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a-Glucosidase Inhibitory Activity of Coumarin-3-Carboxylates

Piraporn Boonumpol and Wanchai Pluempanupat

unin

Tsawnvnu (diabetes) (Hulsaiinan
mmﬁmﬂnﬁwmmwé’maﬂuuﬁuyﬁu (insulin)
demaliiianmehmalunszusdaagauasgniy
aanmatlaams Famshmalunssusidangs fa
dgnmzmiannanaiaUnivesamaldaansath
ihnanglashduadang 9 Tusameld dagiiu
ﬁhmmjﬂmEﬂmemﬁl,l,uﬂﬁ'uLﬁugﬁvuaziw
70157 v‘iflﬁl,ﬁmﬁmu‘mGimqmsmmimqwﬁ"ﬂanu,as
ihlugnaialsaunsndauauininning mslden
i a2anslud (acarbose) wag 1andlud (voglibose)
dhuasadenlddumnndmiumsinmgihediiu
Tsatwu Tegemaniiglefudensmauas
mul*ﬁﬁuaaﬂmg‘[ﬂ%ma (a-glucosidase) uag
woanozluiad (a-amylase) aaflutoulss
ffunuindraglunsissuinsenlalaslada
(hydrolysis) wami’hlﬂL?Jmfwmaﬂg‘[ﬂa“) mlw
magaduhmanglasnnaldidndignssumian
a0y Seaansaannnzmsiithmaludaagald®
aghalsiomu MsAnuasannesnnlsawInu
yiialnigeasianusniuadids tiasarnns
Aunuaiialviiifivssansanganhenildly
Hagtiuardreligiheifulsanvuiiaann
Ny

aINANAN3U (coumarins) WuarsUsznay
a:l53n@in (aromatic) nalasadrauwuululyaan
(bicyclic) 2a9atuudunazumuuaanlnlsy
(a-pyrone) ‘wums'ﬁmqmdmﬁﬂq’uﬁaanqwg
MRFIMUINEN WY guseuuuaiise® gnidu
ayyadaay® gnicunni® uazgnitudaaulyl
pzLrfhalaauladnalsd (acetylcholinesterase)®
wannniiimsthasnau coumarins W ldmedued
NNMINHAT qmmwﬂiimﬂ%mémw wazthman®
Tasa3ndu coumarins waiwunnisvmeyiin®
wisnnmsduanzdiulaelduinsemani@
Falaseaauasnyunuiiuasssngu coumarins
fiflenuuanaeiuaziinadalszansmulumssan
YaegnaTmu‘® fmAtenfsdastumsduanz
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M3ndx coumarins tiarh lunagaugnimenmu
POUNIN 1HY §IINGNANITU-1,2,4- lastalaa
(coumarin-1,2,4-triazole) #ienuanise
Tumastiudanmansyidulazasydunid sauis
ﬁuﬁgmﬁtﬁmﬁmmwmL‘naémﬁwhqﬂ 16 i
N159Uen weSaduy waswnzSai NIy
luduasnguganiu-s-m3suandian (coumarin-
3-carboxylate) waz@an3u-3-msuanzlud
(coumarin-3-carboxamide) 155189714
sansaduiaeulsd PTP 1B fivawihiidedann
kU FuBuYAuldC? uannilasngu coumarin-
3-carboxamide fafignilumamunuuasduds
mswsaivlarendanla® Hilaseadeasans
F1A919¥ngu coumarins Gauaaslumnii 1
Tudruuesansngs coumarins damsdnm
gisugamsvhauasaulasl a-glucosidase WU
fimsnenuagndaiiies Wy aywususslniula
QNﬁu (pyrindocumarin derivative), 3—@341%14
mslulanslad (3-coumarin carbohydrazide)
waz 3-gu3ueslulaasileu (3-coumarin
carbohydrazone)™ (mui 1) Fawamsinuil
Fliiiudauszansainlunisdudeoulasd
a-glucosidase wasananguil uadslainusaau
ﬂ‘l’iﬁ’lﬁ’liﬂ&ju coumarin-3-carboxylate ‘?;\‘IL‘TJ’LJ
ﬂduawsﬁﬁqwﬁwwqﬁaﬂwwﬁwmn‘wma“” Anwgna
msfudamsaueules a-glucosidase g8
TAS§3NMILATYBIENINGN coumarin-3-carboxy-
late Mlalafianududou Seansadeiasis
Txhetisuder anUiiseedmaiiliadu
(esterification) lagldnsngun3u-3-msuandan
(coumarin-3-carboxylic acid) wazasusznau
waanadad (alcohol) luaseady MmATeiiaula
fiazdaanziayWusuas coumarin-3-carboxylic
acid Lﬁaﬁﬂﬂmaaquﬁuﬂﬁé’fnﬂy’qmiﬁnmwm
toulzal a-glucosidase Taguamsdnuiildaziu
asdanwslual snnsawanndeseamsnguiiluidi
endhusumssnmlsanvnule luainea
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OH (¢} R
LD J@ff
(O 0] R o]
R=H R=
R =NO, R=

4-hydroxycoumarin derivative®

R=CH,
R=4-CIC;H,CH,
a1

coumarin-1,2,4-triazole

pyrindocumarin®

7-aminocoumarin

0~ >0

R =PhCH,
R = Furan-2-carbaldehyde

coumarin-3-carboxylate

O (0] O (0]

