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Ao oo ¢ A o A Lo & 6o a A Ao @
lannaidphdiagzadifedummifieangnidusieulaidarngladiasanfisisodszmuld
URZINMIFILATIZR ﬂm:;ﬁfﬁ'ﬂﬂi:aumméhL‘%ﬂumsﬁuwuLLa:ﬁgﬁlﬁmsﬂ'uﬂ'qé'amﬂgiﬂ%ma
ldun quercetin-3-O-glucoside aﬂﬂ&lﬁmmzﬂ‘izﬁﬂm"ﬁm, (+)-pinoresinol 7031 LRy

. Y o . o . £
chaplupyrrolidone B 9nTzWg #ananfdawuhaniasnan inalnmisangniuvunay lassunm
o & ° v & ™ . A o o :
HUEINNIIN UL aILaw bod le NIwuy competitive LAz noncompetitive TIVOYAAINANIFININIEY
& 'Y v A A o o o £ a o A ¥ a
dasdnlaRmnatanansaldinnvaninslsawmng lassangniasune wialdiduonden lu
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ouzdennu  anzdAdulaFansiaynusnd  quercitol 1uduz e  lapdiuwlasulasiaie 3

wwannd fs mafedjisendlanstuveinylaasendnanoidunuszg, nwmuﬁm&"laman%ﬁwmg
N-alkyl Uaz N-acyl uazmsdaLATziauRUslomnaeanUjizenny cinnamic acid wanuziia
fefhaulade masulngfiguansflddanisudidninasaodu Gﬁosmﬁamgﬁuf N-hexyl &908n
anifguAusninelsawwnu  acarbose  waiinsunuowlaflddani wonanfIwuin

X A o A X Y i . & : o & &l La
quercityl caffeate DIRILATIZRINN quercitol NU caffeic acid Lﬂuﬁ’]‘ﬂuﬂ@&lmgwumaﬁmai“naaﬂtr'nﬁ@]

'
A

& o wn o ’~ a o o [ A wn o ' '
@ ANNITIFINTDAIFNL AGIUNTAN0DNTLATW AL TWALINY caffeic acid TIFNUANINANITFIN
faglunmslasnumsiialiaunsndan
Abstract

Ol-Glucosidase is a key hydrolase that catalyzes hydrolysis of oligosaccharide into glucose. The
prolonged elevated glucose level in blood stream leads to the development of diabetes mellitus,
accounting for hundreds million people worldwide. To hamper the outbreak of diabetes mellitus and
its related complications, inhibition of Ol-glucosidase is an approach of choice to address this
problem. In this project, we aim to search for Ol-glucosidase inhibitors from edible plants and
synthetic compounds. We succeeded in identifying active compounds quercetin-3-O-glucoside from
Molinga oleifera and Abelmoschus esculentus, (+)-pinoresinol from Sesamum indicum and
chaplupyrrolidone B from Piper sarmentosum. The mechanisms underlying inhibition were proved to
be a mixed type manners of competitive and noncompetitive inhibitions. The results imply the use of
these plants as single drug or combination with other antidiabetic drugs. Meanwhile, we also
synthesized quercitol-based analogues by 3 different pathways: dehydration of hydroxyl and forming
double bond, replacing one hydroxyl group with N-alkyl and N-acyl moieties and ester formation with
cinnamic acids. Interestingly, most synthesized analogues showed improved inhibition over their
parent compounds. The N-hexyl analogue was the most potential Ol-glucosidase inhibitor because of
its equipotency to antidiabetic drug acaarbose and more tightly binding to the enzyme. In addition,
quercityl caffeate, the bioconjugate generated from quercitol and caffeic acid, was the most potent
inhibitor among 15 related synthesized analogues, in addition to the retained antioxidant property
associated with complications prevention.

Keyword: diabetes mellitus; Ol-glucosidase; glycoside; quercitol-based analogue
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1) N13d9LA3IEH conduritol F LazauWud inositol 910 (+)-proto-quercitol LazfNdeIUed

owlmaiaarnalading

Conduritol F 1ilusn3slunga cyclohexene ﬁﬁm&"laman% Fusanu 4 na asaanaiasd
swmmwmminﬂ'uﬂquauvLSﬁﬁé'amﬂgIﬂ%mavLﬁ Tuaudsoitlddnmnsaseszy conduritol F lag
FIUaN (+)-proto-quercitol F91T113F1wal TapTdunowIFILATILHAES 3 TUADWLYNTN (LHKATW
i1 Iﬂﬂﬁ{?u@]a‘wﬁ'ﬁwﬁ'tyﬁamnﬂ‘é"uum%ivl,amaﬂ%lﬁaglugﬂ Trifate (-OTf) wanfaUffiseinisiiaa
gan (elimination reaction) lusmazius tiatdu conduritol F fidasns uanmﬂf:;ﬁii'mﬂ'\iwmw wini
conduritol-F - 1 ffiseniu 0s0, usrazifiaufji3en dinydroxylation tAatunAanmst inositols
uaﬂmnf‘:ﬁ'ﬂﬁmaaqu%nwiﬁuﬁaﬁuﬂzqLauvl,ﬁnﬂé'amﬂﬁiﬂ%ma Ienasouaasluasef 1 9wdsil
l@3uns@ANL Bioorganic & Medicinal Chemistry Letters 2012, 22, 1538-1540

OH

~OH MeO., OMe Tf,0, pyridine 0,
% @S
OH o)
OH ﬁ/o

(+)-proto-quercitol

HO"

HCI/MeOH
OH OH
HO OH HO/,,,_~_..OH 0sO, WOH
-
HO" “OH  HO" “OH HO" “OH
OH OH OH
2a 2b conduritol-F (1)
inositols

WHBNINT 1 NIFILATIZR conduritol F u,a:mg‘,ﬂ'uﬁ inositol

{ £ o & o A . o . .
@137 1 aninsdussenloddaningladiaauas conduritol F (1) uazauWus inositol (2a uaz 2b)

ICs0 (M)
Cyclitol Baker's yeast Maltase Sucrase
1 86.1£0.5 NI NI
2a 1256.1+1.7 NI NI
2b 475.7£0.9 NI NI

fo & o . = o o
NI, No inhibition, aaﬂqwmumtau‘lﬂnﬁ (l-glucosidase #a8NI1 30% NAMNLVNYK 10 mg/mL.
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2) miduazRauusaziiluiaasBnan  (N-substituted aminoquercitol) uazgNBHUL

owlmaiaarnalading

‘Lumuﬁ%‘mfﬁﬁé’aLﬂiwzﬁamgﬁuﬁ’a:ﬁiumﬁ%ma 2 ngu da N-acyl aminoquercitol (4-13,

WHWAWA 2) WAz N-alkyl aminoquercitol (29-43, WWWATWT 3) INNIRNA 25 T LathaInken be
Lo & & o a A v o & . o o
lunesevaangnidudsenlodaaningladias (a1390 2) wuanuFuRUSIzwIwlasaieiuns
£ v &

sangniBamanInagdldasd

1) N-acyl aminoguercitol Waz N-alkly aminoquercitol Auwaldunsgugaianladuaainale
a @ ‘L a Lo & o A a
ani wewlmigiass udnaulidesfinndusuanlaidarnglofiaanniad

o . i @ Lo & \

2)  lasmlyd  N-akly  aminoquercitol  Wndgnidussienlodvaainadnin N-acyl

aminoquercitol
o B & a0 q 0 . .
3) 4111 methylene (n) lusolalalasaisuen vl N-acyl aminoquercitol was N-alkly
. . A £ o & ad A A

aminoquercitol ANNTNILULIANEA LU n = 4 I8 8

a "4 { ' . o 1 [ ' Ar
4) ﬂauwQLimumaoﬂﬁuauﬁmaﬂuvluimmu wiadwunus c-1 lddasiinadaniseangns

v et ' U v é < { Qr { I a
nnumnliudinafiasldifensns 7, 35 uaz 41 Fudumsnfionddngauszidudunuuas

a’lﬂuﬂ@;u N-acyl aminoquercitol, N-alkyl aminoquercitol LLaz N,N-dialkyl aminoquercitol ANFIALN
= £ A ' & A A o & & &
ansnalnmisangns (GUA 1) uaswudieans 3 slladnalnnsdusewlsiveamns uuny
o o { a -~ £ o & da
Wa9U% (competitive inhibition) waununue Ninawlaianinnuia a3 35 Agninsduaenanine
SAWULIRINY acarbose wanaNdiiaanT 35 anunTndunulaw lriudvziidinsfvasmIaanuaiian
' P ° Y a ty) £A ' o .
Ai1 acarbose (AN790 3) ¥ldans 35 Humliuluniseangndfiuiunin acarbose @rELdUNB

NAIIWIFLAINE LAANNIWL WS 1 Medicinal Chemical Communications 2012, 3, 1466-1470.
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HO OH Q
OH . ~ref.9 NH, 1)a
(+)-proto-quercitol (1) — " —_— n oH
6 steps . ) >< 2)borc ~
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LLAWBATINN 2 NIRILATIEH N-acyl aminoquercitol



(0]
HJ\M/ \‘O
2,3 "o ><

NaBH3CN, MeOH, catalyst

14-18,19-22 23-25, 26-28
\M;\NH
aorb ~OH
14-18,19-22 —————————> ‘ ]
HO' ‘OH
OH
29-33, 34-37
AN
n n
aorb ~OH
23-25,26-28 ——————> . .
HO' ‘OH
OH
38-40, 41-43

29,38,41  (n=0)
30, 34, 39, 42 (n=2)
31, 35, 40, 43 (n=4)
32, 36 (n=8)
33 37 (n=10)

WHIATINA 3 NNIFILATIEH N-alkyl aminoguercitol

i £ o & o o , . . .
A13190 2 fmﬁmsmummu"leﬁﬁaamﬂgiﬂm@mao N-acyl aminoquercitol L8z N-alkyl aminoquercitol

ICs (M) ICs0 (M)

Compound  Baker's yeast Maltase Sucrase Compound  Baker’s yeast Maltase Sucrase
4 270 180 NI 32 NI 2.0 410
5 NI 38 NI 33 NI 1.9 NI
6 NI 4.2 NI 34 1200 57 NI
7 NI 2.0 NI 35 400 0.24 NI
8 NI 10 NI 36 NI 0.41 NI
9 150 5.3 5.3 37 NI 1.5 NI
10 1200 19 4.7 38 1600 21 360
11 1700 3.8 6.1 39 2300 24 36
12 NI 3.5 NI 40 NI 32 120
13 NI 7.4 NI 4 1600 5.0 NI
29 NI NI NI 42 1800 7.6 NI
30 NI 290 NI 43 NI 48 NI
31 NI 25 NI Acarbose® 480 1.5 2.3




1V (mM/min)™
S & -

o
IS
I

08 06 04 02 0 02 04 06
1/[maltose] (mM)™*

v (mM/min)™

-0.8 -06 04 02 0 02 04 06
1/[maltose] (mM)™

DR

1V (mM/min)™

a
r T T T © T T 1

0.8 -0.6 -0.4 -0.2 0 02 04 06
1/[maltose] (mM)'1

Eﬂﬁ 1 Lineweaver-Burk plot 784 N-substituted aminoquercitols 7 (U#), 35 (Na14) LAz 41 (814)

M13197 3 MIHULILRTINARNE A1AINNITIAILAIVD I LTI LA AU ILATTRAVAINTEVE

Compound ICso (M) K (LM) Inhibition type
7 2.0 1.5 Competitive
35 0.24 0.73 Competitive
41 5.0 3.5 Competitive
Acarbose 1.5 0.99 Competitive

o o Aa A 1 Lo & o
3) NTAILATIZHOWNWSLADIBAIBUW NG (quercityl cinnamates) Naangndsiusitanlnuioa

q

J a
ﬂﬁngfﬂ%mmmmﬂﬁﬁ'ﬁua%uaaasx

u

Iﬂsonwsﬁ%ﬁﬁaLﬂﬁ:ﬁmgﬁufﬁﬂs:nauﬁm 2 % LAUEIULINNIN quercitol UAZBNEIN
o ) ' o W o o g £ '
WAINTIN cinnamic acid uazauius lasaadayiuiinldnnmisuenzdilazaangning 2 g
v & o ’~ o A Py o A ' o ¢ &
fa  dusdavnglefiasuazduayyadasznioniu  Geazdinadlumiazszauihaaluiaadnng
' o o A A v £ A a a A o ¥ oA &
tflosiuliafifisidosdafiannayyadas:  Wesnnmifinduihnagedaiieadunamnu  lu

NIt TRReuNuflee IEE Suiue lansnua 15 190 (1a-8b) AILHWANA 4 Uaz 5



OH
1) H,0, heat, 2 h WOH
Arfeuillea arborescens stems ) Diaion HP-20 (H.O
) Diaion HP-20 (H,0) HO" “"OH
3) recrystallization (MeOH, 0.3%w/w) OH

(+)-proto-quercitol (9)

OH (:)H
Me,C(OMe), \\‘O>< 1) Ac,0, DMSO : \\‘O><
.
. 2) LiAIH
DMF,p-TSOH o ) LiAIH, o o
79% ﬁ/o 42% o
10 11

WHWATNT 4 NMIFILATIZRUNUT quercitol nauriAsenAu cinnamic acid uazauwus

{ & Ao Lo & o A
Wlavin quercityl cinnamate NanuaiFaTA lWnaseunniduotaulaidanngladiasan
a ¢ & & P ' & v Lo & & o
Bad Louwlodueana uazieulodmiase (@13199 1) wod sansnue bifignidusaewlsiganingla
A A & A . . AA ' . ' o ' AaA Lo &
Fagnnad luvmen quercityl cinnamate i3 phenolic agnykae 1 % (6a- 8b) NUONDTHULI
. . g: dl J A a
ewlmduoaina uazgiasa TuuTInn quercityl cinnamate Nanuafinasay wuil a3 6a Gelidauvas
Lo & ad . o
caffeic acid figniduosenlsinaana uszgiaradfiga laofien ICs, 5.31 uaz 43.65 uM WAL
J- SNV a A a Aa Lo o a A A o A o
wanani dadusaiossfiadonfionsaniveyyadasz lavfidn SCs 0.1 mM Gslnaidusny
A < ) a o & o & \ o ¥ o &
BHA Tudumiduauyadas: asuuas 6a sfidnunmnsluuizaimianszauihaialasnisdus
& o o a 4 o a & A oy a & a
wlsduoamauazdadueuyadas:  Suinifieduluannizidthonnuinnshaslufoage

datiasnuwduraiuwiu



R2
1-5

R1=0OMe, R2=R3=R4=H;1
R1=R3=R4=H, R2=OMe; 2
R1=R2=R4=H, R3=0Me; 3
R1=R4=H,R2=R3=OMe; 4
R1=H, R2= R3=R4=0Me; 5

R2

R2=R3= OH; 6
R2=0OMe, R3= OH; 7
R2=OH, R3= OMg; 8

d, b R3

1OH ————>

o) o)
NSon & NNon o a "o
R3 RS R3 -“O><
R? R? o o]
ﬁ—o

R2

0
R4 AN
0
"
R3 R? 0
5' ) ><
o" 30
-

R1=0OMe, RZ=R3=R4=H, I'R; IR
R1=0OMe, RZ=R3=R%=H, 1'S; 1S
R1=R3=R4=H, R2=0OMe, 1'R; 2R
R1=R3=R4=H,R2=0Me, 1'S; 2S
R1=R2=R4=H, R3=0Me, 1'R; 3R
R1=R2=R4=H,R3=0Me, 1'S; 3S
R1=R4=H, R2Z=R3=0OMe, I'R; 4R
R1=R4=H, R2Z=R3=0Me, 1'S; 4S
Rl1=H,R2= R3=R*4=0Me, 1'R; 5R

R2 = R3= OSi(CHj)g; 6Si
R2 = OMe, R3= OSi(CHj),; 7Si
R2 = OSi(CH3)5, R3=OMe; 8Si

OH

R2=R3=0H, 1'R; 6a
R2=R3=0H, 1'S; 6b
RZ2=0Me, R3= OH, 1'R; 7a
R2=0Me, R3=0H, 1's; 7b
R2=0H, R3= OMe, 1'R; 8a
R2=0OH, R3= OMe, 1's; 8b

b

(0]

R4 N

(0]
R3 Rl ‘\\OH

R2 N i
HO' ‘OH

OH
R1=0OMe, R2=R3=R4=H, I'R; la
R1=0OMe, R2Z=R3=R4=H, 1's; 1b
R1=R3=R4=H, R2=0Me, 1'R; 2a
R1=R3=R4=H,R2=0OMe, 1'S; 2b
R1=R2=R4=H, R3=0Me, 1'R; 3a
R1=R2=R4=H,R3=0Me, 1'S; 3b
R1=R4=H,R2=R3=0Me, I'R; 4a
R1=R4=H,R2=R3=0Me, 1'S; 4b
Rl=H, R2= R3=R4=0OMe, I'R; 5a

R2 = R3= OSi(CHjy)y, I'R; 6R
R2 = R3= OSIi(CH,),, 1'S; 6S
R2 = OMe, R3= OSi(CHy),, 1'R; 7R
R2 = OMe, R3= OSi(CHa),, 1'S; 7S
R2 = OSi(CH,), R3=OMe, 1'R; 8R
R2 = OSi(CH3), R3=OMe, 1'S; 8S

Reagents and conditions: (a) 10 or 11, DCC, DMAP, CH2CI2, 0 Cto rt; (b) Amberlyst-15, MeOH; (c) TBDMSCI,
imidazole, DMF, rt; (d) TBAF, THF, rt

UHAINN 5 NMIFILATIZR quercityl cinnamate (1a-8b) 310 (+)-protfo-quercitol (9) LLazmiﬂﬁjM

cinnamic acid (1-8)
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A13197 4 q“nﬁm_lmLau"l,snﬁaamn@Iﬂmmuazmua%aaa‘s:maa quercityl cinnamate (1a-8b)

