 (s, 1H), 4.06 (m, 1H), 3.69 5 7.0 Hz, 2H), 2.99 (M, 5" 51 (4 7= 126 Hz, 1H), 1.25 (dd= 24.4, 11.1 Hz, 2H), 1.12

1132),12.79 (m, 1H), 1.93 (s, 3H), 1.29 Q&= 7.1 Hz, 3H) ppm. 4" 375607130 Hz, 1H) ppriC{H} NMR (151 MHz, DMSO-
{H} NMR (151 MHz, CDC)). ~ 178.7, 177.3, 176.4, 158.4, 177.4, 177.1, 176.3, 157.7, 155.9, 136.5, 133.7, 130.9, 121.6,

150.7, 132.8, 130.3, 128.1, 121.4, 121.0, 119.3, 48.6, 37.6, 34.0, {2, 1/ x4 171 1703 577 1559, 1365 133.7, 1 o HRMS
. + R -4 -0, .0,50.0, .0, Ly .9, 4, . .
11.1 ppm. HRMS (ESI-TOR)/z: [M + H] * calcd for GeHiNOs  (£51.TOR) m/z: [M '+ H] * calcd for GH,NO,, 326.1392; found,

286.1079; found, 286.1072. 326.1385
(S)-3-(3-(3-Chlorophenyl)-4-0xo-4H-chromen-5-yl)-1-ethylpyrro- Methyl (S)-3-(2,5-Dioxo-3-(4-0x0-4H-chromen-5-yl)pyrrolidin-1-

lidine-2,5-dioneThe producBd was obtained as an amorphous solid ; - : -
(66.4 mg, 87%) aftee puzation through a chromatograpphy column yl)propanoate.The pr(_)dl_JcBJ was obtained as a white solid (59.9
' ! mg, 91%) after pugdation through a chromatography column

e .
(elution: 40% EtOAc in petroleum ethet). NMR (400 MHez, (elution: 40% EtOAc in petroleum ether). mp 128°C.*H NMR

CDCL):  7.99 (s, 1H), 7.65 (1= 7.9 Hz, 1H), 7.51 (d= 8.6 Hz,
2H) ?33 . 26((m 4L) 4 1éﬂ(m 1H), 3 67) (di 1(210 60ty (600 MHz, DMSQk): 8.25 (tJ= 55 Hz, 1H), 7.75 (4= 7.9 Hz,
Ao, A AN e o S 1H), 7.64 (dJ= 8.1 Hz, 1H), 7.40 (s, 1H), 6.36.30 (m, 1H), 4.39

2H), 3.02 (m, 1H), 2.81 (m, 1H), 1.29 @= 7.1 Hz, 3H) ppm. 1
L3C{IH} NMR (126 MHz, CDC)):  177.3, 176.6, 176.1.0, 157.9, (M: 1H),3.69 (1J=7.5 Hz, 2H), 3.60 (s, 3H), 3.01 (m, 1H), 2.69

—_ 1
152.3, 135.4, 134.2, 133.4, 133.1, 121.0, 129.6, 129.0, 128.4, 1 '(ATHZZHL)SN%SSS;G()@E%'S’ ?‘737'32’117';)2pp1";3'f{2 His'\;'\gle .
124.8. 121.9, 119.1, 77.2, 77.0, 76.8, 48.6, 37.6, 34.0, 12.8 p ’ : 8, 177.0, 176.2, 171.2, 157.8, 156.1,

HRMS (ESI-TOF)m/z [M + H]* calcd for GH,CINO,, .1, 133.8, 131.0, 121.6, 119.3, 113.0, 51.6, 47.0, 36.8, 34.0, 31.4

382.0846; found, 382.0841. ppm. HRMS (ESI-TOF)M/z: [M + H]* caled for GH;NOg,
(S)-1-Ethyl-3-(7-methoxy-4@»¥H-chromen-5-yl)pyrrolidine- 330.0978; found, 330.0971. - .

2,5-dione.The producBe was obtained as a white solid (52.4 mg, _ (S)-1-Benzyl-3-(4-0x0-4H-chremS-yl)pyrrolidine-2,5-dione.

87%) after purcation through a chromatography column (elution: 1he producBk was obtained as a white solid (60.0 mg, 90%) after

40% EtOAC in petroleum ether). mp 1885 °C. 'H NMR (500 puri cation through a chromatograf)hy column (elution: 40% EtOAc

MHz, CDCl): 7.71 (dJ=5.8 Hz, 1H), 6.83 (s, 1H), 6.79 (s, 1H), N petroleum ether). mp 12526°C. *H NMR (400 MHz, DMSO-

6.19 (d,J= 5.7 Hz, 1H), 3.89 (s, 3H), 3.73.63 (m, 2H), 2.99 (m,  9%): 8.30 (dJ=5.9 Hz, 1H), 7.78 (4= 7.9 Hz, 1H), 7.68 (di=

1H), 2.75 (m, 1H), 1.82 (m, 1H), 1.27 (t= 7.2 Hz, 3H) ppm.  8.2Hz, 1H), 7.407.26 (m, 6H), 6.32 (dl= 5.9 Hz, 1H), 4.65 (dd,

IC{!H} NMR (151 MHz, CDC)):  177.3, 176.8, 176.3, 162.9, =47.1,15.0 Hz, 2H), 3.08 (m, 1H), 2.66 (@d.17.4, 6.5 Hz, 1H),

160.2, 153.7, 137.2, 120.5, 116.0, 113.6, 100.8, 55.8, 48.6, 37.1, 854, (M, 1H) ppm-CLH} NMR (151 MHz, DMSQ):  177.7,

12.9 ppm. HRMS (ESI-TOR)/z: [M + H] * calcd for GH;NOs, 177.2, 176.3, 157.7, 156.1, 136.5, 133.8, 130.9, 129.6, 128.4, 127.5,

302.1028; found, 302.1021. 127.2, 121.6, 119.3, 113.0, 47.2, 41.4, 36.8 ppm. HRMS (ESI-TOF)
(S)-5-(1-Ethyl-2,5-dioxopyrrolidin-3-y1)-4-oxo-4H-chromen-7-yl M/Z: [M + H] * calcd for GH;gNO,, 334.1079; found, 334.1072.

