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Ac acetyl

ADDP 1,1'-(azodicarbonyl)dipiperidine

Ben B-(3-benzo[b]thienyl)alanine

Bn benzyl

cat. catalyst

conc. Concentrated

DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene

DCC N,N'-dicyclohexylcarbodiimide

DDQ 2,3-dichloro-5,6-dicyano-p-benzoquinone
DHDG dehydrodigalloyl

DIAD diisopropyl azodicarboxylate

DIPEA N,N-diisopropylethylamine

DMAP N,N-dimethylamino-4-pyridine

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

DMPU N,N'-dimethylpropyleneurea

DMSO dimethylsulfoxide

EDCI-HCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
ent enantiomer

ESI electrospray ionization

Et ethyl

FAB fast-atom ionization

HFIP hexafluoro isopropanol

HHDP hexahydroxydiphenoyl

HMPA hexamethylphosphoric triamide

HOBt 1-hydroxybenzotriazole

HPLC high-performance liquid chromatography
HRMS high-performance mass spectrometry
i-Pr isopropyl

IR infrared

m.p. melting point

Me methyl

MEM methoxyethoxymethyl

MOM methoxymethyl

n-Bu n-butyl

N.D. not detected



N.R. no reaction

Nap naphthylalanine

NBS N-bromosuccinimide

NHTP nonahydroxytriphenoyl

NMI N-methylimidazole

NMM N-methylmorpholine

NMR nuclear magnetic resonance
PEMP 1,2,2,6,6-pentamethylpiperidine
PG protecting group

PGG pentagalloyl B-D-glucose

Ph phenyl

PMB p-methoxybenzyl

PPY 4-pyrrolidinopyridine

r.t. room temperature

SET single electron transfer

t-Bu tert-butyl

TBAF tetrabutylammonium fluoride
TBAI tetrabutylammonium iodide
TBD 1,5,7-triazabicyclo[4.4.0]dec-5-ene
TBS tert-butyldimethylsilyl

Tf trifluoromethane sulfonyl
TFA trifluoroacetic acid

THF tetrahydrofuran

THP 2-tetrahydropyranyl

TIPDS 1,1,3,3-tetraisopropyldisilyl
TLC thin-layer chromatography
TMAD N,N,N' N'-tetramethylazodicarboxamide
Trp triptophane

TS transition state

Ts p-toluenesulfonyl

UDP uridine diphosphate

uv ultraviolet

Val valine
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BE BRI X = coriariin A DAL
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Coriariin A (1) 13 1986 4FICBEHA HIZ L > T RZ 7YX (%4 : Coriaria japonica A. GRAY) DZE) 5 HL
BESNT=ARY 7 = 7 — VELFEIRT 100 205 7&IE 187419, A XiFH 3 nm IC KDY, Zva—2A
4,6 frt R 0 B2 (S)-HHDP 24 2R —DOHERT T X =0 " 0570 C—0 ke Lo
P24 LT\ 5 (Figure2-1), AEMIEME L L Cid, PLEMI~L~S2 7 A L 23EME (EDso: 0.038 pg/mL)"!
<> poly (ADP ribose) glycohydrolase BLETEM: (ICs0: 8.5uM) 2 2G5 Z ENHMLNTEY . ZORERIE
TEFNC & PSS IO “ BRI X =B E D b E DI ERRE STV D 16,

coriariin A (1)

Mw : 1874.19 / size : ~3 nm MacroModel Ver.9.0 with OPLS2000 Force Field

Figure 2-1. Coriariin A (1) Ofb54# 1 & GRS

Coriariin A (1) O2A L 2000 4E1Z Feldman 512 X > CTHID THE S, ZME—OMERTH D
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[o] OH 1) PhCHO, ZnCl,

H
1) HBr, Ac,0 O,N (ref. 7b) O,N 1) hv
HO 2) 0-NO,BnOH HO 2) TBSOTf TBSO 2)Cl,CCN  TBSO %

HO "oH 5250, CaCO, HO 2,6-lutidine 7880 NaH O NH

p-J)La—-2 AgClO, 2 75% (2 steps) 3 79% (2 steps) 4 L.
3) Ba(OMe), (ref. 17a,b,c) 3
OBn 51% (3 steps)
o
OBn
HOZC/Q o 0Bn
BnO, 0 Ph’vo oB OBn
n
o CO,H TBSO% OBn 0Bn
Bn o 0Bn oBn
TBSO
Bno 5 Y/ 1) TBAF, AcOH P"O/Y,&o \(@(
—_— o - e
benzene, reflux BnO, [o] 2) G'OH, DCC o) o Q o
68% BnoO o DMAP, DMAP-HCI o O BnoO 05X "6 _ph
" TBSOLO 72% (2 steps) o
0 BnO BnO o oB
BnO TBSO O 0Bn 0Bn n
P (] Ph BnO B OBn d
o] OBn 0Bn OBn
Gh=" ><Ph ph_Ph Bno” | .
o Ph Ph I 7
Ph
oTBS \/l—o
o OH
1) I, MeOH o
2) G"OH, Dcc 0 OBn X 1) Pb(OAc),
DMAP, DMAP*HCI 0. 9O pyrldlne
> ° ° coriariin A (1)

OBn

3) TBAF, AcOH o Bno Dby PdC
63% (3 steps) )<Ph 59% (2 steps) 15 overall steps
BnO
n OBn BnO 0" Ph
BnO OBn
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FE34 13 tellimagrandin 11 (13) 73128 C—O f6& L7-#EiE 4 A4 5 coriariin A (1) OFERFRIEICE R L
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HO - HO o o Fh
OH o DIAD (4.0 eq.) B, Ph
o PPh; (4.0 eq.) HO o
o Qg P o > o
n Bni@/« 1,4-dioxane (0.01 M), r.t., 30 min o

OH o o
H — OH 62% yield BnO,
D ’j)l/:l A BnO BB > 96% g 8
(6.0eq) Bno , Bno HoRom o
commercially available 26 in gram-scale OH

