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1. Introduction

NEt OMe

In the enormously progressing field of synthetierdistry, the L ’

Lee . . H OMe
edifice of carbon-heteroatom bond formation is ampdrtant HN™ O s
strategy for the construction of complex organiclenoles s OMe
Domino approach is one of the major tool to construc %COzMe
biologically important complex molecules from simpubstrates N
in one-pot fashion which is ecologically and ecoraatly antiinflammatory agent MCF-6 growth inhibitor
benign? p-Quinoné* is one of the potent starting materials for
the synthesis oftompounds having biological profil&8.p- o '7'/0‘,\, R
Quinones react with thiols to generate hydroquinooearing 2 j/\:/[ ~
arylthio moiety! In recent years,p-quinones have been 3 o o

derivatized in more useful forms like nitrovingiquinone8and o
alkenyl _p—benzoquinone%.The alkenyl p-benzoquinones  are ﬁ%ﬁ‘das”gs‘tg;‘;g{'"e
fascinating precursors for the cascade protocol tueheir anti-tubercular agents
inherent multiple functionalities. The alkengtbenzoquinones
have potential to react with alkyl and aryl thialsgenerate alkyl
or aryl sulfide derivatives of coumarins which seém be
promising bioactive compounds since coumafirmd biaryl  of benzoquinone derivativEsind synthesis of diaryl sulphid¥s,
sulfides” have enriched literature of bioactivity such asi-ant herein, we report a rapid, novel and efficient metfay the
inflammatory, anti-malarial, anti-cancer and antWHactivities
(Figure 1)*™In addition, coumarin derivatives derived from

alkenyl p-benzoquinone have also found application in 9 .
fluorescence prob®.However, the reports on the synthesis of eit;/\/
5 s Z T
o}

Figure 1. Some of the diaryl sulfide containing biologically
active compounds.
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coumarin-coupled aryl sulfides are scaft€eeping the above in
mind, we hypothesized that alkengtbenzoquinones, having
multiple sites for nucleophilic attack, can underdichael
addition with thiols followed by cyclization in donmanfashion,
resulting in the formation of novel aryl sulfide riatives of
coumarin of types I, Il and 1l (Scheme 1). Thesenpounds are synthesis of aryl sulfide derivatives of coumarihrough
interesting due to the presence of both coumarthaayl sulfide  sequential construction of C-S and C-O bonds in @imo
moiety. In continuation of our work on harnessing thactivity sequence. The current strategy involves one-pofrdoiichael

OH

Scheme 1Working hypothesis.



addition cyclization protocol to produce coumarasbed aryl
sulfides.

2. Results and Discussion

Accordingly, the alkenyl p-benzoquinones 2a-d, were

2
mixture of 5b and2a in a combined yield of 18% (Table 1, entry
1) where the regioisome#b and5b resulted from the addition of
3b on alkenylp-benzoquinonea at position 3 and position 6,
respectively.

Encouraged by this result, we sought to optimize réeetion

synthesizeﬁ_’ by the oxidative demethylation of theconditions in various solvents such as THF, ethgtdte, toluene,
corresponding alkenylarenga-d (Scheme 2). Since the oxidizedCH,Cl,, CHCk, EtOH, MeOH, HO and found that the nature of
products2a-d are pure, as checked by NMR, they are used assolvent has great impact on the reaction outcomepolar/non-

such after work-up without purification.

OMe 0
i)j&\(COZR CAN «COR
—_—
X ﬁ/ COzR C|-r|t3(;N:|_-|20 X COR
OMe , 5 min o
1a-c 2a-c
a X=H,R=Me Used after work-up
b: X=H, R=Et without further purification
c. X=Br,R=Me
OMe o}
@NCOZM‘E CAN S COMe
—_—
( CH3CN:H,0
OMe rt, 5 min o
1d 2d

Used after work-up
without further purification

Scheme 2.Oxidation of 1,4-dimethoxy-alkenyl arenes B
quinonea-d.

Table 1.Optimization of reaction conditioris.

(@]
(0] z
2 solvent 9 |
L 4 oo/ [ ;
5 3 Z  templ/time
0 . 5,
2a 2a'
Z=CO,Me Ar = p-tolyl
temp/ yield (%
Entry solvent time (min) 4b  5b/2a
1 CHCN /5 55 18
2 THF /5 47 35
3 Ethyl lactate rt/s 50 22
4 Toluene rt/s 57 20
5 CH.CI, rt/5 60 23
6 CHCE /5 55 22
7 H,O rt/10 41 2a (22)
8 Ethanol r/5 55 5b (19)
9 MeOH vl 63 5b (21)
1 MeOH+H0 rt/10 42 2a’ (27)
11 MeOH 0°c /1 65 5b (18)
12 MeOH -20C /1 68 5b (17)
13 MeOH —-40C /1 70 5b (18)
14 MeOH —-40°C /1 73 5b (18)

2 All reactions were performed wia (0.5 mmol),3b (0.5 mmol) in 1 mL of
solvent.® Yield of isolated products after column chromatgiwg unless
otherwise noted® Combined yield o6b and2a’ asdetermined byH NMR
analysis.Y MeOH and HO (1:1).° 2a (1.0 mmol) and3b (0.6 mmol) were
used.

As a prelude to our objective, we performed the feacof
alkenyl p-benzoquinone2a and 4-methylthiophenol 3p) in
acetonitrile at room temperature. To our delightyl ssulfide

polar aprotic solvents4b was obtained in comparatively lower
yield along with varying amounts &b and2a (entries 2—6). On
switching towards the polar protic solvents, as isecaf waterdb
was obtained selectively in 41% yield along vt (22%) (entry
7). In the reaction performed in EtOH and MeOH, both
regioisomerstb and5b were formed in good yield (entries 8 and
9). Further, the reaction in a 1:1 mixture of MeOH &hO proved

to be less reactive (entry 10). Though the reagtimteeds in all
solvents, it worked more efficiently in MeOH whedbd was
obtained as major isomer aBd in minor quantity.

After identifying the suitable solvent, we perforntbé reaction
at lower temperature and found that the reactiorpéeature had a
great influence on the reaction outcome. The dserem
temperature led to an increase in the yield ofgwelucts (entries
11-13). When the amount @& was increased from 1 equiv to 1.3
equiv, the reaction worked efficiently to affordeparable mixture
of two regioisomerglb and5b in 73 and 18% vyield, respectively
(Table 1, entry 14). Thus, the screening of varipasameters
identified the above condition as the optimal fohist
transformation.

In view of the success of the above reaction, tlwpeof the
reaction of 2a was exemplified with various substituted
thiophenols under the optimized reaction conditidrtee nature of
substituent on aryl ring of thiophendds—f affected the reaction
yield of diaryl sulfidesda—f and5af slightly. Electron—donating
groups on aryl ring of thiophenol showed more reé#gtithan
those with electron-withdrawing groups (Table 2). Example, 4-
methoxythiophenol3c) produced the producte and5cin 75 and
15% yield, respectively. Use of 2-naphthalenethsal)( delivered
4d and5d in 75 and 18% vyield, respectively. Notably, thectems
of 3e and 3f bearing electron-withdrawing halo groups furnished
the sulfidesAie and5ein 72 and 13%, andf and5f in 71 and 13%
yield, respectively. The slight reduction in theelgi may be
attributed to the moderate electron-withdrawing rextfrthe halo
substituents. The structures of the both regioisemeere
unambiguously confirmed bfH NMR analysis by the inspection
of coupling constants. In case 4, ortho coupling § = 9.5 Hz) is
observed between H-7 and H-8 protons which indicates
thiophenol is attached at'position of alkenyp-benzoquinon@a.

In case ofsc, H-5 and H-7 protons showedetacoupling § = 2.5
Hz) confirming the addition of thiophenol af” gosition of 2a
Moreover, the structures @fe and 5e were confirmed by their
single crystal X-ray analysis (Figure %).

Inspired by the above results, we further exteritiedscope of
the reaction of alkenyp-benzoquinone&b bearing ethyl ester
with various thiophenols and here again the reagi@mteeded
smoothly under the optimized conditions. Moreowegctron-
donating and withdrawing groups on the aryl ring libphenol
were well tolerated, leading to the desired majoidpots 6a—f
and minor7af in good yields (Table 2).

derivative of coumaridb was obtained in 55% vyield along with a



Table 2.Scope of thiols and alkengtbenzoquinoned®

z
z

Z=
Z=

Z=
Z=

[0}
4
6 N MeOH, -40 °C
5 3 7 + Ar—SH ——— +
1 min
o
3a-f
Z =CO,Me; 2a 5a—f
Z = CO,Et; 2b 7a—f

P @ng & ngg%

=CO,Me  4a (75%) 5a (15%) 4b (73%) 5b (18%)
=COEt  6a(79%) 7a (12%) 6b (75%) 7b (17%)
|
J J@ “
/‘/ MeO~
4d (75%) 5d (18%)
CO,Me 4c (75%) 5¢ (15%)
CozEt 6c (78%) 7¢ (13%) 6d (75%) 7d (17%)
(g /© (Sj/ [ ﬁ $
CO,Me  4e (72:& 5e (13%) 4 (71%) 5 (13%)
COEt  6e(78%) 7e (10%) 6f (75%) 7 (11%)

2The reaction was carried out using 2a/2b (1.0 mmol) and 3a—f (0.6 mmol) in MeOH (1 mL) at —40 °C. "Isolated yield after column chromatography.