Acetate The producBfwas obtained as a white solid (55.9 mg, 85%) (S)-3-(4-Oxo0-4H-chromen-5-¢fphenylpyrrolidine-2,5-dione.

after purication through a chromatography column (elution: 50%The producBl was obtained as a white solid (51.7 mg, 81%) after

EtOAc in petroleum ether). mp 118.9°C. 'H NMR (400 MHz, puri cation through a chromatography column (elution: 40% EtOAc

CDClL):  7.78 (dJ=5.9 Hz, 1H), 7.32 (dl= 2.0 Hz, 1H), 6.99 (s, in petroleum ether). mp 13536°C.H NMR (600 MHz, DMSO-

1H), 6.25 (dJ=5.9 Hz, 1H), 4.01 (m, 1H), 3.73.62 (m, 2H), 3.05  dg): 8.31(dJ=5.9 Hz, 1H), 7.80 (dd= 8.4, 7.5 Hz, 1H), 7.69 (d,

(m, 1H), 2.74 (m, 1H), 2.33 (s, 3H), 1.26J& 7.2 Hz, 3H) ppm.  J= 8.4 Hz, 1H), 7.52 (= 7.7 Hz, 2H), 7.47 (dI= 7.0 Hz, 1H),

3c{H} NMR (151 MHz, CDCJ)): 177.5, 176.6, 176.0, 168.2, 7.43 (tJ=7.4 Hz, 1H), 7.38 (d,= 7.3 Hz, 2H), 6.39 (d|= 5.9 Hz,

158.7, 154.3, 153.5, 137.5, 124.7, 119.9, 113.8, 111.8, 48.2, 37.1, 389,4.62 (m, 1H), 3.17 (m, 1H), 2.76 (diiz 17.5, 6.7 Hz, 1H)

21.1, 12.9 ppm. HRMS (ESI-TOR)/z: [M + H]* calcd for ~ ppm.**C{'"H} NMR (151 MHz, DMSQCg,): 177.8, 176.3, 175.5,

CiH16NOg, 330.0978; found, 330.0970. 157.8, 156.1, 136.1, 133.8, 133.2, 130.9, 128.8, 128.1, 127.3, 121.5,
(S)-1-Ethyl-3-(8-methyl-4-ox0-4H-chromen-5-yl)pyrrolidine-2,5-119.3, 113.0, 47.2, 4.0 ppm. HRMS (ESI-TOE)[M + H] * calcd

dione.The producBgwas obtained as a white solid (50.7 mg, 89%)for C;,H,,NO,, 320.0923; found, 320.0916.
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(S)-1-(4-Ethylphenyl)-3-(4-oxo-4H-chromen-5-yl)pyrrolidine-2,5-  1-Ethyl-3-(3-methyl-4-ox0-4H-chromen-5-yl)-1H-pyrrole-2,5-
dione.The producBm was obtained as a white solid (59.7 mg, 86%)dione.The productd was obtained as a white solid (52.1 mg, 92%)
after purication through a chromatography column (elution: 40%after purication through a chromatography column (elution: 10%
EtOAc in petroleum ether). mp 2@D2°C. *H NMR (400 MHz, EtOAc in petroleum ether). mp 1934°C. *H NMR (400 MHz,

CDCL): 7.82(dJ=5.9 Hz, 1H), 7.65 (1= 8.0 Hz,1H), 7.51 (d, CDCL): 7.78 (s, 1H), 7.66 (1= 7.9 Hz, 1H), 7.54 (dl= 8.5 Hz,

=8.3 Hz, 1H), 7.38 (d}= 7.7 Hz, 2H), 7.337.29 (m, 3H), 6.32 (d,  1H), 7.20 (dJ= 7.2 Hz, 1H), 6.41 (s, 1H), 3.65 (s 7.2 Hz, 2H),

J=5.9 Hz, 1H), 4.28 (m, 1H), 3.18 (m, 1H), 2.97 (M, 1H), 2.69 (q, 1.95 (s, 3H), 1.25 (fi= 7.2 Hz, 3H) ppm*C{*H} NMR (126 MHz,

= 7.6 Hz, 2H), 1.25 () = 7.6 Hz, 3H) ppm™*C{*H} NMR (151 CDCL): 177.8, 170.5, 169.4, 157.2, 151.3, 149.9, 132.7, 129.4,
MHz, CDC}): 178.2, 176.2, 175.8, 158.4, 154.4, 144.5, 135.8,26.5, 124.3, 122.1, 121.6, 120.4, 33.2, 14.0, 11.1 ppm. HRMS (ESI-
133.4,130.8, 130.3, 128.6, 126.9, 122.1, 119.6, 113.8, 48.4, 37.4, Z8B) m/z: [M + H]* calcd for GH,;NO, 284.0923; found,

15.4 ppm. HRMS (ESI-TOR)/z: [M + H] * calcd for GH;gNO,, 284.0915.

348.1236; found, 348.1228. 3-(3-Bromo-4-oxo0-4H-chromenyb-1-ethyl-1H-pyrrole-2,5-

(S)-1-(4-Bromophenyl)-3-(4-e46il-chromen-5-yl)pyrrolidine- ~ dione.The productiewas obtained as a white solid (63.7 mg, 92%)
2,5-dione.The producBn was obtained as a white solid (70.8 mg, after purication through a chromatography column (elution: 8%
89%) after purtation through a chromatography column (elution: EtOAc in petroleum ether). mp 2245°C. *H NMR (500 MHz,

40% EtOAc in petroleum ether). mp 1885 °C. *H NMR (600 CDCL): 8.23 (s, 1H), 7.75 (1= 7.9 Hz, 1H), 7.62 (dl= 8.5 Hz,

MHz, DMSO¢g):  8.32 (dJ=5.9 Hz, 1H), 7.2 (= 7.2 Hz, 1H), 1H), 7.30 (dJ= 7.3 Hz, 1H), 6.45 (s, 1H), 3.66 (5 7.2 Hz, 2H),

7.75 7.73 (m, 2H), 7.70 (d) = 8.4 Hz, 1H), 7.47 (dJ= 7.0 Hz, 1.26 (t,J= 7.2 Hz, 3H) ppmC{*H} NMR (126 MHz, CDCJ):

1H), 7.34 (dJ=8.5 Hz, 2H), 6.39 (d= 5.9 Hz, 1H), 4.61 (m, 1H), 171.8, 170.4, 169.2, 156.7, 153.4, 148.8, 133.6, 130.0, 127.6, 125.1,
3.18 (ddJ=16.1, 8.8 Hz, 1H), 2.75 (dik 17.6, 6.7 Hz, 1H) ppm.  121.5, 120.4, 111.3, 33.4, 14.0 ppm. HRMS (ESIHTQFM +

%C{H} NMR (151 MHz, CDCJ)): 178.2, 175.8, 175.2, 158.4, H]™* calcd for GHq;,BrNQ,, 347.9872; found, 347.9865.