(1.0 eq.) 1.3 g of 26 was used Bn0 27 on
56% yield / B, > 96%

Scheme 2-7. (R D-7 /L a2 — X & Wz B-BRAYZ 7L 7Y 22 u{b@®

WIZ, BoNFE=2 7Y as R2T OS50 4608 ke Rax o iad—23807 S bd AR 4,447
b Re RN E TN T VbR AT, BERT T VX =13 O/ D R SIF D
CHCls/collidine (9/1)° TIXFTE D T 7 2 ALK 29 1356 E15 Hiv7e > 72 (Scheme 2-8), ARFER LV | HE
K7V ay R17 £ BRIV ay R 27 Tk 4t Foxs BRI T 2 a4 5 sOstEic k&
IRFEND D Z L BNyoTz,

o

o
H H
H17C40 N)/“"OWYN\)LOCEH"
N 2
HNN (o] o 7 "NH
A
P
N

cat. 11 (20 mol%) MOMO

o BnO\Q\(o
MOMO
OH

T'% L Ph © momo HOO o Ph
\i °\(—Ph BnO ¢ °+Ph

HO —© omom/ 2 o
o 28 HO o

(2.2 eq.) v/
o Y74 o

o]

BnO o CHCly/collidine (9/1, 0.01 M) BnO 0
o —-20°C,38h o
BnO Ho}gmou Bnomoﬁwo” OoMOM
BnO ong°H BnO OH 2™ OBn
27 29 o
not detected OMOM

Scheme 2-8. I 4,4° (75 ke Fo o 8RN Z 77 2 k@
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BHIE. ZOFRN T BEEERAEOa Y T A—Ta VICHET D EE L, BE 2T OS5 TF SRR
ZAT o770 27 O CHCL IR CORLERIEIL, —OD VI a— AR FRAKREREIC L SEL
TeBEL 72> TWNH Z LA, 727V ay MO HERENE T ) —RART ¥ 7/ C—H #ia &
O C—H/m fBEAER 212X 7V a— 227 5 Bl A B> TV - (Figure 2-2), 242k, 7=
— AL DNIARINC AR S NI 72D BN & T D RUSEIT LiginoTo & B2, 77U a U Eof#ERLE
EHFHZLELT,

C-H/n

H-Bonding

Figure 2-2. ¥ 7' U 213 K 27 OFZERJE (MacroModel Ver.9.0 with OPLS2000 Force Field)

TP, TV aCER VR A EAT D 2 LTV a— AN RO FNEA ZLET S H
BT, TBS MO -Bu tk#EA LY 7Y 2y K31 R332 NEFRAaRTHZ & & Lz, YR
V30 KO3 DX TS Y 3 AbiE Scheme 2-7 L [EERO G CIIBICEIT L, FTEOY 7Y v K
31 KOV33 AR E L CH 7208, BMREWZ LIZl Y7 Y a3y RIZBW TR BRIEIROTFE D TR
X7 (Scheme2-9), ¥'7 = = /LT —T )UEEIZEB VT C—0 fEE ORI BIER NS TFET 2{LEWITREIC
WEBIRH Y B, 31 KO3 OLEIET 7 2 IS @ E O R#ER A Lo OICHk s 5 C—0 fhh
JE Y OEHESIH SN B X BND,

oTBS HO OH
HO HO >
OH oTBS DIAD (4.0 eq.) ﬁo oTBS
> o 5 PPh; (4.0 eq.) Mo oTBS
(o} a L
HO [o)

HO + rotamer
H )\ TBSO © 1,4-dioxane (0.01 M), rt, 1h ° e
H 40% yield TBSO, 0
. H
p-4)la—A  TBSO © BB > 95% B
(6.0 eq.) TBSO TBSO HO%OH
30 TBSO OH
OH
(1.0 eq.) 31

Ot-Bu }:l% OH
HO o ]
OH )—Q—oz-su DIAD (4.0 eq.) :N:Nfo Ot-Bu
HO
o (¢} o PPh; (4.0 eq.) otBu
[o} o
HO

HO + > rotamer
H t-Buo, O 1,4-dioxane (0.01 M), rt., 3 h ° S ~
, OH oH 53% yield t-BuO, 0
D-JJ)J—A  tBuo B,8>97% B
(6.0eq.) t-BuO t-BuO H%%OH
32 t-BuO OH OH
(1.0 eq.) 33

Scheme 2-9. MELRF# D-7 /L 2 — X % W2 BB Z 7L 7Y 22 14b@
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B LT ENENOIEITK LT Scheme 2-8 & [FIFED ST, ity 4,467 b o o FLRIRE &7
T UMMEDRRGET 21T 572 (Scheme 2-10), 7 7'V 2 U ¥IZ TBS A H T HHE 31 # H\WiHE, 7
JTARITHEST U 7o DML E B ME X R B TEME IR AW A 5 272, £7o, 77V a2 +Bu 2 AT 5
33 WA T VORITEIT Lo Tz, ZORNN, 77U 3 o s m ORI L B
~OFfMEEOPLTCHBEAERBE SN TV D RICH D B 2 HFERZFFZT | RIS/ D S ORI~
EHFHZLELT,

cat. 11 (20 mol"/)

vo_4 ~OH MOMO\Q\(
HO 4
% OTBS MOMO 0 oTeS
HO O OTBS OBn
4 18 (2.2 eq.) y oTBS
/7

o]
TBSO, o

@/( CHClg/collidine (9/1, 0.01 M) TBSO,

o —20°C, 38 h

TBSO HO}&Q/OH . n
TB

TBSO oHg " " l&)/_@_

31 TBSO OoMoMm
not detected 0Bn
cat. 11 (20 mol°/)

HO. 4
O
%\ Ot-Bu MOMO o8
o u
OBn

HO
Ot-B
4 18 (2.2 eq.)