(0]
CO,M
o 2Me
el
s
OH 4e

9 under the optimized conditions and afforded theicgated
o COMe products8a— in good yields of 65-78% (Table 3). In addition,
N s 2¢’ was obtained as minor product in each case.
i The feasibility and scope of the above reaction abE®
OH evaluated with aliphatic thiol8g and3h. To our delight, it was

S found that when aliphatic thiols reacted with alkerny

benzoquinones2a-¢ a single regioisomer was produced

exclusively in each case in very good yield alonth\®&e’-c’ in 2

= min (Table 4). This observation reflected the faéleat the

ﬁ _,Si:f reactions of arylthiols are relatively faster thdhose of
alkylthiols as recorded in the literatiffe.

Figure 2. Single crystal X-ray structure of compouseland5e.

To further extend the scope of the current dominatgeol,
bromo derivative2c of alkenyl p-benzoquinone was treated with
various thiophenols under the same conditions. Astémgly,
regioselective addition of the nucleophile at posit3 of 2c was
observed resulting in the formation of the diamyffisles 8. This
may be attributed due to the stereoelectronic eféécbromo
group situated at'bposition of2c. Thus a series of thiophenols
bearing methyl, methoxy, chloro, bromo substitutgdpara
position of phenyl ring and 2-naphthylthiol were wdlerated



Table 3 Scope of domino reaction of alkenylbenzoquinones
with thiols*®

o)
fe) CO,Me | CO,Me
MeOH
AN COZMS _40°C
—_—
Br COMe 2 min Br Br
o Ar—SH OH
2c 3a-f 2¢'
Q o
0 COMe o COMe o co,Me
| | OMe
oYy cr
Br S Br TN Br S
OH OH OH
8a (70%) 8b (73%) 8c (76%)
2¢' (13%) 2¢’ (15%) 2¢' (20%)
o) (6]
o CO,Me o CO,Me o | CO,Me
| | Br Cl
90 Y Iy
Br S Br I Br S
OH OH OH
8d (78%) 8e (68%) 8f (65%)
2¢' (15%) 2¢' (19%) 2¢' (16%)

*The reaction was carried out usi@g (1.0 mmol) and3a—f (0.6 mmol) in
MeOH (1 mL) at —40C. "Isolated yield after column chromatography.

Table 4 Scope of aliphatic thiof”

0
X z "
. 2 R-SH ——>
3g,h
o 0
2a: X =H; Z=CO,Me Z
2b: X = H; Z = CO,Et O
2¢: X =Br; Z=CO,Me
+
X
OH
3g: R = CHyPh 4g/6g/8g 2a'/2b"/2¢’
3h: R = CH,CH,CO,Me  4h/6h/8h
2a R = CHPh 49 (70%) 2a (12%)
2a R = CHCH,COMe 4h (69%) 2a (11%)
2b R = CHPh 69 (73%) 2b' (13%)
2b R = CHCH,CO.Me 6h (70%) 2b' (12%)
2c R = CHPh 89 (70%) 2¢’ (13%)
2c R = CHCH,CO,Me 8h (68%) 2¢ (17%)

*The reaction was carried out usig—c (1.0 mmol) and3g,h (0.6 mmol) in
MeOH (1 mL) at —40C. "Isolated yield after column chromatography.

Encouraged by these results, we further employadptfuitocol to
the addition of various thiophenols bearing eittedectron-
donating group8b, 3cand3d or electron-withdrawing grou&e
and 3f with alkenylp-benzoquinon@d. The reaction underwent
smoothly and afforded the sole Michael additiondpicis9a—fin
1 min in good yield as shown in Scheme 5. This maybe to
the less electrophilicity od as comparision t®a2b. The
reaction of2d with aliphatic thiols3g and 3h worked well to

4
afford the products9g and 9h regioselectively in 70 and 68%
yield, respectively (Table b5).

Table 5. Thiolation of alkenyp-benzoquinon@d*”

9 OH
X _CO,Me
? R-SH  MeOH X C0:Me
+ — s
3a-h —40°C,1min S/R
0 R = Ar/alkyl OH
2d 9a-h
OH OH OH
X COsMe X CO-Me Xx_COsMe
S S S
H OH OH
g 9
e b
OMe
9a (68%) 9b (70%) 9c (72%)
OH OH
X COzMe xCOsMe
s s OH
A COzMe

OH L
S ;
X
R = Ph; 9g (70%)
R = CH,CO,Me 9h (68%)

X = Br; 9e (65%)

9d (71%) X = CI; 9f (65%)

#The reaction was carried out usi@d (1.0 mmol) and3a—h (0.6 mmol) in
MeOH (1 mL) at —40C. "Isolated yield after column chromatography.

To support the observed regioselectivity of thectiea, we
calculated Fukui functioi&for alkenyl p-benzoquinones. These
calculations were performed with GAUSSIAN 09 program at
B3LYP/6-31** level of theory. The Fukui function for
nucleophilic attack was associated with the lowestonpied

0.03 Q 0.06, ?
z 'g ~Z R S~ Z
16
e} 0]

Z= COzMe

Figure 3. Fukui functions (f) of alkenyl p-benzoquinones for
attack of thiol.

molecular orbital (LUMO) density. Higher the electhijc
activation (f") value, greater the probability for nucleophilic
attack of thiols. There are three electrophiliesifC-3, C-5, C-6)
available in alkenylp-benzoquinonea-d for the attack of
thiols. The calculated T indicate that the C-3 is more
electrophilic (" = 0.09) site than C-6,{f= 0.06), and C-5 (f =
0.05) Qa, Figure 3). Similar electrophilic trend is obsetvia
quinones2c and 2d. These calculated values supported our
experimental results where thiols are attached“an@ijor) and

6™ (minor) positions of alkeny-benzoquinones.

Based on the above experimental results, a reakonab
mechanism for the formation of coumarin aryl sudfidkerivatives
4b, 5b and cyclised produ@a’ is depicted in Scheme 3. Since
the G-C; double bond is in conjugation with C-1 carbonyl and
two ester groups of vinylic moiety at"2position and as
supported by theoretical observations (Figure %)p8sition of
2ais more electrophilic than"gosition. More electrophilicity of
3" position facilitates the quick Michael attack of- 4



methylthiophenol b) to form speciesA (path §. Then the
nucleophilic oxygen of hydroxy function oA attacks on the
electrophilic carbon of ester moiety to give thelsed specieB
spontaneously with the concomitant release of meihan
Tautomerization oB producegtb as major product. In addition

o]

. CO2Me RS, o

COZMG %COZMe
0 MeO,C
0 For
path ¢ 6%)

R-SH 3b o
R = p-tolyl H I
ath b
p redox process s ~-COzMe
RS-SR CoMe
E
OH OH
CO2Me c
Cyclization COMe Tautomerization
MeOH OH o
Q F MeQ—4
CO,M
o CO,Me 6H ‘ oMe
Cyclization
‘ J Y R/S
H
s O
<0 R o CO,Me OH
B |

Tautomenzahon

D
Cyclization l\
MeOH
0]

OH
CO,Me o
2a' s |
R
OH R

Major

CO,Me

4. Experimental section

4.1 General information:

Unless otherwise noted, chemicals were purchased tinem
highest purity grade available and were used wittfauher
purification. Thin layer chromatography was perfodmen
Merck pre-coated 0.25 mm silica gel plates (60F)2&ing UV
light as visualizing agent. Silica gel (100-200 hjesas used for
column chromatography. IR spectra of the compouwdse
recorded on FT-IR and are expressed as wave nurobet).(
NMR spectra were recorded in CR@hd DMSOd; using TMS
as an internal standard on 500 MHz and 400 MHz instnis.
Chemical shifts) were reported as parts per million (ppmpin
scale downfield from TMSH NMR spectra were referenced to
CDCl; (7.26 ppm) or DMSQ¥ (2.50 ppm), and*C NMR
spectra were referenced to CRC17.0 ppm, the middle peak) or
DMSO-dg (39.5 ppm, the middle peak). Coupling constantewer
expressed in Hz. The following abbreviations wereduse
explain the multiplicities: s = singlet, d = douthléd = doublet of
doublet, t = triplet, g = quartet, m = multiplet.gHiresolution
mass spectra (HRMS) were obtained on a Briker micfoTO
Q Il mass spectrometer (ESI-MS).

4.2 General procedure for the synthesis of aryl sfitle
derivatives of coumarins 45 and 6/7:

A solution of ceric ammonium nitrate (2.5 mmol) inCH(3
mL) was added to a solution of dimethoxy ardn@ mmol) in
CH:CN (1 mL) with rapid stirring. The color changed dipi
from orange to red. After 5 min, dichloromethan® (L) and
brine solution were added and the organic layer wepsrated.
The aqueous layer was extracted with DCM. The combined
organic layer was dried over anhyd.,N@y, concentrated under
reduced pressure and the residue was used furthéouwit
purification. Thus obtained benzoquino@ewas dissolved in
MeOH (0.5 mL) at —-40°C was added thiol derivativ@ (0.6
mmol) in MeOH (0.5 mL) and stirred the reaction rangt for 1
min. After completion of the reaction, as checkedThy, the
solvent was removed undeacuoand the residue was purified

Scheme 3.Proposed mechanism for the formation of coumarinpy silica gel column chromatography using 30% etingtate in

derivatives4b, 5b and cyclized produ@a’

to affording4b and5b, the alkenylp-benzoquinon€a may
also undergo self-cyclisaton to produ@ (path BH. This
cyclization is triggered by the oxidation of thiagstol 3b by
quinoneZ2a to disulfideE with simultaneous reduction @a to

hexanes to furnish the pure aryl sulfide derivati¥eoumarin.