Ol-Glucosidase inhibitory effect

Compounds | (ICso, UM) Ragisicg:o‘si:ﬂe)nging
Baker s yeast Maltase Sucrase
glucosidase
1a NI NI NI NS*
1b NI NI NI NS
2a NI NI NI NS
2b NI NI NI NS
3a NI NI NI NS
3b NI NI NI NS
4a NI NI NI NS
4b NI NI NI NS
5a NI NI NI NS
6a NI 5.31 43.65 0.1
6b NI 497.48 954.08 NS
7a NI 51.93 67.21 NS
7b NI 21.07 171.43 NS
8a NI 20.81 53.00 NS
8b NI 367.15 805.48 NS
Acarbose® 22 1.50 2.30 ??
BHA ND ND ND 0.10

auWuS quercityl cinnamate 6a fignsfaluwnmssudewlsiuaana wazgiaIR 39ldvians
dansnaunnalnmsiuds wuiiinalnuuunan (mixed inhibition) eauaadlu gﬂ"?i 2 uay 3 W
R 5 HawIsitlesunsaanulWaRLYTls European Journal of Medicinal Chemistry (2013)
doi: 10.1016/j.ejmech.2013.05.047

0.14 4

0.12 4 /_/ A O No inhibitor
, ®2.04 pMm
01 4 A / A 204 pMm
E ..’.o’.
E. 0.08 A - p
e
> e
TE oo 4 g ©
E .06 _
5 o
E -
£
; oy . i . .
041 0.05 0.05 041 0.15 0.2 0.25 0.3
1/[maltose] mM

-0.02 -

Eﬂﬁ 2 Lineweaver-Burk Plot 284 6a datauloinaams
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0.5

3 ,/""' O No inhibitor
ko 0.4 -
5 €204 M
= A 204 uM
> £ - @ A4y
S 03 A
E )
5 -
E
E
-0.05 0 0.05 0.1 0.15

041 1/[sucrose] mm

gﬂﬁ 3 Lineweaver-Burk Plot 284 6a GiaLauvlﬁﬁﬁégLﬂia

{ Lo & ] { o o &
M13191 5 qmﬂummuvlsnﬁuaama LLQ$‘£LQ§@"UBG 6a mmﬁmsamﬂm"uauauvlmﬂ BRI b

FRANNTEUES

Ol-Glucosidase Inhibition type K (MM) K™ (MM) K, (mM)

Maltase Mixed-inhibition 23.8 64.5 17.3
sucrase Mixed-inhibition 224 47.5 25.9

4) arsdudsonlosiaariingladiasainninen (Sesamum indicum)

v [2
A e A '

Nduirninuazlflszlomiiuegninieenng wenanidilinsnuihamaiainnninn

a £ o & v & wn e R W o A A & P £ o ' o
fignTanszauihaaludeavesdainasss gadvdsladnsiiefigaiasfisangniasnan laoldwa

Lo & o A . & 'Y A =

minesaugnigudsanlodaavingladias  redednausndismefiamslasnlann® - aann
LLUﬂmiﬂ@;u lignin laninue 4 afiede (+)-pinoresinol, sesamolin, sesamin LAY sesaminol
{ P Lo & o A
monolgucoside 1MNMINARAY (A7 6) WUIET 3 Tllausnasnaangnidudsenlodaaninglad

AN o a ' a 3 . , & A Lo & § @ .
wafldandad udazliamnz (+)-pinoresinol inunaansangndduduenlodnaaing Sainaglu

{ v o v a ?: v . . 1 Ag a :’
nga O-glucosidase “?'leWﬂ’mmvla%Lk muuﬁamaa‘gﬂmw (+)-pinoresinol #1328ANNIRIATLAUUIATR
lwReavasmynasasasninsiinenuainaunini

Jem e o wxm o & & . . A A '
wonamnigidudelddnwnalnnsdusaewlsinaainauas (+)-pinoresinol (3U7 4) Tswnin
FMIIULILULNRY (mixed inhibition) lasysznaualumITUSILLLWLITH (competitive inhibition)
wazuuu'laiutiet (noncompetitive inhibition) WaLiadNMIHUIIMULULITHAANAINVBIN TEABEAD
(k = 288 UM) soaninsgussuuylaugsnn (k) = 1342 M) F9¥ldnsudn (+)-pinoresinol &
wlsiulumsdunuewladueanalddninmIduiuasdetan maltase-maltose  #anand
ANAURINNTOVBY (+)-pinoresinol Tunsdunulan kuduaanawuyliudetu inldasasnaniuw i

{ ° v 1 a 1 v -& ' v a v
mmmﬁa:uﬂﬂ%mugnumiﬂ‘mmwmm LoW% acarbose VL@] sﬁdﬁlzﬁdwﬂlﬁE‘T’]N’]iﬂﬂ(ﬂﬂﬁ&l’]mﬂ’]ﬂ"ﬂ

1%
Aav Aaa

2189 LA NaWIFBRARUWIWINTENT Bioorganic & Medicinal Chemistry Letters 2012, 22, 5215-
5217



A O
Q sesamolin

R? o
(+)-pinoresinol: R* = OH, R? = OCHg, R®=H
sesamin: R' + R? = OCH,0, R® = H
sesaminol monoglucoside: R! + R? = OCH,0, R® = 0--Glc

A Lo & & o a A o
a13197 6 gritdusienlmidaningladiasvasansfiuenldainmna

12

ICs0 (UM)
Lignans Baker's yeast Maltase Sucrase
(+)-pinoresinol 492 25 343108 NI
sesamolin 200+ 1.2 NI NI
sesamin 450 = 1.9 NI NI
Sesaminol monoglucoside NI NI NI

NI, No inhibition, aangnatiutiaianlss d-glucosidase ®aenin 30% NauLdNT® 10 mg/mL.

E+S == ES — = E+P

El ESI
ki 288 UM k' 1342 1M

317 4 Lineweaver-Burk plot 284 (+)-pinoresinol 4azna bNN13T LI loduaang wWwuKEY (mixed

inhibition)

5) ssgugedaringlediaaainnszdaulian (Abelmoschus esculentus)

N32198ULT82 (Abelmoschus

esculentus) \iuiNoAaulnafianuslaa 8nnsdisnoawin

NIRBULILIRINTDAATZA U A LR oA aw&maaﬂﬁ wa gl dnsnunsdne wash gﬁ]ﬁms

a £ o ' ac AV or Lo & & o a = g a '
NOBNENIAINKII ludﬁu’lﬁlﬂ% vlﬂﬂﬂ]ﬂqf]'ﬂﬁﬂllﬂqLau‘lm“ﬂaw’]ﬂﬂiﬂsﬂlﬂafﬂ’]ﬂlua@lﬂizlﬂﬂulﬂ]ﬂq WU
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Q; a a . . .
ﬁa’liaaﬂq%ﬁﬁaﬂ 2 1%a fAa quercetin-3-O-glucoside Was quercetin-3-O-glucosyl (1”'—>6”)
glucoside lasfunwnunisaiausnansainad lugdi 3
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Diabetes mellitus

Defatted sesame seeds have been reported for hypoglycemic effect in mice and T2DM women. An
attempted to identify active components responsible for this effect was conducted using o-glucosi-
dase-guided fractionation, resulting in the isolation of various lignans. Of compounds isolated, only
(+)-pinoresinol showed inhibitory activity against rat intestinal maltase with an ICsq value of 34.3 pM.
The kinetic study indicated that enzymatic hydrolysis of maltose is inhibited by (+)-pinoresinol through
competitive and noncompetitive manners. However, a lower dissociation constant (k; 288 M) of EI com-
plex suggested that competitive inhibition is predominant over noncompetitive mode (k’;1342 M).

© 2012 Elsevier Ltd. All rights reserved.

Type 2 diabetes mellitus (T2DM) ranks a top metabolic disorder
effecting people worldwide. Intensive control on blood glucose
level is critical not only to halt T2DM development but also allevi-
ated micro- and macrovascular complications.! Effective reduction
in blood glucose level can be accomplished using antidiabetic
drugs possessing a-glucosidase inhibitory effect such as acarbose
and volglibose. Due to their unique mechanism of action, they
can be given at any stage of T2DM, either as monotherapy or in
combination with other agents.?

In our project on identification of natural a-glucosidase inhibi-
tors from edible plants and synthesis of glycomimic compounds,?
we have discovered various novel structural motifs essentially
responsible for inhibiting enzyme function. In the present investi-
gation, we are intrigued by sesame or Sesamum indicum seeds be-
cause of hypoglycemic effect, in addition to various benefits to
health such as antioxidation® and antihyperlipidemic effect.®
Hypoglycemic effect was first discovered by Takeuchi®® in a hot-
water extract of defatted sesame seeds. Significant reduction
(33%) in plasma glucose was detected within 2 h in genetically dia-
betic kk-AY mice, fed with maltose solution containing 4% hot
water extract. Similar results were also observed in ethanol extract
of sesame seeds.’® Additional investigation in T2DM women
proved potent hypoglycemic effect of defatted sesame seeds

* Corresponding author.
E-mail address: preecha.p@chula.ac.th (P. Phuwapraisirisan).

0960-894X/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.bmcl.2012.06.068

together with benefit linked to regulation of weight gain.” More
interestingly, the hypoglycemic effect in the previous studies
revealed no connection with serum insulin level, suggesting that
a-glucosidase possibly plays a major role in suppressing blood
glucose level. An attempt to identify active principles in defatted
sesame seeds that inhibit enzyme function as well as inhibition
mechanism is first elaborated in this Letter.

The defatted sesame seeds used in this experiment was pre-
pared by soaking the coarsely ground seeds (2.0 Kg) in hexane at
room temperature. This step was repeatedly performed until no
oil was obtained. The resulting defatted seeds were divided into
two equal portions (each 0.4 Kg). The first portion was boiled with
water using identical method described by Takeuchi, % and an-
other was extracted with methanol, which is a common method
applied in previous reports.® The hot water extract was first loaded
onto Diaion HP-20, which was successively eluted with water and
methanol. The combined fractions eluted with methanol were fur-
ther chromatographed using silica gel CC eluted with 20:80 EtOAc/
hexane, EtOAc and MeOH/EtOAc (10:90 and 50:50), yielding (+)-
pinoresinol (1, 60 mg)° (Fig. 1) after recrystallization in hot hexane,
as a single active principle. On the other hands, the methanol ex-
tract was chromatographed on silica gel CC eluted with CH,Cl,,
MeOH-CH,Cl; (10:90, 20:80, 30:70 and 40:60) to afford five major
fractions. The second fraction was further purified on silica gel CC
eluted with CH,Cl, and 5:95 MeOH-CH,Cl, to yield sesamolin (2,
6 mg) and sesamin (3, 17 mg). The third fraction was repeatedly
purified on silica gel CC eluted with CH,Cl, and MeOH-CH,Cl,
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(+)-pinoresinol (1): R = OH, R2= OCHg4, R¥=H
sesamin (3): R1 + R2= OCH,O, R3=H
sesaminol monoglucoside (4): R! + R2 = OCH,0, R3 = O-B-Glc

Figure 1. Structures of isolated compounds from defatted sesame seeds.

Table 1
a-Glucosidase inhibitory effect of isolated lignans (1-4)
ICs0 (UM)
Lignans Baker’s yeast Maltase? Sucrase®
1 492+25 343+0.8 NI
2 200+1.2 NI NI
3 450+ 1.9 NI NI
4 NI NI NI

2 o-Glucosidase was obtained from rat small intestine.

b NI, No inhibition, inhibitory effect less than 30% at 10 mg/mL.

(5:95 and 10:90) to obtained (+)-pinoresinol (1, 8 mg) and sesami-
nol monoglucoside (4, 52 mg).!°

All isolated lignans, except for sesaminol monoglucoside (4),
inhibited o-glucosidase from baker’s yeast!' with ICso values in
range of 200-492 uM (Table 1), indicating that lignan aglycone is
a core bioactive motif, whereas increased hydrophilicity by a sugar
moiety in 4 revealed no improved inhibition. Interestingly, (+)-
pinoresinol (1) is the only lignan inhibiting rat intestinal maltase!?
with ICsq value of 34.3 uM. Since a-glucosidases in human brush
border and rat intestine are categorized into the same group (o~
glucosidase 1),'> we thus conclude that (+)-pinoresinol is possibly
responsible for hypoglycemic effect found in defatted sesame
seeds.

To gain insight into inhibition mechanism of (+)-pinoresinol
against maltase, the kinetic study was carried out.' Lineweaver—
Burk plots of the initial velocity versus enzyme concentrations in
the presence of different concentrations of 1 gave a series of
straight lines; all of which intersect to the second quadrant
(Fig. 2). The analysis demonstrated that V.« decreased with ele-
vated K, in the presence of increasing concentrations of 1. This
behavior indicated that 1 inhibits maltase by two distinct ways;
forming competitively enzyme-inhibitor (EI) complex and inter-
rupting enzyme-substrate (ES) intermediate through forming
enzyme-substrate-inhibitor (ESI) complex in noncompetitive
manner.'®

To elucidate binding affinities of EI and ESI complexes, a Dixon
plot and secondary replot were performed, respectively.'® The
Dixon plot (Fig. 3a) of slope of lines in Lineweaver-Burk relation
versus the inhibitor concentration produced EI dissociation
constant (k;) of 288 uM, whereas the secondary replot (Fig. 3b) of
intercept versus inhibitor concentration generated ESI dissociation
constant (k';) of 1342 uM. The putative binding mode of pinoresi-
nol (Scheme 1) was rationalized that one inhibitor can bind either
to active site of free maltase or to maltase-maltose intermediate.
The 4.6-time greater values of k'; suggested a weaker binding of
(+)-pinoresinol to maltase-maltose intermediate and indicated
that inhibition mechanism is competitive predominant over
noncompetitive. Notably, (+)-pinoresinol demonstrates inhibitory
effect against intestinal maltase with mixed-type inhibition identi-
cal to ferulic acid,!” a proposed precursor of pinoresinol.

Figure 2. Lineweaver-Burk plot of (+)-pinoresinol (1).

Figure 3. (a) Dixon plot of slope versus concentration of 1, [I], from a Lineweaver-
Burk plot for the determination of k; and (b) secondary plot of intercept versus [I]
from a Lineweaver-Burk plot for the determination of k';.

E+S =——— ES —  ~E+P

([

El ESI
ki 288 1M k11342 1M

Scheme 1. Putative mechanism of enzymatic hydrolysis of maltose inhibited by
(+)-pinoresinol (1, I); where E, S and P are maltase, maltose and glucose,
respectively.

In summary, we have succeeded in first identifying (+)-pinores-
inol as a putative hypoglycemic agent in defatted sesame seeds,
through inhibiting intestinal maltase. We also demonstrated that
higher yield of (+)-pinoresinol in defatted sesame seeds can be
achieved by extracting with hot water. A mixed-type inhibition
mechanism indicates that (+)-pinoresinol can retard enzyme func-
tion by not only direct binding to maltase but also interfering mal-
tase-moltose intermediate. Since (+)-pinoresinol also inhibits
maltase by noncompetitive manner, it would show synergistic ef-
fect with antidibetic drugs such as acarbose in suppressing blood
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glucose level, therefore dramatically reducing dose of acarbose
used.'® Pinoresinol is exclusively encountered in sesame and flax
seeds'® and is metabolized in human digestive tract to enterolac-
tone,?® a principal lignan associated with reduced risk of particular
cancers and cardiovascular diseases. Therefore, the intake of defat-
ted sesame seeds possibly not only enhances glycemic control in
DM patients but also suppresses the incidence of complications
associated with DM.
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Aminocyclitols have been recognized as a-glucosidase inhibitors due to their close structural
relationship with sugar. The inhibitory effect can be improved by modifying the cyclic core and N-
substituted moiety. In the present investigation, a series of new N-alkyl and N-acyl aminoquercitols
have been synthesized using a natural chiral building block, (+)-proto-quercitol, and evaluated for a-
glucosidase inhibition. N-Alkyl aminoquercitols encompassing medium alkyl chains (hexyl to decyl
chains) showed highly improved inhibition against rat intestinal maltase, 3—6 fold more potent than
antidiabetic drug acarbose. Kinetic study of potent N-substituted aminoquercitols indicated that they

retarded maltase function in a competitive manner.

Introduction

Aminocyclitols are cycloalkanes bearing at least one free or one
substituted amino group in addition to at least three hydroxy
groups on the ring atoms.! They are a group of natural products
possessing significant relevance in medicinal chemistry as they
are structural components of a variety of antibiotics and gluco-
sidase inhibitors.> Due to their close structural resemblance to
sugars, aminocyclitols are also expected to act as carbohydrate
mimics, which can be developed as inhibitors of glucosidase-
related biological processes such as viral infection, cancer
development and diabetes mellitus (DM).* Several prominent
glucosidase inhibitors derived from aminocyclitols are exempli-
fied by acarbose, voglibose and N-octyl-B-valienamine (NOV)*
(Fig. 1), some of which have been marketed for patients with
metabolic disorders such as DM. These potent inhibitors were
developed from their parent aminocyclitols by modifying the free
amino groups with a variety of hydrophobic and hydrophilic
moieties. More interestingly, an increase in hydrophobicity by N-
alkylation dramatically enhances inhibitory activity owing to
additional interaction with a hydrophobic pocket of the enzyme.*

Therefore, synthesis of N-alkylated aminocyclitols from
diverse cyclitol cores with various alkyl chain lengths would be a
potential approach to discover a new series of glucosidase
inhibitors.®* However, this approach has been limited, mainly by
the lack of new and suitable cyclitol starters.