e . @
¢Buo_ | O 7
CHClj/collidine (9/1, 0.01 M) t-BuO,
t-BuO@/‘ﬁ%lngH -20°C,38h @)( n
t-BuO OH 4!‘-)H ¢Buo l—m%@;

£ BuO OMOM
33

not detected 0Bn

Scheme 2-10. flEg 4 46755 —fh e R o VRS8R Z 7 LT 2 k@

HERT T OZ =B/ P IZBWTET 7Y 2 CEIRERIC MOM 2RI L Cnizizd, [FERIC
MOM £:2H9 5V 270 2y KOG ZMG L7 (Table 2-1), Scheme 2-7. 2-9 L [FEEEDRMET. #7L
TV av b EITO EFTEDOBB-T 7Y 2L RITIIHELNTZE DD 27%EARIHETZ > 72 (entry 1), IRIZ
PPh; KU &REMEDE VY P(n-Bu)s Z W7 YERIEDOMF 21T o 7223, WEROLEITR benoTo
(entries 2~4), SSeff% K54 L/'Cb\< WIZ, 7 VRO THEIC L > TNRIZIZLSENELDH L
IZRDMF &, —f%C DIAD OENERITERT HZ L 2R LN O T35 2 & T, 62%IE, 95%
PLEDOSIARRIVETHTED BB- 7V 2y R 37T 28R <525 2 LIZk3h L7z (entry 5),

12



oMoM
Ho 0 [3 OMOM
OH OMOoM azo reagent (4.0 eq.) oMom
o phosphine (4.0 eq.)
HO Aot wmomo, [ ©
HO G a 1,4-dioxane (0.01 M), r.t., time MOMO.
OH
) OH
D-4))3—A Mowmo Momo/@/‘(
(6.0 eq.) mMomo MOMO
36 (1.0 eq.)
entry azoreagent phosphine time (h) yield (%) o
1 DIAD PPh, 2 270 NJLN°er£i:j
2 ADDP P(n-Bu)s 4 310 O o
3 TMAD P(n-Bu)s 3 240 ADDP
4 DIAD P(n-Bu)s 3 160 JOL .
a o SNTON Yo
5 DIAD PPh, 3 62 (B,p > 95%) | I
aDIAD was slowly added (20 pL/min). ®Yields were determined TMAD

by "H NMR with 1,3-dinitrobenzene as an internal standard.

Table 2-1. fE{RFE D-7 /L2 — 2 % Wz BB X 7 L7 ) 22 AkB)

WIZ, GO 7 ) a2 R 37 A0 TREER 4407 R o BRI E 70T L UbORR 21T
o7 (Table2-2), &7, HEARTZ T VX = U AROBREORESMN 2 HWeE 24 3% SRR L
D 44-0T ALK 39 2455 Z LB L= (entry 1), FTEEDILEMINGLNT-Z BT 7 U 2
VI DORFEIEDEFNZ LV IE D 73— ZAENLE Y ONAREENEM SN L BELOND, —FH T IK
IR Lo FRE LCE, Zha— 25RO FNEENERE LTHEESND, 37D CHCLIA

catalyst (20 mol%)

ARLRIMERMER
P:'%:g{ OMOM DJ} \Q\(o 4 8C2 = 28H0

OMOM
HO O omom
o
4 18 or 38 (2.2 eq.) HO OoMOM
(o] > o)
MOMO, o solvent (0.01 M) o
o -20°C,38h MOMO,
MOMO 0 OH o
Holmm MOMO Ho}gwon OBn
Mowmo OHg' 18,39 : R = MOM OH 2> R
37 38,40 : R = MEM Momo 4
39 or40 oBn
entry R catalyst solvent yield (%)
1 MOM 11 CHCly/collidine (9/1) 3
2 MOM " CHCI3/DMSO/collidine (18/1/1) 14
3 MOM 1" CHCI3/DMF/collidine (18/1/1) trace
4 MOM 11 CHCI/DMPU/collidine (18/1/1) N.D.2
5 MOM " CHCI3/HMPA/collidine (18/1/1) <7
6 MOM 1" CHCI3/THF/collidine (18/1/1) 7
7 MOM 11 CHCI3/CH3CN/collidine (18/1/1) <11
8 MOM " CHCI3/HFIP/collidine (18/1/1) N.D.2
9 MOM 1" CH,CI,/DMSO/collidine (18/1/1) <12
10 MOM 11 toluene/DMSO/collidine (18/1/1) N.R.®
11 MOM DMAP CHCI;/DMSO/collidine (18/1/1) N.D.2
12 MEM 1" CHCI3/DMSO/collidine (18/1/1) 28

aNot detected. ®No reaction.