Methyl 6-hydroxy-2-oxo-5-(phenylthio)-2H-chromene-3-
carboxylate(4a): Reaction time: 1 min; Yield: 0.147 g (75%) as
yellow solid; mp: 167-168C; IR (KBr): Viax 3467, 2945, 2728,
1743, 1701, 1566, 1363, 1263, 1226, 1039, @41; 'H NMR

hydroquinoneF, which undergoes cyclisation to form coumarln (500 MHz, CDC}): 6 8.94 (s, 1H), 7.39 (AB quarted, = 9.0,

2a’ (path B. Michael attack of3b on the less electrophilic"6
position of2a leads to the formation of minor produs from
path c Initial attack of thiol results in generation iofermediate
C which immediately tautomerizes to hydroquinori®.
Cyclization ofD gives the minor produdb with the release of
MeOH.

3. Conclusion

In summary, we have demonstrated a concise simffildent
and novel approach for the generation of coumanyh sulfide
derivatives via regioselective Michael addition of thiols on

alkenyl p-benzoquinones in domino fashion. Thus this prdtoco

constitutes a straight forward route to aryl sulfaiivatives of
coumarin in good to excellent yields. As the producbntain
coumarin as well as coumarin aryl sulfide moietiggse are
potential structural motifs in  medicinal chemistryThe
calculation of Fukui indices on the benzoquinoneivdéives
supported the obtained regioselectivity of the tieac Further
investigations are underway in our laboratory to axp the
scope of the reactivity of these quinone synthons.

13.5 Hz, 2H), 7.25-7.20 (m, 2H), 7.19-7.14 (m, 1H)3{dJ =
7.5 Hz, 2H), 6.89 (s, 1H), 3.88 (s, 3H) ppHC NMR (125 MHz,
CDCly): 6 163.5 CO), 156.2 CO), 155.2 (C), 150.2 (C), 146.6
(CH), 133.7 (C), 129.6QH), 126.9 CH), 122.3 CH), 120.6
(CH), 120.3 CH), 118.9 (C), 113.9 (C), 52.9 (3) ppm;
HRMS (ESI+):m/zcalcd for G;H,,0sSNa [M + NaJ: 351.0298,
found: 351.0302.

Methyl 6-hydroxy-2-oxo-8-(phenylthio)-2H-chromene-3
carboxylate(5a): Reaction time: 1 min; Yield: 0.029 g (15%) as
yellow solid; mp: 219-226C; IR (KBr): vinax 3433, 2949, 1750,
1566, 1385, 1260, 1039, 688 ¢rH NMR (500 MHz, DMSO-
de): 6 9.96 (s, 1H), 8.71 (s, 1H), 7.49-7.46 (m, 5H), 74U
2.5 Hz, 1H), 6.68 (dJ = 2.5 Hz, 1H), 3.83 (s, 3H) ppni’C
NMR (100 MHz, DMSO€dg): 3 163.1 CO), 155.5 CO), 153.9
(C), 148.9 CH), 144.8 ), 133.1 CH), 130.8 ), 130.0 CH),
128.8 CH), 124.9 (C), 121.5GH), 118.7 (C), 117.8 (C), 112.8
(CH), 52.4 (CCH3) ppm; HRMS (ESI+): m/z calcd for
C,7H1,0sSNa [M + NaJ: 351.0298, found: 351.0299.



6
Methyl 6-hydroxy-2-ox0-5-(4-methylphenylthio)-2H- = Methyl 6-hydroxy-8-(napthalen-2-ylthio)-2-oxo-2H-
chromene-3-carboxylat@b): Reaction time: 1 min; Yield: 0.150 chromene-3-carboxylatgd): Reaction time: 1 min; Yield: 0.041
g (73%) as yellow solid; mp: 151-152; IR (KBr): vy 3383, g (18%) as yellow solid; mp: 238-23@; IR (KBr): vimay 3429,
2954, 2907, 1753, 1707, 1567, 1261, 1228, 1026, GO® cm"; 2928, 2852, 2360, 1754, 1575, 1397, 1265, 1038, 896 cm",;
'H NMR (500 MHz, CDCJ): & 8.97 (s, 1H), 7.37 (AB quartel, 'H NMR (500 MHz, DMSOd): & 9.89 (s, 1H), 8.72 (s, 1H),
=9.5, 13.0 Hz, 2H), 7.05 (d,= 8.0 Hz, 2H), 6.96 (d]= 8.0 Hz, 8.15 (s, 1H), 8.02-7.96 (m, 3H), 7.60-7.59 (m, 2H)1% 7.50
2H), 6.88 (s, 1H), 3.90 (s, 3H), 2.26 (s, 3H) ppiE; NMR (125  (m, 1H), 7.11 (dJ = 2.5 Hz, 1H), 6.70 (d] = 2.5 Hz, 1H), 3.83
MHz, CDCL): & 163.6 CO), 156.3 CO), 155.0 (C), 150.2 (C), (s, 3H) ppm;"°C NMR (100 MHz, DMSQd,): & 163.0 CO),
146.8 CH), 137.3 (C), 130.4GH), 130.0 (C), 127.5QH), 122.2  155.6 CO), 154.0 (C), 149.0GH), 144.7 (C), 133.5 (C), 132.8
(CH), 120.5 (C), 120.1QH), 118.8 (C), 114.7 (C), 52.9 [,), (CH), 132.6 (C), 130.0GH), 129.7 CH), 128.0 CH), 127.8
20.9 CHs) ppm; HRMS (ESI+)m/z caled for GgH140sSNa [M  (CH), 127.7 (C), 127.2GH), 127.0 CH), 125.2 (C), 121.2GH),
+ NaJ': 365.0454, found: 365.0447. 118.7 (C), 117.8 (C), 112.7CH), 52.5 (CCH3) ppm; HRMS
(ESI+): m/z calcd for GgH140sSNa [M + NaJ: C,;H,,0sSNa [M

Methyl 6-hydroxy-2-oxo-8-(4-methylphenylthio)-2H- . .
chromene-3-carboxylatgb): Reaction time: 1 min; Yield: 0.036 + Na[': 401.0454, found: 401.0454.
g (18%) as yellow solid; mp: 196-19C; IR (KBr): vinax 3430, Methyl 5-(4-bromophenylthio)-6-hydroxy-2-oxo-2H-

2916, 2849, 2366, 1747, 1566, 1403, 1268, 1026, BOBcM *; chromene-3-carboxylat@e): Reaction time: 1 min; Yield: 0.175
'H NMR (500 MHz, DMSOdq): 5 9.90 (s, 1H), 8.69 (s, 1H), g (72%) as yellow solid; mp: 182-188; IR (KBr): vy 3421,
7.41 (d,J = 7.5 Hz, 2H), 7.31 (d) = 7.5 Hz, 2H), 7.05 (s, 1H), 2946, 2849, 1757, 1566, 1315, 1247, 125, 1079, 808¢cm
6.58 (s, 1H), 3.83 (s, 3H), 2.36 (s, 3H) ppC NMR (100 *H NMR (500 MHz, CDCJ): § 8.90 (s, 1H), 7.43 (s, 2H), 7.37 (d,
MHz, DMSO-dg): & 163.6 CO), 156.1 CO), 154.4 (C), 149.5 J = 8.0 Hz, 2H), 6.90 (d) = 8.0 Hz, 2H), 6.76 (s, 1H), 3.92 (s,
(CH), 144.8 (C), 139.7 (C), 134.€K), 131.3 CH), 126.9 (C), 3H) ppm; ®*C NMR (125 MHz, CDGC)): 5 163.5 CO), 156.1
126.8 (C), 120.8@H), 119.0 (C), 118.3 (C), 112.€K), 53.0 (CO), 155.2 (C), 150.3 (C), 146.€Kl), 132.9 CH), 132.7 (C),
(OCH3), 21.3 CHs) ppm; HRMS (ESI+): m/z caled for 128.4 CH), 122.5 CH), 121.0 (C), 120.8GH), 120.5 (C), 119.3
C1gH140sSNa [M + Naj: 365.0454, found: 365.0446. (C), 113.2 (C), 53.0 (OH3) ppm; HRMS (ESI+)m/z calcd for

Methyl 6-hydroxy-5-(4-methoxyphenylthio)-2-oxo-2H-C17HllBr058Na [M + NaJ: 428.9403, found: 428.9404.

chromene-3-carboxylat@c): Reaction time: 1 min; Yield: 0.161 Methyl 8-(4-bromophenylthio)-6-hydroxy-2-oxo-2H-
g (75%) as yellow solid; mp: 105-106; IR (KBr): viax 3415,  chromene-3-carboxylatge): Reaction time: 1 min; Yield: 0.032
2928, 2848, 1749, 1624562, 1436, 1241, 1032, 815, 623&m g (13%) as yellow solid; mp: 221-29¢; IR (KBr): vyax 3422,
'H NMR (500 MHz, DMSOd): 5 10.40 (s, 1H), 9.00 (s, 1H), 2854, 2372, 1751, 1569, 1391, 1264, 1032, 841, @AY, 'H
7.40 (d,J =9.5 Hz, 1H), 7.34 (d] = 8.0 Hz, 1H), 7.09 (d1=9.0 NMR (400 MHz, DMSO#d): 5 10.00 (s, 1H), 8.71 (s, 1H), 7.63
Hz, 2H), 6.83 (dJ = 8.5 Hz, 2H), 3.80 (s, 3H), 3.68 (s, 3H) ppm; (d,J = 8.4 Hz, 2H), 7.38 (d] = 8.0 Hz, 2H), 7.16 (d] = 2.8 Hz,
¥C NMR (125 MHz, CDG)): § 163.6 CO), 156.3 CO), 154.9 1H), 6.81 (d,J = 2.8 Hz, 1H), 3.83 (s, 3H) ppmiiC NMR (100
(C), 150.0 (C), 146.9GH), 130.0 CH), 124.3 (C), 122.3GH), MHz, DMSO-dg): & 163.0 CO), 155.5 CO), 153.9 (C), 148.8
120.3 (C), 119.7 (C), 119.62H), 118.6 (C), 116.0 (C), 115.2 (CH), 145.2 (C), 134.1GH), 132.8 CH), 131.1 (C), 123.4 (C),
(CH), 55.3 (CGCHs), 52.8 (CCH3) ppm; HRMS (ESI+)m/zcaled  122.4 CH), 121. 8 (C), 118.9 (C), 117.9 (C), 113@®H), 52.4
for C,gH140sSNa [M + Naj: 381.0403, found: 381.0399. (OCHs3) ppm; HRMS (ESI+)m/zcalcd for G,H.,BrOsSNa [M +