Quercitol is a cyclitol having five contiguous hydroxy groups
on a cyclohexane ring. Although it has four chiral centers and
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T Electronic supplementary information (ESI) available: Experimental
section and NMR spectra of synthesized compounds. See DOI:
10.1039/c2md20227a

sixteen possible stereoisomers in its family, only (+)-proto-,
(=)-proto- and (—)-vibo-quercitols are naturally abundant.”
Quercitols have been used as chiral building blocks for preparing
aminocyclitols and related analogues;® however, (+)-proto-
quercitol is likely to be a potential candidate for large scale
synthesis. Due to its proper configuration, exclusive formation of
single bis-acetonide is critical to obtain desired products in
excellent yield with highly optical purity. This postulation was
proved by our previous investigations on the synthesis of a-
glucosidase inhibitors such as aminoquercitols,® conduritol F
and its corresponding inositols,'® including recent report on
synthesis of galactosidase inhibitors NOV and NOEYV precursors
by Kuno.* With the success of our methodology in hand, we
herein expand the application to the synthesis of a new series of
N-acyl and N-alkyl substituted aminoquercitols derived from

O
acarbose Ho
HO “OH
HO HO
~OH
HO,, \]: J/\O/H HO,, }
HO Y "”” OH HO Y m/\/\/\/\
OH OH

voglibose N-octyl-3-valienamine

(NOV)

Fig. 1 Chemical structures of aminocyclitols possessing glucosidase
inhibition.
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Scheme 1  Synthesis of N-acyl aminoquercitols. Reagents and conditions:
(a) anhydrides, DMAP, TEA, CH,Cl,, 33-65%; (b) TFA, THF for 4-7,
52-74%; (c¢) HCI-MeOH for 8 and 9-13, 45% and 52%—quantitative
yield.

Table 1 Reaction conditions for reductive amination

o “STONH SN
n

Moy ’ NN
H S >< Bt
2,3 -~ .,, + o -u
NaBH3CN, MeOH, catalyst Q [e)
—ko *O

14-18, 19-22 23-25,26-28

Yield (%)

20 3°
Amine Aldehyde (n) Catalyst amine amine
2 0 AcOH — 23 (48%)
2 0 Ti(O'Pr), 14 (29%) 23 (11%)
2 2 AcOH 15 (34%) 24 (51%)
2 4 AcOH 16 (51%) 25 (38%)
2 8 AcOH 17 (60%) —
2 10 AcOH 18 (50%) —
3 0 AcOH — 26 (45%)
3 2 AcOH — 27 (57%)
3 2 Ti(O'Pr), 19 (14%) 27 (26%)
3 4 AcOH — 28 (91%)
3 4 Ti(O'Pr), 20 (54%) 28 (16%)
3 8 AcOH 21 (67%) —
3 10 AcOH 22 (32%) —

naturally available (+)-proto-quercitol. The inhibitory activity of
N-substituted products against a-glucosidases and the mecha-
nism underlying their actions are also described.

Results and discussion
Synthesis of N-acyl and N-alkyl aminoquercitols

In previous works,”'® we discovered an efficient method to
isolate (+)-proto-quercitol (1) from stems of Arfeuillea arbor-
escens using hot water for the extraction process, giving us
multiple grams of enantiomerically pure 1 in excellent yield.

“TNH

n

aorb ~OH
14-18,19-22 ———— _ ,
HO" "OH
CH
29-33, 34-37
\(\/);\N/\M;
aorb ~OH
23252628 —————————~ . ‘
HO" "OH
OH
38-40, 41-43

29,3841  (n=0)
30, 34, 39, 42 (n=2)
31, 35, 40, 43 (n=4)
32, 36 (n=8)
33,37 (n=10)

Scheme 2 Synthesis of N-alkyl aminoquercitols. Reagents and condi-
tions: (a) HCl-MeOH, Dowex 50W-X8 (H") for 29-31 (59%-quant.
yield), 34 and 35 (85-97%), 38-43 (46%—quant. yield); (b) HCI-MeOH,
NaHCOs; for 32 and 33 (75%—quant. yield), 36 and 37 (52-88%).

Table 2 «o-Glucosidase inhibitory effect of  N-substituted
aminoquercitols

ICso (uM)
Compound Baker’s yeast Maltase” Sucrase”
4 270 180 NI
5 NI 38 NI
6 NI 4.2 NI
7 NI 2.0 NI
8 NI 10 NI
9 150 5.3 5.3
10 1200 19 4.7
11 1700 3.8 6.1
12 NI 3.5 NI
13 NI 7.4 NI
29 NI NI NI
30 NI 290 NI
31 NI 2.5 NI
32 NI 2.0 410
33 NI 1.9 NI
34 1200 57 NI
35 400 0.24 NI
36 NI 0.41 NI
37 NI 1.5 NI
38 1600 21 360
39 2300 24 36
40 NI 32 120
41 1600 5.0 NI
42 1800 7.6 NI
43 NI 48 NI
Acarbose® 480 1.5 2.3

@ u-Glucosidase was obtained from rat small intestine. ® No inhibition
(inhibitory effect 30% at 10 mg mL~" for baker’s yeast and at 1 mg
mL~! for maltase and sucrase).

Moreover, the selective protection of natural (+)-proto-quercitol
(1) led us to the preparation of diastereomerically pure amino-
cyclitols 2 and 3 in good yields.®

With these compounds in hand, we began to synthesize the
series of N-acyl aminoquercitols (4-13) as depicted in Scheme 1.
With the aim of gaining information on structure—activity rela-
tionships, both aminoquercitols 2 and 3 were reacted with the
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Table 3 Inhibitory effect against rat intestinal maltase and kinetic parameters of 7, 35, 41

O
/\/\/\/\)1]\ NH 6/\/\/\ NH AN
0 _ .OH “OH WOH
HO™ “OH HO™ “OH HOY "'OH
OH OH OH
7 35 M
Compound 1Cso (uM) K; (uM) Inhibition type
7 2.0 1.5 Competitive
35 0.24 0.73 Competitive
41 5.0 35 Competitive
Acarbose L.5 0.99 Competitive

corresponding anhydrides encompassing various alkyl chain
lengths. This design was aimed at determining the optimal length
of the aliphatic linker and also exploring the effect of the
stereochemistry at C1 for glucosidase inhibition. After acylation,
all products were deprotected with either TFA or HCI to afford
the N-acyl derivatives 4-13 in fair to good yields (Scheme 1).

The search for more potent N-substituted aminoquercitols has
prompted us to further prepare N-alkylated analogues 29-37.
Chemical synthesis of these compounds involves reductive ami-
nation between aminoquercitols (2 and 3) and various alkyl
aldehydes in the presence of reducing agent (NaBH3CN) and
acids as catalyst. Notably, the numbers of methylenes in this
series were equal to the N-acylated analogues (4-13). This is for
comparative purpose. Surprisingly, treatment of 2 with acetal-
dehyde in the presence of acetic acid as catalyst did not provide
the desired secondary amine 14 but yielded the tertiary amine 23
as the sole product in 48% yield. The dialkylation of amines is
commonly encountered due to the occurrence of a second
reductive amination mediated by AcOH.'" To circumvent this
problem, reductive amination of 2 with acetaldehyde was carried
out in the presence of mild Lewis acid such as Ti(O'Pr),, therefore
producing the desired monoalkylated product 14 together with
dialkylated product 23 in a ratio of 3:1. Even though the
selectivity of this transformation is not impressive, it offers
compound diversity, which possibly provides additional infor-
mation about the structural requirement for glucosidase inhibi-
tory activity. Thus, similar chemistry was applied for the
synthesis of monoalkylated analogues and dialkylated analogues
from the corresponding amines 2 and 3. Reductive amination of
2 and 3 with various aldehydes in the presence of NaBH3;CN and
catalysts such as either acetic acid or titanium isopropoxide
afforded protected monoalkylated (14-22) and dialkylated ami-
noquercitols 23-28 (Table 1). Finally, cleavage of the two ace-
tonide protecting groups in 14-28 under acidic conditions
generated the target N-alkylated analogues 29-43 in good yields
(Scheme 2).

a-Glucosidase inhibitory activity

All target compounds were evaluated for a-glucosidase inhibi-
tory activity using enzymes from two different sources; baker’s
yeast (type I) and rat intestine (type II), and the results are

illustrated in Table 2. Generally, N-acyl and N-alkyl amino-
quercitols displayed weak (ICsq 150-2300 uM) to no inhibition
against a-glucosidase from baker’s yeast. The inhibitory activity
of N-acyl aminoquercitols (4-8 and 9-13) tends to decrease with
the extension of chain length, which was supported by the similar
results of N,N-dialkyl aminoquercitols (38-40 and 41-43). We
supposed that the greater hydrophobicity from the alkyl chain
caused a reduction in inhibitory effect. Of all synthesized
compounds, 9 showed the highest inhibition with an ICs, value
of 150 uM, which was three-fold more active than acarbose.

As for type II a-glucosidases, N-substituted aminoquercitols
inhibited maltase more selectively than sucrase, varying from low
(ICso 180-290 uM) to high (ICsq 0.24-0.41 puM) potency.
Generally, the inhibitory effect increased according to chain
length; the maximum inhibitions were observed where n was 4
and 8 (Fig. 2). From the N-acyl and N-alkyl series, 7 (n = 8) and
35 (n = 4) were the most potent maltase inhibitors with I1Csq
values of 2.0 and 0.24 uM, respectively. However, the inhibitory
effect dropped significantly (2-5 times) when n reached 10. With
a given n, the N-alkyl series were likely to be more potent than
their corresponding N-acyl analogues. In addition to the afore-
mentioned factors, a relationship between configuration of C-1

Fig. 2 Inhibition trends of selected N-acyl (5-8 and 10-13) and N-alkyl
(30-33 and 34-37) aminoquercitols against rat intestinal maltase.
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and inhibitory effect was also observed. N-Alkyl aminoquercitols
34-36, all prepared from 3, apparently exerted stronger inhibi-
tion than their corresponding epimers 30-32, generated from 2.
However, the configuration of C-1 had no impact on the inhib-
itory activity of the N-acyl series. In our experiment, we
discovered that 37 was equipotent to acarbose whereas 35 and 36
revealed higher inhibition.

In contrast to the N-acyl and N-alkyl series, the inhibitory
activity of N,N-dialkyl aminoquercitols 41-43 (ICsy 5.0-48 uM)
depended largely on the steric hindrance of the alkyl groups
whereas the inhibitory effect of the corresponding diasterecomers
38-40 (IC5p 21-32 pM) was comparable. Compared to the most
potent N-alkyl aminoquercitol 35, the corresponding N, N-dialkyl
analogue 43 revealed approximately 200-fold weaker inhibition.
A similar trend was also observed in tertiary N-alkylated arabi-
noiminofuranoses, whose inhibitions were approximately 10*
times less potent than their corresponding secondary amines.'?

Kinetic study and possible mechanism underlying the maltase
inhibition of N-substituted aminoquercitols

Apparently, N-substituted aminoquercitols selectively inhibited
type 11, particularly maltase, rather than type I a-glucosidase.

Since rat intestinal maltase used in this experiment and that of
humans are categorized into the same group,'>'* an insight into
how N-substituted aminoquercitols inhibit maltase function is
required for further development in therapeutic application.

We therefore investigated the inhibitory mechanism of 7, 35
and 41, all of which are the most potent inhibitors and repre-
sentatives of N-acyl, N-alkyl and N,N-dialkyl aminoquercitols,
respectively. Lineweaver—Burk plots of the initial velocity versus
substrate concentrations in the presence of different concentra-
tions of the inhibitors gave a series of straight lines, all of which
intersected at the Y-axis (Fig. 3). The analysis revealed the
increase in K, values while V., remained constant. This
behavior indicated that 7, 35 and 41 inhibited maltase in a
competitive manner (Table 3) through forming enzyme—-inhibitor
(EI) complexes, the same as observed in the antidiabetic
acarbose.

To envisage the binding affinity between the N-substituted
aminoquercitols and maltase, secondary replots were performed.
The slopes of the lines in the Lineweaver—Burk relation versus
inhibitor concentration in the secondary replot produced EI
dissociation constants (Kj;) of 1.5, 0.73 and 3.5 uM for 7, 35 and
41 (Table 3), respectively. The higher K; values of 7 and 41 over
that of acarbose indicated their weaker EI binding. In contrast,

Fig.3 Lineweaver—Burk plots for inhibitory activity against rat intestinal maltase. (a) N-acyl aminoquercitol 7, (b) N-alkyl aminoquercitol 35, (c) N,N-
dialkyl aminoquercitol 41 and (d) secondary replots of slope vs. [I] from a primary Lineweaver—Burk plot for the determination of K;.

This journal is © The Royal Society of Chemistry 2012

Med. Chem. Commun., 2012, 3, 1466-1470 | 1469



N-alkyl aminoquercitol 35 having a lower K; obviously bound to
maltase more tightly than acarbose. Due to its potent inhibitory
effect and strong binding with maltase, 35 could serve as a new
candidate for antidiabetic drug development through mainly
retarding maltase function.

Conclusion

In summary, we first synthesized a series of N-acyl and N-
alkyl aminoquercitols having different chain lengths from
(+)-proto-quercitol. Evaluation of their a-glucosidase inhibi-
tion revealed that they selectively inhibited rat intestinal
maltase (type II glucosidase) rather than yeast glucosidase
(type I glucosidase). Of the compounds examined, N-alkyl
aminoquercitols (35 and 36) having medium chains (Cg¢ and
Cyo) showed highly potent inhibition at sub-micromolar level
(ICs0 0.24 and 0.41 uM), whereas antidiabetic drug acarbose
was 3-6 times less active (ICso 1.5 pM). Although N-alkylated
aminocyclitols have been expected to exert an improved
inhibitory effect, against a-glucosidase, than their unsub-
stituted precursors, there are few reports®'? demonstrating the
optimal chain length required for potent activity. Our findings
also provide the importance of the hydrophobicity® of medium
alkyl chains (=C,¢) in exerting inhibitory activity, possibly
due to being a more preferred structure to fit into the binding
site of enzyme.

In addition, the kinetic studies on the mechanism of a-gluco-
sidase inhibition by particularly active compounds (7, 35 and 41)
showed competitive inhibition. More importantly, the most
potent N-alkyl aminoquercitol 35 revealed stronger binding to
maltase than acarbose. The synthesis of the new N-substituted
aminoquercitols reported herein could provide necessary data on
the structural requirement for designing other potent a-glucosi-
dase inhibitors.
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Quercityl cinnamates, a new series of antidiabetic bioconjugates
possessing a-glucosidase inhibition and antioxidation activity

Highlights

> Novel fifteen quercityl cinnamates (1a-8a) were synthesized.

» Quercityl caffeate (6a) was glucosidase inhibitor more potent than its parent 6.
» 6aretained both glucosidase inhibition and antioxidation.

» Mechanism underlying the inhibition of 6a was mixed-type inhibition.
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ABSTRACT

Antidiabetic agents possessing dual functi@igjucosidase inhibition and antioxidant, have been accepted

to be more useful than currently used antidiabetic drugs because they not only suppress hyperglycemia but
also prevent risk of complications. Herein, we design antidiabetic bioconjugates comprisingraftg-)-
quercitol as a glucomimic and cinnamic analogues as antioxidant moieties. Fifteen quercitylcinnamates were
synthesized by direct coupling through ester bond in the presence of DCC and DMAP. Particular quercityl
estersba, 7a and8a selectively inhibited rat intestinal maltase and sucrose 4-6 times more potently than
their parents®, 7 and8. Of synthesized bioconjugatés was the most potent inhibitor against maltase and
sucrose with 16 values of 5.31 and 43.68M, respectively. Of interest, its inhibitory potency toward
maltase was 6 times greater than its parent, caffeic @gidvlile its radical scavenging ($60.11 mM)

was comparable to that of commercial antioxidant BHA. Subsequent investigation on mechanism underlying
inhibitory effect of6a indicated that it blocked maltase and sucrose functions by mixed inhibition through

competitive and noncompetitive manners.
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1. Introduction

Type 2 diabetes is characterized by chronic hyperglycemia and the development of microangiopatic
complications such as retinopathy, nephropathy and neuropathy. Aggressive control of blood glucose level
is preliminary and effective therapy for diabetic patients and reduces risk of complications [1]. Current
evidences suggest that excess plasma glucose drives overproduction of superoxide radicals and other
reactive oxygen species, which impair the cells via oxidative stress and account for the pathogenesis of all
diabetic complications [2-4]. Therefore, antidiabetic drugs possessing antihyperglycemic effect and radical

scarvenging would be potential for diabetic therapy.

In the course of our research on navglucosidase inhibitors, we recently reported the synthesis and
inhibitory effects of aminoquercitols [5], conduritol F [6] and inositol analogues from naturally available
(+)-proto-quercitol (Fig. 1). Although (+)-protguercitol has five contiguous hydroxy groups on
cyclohexane ring, exclusive formation of single bis-acetonide is critical to obtain the desired product without
stereogenic congeners, in few steps. In fact, (+)-pgotercitol itself does not show inhibitory activity
againsta-glucosidase possibly due to its water soluble property that enhances ready absorption by small
intestine. However, structural modification of (greto-quercitol by installing a series of alkyl and acyl
motifs [7] or eliminating hydroxyl group [6] led to new generations of quercitol-based analogues with
enhanced activity. With the success of this approach in hand, we expand our application by connecting

quercitol core with other bioactive residues.

Inspired by chlorogenic acid (Fig. 2A), a well-recognized natural product having both antioxidant [8] and
antidiabeticactivities [9], we plan to introduce caffeic acid and other related cinnamic analogues onto
guercitol core (Fig. 2B). In the current study, we synthesized fifteen quercitylcinnamates by coupling of (+)-
proto-quercitol (L0) and its epimer](l) (Scheme 1) with a series of cinnamic analogde® Scheme 2). A
new series of quercitol-based bioconjugates with improved inhibition were obtained. Structure-activity
relationship of the synthesized compounds and mechanism undexrbgiugosidase inhibitory effect of the

most potent inhibitor are herein discussed.