Table 2-2. filiEER) 4,450 e R v EBRNK 2 7 L7 k@

13



PR T ORLEREICBNTIE, ZOD 7 a— AN s FRKEMEICL VS LTERE L > T
B itz X éﬁ%gﬁ’?nﬁfzﬁﬂi LTWD Z DR STz (Figure 2-3, ZE) 5. %@‘@7@@“@3@5*
HCORLERFECB N TEL, oD 7N a—RAEnEa L TE LT, “BIKTHY i bikgtic
O FIRE /R AR T T ORRIZIFE L TV D 2 E Ry T2 (Figure 2-3, ), #tE %tE%JIV)rjfﬁﬁEh}
PR CIIREOSAITIMH SND EBZXDNDN, RETNNT 2 AL TIIIE — bl 0 2% mOkFEREE
DALEERMERBUCEE Th 5720, (RMMAEO AN VUETH 5, Fr@ifse= Cld CHCL IZx¥ %
FEAREME DARN I 2 RO &R ARAY T S AW D BRIZ, mRP R I A R I D 10% RN L T
HAERFEZ KRE SR 2L TR ETT 5 2 L 2HE L TR D 2004 KET LT Uk
2BV TG EBMHEEBE ORI AR BN D & B 2 1o, REEERF 21T o TofE 5. @it
&% DMSO ZIEBEED 5% L7 RICBW T 14%FE TRERNH LT 5 2 08300 - 72 (entry 2), IKIC
DMSO & [FIFEE O 2 3 DIEBEOUSINZ it L7 & Z A, DMF X° DMPU % i’ L 7= 58 13T 2D
DT AR 39 35 BT HMPA 2RI L7236 S 7%LL FIZICEEME T L72 (entries 3~5), DMSO X
D BRI ToH D THF ° CHsCN Z iR L7284, DMSO & WA 125 LERITIK T L7260
D, FNEN 7%, 1196217i0)HY%57?Eﬁt90)i?77i//bftﬁ$i39 % 5.z 7c (entries 6,7), £7-, T/ a—/LR
IS U C HFIP 2N L7- %6, B RO 39 1345 L7 dr o 72 (entry 8), Ml 2 DMSO (Z[E7E L |
TR % CHLCL <2 toluene a’/ﬁzt ABICROUFEITR 517 (entries 9,10), CHCly/DMSO/collidine &
DERIEAEBSR THDH Z D3> T (entry 2), F£72. entry 2 & [RIERDOZAM T DMAP Zfillft & L CTHWS
EHEMIISEONT (entry 11), il 11 O3 Fi8RIC L > TIHEDO VT LU BIK 39 NGB D Z & ik
LT (entry 2), HITKISFMZREA LR, BBIEKY) O MOM % MEM JE~EEH$5Z & T,
8%IFETIT AL 40 21520 Z L ITHII L, AFEMFEa i & L7z (entry 12), KX 70T 2 AkIZE
WTCIEREEHAROICALE VLR 28 FRFAERK T D ATREMEDRN 0 | £ 7 2 IR EI T > AR % 5
5 L EZ D ERDITERICET D, TOHNG 1| DOER LEEN YT VUL B RIS S
NTIZREZBETDE, 28% L WO RITENT-FERTH L L2 D,

MOMO 0 H OH
0o 0 _g
02Zo
OH
MOMO
Y MOMO o
Momo : OMOM OMOM
: MOMO oM

in CHCI
3

Figure 2-3. ¥ 7'V a1 R 37 DL ERE (MacroModel Ver.9.0 with OPLS2000 Force Field)
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WIZ, Boz 44-0 T bR 40 ZFHWT oD 6 (i —fkt Fax s ki —23827 bt 5%
6,6’ Nr ¥ U EBIR X 7 LT AL DRRET & AT - 7o BBEHAD 6 fif—fk e N u ¥ SHRIRE T &
IABIETE S <A & TR Y 2, Albert H13fR7 v U REHWHZ L TEHY FILB-D-Z /L a—AD 6L

—ifkt Fu kBRI T S EDRET T 5 2 2 HMELTWD 24, 22T, Br7el R 41 20
6,6’ b Ru XU BBINI X TNV T Vb a il iz & 2 A, TRIZK L 3,3-U7 VUK 42 BREA Y
ELTHE BT (Scheme 2-11), Ziuid, FEFFA ORRR S FHKERER Yy hT—27 20128V E KR
FUHDOIIEHENZEAL U, 3MEE ke Ra S U HORBEMD 6 (i —#kt Rex Rl bEmdiol
TeHEBZHIND, ARKIEMEDE N 6,65 —fk b a3 o FIESE LT 3,35 kb Ru ¥ 5N
T I AL ST T S ITEIETZR NS coriariin A (1) ORERHFAE LT 3,3°-07 2Lk 42 1345 Y) T
HDHID, 6,6-VT VALK ERF D R BB E O D SE0ME G S 2 e L e N IR G &
H2ZHDHRTHoT=,

MEMO.

BnO
BnO fo) OH
MEMO 0 cl o %
\,_ 6 oH TBSO' 3\ omom
BnoO Ho o omMoM OBn HO ™o
3 o 41 (2.0 eq.) BnO

OB OMOM
HO oMoMm DMAP (4.0 eq.) TBSO "o
o 0 > momo, ©
MOMO o CH,Cl, (0.002 M), 0 °C, 20 h o
36% MOMO
00— 6.0H OBn 0
MOMO! HO‘X;Q/O MoMd
MOMO OH OMEM
40 ° oBn )\Q\OMEM
acid anhydride OBn
or OoTBS
condensation

» complex mixture

Scheme 2-11. 3,3’ {755 —#k b K u % U8R & 717 il

FZ T, b R B A R CIER S BBER & U TR 2 EEROGIZ & - TRIEO 2 X > 7=
7, W@ Y | 6,605kt Nu LRI OS S EIT L. B 44 2 EAER & LT 41%I0ET
55 Z &Ik L7z (Scheme 2-12), AKX T )NT I NALD A 1 = X L ORElE % Scheme 2-13 (27~ 27228

o]
OBn

BnO BnO. BnO
n OH n o OMEM
MEMO\Q\(O MEMO MEMO. o)
6_/OH OBn 6_0 OBn
BnO 0 BnO O
n “°3\~[,\°L oMo 43 (2.0 eq.) Ho L omom
3 o DIAD (5.0 eq.)
HO oMoM PPh, (5.0 eq.) HO 6, oMoM BnQ
(¢}

. OMEM
toluene (0.1 M), r.t., 2 h

o)
MOMO, 41% MOMO, [ OBn
o 6 0H 0B o.
0 n .
MOMO Holym) MOMO H%wo OBn
OH o)
MOMO OMEM MOMO OH OMEM
40 o
OBn 44 (o]