=H R =PhCH,
- R = 4-CH;Ph

3-coumarin carbohydrazide

R=CH,
R=OCH,
R = OCH,CH5

@ coumarin—chalcone hybrid®

o}
X N’R
H
O~ ™0

R =PhCH,
R = Piperazinyl

(12) (13)

coumarin-3-carboxamide

R = PhCH,
R = 4-CH,Ph

(14) (14)

3-coumarin carbohydrazone

MU 1 MegnlaNgmuaizesdsnguauniy (coumarins)

m%im:ﬁauazqﬂnsiﬁ
gudulaseasmeaiizesansngs coumarin
_3-carboxylate nauaszile laaldinaiia 'H
waz °C fdedesunniudntslosuuud (nuclear
magnetic resonance; NMR) %qazmami
drathalumaalsnasudminetsea (chloroform-d,
cDCL) lawdatawenladdineise (dimethy
lsulfoxide-d,; DMSO-dé) #3an:dlau
AINBLse (acetone-d,) T(ﬂﬂﬁtﬂﬂﬂ%ﬁlé’gﬂﬁ'ﬁﬂ
UULA3D9 Bruker 400 MHz AVANCE III HD
spectrometer (Karlsruhe, Germany) finnud
400 MHz é%5u 'H NMR waz 100 MHz d45u
“C NMR Tosdaanuitldasuansluguammaiau
maadl (chemical shifts; 8) fislwihedu ppm
N1N153LATILYNIAEITENAAIINALLBEAGY

(high-resolution mass spectrometry; HRMS)
waqmsﬂa:u coumarin-3-carboxylate ‘ﬁﬁ’ﬁmi'\sﬁ
lev ﬁaamém Bruker microtof-Q III (Karlsruhe,
Germany) lagldluua ESI positive ﬂ"lﬁlﬁ'
azuaadlugiinadalszy (m/z) MMTIamM vy
SEINULENB9EsAELe3elna13iiead (polari-
meter) 'éu ATAGO™ POLAX-2L (Tokyo,
Japan) TAA190V0aNWa22848150281AT09
’E'Mowaaumm (melting point apparatus
SMP10) 54 Stuart Scientific (Staffordshire,
United Kingdom) uagzssiviammazaiadunidane
Lﬂ%f'mssmﬂqngmmmmquu (rotary evaporator)
(Heidolph, Schwabach, Germany) NntuSae
ﬂﬁi@ﬂﬂauttﬂ\iﬁﬂ'}ﬂ\lﬂﬂﬁﬂgu 475 ‘Ll']I‘L!LNGﬁ 1(?3!’Q'1ﬂ
menzimseissshululasinan (microplate
reader) (Spark™ 10M, Tecan, Switzerland)
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m'imﬁuaz’i'aq

MmMaraedunsd leun hexane uay ethyl
acetate (Zenith Science, Thailand) ﬁL‘TJuLﬂ‘Sﬂ
119M15A1 (commercial grade) gﬂﬁwlﬁu%qﬂ§
freiimanauiiyaidaauasdihazmedunidia
ianldnunnads wiadlastulaliiissvudau
Tuguaaumsusnasuanfaailiuians daud
mararsdun3dnilunsadesneyd (analytical
reagent grade) 1laun dichloromethane uas
dimethyl sulfoxide (Merck, Germany)

MR WsUMIeNLazMnagaugns
1léwn coumarin-3-carboxylic acid (Acros,
Belgium), methanol (Kemaus, Australia),
ethanol (Kemaus, Australia), butanol
(Kemaus, Australia), (+)-s-butanol (Kemaus,
Australia), cyclohexanol (Acros, Belgium),
(-)-menthol (Fluka, Germany), benzyl
alcohol (TCI, Japan), 2-phenylethanol
(TCI, Japan), concentrated sulfuric acid (Merck,
Germany), triphenylphosphine (TCI, Japan),
tribromomethyl phenyl sulfone (TCI, Japan),
triethylamine (Sigma-Aldrich, USA), anhydrous
sodium sulfate (Qrec, Newzealand) sodium
hydrogen carbonate (Kemaus, Australia),
wulysl a-glucosidase (Sigma-Aldrich, USA),
4-nitrophenyl a-D-glucopyranoside (TCI,
Japan), sodium carbonate (Kemaus, Australia)
oz acarbose (TCI, Japan)

A15ILAIILHEITAI8nATla thin layer
chromatography (TLC) Iﬁ'LLUULL&iuazQﬁLﬁﬂuﬁ
iaauMedaniaa (silica gel) 60 F,,, (Merck,
Germany) WgNEIAILNALA preparative thin
layer chromatography (PTLC) lduuutsivunszan la
YUIA VU 20 x 20 LWUALNAT HLAFBUMIE

silica gel 60 F,,,
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38msdaanziangs coumarin-3-carboxy-
late