2. Results and discussion
2.1. Compound design and synthesis

Crucial to the successful synthesis of all the conjugates described in this work is the selective coupling
reaction of cinamic derivatives with the desired hydroxy group on naturally availalpeo{e-guercitol )
(Scheme 1). Bis-acetonid&e and1lwere prepared frorf, which was isolated from the stemsAwfeuillea
arborescens using the procedure described elsewhere [6,7]. Brieflypiefe-quercitol was obtained in

0.3% (w/w) vyield as white solid after recrystallization by MeOH. Protection of two diols with



dimethoxypropane gave the target alcob@l In order to investigate the effect of @donfiguration on
inhibitory effect, the epimerll was also synthesized fromO through oxidation using acetic
anhydride/DMSO followed by LiAlkHreduction, yielding the desired product in 42% yield.

With the chiral coupling partne/® and 11 in hands the quercitylcinamate$a-8b were prepared as
depicted in Scheme 2. For the ests3a and their epimergb-8b, the synthetic route was straight forward
involving the direct coupling reaction between alcatidbr 11 with the corresponding cinnamic derivatives
1-5 in the presence oN,Nédicyclohexylcarbodiimide (DCC) and 4-dimethylaminopyridine (DMAP).
Removal of acetonide group underwent smoothly upon treatment of amberlyst-15 in methanol to give esters
la-5ain 56 - 73 % yields (Scheme 2).

On the other hand, esterification of caffeic acig, @rulic acid ) and isoferulic acid8) required
additional protection step because free phenolic group(s) of those compounds could interfere with the
coupling reaction. The silylation 8 with tert-butyldimethylsilyl chloride (TBDMSCI) not only prevented
phenolic group(s) possibly being esterified but also improved solubility of the @8da CH.Cl,, thus
facilitating esterification reaction. The syntheses of quercitylcinnantat& were accomplished by ester
bond formation of protected cinnamic derivatives with the chiral alcté@abr 11 followed by double
deprotection of silyl and acetonide groups with TBAF and amberlyst-15, respectively. Gs8ravere
then isolated in 42-49 % yield as white solid (Scheme 2).

2.2 a-Glucose inhibitory activity and DPPH radical scarvenging

All newly synthesized bioconjugatés-8b were subjected to evaluate for thehglucosidase inhibitory
effect and antioxidation (Table 1). The commercial antidiabetic drug acarbose was used as the reference and
the parent cinnamic analogue$-8) were also validated for comparative purpose. &eaglucosidase
inhibitory activity, all bioconjugates showed no inhibition against yaagticosidase (typed-glucosidase)
but some of which inhibited maltase and sucrose, typea-fjlucosidases from rat intestine. The
bioconjugatesa-8b, whose structures encompassing caffeoyl, ferulyl and isoferulyl moieties, displayed
inhibitory effects in range of 5.31-954.08/, whereasla-5a were not active. Notably, their cinnamoyl
cores in6a-8b different from those ofia-5b in having at least one phenolic group, suggesting that this
moiety possibly involved in exerting the observed inhibition. It was likely that the more phenolic group in
cinnamoyl moiety, the more potent inhibition observed. This result was similar to previous report of
intestinal a-glucosidase inhibition of hydroxylated cinnamic derivatiées and 8 [10]. This trend was
obviously found in6a, whose inhibition against maltase was more potent than thdse(d0 times) an@a

(4 times); whileBa showed only two times more potent th&n

Further inspection of two quercityl residuel) (and 11), installed in the active bioconjugates, on

inhibitory effect revealed significant difference in inhibition. Bioconjugd@&s7a and 8a, all of which



generated from natural quercitdl0, showed inhibitory effect 3-94 times more potent than their
corresponding C-&pimers 6b, 7b and8b). The difference in inhibitory potency among epimeric analogues
was strikingly observed iBa, whose inhibition against maltase and sucrose were 93 and 22 times more
potent tharbb. Compared to their corresponding cinnamic precursyrg &nd8), 6a, 7a and8a showed

more improved inhibitory effects (4-6 times), whereas their epimeric analoguesb(and8b) displayed
reverse trend (Fig. 3). The observed results suggeste® tatfiguration of C-tin quercityl moiety was

also associated with exerting inhibitory effect, in addition to the presence of more phenolic groups in
cinnamoyl residues. The pronounced inhibitions raiseR bgnfiguration of C-twere also supported by a
similar trend observed in our previous reporfNs@lkyl aminoquercitols [7]. Of bioconjugates synthesized,

6a showed most potent inhibition against both maltase and sucrase wital@es of 5.31 and 43.68M,

respectively.

As for antioxidation of synthesized bioconjugatéa, showed radical scavenging activity toward
DPPH with SGo value of 0.11 mM, which was comparable to that of standard antioxidant BHf (S0
mM).

2.3 Mechanism underlying inhibitory effect of quercitylcaffeate against rat intestinal a-glucosidase

Since6a was the most potent inhibitor in hand, we therefore further study mechanism underlying this
inhibitory effect. The Lineweaver-Burk plot of initial velocity versus maltose concentrations in the presence
of different concentrations da gave a series of straight lines, all of which intersected within the second
quadrant (Fig 4). The analysis showed tai decreased with increasitg, in the presence of increasing
concentrations of6éa. This behavior [11] indicated th&a inhibits maltase by two different pathways;
competitively forming enzyme-inhibitor (EI) complex and interrupting enzyme-substrate (ES) intermediate
by forming enzyme-substrate-inhibitor (ESI) complex in noncompetitive manner. To gain insightful the
pathway in whictba preferentially proceeded, binding affinities of El and ESI complexes were determined.
Secondary plot of slope against concentratiofagiFig. 5) showed EI dissociation constalk{) (of 23.8nmM
while ESI dissociation constarK ¢ of 64.5nM was also deduced from secondary plot of intercept against
concentration of6a (Fig. 6). A lower dissociation constant &f pointed out stronger binding between
erzyme and6a and suggested preferred competitive over noncompetitive manners. In addition, inhibitory
mechanism of6a toward sucrase was also determined using similar methodology. Appaniyso
inhibited sucrase through mixed-inhibition (Fig. 7); in which competitive m&@&2.4nM, Fig. 8) was

preferred over noncompetitive manner@d7.5nM, Fig. 9).



3. Conclusions

In summary, we first synthesized fifteen bioconjugates8facomprising two key moieties derived
from (+)-proto-quercitol as glucomimic and cinnamic analogues as antioxidants. This synthetic design was
implemented in the hope that the bioconjugates would provide dual actiatgiscosidase inhibitory
effect and antioxidant activity. Bioconjugatges8b, whose structures encompassing hydroxylated cinnamic
analogues, displayed inhibition against rat maltase and sucrase in range of 5.31x#bAN@8ably, 6a and
6b, the bioconjugates having more phenolic groups in cinnamic core, were likely to provide pronounced
inhibition. In addition, theR configuration of C-tin natural quercitolJ0) also enhanced inhibitory effects
over those of bioconjugates having unnatural querclil (Therefore, coupling of quercityl and cinnamic
moieties proved to enhan@eglucosidase inhibition. Prominent examples incluéad whose inhibitory
effect against maltase was 6 times better than those of original caffeic Gci@f( bioconjugates
synthesized6a was the most potemt-glucosidase inhibitor, in addition to its radical scarvenging activity
equipotent to standard antioxidant, BHA. In addition, mechanism underlying the inhibitory efféat of
against maltase and sucrase were proved to be mixed-type inhibition. This suggests proposed guideline for
the application oba as single antidiabetic agent or combination with other currently used drugs such as

acarbose.

4. Experimental section
4.1 Chemistry
4.1.1 General procedure

All moisture-sensitive reactions were carried out under a nitrogen atmosphere. All solvents were distilled
prior to use. HRESI-MS spectra were obtained from a micrOTOF Bruker mass spectriretea>C
NMR spectra were recorded (CR@hd CROD as solvents) at 400 and 100 MHz, respectively, on a Varian
Mercury” 400 NMR spectrometer. Chemical shifts were reported in ppm downfield from TMS or solvent
residue. Thin layer chromatography (TLC) was performed on pre-coated Merck silica gei,Gdates
(0.25 mm thick layer) and visualized under 254 nm UV followed by dipping in KMoition. Column
chromatography was conducted using Merck silica gel 60 (70-230 mesh) or Sephadex LH-20.

4.1.2 Isolation of (+)-proto-quercitol (9) from the stems of Arfeuillea arborescens
Our improved isolation of (+proto-quercitol @) was applied [6, 7]. Generally, ground stems (1.0-

1.2 kg) of A. arborescens were boiled with water (24 L) for 2 h. The combined decoction was filtered,

concentrated to a half and partitioned twice with equal volume @€Glb remove lipophilic matters. The



agueous layer was diluted with water in a ratio of 2:1 and applied onto a Diaion HP20 column (1 kg)
equilibrated with water. The column was excessively eluted with water (11 L), and the aqueous elutes were
lyophilized to yield white powder. More purified (pyoto-quercitol O, 0.3%w/w) was obtained upon

crystallization using hot MeOH.
4.1.3 Synthesis of bis-acetonides 10 and 11

Bis-acetonides were synthesized using our previous methods [5-7], yi#{i§%) andll (42%). The

'H and®™C NMR data were matched well the reports.

4.1.4 General protection of phenolic groups

To a solution o6, 7 or 8 (1 eq, 2.57 mmol), imidazole (10 eq: 1 OH group) tentdbutyldimethylsilyl
chloride (TBDMSCI) (10 eq: 1 OH group) iN,N-dimethylformamide (DMF, 15 mL) in a 50 mL round
button flask. The mixture was stirred at room temperature for 1 h undgad\ The reaction mixture was
washed with water (3 20 mL) and the organic portion was extracted with ethyl acetate (EtOX@O(3
mL). The organic layer was washed with saturated aqueous NacCl, followed by dried ¢S€). Meter
filtration and removal of the solvent under reduced pressure, the crude product was purified by silica gel
column to affordsSi, 7Si and8Si in 74, 82 and 79 %yield, respectively.

3,4-Di-O-tert-butyldimetylsilylcaffeic acid (6Si); white powderH NMR (CDCk, 400 MHz)$ 7.46 (d,J
= 15.8 Hz, 1H), 6.83 (d] = 8.8 Hz, 1H), 6.81 (s, 1H), 6.62 (@= 8.8 Hz, 1H), 6.03 (d] = 15.8 Hz, 1H),
0.77 (d,J = 4.5 Hz, 18H), 0.00 (d} = 3.2 Hz, 12H)

4-O-tert-Butyldimetylsilylferulic acid (7Si); white powder'H NMR (CDCk, 400 MHz)$ 7.65 (d,J =
15.9 Hz, 1H), 6.98 (d] = 8.6 Hz, 1H), 6.95 (s, 1H), 6.79 @= 8.6 Hz, 1H), 6.24 (d] = 15.9 Hz, 1H), 3.78
(s, 3H), 0.93 (s, 9H), 0.11 (s, 6H)

4-O-tert-Butyldimetylsilylisoferulic acid (8Si); white powder;H NMR (CDChk, 400 MHz)3 .66 (d,J =
15.7 Hz, 1H), 6.97 (d] = 8.8 Hz, 1H), 6.95 (s, 1H), 6.79 @ 8.8 Hz, 1H), 6.20 (d] = 15.7 Hz, 1H), 3.78
(s, 3H), 0.93 (s, 9H), 0.11 (s, 6H)

4.1.5. General coupling reaction between bis-acetonides and cinnamic or silylated cinnamate derivatives

To a solution ofl, 2, 3, 4 and5 (2.5 eq) in CHCI, (5 mL) were added dicyclohexylcarbodimine (DCC,
2.7 eq) and 4-dimethylaminopyridine (DMAP, catalytic amount). The reaction mixture was stirré€ at O
for 30 min.10 or 11 (1 eq) in CHCI, was added dropwise at room temperature undega¥. The product
was filtrated and solvent was removed under reduced pressure. The crude product was subsequently purified

by silica gel column to afford bis-acetonidds-5R.

To a solution of6Si, 7SI and8Si (11 eq) in CHCI, (10 mL) were added DCC (12 eq) and DMAP

(catalytic amount). The reaction mixture was stirred &€ Gor 30 min.10 or 11 (1 eq) in CHCI, was added



dropwise at room temperature undesr ¢s. The bis-acetoniddiR-8S were obtained after purification

using silica gel column.

1R; 75 %yield of pale yellow oil*H NMR (CDClk, 400 MHz)6 7.94 (d,J = 16.1 Hz, 1H), 7.43 (d] =
7.6 Hz, 1H), 7.30 (t) = 7.5 Hz, 1H), 6.90 (1) = 7.5 Hz, 1H), 6.85 (d] = 7.6 Hz, 1H), 6.46 (d] = 16.1 Hz,
1H), 5.47 (m, 1H), 4.30 (m, 1H), 4.23 (m, 1H), 3.83 (s, 3H), 3.66 (m, 1H), 3.54 (m, 1H), 2.16 (m, 1H), 2.04
(m, 1H), 1.46 (s, 3H), 1.38 (s, 6H), 1.30 (s, 3H).

1S; 72 %yield of colorless waxH NMR (CDCk, 400 MHz)3 7.98 (d,J = 16.1 Hz, 1H), 7.45 (dl = 7.5
Hz, 1H), 7.29 (tJ = 7.6 Hz, 1H), 7.19 (s, 1H), 6.90 Jt= 7.6 Hz, 1H), 6.85 (d] = 7.5 Hz, 1H), 6.55 (d] =
16.1 Hz, 1H), 5.30 (m, 1H), 4.37 (m, 1H), 4.23 (m, 1H), 3.84 (m, 4H), 3.44 (m, 1H), 2.36 (m, 1H), 1.93 (m,
2H), 1.47 (s, 3H), 1.40 (s, 3H), 1.38 (s, 3H), 1.30 (s, 3H).

2R; 79 %yield of colorless waxH NMR (CDCk, 400 MHz)3 7.61 (d,J = 16.0 Hz, 1H), 7.24 (] = 7.9
Hz, 1H), 7.06 (dJ = 7.5 Hz, 1H), 6.98 (s, 1H), 6.89 @@= 7.5 Hz, 1H), 6.36 (d] = 16.0 Hz, 1H), 5.45 (m,
1H), 4.30 (m, 1H), 4.23 (m, 1H), 3.77 (s, 3H), 3.66 (m, 1H), 3.56 (m, 1H), 2.15 m, 1H), 2.06 (m, 1H), 1.46
(s, 3H), 1.39 (s, 6H), 1.20 (s, 3H).

2S; 76 %yield of colorless oitH NMR (CDCk, 400 MHz)6 7.65 (d,J = 16.0 Hz, 1H), 7.24 (1 = 7.9
Hz, 1H), 7.07 (dJ = 7.5 Hz, 1H), 6.99 (s, 1H), 6.89 @@z 7.5 Hz, 1H), 6.45 (d] = 16.0 Hz, 1H), 5.31 (m,
1H), 4.38 (m, 1H), 4.24 (m, 1H), 3.83 (m, 1H), 3.77 (s, 3H), 3.45 (m, 1H), 2.38 (m, 1H), 1.92 (m, 1H), 1.47
(s, 3H), 1.40 (s, 3H), 1.38 (s, 3H), 1.30 (s, 3H).

3R; 83 %yield of colorless viscous ot NMR (CDChk, 400 MHz)$ 7.60 (d,J = 16.0 Hz, 1H), 7.42 (d)
= 8.7 Hz, 2H), 7.19 (s, 4H), 6.84 (@= 8.7 Hz, 2H), 6.24 (d] = 16.0 Hz, 1H), 5.45 (m, 1H), 4.30 (m, 1H),
4.23 (m, 1H), 3.78 (s, 3H), 3.65 (m, 1H), 3.54 (m, 1H), 2.15 (m, 1H), 2.05 (m, 1H), 1.47 (s, 3H), 1.39 (s,
6H), 1.31 (s, 3H).

3S; 72 %yield of colorless wak4 NMR (CDCk, 400 MHz)3 7.69 (d,J = 15.9 Hz, 1H), 7.49 (dl = 8.4
Hz, 2H), 6.90 (dJ = 8.4 Hz, 2H), 6.38 (d] = 15.9 Hz, 1H), 5.35 (m, 1H), 4.43 (m, 1H), 4.30 (m, 1H), 3.87
(m, 1H), 3.83 (s, 3H), 3.50 (m, 1H), 2.43 (m, 1H), 1.98 (m, 1H), 1.53 (s, 3H), 1.46 (s, 3H), 1.44 (s, 3H), 1.36
(s, 3H).

4R; 78 %yield of colorless oitH NMR (CDCk, 400 MHz)6 7.64 (d,J = 15.9 Hz, 1H), 7.11 (d1 = 8.3
Hz, 1H), 7.05 (s, 1H), 6.87 (d,= 8.3 Hz, 1H), 6.30 (d] = 15.9 Hz, 1H), 5.52 (m, 1H), 4.36 (m, 1H), 4.30
(m, 1H), 3.92 (s, 9H), 3.72 (m, 1H), 3.61 (m, 1H), 2.21 (m, 1H), 2.12 (m, 1H), 1.53 (s, 3H), 1.45 (s, 6H),
1.37 (s, 3H).