154.5, 135.4, 133.4, 132.2, 131.8, 130.8, 128.7, 122.2, 121.9, 119X-Ethyl-3-(4-0x0-3-phenyl-4H-chromen-5-yl)-1H-pyrrole-2,5-
113.6, 48.25, 37.3 ppm. HRMS (ESI-T@FR) [M + H] * calcd for dione.The productf was obtained as a white solid (64.2 mg, 93%)
CiH13BrNO,, 398.0028; found, 398.0024. after purication through a chromatography column (elution: 6%

Ethyl-3-(9-oxo0-9H-xanthen-1-yl)pyrrolidine-2,5-didrie prod- EtOAc in petroleum ether). mp 13%9°C. *H NMR (500 MHz,
uct3owas obtained as a white solid (52.7 mg, 82%) afterapion CDCk): 8.00 (s, 1H), 7.737.70 (m, 1H), 7.627.61 (m, 1H),
through a chromatography column (elution: 25% EtOAc in petroleui.48 7.46 (m, 2H), 7.41 (1) = 7.3 Hz, 2H), 7.387.35 (m, 1H),
ether). mp 230231°C.*H NMR (600 MHz, CDG): 8.19 (dJ= 7.27 7.25 (m, 1H), 6.43 (s, 1H), 3.65 (4 7.2 Hz, 2H), 1.25 (0=
5.6 Hz, 1H), 7.717.65 (m, 2H), 7.52 (d}= 8.2 Hz, 1H), 7.45 (d] 7.2 Hz, 3H) ppm**C{*H} NMR (126 MHz, CDC}): 176.0, 170.6,
= 8.4 Hz, 1H), 7.34 (1= 7.3 Hz, 1H), 7.19 (m, 1H), 4.12 (m, 1H), 169.4, 156.8, 152.5, 149.8, 133.1, 131.3, 130.0, 129.0, 128.6, 128.4,
3.73 (qJ= 7.1 Hz, 2H), 3.07 (m, 1H), 2.86 (m, 1H), 1.34 (m, 3H) 127.1, 126.3, 124.2, 123.2, 120.5 33.3, 14.0 ppm. HRMS (ESI-TOF)
ppm.*C{*H} NMR (151 MHz, CDCJ): 177.80, 177.41, 176.49, m/z: [M + H]* calcd for GH;{NO,, 346.1079; found, 346.1072.
158.00, 155.21, 137.01, 135.02, 134.37, 130.04, 128.39, 126.88-Ethyl-3-(4-ox0-3-0-tolyl-4ehromen-5-yl)-1H-pyrrole-2,5-
124.09, 122.06, 119.21, 117.47, 48.71, 37.27, 34.09, 12.97 pgiane.The productigwas obtained as a white solid (66.8 mg, 93%)
HRMS (ESI-TOF)M/z: [M + Na]* calcd for GH,NO,, 344.0898; after purication through a chromatography column (elution: 8%
found, 344.0896. EtOAc in petroleum ether). mp 18%6°C. 'H NMR (500 MHz,

1-Ethyl-3-(4-0x0-4H-chromenyl)-1H-pyrrole-2,5-dioneThe CDCL): 7.84 (s, 1H), 7.69 (1= 7.9 Hz, 1H), 7.59 (d}= 8.5 Hz,
product 4a was obtained as a white solid (49.5 mg, 92%) aftedH), 7.257.21 (m, 3H), 7.16 (= 7.3 Hz, 1H), 7.08 (d= 7.4 Hz,
puri cation through a chromatography column (elution: 10% EtOAdH), 6.38 (s, 1H), 3.56 (4= 7.1 Hz, 2H), 2.18 (s, 3H), 1L.17 {&
in petroleum ether). mp 15960°C. *H NMR (400 MHz, CDG)): 7.2 Hz, 3H) ppm'*C{*"H} NMR (126 MHz, CDC)): 175.9, 170.6,

7.83 (d,J= 6.0 Hz, 1H), 7.717.67 (m, 1H), 7.57 (d]= 8.5 Hz, 169.4, 157.0, 153.0, 149.7, 138.2, 133.1, 131.0, 130.4, 130.3, 130.0,
1H), 7.22 (dJ= 7.3 Hz, 1H), 6.42 (s, 1H), 6.28 (t; 6.0 Hz, 1H), 128.9, 127.4, 127.0, 125.9, 124.0, 123.0, 120.5, 33.2, 20.0, 14.0 ppm.
3.63 (qJ= 7.2 Hz, 2H), 1.24 (1= 7.2 Hz, 3H) ppm:3C{*H} NMR HRMS (ESI-TOF)m/z: [M + H] * calcd for GH;gNO,, 360.1236;

(126 MHz, CDCJ)): 177.0, 170.5, 169.3, 157.0, 154.8, 149.4, 133.4pund, 360.1228.

129.5, 126.9, 124.5, 123.4, 120.5, 113.7, 33.2, 14.0 ppm. HRMS (ESB-(3-(3-Chlorophenyl)-4-oxo-4tiromen-5-yl)-1-ethyl-1H-pyr-

TOF) m/z: [M + H]* caled for GH;,NO, 270.0766; found, role-2,5-dioneThe producth was obtained as a white solid (69.8

270.0762. mg, 92%) after pudation through a chromatography column
1-Ethyl-3-(2-methyl-4-oxo-4Huwomen-5-yl)-1H-pyrrole-2,5-  (elution: 8% EtOAc in petroleum ether). mp 1986°C. H NMR

dione.The produc#b was obtained as a white solid (53.8 mg, 95%)(500 MHz, CDC)): 8.01 (s, 1H), 7.757.71 (m, 1H), 7.62 (dI=

after purication through a chromatography column (elution: 139%68.5 Hz, 1H), 7.47 (d, 1H), 7.38.35 (m, 1H), 7.347.33 (m, 2H),

EtOAc in petroleum ether). mp 1883°C. 'H NMR (600 MHz, 7.28 7.27 (m, 1H), 6.44 (s, 1H), 3.65 (5 7.2 Hz, 2H), 1.25 (4=

CDCL): 7.65 (tJ=7.9 Hz, 1H), 7.52 (d= 8.5 Hz, 1H), 7.18 (d, 7.2 Hz, 3H) ppmtC{*H} NMR (126 MHz, CDCJ): 175.6, 170.5,

= 7.3 Hz, 1H), 6.40 (s, 1H), 6.10 (s, 1H), 3.62)€,7.2 Hz, 2H), 169.3, 156.7, 152.8, 149.6, 134.4, 133.3, 133.0, 130.0, 129.8, 128.9,

2.35 (s, 3H), 1.24 (= 7.2 Hz, 3H) ppm-3C{'H} NMR (126 MHz, 128.5,127.3,127.2,125.1, 124.4, 123.1, 120.5, 33.3, 14.0 ppm. HRMS

CDCkL): 177.6, 170.5, 169.3, 165.8, 157.0, 149.6, 132.8, 129(&SI-TOF)m/z: [M + H] * calcd for ¢H,sCINO,, 380.0690; found,

126.6, 124.3, 122.2, 120.1, 111.3, 33.1, 20.3, 14.0 ppm. HRMS (EX0.0684.

