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Ac acetyl

AN accepting number

aq. aqueous

Bn benzyl

Boc tert-butoxycarbonyl

Cbz benzyloxycarbonyl

CIP contact ion pair

conc. concentrated

CSA 10-camphorsulfonic acid

DCM dichloromethane

DDQ 2,3-dichloro-5,6-dicyano-p-benzoquinone
DEAD diethyl azodicarboxylate

DIAD diisopropyl azodicarboxylate

DMAP N,N-dimethylaminopyridine

DMC 2-chloro-1,3-dimethylimidazolinium chloride
DMF N,N-dimethylformamide

DMSO dimethylsulfoxide

DTBMP 2,6-di-tert-butyl-4-methylpyridine

EDCI 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
ESI electrospray ionization

FAB fast-atom bombardment

G galloyl

h hours

HPLC high-performance liquid chromatography
HRMS high-performance mass spectrometry
IAD intramolecular aglycone delivery

IR infrared

KIE kinetic isotope effect

LG leaving group

LIP loose ion pair

Me methyl

MOM methoxymethyl

m.p. melting point

MSDS material safety data sheet

111



PMP
i-Pr
PG
Phth
PPY
Py
r.t.
SINO
stoich.
TES
TIPS
TfOH
THF

neighboring group participation

N-iodosuccinimide

nuclear magnetic resonance
2-nitrophenylsulfonyl
nucleophile

promotor

phenyl

4-methoxyphenyl

isopropyl

protecting group

phthaloyl
4-pyrrolidinopyridine
pyridine

room temperature
signal/noise ratio
stoichiometric amount
triethylsilyl
triisopropylsilyl
trifluoromethanesulfonic acid

tetrahydrofuran
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1895 4, Fischer HIZ L AMEOIRHEL L LTOTE h= FOFMEZEMEL LT3, —Hidimo
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HO “OH Glycosides

multistep synthesis via protective-group approach
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AT (RE—L12) 5 7V 3 EROSIE—RICA X Y =7 AR Z BT 5 Syl Hiks it
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0 Nu-H

T
n(HO) /\/ﬁ a!

o0 o
> n(HO)wﬁ/NU
OH protecting-group-free

unprotected pyranose stereoselective glycosylation
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site-selective & sequential HO )
OH functionalization O OH
HO HO o OH
HO ™ OH , 0" o w
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et g & LT OB A AT, A 2 RS U 72 BB IR ) OV RARFHE 5 S8R D I8 23 T 2 5 )
BRH D, FEOIFEROFTH, FFIZZ Y ay FiEEDOIRBISNIERICHE SN TE 7 (R
F—L421) PP ARICTY I OERIEIE, B GRD T )~ — (LIS A S U7 BB & TR AL
L, EUEAX Y DINRET AL G S RIETHIRT 5, 0L EWZRERICIDEF Y I
Ry AR OEEPFIZ L > TERBMEENET D, 7Y av RO o-fKE B-IRTIHAEWIENES
HEEN R D720, 77U a2 bR TIESLAREIREOHIEI A ME & 72 5,

% T PGO 7]
Wﬂ;jig:;gprH PGO’Ti}:;&
HO PGO [©)
PGO
% derivatization glycosyl cation
OPG PGO P 1
PGO 0 LG promotor (P) PGO wte ® NO@ B
PGO -, PGO . PGO X N
OPG OPG
glycosyl donor PGO K/\ «
oxacarbenium ion _|

PG : protective group

ROH -
LG =Br,F, SR, }z{OTCCb , etc. glycosyl acceptor
NH
/OPG OPG

PGO + PGO ¢

PGO PGO OR

B-glycoside a-glycoside

AFx—L4L21 —FEMMLF 7Y a v uqkik

REMRSLIRING 7 Y 22 b Fikimz B 2.0 ([nd 28 WAk S Wik s LT, BEo
2 NEAKERIED T LV RIS K DR S (NGP) 2855 (B 2.1A), A F YV H_=7 A
MRIC 2 AL 7 S VRSB LB 5 L 72 7 Vv A % Y = o A RMRIC K LT KA B i
INSBBET D & BB Y 2 UM MT 2D, £i2, w> /) =R 12cis 7V 3y RERKT
HHEL LT, HFRTT VU a2 S8 5FE JAD) 2AdH5 (B 2.1B) Y, BRET X —
NWETT 7Y a2 R GRIZZEG L, IEHANC L DT /) ~—(LOMBER OfiEE L & 612,
77U 3oy N TNARIBINNCERAL T DA E R AT 5, — 7 T, USRS &L 5 STARF|#E
BELTHEENROFENTH D, BEREO S OENIEREETH S = NV VREET (KRR T4 % VY
HNR= AP EZRESED & a-= b =0 AfEE2RE L, 2 AEROBETE B mICHIRT
HZENTED (B21C) P, /o, =T VREHF CTlX, ISR A% Y v = 1 L
R BN HENL L, o F2SHEZRESRELES 2F08 M5 Tn5 (B 21D) ' 72, I’
SILEEETH L S MONARBIRG 7 ) a v UbRIS b S <Tns (B 2.1E) 7,
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neighboring group intramolecular a-glycosyl R B-glycosyl SN2 displacement
participation (NGP) aglycon delivery (IAD) nitrilium adduct oxonium adduct

B 2.1 REMZRAREIRW 7Y 2o FiEE TR

5 21X 2002 4. Fiirstner 5% woodrosin I ORERICEE L T, ZFba— 2D 2 [iKEEEY T+
7’“/1/1%.3% LizhUZvuart b IX— b 3 ZFfitGKRE L, BELBEGZFH Lz B-S#IRM 7
U a s bR E#RE L (RE—L 2.2) 5, 2008 4, Ito HiE~y / —AD 2 fkEEKIZT 7
TFNATFNVEEETLHFA 7YV av R 4 2Pt ARE LT, 0 TAT7 27V a VA ERH L T
1,2-cis 7’V 2V ViEREBR LTZ (RE—L423) ", £72, 1997 4 Crich HIHKIR TRAESEL a-
MU 7T — MR L, BZEKRZ pENPOREBEBBRIELZLT BR-Z Y av REElTEs2
LxHELLE (RE—L24),

Nu w 0 BnO 0 N
- o
i BnO 0
O O&&W N Ph /VO&S/
| (e}

PGO —%. AcO o E—— 10) 8 o) —>,_ woodrosin |
®,0 AcO CCly  BFzEt,0 AcO
oY DCMh
B 3 220G AcO  82%
R

Glucose-type 1,2-trans (B)

R &% —L 2.2 Firstner H® NPG ¥E (E 2.1A) Z AW 7= 88 S Rk

OBn
@ o OAc
— o QB0 O opwp
} bba TIPSO BnO
TIPSO TIPSO ‘) MeOTf 90%, B only NPhth
4

2) Ac,0/Py '
SMe SMe Mannose-type 1,2-cis (f3)

RAE¥—L23 Ito 5D IAD % (E2.1B) Z MW 7=BEE A s 1

0 -0
; ' BnO
‘ Nui o pp X0\ BN ROH 0—\ OBn

| of | T T m TS 5

: T~ | BnO AcO 0

| PGOT~Y T1,0 (1.1 equiv.) B Aco&ﬂ

; <LG ' 07" Et DTBMP (2.0 equiv.) OTf ACO (e
‘ DCM, —20°C 95%, B/ = >25/1

A% —LI 24 Crich 5O S\2 % (F 2.1E) BEg44 sk '™



BIEE TIZE L OMRRIR 7Y a S U ERUS B S, 70 3 U VkES O HIER S0 vl BE
7o TS, LOLAERL, BERRY A—bEMTH D WO MWE B, EEGFET 2 KEBED
BOGHEZ XIS 5 2, 77U 3 v AL TIEREE OB AN Ry (B 2.2), 720 ERT 5D
70 ay REAOSRILZE RIS 272012, & 55 U OB 5RO (-7 5L ST AR IR MR B O 1
WETa 7T AL TRBLZEREMNTH D, Flzid, BEEES (B 21A) X0 THNT7 7Y a s
A7 (B 2.B) IZ XD VAARRIUEOHIE R ECTH D, ZD LT, HERDNAKTRN 7 U 2 2 ALK
mﬁ\ﬁ%%+®ﬁwM%£@&&5;&#%@T&oto*ﬁ\%h5%&bfﬁﬁéﬁ%ﬁ%
T5ZENTEIUR, RFELOBABRIELBIRETE 2.8 CTHRT v 2A0EIMBICEET 5 Fiki
LD AEEMEN D D,

OPG Chemoselectivity OH Chemoselectivity

. . in activation ?
PGO o) Stereoselectivity HO o
. LG HO OH .

Stereoselectivity in
rogrammed HO
OPG E> prog glycoside formation ?

B 2.2 {EROPERL 5K L R T L o — X

ﬁ%%DJWa~X%%15%&Lt7»nvwmﬁﬁ’ﬁwft’w55&5@%@%%%
UUFICit Lz (B23), EE#ES L a— 2D 7T ) ~— /KO EHEIRE 223G ISR LT=5
&2%%T%?E%ﬁﬁ&ﬁﬁfﬂi%h5¢®4%m%%ﬁ%bt7):/%ﬂébﬁé(l
23A), F7o. S\l B THRISDEIT L7eHE . BOSHAR S LT A% (B 2.3B), /L —A
&4ﬁyﬁ(®1xﬁﬁwﬁﬁ4ﬁy(lzm)ﬁéDéT%ﬁﬁké W AR DN R L %
M U 7= iAo A2 % (CIP) Z REZHITHIE L7258, SRR CTO 7 U a v bR algE L 72 b,
— k., W—RpA A%t (LIP) F7= i@%ﬁ%ﬁ/%&ﬁa L7eG6, BAEEZH O TV D 2ok
%%’ié%%%%ﬁiﬂm?%f SEARIERPUME D FE B LN ﬁé KEEFEDOTEMHACIZ BT 51k
FIBIRMER N Y 2 RS OTEAITIT D SRS 2 6148 L 72 1 U372 672V i IERGERE
DOFEUEGR L L COERITBAROGHEA AL 20 s D Pk 23 Th 5 L2 5,

Possible reaction course bimolecular unimolecular
OH chemoselective
o) P OH
HO activation 0
HO — HHOO =~ HO
HO OH HO LG HO LG
D-glucose
A l S\2 B i via a- or 3-CIP C l viaLIP D l Sy
Inversion Inversion Retention and Inversion Retention and Inversion
a-glycoside from -donor a-glycoside from -CIP _
B-glycoside from a-donor B-glycoside from a-CIP = solvent molecules

B 2.3 MR 7L a— X et GAR L 35 7 U 3 SOV BOE O RBTE RS #S



LD Xk D 7Y 2 2 AIEO BIZEMIE Tix, ML GARO 7y FRFHIE AP E NN TE 72,
PEQLHAR DT )~ —(LIZix 7Y a2 A b O TR CRINAIZTEMAL T X | 20 BB v HE 22 I 7E A I B
ENEANINLONEFITHS (B 24A), —F ., HEHLGAROFEIC ZEMEA BNHBET Hiv7en 2
EEBER L, TFEEEDO I N—T12 L - T 1-b Ra Ut 5 ROEMEA LT ) o v NEEF
Ra T Ry T BKKEA L2 ) a L OUBIENERICHE STV 5 (B 2.4B) 2,

OPG
activation  PGO mﬂ ROH
step 1 PGO 0G0 LG step 2
OH OPG A OPG
. N
HO ™ OH PGO OH OPG PGO  "OR
D-glucose ) B PGO 0
1-hydroxyglycosyl donor one-pot
activation PGO PGO LG ROH
in situ

24 (A) —RTY 2 ALERT (B) BKMEEM 7Y 2 nkik

1997 4FELIBE. Gin HIZTCTAFAAAF=T AFEEZAVD 1-t Ra ¥ Ut 5RO in situ 15
PAL & OB PEZFEERDT Ry b7 U a2 b WG L TE (RE—L2.5) 2, BftGAko 2
AEKERFE DRI B IE B 50 MR S D Z & v D, AKREIE Syl B THEITL TV D Z &
HREND, ZDOX I RBATZ Y a2 o A biEE, PG EROT /)~ — (L ~IEELEEE AT 5 T
., SO G ARORRBMEZ LB L LR2VWENTEEHRIETH D, LR 6, 1-BE RrX v
PEAE SR IIIREESFIH STV D,

OBn

o)
BnO
OBn MesS. TH0 OBn IgnO&%h
29, 11 M
Bno/& TBP  |BnO 0 '° | RoH RO "0
BnO w.  ——— "BrO S Ml — BnO 0
RO "OH pcm RO O BnO
—45°C tort o BnO
in situ oTt
R =Bn : 83% (a/p = 63/37)
R =Bz: 66% (B)

RE—L 2.5 Gin HITEABAFEET 7Y =23 14 2

AR, BREEREIC R X RBLADRTEY | (L% 7 nt 2 & KIBICE LT E 5 IR B #
BEDOHIEANEEN TV D, RiEEZHWRWERENR 7 ) a2 U IEOFZIIZ RIS, ERE 7V
A= A& ERE LTHWD 7Y a v HBERBRET STV 5, 1979 4. Grynkiewicz H 1%, O
WERC SRR T AR 7 L a— 2D~ T 2 — VKB O LR INIE b 28 % 77 ) vk
HaEwE L (RE—L4 2.6) °', Grynkiewicz OG22 LYY & L THEEO 7 r—712 L 0
T, R AL SR L 2 Bk 7 U a v biER G S (RE—L 2.7-29) P,
INHOHETIE, WTNLEREL T ) — 2D~ T ¥ — UMKERE 2 (LRI I IE L T
XTNEH00, KIBFIOHESZARENLETH D, HDHWIFERT D7 Y a2 KONEARIFUEDK
FTHHMENRFEIN TN,



DEAD (stoich.) < o
HO P(n-Bu); (stoich.) Ham OPh
HO OH OH
D-glucose PhOH (xs) a/f=18

I
(@]
;E?«O
I
(@)

R ¥ — L 2.6 Grynkiewicz H DL (1979 45) !

p-nitrophenol (2.0 equiv.) OH
OHO DIAD (2.0 equiv.) o o
HSO% PhsP (2.0 equiv.) HO o]
HO OH OH
- NO
b-glucose(1.0 equiv.) dimethylethyleneurea 53%, a/p =1:3 2

R F—L 2.7 Shoda & D4 (2006 ) 2
butynoic acid (1.3 equiv.)

OH
OH DIAD (1.5 equiv.) o)
HO Ph4P (1.5 equiv.) HSO 07]/
Ho HO OH OH o
D-glucose(1.0 equiv.) DMF 67%, a/p = 41:59

i

R x—L 2.8 Besset b DL (2009 4F) »

OH HN3 (xs.) . OH
0 DIAD (2.0 equiv.) o 0
HO i H
o Ph3P (2.0 equiv.) Ho N3
HO OH OH
D-glucose(1.0 equiv.) DMF 88%, a/p =2:5

RE—L 2.9 Aime HOHE (2010 4F) ¥

ko X 910, WIERISSMT . BAR#E S L o — R Rt 54K L 4 23 BLAKSES T 7 U =2 2 U b
BHERE SN TWD0, WA XU D & T UK OREN 0 TIEe <L ER@ERME, k72
UGEO KM STV, LR Z T VD 7 U a2 o b O NSRRI T 2 M AR R E LT
WD A, SURF OISR TR o2 2 ERNRFIZET 5D,

T TEFIL, BREEII N a—ZADNIT X — VKR E A LFRINWICIEEETE D
Grynkiewicz & DR AZSEI, SERBRE—EME 7Y a2 A bIEZ R L, —&biZmd TS
AR ORI LY AT,



BE USSR OREA L

HIESSSRAE T, RO 7 v a—2 (a/p=100/0) (BB F—HSR) ZHE{L54R, MOM &
LR TIRFEER 6 2SR E LTRIGEREEEE LT (& 2.0), ERONLVA RABROT L
AT v REEfIEIC X 5 7D a v bk 2P Lok & &BEIC, BRVESIFICHV MOM A% v
EENLUIPESREEZROCTHRE L, £7, BEE S L2 — 2O RFEH THDH DMF 1T 5K
5. BEZHER 6 BEO PP 2L, DIAD % 1 d oMz /=/E (BLZE 1 #/ 3 ). ir
Yo7 ay R 7 % 60%INRTHZIZN, ZONARERRET o/f =49/51 TH - 7= (entry 1), &
WL DR 21T o 7o, CIESS OIS LTI & d THF T, KIE (7%) 720867
I U UALRAER 7 A B-BINICE O Z AR L (a/p=1/99) (entry2), 2D E XD F7
BIAERIIFTLED 7 ) a3 K T OF—fKEBEETHIET AL REIT LT 6-0-7 2 L-p-7' V) 2
VR 8 Thote (13%), Z/Va—AX THF IZ+RICEM LW, ST @R Tho7,
TV a— ADEMRME AL ET 5 BT, kB X OB ER CHEANCHAMEL LIz v a—2 & A
LA MERMELE (17%, a/f =1/99) (entry 3), fEH L7zilRO 7 Vv a— X (XB L% 1 mm 2
FEORBETH D0, WML O 7V 2 — 2% 0.1 mm LL IR0, ZORENNEROM B X
ONy FHTORBMEEL L6 L (ERESH), 14-UFX 2B LTHWD & HRE
DIRTILEY 1T 25 270 (64%, o/fp =1/99) (entry 4), 1,4-T A FH 1L THF & TR
PERT A =% — (EfY) 2 CIHEMmIE L 72 D28, KBRAOZRIE (AN) BN Z b, 7
Ja—AHEORIGHRERORMERm E L, 7V av K 7 N EARmE LTELL EHERIL
2o — 0. EMMEIAEECTH D PV TIIAMEOAERME 5 220 > 7= (entry 5), & 5732550
REtORER., Zfi7ze 7 va—2% 3 YeEfiHT 2502 Kki#EE Lz (78%, a/p = 1/99) (entry 6),

£ 2.1 LSO EEAL

MOMO
MOMO oH -
OO MOMO  OMOM MOMO  OMOM
OH
/ OMOM OH OMOM MOMO o OMOM
HO%O' 6 (1.0 equiv.) ﬁ/
HO HO + HO °©
5 OH  DIAD (2.0 equiv.) 4 OH Y 4 OH o
(1.0 equiv.) PPhssogsé(?]t(‘ec:twv.) p-glycoside 6-O-acyl-p-glycoside
entry solvent Er" (AN)  glucose (mm)** time (min) 7 (%)’ /B of 7 8 (%)’
1 DMF 0.386 (16.0) 1.0° 45 60 49/51 0
2 THF 0.207 (8.0) 1.0° 45 7 1/99 13
3 THF 0.207 0.1/ 45 17 1/99 29
4 1,4-dioxane 0.164 (10.8) 0.1/ 45 64 1/99 8
5 toluene 0.099 (-) 0.1/ 45 0 - 0
6° 1,4-dioxane 0.164 0.1/ 30 78 1/99 0

“E;N : solvent polarity parameter, AN : accepting number for hydrogen bonding. “DifcoTM Dextrose (cat. No. 215530) from Becton
Dickinson Inc. “Approximate size. “Determined by crude "H NMR using 1,3-dinitrobenzene as an internal standard. “Used as

received. /Glucose was ground using a mortor and ultrasound irradiation. éGlucose (3.0 equiv.).



HE AEEMARA O

BOETCRM Uik sc 2 A, B Ao SEEAE A B Lz (R 2.2), IBVRD VR
Vg E WA, FTEOILAEY 9-13 ZHREDINERTH D 2 LN TE 1=, ARSI &4
TINAREIRNC 7 ) a v AL TEDREDRH O WIVR U BED a-fk#F ETOE X VLB S
oot (BIZITAERY 11), FEBRINVA CBEESHFKE L THWZIGE THME R < BIGIE
EITL (14-20) . RIEDOWRIAWVEREERAME A MR Uiz, TF, EMia~DRAEHEFE L LT,
MBAFEE T ) — AR E U CRIAT 2 3EI%E Y AT ABRRF ST 5 Y, FIBAAITSH
% chlorambucil O—BMEN ARG 7Y 2 2 AL ZITWMEEY 13 21572 B IR O LR E
K OMIRZMER T 2L, 2,6-VATF NV LZEEFBRERNCE Z A, PRICK L TREDEE (92%)
T B-BIRIZTVav R 18 25252 La M Lz, DARVBELOSEREEIZLIY, v
AU HIEREN KN L CTAHE L D VR BB ORIENINZ b & BER LT,

= 2.2 PEZAERO@EAEE (1)

OH
o DIAD (2.0 equiv.) OH
HO :
HO Ph3P (2.0 equiv.) HO 1) Nu
HO + Nu—H (1.0 equiv.) HO
5 O , . OH
1,4-dioxane, rt, 30 min
a-D-glucose (3.0 eq.) 9-20
% {\Q % % CH,) @ %
OMe
56% (a/p = 2/98) 48% (oa/f3 1/99 62% ( ot/B 2/98)
OH
o (CHa)s j
OH
OH 42 66% (ot/ﬁ 1/99) . 14
64% (0/p = 2/98) C' 66% (c/p = 2/98)
F
o ” ﬂ
o)
HO
% HO%O 5 %
OH
OH 15 16 OH 45
65% (a/p = 2/98) 53% (a/p = 2/98) 59% (o = 1/99)
OH Me OHO ﬁo OHO \Q
0 BN o0 g
HSO%O HO 0= HO o~
O Me OH o o)
OH 19 20
92% (o/p = 1/99) 76% (a/p = 1/99) 86% (a/p = 1/99)




WIS T VIR VBRSO REZ RAKZ R LT (R 2.3), 7H A X F (pK,=83in H,0) * & h
FEELTHWEEAS, T2 7 ) ay MRELAEEON R -T2, FOBEEOEWT T2
nn 724K (pK,=75inH,0) P 25 & 71% ICRTILAY 21 2527 (o/p = 1/99).,
Fo, WIEREO Y BEZHOTZLICEY 222 R_RUP U ALK T 2 RO Boc KDY =2y

Mz L, AbEY 22 257, (51%, o/p = 1/99),

® 2.3 AR OEMAHEME (2)

OH
Ho 0 DIAD (2.0 equiv.) o
HO PhsP (2.0 equiv.) HO NR,
Ho | + R.NH (1.0 equiv.) HO
H
5 1,4-dioxane, rt on
a-D-glucose (3.0 eq.) 21,22
oH © OH Ns
o o) /
HO HO
N N
0 cl OH 22

not obtained 71% (a/p = 1/99

51% (o/p = 1/99)2

aDIAD (4.0 equiv.), PhgP (4.0 equiv.) were used.
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FEVUET  BOBE R R IR OFRRY S T 4B L

RITEN E TS BRER O — 2 R L0 T, REZERERRAMOGHRICET 5 2 Ll Lz,
T D —RAGHEM T, TINEEET D7) ay RREFIEL, 7 U EOREECALE DIE
WS SARIEICE S LT D Y B DT ) ~—hic 7 VR AT AR R LA Sh
Do HEHDORH UTIRGE T L 3 — 22 HWADSREIN 7Y 2 2 BIER 2 G REFE R KRR
B ARV ED L E LT,

