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Synthesis of rare catechins via strategic regioselective modification using protecting groups.
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Abstract Minor tea constituents with distinctive biological activities, such as methylated catechins and (—)-Epigallocatechin-3,5-
digallate (EGC-3,5-gg), have attracted considerable attention due to their unique physiological activities, including pancreatic lipase
inhibition. However, the regioselective chemical modification of (—)-Epigallocatechin gallate (EGCg) is synthetically challenging
because its multiple phenolic hydroxyl groups and electron-rich aromatic rings can lead to undesired functionalization. Its highly
reactive phenolic hydroxyl groups and electron-rich aromatic rings often lead to random functionalization and undesired
modifications on the carbon skeleton. In this study, we established an efficient synthetic route by employing a highly regioselective
protection and mild deprotection strategy utilizing the nosyl (Ns) group to control reactivity. This approach enabled the
comprehensive synthesis of various mono- and di-methylated catechins, as well as the successful A-ring selective synthesis of EGC-
3,5-gg through optimized condensation with a gallate unit. This synthetic strategy will facilitate the analytical characterization and
screening of tea cultivars and the understanding of their physiological roles.

Key words: Catechin, Regioselective synthesis, Nosyl group, EGC-3,5-digallate

ZHIE :20264F 7 H 21 H HHESE BN s
BRNE 12026 4F 9 F 9 H iy Na L e N AN = S
FTA AR 12026429 H 20 A e-mail: at5120@tokai.ac.jp

11



AR v —T L 2026 4 Nob

1. B&=®

PRI, KR TXAHED (-
Epigallocatechin gallate (EGCg 1) )& 1X Ush, HHA, <
F7 (K,Mg,Ca,Al72 L), 72 /Mg (777?* N
WE IR BT A LR EOSRIRGI N
. EORBEIRITER 280/ o 9, 2o
TH, 3-AF/LEGCg29X, (-)-E pigallocatechin-3,5-
digallate (EGC-3,5-gg3) © LW\ o7 bpsn T L%
—OTROHNEOWRINHE 72 &8 7TE S S
BLAEED T D,

o w
ek
EGCg:\"i

@OH
H

OCH3
3"-CH;-EGCg (2)

H
t?j OH
EGC-3.5-digallate (3)
M1. TEAOATFYHL— b EFERFBLRD

ZNSALEI DR B RO, R A
PEHICR R &, Aihd U CHERARASS
To DI 2 E DL L 72 DY, FKIRDND Ot
Tl EEERNOH L SOEHEOVREND, 57
IR D Z L IIREECH D, T TEFEERLT
DFFRINZZ B0, RY T )=V THDHHT X HH
DLEATRIC L DT 7 a0 —F )MEb TR &
725, L, WU 7=/ —ME DT =/ —)v
PR B B 7 B A R DT ORI ED
<\ EBHRAERNLT A DR ERERS RO O
FARMERGZ G | E 24 LD AR EOREEN S D,
Z DORPEERI S SN AREIROEAZEME L, AP A
FAA DG ORI 2 BRI O & B LT,

2. HELHER, BR
21 /)L (Ns) HEEBLLIAFIUEDTHUER
DILEFERIE RS &K UIBRAIEEEAE
ZIET, EFEERARY 7z ) =V ORIENEE]
HI Do, TRIeETRIEEA L, IRF74et:
COBREDNARETR Ns 55 0% V- BRI O A 2
DRSNTND Y (%2), ABFETIL, EOERAPE
Azl LT, 2GR EAERE T 72 (K3),

BEFR5IFE

ONs
b R-SH
@ mild base ©

w7 RE S
NO,

7y \‘

O
2-Nitrobenzensulfonyl (Ns) &

(2. / VILE & DR

NsCI
Base




NEERPHERRZ L DA77 LD AR

OH OH

OH OH
HO OH NsCl, H;BOs/NaCH H
OH sCl, A3BU3/Na NSO\@OJ\N ONs
toluene/H,O
OH 40% OH
ON
5

OH s
EGC (4)
TBDPSCI, Et;N |
CH5CN
83%
OTBDPS
o 1) NsClEtN OH
H CH3CN/H,0 ONs
NsO O]~ 95% NsO 0 H .
ONs s ONs
“OH 2) TBAF, AcOH o
THF, 0 °C
ONs
7 86% ONs 9
CH,N, CHN,
CH4CN, 0°C EEON o
99% CH5CN. 0
91%
OTBDPS OCH;
OCH, ONs
H H
NsO O] .
s R ONs NsO O.. ONs NsO
"'OH “'OH
ONs ONs
8 10