4S; 81 %yield pale yellow oil*H NMR (CDCk, 400 MHz)6 7.62 (d,J = 15.8 Hz, 1H), 7.05 (d} = 8.2
Hz, 1H), 7.01 (s, 1H), 6.81 (d,= 8.2 Hz, 1H), 6.33 (d] = 15.8 Hz, 1H), 5.31 (s, 1H), 4.38 (m, 1H), 4.24
(m, 1H), 3.83 (m, 7H), 3.45 (m, 2H), 2.37 (m, 1H), 1.90 (m, 1H), 1.48 (s, 3H), 1.40 (s, 3H), 1.38 (s, 3H),
1.30 (s, 3H).

5R; 85 %yield of colorless viscous oifH NMR (CDCk, 400 MHz)$ 7.56 (d,J = 15.9 Hz, 1H), 6.69 (s,
2H), 6.28 (dJ = 15.9 Hz, 1H), 5.45 (m, 1H), 4.31 (m, 1H), 4.24 (m, 1H), 3.82 (s, 9H), 3.66 (m, 1H), 3.54
(m, 1H), 2.21 (m, 1H), 2.12 (m, 1H), 1.47 (s, 3H), 1.39 (s, 6H), 1.31 (s, 3H).



6R; 67 %yield of colorless oitH NMR (CDCk, 400 MHz)$ 7.37 (d,J = 15.9 Hz, 1H), 6.80 (d] = 8.7
Hz, 1H), 6.78 (s, 1H), 6.61 (d,= 8.7 Hz, 1H), 6.00 (d] = 15.9 Hz, 1H), 5.30 (m, 1H), 4.17 (m, 1H), 4.09
(m, 1H), 3.51 (m, 1H), 3.40 (m, 1H), 2.00 (m, 1H), 1.91 (m, 1H), 1.32 (s, 3H), 1.24 (s, 6H), 1.16 (s, 3H),
0.78 (s, 18H), 0.00 (s, 12H).

6S; 77 %yield of pale yellow oitH NMR (CDCk, 400 MHz)$ 7.56 (d,J = 15.9 Hz, 1H), 6.96 (d} = 8.7
Hz, 1H), 6.94 (s, 1H), 6.75 (d,= 8.7 Hz, 1H), 6.25 (d] = 15.9 Hz, 1H), 5.29 (brs, 1H), 4.44 (m, 1H), 4.23
(m, 1H), 3.30 (m, 1H), 3.43 (m, 1H), 2.36 (m, 1H), 1.92 (s, 1H), 1.48 (s, 3H), 1.40 (s, 3H), 1.38 (s, 3H), 1.30
(s, 3H), 0.91 (s, 18H), 0.14 (s, 12H).

7R; 68 %yield of colorless offH NMR (CDClk, 400 MHz)6 7.47 (d,J = 15.8 Hz, 1H), 6.86 (d] = 7.2
Hz, 2H), 6.85 (s, 1H), 6.80 (d,= 7.2 Hz, 1H), 6.12 (d] = 15.8 Hz, 1H), 5.35 (m, 1H), 4.20 (m, 1H), 4.12
(m, 1H), 3.67 (s, 3H), 3.55 (m, 1H), 3.44 (m, 1H), 2.05 (m, 1H), 1.94 (m, 1H), 1.36 (s, 3H), 1.28 (s, 6H),
1.18 (m, 1H), 0.82 (s, 9H), 0.00 (s, 6H).

7S; 69 %yield of colorless oitH NMR (CDCk, 400 MHz)6 7.50 (d,J = 15.9 Hz, 1H), 6.86 (dl = 7.6
Hz, 1H), 6.83 (s, 1H), 6.67 (d,= 7.6 Hz, 1H), 6.21 (d] = 15.9 Hz, 1H), 5.20 (m, 1H), 4.27 (m, 1H), 4.13
(m, 1H), 3.72 (m, 1H), 3.67 (s, 3H), 3.34 (m, 1H), 2.27 (m, 1H), 1.81 (m, 1H), 1.37 (s, 3H), 1.30 (s, 3H),
1.27 (s, 3H), 1.20 (s, 3H), 0.82 (s, 9H), 0.00 (s, 6H).

8R; 81 %yield of pale yellow oil'H NMR (CDCk, 400 MHz)8 7.44 (d,J = 15.9 Hz, 1H), 6.94 (d] =
8.2 Hz, 1H), 6.89 (s, 1H), 6.68 (d~= 8.2 Hz, 1H), 6.08 (d] = 15.9 Hz, 1H), 5.35 (m, 1H), 4.21 (m, 1H),
4.14 (m, 1H), 3.68 (s, 3H), 3.56 (m, 1H), 3.45 (m, 1H), 2.10 — 1.91 (m, 2H), 1.37 (s, 3H), 1.29 (s, 6H), 1.21
(s, 3H), 0.83 (s, 9H), 0.00 (s, 6H).

8S; 79 %yield of colorless oitH NMR (CDCk, 400 MHz)5 7.48 (d,J = 15.9 Hz, 1H), 6.95 (dd}, = 8.3,
2.0 Hz, 1H), 6.90 (dJ = 2.0 Hz, 1H), 6.68 (d] = 8.3 Hz, 1H), 6.18 (d] = 15.9 Hz, 1H), 5.20 (m, 1H), 4.28
(m, 1H), 4.13 (m, 1H), 3.72 (m, 1H), 3.68 (s, 3H), 3.34 (m, 1H), 2.27 (m, 1H), 1.83 (m, 1H), 1.38 (s, 3H),
1.30 (s, 3H), 1.28 (s, 3H), 1.21 (s, 3H), 0.84 (s, 9H), 0.00 (s, 6H).

4.1.6 General deprotection of silyl groups and bis-acetonides

Deprotection of 6R-8S, which contained both silyl groups and bis-acetonides, was performed as
follow.To a solution of6R (1 eq) in tethahydrofuran (THF) was added TBAF/THF 1.0 M (2 eq: 1
OTBDMS). The mixture was stirred at room temperature for 3 h. The reaction mixture was washed with
water (10 mL) and the organic layer was extracted with ethyl acetate (EtOAc)18 mL) followed by
being dried over N&O,. After filtration and removal of the solvent under reduced pressure, the crude
product was dissolved in methanol (MeOH) and amberlyst-15 (0.5 g: 0.1 mmol) was added into the solution.
The reaction mixture was stirred at room temperature for 5 h. After filtration and removal of the solvent
under reduced pressure the crude product was purified by Sephadex LH-20 eluted with MeOH @a.afford
Compounds6S-8S were treated using aforementioned procedures to yield corresponding préich8bts

respectively.



For deprotection oflR-5R, which contained only bis-acetonides, general procedures were conducted as
follow. To a methanolic solution dR was added amberlyst-15 (0.5 g: 0.1 mmol), and the reaction mixture
was stirred at room temperature for 5 h. After filtration and removal of the solvent under reduced pressure,
the crude product was purified by Sephadex LH-20 eluted with MeOH to dffor@ompoundslS-5R

were transformed, using the above procedures, to corresponding primbaigespectively.

1 ®R-Quer cityl-2-methoxycinnamate (1a) 75 %yield of colorless oitH NMR (CD;OD, 400 MHz)8 7.97
(d,J=16.2 Hz, 1H, H-3), 7.56 (d,= 6.8 Hz, 1H, Ar-H), 7.38 (1] = 7.4 Hz, 1H, Ar-H), 7.03 (d] = 6.8 Hz,
1H, Ar-H), 6.96 (tJ = 7.4 Hz, 1H, Ar-H), 6.53 (d] = 16.2 Hz, 1H, H-2), 5.10 (m, 1H, H)13.94 (brs, 1H),
3.89 (s, 3H, OMe), 3.84 — 3.60 (m, 3H), 1.99 (m, 2H,¢4'6C NMR (CD:0OD, 100 MHz)§ 168.0, 160.0,
142.1, 133.2, 130.0, 124.2, 121.9, 118.8, 112.5, 76.0, 73.5, 72.9, 71.5, 70.8, 56.2, 32.9; HRESIMS
347.1100 [M + Na] (calcd for [GeHis Na G]* 347.1107).

16-Quercityl-2-methoxycinnamate (1b) 79 %yield of colorless oiftH NMR (CD;OD, 400 MHz)5 7.92
(d, J = 16.2 Hz, 1H, H-3), 7.49 (dd,= 8.0, 4.0 Hz, 1H, Ar-H), 7.28 (8, = 7.5 Hz, 1H, Ar-H), 6.95 (d] =
8.0 Hz, 1H, Ar-H), 6.88 (tJ = 7.5 Hz, 1H, Ar-H), 6.52 (d] = 16.2 Hz, 1H, H-2), 4.85 (m, 1H, H}14.02
(s, 1H), 3.81 (s, 3H, OMe), 3.52 —3.24 (m, 3H), 1.93 (m, 2H)H¥E NMR (CD;0D, 100 MHz)5 168.6,
160.0, 142.0, 133.1, 130.0, 124.3, 121.9, 119.2, 112.5, 76.1, 73.6, 72.2, 71.5, 70.8, 56.1, 32.9; HRESIMS
m/z 347.1108 [M + Nal] (calcd for [GeHooNaO;]* 347.1107).

1 &-Quercityl-3-methoxycinnamate (2a) 85 %yield of colorless oitH NMR (CD;OD, 400 MHz)8 7.65
(d, J = 16.0 Hz, 1H, H-3), 7.32 (8, = 7.8 Hz, 1H, Ar-H), 7.18 (d] = 7.8 Hz, 1H, Ar-H), 7.15 (s, 1H, H-5),
6.98 (d,J = 7.8 Hz, 1H, Ar-H), 6.52 (d] = 16.0 Hz, 1H, H-2), 5.11 (brs, 1H, H13.93 (brs, 1H), 3.82 (s,
3H, OMe), 3.76 — 3.55 (m, 3H), 1.99 (m, 2H, H:6iC NMR (CD;OD, 100 MHz)$ 167.4, 161.6, 146.7,
137.0, 131.1, 121.9, 118.9, 117.6, 114.1, 75.9, 73.4, 73.0, 71.5, 70.8, 55.9, 32.9; HRESBAS.1110
[M + Na]" (calcd for [GeH1gNaO;]* 347.1107).

16-Quercityl-3-methoxycinnamate (2b) 73 %yield of colorless oitH NMR (CD;0OD, 400 MHz)§ 7.72
(d, J = 16.0 Hz, 1H, H-3), 7.31 (8 = 7.8 Hz, 1H, Ar-H), 7.18 (d] = 8.2 Hz, 1H, Ar-H), 7.15 (s, 1H, H-5),
6.97 (dd,J = 8.2, 1.6 Hz, 1H, H-9), 6.54 (d,= 16.0 Hz, 1H, H-2), 4.85 (m, 1H, H)14.11 (s, 1H), 3.82 (s,
3H, OMe), 3.64 — 3.33 (m, 3H), 2.01 (m, 2H, H:64C NMR (CD;OD, 100 MHz)3 167.8, 161.6, 146.6,
137.2, 131.1, 121.8, 119.2, 117.4, 114.1, 76.1, 73.6, 72.2, 71.6, 70.8, 55.8, 32.9; HRESBAS.1107
[M + NaJ" (calcd for [GeHaoNaO;]* 347.1107).

1 ®-Quercityl-4-methoxycinnamate (3a) 78 %yield of white solid*H NMR (CD;OD, 400 MHz)$ 7.64
(d, J = 15.9 Hz, 1H, H-3), 7.56 (d,= 8.6 Hz, 2H, H-5 and H-9), 6.95 (@= 8.6 Hz, 2H, H-6 and H-8), 6.37
(d, J = 15.9 Hz, 1H, H-2), 5.11 (m, 1H, H)13.96 — 3.59 (m, 4H), 3.83 (s, 3H, OMe), 1.99 (m, 2H,¢-6
¥c NMR (CDhsOD, 100 MHz)6 167.8, 163.3, 146.6, 131.1, 131.1, 128.2, 115.9, 115.5, 115.5, 76.0, 73.5,
72.8, 71.5, 70.8, 55.9, 33.0; HRESIM#z 347.1104 [M + Nd] (calcd for [GeH20NaOy]* 347.1107).



16-Quercityl-4-methoxycinnamate (3b) 78 %yield of colorless oittH NMR (CDsOD, 400 MHz)5 7.61
(d,J = 15.9 Hz, 1H, H-3), 7.47 (d,= 8.5 Hz, 2H, H-5 and H-9), 6.86 (@= 8.5 Hz, 2H, H-6 and H-8), 6.31
(d, J = 15.9 Hz, 1H, H-2), 4.85 (m, 1H, H)14.01 (s, 1H), 3.74 (s, 3H, OMe), 3.56 — 3.31 (m, 3H), 1.98-
1.83 (m, 2H, H-6; 3¢ NMR (CD;0D, 100 MHz)s 168.3, 163.3, 146.5, 131.0, 131.0, 128.4, 116.2, 115.5,
115.5, 76.1, 73.6, 72.3, 71.4, 70.8, 55.9, 32.9; HRESW£847.1103 [M + N4] (calcd for [GeHooNaO]*
347.1107).

1®R-Quercityl-3,4-dimethoxycinnamate (4a) 85 %yield of colorless oil'H NMR (CDsOD, 400 MHz)3
762 (d,J = 15.9 Hz, 1H, H-3), 7.22 (s, 1H, H-5), 7.17 Jck 8.2 Hz, 1H, Ar-H), 6.97 (d] = 8.2 Hz, 1H,
Ar-H), 6.40 (d,J = 15.9 Hz, 1H, H-2), 5.11 (m, 1H, H)13.97 — 3.56 (m, 4H), 3.86 (s, 6H, 2xOMe), 2.00
(m, 2H, H-8); °C NMR (CD;OD, 100 MHz)5 167.8, 153.0, 150.8, 146.9, 128.7, 124.2, 116.3, 112.7,
111.9, 76.0, 73.5, 72.9, 71.5, 70.8, 56.8, 56.5, 33.0; HRES#S377.1203 [M + Na] (calcd for
[C17H22NaQy]* 377.1212).

16-Quercityl-3,4-dimethoxycinnamate (4b) 79 %yield of colorless oitH NMR (CD;OD, 400 MHz)3
7.60 (d,J = 15.9 Hz, 1H, H-3), 7.12 (s, 1H, H-5), 7.09 Jc= 8.2 Hz, 1H, Ar-H), 6.88 (dJ = 8.2 Hz, 1H,
Ar-H), 6.33 (d,J = 15.9 Hz, 1H, H-2), 4.82 (m, 1H, H)14.01 (brs, 1H), 3.77 (s, 6H, 2xOMe), 3.52-3.25
(m, 3H), 2.05-1.85 (m, 2H, H46 *°C NMR (CD;OD, 100 MHz)$ 168.2, 152.9, 150.8, 146.7, 128.9, 124.0,
116.5,112.7, 111.6, 76.1, 73.6, 72.3, 71.4, 70.8, 56.5, 56.5, 33.0; HRE$M3%7.1209 [M + N4] (calcd
for [CiH2oNaQy]* 377.1212).

1®R-Quercityl-3,4,5-trimethoxycinnamate (5a) 83 %yield of colorless oiffH NMR (CD;0OD, 400 MHz)3
762 (d,J = 15.9 Hz, 1H, H-3), 6.93(s, 1H, Ar-H), 6.91(s, 1H, Ar-H), 6.48J)(¢, 15.9 Hz, 1H, H-2), 5.12
(m, 1H, H-1), 4.05-3.55 (m, 4H), 3.86 (s, 9H, 3xOMe), 2.00 (m, 2H,¢:*8C NMR (CD;0D, 100 MHz)
5 167.5, 154.9, 146.8, 146.4, 131.5, 118.1, 118.0, 106.9, 106.8, 76.0, 73.5, 73.0, 71.5, 70.8, 61.2, 56.8, 56.8,
33.0; HRESIMSM/z 407.1310 [M + Nd] (calcd for [GgH24NaQy]*, 407.1318).

1&®-Quercitylcaffeate (6a) 84 %yield of yellow oil;'H NMR (CD;0OD, 400 MHz)3 7.45 (d,J = 15.9 Hz,
1H, H-3), 6.95 (dJ = 1.6 Hz, 1H, H-5), 6.86 (dd,= 8.2, 1.6 Hz, 1H, H-9), 6.69 (d,= 8.2 Hz, 1H, H-8),
6.16 (d,J = 15.9 Hz, 1H, H-2), 5.00 (m, 1H, H)13.83 (brs, 1H), 3.68 — 3.45 (m, 3H), 1.89 (m, 2H, -6
3¢ NMR (CDhsOD, 100 MHz)6 168.0, 149.7, 147.4, 146.9, 127.7, 123.1, 116.6, 115.3, 114.9, 76.0, 73.5,
72.8, 71.6, 70.8, 32.9; HRESIMBz 325.0930 [M - H] (calcd for [GsH170g]” 325.0923).

16 Quercitylcaffeate (6b) 84 %yield of yellow oil;"'H NMR (CDsOD, 400 MHz)3 7.51 (d,J = 15.9 Hz,
1H, H-3), 6.95 (dJ = 1.8 Hz, 1H, H-5), 6.88 (dd,= 8.1, 1.8 Hz, 1H, H-9), 6.68 (d,= 8.1 Hz, 1H, H-8),
6.20 (d,J = 15.9 Hz, 1H, H-2), 4.81 (m. 1H, H)14.00 (brs, 1H), 3.54-3.25 (m, 3H), 1.99-1.78 (m, 2H, H-
69; 1°C NMR (CD;OD, 100 MHz)5168.5, 148.7, 147.3, 146.9, 127.8, 123.0, 116.5, 115.2, 115.2, 76.1, 73.6,
72.3, 71.3, 70.8, 32.9; HRESIMSZz 349.0899 [M + Na] (calcd for [GsH1gNaQy]* 349.0899).