Perilloside B (24) 1% 1993 4, Nakayama ©I|Z X > C Perilla frutescens 75 HBE S V=€ / 7L
XA NEHERTHY, 7 POKBETT VWV N—RBMELILET I EnFREINT (R ¥
— L4 2.10) ', EESRMET. S-SV EE (23) EEZRKE LTZU 3 BRI EITV, LR
HET N a—A0E—THET perilloside B (24) ZARK L7 (71%, o/ = 1/99),

DIAD (2.0 eq.)
'“,'40 PhSP (2.0 eq.) %
23 1,4-dioxane

(3. 0 eq.) (1.0 eq.) t, 30 min perlIIOS|de B (24)
71% (/P = 1/99)

O

R % — L 2.10 Perilloside B (24) ®— B2 G AL

Hag =T, 7V a—2AFRICER TN AT VRS LG5S ETR) 72/
—VECHER CTH 0 | PUEBHEMECHL Y A VARG E 2 SR e EMiEME 2 ", ITHETIE, TuX

SVHENT VI NA v —J{DJRIK E DT I a4 K B-X7F FOERBEMNET D Z L NHES
NEEEZEIEA TS 2 ko e # v =V HOARIL, WAL S B KER 5L O (77 - B AR & RS 12 RS
SHHMERFIETH T, EFHEOMFE LI BIRE TV a— 2% FH0 D SRR 7 v =2 v fbik
ZRAT2 2T, TV R—RE BRI EEEEZRT -7 va bl y (27) P27 va—2n5
2 TRTARLE (RE—L211),

BnO
0
BnO o OH
OBn OH
OH BnO 25 (1.0 eq.) H OH
o on OBn  pyOH)c HO %80
HO DIAD/PhsP (2.0 €d) 1o 0 2 HO
HO% L HO ﬁ (o) oBn [ OH I OH
(350 eq )OH 1,4-dioxane OH 06 © Eto":fﬁ')atone p-glucogallin (27)
71%, (o/p =1/99) 4h, 95% (2 steps, 67%)

A% —L 2.11 B-Glucogallin (27) ® —BEPE4 ARk
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HHE  SOSHERS O T
HW—IH D-ZNa—ADT ) ~v—RYE KL

B ETCTRELEZ U a v bR, BEE D-Z7 v a— A6 —BE ST Y a v R
BHZTE0 TR, @y BRI EREL L, 20 B-ERMEOREIICERZ D | SOSHAE 7
MrCEL Y AT, EEAIECH 5 1,4-dioxane 1TERE T L a— 2DBRETH VY | ISR IR
WL T\, Zva—AOEMEEZSET 5 B TIT DA N R O B2 726 Lis (5
THE RO EBRIE), Z OMRLEEO B R A EEINCRHE TR ZL 3 — A ORI & SRS TR
E LIRS, HEHIX D-Z v a— A0 BRIEEEZ RT 2 LIZRn 20z (B 2.5AB), BLERZE N Z
L2, DMSO-ds; T TO 'HNMRAIEIZ L > T, 2O v a—2DHERIT o-7 / ~—OH V7
AT VUAT—THRINTWNWDHZ ERHHLE (B 25C), ZVva—AD7T /~—RMEERiE, BE
ZIHEITH LT, FNEFNKBEEN DT T AT VA BN R LI LD CE 5 2 5
NTW5D ¥ 55 CLLTFOEETITE A7 L a—24E R, 55-115 CORTIZEK a-7 L o — 2§
fa, CAVLL EOIRE TIREK -7 va— @B Gons, LENICEK a7V a— 2%
60-80 C CRIpFE THRIE SN D ¥,

(A) : (B)

ng(\?‘y

10
H)\\\\\\m\\\\\\mk)un[mlinnlim\mm

©
4H + HOD DMSO
A
Hia
OH 4.88 ppm, d, J=3.2 Hz

HO % 1H

HO o

Y 1H
OH
D-glucose
(Becton chkmson Inc) et A

6.0 5.0 4.0 3.0

® 2.5 (A) D-Z Va2 —AOHMEEEE (B) D-7 V2 —ADRNEFEMIEETE (C) EH L7z D-Z/ =
—Z® 'HNMR A7 kL
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B OIH D-ZNa—ADT )~ —RMERE ST AEIRM: & O FE R

EHESE—ET, HHLTWE D-Z L a—2AN a-kOHE—T AF LA ~—Th 5 2 &34
L7z, WEMOT /)~ —(LONARELEDN B BIRMERBUCEE CH D B2, Falll R LS
D-ZNa—Z%&EELE LTI 3L ERUS ORI 2 A Lz (% 2.4), 7o b U MEBIER
BChD AL )=V, TV a— 22 T 52 LT, = A V{bL D-Z b a— X & FHH
L7z (B 26), “EAXAVLSHEEIT NV a—REREFRFICHLIZEZA, HEMDO o- KO IZ
RN, BBIRPERNIA 5 2 &N 7- (entries 1-3), F 72, ARG TILBEZE 72 I 4h 5 AN B
S, e b oMEBERBETH D DMF FTIE, a-D-ZVa—REHEME LIEZSEATH ap
DIREW % 5 % 7= (entry 4),

HOD DMSO
OH
TFA (cat.)) HO O
5 —m>» HO
MeOH HO  OH
rt, 20 h o/ =51/49
OH
AL
5 HO OH Hht
MeOH HO H..
rt, 20 h a/p =78/22 1
OH
HO 0
HO o
HO oH
a/f} =100/0
6.0 5.0 4.0 3.0

B 2.6 D-7 /L 7 — A0 "HNMR A~ WL ”'”'
R 24D- 7NV aA—ADT )~ —RIEREASSHRIRMEIC 52 5 8
OH benzoic acid (1.0 equiv.) OH
Ho ﬁ% DIAD/PhP (2.0 equiv.) HO %
HO HO
OH OH 1,4-dioxane, rt, 30 min OH OBz
14
a/p ratio of solvent yield of 14 /P ratio of 14
D-glucose
1 100/0 1,4-dioxane 66% 2/98
2 78/22 1,4-dioxane 79% 18/82
3 51/49 1,4-dioxane 76% 38/62
4 100/0 DMF 60% 49/51
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R DSTRAL RS R OFE XA IRSA R X D A T D 2 & | R OSSO SEASERIR M B
BB ENBIER SN Z L0, PRIND B-BIUERIO A I =XA L% B2.7 1T, £
T Y as FEATFROFTEM S LT a-D-Z /a2 —ARNIERE L KIS L TAHF I RAKR=
LA 28 NWAEL D, X VARAR= Y AHRIKOAERIT 5 DOKEEOM CTEERIRBICH D
KA & ORISICH L TEMIEABR T R VX =R/ N 2T ) ~— i~ T F — 4 & v
RABR =T A TREBEBRSSDH#EITT 2 (Curtin-Hammett £REINME) , B-27 U =3 GG 23N
B2 DL LT, X THRABR=U L 28 ([ZXT 57 VILREAID SN2 REMEIG (B 2.7A) .
H DL SN BUSMZE S THEKRT D o HNENIIZHEA 4 2 R L FFE 29 (o -CIP) (Zxd
% B EERRIKEELE 272 (B2.7B), 728, REUSZITBEREEZENH Y . DMF &% H
Wb E af DIREME G 272 (60%, 0/ =49/51), Z/va—ADT ) A UVAKIZIET 1 N o PERREYR
ECH D DMF R CEWZ ERH LN TWD 729 (] 2.5) *, RIEITEBIT 2 RBED B IT S EE
KOZMICERT 2D EEZ 2T, TR0, mIEEE R CIIHRMEE LTEL DM 3 DORE
B RDNAERE 720 BEBIREE TR LSRR L 725 S\2 HEREICHE T Syl HEHEIC & 5 REZE
JENMERE L2 EZDND, SHIT, V=R A F U5 LSFE 30 (LIP) % #/H L7=7-%. DMF
W CIX o/p DIRAEWME G 272 L HERIL - (B 2.70),

OH R |t
OH HO &P /&o
RCOH

HO

DIAD
PhgP / O‘PPh3 \ oH
\ o =y 0,
/ B-glycoside
O (1,4-dioxane)
Ph3P® RCO,H \
Curtin-Hammett wCIP@9) o PPN
situation u © OH
" l e
PhsPO ™" loose ion pair (LIP) (30) — OH “O
’ \/q(‘)H in DMF o,B-mixture \\<O
(DMF)
X 2.7 TR
& 2.5Moshy 52K 5 o-D-27 /b =— A D FpEALEE
time water DMF DMSO
e o (%) B (%) o (%) B (%) o (%)’ B (%)’
1 90.5 9.5 98.7 1.3 98.3 1.7
15 71.0 29.0 98.3 1.7 98.3 1.7
30 60.0 40.0 98.6 1.4 96.2 3.8
60 49.0 51.0 - - 96.5 3.5
210 - - 97.6 24 - -
16 (h) - - - - 96.2 3.8

“The anomeric ratio of D-glucose was determined by gas chromatography.
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HoIH BC —RIFANLAZN R ORE

AIEHETIZ B-Z U a v RERRMICHG25ELE LT, RPTCELEA~AITEY — U a-FF
V$X$:¢A¢%%Kﬂ¢6%§§%®&@@%@ﬁm(ﬂzmw\&5wm&&ﬁmmﬁo
THEUD o EPENINT CIP IZXT DR/ B miERABELZHER L7z (8 2.7B),
2V IALKIGIZ BT 2B IRE 2 EBRIEFZMICH O T 5720, T/V_Fﬁf@ﬁgmmmu
BENET ZHE L (R 2.6), W< ONDZY a3y Z—PIC L DHNKSRRIGE O E 7Y
2 3 ARG O SOCKERESRAT Tl 7/ ~—IRFEO—KFMAERZD RS FIH S v s 34 JeqTa
ZEiC k. Syl BT ) a v MBLKIGETIET J ~—IRFED o —RFEMEHEN 101 Lo/ hs<
(KIE £1.01), Sy2 I THiuE, 1.02-1.06 OFDfEE L CHBHI SN D (KIE=1.02-106) Z & 2NHiE
ENTND B, FHFORE LU a v ALRIG T, BEftGARE LT o-T /~v—2HWND 2 &
NRETHDHT-D, TR E LTRICAD a-D-Z/va—RA&EH\w, KIRFFIEED BC #FHLTT
) < —IRFBICBIT D EE RO RN R EZRE Lz, “C —RENMNEZEOMEIZX (1) »EHHEH
L7 %, 7ok, BHE FIIAEMY 14 ©® 'HNMR IR E L TEH L, WIho=> h U —Th,
TN a— R HKT HEIERDITBRN ST, {bEW 14 ORE G212, Ry KOV R, 137/ ~—
RFEICEIT D PC FNEEETH D, 73 LRISIZBIT 5 RN RN R/ TH 5 & T4
S5 C@) REZNEEREL L P, PC OERE NMR HIED SRR 2320 L7 (EZRIES
LEYN

KIE = In(1-F)/In[1-(FR,/Ry)] = ky/ky3 £ (1)
F'ﬁ%%@wﬁﬁ

 WHEYOT )~ —
R, Eﬁ%@?/v

B 5 C FALIARESE
B 5 PC FALLIARESE

eI
eI

£ 267 ) ~V—RFD BC —RFENARLN T

OH
'

o BzOH (0.2-0.4 equiv.) 1'000k o 1.027 (avg.)
HSO% “ DIAD/Ph P

5 OH 1,4-dioxane, rt HO oH
a/p =100/0 14
Entry BzOH (equiv.) Conversion (%)’ o/p KIE (298 K)
1 0.2 14.6 1/99 1.026
2 0.2 16.6 1/99 1.024
3 0.4 25.7 1/99 1.030

“Determined by crude "H NMR using 1,3,5-trimethoxybenzene as an internal standard.
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B REE NMR 2& (800MHz) KONV I 4 A7 u—7 ORIk v, &8 NMR HIEDREED
R DY T ) A4 R Bl a R L. (1863-2658), =m0 BC E&HE D H D
BB S, T ) ~—REOFRNMEFEE 1.027 EHE L7, ER L2 KIE B2 Edo S\2 K
® KIE (1.02-1.06) ® FIRITIZEEYT D EnD, KT U a U ALISIEA 4o a2 RO SN2
TIOBEBREEARA L TNDZERHALMNE -7 (F2.8),

OH
HO 0
HO o
HO
5 OH
DIAD room R +
PhgP temperature OH °b /&
OH KIE C(1) | HO o0 o OH
o =1.027 | HO AV Ho 05 R
HO - | —> HO O%
HO HO O o 5
28 1 0 > “PPhg )
G loose Sy2 TS B-glycoside
PhoP® " (1,4-dioxane)

Curtin-Hammett
situation

® WO
thOM
OH

B 2.8 THIERINE

7 2 ARG E, —RIZAF Y =0 AR EZ BT 5 Syl B CHEIT I 508 RiEIT SN2
TIHE CHEIT T2 Z ENHB L=, SN2 M7V 3 v bR, EEO 7 v—F1c kb | R
EESAFATERWEAD BB Z U ay REEABRIEE LTS T2 ™, ks Tid,
WYNCRE LB 50 S SRR T o- Y 71— bR a- by L— F R4 5 2 L
HATHDLOILKR L, RIEOELS#E o-D-7 NV a—2AEEEHA VDA, 72D CICERT p- =R s
Uay REEAEZBRTE 2 AUTERICHET 5,
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FONHT BEL AR O — B E O ET

FHE CRICHEEZ A L0 T, BA# o-v' 7 / — A Z D S\2 A g7 U =11k
HEO— IR E BIE L, BE G ARDBR%EZ1T o7, £9°. DMSO-ds 1 C» 'HNMR HIEICZ LY
MO D-Fvm—A 31) B o-RKOHE—~TY T AT LA~—L L THEAETDHZ L2ERLE (R
2.9), AWFZETHAH L7 D-Z /L= — A (Becton Dickinson Inc. % 721% nacalai tesque) & O¥ D-F
H—2 (TCI) DOHFZERIED T /23T / ~—REELICET 2 RER ol T b DR
HEET )27 ) v —BMERIEEDNMIT OB E LT, BT ) —ADT ) v —IKE
EN, R CHH 7 v N BRI CESGIZ=E A VLT 52 L KT U a v b n—
RENC AT Y I N_=y AFEZ R L TEITT 5 2 &I SN D,

DMSO
3H + HOD
Hia
HO 0 4.83 ppm, d, J=3.6 Hz
HO o
HO On 1H
D-xylose 1H
(TCI, Japan.)
OH
HO 0
HO o
HO
D-glucoseO
7J- (Becton Dickinson Inc.) . Y A L
6.0 5.0 4.0 3.0

%
<

4.831

E29D-F>2—Z2D 'HNMR A7 hL

BFORITCRM U slE St T, 31 2GR 2,6-0 A FIVELEER (32) #RESAERE LTHNY
BE S2%INET B-IBINMICFTED 7Y 2 K 33 24572 (o/p = 4/96) (RF—L2.12), ZOH
FIE, RENELRE o-B 7 /) — At 5K E L THWD 12-trans B B-=IA 7Y a2 v A4k
IR A TE D REMEZ RIE L TV D,

HO % Me O DIAD (2.0 eq.) Me
HO 0
oH —
31 Ve 0 Me

OH
D-xylose (3.0 equiv.) 32 1,4-dioxane 33
(o/p = 100/0) (1.0 eq.) rt, 30 min 52% (a/p = 4/96)

AFx—L212D-F v — Rzt HR L35 p-RIRAY 7Y 201l
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HEE SRR~ U REDORR
BTE AT R OB ORISR )T E

BB E CICEBAR#E -V T ) — R 2R T 27V a—2Z8 1 2-trans 7V 223 K OFESEE % BAS
Lice —H. v /=28 12cis 7V a¥ FEEIZ, €T ) — A8 2 (L7 7 VEREDNK
EBI O~ ) — 2B 1 2-trans BLEEZENLT DT /<~ RIC X 0 CRBRIROBENRETH
HEVWHIREMMRHD B, ZoMBESORRIE, BEAEBEHN RN O LEEOH LB TH D,
INETIKHEEINTERZ B-~ 2 /Y REROT 7u—F % B/ 210 (o Lz, Bt 5RO GR#
HICTREZES LS TFRT 7 2 iEZfr (B 2.00A) =0 S2 M~y vufkiE (8 2.10B) °
REREEN TS, F£72, p-Z Va3 R (B210C) “R2-7 Fp-27YasF (H 210D) ¥% -
v )V RICEWRT L7 ) al ERER O IASFIHINTWD, WIno 7 7 a—F HIR#ED
FIARRNERVSEBEERTHY ., p-~ v /) ¥ RERITFEFIRDOIRMEFRERR TH D H 8N H
%

PGo. OPG

PGO 0 o
PGO

X
PG = 4,6-benzylidene acetal
or EWG etc.

B l Sn2 mannosylation

L
(o) !
PGO OR intramolecular pco. OR? Post-glycosylation PGO
PGO .0 aglycon delivery (IAD) 0 nucleophilic displacement PGO le} 6
PGO . PGO B_ort PGO OR!
PGO ott
X A
B-mannoside ¢
Post-glycosylation D
hydride reduction

PGO
(0]
%0 A o

(6]
B 2.10 fXEH 7 BRI~ ) ¥ RERTE

i E COERE D-7Va— 22 WAL 7 ) a3 bRISE TR, a7/ ~—&2HFEE L S22 Al
EHN S 2T 52 & T B-@®IRMEE K LT, =2 T, ¥ %E a-D-~v> / —RIZEMT
X, HEEDREE LY 1,2-cis 7V a2y FOBEBENRFTHEBIEORBIC SRR’ EELT (R¥—L4A
2.13),

Ho—HO
HO HO
HO OH
HO activator | o .0 Nu HOHO 0
34 OH HO ——> HQ Nu
D-mannose room temp. LG SN2 el _
o/p =100/0 ,2-cis glycoside

RE—L 213 Bif#E~ L ) —RAE PR E T 5 KnKE
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BT USSR OREA L

BT RM LI RESIE T, a-D-v 2 ) — A (34) ZRELGAK, 2,6-F A FLEZEEME 32) &
WSRKRE LT Y av ) MbGz {To72E 25 (& 2.7, TREOWNETCHED~Y /K 35
Z B-IRINMINZH 272 (46%, a/p = 13/87) (entry 1), 45 DA/ EAMRBONAREE L X AL &G
FEATIC KL D IRE Lz, SISIEEE 006 M IZ LTZEA . S4%IET -~/ v K 35 #1537 (entry
2)o ARISORIERME LT a-AF N7 av K 37 2R L, (LAWY 37 3BZ 5L, 1,2-p-
TARF UMK 36 2K L, 72 FTHWEAY ) —ART )~ —(L THEL T _EHNIE LA
)T D EHEN SN D, IR R % Mgt U7z, THF &L CIE 1,4-dioxane IEBEDG A & [FIFE
JED B-BIMENFHL LN, BINKRTH 72 27%), ZHUTHLESRME T TO a-D-7 /L 3 — R & ff
ERELTHWD Z ) av Mbs ERI T Th 72 (5B 81, 7T b 14-UA4 %5
MV AARABTEEER 2 W 723556 O N AREIRIEITKGE CTH - 7= (entries 4 and 5), FE 34 D 2 {if
T % T VKRR O BRI -2 X 2 BISUS O PR D T2 | INERE X ONZARRINE I UG8 O R 13
oM, RIEITERE~ Y ) — AN DR BN -~ ) VIUBIEIZ R V155 TRt &
%

£ 2.7 GG O R b

(e}
CEK >
HO . HO
0 Me HO OH Me
HO 32 (1.0 eq.) 0
HO - HO 0 Me
34 HO o

OH DIAD (2.0 eq.) 35

(g.(;) 22’) PPhs (2.0 eq.) Most hydrogen;( were :ear?]oved for clarity
solvent, rt, 30 min
entry solvent conc. (M) 35 (%)* a/p (‘H NMR) byproduct
1 1,4-dioxane 0.03 46 13/87
2 1,4-dioxane 0.06 54 14/86 37 (24%)
3 THF 0.03 27 12/88
4 acetone 0.03 28 43/57
5 1,4-dioxane/toluene (4/1) 0.03 37 23/77

“Determined by crude '"H NMR using 1,3,5-trimethoxybenzene as an internal standard.