554 1: a3 coumarin-3-carboxylic acid
U1 95.10 Hadnsy (0.5 Hadlua) ldaalune
AUNaN 2110 25 Nadans mmstidausanadas
3 498973 Way concentrated sulfuric acid %ﬁﬁW
whidudiseinsen s vea laasluiimatunas
OINEIFEY YINInIuTasKaNTiguu I HEnT
(reflux) flunm 1 F2las Lﬁma‘%a?;umsﬁwﬂﬁﬁ%m
WraNNdNNIdNna28 dichloromethane uag
dsazandudvaclndanlalasiauasusiun
(saturated sodium hydrogen carbonate) ans&d1u
1:1 1h#u dichloromethane MaRagaEn Sas1aY
1:1 Wnueulansalufeudame (anhydrous sodium
sulfate) mlﬂsluifzu dichloromethane Lﬁaﬁﬁ'm%
fludlousan nseuiaianludondaa (sodium
sulfate) #Fud190n Wazseive dichloromethane
aaﬂmfmmwaué‘hﬂLﬂ%'msmslqnumpmmmwagu
mnﬁummaaummu‘%qw%mmsmémﬁ'w%é’m
TLC uazusnansudadusilviuigns Toglfinaia
PTLC #fitandaud (mobile phase) tJua?
H5arangdUNIINENTLINN hexane 7d ethyl acetate
(3:1) lg coumarin-3-carboxylate ‘ﬁlﬁlaﬂﬂ’li

557 2: “8"\1 coumarin-3-carboxylic acid
USuie 95.10 §aansy (0.5 Nadlua) was
triphenylphosphine (PPh,) U3 196.7 iaan3u
(0.75 Fadlua) ldasluzianunay 2110 5 Tadans
Uwadimazare dichloromethane Usuna 0.5
109805 avluzeenay iy tribromomethyl
phenyl sulfone (Br,CSO,Ph) U310 196.4 Naansu
(0.5 HadlNa) ﬁwmsmuﬂﬁﬁ%mﬁqmwgﬁ 30 94FN
wades luna 30 Wit meldussameaidague
argon (Ar) nniuTlauaanasad (0.5 Hadlua)
waz triethylamine (Et,N) Usanas 140 lulasans
(1.0 §95lua) a9luRIHFNMINSIOU INI15NIU
UfAseniinomgdi 30 ssmnmaide fiuna 5 #lu
ilaadumahuiiseninewanildnaiaas

dichloromethane @8U) dM51dIU 1:1 UIAU
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Wnsel yadwa waz Jude Uaumauing

dichloromethane maﬁlﬂ(ﬁ]m}lﬁmaaéuﬁi (brine)
Sl uuaulandaladaasama (anhydrous
sodium sulfate) mﬂluiizu dichloromethane Lﬁa
mamhiluidiauaan nsauilaten sodium sulfate
#lFudroan vhmsszme dichloromethane aanan
YDINETN GT’JEILﬂéﬂ\iiztﬂﬂqmumu’lﬂ’lﬂLLUU%ﬁgu
asvdauANNUIgSuanTHAASuridhs TLC way
wenanswansasilviuians lagldinadia PTLC iifila
inaauiiludansazansBunIduanszuiie hexane
78 ethyl acetate (3:1) 1@ coumarin-3-carboxy-
late figasns

ax < o & 4 .
aﬁm's'nﬂaauqmamsaummﬂ%u a-glucosidase
Tuvaaanaaag (in vitro)
< o & P . (16)
nadaugnoMsueaau Lyl a-glucosidase
wmaﬁmju coumarin-3-carboxylate NFweIEA
lave 8 a5 waviUSaulfisuny coumarin-
. . P2 < ¢ o = Y
3-carboxylic acid #FUUUFITAIOUNANINLYY
dugamneuinnu 100 lulasluars Taeld acar-
bose L?Jumimmgm (positive control) 73
o & »
nadaundil Ylaa1sninsgiu acarbose %3d
§1356n08 N coumarin-3-carboxylate 138 couma-
rin-3-carboxylic acid NANNBNIUSNAUINNU
1,500 lalasluans Tuansazane 15% dimethylsul-
foxide (DMSO) Y3195 10 lulasans nuansazans
WadnauniWes (phosphate buffer solution)
0.1 Tuas 9 pH 6.8 Us1as 50 lulasans aslu
96-well plate MnUUANLBULEY a-glucosidase
(0.2 glin/Naddns) Usanas 20 lulasdas wenld
YDINFN N YLD UNNUNYN 37 BedYaLFed
Wuna 5 i msdy 1 Tuas 4-lulnsiila
a-D-nglalwslulsd (4-nitrophenyl a-D-
glucopyranoside; PNPG) U51as 20 lulasans
' Y v g &L o o VoA a
wehldeasnandiuiia@eniuuazuniguvgi
37 ssenaded lunm 15 17 NnuumgaUjizen
v a s = s .
meamsidn 0.4 luas lafsnasuaiue (sodium
carbonate; Na,CO,) Usaas 50 ulasans Jaen
N139ANAULEINAMINENIAEY 400 UITULNGS
maldinsaverululasinen nadaudInNInum

5 A39/8150089 A mstudaeulea
o-glucosidase Gﬁﬂ@(ﬂ’i

%1 =[((Blank - Blank control) - (Test - Test
control)) / (Blank - Blank control)] x 100%

I #o gnasudaauls a-glucosidase

Blank #a nmsnadaufild 15% DMSO
Tusmsazaranaamatnimwasunuasaioens

Blank control #s msnagauiildasazans
WaatatuwWinasunuioulysl a-glucosidase way
1% 159 DMSO luansazarenaanainiwasunu
190198

Test A MsnagaumNUnG

Test control #a msnagauiilassazais
WadauWinasunueulas a-glucosidase

1§19 coumarin-3-carboxylate Aflams
ﬁ'uﬁgal,aulﬁﬁ a-glucosidase ¥INN 65% (ﬁﬂam
Wndugahaunnu 100 lalasluas) neaaumen
1C,, sasmsiudaoulen! a-glucosidase Tagvhms
A 9 AnwNENTUdEESEIa819 (F29BB3
anudutugaeilddnmadil 0.625 G4 160
lulaslams) wazldlusunsy GraphPad Prism 6
Tumsmuit?