1&®-Quercitylferurate (7a) 79 %yield of yellow less oitH NMR (CD;0OD, 400 MHz)s 7.51 (d,J = 15.9
Hz, 1H, H-3), 7.11 (dJ = 1.6 Hz, 1H, H-5), 6.99 (dd,= 8.2, 1.6 Hz, 1H, H-9), 6.72 (d,= 8.2 Hz, 1H, H-
8), 6.27 (dJ = 15.9 Hz, 1H, H-2), 5.01 (m, 1H, H)13.85-3.45 (m, 4H), 3.86 (s, 3H, OMe), 1.85 (m, 2H,
H-69); 3¢ NMR (CD;0D, 100 MHz)é 168.0, 150.8, 149.4, 147.3, 127.6, 124.3, 116.5, 115.3, 111.8, 76.0,
73.4,72.8, 71.5, 70.8, 56.5, 33.0; HRESIM& 363.1057 [M + Na](calcd for [GeHaoNaOs]* 363.1056).

16-Quercitylferurate (7b) 79 %yield of colorless oifH NMR (CD;0OD, 400 MHz)$ 7.58 (d,J = 15.9
Hz, 1H, H-3), 7.09 (s, 1H, H-5), 6.99 @= 8.2 Hz, 1H, Ar-H), 6.72 (d] = 8.2 Hz, 1H, Ar-H), 6.29 (d] =
15.9 Hz, 1H, H-2), 4.73 (m, 1H, H)14.01 (brs, 1H), 3.79 (s, 3H, OMe), 3.52 — 3.23 (m, 3H), 1.99-1.84 (m,
2H, H-69; 3¢ NMR (CDhsOD, 100 MHz)6 168.5, 150.7, 149.4, 147.2, 127.8, 124.1, 116.6, 115.6, 111.9,
76.1, 73.6, 72.4, 71.3, 70.9, 56.5, 32.9; HRESIM& 363.1057 [M + Nd] (calcd for [GeHaoNaQs]"
363.1056).

1&®-Quercitylisoferulate (8a) 76 %yield of yellow oil;*H NMR (CD;0OD, 400 MHz)s 7.56 (d,J = 15.9
Hz, 1H, H-3), 7.08 (s, 1H, H-5), 7.07 @= 8.2 Hz, 1H, Ar-H), 6.95 (d] = 8.2 Hz, 1H, Ar-H), 6.30 (d] =
15.9 Hz, 1H, H-2), 5.10 (m, 1H, H§13.92 (s, 1H), 3.89 (s, 3H, OMe), 3.77 — 3.58 (m, 3H), 1.99 (m, 2H,
H-69); 3¢ NMR (CD;0D, 100 MHz)é 167.8, 151.7, 148.0, 147.0, 128.8, 123.0, 115.9, 114.8, 112.6, 76.0,
73.4,72.8,71.5, 70.8, 56.4, 32.9; HRESIM& 363.1054 [M + Na] (calcd for [GeH20NaOs] " 363.1056).

16 Quercitylisoferulate (8b) 64 %yield of yellow oil;'H NMR (CD;0OD, 400 MHz)5 7.54 (d,J = 15.9
Hz, 1H, H-3), 6.99 (s, 1H, H-5), 6.97 @@= 8.2 Hz, 1H, Ar-H), 6.85 (d] =8.2 Hz, 1H, Ar-H), 6.25 (dJ =
15.9 Hz, 1H, H-2), 4.73 (m, 1H, H)14.00 (brs, 1H), 3.79 (s, 3H, OMe), 3.48)t 9.3 Hz, 1H), 3.41 —
3.32 (m, 1H), 3.26 (m, 1H), 1.92 (m, 2H, |§:6°C NMR (CD;OD, 100 MHz)5 168.3, 151.6, 148.1, 146.9,
129.0, 122.8, 116.2, 114.8, 112.6, 76.1, 73.6, 72.3, 71.4, 70.9, 56.5, 32.9; HRE&F&3.1056 [M +
Na]" (calcd for [GeH20NaOs]* 363.1056).

4.2 a-Glucosidase inhibitory activity

Inhibitory activity of test compound againstglucosidase from baker’s yeast was assessed based on
nitrophenoxide colorimetric method [12]. Briefly, A 10 of test compound (1 mg/mL in DMSO) was pre-
incubated with 4@L of a-glucosidase (0.1 U/mL in 0.1 M phosphate buffer, pH 6.9) at 37 °C for 10 min.
The mixture was added with B0 substrate solution (1 mNd-nitrophenyle-D-glucopyranoside, PNPG)
ard incubated for additional 20 min. The resulting mixture was quenched by addipg ®0Q M N&COs.
p-Nitrophenoxide ion liberated from the enzymatic reaction was monitored at 405 nm by Bio-Rad 3550
microplate reader. The percentage inhibition was calculated yA(Aq] x 100, where Aand Aare the
absorbance with and without the sample, respectively. Thgvilue was deduced from a plot of percentage

inhibition versus sample concentration and acarbose was used as a positive control.



The inhibitory activity of the test compounds agaimgflucosidases from rat intestine (as maltase and
sucrase) was validated on the basis of glucose oxidase colorimetric method [13]. Maltase and sucrase was
obtained from rat intestinal acetone powder (Sigma, L8uis). Generally, the powder (1 g) was
homogenized with 0.9% NaCl solution (30 mL). The aliquot containing both maltase and sucrase was
obtained upon centrifugation (12,000 g) for 30 min. The test compound (1 mg/miL) Mas pre-
incubated with crude enzyme solution (as maltasqil2(s sucrase, 20, respectively) at 37 °C for
10 min. The substrate solution (maltose: 0.58 mMul20sucrose: 20 mM, 2(L, respectively) in 0.1 M
phosphate buffer (pH 6.9) was therefore added to the reaction mixture and incubated at 37 °C for additional
40 min. The mixture was heated in oven at 80 °C for 15 min to quench the reaction. The concentration of
glucose released from the reaction mixture was determined by the glucose oxidase method using a
commercial glucose assay kit (SU-GLLQZ2, Human). The percentage inhibition was calculated using the

above expression.

4.3 Kinetic study of a-glucosidase inhibition

The type of inhibition was investigated by analyzing enzyme kinetic data using aformentioned
reactions. Maltase and sucrase activities were maintained at 0.45 and 0.09 U/mg protein, respectively, in the
presence of inhibitor (from 0-20M) at various concentrations of maltose ranging from 1.0-20.0 mM. A

series oV andKy, values were obtained from Y intercepts and calculated by sldpg.respectively.

4.4 DPPH radical scavenging

Radical scavenging activity was validated using DPPH colorimetric method [14]. Briefly, a sample
solution (10nL at concentrations of 0.1, 1.0 and 10.0 mg/mL) was added to 0.1 mM methanolic solution of
DPPH (150nL). The mixture was kept dark at room temperature in incubator shaker for 15 min. The
absorbance of the resulting solution was measured at 517 nm with a 96-well microplate reader. The
percentage scavenging was calculated by{f4)/Ao] x 100, where A is the absorbance without the
sample whereas Ais the absorbance with the sample. TheS@lue was deduced from a plot of

percentage scavenging versus sample concentration. BHA was used as a standard antioxidant.
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Scheme 1. Isolation of (+)-proto-quercitol and synthesis of bis-acetonides 10 and 11
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Scheme 2. Synthesis of quercetylcinnamates. Reagents and conditions: (a) 10 or 11, DCC, DMAP, CH.Cl,,
0 °Ctort; (b) amberlyst-15, MeOH; (c) TBDMSCI, imidazole, DMF, rt; (d) TBAF, THF, rt
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Fig. 4. Lineweaver-Burk plots for inhibitory activity of 6a against maltase.
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Fig. 7. Lineweaver-Burk plots for inhibitory activity of 6a against sucrase.
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Table 1. a-Glucosidase inhibitory effect and radical scavenging activity of quercityl-cinnamates

a-Glucosidase inhibitory effect

Compounds (ICs0, MM) Ra(cggsl sn%?/\ll)enging
Bg"’l‘lijgg;gggg‘t Maltase Sucrase >
Ta NI NI NI NS
1b NI NI NI NS
2a NI NI NI NS
2b NI NI NI NS
3a NI NI NI NS
3b NI NI NI NS
4a NI NI NI NS
4b NI NI NI NS
5a NI NI NI NS
6 NI 34.690.74  87.4%0.62 0.15
6a NI 5.31+0.10  43.65+0.30 0.11
6b NI 497.48+0.50 954.08+0.50 NS
7a NI 51.93+0.20  67.21+0.20 NS
b NI 21.07+0.15 171.43+0.35 NS
8a NI 20.81+0.14  53.00%0.32 NS
8b NI 367.15+0.42 805.48+0.65 NS
Acarbos® 403.9+0.40 1.50+0.14  2.3040.02 RD
BHA ND ND ND 0.10

®No inhihition (inhibitory effect less than 30% at concentration of 10 mg/mL)
®No scavenging(inhibitory effect less than 50% at concentration of 10 mg/mL)
“Not determined

Table 2.Kinetic data ofa-glucosidase inhibition dda.

AN
(0]
HO @_\\OH

OH . .
HO' "OH

OH

a-Glucosidase Inhibition type Ki(uM) Ki" (uM) Kpn (MM)
Maltase Mixed-inhibition 23.8 64.5 17.3
sucrase Mixed-inhibition 22.4 47.5 25.9
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Figures 1-30: "H and '°C NMR spectra of 1a-8b
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An effective synthesis of (+)-conduritol F, (+)-chiro- and (+)-epi-inositols from naturally available (+)-
proto-quercitol is described. This synthetic method provides a concise synthesis of cyclitols in enantiome-
rically pure form. Of the synthesized cyclitols, (+)-conduritol F potently inhibits type I a-glucosidase with
an ICsq value of 86.1 pM, which is five times greater than the standard antidiabetic drug, acarbose.

© 2012 Elsevier Ltd. All rights reserved.

Conduritols are cyclitol derivatives possessing four contiguous
hydroxyl groups on cyclohexene ring. There are ten possible
stereoisomers; four enantiomeric pairs (conduritols B, C, E and F)
and two meso-forms (conduritols A and D) (Fig. 1). Interest in
conduritols and their analogues have been amplified due to syn-
thetic challenge and presence of a variety of biological activities
such as antifeedant, antibiotics, antileukemics and growth-regula-
tion.! Currently, as a vital motif in potent anticancer narciclasine®
and antidiabetic conduritol A2 facile and efficient synthetic ap-
proaches have been developed to produce optically pure conduri-
tols in large quantity.

Over the course of our current research on new chemical enti-
ties as glycosidase inhibitors,* we recently reported the synthesis
and inhibitory activity of amino quercitols from naturally available
(+)-proto-quercitol.*> Although the starting quercitol has five
contiguous hydroxyl groups on cyclohexane ring, exclusive forma-
tion of single bis-acetonide is crucial to obtain optically pure amino
quercitols in few steps. With the success of our approach in hand,
we expand the application to the synthesis other cyclitols.

Conduritol F is our first target because of prominent bioactivi-
ties and low natural abundance. Regardless of the presence of an
unsaturation in conduritol F and one additional hydroxyl group
in (+)-proto-quercitol, their gross structure and relative configura-
tion are identical. Thus, dehydration of starting material would
readily generate the desired product. Although several conduritols,

* Corresponding author.
E-mail address: sumrit.w@chula.ac.th (S. Wacharasindhu).

0960-894X/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
doi:10.1016/j.bmcl.2012.01.007

including conduritol F, have been principally prepared through
microbial and photo-oxidations of halogenated benzene,?” vici-
nal-diols obtained after oxidation inevitably existed as a mixture
of two or more stereoisomers. Therefore, preparation of conduritol
F from optically pure starting materials is likely to be a method of
choice to circumvent such problems. However, these approaches
were limited by low yield of conduritol F obtained.® In this Letter,
we report a short and effective synthesis of (+)-conduritol F and its
inhibitory activity against types I and Ila-glucosidase. In addition,

OH OH OH
H OH H OH H OH
OH OH OH
conduritol A conduritol B conduritol C
OH OH OH
OH OH WOH
OH <" "OH OH
OH OH OH
conduritol D conduritol E conduritol F

Figure 1. Structures of conduritols.
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OH OH

S _.\OH a b
1. — X

HO \ 3" OH 75% o\‘. I"O 78%

OH *o

(+)-proto-quercitol
1

OMs
o)
O O
*o 4(0

3 4

Scheme 1. Reagents and conditions: (a) 2,2-dimethoxypropane, p-TsOH, DMF, 75%;
(b) MeS0,Cl, EtsN, DMAP, 78%.

the synthesis process also allowed us to prepare two correspond-
ing inositols, (+)-epi- and (+)-chiro-isomers.

Our first attempt to synthesize conduritol F from the naturally
available (+)-proto-quercitol was depicted in Scheme 1. The start-
ing material utilized in this work was facilely isolated from the
stems of Arfeuillea arborescens using method developed in our
laboratory.” Notably, this method provides an efficient process,
yielding a multiple gram of enantiomerically pure 1 (0.3% yield).
It is also environmentally friendly as water is used during extrac-
tion and isolation. With compound 1 in hand, the bis-diol moiety
was then preferentially protected as the corresponding acetonide
to provide the desired compound 2 in an excellent yield. Since
one hydroxyl group remains unprotected, it was thus activated
with mesyl chloride to afford mesylate ester 3 in 78% yield. Unfor-
tunately, elimination of 3 using various bases such as DBU, pyri-
dine, and t-BuOK, in the hope that it would be converted to the
protected conduritol 4, was unsuccessful. More than 80% of 3
was recovered along with 4 in less than 5%. We hypothesized that
mesyl group may not be a good leaving group under these
conditions.

Having fail elimination reaction of 3 under basic conditions, we
turned our focus on olefin formation directly via bis-acetonide 2
using strong dehydrating agents such as thionyl chloride, phospho-

-

o

less hindered face 3
1 (@]

o

more hindered face

(0]

OH

"'OH
OH

Base

Scheme 2. Reagents and conditions: (a) Tf,O, pyridine, —10°C, 12h, 68%;
(b) 1.25MHCI/MeOH, rt, 4 h, quant.

rusoxychloride, Martin’s reagent and trifluoromethanesulfonic
anhydride. Treatment of 2 with SOCl, or POCl; in pyridine gener-
ated the complex mixtures along with trace amount of the desired
alkene 4. Moreover, Martin’s sulfurane dehydrating agent was also
employed in dry toluene under reflux but inseparable mixture
along with 50% starting material were recovered. Fortunately,
dehydration of 2 took place smoothly upon addition of Tf,0 in
pyridine at —10 °C, affording the protected conduritol F (4) as the
sole product (Scheme 2). This alternative route not only provided
us a short-step conversion of (+)-proto-quercitol to conduritol F
but also generated the desired product without any congeners.

The specificity of this elimination step is possibly attributed to
steric effect. The bulky acetonide may block the proton abstraction
at C-4 whereas trans-diaxial orientation of H-6,, and the leaving
group trifluoromethanesulfonyl facilitates E2 pathway, hence gen-
erating protected alkene 4. Eventually, conduritol F (5) was ob-
tained by deprotection of 4 with methanolic HCl. The NMR data
and specific rotation (+79.5, ¢ 1.12, MeOH) of our prepared condur-
itol F® were completely identical to those previously reported,®®°
confirming the absolute configuration as (+)-conduritol F.

The success in preparation of optically pure (+)-conduritol F al-
lows us to access other cyclitols. The protected conduritol 4 could
serve as a chiral building block for single-step conversion to

OH
HO,, -~ .‘\><
o ;
*O

6b
21%
b b
oH oH
HO WOH HO.,,__..OH
+
HO' OH HO' OH
OH OH
7a 7b
quant quant

(+)-chiro-inositol (+)-epi-inositol

Scheme 3. Reagents and conditions: (a) OsO4, NMO, t-BuOH/H,0 (1:1), 0 °C; (b) Amberlyst-15, MeOH/H,0 (7:3).
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Table 1
a-Glucosidase inhibitory effect of cyclitols 1, 5, 7a and 7b
ICs0 (UM)
Cyclitol Baker’s yeast Maltase® Sucrase®
1 NI NI NI
5 86.1+£0.5 NI NI
7a 1256.1 +1.7 NI NI
7b 475.7£0.9 NI NI
Acarbose 403.9+04 1.50+0.14 2.38+0.02

¢ o-Glucosidase was obtained from rat small intestine.

b NI, no inhibition, inhibitory effect less than 30% at 10 mg/mL.

inositol derivatives. Dihydroxylation of 4 using OsO,4 led to the for-
mation of readily separable 3:1 diastereomeric inositols'® 6a and
6b in 77% yield (Scheme 3). The selective formation of 6a over
6b could be rationalized by preferential osmylation on the less hin-
dered face of alkene. Consequently, 6a and 6b were deprotected by
Amberlyst-15 to quantitatively afford (+)-chiro-inositol (7a)'' and
(+)-epi-inositol (7b),'? respectively.

(+)-Conduritol F (5) and inositols (7a and 7b) were evaluated for
a-glucosidase inhibitory activity using enzymes from two different
sources; baker’s yeast (type I) and rat small intestine (type II). They
selectively inhibited o-glucosidase from baker’s yeast,'® in which 5
displayed highest inhibition with an ICsq value of 86.1 UM (Table 1).
A potent inhibitory effect (6-16 times) of 5 over its corresponding
diols, (+)-chiro-inositol (7a) and (+)-epi-inositol (7b), indicates that
a half-chair conformation of cyclohexene moiety is more critical in
binding active site of the enzyme than additional dihydroxy groups.
This observation was also supported by a very low inhibition of (+)-
proto-quercitol (1), a hydroxylated cyclitol of 5. However, all cycli-
tols evaluated did not inhibit maltase and sucrase, type II a-gluco-
sidases from rat small intestine.