Major side-reaction

HO - HO OH
HO K HO 0
HO -0 0.0 work up HO
HO —  HOJ —_— Ho
quenched with 37
@,\Spha 36 MeOH OMe
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FINET Al

LR a-D-7 v a— R B WD B BRI 7 Y o v U biEZBF L, A7 B — %

BTz, 7o, Bt GARO —EMEEZRRB LIEHER a-D-F 2 —2A KN a-D-v> /) —AZHWN5
& BRI 7Y a U ARIEDO BRI E o 1o, RIEIZZERR 5 O —BBESLREIN 7Y 221k
EA~OBERNSHIFECE ., Pl EOREBE R OB, BEHOAEMFNEROMAE T T
LAEREMEDN B D, F T SOSHEIEIRATICE Y FLA RS R, BREE T ) — 2D a-7 /~v—% S\2 &
REBEHINCE ST B-ZVay RABBTEZ L EHOENI L, 5%, BROICATARER
ARG -7 /) —RIZHER LTSRN 7 ) a v BRSO ENFE SRS,
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fofn —

B U= UHORRRL

Varand

—Hi JEATHIE R OB OWFTETT#

Wi D “WARPEIZ X, TAhaA R, TARIA R, 798 ) A4 K, P R=VERE =
REVNHDHNB, ZOIHE = ATF R EREE, BERRRE LmWEtE b o amo
W ThH D, ¥or=rOiEIIEZ7eH L (tanning) ICHWHONTE 2 LIZHKT D, 1970 FAX
FTEHY = DL FEEIIEBE TR E SN TE LT, A X RE TEOABADO B Z 5
MO SIZRAY (X =) L LTHLR TV, 1976 . BELIZ X - T, A5 1L
TER LN MBS ) avanb P =4A (38) NHEE-#EERESHZ (8 3.01) %,

OH HO OH

OoH
HO -
HO OH HO galloy =
HO (S) OH OH OH
O o HO o on oy OH

HO ° OH HO
AR X g
o ° OH HO ¥
o “OH o

O\
o (o)
o
o o o . 60
5 HO ¥
Cren e O S
Ho (S) on <S> o HO
HO HO OH

o HO Ho

geraniin (38) X-ray structure of 3847 pedunculagin pterocarinin C (41)
OH

HO OH HO on
HO (3) o™
HO (S) 9 O OH
(S) OH
O wo N o Do
3 o HO
HO O 0\/
O

© ﬁ o Q O OH (s) OH
) on HO O oH

HO

HO

HO
strictinin (39) tellimagrandin Il (40) Ho agrimoniin

(euginiin)
® 3.1 Geraniin (38) M MUKW =T V& =4

T =Ar 38) IEABWRERMET I OR = THhY M, MO E—bEmE L TH
HCE 722 EBEEEIC D72 A 572, 1998 4E Dauter 5121V 38 OfEEEE X BT S,
ZTOEDELEREMT LN YV, =T VX =T D-7/L 3 — 2D PEKER IR A TR
TRATNREG LTBEZ AL L, S TaA VEPBIMIC Bt Liz~F e Raxo o7
x /AL (HHDP) HAKMET IR 7= ) —AEEHEATHS ¥, =73 0% = HHIZS BT
HHDP JDERL°0 -RITOmILE) 8l X > TEEEREZEKR T 578 & EENZERME 2 85T
58 BHLDF T = A ORERELZLEEL LT, BEETIZ 1000 BBz 0%
= VHEMEETE S, AR EMIEE LG SNEIT VWD, FEHIE. oI VH = UR
TR T DTS SRRIEDS . SR EMTEEZ AL T Z LICEkE b %@nw—yﬁ > {AEIED
OB 72 A IR T 5 Z LT Lz,
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UTAE WP O ESEIR A B BE AL IS BT 2 AFZE TR S ICRB S h T 5 . T IFZE=E Tid. 2007
B, MEICEW Sy 7 1 2B L. 7V av R 2 O 4 (F RKBBIEERY T v b6
ZBR%E L7- (B 3.2A4) O 72, ARSOBRELERMEZER L, e R EEEAGFE T TOAlg 1 28
D-7' ) 3y FEEEBEICRMT s 2L LTS (B 3.2B) . “J:VFmﬁ%%ﬂ
B RERALIEIZ R R & A TV N Y, (ERIE RO k27 AWE 024 KR
ISR L2 BIERER BN TWS (B 3.20)

cat. 1 (10 mol%)

o
OH CgH¢70O
L6 (i-PrC0),0 (1.1 equiv.) i—Per 4 .. g NN FLW JLOCBHW
o 817 HN X
HO B_0CgHs HO

Z NH
HO collidine (1.5 equiv. h
: 2 " CHCI —(20°cq24r1 98% 'e'd
¥ ’ 99% site- selectlvny cat 1
B 0 HO
HO 6
Ho -2 ’ o RJ\O 4 °g o R= NHCOR2  OAc
OAc
o N p_o (RC0),0 HO X7 . - /(j
\ cat.
RO OR 'Y OR' Y %X i-Pr
X=OH, N3, NHCbz 78-94% site-selectivity
R'=Bn,H
c /Q/\/Z(
RCO)O ﬁ o
5 fo
] then HF-Py R=TES
pterosuieB cat. (one-pot deprotection) . R = H :multifidoside C

78% yield, 90% site-selectivity

B 3.2 FrEHFZEE THR%E Lo B AL E SR IRA E RE bk

TITVUH U= VHOERKREEN E LT, BREMEEIT O MEB RO SRR ~DT v 7T Mk
ﬁbt(l3@ Tirbbh, MIRE S L a— AUEBEOBHILE L O H v A VI A ER AL EER A
ICEALTWL Z & T, BEEFIIZOLESDDEMAFT—L (5 TR) TIEED 5 @@73124’/1/%
ERAGDOEEAN XTIV TV a—AFER 42 ZREICHETED, TOFIEICLY, RERK
®ﬁﬁ’tlﬁéﬁ%@$%lﬁﬁ“®ﬁa5%@%?%5&%xt07w:~x®ﬁﬁ%R%E
REAbICiE, MEREREORE AL L SND0, TR E U @& IRME O Wl 2 - 720
ER&%%%T%%%ﬁl%ﬂmﬁéé«/&7/wfw:~x®ﬁﬁé%Mﬁm%ﬁﬁébﬁ
HIETZIVE L= DIEESHRIEEZ —ZBITHEETE L E R T,

v Jw [ ]

/OH iii) I:] iv) II] Q\E

o further structual 1)
o ) diversification \-0
HO five steps -~ SN \ T 0
HO P oo o= ~ ] — %‘/‘,\N b
naturally abundant sequential & site-selective v
D-glucose functionalization 42

comprehensive access
to ellagitannins

33 XUETINANTNAT R 42 O7a T T AEMKENTT VR = OaFERS A
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TV~ T7000 1 OEE R
(EC 1.10.3.2)
gD I N—T Ko TzTvH =
% (A 3.5),

A ENTRY, HxTLE&ERET DT v —BREESR
IZ X T B-pentagalloylglucose 23f2{t &4 HHDP EAAET 2 (E 3.4) °
VO EERMITIC
Fio, T U =T A RO TN
ity (B 3.5B) ©. 7= /=Ly TR & (B350 *lcyflTE 5,

—J5.
BiF 5 HHDP JOAAKR ST
T B (B 3.5A) 2. WEHAEMEY 7 = RO
HFEEEY 7 =

YD E T NI AT WAKIZE-S < HHDP HEAEZUEAIT, @hitERF 2 HE L?‘J‘%L%/\EJZ“C% 2 IR

»HsbH (H 3.5B),

TNa—2AEHETOH v ) RIS TR, BEERIC LA RES

LXK

%%’&<ﬁ%M5SMW)mmP%ﬁ??x%vﬁ%m%’%ﬁéM6%@#%5 ;of X

\ZIFET D R KO HHDP #iEZ G CT&x 2 X 7N A7 BB, KR OREERE B
J:U\%%@;uﬁ@@é\ﬁk%‘iﬁﬂiﬁk LTRMN W T 7Pa—FThb, £7-, Feldman HIZ XKD 7 =/
— VO L) & kI HK-S< HHDP HEOMEIX, AR E M LR -2 ICENTZ FiEmTH

% (A 3.5C),
BEEMEOL T ) TR
Yamada HIZX o TikINn TV 5

@’Q

B pentagalloylglucose

E 3.4 HHDP J: D /E & ik !

A52b
Ph /T 7’/@

iii) oxidant
/d/ b 65%

OBn

BnO
B53c O
BnO CO.H

i) i-PrMgBr
iiy CuBr-SMe,

(R)
L e L
BnO o OBn
PhX0 OBn
&& _EDCHHCI BnO O
(R) OBn

DMAP
DCM, 75%

45%

Pb(OAc),
o ob/o
pyridine, DCM
Ph OH XPh
°© 0"

E 3.5 HHDP X4 fkfl

EC 1.10.3.2

>

laccase-type
oxidase

OBn
— B
Ph—X-O o °
O o
OB
BnO O
(S) OBn

BnOg,o BnO

LLBNS, By 7Y U TRBRMA L L CHERMBET = /) — L Z T W28, i
EMEGZ2HE NI B

AR EORMESE R Z T\, 2 ORES %A,

(5 f RF¥F—L31) 7,

OH

HO
O OH OH
o}
HO o OH OJ'O OH
SR o A
o} o
o e
HO SN

2 (0]
o s
OH 1
HO OH = hexahydroxydiphenoy!
OH

(HHDP)

tellimagrandin Il (40)

H
OH o
¢} OH
OH

O
s
(S O OH

HO 1o OH o4 sanguiin H-5

e
—_—

OH

OBn

OBn
OBn

O (¢] o) (0]

HO O
— (R) Q OH

—

HO 1o OH opH Cuspinin
BnO
BnO  0OBn 0OBn OH
OI:|O OH
Ph~X_0
o [
HO %
—_— (0]
o) — A=
(s) OR o OH
e o, (5
§_ Qo
R =Ph,CorH ®

HO
HO  oH oH
pedunculagin

mixture of regioisomers
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% H1  Strictinin @ & EHERNG
B WmEOEER

Strictinin (39) 1% 1982 4, Okuda 52 X > T Casuarina stricta XV BB #EERESINTZ=T
Zr=rThHY (B3.6) °, Pif 7Nz oL VAFEREZAETSZ &0 Suzuki HIZE - TH
wmENT- Y, Strictinin (39) D4AFLIE Khanbabaee (1997 4F) *® 72 5 NI Yamada (2013 4E) % 5
WX o CTER SN, AT D strictinin OEERKIT, WITNH RARICEFICHEET H I La—R
~MEERABEAT S TREALIMED P 2013 £ Yamada HD 39 OEAKRKEKEZ RE¥—L4
3.1 [ZFC# L7-, Yamada S, FijEiCTib-X7= Feldman 5|2 X% HHDP KA & A iz b
CEAIC X AEE (B 3.5C) #chBE L, MR b/ 7 I VEEIRTFEIE T, XY = 2 — D4y
TR > 7Y o 7N K D HHDP JEOERIEEELHRE Lz, RTRZgEE L, 7 ra—
AN 13 TFT 39 O EER L TS (13 TR, BRIE 78%), Z OEEEILRINEICHE
NIZREFEMEDOE LV — N TH D0, BEEOABALFEO & A T1E T 2 BEKER I O IR - DOk
BEAZ IS SHEMEZR B RRIE DN B D ST o TV D RARER L7, 37205, 4 13 TP 10 TR
AR E ENIRVMEEIE DO PLEERIEICERL SN TV,

OH
HO OH

OH
HO C)
HO ‘ (0] OH
(6] O— 6 OH
[e) o
Sx2vo L
OH 0
strictinin (39)

B 3.6 Strictinin (39) DL FAEE

BnO OMOM

MOMO
HO
o Ac,O AcO 1) EtSH, ZrCl, Ph o 1) BnBr, NaH HO COH
Hﬁ)o NaOAc ACO% 2) NaOMe,MeOH /vo o 99% HO 0 EDCI-HCI
EE— EE—— —>
OH OH 100% AcO OAc  3) PhCH(OMe), HO SEt BnO SEt —»
D-Glucose ’ OAc CSA, DMF OH  2)1MHCl 0OBn DMAP
92% (3 steps) 99% 99%
OBn 0OBn
MOMO OMOM HO OH
OH
BnO  OMOM BnO OH Cucl, BnO
O  iPrOHMHCI n-BuNH, O
MOMO o HO o ©° "o o} :
95% 100% o %%
o ° o SE
t O gno SEt BnO t
OBn
OBn B0 g,
BnO
OBn
cocl Hy
o (0] Pd(OH),/C
BnO oH EtsN 4>99°/ OH
oBn Gl ° strictinin (39)
( a/p=2/98) 13 steps, 78% overall

ZF—L 3.1 Yamada &2 K 3 strictinin (39) DA~
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IR R RRRAT

% i —TE TR L7 strictinin (39) D E DA RRIRIE /2 5 NI EEIC X D AR EZ B 3.7
|27~ L7-, Khanbabaee™, Yamada® & IZFRELAZ WS RMENTICHIY . 7 ) ~ —(LICiEME L L, o

OH

OH

m%%m@@’%%g%%ﬂbt$W%43%ﬁ%bfbt(I3WU —J7. FHEITEHEAR RN
MMWETOEREEZIHST-ALEICHEEEAL TV Z T, (REXOPERIEL R/NRIZTX S &
ERLZ, Tbb, BE#ZI/LVa—2E2HEYLE L THrAL (G) % G (FH) 6@ (R G
(%) DNATZHE K EE I AL B IR IRNANE AT, BRI RAY) 39 £ THITHAEETH D (KB
3.7B),
D-glucose OH 8 O@Rz
Gl = OR!
f o e ) e
rotective grou c . " o)
OH P tst:ategsi/ P HO 0 O 6 OH ) G1 i) G2 i) G3 HI-?O%
PGO N Svie —— © H%%O OH o
® pGo Ref 55 - OH 4§ site-selective and a-D-glucose (5)
43 total 13 steps sequential functionalization
from D-Glc
& 3.7 Strictinin (39) DA ALk

readily available

strictinin (39)

Strictinin (39) OFEMZR M SRk fETZ2 B 3.8 IR LTZ, £, D-Z/La—2A (5) OF J~—/LIZ
SERBBIRIIZ T X U ERAEAT D (step 1) WIS, 16N Y 2L RO 4 (08 oKz A
Z T o b5 (step2), Z D LR TIEL, HEEAFIET D KEEFEDO/L BRI O Wi & 7
R 2 H 5, Step 2 THUMBEHIFNZ X - TILFRIRMEDO W N R S LD & step3 TiL 6
W — ﬁ*%%m%gxxmﬁm@’%onM%Rm’7vw%%%AT%é&%itommp
HEOMHEEIT, Yamada DO HEEZSEITHH T = /) — LD WL —Eikic L vito 2 &l L
7245 ZEFEICHESEx . S a— G 3 TETKARY 39 ﬁ)ﬁﬁ‘éﬁﬁﬁ%%i‘ﬁﬁi\ e
bty s » 7V v 7RG E O RKIGHEICHE S T2 B T RO FAERIC LY 39 FTELS, EEE S
Jb a2 — A DOAL BRI E GBS LI L 2 MR BCPE R O RS BIIRTEH 23 720 < | ARG AL H
HNSTF v L P IR CTh D, iz, BEME 25 REEZOHIE, KOEIZERT S
TR ER ShIE., TE I REBRRFE L 25,

OH RO OR?

OH
R20
@ g removal of R2 R?0 o é:o OR!
HO 0.6 R@@—( © OR
o H%% o omdatwe , H%ﬂ o
OH phenolic coupling R20 OH o OR

strictinin (39) substrate-controlled
step 3 U chemoselectlve acylation

B-selective catalyst-controlled
OH glycosylation site-selective acylatlon

HSO%H ° Y@ —= @%%Y@

(Chap )]
a-D-glucose (5) step 1 step 2

[ 3.8 Strictinin (39) i & EkAEHT
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= fi Strictinin D25 EL

i

T CHOW ARSI S X T DI T—RADT ) — i ~DT a ¥ HOE A
EiTolz, H _ECHBELIEEBLEHE I Va—22H WD BB 7 Y a biBic k> T, %E
TEERER 6 AP, BL# o-D-Z NV a— AR R E UL CLAa T 2157 (78%ILE,
a/p=1/99) (RF—L 3.2), 1,4-UA XY NI TENRERAPRE S D INEBTH 203, (UVBR
e L CTRBEOT 2 FUbFIAARETH D Z L2 LN Lz, AEIFREMARMIGERETH Y,
FRPESMEIZE9V Y MOM LD 3 fRIT Bl S e o 72,

|

[0}

MOMO oH
MOMO  OMOM
OH MOMO

o OMOM OH OMOM
HH% . 6 (1.0eq.) "o { o
HO HdiXi:;Qp/o

5 OH DIAD (2.0 eq.) OH
(3.0 eq.) PPhg (2.0 eq.) L7
1,4-dioxane, 30 min 78%, a/p=1/99

DIAD (3.0 eq.) ) .
< PPh3 (30 eq) > < 57% NMR yleld, 0./[5=1/99 >

acetone, 60 min

AF¥x—L320D-7Va—RAEHND5 BRI Y 21l

PRIZH RSN LD 70 2> N 7 O 4 (25 oK RN T > Wb ROS MG L7z (&
3.), 7 IVHEML GRS LT RO LR THFRNBRLI T » 7Y o 7 ORIERK L 72 5 /37 it MOM,
AHLNi% Bn TIRELZEAEFRREKY 44 AWz, £, 2N E ToKBESME I/, fil
B 1 AAET, —40 C T 72 BERBFRLIC & 2 A, FTED 4 (L7 2kl 46 DAERKIT 18%HL
W E o7 (entryl), ZOFRKE LT, BFEERTEREI VAR BREEKY 44 &bl 1 OREZ
7 CNVEBSBAFTHY , 7oA e ) V=0 AR ERPBIRRE CTh 5 Z & RHEH S
ND, £, T V=0 AHFRED S IE~OT L OVIEERA OGS EI T2 & il o A
EHZT VLANCHRT DT L ATy REEDEIAET D, ARBHEROS Tk, —BREEAEEER I
BT VALRGEIR D53 1N T 3 AR O AT RENE & Rl < | FERn e B E D O SRR E O K &
W 2,4,6-2 ) DU N EEIE STV Y, 24,6-3 0 DD pKy KT 7.59° THDHD
Wt L, e 1 OFF LD DMAP @ pKy 13KHT 929 TH 5, T742bb, WHICBITD
7' b ALOfEEEE#IIE DMAP (2R 5, 207, AKIGHRTHMIGOEITICHE > TREREZH
TOAME 1 PMEIREIZRY . SHICEFEERGTERI VAR CFRERY O S AR > TROSH
FENMETF LB T-, MEERREEZRFFL-EE 70 bqbick b 1 OREREORNIE L E # 2
% H )T CHCIy/2,4,6-collidine (9/1) DIRAIEEE (2,4,6-collidine = 18 X&) 1. 10 mol% il 1
fFET., 40 CTRIGEATS &, B VILEY 46 OPEMNE LT (entry2), —J7, fiklit 1 77
ET., 20 CT 24 B LB E., 4 M7 oMK 2 AR & U CHEZ8, TR ON E®R
R E o7, (entry 3), MEEIRMET 07 7 A WICKH DB RIRERDNFIX, 4 A7KEREEERIR
B 7R B 7 S B RS TIRIE b= b r E—THOHFENRE W L 2RET5 ¢ Thbb,
fRIBE AN I 2 30 L7238 R E LT BRIRIE 2R D 2 & T, ST 2 KBNS RIR I N2 &b h
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5o X E L TT VRIS OREMBEE U T S LD DMAP 7/ T, iR T 24 KIS &
HDHETUHELRT IMMEBREIT L, 23%D T A KON ) 7 U ABIRIEAE Y. 1%D 6 (L7
JABIE, 11%D 4 27 2B, £ LT 24%D 3 (i 7 2 U BERE ST (entry 4), Z OfEHE
I, Albert HIZ LD ANVHR U REKY)E DMAP Z W=7 Y a > ROT U ALONLESERRME: 7 o
T A IV EHLL TV P D3N TSR E Ol b 2 it L, 0.04 M TG Z{T - -85 A12k
G 46 % 91%INFETH 272 (entries 5and 6), 7235, 0.05 M, —40 CTIFEE LS D 7 0o
BV A TORBMED T FONRD A% L7z (entry 7).

%31 7V a3y R 7 OB 4 (KEEEESEIRM T oAb D St fxib

OH o o

6, BnO OBn

HO 4 o o BnO OMOM
f_0G MOMO
HO - MOMO OMOM OH

3 “OH oBn 44 OBn OBn g0 OBn

7 ) BnO HO o oG
OMOM catalyst (10 mol%) 0 o

(1.05 eq.
o} + OH + MOMO 3  OH
OMOM o 6 o 0 o o 47
6= CHCly/collidine (9/1) HO %oa o~ 06 5o
OmMOoM temp, conc. HO H + others
0 72h 45" 4 O (di- and triacylate)

entry cat.  time (h) temp.(C) conc. M) 45(%)" 46 (%) 47 (%)’ others (%)’

1° 1 72 -40 0.02 0 18 3 (70% recovery)
2 1 72 —40 0.02 1 83 4 3
3 1 24 20 0.02 0 54 21 6
4 DMAP 24 20 0.02 1 11 24 23
5 1 72 —40 0.03 0 85 4 0
6 1 72 —40 0.04 0 91 6 0
7! 1 72 —40 0.05 - B B -

“'H NMR yield using 1,3-dinitrobenzene as an internal standard. b2 4,6-collidine (1.5 equiv.) was used.
“2,4,6-collidine (18.0 equiv.) was employed. “White suspension. “Not determined.

0 o 0 o
Me H H
CgH170 N? FB\WN \)LOCSHW Me CgH470 H U\«H \)LOCSHW
"N
|\ + AN o o 7 NH R + HNTN gINo’/NH
Me N7 “Me fﬁ == | @
~
| © NZ Me” "N~ "Me =
H

No
cat. 1 2,4,6-collidine b
cf. pKaH of DMAP (9.2)60 pKaH (7.59)59

28



WA B2 fiat Uiz, Ent-1, 1 O T AT LA~—0 48, ent-48, N OA~FIILT I N
1% 2 A EH IS 5 49 OALE BRI T > A bIZ 81T 2 AR & FEAm L 7= (l39> SR =) IS~
2 (LB XV 5 ALoMERLE A 1 L[EC S (ROt 48 KT 49 Z W56, TRIETH
LD 4 (IR T S ALRERHERF S LT T2 (entrles9and11) —F., Bnm J VU 2 u
BEO S MLOMIELED R KO ent-1 KON ent-48 ZHWIZGE LEWM T OT 2 1kIC
T 5 4 (RIS EET, BT VR OREME 5 27 (entrles 8 and 10), _ﬂ%@‘f‘i%
MmH, 7V ay RO 4 fKEERIEERIRG T 2 ALABEAEA ORBCIIE e ) UV 2 LB H W 5
MICERLENTZT 2 FANR = VEDONARRCEN EICEE L, RSO T 2 BRI R R AR
EEHDTND Z &zﬁﬂ*ﬁéﬂé F o ARRLIEMEDIR 4 (LKEEE~OZRIRW T > ALK G %
SlEE I 1 ZHW8HE, thofhliz AU 7ZERCBII S 2R 7 o AL IR  (others
LRI BELNT. %/7//1/4I:1M>$55z75>rﬁiu‘_0 INEYW 7YV arv R T 04 (kA
DOFRBEERENC L 2 7 L MESS DI MEIC S BRTH DL Z LR RIS,

m I;* *@ e, _ouon
MOMO OMOM MOMO
" 44 OBn g 0Bn OH
" BnO (0]
(1 05 eq.) HO s
OMOM catalyst (10 mol%) y o)

+ o) . Mowmo 5  OH
omom CHCly/collidine (9/)  HO 0 07N ° © aOcyiat
6=y 3 oG HO oG BnO (3-O-acylate)
OMOM -40°C,0.04 M. HO OH
o 72h 45 OH 46 + ot_hers )
(6-O-acylate) (4-O-acylate) (di- and triacylate)

catalyst examined

H H H
CgH17,0 )N}(S_) (s \)LOCBHW CBHWOJ((J,N ,(S) R 0CgHy7 CGH15/N7/S§‘) " 9 N Catys
S
HN S o/ \ 7 NH HN \;/ 7 NH omo
| X
N7

49
(45:46: 47 others) (45: 46 47: others) (45:46: 47: others)®
=(0:91: 6:0)2 =(15:35:10:16)a =(11:42:15:15)2
CsHﬂo//(’\RLN 5 H R~ 0CgHy7 CgH170 78 NW{B) NLS)LOCBHW
HN X Z > NH HN 7 ZNH
ﬁj O alH NMR yield using
N 1,3-dinitrobenzene
ent1 ent-48 as in internal standard
(45: 46 : 47 : others) (45: 46 : 47 : others)
=(21: 3: 6:21)2 =(11:14: 4:16)2