Methyl 6-hydroxy-8-(4-methoxyphenylthio)-2-oxo-2H- NaJ': 428.9403, found: 428.9402.
chromene-3-carboxylatc): Reaction time: 1 min; Yield: 0.032 Methyl 5-(4-chlorophenylthio)-6-hydroxy-2-oxo-2H-
g (15%) as yellow solid; mp: 199-20Q; IR (KBr): viax 3420,  chromene-3-carboxylat@): Reaction time: 1 min; Yield: 0.154
2937, 2848, 1750, 1629570, 1433, 1260, 1032, 820, 620&m g (71%) as yellow solid; mp: 177-178; IR (KBr): Vjnax 3355,
'H NMR (500 MHz, DMSOd,): 5 9.85 (s, 1H), 8.69 (s, 1H), 2937, 2840, 1748, 1558, 1364, 1036, 800, 610"cti NMR
7.51 (d,J = 8.5 Hz, 2H), 7.09 (d) = 9.0 Hz, 2H), 6.99 ()= (500 MHz, CDCY): & 8.90 (s, 1H), 7.41 (s, 2H), 7.21 @z 8.5
2.5 Hz, 1H), 6.43 (dJ = 2.5 Hz, 1H), 3.83 (s, 3H), 3.82 (s, 3H) Hz, 2H), 6.97 (dJ = 8.5 Hz, 2H), 6.85 (s, 1H), 3.90 (s, 3H) ppm;
ppm; *C NMR (100 MHz, DMSQdy): & 163.2 CO), 158.2 '*C NMR (125 MHz, CDGJ)): § 163.6 CO), 156.2 CO), 155.2
(CO), 156.1 (C), 155.7 (C), 148.9 (C), 146CH), 129.9 CH), (C), 150.4 (C), 146.4CH), 133.2 (C), 132.4 (C), 129.&K),
126.4 (C), 123.0¢H), 120.6 (C), 118.8 (C), 118.CHK), 116.2 128.3 CH), 122.6 CH), 120.7 CH), 120.6 (C), 119.3 (C), 113.5
(©), 114.9 CH), 55.2 (CCH3), 52.6 (CCHs3) ppm; HRMS (ESI+):  (C), 53.1 (@H3;) ppm; HRMS (ESI+): m/z calcd for
m/z calcd for GgH..OsSNa [M + NaJ: 381.0403, found: C,/H;;CIOsSNa [M + NaJ: 384.9908, found: 384.9907.

381.039L. Methyl 8-(4-chlorophenylthio)-6-hydroxy-2-oxo-2H-
Methyl 6-hydroxy-5-(napthalen-2-ylthio)-2-oxo-2Hraimene-  chromene-3-carboxylathf): Reaction time: 1 min; Yield: 0.028
3-carboxylate(4d): Reaction time: 1 min; Yield: 0.170 g (75%) g (13%) as yellow solid; mp: 210-23C; IR (KBr): vy 3418,
as yellow solid; mp: 123-122C; IR (KBr): vimay 3346, 2919, 2923, 2852, 2345, 1747, 1632, 1574, 1390, 12702,1832, 606
2852, 2375, 1757, 1566, 1373, 1262, 1030, 829,08 'H cm™; '"H NMR (500 MHz, DMSOde): & 10.00 (s, 1H), 8.71 (s,
NMR (500 MHz, CDC}): 4 8.99 (s, 1H), 7.78-7.72 (m, 2H), 7.64 1H), 7.52 (dJ = 8.0 Hz, 2H), 7.46 (d] = 8.0 Hz, 2H), 7.15 (d]
(d,J = 7.5 Hz, 1H), 7.48-7.38 (m, 5H), 7.16 (& 8.5 Hz, 1H), = 2.0 Hz, 1H), 6.77 (dJ = 1.5 Hz, 1H), 3.82 (s, 3H) ppm'C
6.85 (s, 1H), 3.88 (s, 3H) ppmiC NMR (125 MHz, CDC)): § NMR (100 MHz, DMSO+dg): 6 163.1 CO), 155.5 CO), 153.9
163.5 CO), 156.2 CO), 155.3 (C), 150.2 (C), 146.€K), 133.6  (C), 148.9 CH), 145.2 C), 134.1 CH), 133.5 (C), 130.5 (C),
(C), 131.9 (C), 131.1 (C), 129.€¥), 127.7 CH), 127.1 CH), 129.9 CH), 123.8 CH), 122.2 ), 118.9 (C), 118.0 (C), 113.4
126.4 CH), 125.4 CH), 124.6 CH), 122.4 CH), 120.6 C), (CH), 52.5 (GCHs;) ppm; HRMS (ESI+): m/z caled for
120.4 CH), 119.0 (C), 113.8 (C), 52.9 @@;) ppm; HRMS  C;H.;;CIOsSNa [M + NaJ: 384.9908, found: 384.9906.
(ESI+): m/z calcd for G;H,40sSNa [M + NajJ: 401.0454, found:

401.0451. Methyl 5-(benzylthio)-6-hydroxy-2-oxo-2H-chromene-3-

carboxylate(4g): Reaction time: 2 min; Yield: 0.144 g (70 %) as
yellow solid; mp: 121-122C; IR (KBr): viax 3403, 2919, 1748,
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1633, 1559, 1312, 1224, 1044, 709, @A 'H NMR (500 (CH), 130.2 (C), 127.7QH), 122.0 CH), 120.5 (C), 120.0
MHz, CDCk): 6 8.42 (s, 1H), 7.29 (AB quartet,= 9.0, 11.6 Hz, (CH), 119.3 (C), 114.8 (C), 62.€CH,), 20.9 (QCH,), 14.0 CH,)
2H), 7.18-7.13 (m, 3H), 6.90 (d,= 7.0 Hz, 2H), 6.84 (s, 1H), ppm; HRMS (ESI+):m/z calcd for Ge¢H;sOsSNa [M + Naf:
3.92 (s, 3H), 3.82 (s, 2H) ppiC NMR (125 MHz, CDG)): §  379.0611, found: 379.0606.
163.4 €0), 156.3 €0), 1550 (C), 150.0 (C), 146.6Ki), 136.0 Ethyl 6-hydroxy-2-oxo0-8-(4-methylphenylthio)-2H-aimene-
(C), 128.8 CH), 128.7 CH), 127.8 CH), 121.2 CH), 119.5 _ oromer A
. 3-carboxylate(7b): Reaction time: 1 min; Yield: 0.036 g (17%)

(CH), 117.8 (C), 115.4 (C), 52.7 @@3), 40.9 CH,) ppm; R _ _
HRMS (ESI+):m/zcalcd for GeHOsSNa [M + Naf: 365.0454, 2S Yellow solid; mp: 207-208C; IR (KBr): vinay 3469, 2920,

, s CUT ' 1745, 1569, 1460, 1390, 1250, 1229, 1130, 679;ciH NMR

found : 365.0453. (500 MHz, DMSO#y): 5 9.93 (s, 1H), 8.66 (s, 1H), 7.41 (@=
Methyl  6-hydroxy-5-(3-methoxy-3-oxopropylthio)-2-@td- 8.0 Hz, 2H), 7.31 (d) = 7.5 Hz, 2H), 7.04 (dJ = 2.5 Hz, 1H),
chromene-3-carboxylat@h): Reaction time: 2 min; Yield: 0.139 6.56 (d,J = 2.5 Hz, 1H), 4.28 (g = 7.5 Hz, 2H), 2.35 (s, 3H),
g (69%) as yellow solid; mp: 108-10€; IR (KBr): vnx 3469,  1.30 (t,J = 7.0 Hz, 3H) ppm**C NMR (100 MHz, DMSOdy): &
2922, 1742, 1698, 1565, 1465, 1377, 1256, 122451686 ci  162.9 CO), 156.1 CO), 154.2 (C), 148.9GH), 144.6 (C), 139.5
L 14 NMR (400 MHz, CDC)): § 9.00 (s, 1H), 7.40 (s, 1H), 7.27 (C), 134.2 CH), 131.1 CH), 126.7 (C), 126.4 (C), 120.€H),
(AB quartet, = 9.2, 15.6 Hz , 2H), 3.90 (s, 3H), 3.66 (s, 3H), 118.8 (C), 118.4 (C), 112.€H), 61.7 CH,), 21.0 (@CH.), 14.3
2.92 (t,J = 6.8 Hz, 2H), 2.51 (0 = 6.8 Hz, 2H) ppm*“C NMR  (CH.) ppm; HRMS (ESI+):m/z calcd for GeH1OsSNa [M +
(100 MHz, CDCJ): § 171.8 CO), 163.4 CO), 156.4 CO), 155.6  NaJ': 379.0611, found: 379.0606.
(C), 149.3 (C), 147.1GH), 122.3 CH), 120.5 (C), 118.4QH),

117.6 (C), 116.2 (C), 52.6 (@), 51.7 (QCH). 33.5 CHy). Ethyl 6-hydroxy-7-(4-methoxyphenylthio)-2-oxo-2H-