3. BERNDOUBERRNEA FILEOEA

13

NsClI, Et;N
CH3CN
-20°C
96%
ONs
ONs

ONs

ONs
1




AR v —T L 2026 4 Nob

0
Mel, Li,CO;
DMF, 60 °C
68%

OH \/\

(0]
CH
OH

12
NasB,0O7 - 1gH20
; NaOH ag., (Me0),S05
; HaSOy
85%

0
\/\O

§ 0
B—

OH
16

1) NsCl, Et;N
) CH;CN,0°C Ho

2) p-tolSO,Na
Pd(PPh3),
THF/H,0
86%(2 steps)

ONs \/\O

ONs
ONs

18

13

19

OCH,

1) NsCl, EtsN

OH
CH5CN, 0°C

N
HO ONs

OCH;
OH

2) p-tolSO,yNa
Pd(PPh3),
THF/H,O
82%(2 steps)

OCH3
ONs

1) NsCl, Et;N

OH CH3CN, 0°C

2) p-tolSO5Na
Pd(PPhs),
THF/H50
95%(2 steps)

OH
OCH,

1) NsCl, EtzN

OCH;  CH4CN, 0°C OCH;

2) p-tolSO5Na
Pd(PPh3),
THF/H50
96%(2 steps)

OH ONs

OCH,
20

B4, DENDEZRIRNE X FILEDEA

F9. BROMEZIRII A T/VIEOEANIL, BER
Nrua—UEE Th DT a 7% SEA~DR
HERDOBALETITHZ L TrlEL7ao72, BERIZA
BRI IR T a— UEEE AT 5 2 &b, IR
RO & LT, 4725, Epigallocatechin
(EGC 4) (26 LT a— UiiE Gl IR S D 7k
UFET AT IV 6 UK TRAES Y, FRo 7oKL
IZNs FeAEANT5H 2 L CTBER 34 (WD 1
BT XS IMGEONTZ, B UBET AT ) UISISERZ
F 0 RN TEGIERRECTH D Z L DEEED
BT, T, TBDPSCl 20 &E5 2 LT, 37
PRINZZE2 N TUND LA R LT, FRD 417
NIVT AL TR L TATFIUETHZ L TH-A
FIAK 8 (LM 5 Z L3 TE T, —J7, TBDPS f#
IR T D ARI~Ns AAEA L, TBAF BT 3L
DMEGGED T v 7 % ARGHEIR 9 DO, TV A
HAZE D AT IERET 3- AT /R0 1TE L L
Teo Flo, LG 2 OARICHIT T, &ATDT =/ —
JVRIKEERAZ Ns 228 A L7211 i L7z,

14

RIT, D BTN T DA FRACKT LT, (7EER
HNZAFNHZGA LT (K4), 7 Ui LT
TR TEEAER 12 (2% L Mel 38 XUV LinCOs 2 DMF
H, 60°CTHIENY 5 Z & The b BUGMEDEN N 4 (112X
BRI AFIMEDPETUT., £z, 12 IS L TR TR
V—4 (NaBsO7 - 10H0) THBEET 5 Z & CTHRNGHE
W2 T N6 & L, TAD UL LTzDBICYAF
SRR CHEE S5 2 & C3NLA TR 15 23535
e, ENEIFRDKBIUT Ns BeA 8%, T UL
BABRET 22 LT, MEARITEMA 14,17 21572, HEX
FIURI8 & 3,5-TATF/UK20 1T, 12 BLOMHRD >
U HEEOT VLT AT 119 D Ns {biz L Rl L
7

AR A FAEDNEA SN Z b D=
NEEA B AT 358K 8,10, 11 &% & TEAA
14,17,18,20 ZAEEISHAGOE TG L, Hizica
TDNs #:% Cs,:COs (HE NFAT =/ —/ U THEES
HZEThREL, HO AT LD T X 4R AR L
7o (X5, ARNEZIGHT2Z LT, 3"Me-EGCg 2.