TOF) m/zz [M + H]* calcd for GH;.NO, 284.0923; found, 1-Ethyl-3-(6-uoro-4-oxo0-4H-chromen-5-yl)-1H-pyrrole-2,5-

284.0916. dione.The producti was obtained as a white solid (45.4 mg, 79%)

1-Ethyl-3-(4-oxo-2-phenyl-4H-chromen-5-y|)-1H-pyrroIe-2,5-after purication through a chromatography column (elution: 12%

dione.The productic was obtained as a white solid (51.8 mg, 75%)EtOAc in petroleum ether). mp 1934 °C. *H NMR (500 MHz,
after purication through a chromatography column (elution: 8%CDCL): 7.84 (d,J=5.9 Hz, 1H), 7.607.58 (m, 1H), 7.50 (=
EtOAc in petroleum ether). mp 2286°C. 'H NMR (500 MHz, 8.7 Hz, 1H), 6.57 (s, 1H), 6.28 @+ 5.9 Hz, 1H), 3.66 (g1= 7.2
CDClL):  7.92 (dJ= 7.3 Hz, 2H), 7.767.70 (m, 2H), 7.587.53 Hz, 2H), 1.27 (tJ= 7.2 Hz, 3H) ppm:C{*H} NMR (126 MHz,
(m, 3H), 7.27 (dJ= 6.9 Hz, 1H), 6.78 (s, 1H), 6.48 (s, 1H), 3.68 (t, CDCk): 176.8 (dJ= 1.9 Hz), 170.2, 169.1, 156.6 J& 249.7
J=7.2 Hz, 2H), 1.30 (] = 7.2 Hz, 3H) ppmiC{*H} NMR (126 Hz), 154.9, 153.2 (d= 1.3 Hz), 141.1, 127.7 (@ 2.3 Hz), 124.3
MHz, CDCh): 177.9, 170.6, 169.4, 163.1, 156.8, 149.5, 133.4d,J= 1.3 Hz), 121.9 (d]= 1.5 Hz), 121.9 (d]= 32.3 Hz), 114.9
131.9, 131.3, 129.4, 129.2, 126.9, 126.4, 124.5, 122.6, 120.4, 1@8,3] = 17.2 Hz), 113.2, 33.3, 14.0 ppfR. NMR (471 MHz):

33.2, 14.0 ppm. HRMS (ESI-TOR)/z: [M + H]™* calcd for 116.10 ppm. HRMS (ESI-TORp/z: [M + H]* calcd for
C,HNO,, 346.1079; found, 346.1073. C1sH1,FNO,, 288.0672; found, 288.0664.
9238 https://dx.doi.org/10.1021/acs.joc.0c01223

J. Org. Chen020, 85, 92309243


pubs.acs.org/joc?ref=pdf
https://dx.doi.org/10.1021/acs.joc.0c01223?ref=pdf

The Journal of Organic Chemistry pubs.acs.orgljoc

1-Ethyl-3-(7-methyl-4-oxo-4Hwomen-5-yl)-1H-pyrrole-2,5- CDCL): 7.88 (dJ=5.8 Hz, 1H), 7.53 (d= 7.4 Hz, 1H), 7.12 (d,
dione.The productj was obtained as a white solid (51.5 mg, 91%)J= 7.4 Hz, 1H), 6.38 (s, 1H), 6.29 (b5 5.8 Hz, 1H), 3.63 (gl=
after purication through a chromatography column (elution: 10%7.1 Hz, 2H), 2.49 (s, 3H), 1.24 &z= 7.1 Hz, 3H) ppm3C{*H}
EtOAc in petroleum ether). mp 2223°C. *H NMR (400 MHz, NMR (126 MHz, CDG): 177.4, 170.6, 169.4, 155.5, 154.6, 149.8,
CDCL):  7.78 (d,J= 6.0 Hz, 1H), 7.35 (s, 1H), 7.04 (s, 1H), 6.40 134.0, 130.4, 126.9, 126.4, 124.0, 123.3, 113.6, 33.1, 15.9, 14.0 ppm.
(s, 1H), 6.24 (dJ= 5.9 Hz, 1H), 3.63 (d}= 7.2 Hz, 2H), 2.47 (S, HRMS (ESI-TOF)m/z: [M + H] * calcd for GH,,NO,, 284.0923;
3H), 1.24 (t,J = 7.2 Hz, 3H) ppm*C{*H} NMR (126 MHz, found, 284.0915.
CDCL):  176.9, 170.5, 169.3, 157.15, 154.6, 149.5, 144.6, 129.23-(8-Chloro-4-ox0-4H-chromen-5-yl)-1-ethyl-1H-pyrrole-2,5-
128.3, 124.4, 121.2, 120.1, 113.6, 33.1, 21.6, 14.0 ppm. HRMS (ESdne.The productiq was obtained as a white solid (51.5 mg, 85%)
TOF) m/z: [M + H]* calcd for GH.;/NO, 284.0923; found, after purication through a chromatography column (elution: 7%
284.0915. EtOAc in petroleum ether). mp 136&7°C. 'H NMR (500 MHz,
1-Ethyl-3-(7-methoxy-4-oxo-4diromen-5-yl)-1H-pyrrole-2,5-  CDCL): 7.92 (dJ=5.9 Hz, 1H), 7.77 (d}= 8.0 Hz, 1H), 7.17 (d,
dione.The producttk was obtained as a white solid (53.8 mg, 90%)J= 8.0 Hz, 1H), 6.43 (s, 1H), 6.34 (5 5.9 Hz, 1H), 3.63 (ql=
after purication through a chromatography column (elution: 13%7 2 Hz, 2H), 1.24 (f]= 7.2 Hz, 3H) ppm-3C{'H} NMR (126 MHz,
EtOAc in petroleum ether). mp 2223°C. *H NMR (500 MHz, CDCL): 176.5, 170.2, 169.0, 154.8, 152.8, 148.6, 133.5, 128.0,
CDClL):  7.75(dJ=6.0 Hz, 1H), 6.94 (d=2.4 Hz, 1H), 6.81 (d, = 126.7, 125.7, 124.8, 124.6, 114.0, 33.2, 14.0 ppm. HRMS (ESI-TOF)
J=2.4Hz, 1H), 6.41 (s, 1H), 6.23 {; 6.0 Hz, 1H), 3.92 (s, 3H),  m/z [M + H] * calcd for GH,,CINO,, 304.0377; found, 304.0370.
3.65 (qJ= 7.2 Hz, 2H), 1.27 (8= 7.2 Hz, 3H) ppm-C{*H} NMR 3-(4-Ox0-4H-chromen-5-yl)-1H-pyrrole-2,5-diofike product
(126 MHz, CDCJ:  176.4, 170.5, 169.2, 163.1, 158.9, 154.4, 149.%r was obtained as a white solid (29.9 mg, 62%) aftezapion
130.9,124.6, 117.3, 116.5, 113.6, 102.1, 56.1, 33.2, 14.0 ppm. HRMBugh a chromatography column (elution: 50% EtOAc in petroleum
(ESI-TOF)m/z: [M + H] " caled for GgH1/NOs, 300.0872; found,  ether). mp 167168°C. *H NMR (600 MHz, DMSQ):  10.95
300.0865. _ _ (brs, 1H), 8.31 (dJ= 5.9 Hz, 1H), 7.87 (= 7.9 Hz, 1H), 7.79 (d,
5-(1-Ethyl-2,5-dioxo-2,5-dihydro-1H-pyrrol-3-yl)-4-ox0-4H-chro- = g 5 Hz, 1H), 7.38 (dl= 7.3 Hz, 1H), 6.70 (s, 1H), 6.33 (t5 5.9
men-7-yl AcetateThe productl was obtained as a white solid (65.4 Hz, 1H) ppmC{!H} NMR (151 MHz, DMSQOdy):  176.3, 172.0,
mg, 95%) after pugation through a chromatography column 1705 156.6, 156.3, 149.6, 133.7, 128.8, 127.3, 125.3, 122.5, 120.4,
(elution: 12% EtOAc in petroleum ether). mp 15®°C.H NMR 112.8 ppm. HRMS (ESI-TOR)/z: [M + H]* calcd for GHgNO,,
1H), 7'02_(d*]: 2.2 Hz, 1H), 6.45 (s, 1H), 6.28 (I 6.0 Hz, 1H), 1-Methyl-3-(4-ox0-4H-chromen-5-yl)-1H-pyrrole-2,5-didrtee
13.651(q,.]— 7.2 Hz, 2H), 2.35 (s, ?H)’ 1.26 3 7.2 Hz, 3H) ppm.  roqyct4s was obtained as a white solid (45.4 mg, 89%) after
C{*H} NMR (126 MHz, CDC): ~ 176.4, 170.2, 168.9, 168.2, uri_cation through a chromatography column (elution: 13% EtOAc
157.6, 154.9, 153.6, 148.5, 130.9, 125.1, 121.2, 121.1, 113.8, 1 pQ-:‘troIeum ether). mp 21817°C. *H NMR (500 MHz, CDG):
33.2, 21.1, 14.0 ppm. HRMS (ESI-T@#}: [M + H] * calcd for 7.84 (d,J= 5.9 Hz, 1H), 7.71 (1= 7.9 Hz, 1H), 7.59 (dl= 8.5
O SO LS gy 2. TS e s ) oS e
aine TR b il s e 60 0 I W G ek 1T
after purication through a chromatography column (elution: 10%; ,~ =’ P . o ol T Tt el - -
EtOAc in petroleum ether). mp 1487 °C. 'H NMR (600 MHz, g?Hi;,\llcl)f'2‘5%46%3{’5’_?6&%'\”255?08&02@@ [M+H] " calcd for
CDCL):  7.82(dJ=6.0 Hz, 1H), 7.287.26 (m, 1H), 7.01 (dd\= 1-tert-Butyl-3-(4-0x0-4H-chram-5-yl)-1H-pyrrole-2,5-dione.
8.2, 2.3 Hz, 1H), 6.46 (s, 1H), 6.281¢,6.0 Hz, 1H), 3.65 (4= The productt was obtained as a white solid (41.0 mg, 69%) after