. chromene-3-carboxylat@c): Reaction time: 1 min; Yield: 0.174
?-ON;]Fgglpg??;ZHfsm%(CEGSFC;STE/SZ caled for GsH,O,SNa [M g (78%) as yellow solid; mp: 153-158&; IR (KBr): Viax 3419,
' ' ' ' ' ' 2923, 1754, 1683, 1565, 1492, 1380, 1267, 1033, 6@gcm ;
Methyl 6-hydroxy-2-ox0-2H-chromene-3-carboxyla{@a): '"H NMR (500 MHz, CDCJ): & 8.98 (s, 1H), 7.33 (AB quartet,
mp: 195-196°C; IR (KBr): vmay 3437, 2928, 2369, 1731, 1569, = 9.0, 18.5 Hz, 2H), 7.08 (d,= 8.5 Hz, 2H), 6.77 (d] = 9.0 Hz,
1486, 1378, 1026, 800 ¢m'H NMR (500 MHz, DMSOdg): 5  2H), 4.37 (q,J = 7.0 Hz, 2H), 3.72 (s, 3H), 1.37 ,= 7.0 Hz,
9.95 (s, 1H), 8.69 (s, 1H), 7.28 (@@= 9.0 Hz, 1H), 7.21 () =  3H) ppm;°C NMR (125 MHz, CDG)):  163.0 CO), 159.2
3.0 Hz, 1H), 7.16 (dd] = 3.0, 9.0 Hz, 1H), 3.82 (s, 3H) ppMiC  (CO), 156.2 (C), 154.7 (C), 150.1 (C), 146@GH) 130.2 CH),
NMR (100 MHz, DMSO-dg): 4 163.2 CO), 156.8 CO), 153.8 124.2 (C), 122.0¢H), 120.3 (C), 119.8GH), 119.1 (C), 116.0
(C), 148.8 (C), 148.8CH), 148.2 C), 122.9 CH), 117.7 (C), (C), 115.3 CH), 62.0 (C), 55.3¢H,), 14.1 CHs) ppm; HRMS
116.9 CH), 113.0 CH), 52.2 (GCH3) ppm; HRMS (ESI+)m/z  (ESI+): m/zcalcd for GgH;¢0sSNa [M + NaJ: 395.0560, found:
caled for GHsOsNa [M + NaJ: 243.0263, found : 243.0133. 395.0565.

Ethyl 6-hydroxy-2-oxo-5-(phenylthio)-2H-chromene-3-  Ethyl 6-hydroxy-8-(4-methoxyphenylthio)-2-oxo-2H-
carboxylate(6a): Reaction time: 1 min; Yield: 0.162 g (79%) as chromene-3-carboxylat@’c): Reaction time: 1 min; Yield: 0.028
yellow solid; mp: 132-138C; IR (KBr): vnax 3165, 1740, 1676, g (13%) as yellow solid; mp: 191-192; IR (KBr): v 3424,
1561, 1453, 1306, 1229, 1135, 1045, 797, 726"ct NMR 2924, 1701, 1573, 1438, 1383, 1266, 1098'cii NMR (500
(500 MHz, CDC}): 8 8.92 (s, 1H), 7.42 (s, 2H), 7.28-7.24 (m, MHz, DMSO-): 4 9.88 (s, 1H), 8.65 (s, 1H), 7.51 @= 9.0
2H), 7.22-7.20 (m, 1H), 7.06 (d,= 7.5 Hz, 2H), 7.05 (s, 1H), Hz, 2H), 7.09 (d,J = 8.5 Hz, 2H), 6.99 (d] = 2.5 Hz, 1H), 6.44
4.37 (9,J = 7.0 Hz, 2H), 1.37 () = 7.0 Hz, 3H) ppm**C NMR  (d,J = 3.0 Hz, 1H), 4.28 (q] = 7.0 Hz, 2H), 3.81 (s, 3H), 1.30 (t,
(125 MHz, CDCJ): 6 163.0 £O), 156.3 CO), 155.1 (C), 150.2 J = 7.0 Hz, 3H) ppm**C NMR (100 MHz, DMSOdg): 163.5
(C), 146.1 CH), 133.8 (C), 129.6GH), 127.1 CH), 127.0 CH), (CO), 161.2 CO), 156.8 (C), 154.5 (C), 149.€H{), 144.5 (C),
122.1 CH), 120.6 C), 120.3 CH), 119.4 (C), 113.9 (C), 62.0 137.6 CH), 128.5 (C), 120.1 (C), 119.€H), 119.0 (C), 118.6
(CHy), 14.1 (CHs) ppm; HRMS (ESI+): m/z caled for (C), 116.6 CH), 112.0 CH), 62.4 CH,), 56.1 (CCH,), 14.7
C,gH140sSNa [M + Naj: 365.0454, found: 365.0460. (CHs) ppm. HRMS (ESI+)m/z calcd for GoH,70sS [M + H]:

Ethyl 6-hydroxy-2-oxo-8-(phenylthio)-2H-chromene-3- 373.0740, found: 373.0741.

carboxylate(7a): Reaction time: 1 min; Yield: 0.024 g (12%) as  Ethyl 6-hydroxy-5-(napthalen-2-ylthio)-2-oxo-2H-ohmene-
yellow solid; mp: 147-148C; IR (KBr): vna 3400, 3058, 2925, 3-carboxylate(6d): Reaction time: 1 min; Yield: 0.176 g (75%)
1748, 1571, 1444, 1385, 1268, 1034, 800, 735"cthil NMR as yellow solid; mp: 179C; IR (KBr): vimay 3414, 2920, 1749,
(500 MHz, DMSOd,): & 9.96 (s, 1H), 8.67 (s, 1H), 7.47-7.46 1570, 1459, 1382, 1252, 1038, 800, 672 'ciH NMR (500
(m, 5H), 7.10 (s, 1H), 6.69 (s, 1H), 4.29 Jg5 7.0 Hz, 2H), 1.30 MHz, CDCk): 5 8.93 (s, 1H), 7.74-7.69 (m, 2H), 7.62 Jd&5 7.5
(t, J = 7.0 Hz, 3H) ppm;*C NMR (100 MHz, DMSOdy): & Hz, 1H), 7.45-7.36 (m, 5H), 7.15 @@z 8.5 Hz, 1H), 4.32 (q] =
162.6 CO), 155.7 CO), 154.0 (C), 148.6QH), 144.8 (C), 133.1 7.0 Hz, 2H), 1.31 (&) = 7.0 Hz, 3H) ppm**C NMR (125 MHz,
(CH), 130.8 CH), 130.1 (C), 128.9GH), 124.9 (C), 121.5GH), CDCly): 8 162.9 CO), 156.3 CO), 155.2 (C), 150.2 (C), 146.1
118.8 (C), 118.2 (C), 112.&H), 61.3 CH,), 14.1 CH3) ppm;  (CH), 133.6 (C), 131.9 (C), 131.2 (C), 129GH), 127.7 CH),
HRMS (ESI+):m/zcalcd for GgH,,0sSNa [M + NaJ: 365.0454, 127.1 CH), 126.4 CH), 125.6 CH), 125.6 CH), 124.8 CH),
found: 365.0454. 122.2 CH), 120.6 (C), 120.3QH), 119.4 (C), 113.9 (C), 62.0

Ethyl 6-hydroxy-2-oxo-5-(4-methylphenylthio)-2H-cmene- ngj)’olsA"\'lc; [I\% T3La?pﬂ'5 Ol-gﬁ/lsfouﬁsﬂs rg(/izlzcalcd for
3-carboxylate(6b): Reaction time: 1 min; Yield: 0.160 g (75%) 22 ¢~° I ’ T '
as yellow solid; mp: 108-10%C; IR (KBI): vpmay 3469, 2922, Ethyl 6-hydroxy-8-(napthalen-2-ylthio)-2-oxo-2H-ommene-
1742, 1698, 1565, 1465, 1377, 1256, 1224, 1035,0676 'H 3-carboxylate(7d): Reaction time: 1 min; Yield: 0.040 g (17%)
NMR (500 MHz, CDCJ): § 8.93 (s, 1H), 7.37 (AB quartel,=  as yellow solid; mp: 230-231C; IR (KBr): vna 3414, 2918,
9.0, 11.0 Hz, 2H), 7.05 (d,= 7.5 Hz, 2H), 6.98 (d) = 7.5 Hz, 1749, 1570, 1462, 1382, 1250, 1038, 800, 658"ctH NMR
2H), 6.86 (s, 1H), 4.36 (d,= 7.0 Hz, 2H), 2.26 (s, 3H), 1.36 Jt, (500 MHz, DMSO#): & 9.92 (s, 1H), 8.68 (s, 1H), 8.14 (s, 1H),
= 7.0 Hz, 3H) ppm**C NMR (125 MHz, CDGJ)): 5 163.0 CO),  8.03-7.95 (m, 3H), 7.60-7.57 (m, 2H), 7.50 (dd; 1.0, 8.5 Hz,
156.3 CO), 154.9 (C), 150.1 (C), 146.ZK), 137.3 (C), 130.4 1H), 7.10 (dJ = 2.5 Hz, 1H), 6.70 (d] = 2.5 Hz, 1H), 4.29 (q]



= 6.5 Hz, 2H), 1.30 () = 7.5 Hz, 3H) ppm**C NMR (100
MHz, DMSO-<,): 162.6 CO), 156.4 CO), 155.7 (C), 149.1 (C)
146.0 CH) ,134.0 (C), 133.3 (C), 131.2 (C), 128@H), 127.7
(CH), 127.0 CH), 126.9 CH), 125.8 CH), 125.2 CH), 124.5
(CH), 123.1 CH), 120.9 (C), 119.4 (C), 118.€K), 114.1 (C),
61.4 CH,), 14.0 CH3) ppm; HRMS (ESI+):m/z calcd for
C,H1¢0sSNa [M + Naj: 415.0611, found: 415.0610.