OBn

Scheme 2-12. 6,655kt N & VIR X 7 LT 24l
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SEHESS TUE, Je T 7 V2 — VWA F PR AR = 7 AFERICEBR S D08, ARRFREIEF ISR 204
U5 A4F A AR= 7 AHFRRIINERERO IR AW/ B2 bhb, ZOHT, 6 (fifF—fkt
Fex s EHROFF P RAR= T AFBE~O D ILRF Y L — b ORBEENE e ok il
KDOAFHRAR=7 AHFBEURSORBHEL VEN =D, 6,0 EIRENKBL LI EEZ 65,

o]
R
§€ 6_oH
Hoﬁ\ OMOM RCOZG)
RCO,H
HO O, 2 ®
OMOM DIAD o OH [] rcpph3
é PP, [ £
o 4 —— R4 o] ————— R7T o
MOMO, fast PhGPO"N’O)]}{ HO 0)’2_ Vlow
MOMO S o8 0H ee (¢} Ho o
HO’L&/ RCO, R
MOMO 3'oH °>_ N ox¢
40 é R¢” Y o b

IR OBn i Momom%li’.ﬁ°
o
MOMO OH
R
44 o»‘

Scheme 2-13. 6,6’ 55—k b Ko 3 S HGEINA) & 7 /LT O AL O HEERERE
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¥ =1 Coriariin A D&

SO 44.,6,6-7 T T UK 44 O TOWREE Re ¥ o BIcx L, MiaSRMic kv 4,6 frlliE
ANLTeHTa AN IR D RERL TG T O A NEEBATHZ LT, TEZOAF T 27 ALK 45
Z T2%N R TH372 (Scheme 2-14), RIZ, #EfMUKF(LSRIFIZ LD Bn ROBRELME L7z, %7, THF &
B PA(OH)/C & W TR F (L2 T ol & 2 A, FTEDOX TN T1 v 7V THIEME 46 53 28%INZE T
572, MOM %£3% MEM #0743 ﬁm%ﬁ%ﬁ L 7= (Scheme2-14,entry 1), X ViRFfn725t & L Pd/C
ZHWEE Z A, MOM KON MEM EEO 3 f#ITHEI T3, BRI 46 7% 26%I03E T L7z (entry 2),
% ZTPAC = AV, BEEMFTE21T 72 & 2 A AcOEY/MeOH AR Tl PAICK L CHMMIZAE LT,
MOM &} (8 MEM D3RIz & 0 MR AWM % 5 2 7= (entry 3), MOM %& & TN MEM D 53 i A3 =
H7eUNentry 2 DR ENMESMH T CIT O & REERO DR Z DT D Z & 72 < Bn EOBRENINEH S 41,
TO%IRETIHED X TN T 7Y T HIEK 46 2155 Z L IZEI LT2 (entry 4),

BnQ OMEM
BnO

oMoMm OMEM
MEMO@\( Y@(m"m MOMO. oMOM
460

BnO 0
3 oMoM 16 ( COH oo omMoM
'%0 0 OMOM EDCI* H?:I4g((‘)e Her omom MEMO, 8"
OMEM q )
o DMAP (2.0 eq)  MOMO 45y I BnO
4} [e)
MOMO OBn CH,Cl, (0.01 M) MOMO, o ° en
rt,21h MOoMO OMOM 0\~0—.6.0
MOMO! HO% 72% MOMO MOMO o %}r@/WEM
R Fond OMEM mome 7" oBn
HO. OMEM o MOMO o OMOM
OH“O OMEM OBn oMom
MOMO
©H 45 momo  OMOM
2 o
4
o] 6 °
o 0 OMOM H, (X atm)
MoMo o o MEMO  OH Pd source (50 wt%)
) oMoM -« :
MOMO bmom P o HO solvent, r.t., time
MOMO, 7 O oH entry X Pd source solvent time (h) yield (%)
MOMO OMOM o &d
MOMO  momo o, O—XBQ/O OMEM 1 1.0 Pd(OH),/C THF (0.01 M) 19 282
MOMO 0¥ ) T 2 10 PdiC THF (0.01 M) 22 26
MOMO o omom 3 10 PdIC  AcOEtMeOH (1/1,0.005M) 14  complex mixture?
woms  oMom oMom 4 46 PdiC THF (0.01 M) 18 70
46 MOMO Pr—
Partial removal of the MOM and MEM groups was observed.

Scheme 2-14. X7V 71 > 7V o ZHIEEA 46 DA R
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SONTFTNT Y 7 THIBRA 46 1Tk L [LH 5O 82! 2 5E |2 CuClh—n-BuNH, 2 EH & &
HET7x ) —NOBLEI T v 7Y T INBELONMETHETL, X7 N0y 7V TR 4T % 54%INEETH
—DVT AT LAw—& LTHE (Scheme 2-15), Y7 A7 UAERIPEICEBWCIIHEDOX T U 7 ¢ A3l
AHFICHEE S, KBS FHNCLRERBEENPE T LB B D Sabde [iZIC, HgEHWTET
D MOM =K N MEM & RETHZ LT/ a—Anb4 7 TR, IR 1.4%T coriariin A (1) DEH
D =p Ay

HO HO OMEM

HO, OMEM OMEM MEMO, (S)
N

(o]
oMo :%\ OMOM %\
MEMO  OH
OMOM CuCl, (6.0 eq.) momo 0._0 o»’Q'
MOMO™  byom M MOMO™  byom o o Q
M°M° CHCl3/MeOH MOMO,
MomMO OMOM oMEM (1/1,0.01 M) MOMO OMOM )
momo MOMO rt,1h omom MOMO -
MOMO 54% MOMO od
OMOM 4 OMOM
MOMO OMOM Momo oMOM
HO MOMO OMOM MOmO omon
MOMO 47

o o
° q © Ho OH conc. HCI/THF/i-PrOH
733> $° (1/25/25, 0.005 M)
Ho ° O rt,6h
OH OH HO 0 °_oll o e
é ¢
i ome (M [JNI-ADBRT IR (#IRE1.4%)]

coriariin A (1)

Scheme 2-15. Coriariin A (1) D45
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% =3 3,4-HHDP B!— 5 % > = cercidinin A DEHE L
H—E e R L EE OH T b