— 1
Z:'ng’, 2H£’7i'26 @ _176§ ';Z' 3|-|1)6Fz)1p(r)ﬁsc{ TS}QNGI\AZ (2152(?9'\/'32 puri cation through a chromatography column (elution: 8% EtOAc in
b): 4 (S), 165.3 (), 164.0 (5). 159.64d,256.9 Hz),  ,o10m ether). mp 10001°C. 'H NMR (400 MHz, CDG):

153.4 (dJ=13.6 Hz), 150.1(s), 143.5 @5 1.6 Hz), 127.4 (A= 3 85" 7= 6.0 Hz, 1H), 7.697.65 (m, 1H), 7.55 (d] = 8.5 Hz,
10.7 Hz), 1204 (5), 116.7 @ 2.6 H), 1111 (@=24.1H2), 11”00”0705 3 e 1) 6.20 (s, 210, 163 (o, OF) porm.
100.1 (s), 102.0 (dJ = 24.6 Hz), 285, 9.2 ppifF NMR (471 14y \\VR (126 MHz, CDCY):  177.0, 171.8, 170.6, 157.0,

. _ . +
MHz):  107.0 ppm. HRMS (ESI-TOR)/z: [M + H] " caled for o) 2% /06 1331 1297, 127.0, 124.7, 123.5, 120.3, 113.8, 57.4, 29.0

C,sH1,FNQ,, 288.0672; found, 288.0665. 3 .
3-(7-Chloro-4-0x0-4H-chromen-5-yl)-1-ethyl-1H-pyrrole-2,5- PPM: HRMS (ESI-TOFm/z: [M + H] ™ calcd for GH1gNO,,

dione.The productén was obtained as a white solid (50.3 mg, 839%)298-1079; found, 298.1073. )

after purication through a chromatography column (elution: 10%_ 1-Cyclohexyl-3-(4-oxo-4H-chrems-yl)-1H-pyrrole-2,5-dione.

EtOAc in petroleum ether). mp 2@96°C. *H NMR (400 MHz, The productu was obtained as a white solid (56.8 mg, 88%) after

CDCL): 7.81 (dJ= 6.0 Hz, 1H), 7.59 (d= 1.9 Hz, 1H), 7.22 (d,  Puri cation through a chromatography column (elution: 7% EtOAc in

J=1.9 Hz, 1H), 6.46 (s, 1H), 6.28 ( 6.0 Hz, 1H), 3.64 (dl= petroleum ether). mp 12021°C. *H NMR (400 MHz, CDG):

CDClL): 176.2, 170.0, 168.8, 157.2, 154.8, 148.0, 139.2, 131621 (dJ=7.3Hz, 1H), 6.37 (s, 1H), 6.28 (& 6.0 Hz, 1H), 4.00

127.4,125.2, 122.0, 120.2, 114.0, 33.3, 13.9 ppm. HRMS (ESI-TOEP2 (M, 1H), 2.162.05 (m, 2H), 1.831.77 (m, 4H), 1.63 (dJ =

miz: [M + H] * calcd for GH,,CINO,, 304.0377; found, 304.0370. 12-2 Hz, 1H), 1.361.13 (m, 3H) ppm=*C{'H} NMR (126 MHz,
3.(7-Bromo-4-0x0-4H-chromenyly-1-ethyl-1H-pyrrole-2,5-  CDCh):  177.0, 170.7, 169.4, 157.0, 154.8, 148.9, 133.1, 129.6,

dione.The productio was obtained as a white solid (58.1 mg, 84%)126.9, 124.4, 123.4, 120.4, 113.7, 51.1, 30.0, 26.0, 25.2 ppm. HRMS

after purication through a chromatography column (elution: 7%(ESI-TOF)m/z: [M + H] " calcd for GH1dNO,, 324.1236; found,

EtOAc in petroleum ether). mp 1888°C. *H NMR (500 MHz, 324.1229.