Ethyl 5-(4-bromophenylthio)-6-hydroxy-2-oxo-2H-chrome
3-carboxylate(6€): Reaction time: 1 min; Yield: 0.197 g (78%)
as yellow solid; mp: 160-163C; IR (KBr): vpmay 3423, 2921,
1750, 1566, 1381, 1229, 1035, 802, 659'ciiH NMR (500
MHz, CDCL): 5 8.85 (s, 1H), 7.41 (s, 2H), 7.37 @z 8.5 Hz,
2H), 6.92 (dJ = 8.5 Hz, 2H), 6.73 (s, 1H), 4.38 (@= 7.0 Hz,
2H), 1.37 (tJ = 7.0 Hz, 3H) ppm**C NMR (125 MHz, CDG)):
3 162.9 CO), 156.1 CO), 155.1 (C), 150.2 (C), 145.&K),
133.1 (C), 132.6GH), 128.5 CH), 122.3 CH), 120.9 (C), 120.6
(CH), 120.5 (C), 119.6 (C), 113.3 (C), 62.CHy), 14.0 CH5)
ppm; HRMS (ESI+):m/z calcd for GgH.BrOsS [M + H]™
420.9739, found: 420.9753.

Ethyl 8-(4-bromophenylthio)-6-hydroxy-2-oxo-2H-chrome
3-carboxylate(7€): Reaction time: 1 min; Yield: 0.025 g (10%)
as yellow solid; mp: 221-222C; IR (KBI): vimax 3421, 2946,
2849, 1757, 1566, 1315, 1247, 1079, 803, 670 ciH NMR
(500 MHz, DMSOd): & 10.00 (s, 1H), 8.69 (s, 1H), 7.64 (b=
8.0 Hz, 2H), 7.38 (dJ = 8.0 Hz, 2H), 7.16 (s, 1H), 6.80 (s, 1H),
4.29 (q,d = 7.0 Hz, 2H), 1.30 (] = 7.0 Hz, 3H) ppm**C NMR
(100 MHz, DMSO€d): 8 162.6 CO), 155.6 CO), 154.0 (C),
148.6 CH), 145.3 (C), 134.2GH), 132.9 CH), 131.2 (C), 123.5
(C), 122.4 CH), 121.9 (C), 119.0 (C), 118.3 (C), 1136H),
61.4 CH,), 14.1 CH3) ppm; HRMS (ESI+):m/z calcd for
C1gH14BrOsS [M + HJ': 420.9739, found: 420.9740.

Ethyl 5-(4-chlorophenylthio)-6-hydroxy-2-oxo-2H-ohmene-
3-carboxylate(6f): Reaction time: 1 min; Yield: 0.169 g (75%)
as yellow solid; mp: 156-157C; IR (KBr): vpmay 3432, 2931,
1749, 1632, 1570, 1470, 1370, 1229, 1035, 805;cid NMR
(500 MHz, CDCJ): & 8.87 (s, 1H), 7.41 (s, 2H), 7.23 (#I= 8.5
Hz, 2H), 6.99 (d,) = 8.5 Hz, 2H), 6.79 (s, 1H), 4.37 &= 7.5
Hz, 2H), 1.37 (tJ = 7.0 Hz, 3H) ppm;°*C NMR (125 MHz,
CDCly): 8 163.0 CO), 156.1 CO), 155.1 (C), 150.2 (C), 145.9
(CH), 133.1 (C), 132.3 (C), 129.€K), 128.3 CH), 122.3 CH),
120.6 CH), 120.4 (C), 119.6 (C), 113.4 (C), 622H>), 14.1
(OCHs3) ppm; HRMS (ESI+)m/zcalcd for GgH,:ClOsSNa [M +
Na]": 399.0064, found: 399.0060.

Ethyl 8-(4-chlorophenylthio)-6-hydroxy-2-oxo-2H-ohmene-
3-carboxylate(7f): Reaction time: 1 min; Yield: 0.025 g (11%)
as yellow solid; mp: 233-23%C; IR (KBI): vimay 3366, 2934,
2857, 1748, 1573, 1477, 1444, 1388, 1270, 1035, 842cm ",
'H NMR (500 MHz, DMSOd): & 10.00 (s, 1H), 8.68 (s, 1H),
7.51 (d,J = 8.5 Hz, 2H), 7.45 (d] = 8.0 Hz, 2H), 7.14 (d]= 2.5
Hz, 1H), 6.77 (dJ = 2.5 Hz, 1H), 4.28 (q] = 7.0 Hz, 2H), 1.30
(t, J = 7.0 Hz, 3H) ppm;*C NMR (125 MHz, DMSOd,): &
162.7 CO), 155.9 CO), 153.9 (C), 148.30H), 145.4 (C), 134.8
(CH), 134.5 (C), 129.9QH), 129.7 (C), 129.5 (C), 125.9 (C),
122.3 CH), 118.1 (C), 111.9GH), 61.6 CH,), 13.9 CH,) ppm;
HRMS (ESI+): m/z caled for GgH,3CIOsSNa [M + Naf:
399.0064, found: 399.0064.

Ethyl

yellow solid; mp: 110-112C; IR (KBr): viax 3369, 2925, 1752,
1563,1468, 1383, 1248, 1041, 803, 703 &mH NMR (500
MHz, CDCL): & 8.39 (s, 1H), 7.28 (AB quartet,= 9.0, 12.5 Hz,
2H), 7.17-7.10 (m, 3H), 6.90-6.85 (m, 3H), 4.37X¢, 7.0 Hz,
2H), 3.82 (s, 2H), 1.41 (] = 7.5 Hz, 3H) ppm*C NMR (125

8
MHz, CDCL): 3 162.8 CO), 156.3 CO), 154.9 (C), 149.4 (C),
146.1 CH), 136.0 (C), 128.8QH), 128.6 CH), 127.8 CH),
121.3 CH), 121.1 (C), 119.4@QH), 118.1 (C), 115.4 (C), 61.7
(CH,), 40.7 CH,), 14.2 CH53) ppm; HRMS (ESI+)m/zcalcd for
CieH1¢0sSNa [M + NaJ: 379.0611, found : 379.0611.

Ethyl-6—hydroxy-5-(3-methoxy-3-oxopropylthio)-2-@&td-
chromene-3-carboxylat@h): Reaction time: 2 min; Yield: 0.148
g (70%) as yellow solid; mp: 114-126; IR (KBr): vinax 3246,
2946, 1742, 1697, 1561, 1366, 1251, 1161, 1041, 83Bcm ",
'H NMR (500 MHz, CDC)): § 9.02 (s, 1H), 7.42 (s, 1H), 7.32
(AB quartetJ = 9.0, 11.0 Hz, 2H), 4.43 (d4,= 7.5 Hz, 2H), 3.73
(s, 3H), 2.98 (tJ = 6.5 Hz, 2H), 2.57 (] = 6.5 Hz, 2H), 1.42 (t,
J = 7.0 Hz, 3H) ppm;°C NMR (125 MHz, CDGCJ)): § 171.9
(CO), 163.0 CO), 156.4 CO), 155.4 (C), 149.7GH), 146.3 (C),
122.0 CH), 120.5 (C), 119.3@H), 118.8 (C), 115.7 (C), 61.9
(CHy), 52.0 (CCH3), 33.2 CH), 31.1 CH,), 14.0 CH3) ppm;
HRMS (ESI+):m/zcalcd for GgH,60;SNa [M + NaJ: 375.0509,
found : 375.0507.

Ethyl 6-hydroxy-2-oxo-2H-chromene-3-carboxylé2e’): mp:
174-175°C; IR (KBr): vmax 3333, 2922, 1744, 1572, 1256, 1386,
1184, 1038, 797, 670 ¢l 'H NMR (400 MHz, DMSOdy): &
9.92 (s, 1H), 8.65 (s, 1H), 7.28 (@= 8.8 Hz, 1H), 7.20-7.14
(m, 2H), 4.27 (gJ = 7.2 Hz, 2H), 1.29 (tJ = 6.4 Hz, 3H) ppm;
®¥C NMR (100 MHz, DMSOd,): & 162.8 CO), 156.3 CO),
154.0 (C), 148.4QH), 147.9 (C), 122.7GH), 118.3 (C), 117.8
(CH), 117.1 (C), 113.8GH), 61.2 CH,), 14.1 CHs) ppm;
HRMS (ESI+):m/z caled for G,H,OsNa[M + NaJ: 257.0420,
found: 257.0430.

4.3 General procedure for the synthesis of aryl sfitle
derivatives of coumarins 8ah:

The diaryl sulfides8a—h were synthesized according to the
procedure described for the synthesis of compodfigs

Methyl 7-bromo-6-hydroxy-2-0x0-5-(phenylthio)-2H-
chromene-3-carboxylat@a): Reaction time: 2 min; Yield: 0.170
g (70%) as yellow solid; mp: 179-18C; IR (KBr): vinax 3414,
2922, 1771, 1622, 1550, 1415, 1318, 1203, 1041, 8DB cnT;

'H NMR (500 MHz, CDCJ):  8.91 (s, 1H), 7.70 (s, 1H), 7.30—
7.22 (m, 3H), 7.08 (d] = 7.5 Hz, 2H), 7.04 (s, 1H), 3.92 (s, 3H)
ppm; *C NMR (125 MHz, CDGJ): § 163.4 CO), 155.6 CO),
152.3 ), 149.5 (C), 146.4GH), 133.0 (C), 129.8GH), 127.6
(CH), 127.5 CH), 123.5 CH), 120.1 (C), 119.4 (C), 117.0 (C),
115.4 (C), 53.0 (GH3) ppm; HRMS (ESI+):m/z calcd for
C,7H1,BrOsSNa [M + NajJ: 428.9403, found: 428.9402.