Cercidinin A % 1989 FEIZVE B2 X > TH Y T (%4 : Cercidiphyllum japonicum SIEB. et ZUCC.) Dfgf
KO HEESN 2T U2 =0T, B, MEREPHE SN SWIL D-Z/va—2ZAdD 23 itk e
K EIZ (R)-HHDP %2435 1,4,6-tri-O-galloyl-2,3-(R)-HHDP-B-D-glucose (48) TH 5 & I T /=
(Figure 3-1)"32, L2>L. 1998 4F|Z Khanbabaee © 23RBS 48 DEKEIT 72 2 A, A LTALEY
DAY VT —=ZENRE SRR OT — 5 L —FEF, cercidinin A DEEFTENLETH D &
A5 L7= 2, Khanbabace © O 45217 T 2001 4RI 8, VE[H 1% cercidinin A D&% D-7 /Lo — =R
D340k Ru¥x % B2 (R)-HHDP % A3 5 1,2,6-tri-O-galloyl-3,4-(R)-HHDP-B-D-glucose (49) (ZF]1E
L7z (Figure 3-1)*, 34-HHDP X2 H T 5T VX = DNHEES NL-DIL, cercidinin A 23D TTH
% 3y 2013 AR ILH D MEEHEE 49 DGR A ER L, cercidinin A ORFIE A HEE L 72 b,

HQ L
ﬂ o
OH
0.
0, o 0 OH
o
/D/K °5§gﬁo OH
3020
HOho o o OH
wo” RS D on
HOHO

H
HO

OH HO  OH
cercidinin A (48) cercidinin A (49)
(#83IERT IE A (HBIERTIER)

Figure 3-1. Cercidinin A DAl A1

(A 51C K526 R (Scheme 3-1) Ti&, &7 3 TRTERE LV a—2DT /) ~—(LIiEMELEZE
ALTZ50 ~Ligx 3ab TIPDS i T4,6 it Ru X AR L% 34 L Rk Ui L oy NEL
SHEDHZ LTS & L3, RIC4 TRENT TRERDOREL LD v A L EE (G, GVY) DEA%
NEWRAT 5 Z & CEALII A » 71 > JHIBRIR 53 ~& B =14, 3,4-HHDP FEOAEEE R ONLIRRIN 7Y =
IMBIZ K DT ) ~— DT a A VEOHEANZL Y | 42 14 TRT 49 ORGP ER I, FE5O
B E TOREREEGD., FHEDT I VX =V HOEAKRTIEZ Vv a—2 Lo Fa o1k
PR a A NHZE T N THEA L% HHDP RO ZAT 5 25, ILHOIZL D 49 OB TIET / ~—
FDH v A )V E% HHDP FEOREZIHEA L TS, ZHUED-Z L a—X EOAETOE Rax v ERY
0 A VI TEBL SN PGG 5K 56 23T (ki » 7V » LT Lo 7o o Ltk S 41T
W% (Scheme 3-2)%, —J5, PGG (=T V¥ = MO EER/ELSKPHETHY 125 AARAOBLS»
5% C PGG #HEMRICk L CEALI T v 7 ) I REATT DRIFIITFELES LB bND, FHIT, &
TRt 7L 2 — A OHEHERINL BRI E BB LK I D & | PGG 38R AR - 2 FRIK I L 0 A BERE AL
DEMAIR 49 DRERLNATREE B 2. AREGHMIEICEIR Y fie Z & & LT,
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1) Ac,0, HBr/AcOH

OH 2) PhSH, n-Bu4NHSO4 OH .
Na,CO4 446 1) TIPDSCI,, pyridine
HO 0, » HO -
HO 3) MeONa HO SPh 2) TsOH
HO o H
OH 88% (3 steps) 50 66% (2 steps)
p-JII1—-2
(ref. 31a,31b) o
OAllyl
el =31‘
OBn
OAllyl
Allylo  OBn
OAllyl
pOAIIyI :(
o 1) G"VOH, EDCI*HCI HO OAllyl
DMAP
2) conc. HCI

87% (2 steps)

)é&/ OAllyl
é\©: y

OAllyl

L o
e

AIIyIO 0Bn

Allylo

p—omm

OAII

1) G"OH, EDCIHCI

) OH
i-Pro ,_"Pr 4 DMAP
S0 A_sph
O-si—OF % 2) TBAF, AcOH
i-pd \i-Pr 79% (2 steps)
51
(ref. 31c) o
OMOM
GV j’"
OBn
OMOM
Allylo  OBn
p—muyl
CuCl, HO °
n-BuNH,

1) Pd(PPhj),

1) BnBr, K,CO3  Bno morpholine L
— " Q H cercidinin A (49)
2) G"'OH, MeOTf 2
MS 4 A B":no OAII | Pd(OH)/C 14 overall steps
60% (2 steps) Q oo VI 60% (2 steps)
BnO Y, OAllyl

AIIyIO OBn

Scheme 3-1. [ 512 X % cercidinin A (49) D25k

OR
OBn
o
OR
0 OR
o
06%0 o
o
o OR

CuCl,

n-BuNH, BnoO 2
Bn H e=4 o 0Bn
- HO o

HO

R =Bn or Allyl
HO OR
oR Q o o 0
o]
BnO OR
HO OH OBn "9 on
OBn OR RO OBn

Scheme 3-2. LA 512 K% 3,4-HHDP EAESE D T i) 5
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EHIX, EBRE D-/Va—2A0e FeX U EE2—OIR#ET 5 2 & 2 AR EEIRICE R LT 2
Z & T PGG FHEIK 58 ~ L% B ki~ 7Y 712 Ko C HHDP M A 44 % Z & T cercidinin
A49) DEENATREE B 2, KBTI EF LTz, Scheme 3-3 (2GRt 2 ~d, 263, ATt
RETHEIZHEL TCWDATENCLD, 14T ATV av K15 %55 (step 1), 15735 58 ~DZEH
(X, F7IC 30 ke R e U RIRA T S U KIEZ BT 2 2 & CL 4k Rax U RICEA LY
RANIEER U e A VA 3 e R i~ BA L% (step2). 2,6 (b Rr ¥z 34 e K
BXVEIEANLIE T A NI FRERORR LT A NV EEZEANTLHLZETITH) 22 &L (step 3).
HHDP JJEfE L7 7 =/ — e Ra ka3 0 a A VRO U T 27 VA RIRIERLE 7 >
TV TICEVBETEDL LD E LT (step 4),