CDCL): 7.80 (d,J= 6.0 Hz, 1H), 7.76 (s, 1H), 7.37 (s, 1H), 6.46 Methyl 3-(2,5-Diox0-3-(4-0x0-4H-chromen-5-yl)-2,5-dihydro-1H-

(s, 1H), 6.29 (dJ= 6.0 Hz, 1H), 3.64 (d= 7.2 Hz, 2H), 1.25 (1= pyrrol-1-yl)propanoateThe productdv was obtained as a white

7.2 Hz, 3H) ppm*3C{'H} NMR (126 MHz, CDC)): 176.3,170.0, solid (57.5 mg, 88%) after peation through a chromatography

168.8, 156.9, 154.7, 147.8, 130.9, 130.0, 127.2, 125.1, 123.2, 182ymn (elution: 17% EtOAc in petroleum ether). mp 130°C.

114.0, 33.2, 13.9 ppm. HRMS (ESI-T®F): [M + H] * caled for ~ “H NMR (500 MHz, CDG):  7.84 (d,J= 6.0 Hz, 1H), 7.727.69

C,sH1,.BrNO,, 347.9872; found, 347.9865. (m, 1H), 7.59 (ddJ= 8.5, 0.9 Hz, 1H), 7.24 (dd= 7.3, 0.8 Hz,
1-Ethyl-3-(8-methyl-4-oxo-4Hwomen-5-yl)-1H-pyrrole-2,5-  1H), 6.45 (s, 1H), 6.29 (d= 6.0 Hz, 1H), 3.91 (4= 7.4 Hz, 2H),

dione.The productip was obtained as a white solid (52.6 mg, 93%)3.68 (s, 3H), 2.72 (8= 7.4 Hz, 2H) ppmtiC{*H} NMR (126 MHz,

after purication through a chromatography column (elution: 10%CDCkL): 177.0, 171.4, 170.1, 169.0, 157.0, 154.9, 149.6, 133.3,

EtOAc in petroleum ether). mp 1358°C. 'H NMR (400 MHz, 129.2,126.98, 124.6, 123.4,120.7, 113.7, 51.9, 33.9, 33.0 ppm. HRMS

9239 https://dx.doi.org/10.1021/acs.joc.0c01223
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(ESI-TOF) m/z: [M + Na]* calcd for GH,JNOgNa, 350.0641; 61%) after purcation through a chromatography column (elution:
found, 350.0633. 17% EtOAc in petroleum ether). mp 1889 °C. 'H NMR (500

1-Benzyl-3-(4-oxo0-4H-chromen-5-yl)-1H-pyrrole-2,5-didihe. MHz, CDCL): 8.42 8.41 (m, 1H), 8.408.39 (m, 1H), 8.37 (dI=
product4w was obtained as a white solid (57.6 mg, 87%) afte6.0 Hz, 1H), 7.977.94 (m, 1H), 7.87 (dd] = 8.5, 1.1 Hz, 1H),
puri cation through a chromatography column (elution: 10% EtOA@.75 7.72 (m, 2H), 7.50 (dd= 7.3, 1.0 Hz, 1H), 7.14 (s, 1H), 6.40
in petroleum ether). mp 20304°C. *H NMR (400 MHz, CDG): (d,J=6.0 Hz, 1H) ppm:3C{*H} NMR (126 MHz, CDC)): 177.2,

7.88 (dJ=5.8 Hz, 1H), 7.74 (1= 7.8 Hz, 1H), 7.63 (dI= 8.5 168.3, 167.4, 157.1, 155.2, 150.0, 146.0, 137.8, 133.5, 128.5, 127.0,
Hz, 1H), 7.48 (dJ= 7.3 Hz, 2H), 7.38 (f]= 7.2 Hz, 2H), 7.29 (dd, 125.7,124.6,124.4,123.4,121.2, 113.7 ppm. HRMS (ESH/EOF)
=18.2, 7.2 Hz, 2H), 6.52 (s, 1H), 6.36Jd,5.8 Hz, 1H), 4.83 (s, [M + H]* calcd for GH;N,0¢, 363.0617; found, 363.0611.
2H) ppm.=C{*H} NMR (151 MHz, CDC)): 177.2, 170.4, 169.3, (E)-Ethyl 3-(4-Ox0-4H-chromen-5-yl)acryldiee product4ad
157.2, 155.0, 149.7, 136.7, 133.4, 129.4, 128.8, 128.4, 127.8, 12Va3, obtained as a white solid (39.0 mg, 80%) aftecgpiori
124.7, 123.6, 120.8, 113.9, 41.9 ppm. HRMS (ESIsI@AM + through a chromatography column (elution: 10% EtOAc in petroleum
H]* calcd for GH1/NO,, 332.0923; found, 332.0915. ether). mp 119120°C. *H NMR (500 MHz, CDG): 8.92 (dJ=

3-(4-Oxo-4H-chromen-5-yl)-1-phenyl-1H-pyrrole-2,5-didhe. 15.9 Hz, 1H), 7.78 (dl= 5.9 Hz, 1H), 7.61 (tJ= 8.0 Hz, 1H),
product4x was obtained as a light yellow solid (49.4 mg, 78%) after.46 7.44 (m, 1H), 7.42 (d)= 7.5 Hz, 1H), 6.30 (d] = 5.9 Hz,
puri cation through a chromatography column (elution: 13% EtOAdH), 6.21 (dJ= 15.9 Hz, 1H), 4.27 (d= 7.1 Hz, 2H), 1.33 (1=
in petroleum ether). mp 19596°C.*H NMR (500 MHz, CDG): 7.1 Hz, 3H) ppmt3C{*H} NMR (126 MHz, CDC})): 178.7, 166.4,

7.84 (d,J= 6.0 Hz, 1H), 7.747.71 (m, 1H), 7.61 (d]= 8.5 Hz, 157.5, 154.1, 144.6, 137.3, 133.0, 124.8, 122.4, 121.7, 119.6, 114.3,
1H), 7.47 7.46 (m, 4H), 7.367.34 (m, 1H), 7.31 (d)= 7.3 Hz, 60.6, 14.3 ppm. HRMS (ESI-TOR)/z. [M + Na]* calcd for
1H), 6.60 (s, 1H), 6.31 (d= 6.0 Hz, 1H) ppm-*C{*H} NMR (126 CiH1,04Na, 267.0633; found, 267.0627.