B 3.9 (k& 7 ONLERRINT 2 AABIZI T 2 Al
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WAL EY) 46 O 6 (L —RKERFLEIN A o A b2 Et L (RE—L 3.3A), fidalE L
T DMC ZHWS Z & T 6 H - MKBEICT U VEEZEALEZ (12%), ZOfEREZT, 7V
AR T DUVRyY b 46 MAKBERRKS T b2 ER LT (RE¥—L 3.3B), filtlitHlHEc
X5 4 MAKBEERNT OB, ZHRICITT I VEE AR E L THW - VR BEEKY 44
ﬂ%Uébt“awﬁwf/ksowﬁfféo___ﬂ BARIEMZDZ LT 50 27 VLt h
wELTHAAL, BREOHR TROLKIGMEDE W 6 M —fKBRECTe A VIEZEALT, U
ViR y hTEEY 51 %: Bt ZOLEHIT LT a-D-Z /N a—RANnE 2 TFETEMN L T A EE R R
SRW) strictinin (33) DA FIE 2L ERINVICHE T DHZ N TE T,

A o}
B ™\
HO OBn Me—N _N-Me MOMO  OBn
OMOM T cr- BnO
OBn cl "
* 50(1.0eq) DMC (4.0 eq.) BhO 0
BnO o OMOM DMAP (10 mol%) o . o] OMOM
OH MOMO OMOM
MOMO /6&/ OMOM o 4 0
o - o
CHCl5/collidine HO
BnO Ho OMOM afc0 BnO OMOM
OH /pyridine OH Io)
46 5°C,18 h 51 (72%)
B o OBn _
OMOM
o DMC, DMAP

OMOM cat 1 oH 50 Pyridine

OMOM
. S
/&/ Bno 0 51
OMOM OH °
—40°C MOMOQ—/( 6 o 5°C,8h 51 %
72h H% oG (one-pot)
BnO

46 OH

ALY T DOULEY b 46 FOKEELRIRED T ot

fe< 3 TREZKR LAY 51 % strictinin (39) £ TEW- (RF—L4 3.4), PAdOH),/C ETOK
FIMz L vbE®m 51 OXCUNVEEREL, T 8T 7=/ —L 52 157 (98%), %:zm“
VN AL ) — ARG HACER 7 X VR AR WD T = ) — v Do NI bR Bkl
C HHDP ZEABZAEE L CTIbAaW 53 & Uiz, A+ 28t RF I, B de éw%mdmow
LG SIS (KOH T 27 LA~ —L LThy 7V I RKE 27, SRS T AbEY 53 ©
MOM KEZfREL, Fa—AhE 5 T T strictinin D2/ EER L72 GRIER 21%),

[0}

MOMO
S a MOMO  OH OMOM OH

MOMO HO OH HO OH

OMOM HO O conc. HCI HO O

MOMO S /i-PrOH  HO (s
CUC|2 O /THF O HO OH
Pd( OH )2/C n BuNHg HO o (1:50:50) HO % o
T ﬁ % e® - o
THF, rt OG cHelyMeOH H&/OG 779% HO o

98% rt, 70% 53 HO HO o
strictinin (39)

5 steps from glucose (21% overall)

A % — L 3.4 Strictinin (39) DA
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HEVUET Tellimagrandin IT }2 TY pterocarinin C D& i Hik i

Tellimagrandin 11 (40) © } X pterocarinin C (41) * 13RI U+ % b O BIEE KM TH 5

(B 3.10), M KAAYIX HHDP HOZEEALE NS F72 U | tellimagrandin IT 23T~V R 7 A L A
65 fzﬂ?ﬁ‘@élﬁb pterocarinin C I TMRIEER C Nl sh s, B8 B31 0koice
T8 = CRITIRF RS E S RN & AT 2 RINWRE Cd 2 53 HHDP JEDOZREALE 12 Z D SRR

%%ﬁ#é*l&@ofméo
2
03

regioisomeric
natural product

OH

OH HO OH HO HO

tellimagrandin Il (40) pterocarlnln C (41)

B 3.10 Tellimagrandin II (40) K O® pterocarinin C (41) Dfb57A% S

Tellimagrandin II (40) K O} pterocarinin C (41) DD EEAITZFNEH Feldman (1999 4E) ¢
Khanbabaee (1997 4£) ® Hic k> Ci#EK SN 7z, Feldman Hif, AAKEM LT =/ —/LOR
{bry —BAkicF-3< HHDP Bk (55— B 3.5C) 28T E L, (Ri# 7L a— 2 HRIE 54
510 TR, MINE 1.1%T 40 ~&E 7= (RF—L43.5), F£7-. Khanbabaece H X, 7 I KD
ANXYE FeF YT 2 VORI T D TN AT IS X D ERw B s e L, R
E NV a—AHRK 54 b6 TR, I 14%T 41 ~L 850 (RE¥—L4L3.6),

‘ i i OTBDMS 3 Ph
i }‘L OBn P ‘ o Ph o e
3 = OBn G'= (o] i TBDMSO o o %ph
| OBn (o} Ph ! 3
A Pho 1 Ph o s

/vo 0 o o  OTBDMS

OO0 OBn(0-NOy) o
PhXo ﬂ, o] 1) 15, MeOH 0.0 0OBn(0-NOy)
%o > 0Bn(0-NO,) lich o - P
n(o-NO,)  steglicl OBn . o
54 OH esterification BnO OBn 2) G'OH 0Bn
78% OBn oBn steglich  BnO OBn
BnO esterification OBn OBn
67% BnO
R = CPhy, H
H
—_— ol
OR HO OH
RO OR HO ©
R = CPhy, H RO 1) AcOH HO
RO (5) 2) BnBr, NaH O
1) TBAF O 50% o

- RO

. O 6
o 4
0_s : oﬁ
2) Pb(OAc), 07 04 o 3) hv, 66% o
51% 0._0 OBn(0-NO,)  4) GCI, EtgN, 41%
0 5) Hyo/Pd, 30%
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I. GENERAL CONSIDERATIONS

All reactions were carried out in an argon atmosphere under anhydrous conditions, and were stirred
with Teflon-coated magnetic stir bars. Anhydrous acetonitrile (CH3;CN), 1,4-dioxane,
tetrahydrofuran (THF), N, N-dimethylformamide (DMF), methanol (MeOH), chloroform (CHCI;),
dichloromethane (CH,Cl,), isopropanol (i-PrOH) were purchased from commercial suppliers and
stored over activated molecular sieves. All other solvents were used as received unless otherwise
noted. Yields were referred to isolated yield of analytically pure material unless otherwise noted.
Reactions were magnetically stirred and monitored by thin-layer chromatography (TLC) using
Silica gel 60 F254 precoated plates (0.25 mm, Merk). Visualization was accomplished with UV
light and p-anisaldehyde stain followed by heating. Purification of the reaction products was carried
out by flash column chromatography using Ultra Pure Silica Gel (230—400 mesh) purchased from
SILYCYCLE, unless otherwise noted. Infrared (IR) spectra were recorded using a JASCO FT-IR
4200 spectrometer and are reported in reciprocal centimeters (cm™). "H NMR spectra were recorded
on JEOL ECX-400 (400 MHz), JEOL ECA-600 (600 MHz), Bruker Avance 800 (800 MHz), and
are reported in ppm using solvent resonance as the internal standard (acetone-ds at 2.05 ppm, CDCls
at 7.26 ppm, CD;CN at 1.94 ppm, DMSO-djs at 2.49 ppm, MeOH-d, at 3.31 ppm). 'H NMR data are
reported as follows: chemical shift; multiplicity; coupling constants (Hz); number of hydrogen.
Multiplicity is abbreviated as follows: s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet,
sext = sextet, dd = double doublet, ddt = double double triplet, m = multiplet, br = broad.
Proton-decoupled °C NMR spectra were recorded on ECX-400 (100 MHz), ECA-600 (150 MHz),
Bruker Avance 800 (200 MHz), and are reported in ppm using solvent resonance as the internal
standard (acetone-ds at 29.84 ppm, CDCl; at 77.16 ppm, CD;CN at 118.26 ppm, DMSO-ds at 39.52
ppm, MeOH-d, at 49.00 ppm). '°’F NMR spectra were recorded on ECX-400 (376 MHz), ECA-600
(564 MHz) and are reported in ppm using 1% trifluoroacetic acid in D,O (=75.9 ppm, "°F) as an
internal standard.”’ High-resolution mass spectra (HRMS) were obtained using JEOL-DX 700 mass
spectrometer for FAB and Impact HD (Bruker Daltonics) for ESI. Specific rotations were measured
with JASCO P-2200 digital polarimeter using the sodium D line and are reported as follows: [o]p'
(c = 10 mg/mL, solvent). Melting points were measured with Micro Melting Point Apparatus
PM-500 (Yanagimoto) and are reported in degree Celsius (°C).
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II. REAGENTS

Glucose was purchased from Becton Dickinson Inc. (Cat. No. 215530) and used after grinding (see:
Preparation and properties of powdered D-glucose). D-(+)-Xylose was purchased from TCI and used
after grinding procedures. D-(+)-Mannose was purchased from nacalai tesque and used after
grinding procedures. 3,4,5-Tris(benzyloxy)benzoic acid,”' and NsNHBoc'* were prepared according
to literature procedures. Cu was activated using I, and conc. HCI aq. prior to use.” n-Butylamine
was distilled from CaH, prior to use. Cat. 1, ent-1, 48, ent-48 and 49 were prepared according to
literature procedures(”(’l. CHCIl; was stored over aluminium oxide 60 active basic (0.063—0.200 mm,
Merk) for the regioselective acylation of glucoside 7 catalyzed by 1. n-Butylamine and
2,4,6-collidine were distilled from calcium hydride prior to use. All other reagents were purchased
from commercial sources and used without further purification.
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General procedure A for -selective glycosylation

- o DIAD OH
HO/&‘ PhgP HO O N
HO + Nu—H —— > HO u
OH 1 deci OH
a-D-glucose »4-dioxane

A round-bottom flask was charged with powdered a-D-glucose (3.0 equiv.) and dehydrated
1,4-dioxane (0.03 M of a-D-glucose) under an Ar atmosphere (Note 1). After ultrasound irradiation
of the suspension of a-D-glucose in 1,4-dioxane for 15 min, glycosyl acceptor (NuH) (1.0 equiv.)
and PhsP (2.0 equiv.) were added. DIAD (2.0 equiv.) was added dropwise by syringe and the
resulting mixture was stirred vigorously at rt for 30 min (Note 2). The reaction mixture was
quenched with MeOH, stirred for 5 min, and concentrated in vacuo at 40 °C to give a residue. The
residue was directly purified by flash column chromatography (SiO,, CHCI3;/MeOH 50:1 to 5:1 v/v)
to give the corresponding 3-glycoside (Note 3).

Notes
1. Reagent-grade D-glucose from Becton Dickinson Inc. was used after grinding procedures (See
below section).
2. DIAD should be added dropwise by syringe (ca. 1 drop / 3 sec) after the orange color of each
DIAD drop disappeared in the reaction mixture to avoid possible side reactions.
3. The product is a highly polar compound so that the extraction procedures should be avoided to
prevent product loss.

Preparation and properties of powdered D-glucose

(a) Particle sizes of commercial D-glucose from Becton Dickinson Inc. (Difco™ Dextrose) were
around 1 mm. (b) About 5 g of commercial D-glucose was grinded with an 8§ cm-diameter mortar in
open-air for 5 min. (¢) A suspension of the powdered glucose in 1,4-dioxane was irradiated with
ultrasound by an ordinary laboratory cleaner for 10 min prior to the reaction. (d) Powders of
grinded glucose was not uniform, whose particle sizes were <0.1 mm.
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Polarization microscope image of commercial D-glucose

We noticed that D-glucose we used was identified as single crystals by polarization microscope
(OLYMPUS SZ60 microscope with the polarizer SZ-PO) as shown below, while we measured the
particle size of commercial D-glucose (Difco™ Dextrose, Becton Dickinson Inc.). Interestingly, this
single crystal consisted of o-anomer of D-glucose. (a) Microscope image of D-glucose. (b)
Polarization microscope image of D-glucose.

(a) o~ (b)

5 b

o §QQ
ol 20 3‘0—-) 40" 50
0 A

Anomeric ratios of several commercially available D-glucose

The anomeric ratio of D-glucose was determined by '"H NMR in DMSO-d, (ca. 0.6 mL) + 2 drops
of D,O at 293 K immediately after D-glucose was dissolved. While D-glucose epimerizes easily in
protic polar solvent, the epimerization of anomeric hydroxyl group of D-glucose in aprotic solvent
is known to be slow.”

Reagent Supplier Cat. No. a/p ratio
Difco™ Dextrose Becton Dickinson 215530 o/ = 100/0
D-(+)-Glucose, Anhydrous nacalai tesque 168-06 a/f = 100/0
D-(+)-Glucose KANTO CHEMICAL 10017-30 a/f =99/1
D-(+)-Glucose, ACS reagent SIGMA-ALDRICH G5767-25G a/f =96/4
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Specific procedures and characterization data

1-0-(3,4,5-Trimethoxymethoxybenzoyl)-§ -D-glucopyranoside (7).
MOMO

OMOM
OH
HO
OH o)
7

General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (27.0
mg, 0.15 mmol, 3.0 equiv.), 3,4,5-tris(benzyloxy)benzoic acid (15.1 mg, 0.05 mmol, 1.0 equiv.),
DIAD (19.7 uL, 0.1 mmol, 2.0 equiv.), and PhsP (26.2 mg, 0.1 mmol, 2.0 equiv.) in 1,4-dioxane
(5.0 mL) for 30 min, affording glucoside 7 (18.1 mg, 78%, a/p=1/99) as a white amorphous powder
after purification by flash chromatography, eluting with CHCIz/MeOH (1:0 to 5:1 v/v). Analytical
data: [a]p*’= -14 (c 1.0, MeOH); m.p. 137-139 °C; TLC (CHCl;/MeOH 5:1 v/v): Ry= 0.46; 'H
NMR (600 MHz, acetone-d¢+D,0) 6: 7.57 (s, 2H), 5.70 (d, J = 7.2 Hz, 1H), 5.31-5.28 (m, 4H),
5.19 (s, 2H), 3.82 (dd, J; = 11.7 Hz, J, = 1.8 Hz, 1H), 3.68 (dd, J; = 11.7 Hz, J, = 4.8 Hz, 1H),
3.56-3.42 (m, 13H); *C NMR (150 MHz, acetone-ds) &: 165.1, 151.8 (for two carbons), 142.3,
125.8, 112.4 (for two carbons), 99.0, 96.1, 95.9 (for two carbons), 78.5, 77.6, 73.5, 70.8, 62.2, 57.2,
56.5 (for two carbons); IR (KBr, cm'l): 3380, 1720, 1591, 1335, 1208, 1082; HRMS-FAB" (m/2):
Calcd. for C19H,30,3Na [M+Na]" 487.1428; found, 487.1427.

1-0O-[2-(3-Fluorophenyl)acetyl]-g-D-glucopyranoside (9).
OH

(0]
HO
Hoﬁ@o
OH 0

9 F

General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (300
mg, 1.67 mmol, 3.0 equiv.), 3-fluorophenyl acetic acid (85.9 mg, 0.58 mmol, 1.0 equiv.), DIAD
(164 uL, 0.84 mmol, 2.0 equiv.), and PhsP (219 mg, 0.84 mmol, 2.0 equiv.) in 1,4-dioxane (56 mL)
for 30 min, affording glucoside 9 (99 mg, 56%, o/pf=1/99) as a white amorphous powder after
purification by flash chromatography, eluting with CHCl;/MeOH (50:1 to 5:1 v/v). Analytical data:
[o]p”'= +8.3 (c 0.81, acetone); TLC (CHCIly/MeOH 5:1 v/v): Ry = 0.24 '"H NMR (400 MHz,
acetone-d¢t+D0) 6: 7.39-7.34 (m, 1H), 7.17-7.13 (m, 2H), 7.07-7.02 (m, 1H), 5.53 (d, J = 8.0 Hz,
1H), 3.81-3.78 (m, 3H), 3.66 (dd, J= 12.8, 4.8 Hz, 1H), 3.48-3.39 (m, 3H), 3.35 (t, J = 8.8 Hz, 1H);
BC NMR (150 MHz, acetone-ds) &: 170.4, 163.6 (d, Jor = 241.4 Hz), 137.7 (d, Jor = 8.7 Hz) ,
130.9 (d, Jcr = 8.7 Hz), 126.4 (d, Jcr = 2.9 Hz), 117.2 (d, Jcr = 21.5 Hz), 114.5 (d, Jor = 21.6 Hz),
95.8, 78.5,77.9, 73.8, 71.1, 62.5, 40.7; ’F NMR (376.5 MHz, D,0) &: —114.0 (s); IR (KBr, cm™):
3606, 3542, 2937, 1742, 1619, 1587, 1491, 1447, 1344, 1252, 1141, 1073, 1049, 1010, 894, 791,
679; HRMS-ESI (m/z): Calcd. for C;4H,7,0,FCl [M+CI] 351.0624; found, 351.0641.
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1-0-[2,2-Dimethyl-5-(2,5-dimethylphenoxy)pentanoyl]-f -D-glucopyranoside (10).
(B-D-glucose conjugate of gemfibrozil)

OH Me
HO O \\>< /O
HO o (CHy)3
o)
OH
10 Me

Modified general procedure A for the synthesis of glycoside was followed, starting with
a-D-glucose (200 mg, 1.11 mmol, 3.0 equiv.), gemfibrozil (92.6 mg, 0.37 mmol, 1.0 equiv.), DIAD
(291 uL, 1.48 mmol, 4.0 equiv.), and Ph;P (388 mg, 1.48 mmol, 4.0 equiv.) in 1,4-dioxane (37 mL)
for 1 h, affording glucoside 10 (74 mg, 48%, o/p=1/99) as a white amorphous powder after
purification by flash chromatography, eluting with CHCl;/MeOH (50:1 to 5:1 v/v). Analytical data:
[a]p”’= -0.2 (¢ 1.0, MeOH); TLC (CHCl;/MeOH 5:1 v/v): Ry = 0.54; '"H NMR (400 MHz,
acetone-d¢t+D,0) 6: 6.96 (d, J = 7.2 Hz, 1H), 6.70 (br s, 1H), 6.62 (d, J= 7.2 Hz, 1H), 5.50 (d, J =
8.0 Hz, 1H), 3.95-3.93 (m, 2H), 3.79 (dd, J = 11.6, 2.0 Hz, 1H), 3.68-3.64 (m, 1H), 3.47-3.29 (m,
4H), 2.25 (s, 3H), 2.12 (s, 3H), 1.79-1.76 (m, 2H), 1.23 (s, 3H), 1.22 (s, 3H); *C NMR (100 MHz,
acetone-ds) o: 177.2, 157.5, 137.0, 130.7, 123.5, 121.2, 112.6, 95.0, 77.9, 77.0, 73.0, 70.3, 68.4,
61.7,42.5,37.3,25.3,25.1, 24.9, 21.2, 15.8; IR (KBr, cm™): 3386, 2933, 1734, 1615, 1510, 1471,
1419, 1387, 1268, 1120, 1073, 806; HRMS-ESI" (m/z): Calcd. for C;1H3,03Cl [M+CI1]™ 447.1777,
found, 447.1780.

1-0-((S)-6-Methoxy-a-methyl-2-naphthaleneacetyl)-f -D-glucopyranoside (11).
(B-D-glucose conjugate of naproxen)

OH Me

(0]
HO
o) OMe

OH 11

General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (1.0 g,
5.55 mmol, 3.0 equiv.), naproxen (426 mg, 1.85 mmol, 1.0 equiv.), DIAD (728 uL, 3.7 mmol, 2.0
equiv.), and PhsP (970 mg, 3.7 mmol, 2.0 equiv.) in 1,4-dioxane (185 mL) for 1 h, affording
glucoside 11 (452 mg, 62%, a/p=1/99) as a white amorphous powder after purification by flash
chromatography, eluting with CHCl3/MeOH (50:1 to 5:1 v/v). Analytical data: [ot]p>’= +21 (c 1.0,
MeOH); TLC (CHCI/MeOH 5:1 v/v): Ry = 0.38; '"H NMR (400 MHz, acetone-d¢+D,0) &:
7.79-7.76 (m, 3H), 7.45 (dd, J=8.0, 1.2 Hz, 1H), 7.27 (d, /= 2.4 Hz, 1H), 7.13 (dd, J = 8.8, 2.8 Hz,
2H), 5.52 (d, J="7.6 Hz, 1H), 3.97 (q, /= 7.2 Hz, 1H), 3.89 (s, 3H), 3.73 (dd, J=11.6, 2.0 Hz, 1H),
3.58 (dd, J = 12.0, 5.2 Hz, 1H), 3.49-3.29 (m, 4H), 1.52 (d, J = 7.2 Hz, 3H); *C NMR (100 MHz,
acetone-ds) 0: 174.0, 158.6, 136.5, 134.7, 130.1, 129.8, 128.0, 127.2, 126.9, 119.7, 106.4, 95.6, 78 .4,
77.6,73.5,70.8, 62.1, 55.6, 45.8, 19.4; IR (KBr, cm™): 3390, 3191, 2976, 1742, 1626, 1606, 1268,
1225, 1189, 1101, 1065, 1025, 858, 822; HRMS-FAB" (m/z): Calcd. for Co0H405 [M]" 392.1471;
found, 392.1468.
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1-0O-[3-(4,5-Diphenyl-1,3-oxazol-2-yl)propanoyl]-p -D-glucopyranoside (12).
(B-D-glucose conjugate of oxaprozin)
Ph

General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (200
mg, 1.11 mmol, 3.0 equiv.), oxaprozin (109 mg, 0.37 mmol, 1.0 equiv.), DIAD (146 uL, 0.74 mmol,
2.0 equiv.), and PhsP (194 mg, 0.74 mmol, 2.0 equiv.) in 1,4-dioxane (37 mL) for 30 min, affording
glucoside 12 (108 mg, 64%, a/P=2/98) as a white amorphous powder after purification by flash
chromatography, eluting with CHCl3/MeOH (50:1 to 5:1 v/v). Analytical data: [a]p>"= +4.0 (c 1.0,
MeOH); TLC (CHCI/MeOH 5:1 v/v): Ry = 0.46; '"H NMR (400 MHz, acetone-dg+D,0) 8
7.65-7.58 (m, 4H), 7.46-7.34 (m, 6H), 5.55 (d, J = 8.4 Hz 1H), 3.82-3.78 (m, 1H), 3.69-3.65 (m,
1H), 3.50-3.41 (m, 2H), 3.36 (t, J= 8.4 Hz, 1H), 3.21-3.17 (m, 1H), 3.04-2.95 (m, 4H); *C NMR
(100 MHz, acetone-dg) &: 171.7, 163.1, 146.0, 135.6, 133.2, 129.7, 129.6, 129.5, 129.3, 128.9,
128.5, 127.3,95.5, 78.3, 77.3, 73.4, 70.6, 62.0, 31.2, 23.5; IR (KBr, cm™): 3367, 1753, 1570, 1443,
1363, 1328, 1173, 1077, 1029, 763, 690; HRMS-FAB" (m/z): Calcd. for CpsHysNOgNa [M]
478.1478; found, 478.1480.