PG'O  OPG'
OPG'
OH BAcRIDyTYYY 610@ P oPG"
j o 0, oPG'
(step 4) HO 00 3 2 0)’@:
o o OPG'
HO oH OPG'
PG'0 . ’ .
PG'C  OPG C(2),C(6)-OHI 7Vt
cermdlnln A (49) PGGEEE (K (58) (step 3)
PG?0, o 4 g“ OPG'
PG'0 A oPG!
2
(step2)  pe:o O 3°OH ) opG"
C(3)-OH opPG?
1) B-BIRBOTYIVIVE BRO7YME pe2d  opa!
2) fii 5% #1C(4)-OH 59
OH BIRMT7VIE PG0, o OH oPG!
HO 4 O, 0 A\ o B 1
035 o < PG'0 Ho X, o oPG
. HO &l (step 1) pG20 15°H Y/ oPG’
D-)La—2A

Scheme 3-3. Cercidinin A (49) D& F AT
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B 14-C TN T ) ay RO NS ke oo 5BEIRE T oL kg o B3

B —HIR LI B RUEMNT (Scheme 3-3) (2D & | MELRFE D-27 /L 2 — A % W RS B-18 IR 77
Uai iz kv -7 U =2 R 17 % T8%INER, 99%DD NLARTERME T 7= 1%, i) 4 (755 ke R
VIR T VMBIC KV FTLED 14-CT 27 ) 2 K19 % 82%U#E T2 (Scheme 3-4)°,

omMoM
MOMO. OoMOM
o] o
H47C50 H ‘“O‘«H\_)Locaun
0% oH N L S PN
16 (1.0 eq.) »
DIAD (2.0 eq.) OH N BnO O  OH omMom
OH PPh; (2.0 eq.) 46 OMOM cat. 11 (10 mol%) o4 6o om
o > o
Hgaéﬁa 14-dioxane (0.01 M) RO Po OMOM ° momo HoA— 0
HO i OH Bno
OH r.t., 30 min BnO. o OMOM
(3.0eq.) 78% yield ° omom o 19
99% stereoselectivity 17 MOMO
a-D-J)La—2 OBn
(commerecially available) 18 (1.05 eq.) 2
CHClj/collidine (9/1, 0.04 M)
—40°C,72h
82% yield

94% site-selectivity

Scheme 3-4. 1,4- 7 27 @13 K19 DERL

FrIEMFZEEE CTld, ZAUE TIT tellimagranidin 11 (13) 72 D7 a—R 4,6 firgiv M 23 itk K o0k
FICHHDP S A4 52T VX = DR GRS —7 vy FELTERY, T 14T 7l =
SR 19 BET D Zo0MHEE FRE SO S L. 6 MR FrX o hafof ke ke ok
P L, GEERIRINC T S LT 5 = L BHBIAS) L 5 21100 T B, SR, DMC 2l EAiA 4
LY 14277 Y 3> RO 6 fH ke Fux BRI T S LR TTRETH 5 2 L ZFTJEAT
722 CREIZHE LT\ % (Scheme 3-5)°

OMOM
BnO OBn

BnQ OomMOoM

0” > oH
20 (1.0 eq.) o
DMC (4.0 eq.) BnO 0 Mo

BnO o OH o
" 6 pmom DMAP (10 mol%) 6 oMOM NN~
0 O, > o) o]
MOMO Ro X OYQOMOM CHCly/collidine/pyridine MOMO HoX— or@/m‘m"" & e
OH OH
(9/1/10, 0.02 M) Bnd ) S DMGC

BnO
n 19 o OMOM

5°C, 18 h 21
72% yield

Scheme 3-5. 1,4-C 7 3 L7 ) a3 K19 D 6 i —fkt Fuo o @R 7 2k
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— 05 EE LT bR E L CERIEKY) 18, RAZARE & LT DMAP, #iJk & L T collidine % FV >, CHCl3
W, 20 °CTT 2 b EATH 2 & TR BN ST D 3-7 2 UK 60 23 EA AW & LT 37%IX
+T%Eh6 &AWL L7z (Table 3-1, entry 1), foOREZAE & LT NMIZ 2 W56, 7 2kl
§h EHELT L7 o 72 (entry 2), £7-, DBU, TBD* Z sRiZfillk & L CHWESHE ST v /ARITHETE T,
B DN R O D DA TEH o7 (entries 3,4), 7V 2L N 17 OfbIER) 4 (75 ikt Nr ¥ o A8
BT AL T WA 11 260 L7286, 2-7 S UBIRD EARM & LT 25%INRTH L, 3 (i
ML 30% ToH o7 (entry 5), & Z T DMAP Z femfitiit & U, BIHEROMFI 21T o7, HWEEFEHHET 2
> ® collidine 7> HAENE T X > @ DIPEA, PEMP, NMM (24 2 72356, DCRKR O ESEIUEIZIFE AL
ZAL L7 D> > 72 (entries 6~8), —J7. DMAP Z sREZMME H DI & U THWESGE . 64%ICA0E B HRMEDN
M kL7 (entry 9), ¥KIZ DMAP Z RiZfil H SR L U CTHW, EER 2R L2 25 CHCL R

catalyst (10 mol%)

o
BnO
(]
MOMO
osn /, BnO, o ‘é“ OMOM
BnoO. o OH OMOM 18 (1.1eq.) MOMO ogé&’o OMOM
6 base (1.5 eq.) 2
9 0 oMoMm - o= 320H
MOMO HO (o] BnO o 'OMOM
3 20H solvent (0.04 M), temp., 24 h oB
BnO o OMOM n
19
BnO OMOM
60
i o/ \a@
entry  catalyst base solvent  temp. (°C) — . ylel.d (%) 3-O-selectivity (%)