We

ﬂ'l‘sﬁ'\‘ll,m’lzﬁmiﬂﬁju coumarin-3-carboxylate

NnUHAseaanaslndu (esterification)
284 coumarin-3-carboxylic acid Wazioanadad
fi 2 35 Juaguniinzasuaanagadild mndu
waanagadnisrumsuaululassaralaiiv 6
azaan @onliiamsduazii 1 sauaaslunnd 2
iilasmnnuaanasadiainselifiudivhazaedunad
Tudgnzenle fqyaidealigaunn uaziiasanlahe
Iuﬂzuﬁlauﬂ’l’iimﬂﬂﬁ”mLﬂ%aﬁ’izl,%ilqmumﬂﬂ’lﬂ
wuunyu wamwumsvaululassaiuiy 6
azaay BanldHsmsduenzii 2 dauaadumni s
laeuanI5§9LA1¥Y coumarin-3-carboxylate
WavNe 8 @3 fienuuanszaslasiaeludin
waanadad wu mivaumeldase 13he ez 2n
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Maaais WUNHaNAUDIHENNnTTag T1E 17-65%
sauaaalumsnd 1

HaNI3§9LA1sa19NaN coumarin-3-
carboxylate #8357 1 wuhmsdauanzilalaanda
ANFU-3-M3UBNTLEG (5) Iﬁwawamgaﬁqmﬂhﬁu
65% SIUNITFIULATILHLNTS ANIFU-3-AI5UBN
Baa (1), Ua Au3u-3-A15uendian (3)
waz (+)-taa-07%a Qansu-s-asuandian (4)

L4

Iauananlugie s8-46% lurmsiinsdaasny
wiia gandu-3-miuentian (2) lduandnmiige
UNAY 17% IUNAMITUATILHENINGN coumarin-
s-carboxylate @28330 2 wuhldwandnuaeas
(-)-tuuiia guI3U-3-M5UBNTEEa (6), LWUTD
ANISU-3-A5uBNTLan (7) uay 2-tWiiataiia
ANFU-3-MIUBNTEG (8) LINNU 54% 43% Udz
299% MNERU Faudaslum T 1

o ROH (3 mL) o)

conc.H,SOy4 (3 drops)

oL
O” "0

Coumarin-3-carboxylic acid
(0.5 mmol)

1 h, reflux

o "0

Coumarin-3-carboxylate

MW 2 MIFUATIEVAINGN coumarin-3-carboxylate 51 1

o] PPh; (0.75 mmol)

MOH BrzCSO,Ph (0.5 mmol)
o~ "0

Coumarin-3-carboxylic acid
(0.5 mmol)

30 min, rt

0 ROH (0.5 mmol)
MBr Et3N (1 mmol) MOR
o 5h,rt 0 Yo

O

Coumarin-3-carboxylate

MU 3 MIFUATLWENINGH coumarin-3-carboxylate 359 2

M99 1 msﬁ’mmwﬁmanzﬁu coumarin-3-carboxylate

waanadas ANIU-3-A3UanGian 3305 ueude
lFlufasen Haans Taseasumaadl daenzd (%)
(@)
CH,0OH wila aaN3U-3-M3uBndan (1) @\/ka/ 1 46
(O]
(o]
~"OH ahia guI3U-3-M5uBNTLan (2) MO/\ 1 17
O O
o
SN NOH {niia gan3u-3-m35uansian (3) ©\/§<%N\ 1 43
(©] [©]

/W/OH

J =
Auandee (4)

(£)-ta5-1U7a AINIU-3-
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MINN 1 MIFUATILHAINGN coumarin-3-carboxylate (619)

a 4 a
waanadasd ANIIU-3-AUBNTLAR WMT WAHEH
§ aaa i o ~ o wal
ldluljnzen Bad5 TAS9a519MaLA3 aAE (%)
OH lolaatanda gan3u-3-m3uendian 1 O
o o
5
(5) o
a a o = 2 54
d (=)~ LUNY ANIIU-3-AIUBNHLAA o)
; OH (6) @f‘\o
PN 00
o 2 43
OH a a s a
EjA LUUTD ANNTU-3-A3UBNTELEA (7) @fﬁoA@
O o]
a a a a (o]
©/\/OH 2-1WiiaLana @msu—s—ms’uaﬂmam M A/<j 2 29
A O
(8) oo

NnMAeNLALaziugulassasamanize
13NN coumarin-3-carboxylate figaLATIZHle
W 8 &3 Semaila 'H uas °C nuclear magnetic
resonance (NMR) @10190532708288155110
ANNALBEATY AIANAINLNAT UazAIBaUiABd