Methyl 7-bromo-6-hydroxy-2-oxo-5-(4-methylphenyltiibl
chromene-3-carboxylat@b): Reaction time: 2 min; Yield: 0.184
g (73%) as yellow solid; mp: 167—-168; IR (KBr): vy 3414,
2922, 1771, 1622, 1550, 1415, 1318, 1203, 1041, DB cm";
"H NMR (500 MHz, CDCJ):  8.95 (s, 1H), 7.67 (s, 1H), 7.09 (d,
J = 8.0 Hz, 2H), 7.08 (s, 1H), 7.02 @@= 8.0 Hz, 2H), 3.92 (s,
3H), 2.29 (s, 3H) ppm**C NMR (125 MHz, CDG)): 5 163.4
(CO), 155.7 CO), 152.2 (C), 149.4 (C), 146.&1{), 138.0 (C),
130.6 CH), 129.4 (C), 128.24H), 123.2 CH), 120.0 (C), 119.2
(C), 117.0 (C), 116.3 (C), 53.0 @Bi3), 21.0 CH3) ppm; HRMS
(ESI+): m/z calcd for GgH.sBrOsSNa [M + NaJ: 442.9559,

7-(benzylthio)-6-hydroxy-2-oxo-2H-chromene-3-found: 442.9559.
carboxylate(6g): Reaction time: 2 min; Yield: 0.156 g (73 %) as

Methyl  7-bromo-6-hydroxy-5-(4-methoxyphenylthio)x®-o
2H-chromene-3-carboxylaté8c): Reaction time: 2 min; Yield:
0.199 g (76%) as yellow solid; mp: 187-1%8 IR (KBI): Vipax
3417, 2924, 1702, 1571, 1498, 1374, 1266, 1028,6803 'H
NMR (500 MHz, CDC)): 9.01 (s, 1H), 7.63 (s, 1H), 7.17-7.13
(m, 2H), 6.81 (dJ = 9.0 Hz, 2H), 3.94 (s, 3H), 3.76 (s, 3H) ppm;



¥C NMR (125 MHz, CDGJ)): 5 163.4 CO), 159.7 CO), 155.7
(C), 151.9 (C), 149.4 (C), 146.€H), 130.9 CH), 123.3 (C),
123.0 CH), 119.8 (C), 119.0 (C), 117.5 (C), 117.0 (C), B15.
(CH), 55.4 (GCHa), 53.0 (CCH3) ppm; HRMS (ESI+)m/zcalcd
for CigH1sBrOsSNa [M + NaJ: 458.9508, found: 458.9509.

Methyl 7-bromo-6-hydroxy-5-(napthalen-2-ylthio)-2eeXH-
chromene-3-carboxylat@d): Reaction time: 2 min; Yield: 0.214
(78%) as yellow solid; mp: 193-19€; IR (KBr): vmax 3437,
2928, 1731, 1569, 1486, 1378, 1178, 1026, 800, B83; 'H
NMR (500 MHz, CDC)):  8.96 (s, 1H), 7.78-7.74 (m, 2H),
7.70-7.65 (m, 2H), 7.52—-7.45 (m, 3H), 7.16 (d&; 1.5, 8.5 Hz,
1H), 7.12 (s, 1H), 3.89 (s, 3H) ppmiC NMR (125 MHz,
CDCly): 8 163.3 CO), 155.6 CO), 152.4 (C), 149.5 (C), 146.3
(CH), 133.6 (C), 132.2 (C), 130.3 (C) 129@H), 127.8 CH),
127.3 CH), 127.2 CH), 126.7 CH), 126.4 CH), 125.0 CH),

9
(ESI+): m/z calcd for GsH,sBrO,SNa [M + Naj: 438.9458,
found: 438.9456.

Methyl 7-bromo-6-hydroxy-2-oxo-2H-chromene-3-
carboxylate(2¢): mp: 214-215C; IR (KBr): Viax 3343, 2920,
1746, 1572, 1348 ,1180, 1038, 760, 670 citH NMR (500
MHz, DMSO-dy): 5 10.80 (s, 1H), 8.71 (s, 1H), 7.71 (s, 1H), 7.34
(s, 1H) 3.82 (s 3H) ppm°C NMR (125 MHz, DMSOdg): &
163.2 CO), 155.8 CO), 151.0 (C), 148.4GH), 147.6 (C), 120.4
(CH), 117.8 (C), 117.6 (C) 117.5 (C), 1140H), 52.4 (CCHy)
ppm; HRMS (ESI+):m/z calcd for G;H,BrOsNa [M + NaJ:
320.9370, found: 320.9370.

4.4  General procedure for the synthesis of aryl sfitle
derivatives of alkenyl hydroquinone 9ah:

The diaryl sulfides9a—h were synthesized according to the

123.5 CH), 120.2 (C), 119.3 (C), 117.2 (C), 115.5 (C), 53.0procedure described for the synthesis of compodrils

(OCHys) ppm; HRMS (ESI+)m/zcalcd for G;H,sBrOsSNa [M +
Na]": 478.9559, found: 478.9559.

Methyl 7-bromo-5-(4-bromophenylthio)-6-hydroxy-2-@té-
chromene-3-carboxylat@e): Reaction time: 2 min; Yield: 0.198
g (68%) as yellow solid; mp: 204-206; IR (KBr): v 3414,
2945, 1762, 1622, 1542, 1453, 1244, 1032, 812, #€0; 'H
NMR (500 MHz, CDCY}): § 8.88 (s, 1H), 7.70 (s, 1H), 7.40 (,
= 8.5 Hz, 2H), 6.95 (dJ = 8.5 Hz, 2H), 3.93 (s, 3H) ppmC
NMR (125 MHz, CDCJ): § 163.3 €O), 155.5 CO), 152.3 (C),
149.6 (C), 146.0GH), 132.9 CH), 132.3 (C), 129.0QH), 123.7
(CH), 121.6 (C), 120.0 (C), 119.6 (C), 117.2 (C), 1), 53.0
(OCHs) ppm; HRMS (ESI+)m/z calcd for GH;Br,OsSNa [M
+ NaJ": 506.8508, found: 506.8507.

Methyl 7-bromo-5-(4-chlorophenylthio)-6-hydroxy-2eeXH-
chromene-3-carboxylat{8f): Reaction time: 2 min; Yield: 0.172
g (65%) as yellow solid; mp: 206-20C; IR (KBr): vmax 3411,
2925, 1770, 1700, 1622, 1550, 1182, 1035, 797, &7, 'H
NMR (500 MHz, CDC}): 4 8.81 (s, 1H), 7.63 (s, 1H), 7.18 (,
= 8.5 Hz, 2H), 6.95 (d] = 8.5 Hz, 2H), 6.89 (s, 1H), 3.86 (s, 3H)
ppm; °C NMR (125 MHz, CDG)): § 163.3 CO), 155.5 CO),
152.2 (C), 149.5 (C), 146.1cH), 133.6 (C), 131.6 (C), 129.9
(CH), 128.8 CH), 123.6 CH), 120.0 (C), 119.4 (C), 117.3 (C),
115.0 (C), 53.1 (GH3) ppm; HRMS (ESI+):m/z calcd for
C,/H1BrCIOsSNa [M + NaJ: 462.9013, found: 462.9012.

Methyl 5-(benzylthio)-7-bromo-6-hydroxy-2-oxo-2H-
chromene-3-carboxylat@g): Reaction time: 2 min; Yield: 0.176
g (70%) as yellow solid; mp: 167-1686; IR (KBr): viax 3455,
2925, 1758, 1633, 1553, 1399, 1240, 1140, 1039, 856 cm’;
'H NMR (500 MHz, CDCJ): & 8.30 (s, 1H), 7.54 (s, 1H), 7.20 (s,
1H), 7.14-7.12 (m, 3H), 6.89 (d,= 7.0 Hz, 2H), 3.89 (s, 3H),
3.86 (s, 2H) ppm**C NMR (125 MHz, CDGCJ): 1163.1 CO),
155.7 CO), 152.2 (C), 148.7 (C), 146.€Kl), 135.6 (C), 128.8
(CH), 128.7 CH), 127.9 CH), 122.6 CH), 120.7 (C), 117.8 (C),
116.6 (C), 116.0 (C), 52.7 (@), 40.8 CH,) ppm; HRMS
(ESI+): m/z calcd for GgH,sBrOsSNa [M + NaJ: 442.9559,
found: 442.9561.