MHz, CDC}L): 177.1, 169.4, 168.2, 157.1, 155.0, 149.5, 133.3, (E)-Butyl 3-(4-Oxo-4H-chromen-5-yl)acryldtee product4ae

131.9, 129.2, 129.0, 127.7, 127.0, 126.4, 124.5, 123.5, 120.8, 1a@gobtained as an amorphous solid (44.1 mg, 81%) aftatiouri

ppm. HRMS (ESI-TOFm/z: [M + H]* caled for GH; NO,, through a chromatography column (elution: 6% EtOAc in petroleum

318.0766; found, 318.0760. ether).™H NMR (500 MHz, DMSQ#):  8.89 (dJ= 16.0 Hz, 1H),
1-(2-Bromophenyl)-3-(4-oxo-4Hromen-5-yl)-1H-pyrrole-2,5-  8.24 (dJ=5.9 Hz, 1H), 7.75 (1= 8.0 Hz, 1H), 7.677.64 (m, 2H),

dione.The productly was obtained as a white solid (67.8 mg, 86%)6.38 (dJ=15.9 Hz, 1H), 6.33 (d~ 5.9 Hz, 1H), 4.14 (§=6.7 Hz,

after purication through a chromatography column (elution: 13%2H), 1.64 1.58 (m, 2H), 1.411.34 (m, 2H), 0.90 () = 7.5 Hz,

EtOAc in petroleum ether). mp 1290°C. 'H NMR (500 MHz, 3H) ppm. BC{*H} NMR (126 MHz, DMSQd;): 178.6, 166.4,

CDClL): 7.84 (dJ=6.0 Hz, 1H), 7.757.69 (m, 2H), 7.61 (dl= 157.5, 156.3, 144.5, 135.9, 134.0, 125.4, 121.9, 121.3, 120.7, 114.0,

8.5 Hz, 1H), 7.467.41 (m, 2H), 7.34 (d= 7.3 Hz, 1H), 7.327.28 64.2, 30.7, 19.1, 14.0 ppm. HRMS (ESI-T@E) [M + Na]* calcd

(m, 1H), 6.63 (s, 1H), 6.32 (d= 6.0 Hz, 1H) ppm:*C{*H} NMR for C,eH104Na, 295.0946; found, 295.0939.

(126 MHz, CDCJ)): 177.1, 168.5, 167.5, 157.0, 154.9, 149.9, 133.5, (E)-Methoxyethyl 3-(4-Oxo-4H-chromen-5-yl)acryldte.prod-

133.3, 131.5, 131.3, 130.7, 129.0, 128.4, 127.2, 124.8, 123.5, 120:@4af was obtained as an amorphous solid (49.3 mg, 90%) after

113.8 ppm. HRMS (ESI-TOFn/z: [M + H]* calcd for puri cation through a chromatography column (elution: 17% EtOAc

C,H1,BrNQ,, 395.9872; found, 395.9868. in petroleum etheryH NMR (500 MHz, CDG)):  8.95 (dJ=15.9

1-(4-Ethylphenyl)-3-(4-oxo-4ttromen-5-yl)-1Hpyrrole-2,5- Hz, 1H), 7.79 (dJ= 5.9 Hz, 1H), 7.62 (1= 8.0 Hz, 1H), 7.47 (d},
dione.The productiz was obtained as a white solid (54.5 mg, 79%)= 8.4 Hz, 1H), 7.42 (d= 7.5 Hz, 1H), 6.31 (d=5.9 Hz, 1H), 6.26
after purication through a chromatography column (elution: 10%(d, J= 15.9 Hz, 1H), 4.414.34 (m, 2H), 3.733.62 (m, 2H), 3.42
EtOAc in petroleum ether). mp 18B2°C. *H NMR (400 MHz, (s, 3H) ppm.**c{*H} NMR (126 MHz, CDCJ)): 178.8, 166.4,
CDCl): 7.84 (dJ=6.0Hz, 1H),7.72 (§=7.9 Hz, 1H), 7.60 (d, 157.5, 154.3, 145.3, 137.1, 133.1, 124.9, 122.4, 121.2, 119.8, 114.2,
= 8.5 Hz, 1H), 7.377.35 (m, 2H), 7.327.28 (m, 3H), 6.59 (s, 1H),  70.5, 63.7, 59.1 ppm. HRMS (ESI-T@#}: [M + H]* calcd for
6.31 (d,J=6.0 Hz, 1H), 2.67 (d,= 7.6 Hz, 2H), 1.24 (1= 7.6 Hz, CisH105, 297.0739; found, 297.0732.
3H) ppm.=C{*H} NMR (126 MHz, CDCJ)): 177.0, 169.5, 168.3, (E)-5-(2-(Phenylsulfonyl)vinyl)-4H-chromen-4-dffee  product
157.1, 154.9, 149.4, 143.9, 133.3, 129.4, 129.3, 128.5, 127.0, 12&¢g,was obtained as a light yellow solid (58.0 mg, 93%) after
1245, 123.5, 120.7, 113.8, 28.6, 15.5 ppm. HRMS (ESKIOF) puri cation through a chromatography column (elution: 12% EtOAc
[M + H]* caled for GH,NO,,346.1079; found, 346.1072. in petroleum ether). mp 14950°C.H NMR (500 MHz, CDG):

1-(4-Acetylphenyl)-3-(4-oxo-4Hromen-5-yl)-H-pyrrole-2,5- 8.90 (dJ=15.3 Hz, 1H), 8.06 (d=7.2 Hz, 2H), 7.81 (&= 5.9
dione. The produc#4aawas obtained as an amorphous solid (52.4Hz, 1H), 7.637.58 (m, 2H), 7.54 (t]= 7.4 Hz, 2H), 7.49 (d= 8.3
mg, 73%) after pudation through a chromatography column Hz, 1H), 7.34 (dJ= 7.4 Hz, 1H), 6.64 (d)= 15.3 Hz, 1H), 6.32 (d,
(elution: 10% EtOAc in petroleum ethéd. NMR (400 MHz, J= 5.9 Hz, 1H) ppm*C{*H} NMR (126 MHz, CDCJ)): 178.4,
DMSO«): 8.36 (d,J= 6.0 Hz, 1H), 8.10 (d] = 8.7 Hz, 2H), 157.4, 154.6, 143.9, 140.5, 134.8, 133.4, 133.3, 130.0, 129.3, 128.0,
7.96 7.92 (m, 1H), 7.877.85 (m, 1H), 7.56 (dJ= 8.6 Hz, 2H), 125.1, 122.5, 120.5, 114.1 ppm. HRMS (ESI-R@E)[M + H] *

7.49 (dJ=7.2 Hz, 1H), 7.10 (s, 1H), 6.40 (5 6.0 Hz, 1H), 2.61 caled for GH,40,S, 313.0535; found, 313.0527.