=

Tstngu (optical rotation) lagwansItasIzh
lafianuaannasinulaseaseesarsuasdoya
NLBNEI58198 Bedltieq (£)-taa-u19a
ANIFU-3-A15UBNTLan (4) waz 2-tWiliatadia
ANITU-3-M15UBNTLAN (8) whity #ilaiananse
Wisudisuiudayannianassedeld iesniiy
sslmifilameiimsnenumnioy

s QuI3U-3-A15uandan (methyl
coumarin-3-carboxylate) (1): 2pauaE7;
m.p. 115-116°C; 'H NMR (400 MHz, CDCI,)
08.54 (s, 1H, Ar-CH=C-C=0), 7.60-7.55 (m, 2H,
Ar-H), 7.29-7.23 (m, 2H, Ar-H), 3.86 (s, 3H,
OCH,). "C NMR (100 MHz, CDCl,) & 163.5
(C=0),156.6 (C=0), 155.1 (Ar-C), 149.1 (Ar-C),
134.5 (Ar-C), 129.6 (Ar-C), 124.9 (Ar-C), 117.8
(Ar-C), 117.8 (Ar-C), 116.6 (Ar-C), 52.8
(OCH,). HRMS (ESI) m/z: caled for C,,H,NaO,
[M+Na]": 227.0320, found 227.0321."®

tefia auISu-3-A15uenFian (ethyl
coumarin-3-carboxylate) (2): 289u9§213; m.p.
138-140°C; '"H NMR (400 MHz, CDCl,) § 8.52
(s, 1H, Ar-CH=C-C=0), 7.57-7.52 (m, 2H,
Ar-H), 7.26-7.19 (m, 2H, Ar-H), 4.29 (q, j=17.6
Hz, 2H, OCH,), 1.31 (t, J = 7.8 Hz, 3H, CH,).
CNMR (100 MHz, CDCl,) § 162.8 (C=0), 156.6
(C=0),155.0 (Ar-C), 148.5 (Ar-C), 134.3 (Ar-C),
129.6 (Ar-C), 124.9 (Ar-C), 118.0 (Ar-C), 117.8
(Ar-C), 116.5 (Ar-C), 61.8 (OCH,), 14.2 (CH,).
HRMS (ESI) m/z: caled for C,,H,[NaO,[M+Na]":
241.0477, found 241.0487.®

U7fia an13u-3-msuandian (butyl
coumarin-3-carboxylate) (3): 284Uz LN ; m.p.
65-66°C; '"H NMR (400 MHz, CDCl,) & 8.49
(s, 1H, Ar-CH=C-C=0), 7.66-7.52 (m, 2H,
Ar-H), 7.35-7.31 (m, 2H, Ar-H), 4.34
(t,/ =6.7Hz, 2H, OCH,), 1.75 (qui, / = 6.6 Hz,
2H, OCH,CH,), 1.53-1.39 (m, 2H, CH,CH,), 0.96
(t, J = 7.4 Hz, 3H, CH,). °C NMR (100 MHz,
CDCl,)d8163.1 (C=0),156.6 (C=0),155.1 (Ar-C),
148.4 (Ar-C), 134.3 (Ar-C), 129.5 (Ar-C), 124.8
(Ar-C),118.4(Ar-C),117.9 (Ar-C),116.7 (Ar-C),
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65.8 (OCH,), 30.6 (CH,), 19.1 (CH,), 13.7 (CH,).
HRMS (ESI) m/z: caled for C,,H,,NaO, [M+Na]
: 269.0790, found 269.0822."?

(+)-tag-1r%a AuIFU-3-A15UBNFLan
((£)-S-butyl coumarin-3-carboxylate) (4):
PR INFENABIBBY; m.p. 73-74°C; 'H NMR
(400 MHz, CDCl,) &8 8.43 (s, 1H, Ar-CH-=
C-C=0), 7.64-17.59 (m, 2H, Ar-H), 7.35-7.30
(m, 2H, Ar-H), 5.10 (m, 1H, OCH), 1.81-1.61
(m, 2H, CH,), 1.34 (d, /= 6.24 Hz, 3H, CHCH,),
0.98 (t,/= 7.52 Hz, 3H, CH,CH,). “C NMR
(100 MHz, CDCl,) § 162.6 (C=0), 156.7 (C=0),
155.1 (Ar-C), 147.9 (Ar-C), 134.2 (Ar-C), 129.4
(Ar-C), 124.8 (Ar-C), 118.8 (Ar-C), 117.9
(Ar-C), 116.8 (Ar-C), 74.2 (OCH), 28.8 (CH,),
19.4 (CH,), 9.8 (CH,). HRMS (ESI) m/z:
caled for C, ,H,,NaO, [M+Na]" : 269.0790, found
269.0808.

Tnlaatanda gun3u-3-m3suandian (cyclohexyl
coumarin-3-carboxylate) (5): YRIUIIFU; m.p.
106-107°C; '"H NMR (400 MHz, CDC]l,) § 8.45
(s, 1H, Ar-CH=C-C=0), 7.64-7.60 (m, 2H,
Ar-H), 7.34-7.30 (m, 2H, Ar-H), 5.02
(m, 1H, OCH), 1.95 (m, 2H, CH,), 1.79
(m, 2H, CH,), 1.59 (m, 2H, CH,), 1.49-1.24
(m, 4H, CH, x 2). **C NMR (100 MHz, CDCl,)
0162.4 (C=0), 155.1 (C=0), 148.0 (Ar-C), 134.2
(Ar-C), 129.4 (Ar-C), 124.8 (Ar-C), 118.8
(Ar-C),117.9(Ar-C),116.7(Ar-C),111.2 (Ar-C),
74.3 (OCH), 31.4 (CH, x2), 25.4 (CH, x2),
23.6 (CH,). HRMS (ESI) m/z: caled
for C,,H,,NaO, [M+Na]": 295.0946, found
295.0950."%

(-)-tuufia auI5u-3-A15uBngiaa
((-)-menthyl coumarin-3-carboxylate) (6):

23.7_

< = o o
YDIUWNFLYWIDY m.p. 139-140°C; [a] 5= -1.20
(¢ = 0.0002, MeOH) ([alp = -62°(c = 0.23,