1-O-({4-[Bis(2-chloroethyl)amino]phenyl}butanoyl)-f -D-glucopyranoside (13).
(B-D-glucose conjugate of chrolumbucil)
OH cl

0 (CHo)s j
oL
OH O N
13 8

Cl

General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (711
mg, 3.95 mmol, 3.0 equiv.), chlorambucil (400 mg, 1.32 mmol, 1.0 equiv.), DIAD (518 uL, 2.63
mmol, 2.0 equiv.), and PhsP (690 mg, 2.63 mmol, 2.0 equiv.) in 1,4-dioxane (132 mL) for 30 min,
affording glucoside 13 (405 mg, 66%, o/f=1/99) as a white amorphous powder after purification by
flash chromatography, eluting with CHCl3/MeOH (50:1 to 5:1 v/v). Analytical data: [at]p>'=+3.2 (c
1.14, acetone); TLC (CHCIl;/MeOH 5:1 v/v): Ry = 0.48; "H NMR (400 MHz, acetone-ds+D,0)
7.09 (d, J = 8.8 Hz, 2H), 6.73 (d, J = 6.4 Hz, 2H), 5.50 (d, J = 8.0 Hz, 1H), 3.80-3.70 (m, 9H),
3.67-3.63 (m, 1H), 3.49-3.38 (m, 3H), 3.32 (t, / = 8.4 Hz, 1H), 2.56 (t, J = 7.6 Hz, 2H), 2.39-2.34
(m, 2H), 1.86 (quint, J = 7.2 Hz, 2H); *C NMR (100 MHz, acetone-d) : 172.8, 145.6, 131.0,
130.4, 113.0, 95.1, 78.3, 77.6, 73.5, 70.8, 62.2, 53.8, 41.6, 34.4, 33.9, 27.4; IR (KBr, cm™): 3550,
3307, 2925, 1714, 1594, 1451, 1395, 1316, 1281, 1077, 1021, 711; HRMS-ESI™ (m/z): Calcd. for
C20H290NOCl, [M+CI] 500.1005; found, 500.1015.
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1-O-Benzoyl-B-D-glucopyranoside (14).

General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (2.0 g,
11.1 mmol, 3.0 equiv.), benzoic aicd (452 mg, 3.7 mmol, 1.0 equiv.), DIAD (4.4 mL, 22.2 mmol,
2.0 equiv.), and PhsP (5.82 g, 22.2 mmol, 2.0 equiv.) in 1,4-dioxane (222 mL) for 1 h, affording
glucoside 14 (694 mg, 66%, o/f=2/98) as a white powder after purification by flash
chromatography, eluting with CHCl;/MeOH (50:1 to 5:1 v/v). Analytical data: m.p. 188-191 °C;
[o]p*'= —5.6 (¢ 0.71, acetone); TLC (CHCl:/MeOH 5:1 v/v): Ry = 0.17; '"H NMR (400 MHz,
acetone-d¢t+D;0) 6: 8.10-8.07 (m, 2H), 7.69—7.66 (m, 1H), 7.56-7.52 (m, 2H), 5.73 (d, J = 8.4 Hz,
1H), 3.82 (dd, J=11.6, 1.6 Hz, 1H), 3.68 (dd, J= 12.0, 5.2 Hz, 1H), 3.55-3.45 (m, 4H); °C NMR
(100 MHz, DMSO-d;) 6: 164.7, 133.9, 129.6, 129.2, 128.8, 95.0, 78.0, 76.4, 72.5, 69.5, 60.6; IR
(KBr, cm™): 3550, 3307, 2925, 1714, 1594, 1451, 1395, 1316, 1281, 1077, 1021, 711; HRMS-ESI”
(m/z): Calcd. for Ci3H;60,CI [M+CI] 319.0579; found, 319.0575.

1-O-[(4-N,N-Dipropylsulfamoyl)benzoyl]-f -D-glucopyranoside (15).
(B-D-glucose conjugate of probenecid)

0,0
OH g N(n-Pr),
(6]
HO
HO/%/O 5
OH 15

General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (200
mg, 1.11 mmol, 3.0 equiv.), probenecid (105 mg, 0.37 mmol, 1.0 equiv.), DIAD (146 uL, 0.74
mmol, 2.0 equiv.), and Ph3P (194 mg, 0.74 mmol, 2.0 equiv.) in 1,4-dioxane (37 mL) for 30 min,
affording glucoside 15 (107 mg, 65%, o/=2/98) as a white amorphous powder after purification by
flash chromatography, eluting with CHClz/MeOH (50:1 to 5:1 v/v). Analytical data: [a]p>"=—6.0 (c
1.0, MeOH); TLC (CHCl3/MeOH 5:1 v/v): Ry = 0.38; "H NMR (600 MHz, acetone-ds+D,0) &:
8.27 (d, J=9.0 Hz, 2H), 7.99 (d, J = 9.0 Hz, 2H), 5.76 (d, J = 8.4 Hz, 1H), 3.83 (dd, J = 12.0, 3.0
Hz, 1H), 3.69 (dd, J = 12.0, 4.8 Hz, 1H), 3.56-3.45 (m, 4H), 3.14 (t, J = 7.8 Hz, 4H), 1.55 (sext, J =
7.8 Hz, 4H), 0.85 (t, J = 7.2 Hz, 6H); °C NMR (150 MHz, acetone-ds) &: 164.7, 145.7, 133.8,
131.4, 128.1, 96.4, 78.6, 77.6, 73.7, 70.9, 62.2, 50.7, 22.6, 11.3; IR (KBr, cm™): 3406, 2933, 2877,
1742, 1464, 1404, 1335, 1268, 1157, 1085, 989, 862, 750, 611; HRMS-FAB" (m/z): Calcd. for
C1oH290NOySNa [M]" 470.1461; found, 470.1464.
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1-O-(4-Fluorobenzoyl)-p -D-glucopyranoside (16).

General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (300
mg, 1.67 mmol, 3.0 equiv.), 4-fluorobenzoic acid (78.0 mg, 0.58 mmol, 1.0 equiv.), DIAD (164 uL,
0.84 mmol, 2.0 equiv.), and PhsP (219 mg, 0.84 mmol, 2.0 equiv.) in 1,4-dioxane (56 mL) for 30
min, affording glucoside 16 (89.3 mg, 53%, o/p=1/99) as a white amorphous powder after
purification by flash chromatography, eluting with CHCl;/MeOH (50:1 to 5:1 v/v). Analytical data:
[a]p”'= =5.5 (¢ 1.0, acetone); TLC (CHCly/MeOH 5:1 v/v): Ry = 0.22; '"H NMR (400 MHz,
acetone-dq+D,0) o: 8.18-8.14 (m, 2H), 7.33-7.29 (m, 2H), 5.72 (d, J = 8.0 Hz, 1H), 3.82 (dd, J =
12.0, 2.0 Hz, 1H), 3.68 (dd, J= 12.0, 4.4 Hz, 1H), 3.58-3.45 (m, 4H); C NMR (150 MHz,
acetone-ds) 6: 166.9 (d, Jcr = 249.9 Hz), 164.7, 133.5 (d, Jcr = 10.1 Hz), 127.2, 116.5 (d, Jcr = 23.0
Hz), 96.1, 78.6, 77.9, 73.9, 71.2, 62.5; ’F NMR (376.5 MHz, D,0) &: —104.4 (s); IR (KBr, cm™):
3463, 3331, 2925, 1718, 1603, 1507, 1412, 1380, 1284, 1236, 1101, 1077, 858, 782; HRMS-ESI”
(m/z): Calcd. for C;3H;507FCl [M+CI1]” 337.0469; found, 337.0485.

1-O-(2-Chloro-5-methylbenzoyl)-f-D-glucopyranoside (17).

OH i )
)
HO

General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (200
mg, 1.11 mmol, 3.0 equiv.), 2-chloro-5-methylbenzoic acid (63.1 mg, 0.37 mmol, 1.0 equiv.),
DIAD (146 uL, 0.74 mmol, 2.0 equiv.), and PhsP (194 mg, 0.74 mmol, 2.0 equiv.) in 1,4-dioxane
(37 mL) for 30 min, affording glucoside 17 (73 mg, 59%, a/B=1/99) as a white amorphous powder
after purification by flash chromatography, eluting with CHCl3/MeOH (50:1 to 5:1 v/v). Analytical
data: [o.]p*'= —4.5 (c 1.1, acetone); TLC (CHCl:/MeOH 5:1 v/v): Ry = 0.26; "H NMR (400 MHz,
acetone-d¢tD,0) 6: 7.82 (br s, 1H), 7.44-7.38 (m, 2H), 5.71 (d, J = 8.0 Hz, 1H), 3.83 (dd, /= 12.0,
2.0 Hz, 1H), 3.70 (dd, J= 12.0, 4.4 Hz, 1H), 3.58-3.43 (m, 4H), 2.37 (s, 3H); *C NMR (150 MHz,
acetone-ds) 0: 164.2, 138.1, 135.0, 133.0, 131.8, 131.4, 129.9, 96.2, 78.6, 78.0, 73.9, 71.1, 62.5,
20.6; IR (KBr, cm™): 3590, 3331, 3192, 2877, 2307, 1754, 1714, 1642, 1479, 1399, 1292, 1244,
1197, 1109, 1025, 894, 810, 778, 639; HRMS-ESI" (m/z): Calcd. for Ci4H;7;0,Cl, [M+CI]
367.0333; found, 367.0346.
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1-0-(2,6-Dimethylbenzoyl)-p-D-glucopyranoside (18).

OH Me
HO 0 0
HO M
OH o Me
18

General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (200
mg, 1.11 mmol, 3.0 equiv.), 2,6-dimethylbenzoic acid (55.6 mg, 0.37 mmol, 1.0 equiv.), DIAD
(146 uL, 0.74 mmol, 2.0 equiv.), and PhsP (194 mg, 0.74 mmol, 2.0 equiv.) in 1,4-dioxane (37 mL)
for 30 min, affording glucoside 18 (106 mg, 92%, o/p=1/99) as a white amorphous powder after
purification by flash chromatography, eluting with CHCl;/MeOH (50:1 to 5:1 v/v). Analytical data:
[a]p’'= +4.1 (c 1.0, acetone); TLC (CHCI3/MeOH 5:1 v/v): Ry = 0.30; '"H NMR (400 MHz,
acetone-d¢+D,0) 6: 7.23 (t, J= 8.0 Hz, 1H), 7.08 (d, J = 7.6 Hz, 2H), 5.76 (d, J = 8.4 Hz, 1H), 3.85
(dd, J=12.0, 2.8 Hz, 1H), 3.71 (dd, J= 12.0, 4.4 Hz, 1H), 3.54 (t, J= 8.4 Hz 1H), 3.52-3.48 (m,
1H), 3.45-3.37 (m, 2H), 2.32 (s, 6H); °C NMR (150 MHz, acetone-ds) &: 168.9, 135.9, 134.6,
130.3, 128.3, 95.8, 78.5, 78.1, 73.8, 71.3, 62.6, 19.7; IR (KBr, cm™): 3570, 3355, 2937, 2861, 1750,
1706, 1468, 1427, 1260, 1244, 1101, 1077, 1057, 1-34, 894, 782.; HRMS-ESI" (m/z): Calcd. for
Ci5H2007Cl [M+CI]™ 347.0896; found, 347.0903.

1-O-(3-Furancarboxyl)-g-D-glucopyranoside (19).
OH =
0
NS
HO 0
OH 0
19

General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (100
mg, 0.56 mmol, 3.0 equiv.), 3-furoic acid (20.7 mg, 0.185 mmol, 1.0 equiv.), DIAD (72.9 uL, 0.37
mmol, 2.0 equiv.), and PhsP (97.0 mg, 0.37 mmol, 2.0 equiv.) in 1,4-dioxane (19 mL) for 30 min,
affording glucoside 19 (38.7 mg, 76%, a/B=1/99) as a white amorphous powder after purification
by flash chromatography, eluting with CHCl;/MeOH (50:1 to 5:1 v/v). Analytical data: [o]p*’=
~12.2 (¢ 0.5, MeOH); TLC (CHCl3/MeOH 5:1 v/v): R;=0.17; "H NMR (400 MHz, CD;CN+D,0)
6: 835 (d, J=1.2 Hz 1H), 7.70 (t, J = 1.6 Hz, 1H), 6.92 (d, J = 1.6 Hz, 1H), 5.69 (d, J = 7.6 Hz,
1H), 3.83 (dd, J = 12.0, 2.4 Hz, 1H), 3.69 (dd, J = 12.4, 5.6 Hz, 1H), 3.57-3.38 (m, 4H); *C NMR
(100 MHz, acetone-dg) 8: 162.0, 149.7, 145.5, 119.9, 110.5, 95.5, 78.5, 77.9, 73.8, 71.1, 62.5; IR
(KBr, cm™): 3542, 3435, 2917, 1722, 1511, 1308, 1169, 1077, 1041, 763, 603; HRMS-FAB™ (m/2):
Calcd. for C1H;307 [M—-H] 273.0610; found, 273.0607.

1-O-trans-Cinnamoyl-g-D-glucopyranoside (20).

OH
HO 0
S

OH 20
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General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (100
mg, 0.555 mmol, 3.0 equiv.), trans-cinnamic acid (27.4 mg, 0.19 mmol, 1.0 equiv.), DIAD (72.9
uL, 0.37 mmol, 2.0 equiv.), and PhsP (97 mg, 0.37 mmol, 2.0 equiv.) in 1,4-dioxane (19 mL) for 30
min, affording glucoside 20 (51.0 mg, 86%, o/f=1/99) as a white amorphous powder after
purification by flash chromatography, eluting with CHCl;/MeOH (50:1 to 5:1 v/v). Analytical data:
[a]p”'= +1.2 (¢ 0.67, acetone); TLC (CHCly/MeOH 5:1 v/v): Ry = 0.32; '"H NMR (400 MHz,
acetone-ds+D,0) 6: 7.78 (d, J= 16.0 Hz, 1H), 7.73-7.70 (m, 2H), 7.46-7.44 (m, 3H), 6.58 (d, J =
16.0 Hz, 1H), 5.61 (d, J= 8.0 Hz, 1H), 3.83-3.80 (m, 1H), 3.67 (dd, J = 12.0, 4.8 Hz, 1H),
3.53-3.40 (m, 4H); ®C NMR (150 MHz, acetone-ds) : 165.8, 146.6, 135.3, 131.5, 129.9, 129.2,
118.6,95.5,78.5, 78.0, 73.9, 71.2, 62.5; IR (KBr, cm™): 3491, 3060, 2933, 1702, 1634, 1582, 1455,
1376, 1340, 1281, 1133, 1077, 1013, 862, 763, 679; HRMS-FAB" (m/z): Calcd. for C;sH;30/Na
[M+Na]" 333.0950; found, 333.0955.

N-(B-D-Glucopyranosyl)-3,4,5,6-tetrachlorophthalimide (21).
Cl. g

0] Cl
HO
HO&/N

General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (200
mg, 1.11 mmol, 3.0 equiv.), 3,4,5,6-tetrachlorophthalimide (105 mg, 0.37 mmol, 1.0 equiv.), DIAD
(146 uL, 0.74 mmol, 2.0 equiv.), PhsP (194 mg, 0.74 mmol, 2.0 equiv.) in 1,4-dioxane (37 mL) for
30 min, affording 21 (117 mg, 71%, a/B=1/99) as a white amorphous powder after purification by
flash chromatography, eluting with CHClz/MeOH (50:1 to 5:1 v/v). Analytical data: [a]p>'=-3.1 (c
0.74, acetone); TLC (CHCl;/MeOH 5:1 v/v): Ry = 0.40; '"H NMR (400 MHz, acetone-ds+D,0)
5.16 (d,J=9.6 Hz, 1H), 4.38 (t,J=9.2 Hz, 1H), 3.85 (dd, J=12.0, 2.0 Hz, 1H), 3.65 (dd, J = 12.4,
5.2 Hz, 1H), 3.58-3.45 (m, 3H); >C NMR (100 MHz, acetone-d¢) &: 163.3, 140.3, 130.2, 128.7,
81.8, 80.6, 78.9, 71.2, 69.6, 62.7; IR (KBr, cm™): 3323, 2980, 1790, 1726, 1388, 1372, 1145, 1077,
1045, 905, 742; HRMS-ESI™ (m/z): Calcd. for C14H;1NO;Cls [M+CI1]” 479.8966; found, 479.8984.

N-(tert-Butoxycarbonyl)-N-(p -D-glucopyranosyl)-2-nitrobenzenesulfonamide (22).

Ns
A
HO “Boc

H
O22

Modified general procedure A was followed, starting with o-D-glucose (1.79 g, 9.9 mmol, 3.0
equiv.), NsNHBoc’* (1.0 g, 3.3 mmol, 1.0 equiv.), DIAD (2.6 mL, 13.2 mmol, 2.0 equiv.), PhsP
(3.5g, 13.2 mmol, 2.0 equiv.) in 1,4-dioxane (330 mL) at rt for 5 min, adding extra DIAD (2.6 mL,
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13.2 mmol, 2.0 equiv.) and PhsP (3.5g, 13.2 mmol, 2.0 equiv.) at rt for 25 min, affording 22 (631
mg, 41%, o/p=1/99) as a white amorphous powder after purification by two-time flash
chromatography, eluting with (1*) CHCl3/MeOH (50:1 to 5:1 v/v) and then (2"%) CH3CN/CHCl;
(2:1 v/v). Analytical data: [o.]p”'= +321 (c 0.55, acetone); TLC (CHCI3/MeOH 5:1 v/v): Ry=0.33;
'"H NMR (400 MHz, acetone-ds+D-0) o: 8.62 (d, J = 7.6 Hz, 1H), 7.95-7.84 (m, 3H), 5.28 (d, J =
9.2 Hz, 1H), 4.35 (t, J = 9.2 Hz, 1H), 3.92 (dd, J = 12.0, 2.4 Hz, 1H), 3.70 (dd, J = 12.0, 6.0 Hz,
1H), 3.52-3.38 (m, 3H), 1.23 (s, 9H); *C NMR (100 MHz, acetone-ds) &: 149.9, 149.3, 134.95,
134.90, 133.3, 130.7, 125.1, 87.6, 85.6, 80.7, 79.5, 71.4, 71.2, 62.7, 27.7; IR (KBr, cm™): 3395,
2980, 1742, 1705, 1543, 1455, 1372, 1284, 1260, 1180, 1145, 1077, 742; HRMS-ESI" (m/z): Calcd.
for C17H,4N,0,;SNa [M+Na]" 487.0993; found, 487.1001.

Perilloside B (24).

perilloside B (24)

General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (200
mg, 1.11 mmol, 3.0 equiv.), (S)-(—)-perillic acid (23) (61.5 mg, 0.37 mmol, 1.0 equiv.), DIAD (145
uL, 0.74 mmol, 2.0 equiv.), and PhsP (194 mg, 0.74 mmol, 2.0 equiv.) in 1,4-dioxane (37 mL) for
30 min affording glucoside 24 (74 mg, 48%, o/f=1/99) as a white amorphous powder after
purification by flash chromatography, eluting with CHCl3;/MeOH (50:1 to 5:1 v/v). Analytical data:
[a]p?*= —52 (c 0.6, MeOH), reported [at]p>>= =57.1 (¢ 0.645, MeOH)’'; TLC (CHCly/MeOH 5:1
v/v): R = 0.35; "H NMR (400 MHz, methanol-d,) &: 7.15 (br s, 1H), 5.53 (d, J = 7.2 Hz, 1H),
4.77-4.74 (m, 2H), 3.83 (dd, J = 10.4, 2.0 Hz, 1H), 3.70-3.66 (m, 1H), 3.44-3.36 (m, 4H),
2.49-2.10 (m, 5H), 1.92-1.88 (m, 1H), 1.76 (s, 3H), 1.54-1.48 (m, 1H); °C NMR (100 MHz,
methanol-d,) 8: 167.3, 150.0, 142.3, 130.5, 109.8, 95.7, 78.8, 78.1, 74.0, 71.1, 62.3, 41.4, 32.2, 28.2,
25.4, 20.9; IR (KBr, cm™): 3390, 2933, 1718, 1698, 1647, 1376, 1256, 1081, 890, 739, 703;
HRMS-FAB' (m/z): Calcd. for Ci6Hps0; [M+H]"™ 329.1600; found, 329.1603.

Comparison of *C NMR between isolated®' and synthetic perilloside B (24).

Synthetic 24 Isolated sample®'
(100 MHz, methanol-d,) (67.8 MHz, methanol-dy)
20.9 20.9 (C10”)
25.4 25.3 (C6’)
28.2 28.1 (C5?)
322 32.2(C3’)
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414 41.2 (C4)

62.3 62.2 (C6)
71.1 70.9 (C4)
74.0 73.9 (C2)
78.1 77.9 (C5)
78.8 78.6 (C3)
95.7 95.7 (C1)
109.8 109.8 (C9’)
130.5 130.4 (C1°)
142.3 142.3 (C2’)

150.0 (correct) 159.9 (C8’) (error)
167.3 167.2 (C7")

The C chemical shift that differs significantly from that of the reported natural product is shown in
bold. This difference comes from a human careless mistake in the assignment of isolated natural
product.