NEENERI & DA 7 2 AHD G,

3-Me-EGCg 25 #13X Uh &3 54 EGCg &/ AT /L
RO ERA R LTz, SOICKRFEZERL, 44"
diMe-EGCg26 <°. 3"5"-diMe-EGCg27 72 &, FIRIZIX
THELARRWD AT/ EGCg Zalifl L=, £/, Kig
FEDDIRNT X T X AN ED IR
DI J T 10 EOIRFIA CONEREN 2T A 77 Y
—HEFUZBAEI LTS Y,

OR!'
H 4
NsO 0. ].» oRS + HO OR
"'OH OR®
ONs ORS
8,10,11 14,17,18, 20
1) EDCI 23) PhSH, C52C03
DMAP CHsCN
CH-CN 2b) TBAF, AcOH, THF
3 2¢) 0-NH,PhSH
Cs,C0O4, CH;CN
OR!
OR?
NsO @) H\\‘
' OR3
"o
ON 4
s 4 OR
OR®
OR®
1) (96%)

11417 — 21 {R"®=Ns, R®= CH;)
2a) (82%)
21—2 (R"™=HR8=CHy)

1)
10+18 — 22 (R#%=Ns, R'= CHj)
2a) (63% 2Zsteps)
22 5 25(R*%=HR'=
1
8+14 l» 23 (R'=TBDMS, R346 = Ns,
R%5= CHy)
2b,a) (70% 3 steps)
23 — 26 (R1346 = HR25= CHj)
1)
11+20 — 24 (R1-35 = Ns, R*6 = CHj)
2a)(82% 2steps)
24 - 27 (R"-35=H, R*5=CHj,)
1) (97%)
11+14 — 29 (R"*8 = Ns, R® = CHj)
2a) (81%)
29 — 28 (R"46 =H R5=CH,)

E5. B,DERI=v hOEERI

15

KTA 7T V—THLNIACAYINE, BB Tt
JEtRs, (PET) 12X [MC)ATF /ML EGCg DIARPNENHE
FENTICTHND Y T AOERITAE & L THRIHTE
7210, BEEE 11 OERE "CIIEERIETH Y . B 1k
HIFE T D, ZDONHENE 20 43 L5 2D, 1'C %
B U7z PET HOiE 2 AR DB, AR TR
FESEDMIEND D, A FIUK EGCg OIEPNEIRERET
% HIZ EGCg l 2k} L C[UC] A FILVEEDE A A7k 2
B, B2, 312dD K5 G Rai IR D70
BHTE ARV, MR O3 A —L) TOBATEE
RO DI BIE, TEED BEGCg ~DIEFHRHE N
ISLENZ 72D, LILZeS B, BUSFRIZ A T /UbD
BUSHNIBEDREZ T D201, NMR L0553 T
EARIATERY, ZHU, BEMERNADR B L
DR, A —/L TR L CO<EREHE %
RAA MR CE IR D TH D, T2 T, AA
ik CREFEIIN AR LTS A UL TR o T A 7
7V —Ztfin e LTHYY, HPLC (2 X 55307 T A
F /UL EGCg DIRFHRFEI AR+ 5 Z & T, EGCg &
DEBHNC) T LA TV EDRIE (K6) TIE4'™-
["C]AF/VEGCg ["'C]-28 AVERT D Z & A CX
Too TOXIT, ALFABIZ L > TEMEFITTH T

& THIRENIEICRE KA ETET
OH
CH
NCH;l H
nBuNoH MO 0. OH
EGCg(1
DMF/H,0 0
80 °C OH OH
3 min 0
470"CH;
OH

4"[""C]CH;-EGCg ([''C]-28)

&6. PET b L —H—[""C] X FIL{LEGCg D&

2-2 EGC-3, 5-gg MERIZMITT= A IRD:ERKHERR
VRS THh D EGC3,5-gg (3) 1. HRAZAEEY %
—VIHEEE (Cso=0.098 uM) 'V oHTHIV i%
(EC=55pM) 2 ZH35Z LI, 7R
AWrFRIETHO BRGSO B TnD, Ee,
HA Ty NAfiEhd 28 LOREBIREZ B & Lich



AR v — L 2026 4 No.6

RGO BRI OB 2 AL LT, At R
F® HPLC AT LY 7 VO BRFE S AU T
72o Saito Hi%, EGCg1 (Zxf LT TBS FH2 kv 8 fH
ETOKBEIAGE L T-Db, TFA LU L% 5L
BHIIRGEZA TV, Fe IR FROBEAIZLY Z0
BRATERL LTS B, ARFFETIE, ERRERA
T 2720, 1 &R L, @SS Sivd ARY
= /) —/WHKERFEA~0D S 0 B CORA 701 B 1
f = FOBAZAIT,