In summary, we have simply and efficiently achieved short syn-
thesis steps for (+)-conduritol F and inositols: (+)-chiro- and (+)-
epi-inositols, from naturally available (+)-proto-quercitol. A key
step involves dehydration of protected (+)-proto-quercitol (2) after
addition of Tf,0 in pyridine, therefore taking a total of three steps
to produce optically pure conduritol F in excellent yield. Further-
more, our method also provides rapid access to corresponding
dihydroxy analogues, (+)-chiro- and (+)-epi-inositols. A potent inhi-
bition of conduritol F, selectively against typel a-glucosidase, over
related compounds as well as antidiabetic drug acarbose suggests
that its half-chair conformation is critical for its biological activity.
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Infusion of roasted okra seeds has long been consumed in Turkey for diabetes mellitus therapy. Previous reports of a hypoglycemic effect observed in rats
administrated with okra seed extract indicated a possible connection with inhibition of intestinal a-glucosidase. An attempt to identify active components was
first herein conducted using o-glucosidase-inhibition-guided isolation, yielding two major flavonol glucosides named isoquercetin (2) and quercetin-3-O-f3-
glucopyranosyl-(1"'—6")-glucoside (3). They selectively inhibited rat intestinal maltase and sucrase, in which isoquercetin (2) was 6-10 times more potent
than its related diglucoside 3. This result suggested that an increase in hydrophilicity by the additional glucose residue in 3 led to a significant decline in the
inhibitory effect and raised the possible involvement of the free 3-OH in exerting the inhibition. Our postulation was evaluated by examining a-glucosidase
inhibition of quercetin (1), and the aglycone of 2 and 3, whose 3-OH is free from any glucose moiety. Interestingly, 1 displayed a broad inhibitory effect
toward rat intestinal and baker’s yeast a-glucosidases, with improved potency. A kinetic study of 1 indicated that it inhibited maltase by two distinct
mechanisms, in competitive (K; 462 pM) and noncompetitive (K 2153 pM) manners, whereas the mechanism underlying the inhibition of sucrase was verified

as being of a competitive behavior (K; 218 uM).

Keywords: Okra, Abelmoschus esculentus, Hypoglycemic, Diabetes mellitus, a-Glucosidase, Quercetin.

Maintaining good glycemic control is critical in diabetes therapy
because it is associated with marked reduction in risk of developing
complications such as cardiovascular diseases, neuropathy and
retinopathy. Therefore, antihyperglycemic agents, particularly o-
glucosidase inhibitors, are expected to provide such beneficial
effects. Acarbose and voglibose are instances of potent o-
glucosidase inhibitors currently used for diabetes therapy. They not
only suppress postprandial glucose but also reduce the triglyceride
level, body weight and systolic blood pressure. However, long-term
intake of acarbose and voglibose resulted in undesired effects such
as flatulence and diarrhea [1]. Therefore, new a-glucosidase
inhibitors having minimized side effects are continuously required.

Edible plants are a prolific source of a-glucosidase inhibitors [2], in
addition to their beneficial nutrition and safety on prolonged
consumption. Prominent examples include corchoruside A, a
flavonoid glycoside having a caffeoyl moiety isolated from
Corchorus olitorius [3], which inhibited a-glucosidase three times
more potently than acarbose. In the present study, we are intrigued
by Abelmoschus esculentus, typically known as okra, because of its
antidiabetic potential [4]. Okra fruit is high in mucilage [5,6], which
was believed to delay glucose absorption into the bloodstream by its
excellent water-holding and gel-forming capabilities. However,
Palanuvej and coworkers [7] demonstrated that mucilage yield,
glucose entrapping capability, and o-glucosidase inhibition of fruit
aqueous extract were relatively low. Thus, the antidiabetic activity
reported by Tomada [4] is not likely to be due to the mucilage.

Alternatively, roasted seeds, which are popularly consumed in
Turkey as an herbal infusion, have long been recognized to
attenuate blood glucose level. This ethnopharmacological claim was
supported by in vivo antihyperglycemic activity. Oral administration

of an aqueous extract in hyperglycemic rats prevented high blood
glucose levels while a more pronounced and significant effect was
observed in streptozotocin-induced diabetic rats [8]. However, there
is no informative clue implied from early reports describing a
possible mechanism underlying the hypoglycemic effect of okra
seeds. Herein, we propose that a-glucosidase inhibition is one
pathway in which okra seeds possibly exert their effect. An attempt
to identify the active components in okra seeds resulted in the
isolation of flavonol glucosides 2 and 3. The mechanism underlying
the inhibition is also reported.

An attempt to identify the active compounds responsible for
suppressing blood glucose level was performed using an o-
glucosidase inhibitory assay as guidance, coupled with
chromatographic separation. The methanolic extract of the seeds
when fractionated by vacuum column chromatography, afforded
four major fractions. The combined second fraction (Fr2) displayed
the highest inhibitory activity against rat intestinal maltase (76.3%)
and sucrose (69.8%) (Figure 1). Further purification of the active
fraction afforded the two principal components, which based on
NMR and MS data, were identified as isoquercetin (2) and
quercetin-3-O-f-glucopyranosyl-(1"'—6")-glucoside (3) [9,10].

Flavonol glucosides 2 and 3 were subjected to evaluation for their
inhibitory effects against a-glucosidases from two different sources,
baker’s yeast and rat intestine. Apparently, they selectively
inhibited rat intestinal maltase and sucrose, whereas inhibitory
activity against baker’s yeast a-glucosidase was not observed
(Table 1). Isoquercetin (2) revealed inhibition toward maltase and
sucrase with ICs, values of 64.1 and 42.5 uM, respectively, which
were 10 and 5 times, respectively, more potent than its
corresponding diglucoside 3. This observation suggested that the
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Figure 1: a-Glucosidase inhibitory effect of methanol extract and fractions after
first-step purification, examined at concentration of 1.0 mg/mL.

increase in hydrophilicity by the extra glucose moiety in 3
dramatically reduced the inhibitory effect. We subsequently
investigated the inhibitory activity of quercetin, the aglycone of 2
and 3, in order to gain insight into the effect of 3-OH in exerting
inhibition. Quercetin (1) used in our experiment was prepared from
commercially available rutin by HCl-catalyzed hydrolysis.

Table 1: a-Glucosidase inhibitory effect of flavonoids 1-3.

Compds 1Cso (uM)
Baker’s yeast Maltase Sucrase
1 62.8+£2.1 123£0.6 31715
2 NI 64.1+£3.3 425+12
3 NI 646 +£5.8 265.7+3.1
Acarbose 403.9+ 0.4 1.50 +0.14 2.38 +0.02

*No inhibition, inhibitory effect less than 30% at 10 mg/mL.

Interestingly, 1 displayed a broad inhibitory effect against baker’s
yeast a-glucosidase (ICs, 62.8 uM), rat intestinal maltase (ICsy 12.3
uM) and sucrase (ICso 31.7 uM), with improved potency (Table 1).
Therefore, the presence of the free 3-OH in quercetin is required for
o-glucosidase inhibition. To gain insight into the mechanism
underlying this inhibitory effect, a kinetic study of 1 toward maltase
and sucrase, instead of baker’s yeast a-glucosidase, was carried out.

We designed such an experiment based on the fact that maltase and
sucrase are more closely relevant to the o-glucosidases present in
the human small intestine [11]. The Lineweaver—Burk plot of 1/v
and 1/[maltose] (Figure 2) demonstrated a series of straight lines; all
of which had different Y intercepts but intersected in the second
quadrant. Kinetic analysis showed that V., decreased with elevated
Kn in the presence of increasing concentrations of 1, therefore
suggesting that maltase was inhibited by quercetin (1) in two
distinct manners, competitive and noncompetitive (Table 2). This
phenomenon could be rationalized by simultaneous formation of an
enzyme-inhibitor (EI) complex in a competitive manner and an
enzyme-substrate-inhibitor (ESI) complex in a noncompetitive
manner.

To envisage the pathway in which quercetin (1) preferentially
proceeded, the dissociation constants of EI (K;) and ESI (K')
complexes were determined. The secondary plot of slope of lines in
the Lineweaver—Burk relation versus the inhibitor concentration
produced a K; value of 462 uM, whereas the secondary plot of
intercept versus inhibitor concentration generated a K'; value of
2153 uM (Table 2). An approximately 5-fold lower dissociation
constant of the EI complex suggested a closer binding between
quercetin (1) and maltase and pointed out that competitive
inhibition was predominant over noncompetitive behavior (Scheme
1). In addition, we also investigated the mechanism underlying
the inhibitory effect of quercetin (1) against sucrase using the
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Figure 2: Lineweaver-Burk plot for inhibitory activity of quercetin (1) against rat
intestinal maltase.
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Figure 3: Lineweaver-Burk plot for inhibitory activity of quercetin (1) against rat
intestinal sucrase.
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Scheme 1: Proposed inhibition mechanisms of quercetin (1, I) against maltase
and sucrase; where E, S and P are maltase (or sucrase), maltose (or sucrose) and

glucose, respectively.

Table 2: Kinetic data of intestinal a-glucosidase inhibition by quercetin (1).

Flavonoid Maltase Sucrase
Ki (uM) Inhibition type Ki(uM) Inhibition type
1 462 . -
2153° Mixed 218 Competitive

* K value for noncompetitive manner.

aforementioned approach. The Lineweaver—Burk plot of 1 against
sucrase (Figure 3) revealed a series of straight lines, all of which
intersected at the Y axis. Kinetic analysis revealed that K, increased
while V,, remained constant in the presence of increasing
concentrations of 1, therefore indicating competitive inhibition
(Scheme 1) with a K; value of 218 uM (Table 2).

Quercetin (1) was previously reported as a potent inhibitor against
baker’s yeast o-glucosidase. However, the mechanism underlying
the inhibitory effect reported by two groups is different; it was first
reported as a noncompetitive inhibitor by Lee [12] and subsequently
as a mixed-type of noncompetitive and anticompetitive inhibitor by
Li [13]. Although a significant amount of 1 could not be detected in
our experiment, its corresponding glucosides 2 and 3 could be
transformed into aglycone 1 by lactase phlorizin hydrolase [14,15],
an extracellular enzyme located at the brush border membrane of
intestinal cells. In addition, Turkish ethnopharmacological use of
roasted okra seeds as an infusion is likely to enhance liberation of
quercetin from its glycosides by thermal-assisted hydrolysis.
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In summary, we are the first to identify flavonol glucosides 2 and 3,
present in okra seeds, as the major inhibitors against o-glucosidase.
The glucosides 2 and 3 possibly exert a beneficial effect on diabetes
mellitus therapy by being transformed into the active quercetin (1),
which can attenuate blood glucose levels through inhibiting maltase
and sucrase functions. The highly improved inhibitory effect of 1
over 2 and 3 indicated that free 3-OH is required for retarding the
a-glucosidase function. The mechanism underlying the inhibition of
quercetin discovered in our investigation suggested a possible
guidance for the use of okra seeds as a single alternative drug or in
combination with currently used antidiabetic drugs.

Experimental

Plant material: Okra (Abelmoschus esculentus) seeds were
collected at Nakornpatom, Thailand, in November 2010. The plant
material was identified by the botanist, Mrs Parinyanutch Klinrat,
and the voucher specimens (BCU013433) were deposited at the
Herbarium of the Department of Botany, Faculty of Science,
Chulalongkorn University, Thailand.

Extraction and isolation: The air-dried seeds (62 g) were ground
and extracted with methanol (3 x 250 mL) at room temperature. The
extract was evaporated under reduced pressure to afford a brown
syrup (12 g). The methanolic extract was absorbed on silica gel (20
g) and subjected to chromatography on silica gel, eluting (500 mL
each fraction) with dichloromethane, methanol-dichloromethane
(1:9),  methanol-dichloromethane  (2:8) and  methanol-
dichloromethane (1:1). The active fraction (Fr2), which was mainly
eluted with methanol-dichloromethane (2:8), was dissolved in ethyl
acetate and centrifuged. The precipitates, which are soluble in
methanol, were further purified on a Sephadex LH-20 column
(methanol),  yielding  quercetin-3-O-fB-glucopyranoside  or
isoquercetin (2, 490 mg). In addition, the other active fractions,
which were mainly eluted with methanol-dichloromethane (1:1)
were subsequently purified by Sephadex LH-20 CC (methanol),
affording quercetin-3-O--glucopyranosyl-(1"'—6")-glucoside (3,
189 mg).

Preparation of quercetin: Rutin (100 mg) was dissolved in 3M
methanolic HC1 (10 mL) and refluxed at 60-70°C for 6 h. The
reaction mixture was diluted with water (2 mL) and centrifuged.
The precipitate obtained after centrifugation was washed with water
until the supernatant was neutral to universal indicator paper, and
then oven dried (80-85°C) to afford quercetin (1, 47 mg).

Natural Product Communications Vol. 8 (0) 2013 3

a-Glucosidase inhibition assay: The inhibitory effect against o-
glucosidase from baker’s yeast was tested using our previously
reported protocol [16,17]. Briefly, the a-glucosidase (0.1 U/mL)
and substrate (1 mM p-nitrophenyl-o-D-glucopyranoside) were
dissolved in 0.1 M phosphate buffer, pH 6.9. Ten pL of test
compound (1 mg/mL in DMSO) was incubated with 40 pL of a-
glucosidase at 37°C for 10 min. Fifty pL substrate solution was then
added to the reaction mixture and incubated at 37°C for an
additional 20 min. After the reaction had been terminated by adding
100 pL of 1 M Na,COs, enzymatic activity was quantified by
measuring the absorbance at 405 nm (Bio-Red microplate reader
model 3550 UV). The percentage inhibition was calculated by [(A-
A)/Ag] x 100, where A, is the absorbance without the sample, and
A, is the absorbance with it. The ICs, value was determined from a
plot of the percentage inhibition versus the sample concentration.
Acarbose was used as the standard control and the experiment was
performed in triplicate.

In addition, inhibitory activity against o-glucosidase from rat
intestine was determined using our developed method [16,17]. The
crude enzyme solution prepared from rat intestinal acetone powder
was used as a source of maltase and sucrase. Rat intestinal acetone
powder (1 g) was homogenized in 30 mL of 0.9% NaCl solution.
After centrifugation (12,000 g x 30 min), the aliquot was subjected
to assay. Ten pL of test compound was added to a substrate solution
(10 mM maltose and 100 mM sucrose, each 20 uL), 0.1 M
phosphate buffer (pH 6.9, 30 uL), glucose oxidase solution (80 puL)
and enzyme solution (20 pL). The reaction mixture was incubated
at 37°C (10 min for maltase and 40 min for sucrose) and its
absorbance determined at 500 nm. Percentage inhibition and ICs,
values were obtained using the aforementioned methodology.

Kinetic study of a-glucosidase inhibitory effect: The mechanism
underlying the inhibitory effect was investigated by analyzing the
enzyme kinetic data using the above reaction. Maltase activity was
maintained at 0.45 U/mg protein in the presence of quercetin (from
0.1-1.0 mg/mL) at various concentrations of maltose (2, 6, 10, 16,
20 mM). A series of V ,,, and K, values were obtained from the Y
intercepts and calculated by slope x V., respectively. A similar
method was also applied for sucrase, in which its activity was kept
at 0.07 U/mg protein.
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Piper sarmentosum is pungent climber that is a widely used vegetable in Southeast Asia. In screening for
a-glucosidase inhibitors from edible plants, an inhibitory activity in the leaf extract of P. sarmentosum
was observed. Bioassay-guided fractionation resulted in the isolation of three new phenylpropanoyl
amides, named chaplupyrrolidones A (1) and B (2) and deacetylsarmentamide B (7). Chaplupyrrolidones
A and B contained a 5-oxygenated-A>-2-pyrrolidone moiety, which is the first report of their natural
encounter. Of these all isolated compounds, 2 revealed most potent inhibition against a-glucosidase,
which is 18-fold more active than its demethylated congener, 1. Kinetic evaluation of 2 indicated that it
acts as a noncompetitive inhibitor.

© 2013 Phytochemical Society of Europe. Published by Elsevier B.V. All rights reserved.

1. Introduction

Piper sarmentosum Roxb. (Piperales: Piperaceae), commonly
known in Thai as Chapluy, is a climbing or erect herb with a
characteristic pungent odor within the family Piperaceae, which is
comprised of over 700 known species worldwide (Parmar et al.,
1997). Several promising bioactivities of P. sarmentosum, such as
inducing apoptosis through mitochondrial transmembrane dis-
ruption (Pan et al., 2011), modulating HIF-2 transcription (Bokesch
et al, 2011), in vivo antioxidant (Hussain et al., 2010) and
allelopathy (Piyatida et al., 2012), have recently been reported.

Members of the Piper genus have a high economical, commer-
cial and medicinal importance. Predominant secondary metabo-
lites encountered in the genus include the phenylpropanoid (C6-
C3) derived compounds, such as lignans, propenylphenols and
kawapyrones, in addition to phenylpropanoyl amides, which are
rather unique to fewer genera. To date, over 30 phenylpropanoyl
amides have been isolated from P. sarmentosum, and phytochemi-
cal investigation of this species remains attractive due to the
unprecedented array of different chemical structures that vary
with different cultivars/geographical cultivation areas. In the
search for a-glucosidase inhibitors from edible plants (Phuwa-
praisirisan et al., 2008, 2009) and synthesis of glycomimics from
cyclitols (Worawalai et al., 2012a,b), P. sarmentosum became of
interest due to its inhibitory activity against a-glucosidase in our

* Corresponding author. Tel.: +66 2 218 7624; fax: +66 2 218 7598.
E-mail address: preecha.p@chula.ac.th (P. Phuwapraisirisan).

preliminary screening and the previous report of its antidiabetic
activity (Peungvicha et al., 1999; Zar et al., 2012). a-Glucosidase
inhibitory guided fractionation led to the isolation of three new
phenylpropanoyl amides, named chaplupyrrolidones A (1) and B
(2) and deacetylsarmentamide B (7), in addition to four known
phenylpropanoids (3-6) (Fig. 1).