1-0-[3,4,5-Tris(benzyloxy)benzoyl]-f -D-glucopyranoside (26).
BnO

OBn
OH
(0]
HO OBn
H&o
OH (0]
26

General procedure A for the synthesis of glycoside was followed, starting with a-D-glucose (300
mg, 1.67 mmol, 3.0 equiv.), 3,4,5-tris(benzyloxy)benzoic acid”' (244 mg, 0.555 mmol, 1.0 equiv.),
DIAD (219 uL, 1.11 mmol, 2.0 equiv.), and PhsP (291 mg, 1.11 mmol, 2.0 equiv.) in 1,4-dioxane
(55 mL) for 1 h, affording corresponding glucoside 26 (237 mg, 71%, o/f=1/99) as a white
amorphous powder after purification by flash chromatography, eluting with CHCl3;/MeOH (50:1 to
5:1 v/v). Analytical data: [a]p?'=—4.1 (¢ 1.0, acetone); TLC (CHCl3/MeOH 5:1 v/v): Ry=0.43; 'H
NMR (400 MHz, acetone-d¢+D,0) o: 7.55-7.26 (m, 17H), 5.70 (d, J = 7.6 Hz, 1H), 5.23 (s, 4H),
5.14 (s, 2H), 3.84-3.81 (m, 1H), 3.71-3.67 (m, 1H), 3.55-3.53 (m, 2H), 3.48-3.46 (m, 2H); °C
NMR (150 MHz, acetone-ds) o: 165.1, 153.6, 143.6, 138.7, 138.0, 129.4, 129.2, 129.0, 128.8,
128.69, 128.65, 125.7, 110.1, 96.1, 78.6, 78.0, 75.5, 73.9, 71.8, 71.2, 62.5; IR (KBr, cm™): 3331,
3203, 2367, 1714, 1647, 1591, 1503, 1427, 1335, 1252, 1217, 1133, 1085, 985, 858, 730, 690;
HRMS-ESI (m/z): Calcd. for C34H340,0Cl [M+C1]™ 637.1840; found, 637.1835.
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B-Glucogallin (27)

? e
)2/C

/‘&/ EtOH/acetone /&/

(4/1)

95%
A 10 mL round-bottom flask was charged with 26 (200 mg, 0.33 mmol, 1.0 equiv.) and Pd(OH),/C
(10 wt.%, 20.0 mg). 3.3 mL of EtOH/acetone (4/1) was added and the atmosphere was replaced by
H; (balloon). The reaction mixture was stirred at rt for 4 h until TLC analysis indicated complete
consumption of the starting material. The resulting suspension was filtered and washed with
acetone. The filtrate was concentrated in vacuo to give 27 (105 mg, 95%) as a pale gray amorphous
powder. Analytical data: [at]p>'= —9.8 (¢ 1.0, MeOH), reported [a]p’"= —8.0 (¢ 0.1, MeOH)**; 'H
NMR (600 MHz, methanol-ds) 6: 7.12 (s, 2H), 5.65 (d, J= 7.8 Hz, 1H), 3.85 (dd, /= 12.0 Hz, 2.4
Hz, 1H), 3.70 (dd, J = 12.6, 4.8 Hz, 1H), 3.48-3.47 (m, 2H), 3.43-3.40 (m, 2H); ®C NMR (150
MHz, methanol-dys) o: 167.1, 146.5, 140.3, 120.8, 110.5, 96.0, 78.8, 78.2, 74.1, 71.1, 62.3; IR (KBr,
cm™): 3550, 3307, 2925, 1714, 1594, 1451, 1395, 1316, 1281, 1077, 1021, 711; HRMS-ESI™ (m/z):
Calcd. for C13H15010 [M—H]_ 3310658, fOU.l’ld, 331.0660.

1-0-(2,6-Dimethylbenzoyl)-p -D-xylopyranoside (33).

Me
(0]
HO

OH O Me
33

General procedure A for the synthesis of glycoside was followed, starting with a-D-xylose” (300
mg, 2.00 mmol, 3.0 equiv.), 2,6-dimethylbenzoic acid (100 mg, 0.67 mmol, 1.0 equiv.), DIAD (262
uL, 1.34 mmol, 2.0 equiv.), PhsP (349 mg, 1.34 mmol, 2.0 equiv.) in 1,4-dioxane (67 mL) for 30
min, affording 33 (99.6 mg, 53%, o/f=4/96) as a white amorphous powder after purification by
flash chromatography, eluting with CHCl;/MeOH (20:1 to 10:1 v/v). Analytical data: [a]p*'=—5.9
(c 0.62, MeOH); TLC (CHCI3/MeOH 5:1 v/v): Ry=0.32; "H NMR (400 MHz, acetone-ds+D,0) &:
7.23 (t,J="7.2 Hz, 1H), 7.08 (d, /= 7.6 Hz, 2H), 5.70 (d, /= 7.2 Hz, 1H), 3.94 (dd, J=11.6, 4.8 Hz,
1H), 3.60-3.54 (m, 1H), 3.51 (t, J = 8.0 Hz, 1H), 3.43-3.38 (m, 2H), 2.30 (s, 6H); *C NMR (150
MHz, acetone-de) o: 168.9, 135.7, 134.7, 130.3, 128.3, 96.5, 77.5, 73.3, 70.6, 67.3, 19.6; IR (KBr,
cm): 3303, 2921, 2893, 1746, 1591, 1471, 1427, 1363, 1264, 1240, 1089, 1049, 770;
HRMS-FAB™ (m/z): Calcd. for C14H 706 [M—H] 281.1025; found, 281.1018.

1-0-(2,6-Dimethylbenzoyl)- -D-mannopyranoside (f-35).

Ho— OH  Me
ML o
HO

(-35 O Me
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Modified general procedure A for the synthesis of glycoside was followed, starting with
a-D-mannose” (100 mg, 0.555 mmol, 3.0 equiv.), 2,6-dimethylbenzoic acid (27.8 mg, 0.185 mmol,
1.0 equiv.), DIAD (109 uL, 0.555 mmol, 3.0 equiv.), PhsP (146 mg, 0.555 mmol, 3.0 equiv.) in
1,4-dioxane (10 mL) for 30 min. The reaction mixture was quenched with 2 mL of MeOH, stirred
for 10 min, and concentrated in vacuo at 40 °C to give a residue. The residue was directly purified
by flash column chromatography (SiO,, CHCl3/MeOH 50:1 to 5:1 v/v) to give the
mannopyranoside (54%, a/B=14/86) as a pale yellow amorphous powder. Pure 35 was isolated by
recrystallization from CH3;CN as a colorless prism crystal (o/f=0/100). Analytical data: m.p.
183-185 °C; [a]p’'= +12.6 (¢ 0.25, MeOH); TLC (CHCl3/MeOH 5:1 v/v): Ry = 0.39; '"H NMR
(400 MHz, methanol-ds) 6: 7.22 (t, J= 7.6 Hz, 1H), 7.06 (d, J= 7.6 Hz, 2H), 5.96 (br s, 1H), 4.02 (d,
J=24Hz, 1H), 3.90 (dd, /= 12.4, 2.4 Hz, 1H), 3.78 (dd, J=12.0, 5.2 Hz, 1H), 3.70-3.60 (m, 2H),
3.44-3.40 (m, 1H), 2.35 (s, 6H); >C NMR (100 MHz, methanol-dy) &: 169.6, 136.5, 134.3, 130.8,
128.6, 94.9, 79.4, 75.0, 71.7, 67.9, 62.6, 19.9; IR (KBr, cm™): 3463, 3244, 2885, 1746, 1591, 1427,
1268, 1065, 1010, 890, 782; HRMS-ESI" (m/2): Calcd. for C;sH,007Na [M+Na]" 335.1101; found,
335.1114.

X-ray Crystallography

Crystal structure of 35 (50% probability).

Single crystal of 35 was obtained by cooling its saturated hot solution in CH3CN to 15 °C. The
crystal data of 35 was collected on a Rigaku Saturn 70 CCD diffractometer with a VariMax Mo
Optic System using a Mo Ko radiation (A=0.71070 A). The reflection data for 35 was integrated,
scaled, and averaged by using the HKL-2000.”* Semi-empirical absorption correction was applied
using the program of MULABS.” The structure was solved by a direct method (SIR2004)”® and
refined by full-matrix least square method of F” for all reflections with the Shelx program package
(SHELXL-97).”” All hydrogen atoms were refined isotropically, while all other atoms were refined
anisotropically. CCDC-1445049 (35) contains the supplementary crystallographic data for this
paper. This data can be obtained free of charge from The Cambridge Crystallographic Data Center

via www.ccdc.cam.ac.uk/data_request/cif.
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CCDC No.

1445049

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.50°
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(I)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

C15 H20 O7

312.31

103(2) K

0.71075 A

Orthorhombic

P2,2,2, (#19)
a=7.9924(2) A o= 90°.
b=28.9411(3) A p=90°.
c=20.9681(7) A y=90°.
1498.40(8) A3

4

1.384 Mg/m?

0.110 mm!

664

0.30 x 0.05 x 0.04 mm?
1.94 to 27.50°.

-10<=h<=10, -11<=k<=11, -27<=1<=27

20303

3454 [R(int) = 0.0874]

99.9 %

0.9956 and 0.9677
Full-matrix least-squares on F2
3454/0/279

1.021

R1=0.0391, wR2 = 0.0644
R1=0.0637, wR2 =0.0710
0.7(9)

0.174 and -0.178 e.A-3
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NMR EXPERIMENTS

Primary “C KIE was determined for the formation of B-glycoside using natural abundance NMR
method.” Carbon NMR spectra were recorded on a Bruker Avance 800 (200 MHz operating
frequency for °C measurement), equipped with a 5 mm-TCI 800 MHz cryogenic probe. Shigemi 5
mm NMR tubes (PS-003) were used. Samples of a-D-glucose (5) (200 mg) and
1-O-benzoyl-B-D-glucopyranoside (14) (200-250 mg) were dissolved in DMSO-ds (D 99.9%,
Cambridge isotope Laboratories, Inc.). The temperature was set to 300 K. For the acquisition of the
quantitative C NMR spectra, direct carbon detection was obtained using 90° pulse with their
carrier frequency adjusted at the middle of the peaks of sugar carbons (78.05 ppm) to equilibrate
offset effects. Inverse gated bi-level decoupling via Waltz-64 sequence was applied with carrier
frequency between the neighboring protons, to avoid creation of heteronuclear Overhauser effect
and to eliminate decoupling sidebands. Long enough acquisitions (2.93 s) and relaxation delays (30
s) were employed. The spectra of a-D-glucose and 1-O-benzoyl-B-D-glucopyranoside (14) were
acquired with 512 scans (4 h 40 min) each. The signal-to-noise ratios were between 1863 and 2658.

KIE MEASUREMENTS
Primary "C KIE of product was calculated from equation (1).*
KIE = In(1-F)In[1-(FR,/R,)] = kys/k s 1)

R, is the molar activity of the minor isotope (°C) in the product, which was determined by
integration of anomeric carbon (C1) of 14 against the C4 carbon of 14. R, is the molar activity of
the minor isotope ("°C) in the starting material (a-D-glucose), determined by integration of the sum
of anomeric carbon (C1) in a- and p-D-glucose against the C4 carbon of them, because a small
amount of a-D-glucose was epimerized to B-D-glucose during the acquisition of "C NMR spectra in
DMSO-d; at 300 K (4 h 40 min). Assuming that KIE at C4 of glucopyranoside ring is relatively
small in glycosylation,” we chose the C4 carbon as an internal standard of “C concentration. F is
the conversion of o-D-glucose into 14 determined by crude 'H NMR using
1,3,5-trimethoxybenzene as an internal standard. The determined a-primary C KIE was the
average of three runs.
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BC gNMR spectrum of a.-D-glucose (SINO = 2658)
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13C (zgig)
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BC gNMR spectrum of 1-O-benzoyl-p-D-glucopyranoside (25.7%) (SINO = 2418)

150918 _HT-1481

13C (zgig)

300K

NAME  150918_HT-1481
XPNO

PROCN

Date. 20150918
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BRI
General procedure of organocatalytic regioselective acylation of 7 (table 3.1).

A 5 mL screwtop test tube was charged with 7 (40 mg, 0.086 mmol), 2,4,6-collidine (210 uL) and
CHCI3 (1.9 mL) (0.04 M substrate concentration). The resulting mixture was heated to 50 °C and
shaken well until the glycoside dissolved in CHCIl;. After being cooled to rt, catalyst (0.0086 mmol)
was added. The resulting mixture was cooled to —40 °C and acid anhydride 44 (0.090 mmol) was
added. The reaction mixture was stirred at —40 °C for 72 h. The reaction mixture was quenched
with MeOH (1 mL) and concentrated in vacuo to give a residue. The residue was dissolved in
AcOEt and washed with 1M HCIl. The organic layer was dried over the mixture of
NaHCO3/Na,;SO4 and concentrated in vacuo to give a residue (NMR yield was determined by crude
'"H NMR using 1,3-dinitrobenzene as an internal standard).

1-0-(3,4,5-Trimethoxymethoxybenzoyl)-4-0-(3,5-dibenzyloxy-4-methoxymethoxyben
zoyl)-g-D-glucopyranoside (46).

MOMO OMOM MOMO;(;)L : :OMOM MOMO
OH O OH OMOM
BnO
le) catalyst 1 (10 mol%)
HSO/&/O OMOM » o 0 o OMOM
idi MOMO HO
OH e} o}

CHCly/collidine (9/1)
7 —40°C, 72h, 91% BnO 46

\

Analytical data: [a]p**= +10 (¢ 1.0, CHCl;); TLC (CHCI3/MeOH 30:1 v/v): Ry = 0.14; '"H NMR
(600 MHz, acetone-d¢+D,0) &: 7.61-7.34 (m, 14H), 5.84 (d, J = 8.4 Hz, 1H), 5.33-5.30 (m, 4H),
5.23-5.19 (m, 8H), 5.12 (t, J=9.0 Hz, 1H), 3.96 (t, /= 8.4 Hz, 1H), 3.86-3.83 (m, 1H), 3.70 (t, J =
7.8 Hz, 1H), 3.64 (dd, J, = 12.3, J, = 2.4 Hz, 1H), 3.58-3.57 (m, 4H), 3.50 (br s, 6H), 3.46 (br s,
3H); *C NMR (150 MHz, acetone-ds) &: 165.8, 165.0, 153.3 (for two carbons), 151.9 (for two
carbons), 142.5, 141.1, 137.9 (for two carbons), {129.4, 128.9, 128.7} (for ten carbons), 126.2,
125.7, 112.6 (for two carbons), 109.6 (for two carbons), 99.1, 98.9, 96.1 (for two carbons), 95.9,
76.7,75.6, 74.1, 72.5, 71.7 (for two carbons), 62.0, 57.2 (for two carbons), 56.5 (for two carbons);
IR (KBr, cm™): 3463, 1726, 1587, 1499, 1432, 1332, 1221, 1152, 1053; HRMS-FAB" (m/2): Calcd.
for C4H,43015Na [M+Na]” 863.2738; found, 863.2735.
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1-0-(3,4,5-Trimethoxymethoxybenzoyl)-
4,6-bis-0-(3,5-dibenzyloxy-4-methoxy

OBn

methoxy

OMOM

benzoyl)-f-D-glucopyranoside (51).

0OBn

MOMO
o o8 DMC, DMAP
n
on OMOM cat. 1 L 50 Pyridine BnO
OMOM a4 O momo
o + o OMOM
HOHO o BnO o BnO o
OMOM OH X
OH —40°C | oo 6 5°C,8h %&o OMOM
o} o MOMO
84h o oG OH o
BnO HO

46

BnO 51
51 % (one-pot)

A 5 mL screwtop test tube was charged with 7 (40 mg, 0.086 mmol), catalyst 1 (7.2 mg, 0.0086
mmol), 2,4,6-collidine (210 uL) and CHCI; (1.9 mL). The resulting mixture was cooled to —40 °C
and acid anhydride 44 (71 mg, 0.092 mmol) was added. The reaction mixture was stirred at —40 °C
for 3.5 days until complete consumption of the starting material. The reaction mixture was allowed
to warm to 5 °C and pyridine (2.15 mL), DMAP (10.5 mg, 0.086 mmol) and DMC (29 mg, 0.17
mmol) were added. Scince TLC analysis of the resulting mixture showed a small amount of
remaining 4-O acylate even after 3 h, additional DMC (29 mg, 0.17 mmol) was added. After being
stirred the mixture for 5 h at the same temperature, the reaction mixture was quenched with MeOH
(1 mL). The resulting solution was concentrated in vacuo to give a residue. The residue was
dissolved in AcOEt and washed with 1M HCI. The organic layer was dried over the mixture of
NaHCO3/Na;SO4 and concentrated in vacuo. The resulting crude oil was purified by flash column
chromatography (SiO,, CHCI3/MeOH 100:0 to 30:1 v/v) to afford the title compound 51 (53.2 mg,
51%) as a single regioisomer as a white amorphous. Analytical data: [o]p>’= +31.6 (c 1.0, CHCl5);
TLC (CHCl3/MeOH 30:1 v/v): Ry=0.18; "H NMR (600 MHz, acetone-d¢+D,0) &: 7.58-7.30 (m,
26H), 5.90 (d, J= 7.8 Hz, 1H), 5.38 (t, /= 9.6 Hz, 1H), 5.25-5.16 (m, 18H), 4.67 (dd, J; = 12.0, J,
=24 Hz, 1H), 4.27 (m, 1H), 4.21 (dd, J, = 12.0, J, = 4.8 Hz, 1H), 4.04 (t, J=9.0 Hz, 1H), 3.79 (t, J
= 8.4 Hz, 1H), 3.56 (s, 3H), 3.46-3.44 (m, 12H); *C NMR (150 MHz, acetone-de) &: 165.8, 165.7,
165.1, 153.3 (for two carbons), 153.2 (for two carbons), 151.8 (for two carbons), 142.5, 141.0,
140.8, 137.9 (for two carbons), 137.7 (for two carbons), {129.3, 128.84, 128.77, 128.7, 128.6} (for
twenty carbons), 126.05, 126.02, 125.5, 112.5 (for two carbons), 109.6 (for two carbons), 109.2 (for
two carbons), 99.0, 98.9 (for two carbons), 95.98, 95.95 (for two carbons), 79.2, 75.5, 73.9, 73.6,
72.4, 71.6 (for two carbons), 71.4 (for two carbons), 63.9, 57.2 (for three carbons), 56.5 (for two
carbons); IR (KBr, cm™): 3463, 2954, 1725, 1591, 1499, 1431, 1334, 1078, 954, HRMS-FAB"
(m/z): Calcd. for CssHesO23Na [M+Na]" 1239.4049; found, 1239.4030.

1-0-(3,4,5-Trimethoxymethoxybenzoyl)-4,6-bis-O-(3,5-dihydroxy-4-methoxymethoxy
benzoyl)-f-D-glucopyranoside (52).
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MOMO
OBn OH

MOMO
BnO AQF
H
O MOMO >
OMOM (OH)2/C MOMO v om
MOMO—<: >—4 §:> 4
MOMO
/é& OMOM THF, rt /é& ﬁ\OMOM

98%

A 10 mL round-bottom flask was charged with 51 (211 mg, 0.17 mmol) and Pd(OH)z/C (10 wt.%,
21 mg). THF (3.5 mL) was added and the atmosphere was replaced by H, (balloon). The reaction
mixture was stirred at rt for 5 min until TLC analysis indicated complete consumption of the
starting material. The resulting suspension was filtered and washed with AcOEt. The filtrate was
concentrated in vacuo to give a residue. The resulting crude oil was purified by flash column
chromatography (SiO,, CHCl3/MeOH 50:1 to 20:1 v/v) to give the title compound 52 (145 mg,

98%) as a white amorphous Analytical data: [o]p**= +65.5 (¢ 1.0, CHCl;); TLC (CHCl3/MeOH
7:1 v/v): Re=0.40; "H NMR (600 MHz, acetone-ds+D,0) 8: 7.58 (s, 2H), 7.14 (s, 2H), 7.11 (s, 2H),
5.89 (d, J=7.2 Hz, 1H), 5.31-5.19 (m, 11H), 4.49 (dd, J; = 12.6, J, = 1.8 Hz, 1H), 4.26 (dd, J, =
12.6, J, = 5.4 Hz, 1H), 4.22-4.20 (m, 2H), 4.00 (t, /= 9.0 Hz, 1H), 3.76 (t, J=9.0 Hz, 1H), 3.56 (s,
3H), 3.55 (s, 3H), 3.54 (s, 3H), 3.48 (s, 6H); “C NMR (150 MHz, acetone-ds) &: 166.1, 165.6,
165.0, 151.9 (for two carbons), 151.1 (for four carbons), 142.5, 137.9, 137.8, 126.6, 126.5, 125.6,
112.5 (for two carbons), 110.3 (for two carbons), 110.1 (for two carbons), 99.09, 98.99 (for two
carbons), 96.0 (for two carbons), 95.9, 75.4, 74.0, 73.7, 72.0, 63.7, 57.54, 57.49, 57.2, 56.5 (for two
carbons); IR (KBr, cm™): 3423, 2960, 1721, 1596, 1438, 1359, 1222, 1055, 925; HRMS-FAB*
(m/z): Caled. for C37H44023Na [M+Na]" 879.2171; found, 879.2188.

1-0-(3,4,5-Trimethoxymethoxybenzoyl)-4,6-0-(S)-(4,4’,6,6’-tetrahydroxy-5,5’-dimetho
xymethoxydiphenoyl)-f-D-glucopyranoside (53).

MOMO  OH OMOM
HO OH
HO HO
MOMO (S
MOMO  5viom CuCl, MOMO  5viom
n-BuNH, HO 0"
MOMO oMom 5 o=l o OMOM
CHCl3/MeOH HO o
rt, 70% HO o
53

A solution of CuCl, (113 mg, 0.84 mmol) and #n-BuNH; (679 uL, 5.60 mmol) in MeOH (7.0 mL)
was stirred for 30 min at rt to prepare a blue solution of CuCly/n-BuNH, complex under Ar
atmosphere. A 30 mL round-bottom flask was charged with 52 (240 mg, 0.28 mmol) and CHCl;
(7.0 mL). Then a blue solution of CuCl,/n-BuNH, complex was added in one portion. The reaction
mixture was stirred at rt in the argon atmosphere for 1 h until TLC analysis indicated complete
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consumption of the starting material. (Note : an extension of reaction time led to the decomposition
of the desired product via aminolysis). The resulting solution was quenched with saturated aqueous
NH4Cl. The layers were separated and the aqueous layer was extracted with CHCls. The combined
organic extracts were dried over Na,SO,4 and concentrated in vacuo to give a residue. The residue
was purified by flash column chromatography (SiO,, CHCI3;/MeOH 100:1 to 10:1 v/v) to give the
title compound 53 (168 mg, 70%) as a pale brown amorphous. Analytical data: [a]p>"=+11.3 (¢ 0.6,
CHCl;); TLC (CHCl3/MeOH 7:1 v/v): Ry=0.37; "H NMR (600 MHz, acetone-d¢+D,0) &: 7.60 (s,
2H), 6.69 (s, 1H), 6.57 (s, 1H), 5.82 (d, J = 8.4 Hz, 1H), 5.32-5.29 (m, 4H), 5.21-5.17 (m, 7H),
4.90 (t, J=9.6 Hz, 1H), 4.17 (m, 1H), 3.86-3.81 (m, 2H), 3.73 (t, /= 8.4 Hz, 1H), 3.59-3.58 (m,
9H), 3.49 (s, 6H); *C NMR (150 MHz, acetone-de) : 168.2, 167.8, 164.9, 151.9 (for two carbons),
{150.0, 149.94, 149.92} (for four carbons), 142.6, 135.8, 135.5, 131.6, 131.2, 125.6, 115.7, 115.3,
112.5 (for two carbons), 107.5, 107.1, 99.65, 99.61, 99.1, 96.3, 96.1 (for two carbons), 75.3, 74.5,
73.1, 73.0, 64.0, 57.8 (for two carbons), 57.2, 56.5 (for two carbons); IR (neat, cm'l): 3435, 3259,
3020, 1723, 1578, 1216, 1067, 957, HRMS-FAB" (m/z): Calcd. for Cs;H403Na [M+Na]®
877.2015; found, 877.2013.

Strictinin (39).