CHC1,))“®”,'H NMR (400 MHz, CDCl,)

= Msasnsinmemaasmsunwad
= N 65 ;iU 4 garaw - Sunay 2566

0 8.47 (s, 1H, Ar-CH=C-C=0), 7.67-17.61
(m, 2H, Ar-H), 7.37-7.28 (m, 2H, Ar-H),
4.96 (m, 1H, OCH), 2.15 (m, 1H, CH), 2.01
(m, 1H, CH), 1.74 (m, 2H, CH,), 1.57 (m, 2H,
CH,), 1.14 (m, 2H, CH,), 0.83 (m, 6H, CH, x 2),
0.81 (d, J = 7.0, 3H, CH,). °C NMR (100 MHz,
CDCl,)d162.6 (C=0),156.6 (C=0),155.8 (Ar-C),
148.0 (Ar-C), 134.1 (Ar-C), 129.4 (Ar-C),
124.7 (Ar-C), 118.9 (Ar-C), 118.0 (Ar-C),
116.8 (Ar-C), 76.1 (OCH), 47.0 (CH), 40.7 (CH,),
34.2 (CH,), 31.5 (CH), 26.2 (CH), 23.3 (CH,),
22.0 (CH,), 20.9 (CH,), 16.2 (CH,). HRMS
(ESI) m/z: caled for C,,H,,NaO, [M+Na]":
351.1572, found 351.1589.%”

WuZa axI3U-3-a15uandian (benzyl
coumarin-3-carboxylate) (7): 284U LN ; m.p.
79-81°C; '"H NMR (400 MHz, CDCI,) & 8.56
(s, 1H, Ar-CH=C-C=0), 7.67-7.58 (m, 2H,
Ar-H),7.50-7.47(m,2H,Ar-H), 7.42-7.31 (m, 5H,
Ar-H), 5.40 (s, 2H, OCH,), "°C NMR (100 MHz,
CDCl,)d8162.7 (C=0),156.5(C=0),155.3 (Ar-C),
148.9 (Ar-C), 135.4 (Ar-C), 134.5 (Ar-C), 129.6
(Ar-C), 128.7 (Ar-C x 2), 128.5 (Ar-C), 128.4
(Ar-C x 2), 124.9 (Ar-C), 118.0 (Ar-C), 117.8
(Ar-C), 116.9 (Ar-C), 67.5 (OCH,). HRMS
(ESI) m/z: caled for C,,H,,NaO, [M+Na]":
303.0633, found 303.0645."®

2-tWfiata®ia QuI3u-3-A15uBnFLan
(phenylethyl coumarin-3-carboxylate)(8):
299u9F W09 m.p. 155-156 °C; 'H NMR
(400 MHz, CDC],) 8 8.46 (s, 1H, Ar—-CH=C-C=0),
7.69-7.59 (m, 2H, Ar-H), 7.39-7.25 (m, 7H,
Ar-H), 4.58 (t, J = 7.1 Hz, 2H, OCH,), 3.12
(t,/ =7.1Hz,2H, OCH,CH,). °C NMR (100 MHz,
CDCl,)8163.0(C=0),156.7(C=0),155.2 (Ar-C),
148.8 (Ar-C), 137.5 (Ar-C), 134.4 (Ar-C), 129.5
(Ar-C), 129.1 (Ar-C x 2), 128.6 (Ar-C x 2),
126.7 (Ar-C), 124.9 (Ar-C), 118.1 (Ar-C),
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117.9 (Ar-C), 116.8 (Ar-C), 65.4 (OCH,), 35.0
(CH,). HRMS (ESI) m/z: caled for C,,H,,NaO,

[M+Na] : 317.0790, found 317.0805.

Lo & 4 .
mswmaquﬁﬂummﬂﬁu a-glucosidase Tu
waammaawaqmsmju coumarin-3-carboxy-
late

(i911819n0a§¥ coumarin-3-carboxylate

fiduaszilens s a5 negaugnisudaeulys
a-glucosidase Liasduiinnuidutugamnanidu
100 lalasluand wuhilans s 5 @3 fims
sangnatiudaoulysl a-glucosidase Tapfenms
ﬁuﬁgqag'cluﬁw 40.6-84.4% ATienganT coumarin-
3-carboxylic acid ﬁt,ﬂuaﬁé?qé’u Fauaaslumsad 2
Taeids coumarin-3-carboxylate fiflszans
Tumstiudaoulasl a-glucosidase qqﬁ'qm A (-)-
(ufia aNsu-3-M35uantan (6) Taaiemstiuda
toulegal a-glucosidase AU 84.4+4.3% DON

Ao 2-lflatatia guN3u-3-a5uangian (8) Azl

v
v @

msudiatoulel a-glucosidase LAY 68.1+4.4%
Tuduweaas wiia AIN3U-3-MIUBNEEA (1), LULTD
ANFU-3-MFUBNTEN (7) waz Bfia AITU-3-
miuandian (2) Semsdudaeuls a-glucosidase
WNNU 55.446.9%, 53.6+£9.2% WY 40.6+6.6%
anuaeu Tuwaiei Taia AINFU-3-MTUBNTEN (3),
(2)-185-1a 9aTU-3-MIUBNTLEN (4) Waz
lolatanga gan3u-3-asuandian (5) Taiugaegnd
mstugaaulal a-glucosidase AAMuENTUi
NNMFUANINFY coumarin-3-carboxylate
fiienmssudaeulas a-glucosidase RANNENTY
gavhewhau 100 lulaslums innnd 65.09% N
2§95 a1 I1C,, wud (-)-Luuia AaIu-3-
MIuBNZLan (6) waz 2-tWiiataia QuIFu-3-
M3Suandian (8) HA IC,, WNNU 7.16+1.87 WaL
11.70+2.66 lulasluad ewaeu Fudussia
Uszansmwlunissudaeules a-glucosidase
ANNEITNINTIU acarbose #fien 1C,, vhiu