(s, 3H) ppmEC{*H} NMR (126 MHz, DMSQdy): 197.1, 176.5, 1-Ethyl-3-(4-ox0-3-(phenylsald)-4H-chromen-5-yl)-1H-pyr-

168.9, 167.7, 156.8, 156.4, 149.1, 135.9, 135.4, 133.9, 129.0, 128l8;2,5-dioneThe productawas obtained as a white solid (54.3

127.4,125.8,125.0,122.6, 120.9, 112.9, 26.7 ppm. HRMS (ESI-TORY, 64%) after pudation through a chromatography column

m/z: [M + H]* calcd for GH,,NOs, 360.0872; found, 360.0865.  (elution: 12% EtOAc in petroleum ether). mp 17Z3°C.*H NMR
1-(4-Bromophenyl)-3-(4-oxo-4Hromen-5-yl)-1H-pyrrole-2,5- (400 MHz, DMSQd;):  8.59 (s, 1H), 7.93 (dd= 8.5, 7.3 Hz, 1H),

dione.The productabwas obtained as a light yellow solid (59.1 mg,7.85 (ddJ= 8.5, 1.1 Hz, 1H), 7.46 (dd= 7.2, 1.1 Hz, 1H), 7.43

75%) after purtcation through a chromatography column (elution: 7.41 (m, 2H), 7.327.26 (m, 3H), 6.85 (s, 1H), 3.48 (@r 7.1 Hz,

8% EtOAc in petroleum ether). mp 2234 °C. 'H NMR (500 2H), 1.09 (t,J = 7.2 Hz, 3H) ppm®C{*H} NMR (126 MHz,

MHz, CDCL): 7.86 (dJ= 6.0 Hz, 1H), 7.767.73 (m, 1H), 7.64 CDCL): 174.8, 170.5, 169.2, 156.9, 154.6, 149.0, 134.0, 133.2,

7.62 (m, 1H), 7.597.57 (m, 2H), 7.397.37 (m, 2H), 7.31 (d]= 129.8,129.6, 128.3, 127.6, 127.2, 124.6, 121.5, 120.4, 119.2, 33.3, 13.9

7.2 Hz, 1H), 6.60 (s, 1H), 6.33 @5 6.0 Hz, 1H) ppm*C{*H} ppm. HRMS (ESI-TOFjn/z: [M + H]* calcd for GH;NO,Se,

NMR (126 MHz, CDG): 177.1, 168.9, 167.8, 157.1, 155.0, 149.6/426.0245; found, 426.0238.

133.3, 132.1, 131.1, 129.0, 127.7, 127.0, 124.5, 123.5, 121.3, 120(&)-tert-Butyl-3-(5-(1-ethyl-2d50x0-2,5-dihydro-1H-pyrrol-3-

113.8 ppm. HRMS (ESI-TOFn/z: [M + H]* calcd for yl)-4-oxo-4H-chromen-3-yl)acrylaféhe productcb was obtained

C,H1:BrNO,, 395.9872; found, 395.9868. as a white solid (44.2 mg, 56%) after pation through a
1-(4-Nitrophenyl)-3-(4-oxo-4¢hromen-5-yl)-1Hpyrrole-2,5- chromatography column (elution: 12% EtOAc in petroleum ether).

dione.The producttacwas obtained as a light yellow solid (44.2 mg,mp 135 136°C. *H NMR (600 MHz, DMSQg;): 8.92 (s, 1H),
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7.94 7.91 (m, 1H), 7.88 (d] = 8.3 Hz, 1H), 7.46 (d]= 7.1 Hz, Yi Gao Chemical Biology Research Center at School of
1H), 7.33 (dJ= 16.0 Hz, 1H), 6.90 (d,= 16.0 Hz, 1H), 6.86 (s, Pharmaceutical Sciences, Wenzhou Medical University,
1H), 3.53 (qJ= 7.1 Hz, 2H), 1.46 (s, 9H), 1.14 Jt5 7.1 Hz, 3H) Wenzhou, Zhejiang 325035, China

ppm. *C{'H} NMR (126 MHz, CDCJ)): 175.5, 170.4, 169.2,
166.3, 156.1, 156.0, 149.4, 133.4, 133.3, 129.9, 127.5, 124.5, 124
122.8, 120.4, 120.4, 80.6, 33.3, 28.123, 14.0 ppm. HRMS (ESI-TOF)

lsingling Zhan The First Aiated Hospital, Wenzhou
““"Medical University, Wenzhou, Zhejiang 325035, China

miz: [M + H] * calcd for GH,,NO,, 396.1447; found, 396.1444. Zhilong Zheng_ Chemical Biology Research_Center'at Sphool of
4-(3-(3,6-Dioxocyclohexa-1,4-dienyl)-4-oxo-4H-chromen-5-yl)-1-  Pharmaceutical Sciences, Wenzhou Medical University,

ethyl-1H-pyrrole-2,5-dion&he producbcwas obtained as a yellow Wenzhou, Zhejiang 325035, China

solid (39.0 mg, 52%) after pwation through a chromatography =~ Mengjie Yang Chemical Biology Research Center at School of

column (elution: 12% EtOAc in petroleum ether). mp 170°C. Pharmaceutical Sciences, Wenzhou Medical University,

IH NMR (400 MHz, DMSQ#): 8.54 (s, 1H), 7.977.93 (m, 1H), Wenzhou, Zhejiang 325035, China

7.89 (ddJ=8.5, 1.2 Hz, 1H), 7.47 (d#= 7.1, 1.2 Hz, 1H), 7.05 (d, Guang Liang Chemical Biology Research Center at School of

J=2.6 Hz, 1H), 7.00 (d= 10.2 Hz, 1H), 6.93 (dd= 10.2, 2.6 Hz, - - - el
1H), 6.85 (s, 1H). 3.49 (d= 7.1 Hz, 2H), 1.10 (U= 7.2 Hz. 3H) Pharmaceutical Sciences, Wenzhou Medical University,

ppm. 2C{1H} NMR (126 MHz, DMSQ8,):  187.3, 185.0, 174.1, Wenzhou, Zhejiang 325035, Charajd.org/0000-0002-
170.3, 168.9, 157.1, 155.8, 148.7, 138.2, 137.1, 136.3, 134.8, 134.3,8278-849X

129.1,128.0,125.0, 121.7, 120.6, 117.5, 32.4, 13.7 ppm. HRMS (ESémplete contact information is available at:
TOF) m/z: [M + Na]" calcd for GH;NOgNa, 398.0641; found,  htps://pubs.acs.org/10.1021/acs.joc.0c01223

398.0637.
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