OH
OMOM
HO OH HO OH
HO conc. HCI HO O
MOMO (8 /i-PrOH HO 3 -
MOMO OMOM [THF o OH
HO 0" o (1:50:50) HO o o}
(0] 5 o OMOM - > o) ') OH
77% HO 0
HO O
53 strictinin (39)

A 20 mL round-bottom flask was charged with 53 (58 mg, 0.068 mmol) and THF/i-PrOH/conc.HCl
(50:50:1 v/v, 13.6 mL). The resulting solution was stirred at rt for 8 h until TLC analysis indicated
complete consumption of the starting material. The reaction mixture was concentrated in vacuo to
give a residue. The residue was fractionated by column chromatography over a Sephadex LH-20
column, which was eluted with EtOH to yield strictinin (39) (33 mg, 77%) as a pale brown
amorphous. (Note: The fractions which contain compound 39 were detected by Reverse-phase
HPLC on ODS-A (YMC Co., Ltd.) column (150x4.6 mm i.d.), using a mobile phase composed of
10 mM H3PO4:10 mM KH,PO4:CH;CN (40:40:20) (flow rate : 1.0 mL/min, detection : 280 nm) at
rt.) Analytical data: [a]p?’= -3.26 (c 0.19, MeOH); "H NMR (600 MHz, acetone-d¢+D,0) &: 7.19
(s, 2H), 6.71 (s, 1H), 6.60 (s, 1H), 5.74 (d, J = 7.8 Hz, 1H), 5.21 (dd, J; = 13.2, J, = 6.6 Hz, 1H),
4.90 (t,J=9.6 Hz, 1H), 4.11 (dd, J; = 9.6, J, = 6.6 Hz, 1H), 3.83 (t, J=9.6 Hz, 1H), 3.77 (d, J =
13.2 Hz, 1H), 3.70 (t, J= 7.8 Hz, 1H); *C NMR (150 MHz, acetone-ds) &: 168.3, 168.1, 165.4,
146.1 (for two carbons), 145.1 (for two carbons), 144.5, 144.4, 139.4, 136.4, 136.1, 127.0, 126.6,
120.8, 116.0, 115.7, 110.3 (for two carbons), 108.2, 107.9, 95.9, 75.6, 74.7, 73.2, 72.8, 63.7; IR
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(KBr, cm™): 3390, 1729, 1616, 1449, 1198, 1013; HRMS-FAB" (m/2): Calcd. for Co7Hy,O15 [M]
634.0806; found, 634.0827.

Comprison of '"H NMR between synthetic strictinin (39) and the literature data.

Synthetic 39 Reported™ Reported™®
(600 MHz, acetone-d¢+D,0) (400 MHz, acetone-ds) (90 MHz, acetone-dp)
7.19 (s, 2H) 7.20 (s, 2H) 7.21 (s, 2H)
6.71 (s, 1H) 6.69 (s, 1H) 6.72 (s, 1H)
6.60 (s, 1H) 6.58 (s, 1H) 6.61 (s, 1H)

574 (d,J = 7.8 Hz, 1H)

5.75(d,J=84Hz, 1H)

521 (dd, J1 =132, , =6.6 523 (dd,J; =133, ., =

Hz, 1H)

4.90 (t, J = 9.6 Hz, 1H)

6.1 Hz, 1H)
492 (dd, J, = 9.9, J>
9.6 Hz, 1H)

4.11 (dd, J; = 9.6, J, = 6.6 4.12 (dd, J; = 9.6, ), =

Hz, 1H)

3.83 (t,J=9.6 Hz, 1H)

3.77 (d,J=13.2 Hz, 1H)

3.70 (t, J= 7.8 Hz, 1H)

Synthetic 39
(150 MHz, acetone-dg)

63.7
72.8
73.2
74.7
75.6
95.9
107.9
108.2
110.3

6.1 Hz, 1H)

3.83 (dd, J; = 9.6, J>
8.9 Hz, 1H)

377 (br d, J = 13.3 Hz,
1H)

371 (dd, J, = 8.9, J, =
8.4 Hz, 1H)

Reported55
(100 MHz, acetone-dy)

63.7
72.8

73.3

74.6

75.6

96.0

107.9
108.2
110.4 (2C)
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576 (d,J = 7 Hz, 1H)
522(dd, Ji= 14,1, =6
Hz, 1H)

491 (t,J =9 Hz, 1H)

411 dd, J1 =9, =6
Hz, 1H)

3.84 (t,J =9 Hz, 1H)

379 (d,J = 14 Hz, 1H)

3.66 (dd, J, =9, J, =7
Hz, 1H)

Comparison of '>*C NMR between synthetic strictinin (39) and the literature data.

Reported56
(no data)



115.7 116.0 —

116.0 116.3 -
120.8 120.9 -
126.6 126.6 -
127.0 127.0 -
136.1 136.2 -
136.4 136.5 -
139.4 139.4 -
144.4 144.7 -
144.5 144.8 -
145.1 145.0 (2C) -
146.1 146.1 (2C) -
165.4 165.5 -
168.1 168.3 -
168.3 168.5 -

1,2,3-Tris-0-(3,4,5-trimethoxymethoxybenzoyl)-4,6-bis-O-(3,5-dibenzyloxy-4-methoxy
methoxybenzoyl)-$-D-glucopyranoside (59).
MOMO OBn

OMOM
MOMO  OBn o@ OMOM Bno Q

HO
BnO Q BnO OMOM

56 OMOM

OMOM
o MOMO

BnO MOMO,_ OMOM EDCI-HCI, DMAP

o} 0o OMOM

MOMO 20 o OMOM

5 0 DCM, 86%

BnO OMOM
51 OH o MOMO OMOM
OMOM OMOM

A 10 mL round-bottom flask was charged with 51 (208 mg, 0.179 mmol), 56 (207 mg, 0.684 mmol),
DMAP (42 mg, 0.342 mmol), and CH,Cl, (3.4 mL). The resulting solution was cooled to 0 °C and
EDCI-HCI (131 mg, 0.684 mmol) was added. The reaction mixture was allowed to stir at rt for 24 h
until full conversion to product was indicated by TLC analysis. The resulting solution was
quenched by saturated aqueous citric acid solution. The layers were separated and the aqueous layer
was extracted with CHCl;. The combined organic extracts were dried over Na,SO; and
concentrated in vacuo to give a residue. The residue was purified by flash column chromatography

67



(Si0,, AcOEt/Hexane 1:1 v/v) to give the title compound 59 (267 mg, 86%) as a pale yellow gum.
Analytical data: [a]p?’= +2.8 (¢ 1.0, CHCls); TLC (AcOEt/Hexane 2:1 v/v): Ry=0.48; '"H NMR
(600 MHz, acetone-ds) 0: 7.58-7.32 (m, 30H), 6.42 (d, J = 8.4 Hz, 1H), 6.20 (t, J = 9.6 Hz, 1H),
5.90 (t, J= 9.6 Hz, 1H), 5.78 (m, 1H), 5.27-5.10 (m, 30H), 4.85 (dd, J; = 12.6, J, = 3.0 Hz, 1H),
4.76 (m, 1H), 4.35 (dd, J; = 12.6, J, = 4.8 Hz, 1H), 3.54 (s, 3H), 3.49-3.38 (m, 30H); °C NMR
(150 MHz, acetone-dc) 0: 165.9, 165.8, 165.6, 165.4, 164.5, 153.4 (for two carbons), 153.3 (for two
carbons), 151.9 (for two carbons), 151.84 (for two carbons), 151.82 (for two carbons), 142.8,
142.55, 142.51, 141.3, 140.9, 138.0 (for two carbons), 137.7 (for two carbons), {129.4, 129.3, 128.9,
128.8, 128.6} (for twenty carbons), 125.8, 125.2, 125.1 (for two carbons), 124.6, 112.6 (for two
carbons), 112.5 (for four carbons), 109.5 (for two carbons), 109.3 (for two carbons), 99.1, 99.0 (for
two carbons), 98.9, 98.8, 96.0 (for four carbons), 95.9 (for two carbons), 93.8, 74.0, 73.6, 72.5, 71.7
(for two carbons), 71.4 (for two carbons), 70.3, 63.4, {57.24, 57.21, 57.15} (for five carbons),
{56.48, 56.46} (for six carbons); IR (KBr, cm™): 2957, 1734, 1591, 1498, 1432, 1188, 1157, 1110,
1049, 955; HRMS-FAB" (m/2): Calcd. for Co;H;90O37Na [M+Na]" 1807.5841; found, 1807.5846.

1,2,3-Tris-0-(3,4,5-trimethoxymethoxybenzoyl)-4,6-bis-O-(3,5-dihydroxy-4-methoxym
ethoxybenzoyl)-f-D-glucopyranoside (61).

MOMO MOMO OH

—<\ i HO~<\ %
o
OMOM HO o o OMOM
MOMO@ % o " MOMO@O&& o
o
OMOM Pd(OH)./C HO 0y 0© OMOM

—_— (0]
THF, 1t o
OMOM o OMOM
MOMO OMOM 91% MOMO OMOM
OMOM OMOM OMOM
o OMOM Mo

A 10 mL round-bottom flask was charged with 59 (200 mg, 0.112 mmol) and Pd(OH),/C (10 wt.%,
20 mg). THF (2.2 mL) was added and the atmosphere was replaced by H, (balloon). The reaction
mixture was stirred at rt for 1 h until TLC analysis indicated complete consumption of the starting
material. The resulting suspension was filtered and washed with AcOEt. The filtrate was
concentrated in vacuo to give a residue. The residue was purified by flash column chromatography
(Si0,, AcOEt/Hexane 1:1 to 5:1 v/v) to give the title compound 61 (144 mg, 90%) as a white
amorphous. Analytical data: [o.]p”’=+9.2 (c 1.0, CHCl3); TLC (CHCl;/MeOH 10:1 v/v): R;=0.39;
"H NMR (600 MHz, acetone-ds+D-0) 8: 7.53 (s, 2H), 7.43 (s, 2H), 7.39 (s, 2H), 7.16 (s, 2H), 7.08
(s, 2H), 6.41 (d, J = 7.2 Hz, 1H), 6.13 (t, J = 9.6 Hz, 1H), 5.80 (t, /= 9.6 Hz, 1H), 5.72 (dd, J, =
10.2, J, = 8.4 Hz, 1H), 5.30-5.16 (m, 18H), 5.10 (s, 4H), 4.73 (m, 1H), 4.62 (br d, /= 12.0 Hz, 1H),
4.50 (m, 1H), 3.56-3.43 (m, 33H); >C NMR (150 MHz, acetone-ds) &: 166.1, 165.7, 165.4 (for two
carbons), 164.5, 151.9 (for two carbons), 151.81 (for two carbons), 151.76 (for two carbons), 151.1
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(for four carbons), 142.8, 142.49, 142.46, 138.2, 137.9, 126.4, 125.6, 125.3, 125.1, 124.6, 112.6 (for
two carbons), 112.5 (for four carbons), 110.3 (for two carbons), 110.2 (for two carbons), {99.07,
99.02, 98.96} (for five carbons), 96.0 (for two carbons), 96.0 (for four carbons), 93.6, 73.9, 73.8,
72.5, 69.6, 63.2, 57.51, 57.48, 57.2, 57.1 (for two carbons), {56.48, 56.46} (for six carbons); IR
(KBr, cm™): 3429, 2959, 1735, 1594, 1437, 1394, 1333, 1157, 1050, 925; HRMS-FAB" (m/z):
Calcd. for Cs3H76037Na [M+Na]" 1447.3963; found, 1447.3949.

1,2,3-Tris-0-(3,4,5-trimethoxymethoxybenzoyl)-

4,6-0-(S)-(4,4’,6,6’-tetrahydroxy-5,5’-dimethoxymethoxydiphenoyl)-p -D-glucopyranos
ide (62).

MOMO OMOM

HO H
OH ©
MOMO (S
OMOM O OMOM
(0]
(¢}

MOMO OMOM CuCl, HO o o OMOM
n-BuNH, o) o
OMOM - 5 O OMOM
MeOH/CHCl5
OMO'V' % OMOM
MOMO OMOM (171), 72% MOMO OMOM
OMOM OMOM OMOM M oMo OMOMm

A solution of CuCl, (17 mg, 0.126 mmol) and #n-BuNH; (163 uL, 1.26 mmol) in MeOH (1.1 mL)
was stirred for 30 min at rt to prepare a blue solution of CuCl,/n-BuNH; complex under argon
atmosphere. A 10 mL round-bottom flask was charged with 61 (60 mg, 0.042 mmol) and CHCl;
(1.1 mL). Then a blue solution of CuCl,/n-BuNH, complex was added in one portion. The reaction
mixture was allowed to stir at rt in the argon atmosphere for 30 min. The resulting solution was
quenched with saturated aqueous NH4Cl solution. The layers were separated and the aqueous layer
was extracted with CHCl;. The combined organic extracts were dried over Na,SO; and
concentrated in vacuo to give a residue. The residue was purified by flash column chromatography
(Si0,, AcOEt/Hexane 1:1 to 4:1 v/v) to give a mixture of 62 and a small amount of starting material.
It was further purified with recycle HPLC (AcOEt:Hexane 7:3) to give the title compound 62 as a
pale brown amorphous (43 mg, 72%). Analytical data: [a]p’’= +12 (¢ 0.9, CHCl;); TLC
(CHCI3/MeOH 10:1 v/v): Ry=0.39; "H NMR (600 MHz, acetone-d¢+D,0) 8: 7.54 (s, 2H), 7.44 (s,
4H), 6.63 (s, 1H), 6.50 (s, 1H), 6.33 (d, /= 7.2 Hz, 1H), 5.93 (t, J=9.6 Hz, 1H), 5.73 (dd, J; = 9.6,
J»=8.4 Hz, 1H), 5.38 (dd, J, = 13.8, J, = 6.6 Hz, 1H), 5.33-5.09 (m, 23H), 4.69 (dd, J, = 9.6, J, =
6.6 Hz, 1H), 3.96 (d, J = 13.8 Hz, 1H); ®C NMR (150 MHz, acetone-ds) 3: 167.8, 167.5, 165.8,
165.2, 164.4, 151.9 (for two carbons), 151.8 (for two carbons), 151.7 (for two carbons), 150.2 (for
two carbons), 150.1, 150.0, 142.9, 142.5 (for two carbons), 135.9, 135.8, 131.1, 130.6, 125.3, 125.2,
124.7, 115.30, 115.26, 112.75 (for two carbons), 112.66 (for two carbons), 112.5 (for two carbons),
107.6, 107.2, 99.60, 99.57, 99.1, 99.0 (for two carbons), 96.1 (for two carbons), 96.03 (for two
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carbons), 95.98 (for two carbons), 93.8, 74.0, 72.8, 72.5, 71.0, 63.3, 57.72, 57.69, 57.2, 57.1 (for
two carbons), 56.5 (for four carbons), 56.5 (for two carbons); IR (neat, cm'l): 3018, 1740, 1589,
1497, 1437, 1392, 1330, 1185, 1052, 928; HRMS-FAB" (m/2): Calcd. for Cs3H74037Na [M+Na]"
1445.3807; found, 1445.3784.

Tellimagrandin Il (40).

OMOM OH
OH OH
HO (S
OMOM conc. HCl/ O
OMOM -PrOHITHF HO O
o (1/50/50) 0
OMOM .
82%
OMOM
M

MOMO OMOM

telllmagrandm 1l (40)

A 30 mL round-bottom flask was charged with 62 (90 mg, 0.063 mmol) and THF/i-PrOH/conc.
HCI (50/50/1 v/v, 12.6 mL). The reaction mixture was stirred at rt for 8 h until TLC analysis
indicated complete consumption of the MOM ethers. (Note : an extension of reaction time led to the
decomposition of the desired product). The reaction mixture was concentrated in vacuo to give a
residue. The residue was fractionated by column chromatography over a Sephadex LH-20 column,
which was eluted with EtOH to yield tellimagrandin II (40) (48.8 mg, 82%) as a pale brown
amorphous. (Note: The fractions which contain compound 40 were detected by Reverse-phase
HPLC on ODS-A (YMC Co., Ltd.) column (150x4.6 mm i.d.), using a mobile phase composed of
10 mM H3PO4:10 mM KH,PO4:CH;CN (40:40:20) (flow rate : 1.0 mL/min, detection : 280 nm) at
rt.) Analytical data: [ot]p>’= +44 (c 1.0, MeOH); '"H NMR (600 MHz, acetone-ds) &: 7.12 (s, 2H),
7.01 (s, 2H), 6.97 (s, 2H), 6.65 (s, 1H), 6.45 (s, 1H), 6.21 (d, J = 7.8 Hz, 1H), 5.85 (t, J = 9.6 Hz,
1H), 5.60 (t, /=9.6 Hz, 1H), 5.38 (dd, J, = 13.2, J, = 7.2 Hz, 1H), 5.22 (t, J = 9.6 Hz, 1H), 4.56 (dd,
J1=9.6, J, =172 Hz, 1H), 3.89 (d, J = 13.2 Hz, 1H); *C NMR (150 MHz, acetone-ds) &: 168.0,
167.6, 166.2, 165.4, 165.0, 146.2 (for two carbons), 146.0 (for two carbons), 145.8 (for two
carbons), 145.3, 145.2, 144.6, 144.5, 139.8, 139.3, 139.2, 136.58, 136.56, 126.5, 125.9, 120.6,
120.5, 119.8, 115.7, 115.5, 110.3 (for two carbons), 110.2 (for two carbons), 110.1 (for two
carbons), 108.2, 107.8, 93.7, 73.13, 73.06, 71.7, 70.7, 63.0; IR (KBr, cm™): 3399, 1724, 1615, 1448,
1349, 1320, 1201, 1069, 1034; HRMS-FAB" (m/z): Calcd. for C41H290026 [M-H] 937.0947; found,
937.0932.
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Synthetic 40
(600 MHz, acetone-ds)

7.12 (s, 2H)
7.01 (s, 2H)
6.97 (s, 2H)
6.65 (s, 1H)
6.45 (s, 1H)

Reported67

(200 MHz, acetone-dy)

7.11 (s, 2H)
6.99 (s, 2H)
6.96 (s, 2H)
6.65 (s, 1H)
6.45 (s, 1H)

Comparison of '"H NMR between synthetic tellimagrandin Il (40) and literature data.

Reported63

(not mentioned, acetone-dy)

7.10 (2H)
6.98 (2H)
6.95 (2H)
6.63 (1H)
6.45 (1H)

6.21 (d,J=7.8Hz, 1H) 6.20(d,/J=83Hz, 1H) 6.17 (J=9 Hz, 1H)
5.85(t,J=9.6 Hz, 1H) 5.84 (t,J=9.7 Hz, 1H) 5.82 (J=9.9 Hz, 1H)

5.60 (t,J=9.6 Hz, 1H) 5.59 (t,J=8.9 Hz, 1H) 5.64 (J=9.9 Hz, 1H)

538 (dd, J1 =13.2, J, = 537 (dd, J, =134, J, = 5.54-520 (J, = 13, J, = 6.5
7.2 Hz, 1H) 6.4 Hz, 1H) Hz, 1H)

5.22 (t,J=9.6 Hz, 1H) 521 (t,J=10.0Hz, 1H) 5.20 (J=9.9 Hz, 1H)

4.56 (dd, J, = 9.6, J, = 4.54 (dd, J1 = 99, J, =
7.2 Hz, 1H) 5.9 Hz, 1H)
3.89(d,J=13.2Hz, 1H) 3.88(d,J=14.0Hz, 1H) 3.87 (/=13 Hz, 1H)

4.51 (J] = 9, Jz =6.5 HZ, IH)

Comparison of '>*C NMR between synthetic 40 with the literature data.

Synthetic 40 Reported®’ Reported®
(150 MHz, acetone-ds) (90 MHz, acetone-d;) (no data)
63.0 63.1 —

70.7 70.7 —

71.7 71.7 —

73.06 73.1 —

73.13 73.2 —

93.7 93.7 —

107.8 107.9 —

108.2 108.3 —

110.1 (2C) 110.2, 110.1 —

110.3 (2C) 110.4 (20C) —

115.5 115.5 —

115.7 115.5 —

119.8 119.9 —
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120.5
120.6
125.9
126.5
136.56
136.58
139.2
139.3
139.8
144.5
144.6
145.2
145.3
145.8 (2C)
146.0 (2C)
146.2 (2C)
165.0
165.4
166.2
167.6
168.0

120.5
120.6
126.0
126.6
136.6
136.6
139.1
139.3
139.8
144.5
144.5
145.3
145.3
145.8 (2C)
145.9 (2C)
146.1 (2C)
165.0
165.4
166.2
167.6
168.0

1,4,6-Tris-0O-(3,4,5-trimethoxymethoxybenzoyl)-$ -D-glucopyranoside (58).

OomMOoM
OMOM

OMOM

cat. 1
55

-40°C
84h

— OMOM —
OMOM

° OMOM
OoH 56
MOMO o
OH
MOMO 6 o
o
MOMO HO oG
57 OH

DMC, DMAP
Pyridine

5°C,8h

OMOM

MOMO
MOMO
O momo
o OMOM
MOMO o
MOMO HO
MOMO 58
53 % (one-pot)

OMOM

A 100 mL round-bottom flask v:/as charged with 7 (646 mg, 1.38 mmol), catalyst 1 (115 mg, 0.138
mmol), 2,4,6-collidine (3.45 mL) and CHCI; (31.1 mL). The resulting solution was cooled to —40
°C and acid anhydride 55 (865 mg, 1.48 mmol) was added. The reaction mixture was stirred at —40

°C for 3.5 days until complete consumption of the starting material. The reaction mixture was
allowed to warm to 5 °C, and pyridine (34.5 mL), DMAP (168 mg, 1.38 mmol) and DMC (466 mg,
2.76 mmol) were added. Since TLC analysis indicated a small amount of the remaining 4-O acylate

72



even after 3 h, additional DMC (466 mg, 2.76 mmol) was added. After being stirred the mixture for
5 h at the same temperature, the reaction was quenched with MeOH (1 mL). The mixture was
concentrated in vacuo to give a residue. The residue was dissolved in AcOEt and washed with 1M
HCI. The organic layer was dried over the mixture of NaHCO3/Na,SO4 and concentrated in vacuo.
The resulting crude oil was purified by flash column chromatography (SiO,, CHCl;/MeOH 100:0 to
30:1 v/v) to afford the title compound 58 (751 mg, 53%) as a single regioisomer as a white
amorphous. Analytical data: [o]p*"= +33 (¢ 1.0, CHCl;); TLC (CHCl3/MeOH 20:1 v/v): Ry=0.14;
'"H NMR (600 MHz, acetone-dq+D-0) 6: 7.59 (s, 2H), 7.58 (s, 2H), 7.51 (s, 2H), 5.91 (d, J = 8.4 Hz,
1H), 5.32-5.28 (m, 13H), 5.19-5.17 (m, 6H), 4.60 (d, /= 9.6 Hz, 1H), 4.29-4.24 (m, 2H), 4.04 (t, J
= 9.0 Hz, 1H), 3.77 (t, J = 9.0 Hz, 1H), 3.57-3.57 (m, 9H), 3.49-3.47 (m, 18H); *C NMR (150
MHz, acetone-ds) o: 165.8, 165.6, 165.0, 151.9 (for two carbons), 151.8 (for two carbons), 151.7
(for two carbons), 142.5, 142.3, 142.1, 126.19, 126.17, 125.6, 112.54 (for two carbons), 112.49 (for
two carbons), 112.40 (for two carbons), 99.1 (for three carbons), 96.0 (for six carbons), 95.9, 75.3,
73.9, 73.7, 72.6, 64.1, 57.21 (for two carbons), 57.18, 56.53 (for four carbons), 56.48 (for two
carbons); IR (KBr, cm™): 3482, 2958, 1725, 1593, 1498, 1436, 1395, 1189, 1080, 924;
HRMS-FAB" (m/z): Calcd. for C4sHs027Na [M+Na]" 1055.3220; found, 1055.3249.