350.50+40.37 INIASINEIS G9uaaluamen 2

= £ . ' .
MINN 2 wam's‘wﬂaauqmﬂummul%ﬁ a-glucosidase Iuwaaﬂmﬂaawaqmanu coumarin-

3-carboxylate

. - ¢ o o & IC,, + SD
d13NaNANIIU-3-AITUBNTLAR M3guee £ SD (%)" .
Y (lulastuans)
N30AINIU-3-MFUBNTEN 4.7£1.7 -
iia gan3u-3-msuandtan (1) 55.4+6.9 -
Laia QNNIU-3-MUBNTLEN (2) 40.6+6.6 -
s gan3u-3-msuaniian (3) 0 -
(£)-1aa-Tiia guN3U-3-M5uBNTLan (4) 0 -
Tolaanda gan3u-3-msuandian (5) 0 -
(-)-wuiia QINFu-3-M3uanBian (6) 84.4+4.3 7.16+1.87
WuZa QISU-3-Muanan (7) 53.649.2 -
2-Wilatana Qm%u—3—m‘§uan%mm (8) 68.1+4.4 11.70+2.66
pzA3lud (acarbose) 15.7+1.2 350.50+40.37

WINBg: ' ANNNTUGANeYeY coumarin-3-carboxylate (v 100 lulaslums
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= o
AU

NNHANITFNUATILHIITNGN coumarin-
3-carboxylate WUIHANANYBIHAN ST 716
agfluzrnhunansdaen Tasams3smadaansyii 1
msmufnsenedmasilintulaaldnsaiuase
Uinsentusmsaiaufisedeunaulde duua
TiuFasemnilliaansafaldasauysel Sedanuii
fsaedumdaTInmMeNidismaiia TLC 3
mﬂﬁaqmmﬁ'uwamamwamamﬁmﬂﬁ'tjjaﬁu 219
mmsanwiadezasmmesiimanzaalumsmu{nsen
dold wu waveslSinadvhasas Hawaeah
1FlumsrnU§asen wienavesziinuesasiigne
gounlutfasen udu uddaduasmsduansy
daedsi Aeladasldizmsusnansliuigniaae
wmaiiamslasininnsil Wy PTLC mszansilaily
HANA T ENINTAMANB DN LA lagIS M ananIeLUd
W38 IENEANAIBLATDITHNE YN ALULVINLY
S msdaanedd 2 hmsanmuaznenuiveld
dFuanziarsngulniiataanes (thymyl esters)®”
faasliwandanaswdaduriibiguduiu ey
wmnzgamgiiildlumsiiaufazenluginanie
narildlumsiiaufaseniesiuly Femsiia
pampiligedunaznafianniu a1avldide
HAe AN ulaC

nNanIsnadaugnssudataulasl
a-glucosidase wmmsnalu coumarin-3-car-
boxylate 113 8 §15 WUansTies 5 a3 (a5 1, 2
war 6-8) whily Rusasgndlunsiudaaulasd
a-glucosidase irnaudugarheii 100 lalasluans
LATUEAIgNEMSTUTIRFNT coumarin-3-car-
boxylic acid duiluasasdu uaasliifiuii
msUSuiasulaseadraludiu carboxyl group luiflu
ester group sudluwnmailsiidredindszdnsnm
msfudaoule a-glucosidase 1wazule Tagansd
aanqwéﬁﬁqm A8 (-)-Luiia ANSU- 3-MIUBNTLaN
(6) %qNamiﬁﬂmﬁylﬂuaqﬁmm:ﬂmimqﬁm
msﬁummiaanqw%‘ﬁ’uﬁgﬁLaul‘ﬁﬁ a-glucosidase

#lialnainiUscdn5ninganin acarbose

M5815NTHANENFFATANTUWNE
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fdluansinaspuds 40 uh definsanadasadi
maeiuasansii wuhduueanaged @a menthol
%ﬂLﬂumiﬂa;uTuTuma{ﬁuaaﬁ (monoterpenoids)
fiilaseadrananiiurclalaatangruas
(cyclohexanol) LLaxﬁmijuﬁumwﬁmu
aawnj A8 methyl group waz isopropyl
group %amsﬁﬁammﬁumwzﬁmLﬁﬁdﬂizﬁﬂ%mw
Tumsaangnasiui a-glucosidase Wagu ila
i ldwSsudisuduansleleatanda gun3u-3-
Msuanian (5) ﬁlﬁﬁaawaﬁumq LLaxﬂ'l’iE]E]ﬂi]‘Vlé
Fudeiiniueansgasniansaslaseadraiy
aduauldaseinialdis vananiinuirmnld
phenyl group whlUlulasesasevesdruueanases
asamunaarsresasldafuauasdioiia
ﬂisaw%ﬂﬂwiuﬂwsaanqmgﬁuﬁy'ﬂ a-glucosidase
Iﬁ'gﬁyu eRansannnmmsfudasswinms
2-ilaeiia QINFU-3-MIUaNTan (8) NuLatia
AN3U-3-MIUBNTLaN (2) AilAhAU 68.144.4%
WAZ 40.646.6% MNTIGU FeBIRHUBIUNUM
fighdayras phenyl group dwmsumsivasulaseasng
NG