2. Results and discussion

The active CH,Cl, extract obtained from the dried leaves of P.
sarmentosum was bioassay-guided fractionated to yield seven
main fractions. The active fractions were further purified by
chromatography techniques to afford new compounds 1, 2 and 7,
whose structures were characterized based on spectroscopic data
and chemical analysis.

Chaplupyrrolidone A (1) was obtained as yellow powder. The
molecular formula C;3H;3NO3 was determined by HRESIMS of
pseudomolecular ion (M+H)* at m/z 232.0975 (calcd 232.0974), in
conjunction with NMR data analysis. The '>C NMR spectrum
showed ten carbon signals that were ascribable to two methylene
(8¢ 29.9 and 38.0), eight methine (8¢ 81.9, 126.3 (2x), 128.5 (3x),
128.6 and 147.4) and three quaternary carbons (8¢ 140.5, 167.7
and 173.6), based on the HSQC data analysis. In addition, 1 revealed
TH NMR signals in three distinct regions: phenyl protons [§y 7.13-
7.24 (m, 5H)], olefinic protons [y 6.12 and 7.07 (each 1H)] and
downfield methylene protons [dy 3.20 and 2.93 (each 2H)]. The
COSY spectrum also showed three separate spin systems (Fig. 2a)
that were comprised of monosubstituted benzene, two contiguous

1874-3900/$ - see front matter © 2013 Phytochemical Society of Europe. Published by Elsevier B.V. All rights reserved.
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Fig. 2. (a) Selected HMBC (arrow curves) and COSY (bold lines) correlations of
chaplupyrrolidone A (1); (b) the ASHgg distribution of MTPA esters of 1.

methylenes as well as olefinic methines linked with oxygenated
proton at 8y 6.07. Each established residue was assembled using
the HMBC data analysis. The left end of the two contiguous
methylenes was connected with a benzene ring, as evident by the
cross peaks of H-3//C-9" and H-2'/C-4/, while the right terminal was
linked to C-1’ (§¢ 173.6), as indicated by the HMBC correlations of
H-2' and H-3' to C-1/, thereby establishing the phenylpropanoyl
motif. The remaining portion (C4H4NO,) contained an o,3-
unsaturated amide, as deduced by the presence of the quaternary
carbon at §¢c 167.7 and the olefinic signals [dy 6.12 (d, J = 6.0 Hz)
and &¢ 128.5, and &y 7.07 (dd, J = 4.4, 6.0 Hz) and 8¢ 147.4]. This
portion was similar to the A3-2-pyrrolidone moiety of sarmenta-
mide A (Tuntiwachwuttikul et al., 2006), except for the presence of
unusual downfield shifts of the methine signal (6y 6.07 and §¢
81.9). The aforementioned data indicated that the methylene
group in the A3-2-pyrrolidone moiety of sarmentamide A was
replaced by an oxygenated methine in 1, thereby establishing the

5-hydroxy-A3-2-pyrrolidone portion. The diagnostic HMBC cross
peak of H-5/C-1’ indicated the connectivity of phenylpropanoyl
and 5-hydroxy-A3-2-pyrrolidone moieties through a nitrogen
atom, thus constructing the overall structure of 1. The absolute
configuration of the secondary alcohol group at C-5 was addressed
using Mosher’s method (Ohtani et al., 1991). MTPA esters of 1 were
prepared and the differences in chemical shifts (ASHsg) between S-
(—=)-MTPA and R-(+)-MTPA esters were deduced as shown in
Fig. 2b. The A8Hgy distribution around C-5 indicated its absolute
configuration to be S.

Chaplupyrrolidone B (2) was obtained as yellow powder. The
molecular formula was deduced from the HRESIMS analysis of
pseudomolecular ion (M+H)" at m/z 246.1121 (calcd 246.1130),
which accounted for the C;4H;5NO5 formulae. It displayed 'H and
13C NMR resonances nearly identical to those of 1, except for subtle
difference in signals of the H-5 (8 5.93) and C-5 (6¢ 88.9). Careful
examination of the NMR spectra together with additional 14 amu
and one methoxy signal (8y 3.32 and 8¢ 55.4) in 2 pointed out the
presence of the methoxy group, which was positioned at C-5 by the
discernable HMBC cross peaks of 5-OCHs (8y 3.32) to C-5 and H-5
to 5-OCHj3 (8¢ 55.4). Although 2 has one chiral center at C-5, the
absolute configuration could not be readily addressed by applying
Moscher’s method. However, the closely related NMR spectra of 1
and 2 along with the negative specific rotation of 2 allowed us to
propose the S configuration for 2.

Deacetylsarmentamide B (7) was obtained as yellow solid. The
molecular formula C;3H;5sNO3 was established by the HRESIMS
analysis of the pseudomolecular ion (M+Na)" at m/z 256.0944
(caled 256.0950). 7 showed 'H and '>C NMR spectra that only
resembled those of 1 and 2 in the aromatic region. Although signals
of olefinic protons (H-2" and H-3’) were also observed in 7, a large
coupling constant of 15.6 Hz indicated their trans-orientation. The
HMBC cross peaks of H-2'/C-4/, H-3’/C-1’, H-3//C-2" and H-3'/C-9’
suggested that trans-olefinic protons were located between the
benzene ring and the quaternary carbonyl (§¢ 167.7), which was
relatively upfield compared to those observed in 1 and 2, which
together established the trans-cinnamoyl moiety. The remaining
residue of C4HgNO, was assigned to be a dioxygenated pyrrole
based on the COSY and HMBC data analysis (Fig. 3b). The COSY
spectrum showed contiguous correlations of H-2 (6y 3.68 and
3.71), H-3 (8y 4.20), H-4 (84 4.13) and H-5 (8y 3.60 and 3.95),
suggesting a spin system of -N-CH,-CH(O)-CH(O)-CH,-N-. The
'H and '®C NMR chemical shifts of this residue were related to
those of the deoxygenated pyrrole group in sarmentamide B,
except for the striking upfield shifts of C-3 and C-4. This
information indicated that the two acetoxy groups in sarmenta-
mide B were both replaced by hydroxy groups in 7. The
dioxygenated pyrrole moiety was connected to the cinnamoyl
residue through an amide bond, supported by the HMBC

Fig. 3. (a and b) Selected HMBC (arrow curves) and COSY (bold lines) correlations of 2 and 7, respectively; (c) diagnostic NOESY correlations and Newman projection showing

dihedral angle of H-3 and H-4 on deoxygenated pyrrole of 7.
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Fig. 4. Lineweaver-Burk plot of chaplupyrrolidone B (2) against a-glucosidase.

correlations of H-2/C-1’ and H-5/C-1". Once the overall structure of
7 was established, the relative configuration of C-3 and C-4 were
addressed by NOESY and coupling constant analysis. The observed
NOESY correlations of H-2[3/H-5[3 and H-2[3/H-3 (Fig. 3c) indicated
that they occupied the same phase, whilst the small coupling
constant (4.1 Hz) of H-3 and H-4 suggested their trans-orientation
to the vicinal protons in the dihydroxy pyrrolidine ring (Clerc and
Simon, 1989).

1 and 2 were both found to inhibit a-glucosidase in vitro with
ICs0 values of 7820 and 430 M, respectively, while 3-7 showed no
detectable inhibition (Table 2). Interestingly, compound 2 was 18-
fold more potent than that of 1 and was comparable to the
antidiabetic drug acarbose (ICsq value of 404 wM). To gain insight
into the mechanism underlying the inhibitory effect of 2, a kinetic
study was also conducted. The Lineweaver-Burk plots (Fig. 4)
revealed a linear relationship at each tested concentration of 2, all
of which intersected the x-axis at a single negative value. The
analysis demonstrated that V.x decreased with increasing
concentrations of 2 while K, remained constant, supporting that
2 inhibits «a-glucosidase in a noncompetitive manner (K; of
1.04 mM) by equally forming enzyme-inhibitor and substrate-
enzyme-inhibitor complexes

In summary, three new phenylpropanoyl amides (1, 2 and 7)
were isolated, of which 1 and 2 act as a-glucosidase inhibitors.
Regardless of sarmentamide A, which encompasses a A3-2-
pyrrolidone moiety, 1 and 2 are the first reported natural 5-
oxygenated-A3-2-pyrrolidones products. Acyl and alkyl 5-oxygen-
ated-A3-2-pyrrolidones have been employed as versatile building
blocks (Kiren et al., 2009) for the synthesis of unusual y-amino
acids and particular alkaloids, such as gelsemine (Cooper et al.,
1995). In addition, the striking difference in o-glucosidase
inhibitory activity between 1 and 2 suggested that the 5-OMe
group was possibly associated with the observed a-glucosidase
inhibition.

3. Experimental
3.1. General experimental procedures

UV spectra were measured with a UV-7504 spectrophotometer.
Optical rotations were determined using a Perkin-Elmer 341
polarimeter using a cell with a 2-mL capacity and a 10 cm path
length. High resolution mass spectra were recorded on a Bruker
micrOTOF mass spectrometer, equipped with an electrospray
ionization (ESI) ion source. The 'H and '*C NMR spectra were
acquired by Varian Mercury+ 400 and Bruker AVANCE 400
spectrometers. Chemical shifts were reported in § (ppm) relative
to deuterated solvent residues (7.25 and 77.0 ppm for CDCl; and
3.30 and 49.0 ppm for CD30D). TLC was performed on precoated

Merck silica gel 60 Fys4 plates (0.25 mm thick layer), and spots
were visualized under UV or dipped in 3% (v/v) anisaldehyde, 9.7%
(v/v) HySO4, 87.3% (v/v) MeOH followed by heating. a-Glucosidase
(EC 3.2.1.20) from Saccharomyces cerevisiae and 4-nitrophenyl-o-
p-glucopyranoside (PNPG) were obtained from Sigma-Aldrich (St.
Louis, MO, USA). Acarbose was obtained from Bayer Vitol
Leverkusen, Germany. Spectrophotometric measurements for
the a-glucosidase inhibition and kinetic study were taken on a
Sunrise microplate reader.

3.2. Plant material

The leaves of P. samentosum were collected from Samutprakan,
in February 2011. Plant authentication was performed Mrs.
Parinyanutch Klinrat, Department of Botany, Faculty of Science,
Chulalongkorn University. A voucher specimen (BCU013525) has
deposited at the Department of Botany, Faculty of Science,
Chulalongkorn University (Bangkok, Thailand).

3.3. Extraction and isolation

The dried leaves of P. sarmentosum (812 g) were sequentially
extracted at room temperature with hexane (3x 4 L) and MeOH (3 x
5 L), respectively. The MeOH extract was suspended in water and
partitioned with CH,Cl, (3x 1 L) to afford the active CH,Cl, extract,
which was chromatographed by Vacuum column chromatography
(silica gel 60G Merck) column (120 mm ID x 7 cm length) and
eluted with a six step gradient mobile phase 0f 0:1, 1:9,3:7,1:1, 4:1
and 1:1 (v/v) ratio EtOAc:hexane, to afford seven major fractions.
Fraction 3 was preliminarily chromatographed on Sephadex LH-20
with a 1:9 (v/v) MeOH:CH,Cl, mobile phase to remove the residual
chlorophylls, which eluted in the early fractions. The fractions that
eluted after the chlorophylls were combined, concentrated and
subsequently purified by silica gel centrifugal chromatography
using mixtures of EtOAc:hexane as the eluting mobile phase. Two
major bands eluted in the 3:7 (v/v) EtOAc:hexane fractions and were
collected separately to yield 1 (24 mg) and 2 (20 mg). N-(3-(4'-
Methoxyphenyl)propanoyl)pyrrole (3, 12 mg), N-(3-phenylpropa-
noyl)pyrrole (4, 9 mg) and asaricin (5, 18 mg) were subsequently
obtained in the fractions eluted with 4:6 (v/v) EtOAc:hexane.
Fraction 5 was chromatographed on Sephadex LH-20 (1:9 MeOH-
CH,Cl,) followed by crystallization (MeOH) to afford cinnamic acid
(6, 380 mg). Fraction 7 was chromatographed on Sephadex LH-20
(1:9 MeOH-CH,Cl,) to remove the chlorophylls, and the combined
fractions eluted after the chlorophylls were further purified by silica
gel centrifugal chromatography and eluted with a 2:8 (v/v)
MeOH:CH,Cl, mobile phase to give deacetylsarmentamide B (7,
40 mg).

3.3.1. Chaplupyrrolidone A (1)

Yellow powder; [a]p2® —2.4° (¢ 0.335, CH,Cly); UV (CH,Cl,)
Amax (log €) 266 (6.46) nm; HRESIMS m/z [M+H]|" 232.0975 (calcd
for C13H14NO3, 232.0974); '"H NMR (CDCls, 400 MHz) and '3C NMR
(CDCls, 100 MHz) spectral data are given in Table 1.

3.3.2. Chaplupyrrolidone B (2)

Yellow powder; [a]p?® —3.5° (¢ 0.425, CH,Cly); UV (CH,Cly)
Amax (log €) 266 (7.31) nm; HRESIMS m/z [M+H]* 246.1121 (calcd
for C14H;6NO3, 246.1130); '"H NMR (CDCls, 400 MHz) and '3C NMR
(CDCl5 100 MHz) spectral data are given in Table 1.

3.3.3. Deacetylsarmentamide B (7)

Yellow solid; [or]p2° +5.1° (¢ 0.180, CH30H); UV (CH30H) Amax
(log &) 277 (1.71) nm; HRESIMS m/z [M+Na]* 256.0944 (calcd for
Cy3H;5NOsNa, 256.0950); 'H NMR (CD50D, 400 MHz) and '*C NMR
(CD30D, 100 MHz) spectral data are given in Table 1.
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Table 1
TH (400 MHz) and '3C (100 MHz) NMR data of chaplupyrrolidones A (1), B (2) recorded in CDCl; and deacetylsarmentamide B (7) recorded in CD50D.
Position 1 2 7
Sc Su, mult, J in Hz Sc Sy, mult, J in Hz Sc Sy, mult, J in Hz
2 167.7 168.5 53.7 a 3.71,dd, 4.1,11.2
B3.68,d,11.2
3 128.5 6.12,d, 6.0 128.5 6.08,d, 5.9 75.1 4.20, brd, 4.1
4 147.4 7.07, dd, 4.4, 6.0 146.7 7.00, dd, 4.8, 5.9 77.9 4.13, brd, 4.1
5 81.9 6.07, brd, 4.4 88.9 5.93, brd, 4.8 55.3 a 3.60, d, 13.2
B 3.95,dd, 44, 13.2
5-OH 4.34, brs*
5-0OCH3 55.4 332, s
1 173.6 1731 167.7
2 38.0 3.20, m 38.5 3.20, m 1194 6.94, d, 15.6
3 29.9 2.93,t,7.6 30.2 2.94,t,7.6 143.6 7.63,d, 15.6
4 140.5 140.7 136.4
5,9 128.5 7.24, m 128.7 7.22, m 129.1 7.64, m
6, 8 126.3 7.13, m 126.6 7.12, m 129.9 7.40, m
7 128.6 7.13, m 128.8 7.12, m 131.0 7.40, m

2 The signal underwent deuterium exchange completely soon before acquiring 2D NMR experiment.

3.3.4. Modified Mosher analysis of 1

To a solution of 1 (5 mg) in dried pyridine (50 pL) was added
(—)-MTPA chloride (10 pL). The reaction mixture was kept at room
temperature for 30 min and subsequently quenched with 2 mL of
2 M NaHCOs. The mixture was extracted twice with an equal
volume of EtOAc, and the organic layer was washed with 1.0 M
NaCl and dried over anhydrous Na,SO,. The residue was subject to
silica gel Pasteur pipette column chromatography and eluted with
a 1:9 (v/v) EtOAc: hexane mobile phase, yielding the S-(—)-MTPA
ester of 1. The R-(+)-MTPA ester was also prepared by the same
method. The ASHsy distribution is depicted in Fig. 2b.

3.4. Glucosidase inhibition assay

a-Glucosidase inhibitory activity was assayed using the
method previously described (Worawalai et al.,, 2012a). Briefly,
10 L of the test sample was mixed with a-glucosidase (0.1 U/mL,
40 L) in 1 mM phosphate buffer (pH 6.9) and incubated at 37 °C
for 10 min. Then 40 L of 0.1 mM p-nitrophenyl-a-p-glycopyrano-
side (PNPG) was added and the mixture was then incubated for
30 min prior to being quenched with the addition of 100 wL 0.1 M
Na,CO0s. The enzymatic activity was monitored by following the
concentration of released p-nitrophenol, evaluated via monitoring
the absorbance at 415 nm. The percent inhibition was determined
according to the equation: % inhibition = (Apjank — Asample)/
Aplank % 100; in which Agample and Apjank are the absorbance of
solution containing PNPG and a-glucosidase with and without
sample, respectively. The ICso value was determined from a plot of
percentage inhibition on the y-axis against the sample concentra-
tion on the x-axis. Acarbose was used as the positive control.

Table 2
a-Glucosidase inhibitory effect of 1-7.

a-Glucosidase inhibition
ICs0 (M)

7820+6.0
430+1.2
NI?

Compounds

NO UL A WN =
Z

Acarbose

¢ Inhibitory effect less than 30% at concentration of 10 mg/mL.

3.5. Kinetic study

The enzyme kinetic analysis was performed according to the
above reaction except that the quantity of a-glucosidase was
maintained at 0.3 U/mL while the concentration of each tested
inhibitor was varied at 0, 0.32 and 0.65 mM. The type of inhibition
was determined from Lineweaver-Burk plots, where the K; values
were determined from the secondary plots of slope vs. [I] and the
interception vs. [I] of the Lineweaver-Burk plot.
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