Methyl 7-bromo-6-hydroxy-5-(3-methoxy-3-oxopropylHiie
0xo-2H-chromene-3-carboxylaté8h): Reaction time: 2 min;
Yield: 0.170 g (68%) as yellow solid; mp: 170-1Ct IR (KBr):
Vimax 3248, 2946, 1740, 1697, 1561, 1366, 1161, 1044, 680
cm; '"H NMR (500 MHz, CDCJ): 9.00 (s, 1H), 7.88 (s, 1H),
7.60 (s, 1H), 3.95 (s, 3H), 3.74 (s, 3H), 3.02(% 6.5 Hz, 2H),
2.60 (t,J = 7.0 Hz, 2H) ppm*CNMR (125 MHz, CDC)): &
172.1 (C), 163.5 (C), 155.8 (C), 152.7 (C), 149Q), (146.6
(CH), 122.7 CH), 120.0 (C), 118.9 (C), 117.3 (C), 116.9 (C),
52.0 (GCHs), 52.3 (QCHS5), 33.0 CH,), 31.3 CH,) ppm; HRMS

Methyl  (E)-3-(3,6-dihydroxy-2-(phenylthio)phenyhgdate
(9a): Reaction time: 1 min; Yield: 0.123 g (68%) asvenosolid;
mp: 205-206°C; IR (KBr): vmax 3344, 1685, 1626, 1438, 1338,
1265, 1170, 824, 646 ¢m'H NMR (400 MHz, DMSO«dy): &
10.12 (s, 1H), 9.35 (s, 1H), 8.22 (ts 16.0 Hz, 1H), 7.22 (1 =
7.6 Hz, 2H), 7.08 (t) = 7.6 Hz, 1H), 7.00-6.91 (m, 5H), 3.64 (s,
3H) ppm;**C NMR (100 MHz, DMSOd,): 5 167.6 CO), 152.2
(C), 151.5 (C), 140.3QH), 137.6 (C), 129.0GH), 125.9 CH),
125.0 (C) 123.6,QH), 121.7 CH), 119.2 CH), 118.7 CH),
117.2 (C), 51.3 (GH3) ppm; HRMS (ESI+):m/z calcd for
Ci6H140,SNa [M + Na]: 325.0505, found: 325.0519.

Methyl (E)-3-(3,6-dihydroxy-2-(4-methylthio)phengijdate
(9b): Reaction time: 1 min; Yield: 0.132 g (70%) asvenosolid;
mp: 205-206°C; IR (KBr): vimax 3326, 2919, 1686, 1628, 1433,
1338, 1264, 1195, 808, 643 m'H NMR (400 MHz, DMSO-
dg): 6 10.10 (s, 1H), 9.30 (s, 1H), 8.23 (U7 16.0 Hz, 1H), 7.04
(d, J = 8.0 Hz, 2H), 6.98-6.91 (m, 3H), 6.90-6.86 (m, 2H§53
(s, 3H), 2.20 (s, 3H) ppnt’C NMR (100 MHz, DMSQOdy): &
167.6 €O), 152.0 (C), 151.4Q), 140.4 CH), 134.5 (C), 133.9
(C), 129.6 CH), 126.3 (C), 123.5GH), 121.5 CH), 119.0 CH),
118.6 CH), 118.0 (C) 51.3 (OH,), 20.4 CH3) ppm; HRMS
(ESI+): m/z caled for GH./0,S [M + H]": 317.0842, found:
317.0853.

Methyl (E)-3-(3,6-dihydroxy-2-(4-
methoxyphenylthio)phenyl)acrylat8c): Reaction time: 1 min;
Yield: 0.143 g (72%) as light brown solid; mp: 18231€; IR
(KBr): vinax3394, 1679, 1629, 1497, 1436, 1339, 1271, 820, 518
cm™; *H NMR (400 MHz, DMSOsdg): & 10.00 (s, 1H), 9.24 (s,
1H), 8.31 (dJ = 16.0 Hz, 1H), 7.00 (d] = 8.8 Hz, 2H), 6.94—
6.88 (m, 3H), 6.83 (d] = 8.8 Hz, 2H), 3.68 (s, 3H), 3.67 (s, 3H)
ppm; *C NMR (100 MHz, DMSOd,): 6 167.7 (CO), 157.7 (C),
151.9 (C), 151.4 (C), 140.TH), 129.0 CH), 127.8 (C), 123.4
(CH), 121.4 (C), 119.4 (C), 118.8), 118.6 CH), 114.8 CH),
55.2 (QCH,), 51.4 (GCH3) ppm; HRMS (ESI+):m/z calcd for
C,/H1705S [M + H]": 333.0791, found: 333.0811.

Methyl (E)-3-(3,6-dihydroxy-2-(naphthalen-2-
ylthio)phenyl)acrylatg9d): Reaction time: 1 min; Yield: 0.150 g
(71%) as light brown solid; mp: 194-19€; IR (KBI): Vyax
3387, 2916, 1681, 1625, 1384, 1265, 1179, 1124, &5 cm’;
'H NMR (400 MHz, CDCJ + DMSO-dg): & 9.27 (s, 1H), 8.20 (d,
J=16.0 Hz, 1H), 7.66 (d] = 7.6 Hz, 1H), 7.60 (dJ = 8.8 Hz,
1H), 7.54 (dJ = 7.6 Hz, 1H]), 7.36-7.27 (m, 3H), 7.13 J& 6.0
Hz, 1H), 7.03 (s, 1H), 7.00-6.97 (m, 1H), 6.91)( 8.8 Hz 1H),
3.62 (s, 3H) ppm**C NMR (100 MHz, CDGJ + DMSO-d): &



168.1 CO), 151.6 (C), 151.0 (C), 139.€K), 138.9 (C), 133.3
(C), 131.3 (C), 128.4QH), 127.3 CH), 126.7 CH), 126.2 CH),
125.3 CH), 124.8 CH), 124.5 CH), 123.9 (C), 122.4QH),
119.6 CH), 117.1 CH), 51.1 (GCH;) ppm; HRMS (ESI+)m/z
calcd for GgH170,S [M + H]': 353.0842, found: 353.0861.

Methyl
dihydroxyphenyl)acrylatg9e): Reaction time: 1 min; Yield:
0.149 g (65%) as light brown solid; mp: 218-209 IR (KBr):
Vmax 3328, 2919, 1690, 1628, 1433, 1338, 1264, 1196, 842
cm’; 'H NMR (400 MHz, DMSOsdg): & 10.20 (s, 1H), 9.47 (s,
1H), 8.16 (dJ = 16.0 Hz, 1H), 7.41 (d] = 8.4 Hz, 2H), 7.01-
6.88 (m, 5H), 3.65 (s, 3H) ppmM’C NMR (100 MHz, DMSO-
de): 167.6 CO), 152.1 (C), 151.5 (C), 140.€CKl), 137.3 (C),
131.8 CH), 127.8 CH), 123.5 (C), 121.8GH), 119.5 CH),
118.7 CH), 117.8 (C), 116.6 (C), 51.4 @s) ppm; HRMS
(ESI+): m/z caled for GgH,sBrO,SNa [M + NaJ: 402.9610,
found: 402.9533.

Methyl
dihydroxyphenyl)acrylate(9f): Reaction time: 1 min; Yield:
0.131 g (65%) as light brown solid; mp: 216-2C7 IR (KBr):
Vimax 3412, 2950, 1690, 1624, 1432, 1358, 1193, 1088, 620
cm’; 'H NMR (400 MHz, DMSOsdg): & 10.20 (s, 1H), 9.48 (s,
1H), 8.22 (d,J = 16.0 Hz, 1H), 7.27 (d] =8.4 Hz, 2H), 7.03-
6.93 (m, 5H), 3.65 (s, 3H) ppmM’C NMR (100 MHz, DMSO-
dg): 8 167.7 CO), 152.2 (C), 151.6 (C), 140.21), 136.8 (C),
129.8 (C), 129.0GH), 127.6 CH), 123.7 (C), 122.0QH), 119.6
(CH), 118.8 CH), 117.0 (C), 51.4QHs) ppm; HRMS (ESI+):

m/zcalcd for GeH14C10,S [M + HJ": 337.0295, found: 337.0290.

Methyl (E)-3-(2-(benzylthio)-3,6-dihydroxyphenyhdate

(99): Reaction time2 min; Yield: 0.129 g (68%) as light brown
solid; mp: 169-176C; IR (KBr): vimax 3328, 2930, 1689, 1628,

1436 1338, 1264, 1190, 800, 647 &mH NMR (400 MHz,
DMSO-dg): & 9.82 (s, 1H), 9.25 (s, 1H), 8.15 @@= 16.0 Hz,
1H), 7.21-7.12 (m, 5H), 6.84-6.72 (m, 3H), 3.97 (s,,3H9 (s,
3H) ppm;**C NMR (100 MHz, DMSOd,): 5 167.8 CO), 151.6
(C), 150.9 (C), 140.8QH), 138.0 (C), 128.8GH), 128.2 CH),
126.9 CH), 123.5 (C), 120.9QH), 120.7 (C), 117.7GH), 117.5
(CH), 51.3 (CCHy), 38.4 CH,) ppm; HRMS (ESI+):m/z calcd
for C;7H;160,S [M + NaJ': 339.0661, found: 339.0657.

Methyl (E)-3-(2-(benzylthio)-3,6-dihydroxyphenyhdate
(9h): Reaction time: 2 min; Yield: 0.131 g (70%) as browfids

mp: 130-131°C: IR (KBr): via, 3389, 2919, 1684, 1585, 1384,

1269, 1171, 988, 829, 614 tm'H NMR (400 MHz, CDCJ +
DMSO-dq): § 9.04 (s, 1H), 8.23 (d} = 16.0 Hz, 1H), 7.02 (d} =
16.0 Hz, 1H), 6.89 (s, 1H), 6.82 (d#i= 8.8, 21.6 Hz, 2H), 3.73
(s, 3H), 3.59 (s, 3H), 2.82 (1,= 7.2 Hz, 2H), 2.42 () = 6.8 Hz,
2H) ppm; *C NMR (100 MHz, CDCJ + DMSO«d): & 171.9
(CO), 168.5 CO), 151.6 (C), 150.9 (C), 140.CHK), 123.5 (C),
122.5 CH), 119.0 CH), 118.7, 116.5QH), 51.75 (QCH5), 51.40
(OCHg), 33.4 CH,), 30.8 CH,) ppm; HRMS (ESI+)m/z calcd
for Cr4H:1706S [M +H]": 313.0740, found: 313.0737.
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