diohans (-)-wuiia gINIY 3-MSUBNTLan-
(6) fifleh 1C,, iy 7.16+1.87 lulasluand was
2-iWiliatedia AINFU-3-A5UBNTEa (8) e
IC,, vinu 11.70+2.66 lulasluadsd lUwseu
Waudszansmwlumstiudaeuly a-glucosidase
fuasngu coumarins Masfimsnenudaumiil
WU EIsHIdeen e udTel ldwaun s uiiy
fiuszansmwlumsiudaeulassl a-glucosidase
g Wy asaRsu eanluieanes (coumarin
oxime esters) nien IC,, WU 15.91£0.25
lauTasTuars®) a9 3,7 -Taaui13fiadions
(3,7'-biscumarinil ether) Afien IC., tMAU
18.70£0.80 lulaslua15s™ wazaywusvaelniy
Tﬂ@uﬁu (pyrindocumarin derivatives) ‘ﬁlfl@h
1C,, 3nnd 100 lulasluand®® imharsaanan
ﬁgmawﬁmlﬂLﬂ%ﬂmﬁﬂuﬁ’umsnéuﬁ'uﬂ Al

< v & .
M358UgNIMsHUE U g a-glucosidase



g

gnddugauaavhnglaBinauasasnanguIsu-3-m5uandan W9

3ol Yyane waz Jude Uanmenns

D

Aouning U a9 2,4-lapzSatunulayl4,5]
e la[1,2-allwS8du (2,4-diarylbenzo[4,5]
imidazole[1,2-a]pyrimidine) Fefien IC., tvNu
53.8+0.04 lulaslua1s® arsenslulanslyd-
\wudiiolga (carbohydrazide-benzimida-
zole) PN IC,, whiu 70.6+6.8 Tulaslua1se”
waza1sngu alkaloid 1,2-latunand
NWaSHLUALAALNNE (1,2-dimethoxy piperum-
bellactam C) Miien IC_ Wiy 98.0740.44
Tulaslua1s® wuiasngy coumarin-3-car-
boxylate FmAseimmsanmuazivanlasa
muaiitufigndlumsiuiaeule a-glucosidase

PR ARIN AN AL A

dasd
9

nnmsanmuaztuasulasiaemanil
284 coumarin-3-carboxylic acid Tudu cou-
marin-3-carboxylate Tanng 8 3 TagUfAsen
aamasiledy Tasweamaaiivasansigaassw
I@fianudaandastudayaildnnmsiensiide
waile 'H waz °C Hedssuuniudnislawuud
MMINTIVINNINNITUAANNALIBEATY WazUaYd
NNENETENeR Taed (£)-tad-ta AIN3U-3-
Msuan@ian (4) uay 2-iiaeiia QIsu-3-m95
uanLan (8) Fussniilieeiimsnenuniay

dashasmamualunagaugnimsiudans
el a-glucosidase wufluasawsni
(-)-tufia ausu-3-a15uenBian (6) uas
2-1tWflatafia guISuU-3-A1SuanTian (8)
fiuszansmwlumssudaaulss a-glucosidase
N NE5Na55IU acarbose @4 49 uaz 30 h
MNEGU TINEIESAU ] Bnvarariiefiasing
syenunAaunihil Taswanisnaassilaarnaduy
WeilduasdanuluilumsuSunldsulassase
MaLAHUBN coumarin-3-carboxylic acid vl
ﬁuwuawsaaﬂqm§§u§QLau1%ﬁ a-glucosidase
FialnidUsans M wiRnTuLaza N SaW AU
dasansseangnasaauari lUduesniu
M35 lsanynule lueunae

deeanssndsema

pevauam gudanidudaduuinnssu
natadl (PERCH-CIC) n5znsnNmIgandnm
INENAFNS INBUILUINNTIN MAITIAT Ay
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Activity of Coumarin-3-Carboxylates
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ABSTRACT «-Glucosidase inhibitors represent an important role in the treatment of diabetes. Although
many synthetic inhibitors have been reported, novel and more efficient compounds are still necessary to
exhibit this activity. Coumarins are aromatic substances composed of fused benzene and a-pyrone rings
and display a wide variety of biological activities, especially a-glucosidase inhibitory activity. This research
aimed to study the structural modification of coumarin-3-carboxylic acid into coumarin-3-carboxylates
to enhance their a-glucosidase inhibitory activity. Eight coumarin-3-carboxylates were successfully
synthesized by esterification using coumarin-3-carboxylic acid and alcohols as starting materials.
The desired products were obtained in 17-65% yields. All synthesized compounds were examined for
their a-glucosidase inhibitory activity. The results found that (-)-menthyl coumarin-3-carboxylate was
the most potent inhibitor against a-glucosidase with an IC,, of 7.16+1.87 uM, followed by 2-phenylethyl
coumarin-3-carboxylate with an IC,, of 11.70+2.66 uM. Both compounds were first reported to exhibit
30-49 folds activity more efficiently than acarbose and could be further developed into a new potential

antidiabetic drug.

Keywords: o-Glucosidase inhibitory activity, Coumarin-3-carboxylates, Coumarin-3-carboxylic acid,

Esterification
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