1,4,6-Tris-0O-(3,4,5-trimethoxymethoxybenzoyl)-
2,3-bis-0-(3,5-dibenzyloxy-4-methoxymethoxybenzoyl)-§ -D-glucopyranoside (60).

MOMO OMOM

OBn
o) MOMO
MOMO  OMOM @omom Q
MOMO HO oB MOMO OMOM
50 “°N
MOMO J MOMO  OMOM EDCI-HCI, DMAP
0 & MOMO OMOM

MOMO 4 OMOM

2 éo&o \g
MOMO HO DCM, 96%
58 OH 0] OBn
OMOM OMOM

A 10 mL round-bottom flask was charged with diol 58 (400 mg, 0.387 mmol), 50 (381 mg, 0.968
mmol), DMAP (141 mg, 1.16 mmol), and CH,Cl; (3.9 mL). The resulting solution was cooled to 0
°C and EDCI*HCI (222 mg, 1.16 mmol) was added. The reaction mixture was allowed to stir at rt
for 20 h until full conversion to product was indicated by TLC analysis. The resulting solution was
quenched by saturated aqueous citric acid solution and extracted with CHCl;. The organic layer was
dried over Na;SO4 and concentrated in vacuo to give a residue. The residue was purified by flash
column chromatography (SiO,, AcOEt/Hexane 1:1 to 2:1 v/v) to give the title compound 60 (663
mg, 96%) as a pale yellow gum. Analytical data: [a]p’®= +14 (¢ 1.0, CHCly); TLC
(AcOEt/Hexane 2:1 v/v): Ry=0.43; "H NMR (600 MHz, acetone-ds) 8: 7.61-7.30 (m, 30H), 6.48
(d, J= 8.4 Hz, 1H), 6.24 (t, = 9.6 Hz, 1H), 5.92 (t, J= 9.6 Hz, 1H), 5.80 (dd, J; = 9.6, J, = 8.4 Hz,
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1H), 5.31-5.06 (m, 30H), 4.88 (dd, J, = 12.3, J, = 2.4 Hz, 1H), 4.74 (m, 1H), 4.47 (dd, J, = 12.3, J,
= 4.8 Hz, 1H); ®C NMR (150 MHz, acetone-ds) &: 166.0, 165.7, 165.6, 165.5, 164.5, 153.3 (for
four carbons), 151.9 (for four carbons), 151.8 (for two carbons), 142.9, 142.6, 142.2, 141.3, 141.2,
137.6 (for four carbons), {129.34, 129.30, 128.90, 128.86, 128.7} (for twenty carbons), 126.1,
125.2, 125.15, 125.09, 124.7, 112.7 (for two carbons), 112.6 (for two carbons), 112.5 (for two
carbons), 109.5 (for two carbons), 109.3 (for two carbons), 99.1 (for three carbons), 98.81, 98.77,
96.1 (for two carbons), 96.01 (for two carbons), 95.97 (for two carbons), 93.7, 74.1, 73.8, 72.5, 71.6
(for four carbons), 70.5, 63.5, {57.21, 57.19, 57.16} (for five carbons), {56.6, 56.5} (for six
carbons); IR (neat, cm'l): 3020, 1733, 1591, 1499, 1432, 1331, 1216, 1050, 754; HRMS-FAB"
(m/z): Calcd. for Co;H 09O37Na [M+Na]" 1807.5841; found, 1807.5849.

1,4,6-Tris-0O-(3,4,5-trimethoxymethoxybenzoyl)-
2,3-bis-0-(3,5-dihydroxy-4-methoxymethoxybenzoyl)-§ -D-glucopyranoside (63).

MOMO OMOM MOMO OMOM

MOMO MOMO
MOMO MOMO O
OMOM OMOM
MOMO OMOM PA(OH)./C MOMO OMOM
_—
THF, rt
OBn 88% OH
OMOM OMOM OMOM OMOM

A 10 mL round-bottom flask was charged with 60 (200 mg, 0.112 mmol) and Pd(OH),/C (10 wt.%,
20 mg). THF (2.2 mL) was added and the atmosphere was replaced by H, (balloon). The reaction
mixture was stirred at rt for 1 h. The resulting suspension was filtered and washed with AcOEt. The
filtrate was concentrated in vacuo to give a residue. The residue was purified by flash column
chromatography (SiO,, AcOEt/Hexane 1:1 to 5:1 v/v) to give the title compound 63 (138 mg, 86%)
as a white amorphous Analytical data: [a]p>’=+18 (¢ 0.8, CHCl3); TLC (CHCIl:/MeOH 10:1 v/v):

Ry=0.45; "H NMR (600 MHz, acetone-d¢+D,0) &: 7.57 (s, 2H), 7.51 (s, 2H), 7.46 (s, 2H), 7.04 (s,

2H), 7.01 (s, 2H), 6.41 (d, J = 7.8 Hz, 1H), 6.18 (t, J/ = 9.6 Hz, 1H), 5.75-5.70 (m, 2H), 5.30-5.13
(m, 22H), 4.73 (dd, J, = 12.6, J, = 2.4 Hz, 1H), 4.68—4.65 (m, 1H), 4.42 (dd, J, = 12.6, J, = 5.4 Hz,

1H), 3.58-3.47 (m, 33H); *C NMR (150 MHz, acetone-de) 5:165.73, 165.69, 165.5, 165.4, 164.4,
151.9 (for two carbons), 151.8 (for four carbons), {151.13, 151.11} (for four carbons), 142.7, 142.5,
142.2, 138.25, 138.17, 126.1, 125.6, 125.5, 125.3, 124.6, 112.50 (for two carbons), 112.46 (for four
carbons), 110.24 (for two carbons), 110.19 (for two carbons), 99.10, 99.08 (for two carbons), 99.0,
98.9, 96.1 (for two carbons), 95.99 (for two carbons), 95.92 (for two carbons), 93.7, 73.8, 73.2, 71.8,
70.9, 63.7, 57.44, 57.43, 57.2 (for three carbons), {56.55, 56.53, 56.51} (for six carbons); IR (neat,
em™): 3367, 2959, 1735, 1593, 1329, 1157, 1049; HRMS-FAB" (m/z): Calcd. for Cs3H76037Na
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[M+Na]" 1447.3963; found, 1447.3982.

1,4,6-Tris-0O-(3,4,5-trimethoxymethoxybenzoyl)-
2,3-0-(S)-(4,4’,6,6’-tetrahydroxy-5,5’-dimethoxymethoxydiphenoyl)-p -D-glucopyranos
ide (64).

MOMO  OMOM
MOMO OMOM
MOMO
MOMO 1o OMOM
MOMO

MOMO OMOM cucl, o) OMOM

OMOM o) OMOM
MOMO n-BuNH, o

o o) o)
OMOM E— 0 OMOM

O (e} 0o

MOMO
MeOH/CHCI3
(11), 52% Q
OH @)‘i} OH
MOMO
OMOM

OMOM HO HO OMOM
64

A solution of CuCl; (12.7 mg, 0.095 mmol) and n-BuNH, (93.6 uL, 0.95 mmol) in MeOH (1.6 mL)
was stirred for 30 min at rt to prepare a blue solution of CuCly/n-BuNH; complex under argon
atmosphere. A 10 mL round-bottom flask was charged with 63 (45 mg, 0.032 mmol) and CHCl;
(1.6 mL). Then a blue solution of CuCl,/n-BuNH, complex was added in one portion. The reaction
mixture was stirred at rt for 90 min. The resulting mixture was quenched with saturated aqueous
NH4Cl solution. The layers were separated and the aqueous layer was extracted with CHCl;. The
combined organic extracts were dried over Na,SO,4 and concentrated in vacuo to give a residue. The
residue was purified by flash column chromatography (SiO,, AcOEt/Hexane 1:1 to 4:1 v/v) to give
a mixture of the title compound 64 and a small amount of starting material. It was further purified
with recycle HPLC (AcOEt/Hexane 7:3 v/v) to give 64 as a pale brown amorphous (23.5 mg, 52%).
Analytical data: [a]p*’= +24 (c 0.4, CHCls); TLC (CHCl/MeOH 10:1 v/v): Ry= 0.45; "H NMR
(600 MHz, acetone-d¢+D,0) o: 7.58 (s, 2H), 7.56-7.55 (m, 4H), 6.47 (s, 1H), 6.44 (d, J = 8.4 Hz,
1H), 6.42 (s, 1H), 5.71-5.66 (m, 2H), 5.34-5.16 (m, 23H), 4.72 (dd, J, = 12.3, J, = 1.8 Hz, 1H),
4.61 (m, 1H), 4.44 (dd, J, = 12.3, J, = 4.8 Hz, 1H), 3.58-3.46 (m, 33H); *C NMR (150 MHz,
acetone-de) 0: 168.7, 168.1, 165.7, 165.3, 164.5, 152.1 (for two carbons), 152.0 (for two carbons),
151.8 (for two carbons), {150.2, 150.1} (for four carbons), 142.9, 142.7, 142.3, 135.7, 135.6, 131.0,
130.9, 126.1, 125.4, 124.9, 114.1, 113.9, {112.64, 112.59, 112.56} (for six carbons), 106.66, 106.58,
99.6 (for two carbons), 99.1 (for three carbons), {96.14, 96.08} (for six carbons), 92.4, 77.2, 75.1,
74.2, 69.2, 63.6, 57.8 (for two carbons), 57.24, 57.22, 57.20, {56.6, 56.51, 56.47} (for six carbons);
IR (KBr, cm™): 3432, 2958, 1758, 1731, 1590, 1496, 1438, 1331, 1157, 1048, 925; HRMS-FAB"
(m/z): Calcd. for Ce3H7,037Na [M+Na]" 1445.3807; found, 1445.3794.
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Pterocarinin C (41)

MOMO OMOM

M
MOMO "~ omom OMOM
MOMO
(e] OMOM conc. HCI/
. o ’/CEOMOM i-PrOH/THF %
(¢] o fo)

oﬁ& oMM (1/50/50)

0 0 Z _ > %

"o = e
(S) O OH S O

HO HO™  Omom HO HO
64 pterocarmm C (41)

MOMO

A 5 mL vial was charged with 64 (9.3 mg, 0.00653 mmol) and THF/i-PrOH/conc. HCI (50:50:1 v/v,
1.3 mL). The reaction was stirred at rt for 11 h until TLC analysis indicated complete consumption
of the MOM ethers. The reaction mixture was concentrated in vacuo to give a residue. The residue
was fractionated by column chromatography over a Sephadex LH-20 column, which was eluted
with EtOH to yield pterocarinin C (41) (3.5 mg, 57%) as a pale brown amorphous. (Note: The
fractions which contain compound 41 were detected by Reverse-phase HPLC on ODS-A (YMC Co.,
Ltd.) column (150x4.6 mm i.d.), using a mobile phase composed of 10 mM H;PO4:10 mM
KH;PO4:CH3CN (40:40:20) (flow rate : 1.0 mL/min, detection : 280 nm) at rt.) Analytical data:
[a]p?’=+3.9 (¢ 0.2, acetone); "H NMR (800 MHz, acetone-de) &: 7.17 (s, 4H), 7.15 (s, 2H), 6.46 (s,
1H), 6.44 (s, 1H), 6.35 (d, J= 8.0 Hz, 1H), 5.64-5.58 (m, 2H), 5.21 (t, J= 8.0 Hz, 1H), 4.56 (dd, J;

=124 ,J, = 1.6 Hz, 1H), 4.53-4.51 (m, 1H), 4.40 (dd, J; = 12.4, J, = 4 Hz, 1H); *C NMR (200
MHz, acetone-dg) 6: 169.0, 168.6, 166.4, 165.6, 165.0, 146.2 (for two carbons), 146.1 (for two
carbons), 146.0 (for two carbons), 145.3, 145.2, 144.53, 144.52, 139.7, 139.3, 138.9, 136.3, 136.2,
126.5, 126.2, 121.4, 120.7, 120.1, 114.7, 114.3, 110.3 (for two carbons), 110.2 (for two carbons),
110.1 (for two carbons), 107.5, 107.4, 92.1, 77.4, 75.5, 74.2, 68.0, 62.8; IR (KB, cm'l): 3390, 1739,
1711, 1619, 1543, 1451, 1208, 1038; HRMS-FAB" (m/z): Calcd. for C4H3002 Na [M+Na]
961.0923; found, 961.0925.

Comparison of '"H NMR between synthetic pterocarinin C (41) and literature data.

Synthetic 41 Reported® Reported®

(600 MHz, acetone-ds) (200 MHz, acetone-ds/D,0) (500 MHz, acetone-ds/D,0)
7.17 (s, 4H) 7.16 (s, 2H), 7.15 (s, 2H) —

7.15 (s, 2H) 7.13 (s, 2H) —

6.46 (s, 1H), 6.44 (s, IH)  6.46 (s, 2H) —

6.35 (d, J= 8.0 Hz, 1H) 6.32 (d, J=8.7 Hz, 1H) 6.30 (d, /= 8.5 Hz, 1H)

5.59 ((t, J=9 Hz, 1H)

5.64-5.58 (m, 2H) 5.68-5.52 (m, 2H) 5,55 (dd. J = 9. Jy — 8.5 Ha,
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1H)
5.24 (t, J1 = 88, J2 =8.7 HZ,

5.21 (t,J= 8.8 Hz, 1H) -t 5.21 (t,J= 8.5 Hz, 1H)
456 (dd, J, = 12.4 , J, =

@, /. 274,60 (d, J=12.4 Hz, 1H) 4.55(d, J= 12 Hz, 1H)
1.6 Hz, 1H)

450 (dd, J; =9, =5H
4.53-4.51 (m, 1H) 4.57-4.52 (m, 1H) i (dd, J1 =9, /2 %
440 (dd, J, = 124, , =4 434 (dd, J, = 124, J, = 47 432 (dd, J, =12, J, = 5 Hz,
Hz, 1H) Hz, 1H) 1H)

Comparison of '>*C NMR between synthetic 41 and the literature data.

Synthetic 41 Reported®® Reported®
(200 MHz, acetone-ds) (50 MHz, acetone-ds/D,0) (126 MHz, acetone-dg)
62.8 62.48 62.7

68.0 67.48 67.8

74.2 73.57 73.9

75.5 77.03 75.3

77.4 77.15 77.4

92.1 91.59 91.9

107.4 106.84 —

107.5 106.84 —

110.1 (2C) 109.21 (2C) —

110.2 (2C) 109.57 (2C) -

110.3 (2C) 109.77 (2C) -

114.3 114.20 —

114.7 114.44 —

120.1 118.90 -

120.7 119.48 -

121.4 120.25 —
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126.2
126.5
136.2
136.3
138.9
139.3
139.7
144.52
144.53
145.2
145.3
146.0 (2C)
146.1 (2C)
146.2 (2C)
165.0
165.6
166.4
168.6
169.0

125.29
125.53
136.05
136.15
138.88
139.39
139.80
144.13
144.13
144.83
144.89
145.61 (2C)
145.73 (2C)
145.82 (2C)
165.12
165.82
166.55
168.84
169.00
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Preparation of acid anhydride

OMOM 0
MOMO OoMom triphosgene MOMO
EtsN
MOMO
o DCM MOMO 2 0
Ref. 78 HO
OH 56 %
HO OH
Ho” SO0 OMOM OMOM o
HO OH 1) BnBr BnO OBn  triphosgene BnO
gallic acid MOMCI KoCOjq prosg n
DIPEA EtN
DMF _ MOMO
ouo S0 2) LiOH Ho O DCM BnO 20
67 50 44

3,4,5-Tri(methoxymethoxy)benzoic anhydride (55).

O
MOMO

MOMO
MOMO 2 0
55

A 30 mL round-bottom flask was charged with 56’° (500 mg, 1.66 mmol), Et;N (440 pL, 3.32
mmol), and DCM (16 mL). The resulting solution was cooled to 0 °C and triphosgene (98 mg, 0.33
mmol) was added. The reaction mixture was allowed to stir at 0 °C for 2 h. The resulting solution
was diluted with CHCl; and washed with water. The organic layer was dried over Na,SO4 and
concentrated in vacuo to give a residue. The residue was purified by flash column chromatography
on a short pad of silica gel (AcOEt/Hexane 1:1 v/v) to give the title compound 55 (378 mg, 84%) as
a white powder. Analytical data: m.p. 76-78 °C; TLC (AcOEt/Hexane 1:1 v/v): Ry = 0.36; 'H
NMR (600 MHz, acetone-dc) 6: 7.66 (s, 4H), 5.34 (s, 8H), 5.25 (s, 4H), 3.59 (s, 6H), 3.50 (s, 12H);
BC NMR (150 MHz, acetone-ds) &: 162.3 (for two carbons), 152.2 (for four carbons), 143.4 (for
two carbons), 124.8 (for two carbons), 112.9 (for four carbons), 99.2 (for two carbons), 96.1 (for
four carbons), 57.3 (for two carbons), 56.6 (for four carbons); IR (KBr, cm'l): 1784, 1590, 1495,
1329, 1157, 1042; HRMS-FAB" (m/z): Caled. for CycH34O01sNa [M+Na]™ 609.1795; found,
609.1807.

Methoxymethyl 3,5-dihydroxy-4-(methoxymethoxy)benzoate (67).

OMOM
HO OH

mMomo” ©
67
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A 500 mL round-bottom flask was charged with gallic acid (5.0 g, 29.4 mmol), DIPEA (10.2 mL,
58.8 mmol), TBAI (3.2 g, 8.82 mmol) and DMF (293 mL). The resulting solution was cooled to 0
°C and MOMCI (4.46 mL, 58.8 mmol) was added. The reaction mixture was allowed to stir at rt for
12 h. The resulting mixture was quenched with sat. tartaric acid solution. The resulting solution was
extracted with AcOEt and washed with H,O. The combined organic layer was dried over Na,SO4
and concentrated in vacuo to give a residue. The residue was purified by flash column
chromatography (SiO,, AcOEt/Hexane 1:5 to 1:3 v/v) to give the title compound 67 (4.6 g, 60%) as
a white powder. Analytical data: m.p. 87-89 °C; TLC (AcOEt/Hexane 3:1 v/v): Ry = 0.68; 'H
NMR (600 MHz, CDCl5+D-0) 8: 6.80 (s, 2H), 5.44 (s, 2H), 5.15 (s, 2H), 3.73 (s, 3H), 3.54 (s, 3H);
BC NMR (150 MHz, CDCl;) &: 165.6, 148.5 (for two carbons), 137.8, 126.7, 110.1 (for two
carbons), 99.3, 91.1, 57.85, 57.79; IR (KBr, cm™): 3414, 1698, 1601, 1523, 1356, 1173, 1057, 960;
HRMS-FAB" (m/z): Calcd. for C;H;407Na [M+Na]" 281.0637; found, 281.0632.

3,5-Dibenzyloxy-4-(methoxymethoxy)benzoic acid (50).
OMOM
BnO OBn

Ho "0
50

A 500 mL round-bottom flask was charged with 67 (4.65 g, 18.0 mmol), K,COs (7.47 g, 54.1
mmol), and DMF (180 mL). The resulting solution was cooled to 0 °C and BnBr (4.7 mL, 39.6
mmol) was added. The resulting solution was allowed to stir at rt for 12 h. The resulting mixture
was filtered, extracted with AcOEt and washed with water. The organic layer was concentrated in
vacuo to give a residue. The residue was dissolved into 180 ml of THF/H,O (1:1) in a 500 mL
round-bottom flask. LiOH*H,O (1.5 g, 36.9 mmol) was added and the resulting solution was
allowed to stir at rt for 24 h. The reaction mixture was quenched with sat. citric acid solution at 0 °C
and extracted with AcOEt. The organic layer was dried over Na,SO4 and concentrated in vacuo to
give a pale yellow solid. Recrystallization from AcOEt/Hexane afforded the title compound 50
(6.47 g, 91% in 2 steps) as a white powder. Analytical data: m.p. 183-185 °C; TLC
(AcOEt/Hexane 3:1 v/v): Ry=0.36; "H NMR (400 MHz, acetone-de) &: 7.55-7.32 (m, 12H), 5.23 (s,
4H), 5.18 (s, 2H), 3.45 (s, 3H); *C NMR (100 MHz, acetone-de) &: 167.1, 153.3 (for two carbons),
140.7, 138.0 (for two carbons), {129.3, 128.8, 128.6} (for ten carbons), 126.7, 109.4 (for two
carbons), 98.9, 71.5 (for two carbons), 57.2; IR (KBr, cm™): 3445, 1685, 1594, 1432, 1334, 1121,
962; HRMS-EI" (m/2): Calcd. for Co3H»06 [M]™ 394.1416; found, 394.1417.

3,5-Dibenzyloxy-4-(methoxymethoxy)benzoic anhydride (44).
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BnO

MOMO
BnO 2 0O
44

A 100 mL round-bottom flask was charged with 50 (1.5 g, 3.81 mmol), Et;N (1.04 mL, 7.61
mmol), and DCM (38 mL). The resulting solution was cooled to 0 °C and triphosgene (226 mg,
0.76 mmol) was added. The reaction mixture was allowed to stir at 0 °C for 2 h. The resulting
solution was diluted with CHCI; and washed with water. The organic layer was dried with Na,SO4
and concentrated in vacuo to give a residue. The residue was purified by flash column
chromatography on a short pad of silica gel (AcOEt/Hexane 1:1 v/v) to give the title compound 44
(1.17 g, 80%) as a white powder. Analytical data: m.p. 142—-144 °C; TLC (AcOEt/Hexane 1:1 v/v):
Ry=0.75; "H NMR (600 MHz, acetone-ds) &: 7.55-7.31 (m, 24H), 5.28 (s, 8H), 5.25 (s, 4H), 3.48
(s, 6H); ®C NMR (150 MHz, acetone-ds) : 162.8 (for two carbons), 153.7 (for four carbons),
142.4 (for two carbons), 137.7 (for four carbons), {129.4, 128.9, 128.6} (for twenty carbons), 124.7
(for two carbons), 110.3 (for four carbons), 99.0 (for two carbons), 71.8 (for four carbons), 57.3 (for
two carbons); IR (KBr, cm'l): 1777, 1722, 1594, 1431, 1330, 1081, 938; HRMS-FAB" (m/z):
Calcd. for C4sH4,011Na [M+Na]" 793.2625; found, 793.2596.
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