AF I T F AADER TR, B, D
BROKIEEEDBOGHDS A BUKEERL L D S 2 & A3
DN T, ZHE Y | SR EE Y TIPS
FE BSOS ESE5 2 LT, B, DEROAV YL
fb&N7= EGCg #HEED AR A AT (X7), EsN
fHETR, 7 r=hKUAH0°CFTTIPSCl % 1 1Tkf
LTI YETOLNSEE 2 A, 3 YBEAETIIE
MERIRAWE 52 Tz, LirL, 4 %&EHO TIPSCL
EINA T RER LA SR S AT, HafE L 7=
%, HRETEAT S & BEREBLIOUD BRD 3.5(3"5")iL
DIKEREEN 2 S ST b7 % A TIPS-EGCg 7%
K30 THoTo, ALUHNE20g A7 —/LTH T
AT, FEEL S BRSO, Fo, biX
ISR E B Z T 407, 4RO I ARIC
SUBELRGEO F F45 540, TIPSO T E A & 72
STWe, 2Ol E LT, RIGHEDEW 4 i &
O RIKIEEA S U BT LT4%, BT 2k
BV VUL T D &, EONRFEDT= 0,
31 DL DN~ T 5 Z & TAAIN T Y —
2D BDEBZ BIND, FoTe 4@ OKEEIIIIE
FASHAHN IR G > TN =728, ARSIz hbh
RIS Lol b D EBEZ TS, ABURIZED
A BRDHEIER E U T LT- BGCg #%HA% 7T I
A=)V D Z LT LT, WS AR TIRA S
ST, ARUETIEZNUA T —VTEH 2 &
(2R Lz,

16

T, 30 D A BRITKT DU FRROIERAHE &
BTN TR 21T o 72 (Table 1), 8
A7 (EDCL DCC) ifi (CHCL, CHCN), &£
TEEMIOLGERE (Ns, TBS, Bn) DA AT
7o, Ns PRt L7-i% 7218 & DCC #7 & h
= MU VTGS E 2 & BINONE A~ T
ALl 26N Entry3), £z, MaHlE
EDCLIZL, A7 aa A2 ANIERETHZET
R LRI R L BREIR 53% (73%: IR
(S INER) TR 32 21597 (Entry5), £72.
7T DA =)V THRRROREIR TR BV,

OTIPS

OH
H

TIPSCI HO o1 .~

Et;N . OTIPS

CH;CN "0

0°C OH o OTIPS

85%

OTIPS OH
O R 30 OTIPS
J\J\S’._R

I-
&y o R
H
31

7. B,DIRNDOUEREREILTIPSEDE AN

fo T, PREEROBIREA I L7 (M8), £7.
TIPS 5FrE% TBAF/ACOH (THF H, 0°C) (Z2LV
RRAATZDN, SALOBERTHET AT IV ONUKS AR
STz, Ns HEZ R D3RG IR K 0 D TR
DT LT K Zenln B %, Ns FEOFREAE L
72, PhSH/Cs,CO; (7& b=k U 0°C) DT
FUSS % Z & T, Ns BHIRAHCBRETE, SbHicT
AT NDEBIZE A EBIIS V2o T, BARIC,
TIPS K& frEd 52 & T, HAYET% EGC3,5-gg3
DERAETET LTc, KEHV— N TR —1AT v
ICHAETE, HfANT 300 mg FREEDRIER A
BoNTn, ZHETI mg A —LCELND DR
TholZ enb, TaEOUa e 7ebZ &
DT 5,



NEENERI & DA 7 2 AHD G,

K1 ABAOHOTSILEDEA

OTIPS Oy, -OH OﬂP%H
OH
HO 0 Hi OTIPS
OTIPS RO OR \©/\j
OR
"0 1.1 eq
OTIPS
OH o OTIPS reagent (eq.)
solvent
OH 12 hr
30 OTIPS OTIPS
E R | Yields (%)*
ntry reagent (eq.) solvent 5-gallate 7-gallate  5,7-digallate
1 Bn EDCI, DMAP (0.1)  CH4CN no reaction
2 TBS EDCI (1.2) CH4CN 8 trace 46
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