site-2 site-3 (60) site-6 recovery others
1 DMAP  collidine  CHCI3 -20 27 37 0 30 5 58
2 NMI collidine CHCl3 -20 <1 <1 0 98 0 -
3 DBU collidine  CHCI3 -20 0 0 0 87 12 -
4 TBD collidine CHCl3 -20 0 0 0 52 29 -
5 11 collidine CHClj3 -20 25 12 3 58 0 30
6 DMAP DIPEA CHCl3 —20 27 39 0 11 23 59
7 DMAP PEMP CHCl3 -20 26 39 0 13 20 60
8 DMAP NMM CHCl3 -20 28 41 0 10 13 59
9 - DMAP CHCl3 -20 22 41 1 18 17 64
10 - DMAP CH,CI, -20 24 20 5 24 23 41
1 - DMAP toluene -20 21 23 <1 32 23 52
12 - DMAP THF -20 15 18 2 26 29 51
13 - DMAP DMF -20 11 3 10 40 30 13
14 - DMAP pyridine -20 13 7 9 39 31 24
15 - DMAP CHClj3 -40 20 40 1 16 23 66
16 - DMAP CHCI; -60 16° 41° 1 19 20 71
17 - PPY CHCly -60 15 36 3 22 21 67

@Yields were determined by "H NMR with 1,3-dinitrobenzene as an internal standard. °The isolated yield was 14%.
°The isolated yield was 38%.

0 PO A ggg

DMAP NMI DBU TBD PPY PEMP

Table 3-1. 1,4- 7 27 ) a2 K19 O 325 ikt Foa %o @R 7T 2k

23



toluene, THF 25 O LLES MG DR IEE %2 W 723568 CHCl DO3a & b N CUR K O E SRR L
N6 —fke NuaxTkTo7r v ubidshs & éﬁ{ﬁu éj@fﬁho 7= (entries 10~12), —J5 . DMF <° pyridine

O EBHREE Z AW 25513 CHCL O%6 & S TSR L O EERIREA K E KT L, 6-7 211k
21 DR S HERR S 47 (entries 13,14), LREDOBFT T b BWHR Z 5 272 entry 9 DRIFIZB N T,
BEE TIF 52 & CAESRMED M L (entries 15,16), —60 °CTIE 41%UE, 71% DN E RN METHT L
®&7vwm¢w%ﬁé*&’ﬁ%bt@mym F72. TIIURIZEB W T DMAP LV & EiEETH
LT ENHMBENTND PPYS Z W cdpa, TARRICK L TR LK O EEIRMEOUEIT R b o7
(entry 17),

WA, RT L IAIZ I 1T D Al h3 i B i ) £ B B 0 A e 3% B & 812 97— < 7 U VB
IR FIC BT DL DS FINT S NVERAL 36 OFBEZ R Uiz, AEGICBIT5E ) 73 Wbk =
T & HEES TS . AR Z R 3 Lk Fu S U iR 7 LU &fhicEnehot /) 7 vt
K21, 60, 61 ZfFL7-L A, 2TOHAITBVT I7T%L EOFENEIL S Fu, 53 FNT S VERNIZEL
W& 72Dy - 72 (Scheme 3-6), AfE LV, 3Lt o AR T 2 UABIC I 1T 5 Azl L 3o G
BRI TH D Z EDVRSNT2, Table3-1 DIEHMFTOMIR (entries 9~14) L BDOETEX DL EAT LUk
WZBWT, F—fkte FrX R0 4F e Fex T ETOT b T NAER LW S TR ORE R
DBIEINTZDOR, 7V av R19D 44 Rex v ERT UKL TRESILTWA Z LiIc L b ki
BOHTWNKZREERY NI —I N LT EBEZBND 2,

BnO OMOM
OMOM oMOoM o8
s :; A\ OMOM n
MOMO )'/@ MOMO@/‘< >'/@OMOM o
oMom or omom " BnoO o 0 oOMOM
6
OBn o
BnO omMom BnO OMOM Bnd OH ! oMM
61 60 21
DMAP (1.5 eq.)
CHCI3 (0.04 M), —-60 °C, 24 h

recovery : >97%
(migration : not observed)

Scheme 3-6. 3 (725 ikt N 5 ESRIN T S ARSI D45 FIN T 2 VERNE O £ 4
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Jipe ——

B =H1 Cercidinin A DEE A%

Uk T NI IVATCRES/NIONEY
FTLOT A 60 2155 Z
DO OoODWEEEfe Fa X ki
EMASRMIC LV EA L%,

EWTETZ,

RERbicky, Fra—x o34k Fefdvikamor Rax R e XKL,
B KO

FEMEDT-, 134 RV T TY as R 60

XL 7/7—u_%AbtﬁH%w%kﬂbﬁéﬁ%ﬁﬁéﬁm4wﬁ
THF &S PA/C % T Bk BRI

Lo TBnlkzfrEL, Bk

B0 > 7V THIBMATH D PGG F5EIK 63 ~ & U /= (Scheme 3-7), I 5% PGG #5EAK 56 (2%

% CuCl,—
FHEK 63 2 CuCl—

WA I/N = JORVAVN i

oo o = FF

n-BuNH, £

RCTRIESS &

ITLlEHER SN D, £ ¥

n-BuNH, 881K 2 AW =B 7 » 77U o 13T LRV & 855 LTV 5 2% (Scheme 3-2)%, PGG
FT2D T v 7V 2 7K 64 S 4T%IINRHSOH—D T A
TLAw—L LTELNE, EENEK LT PGG 5K 63 &1L S8 A R L= PGG 5k 56
T, Bleb03aA N EORELOARTH D, MOM #id Bn ZE LV bR/ E <,
FILELE DA LTZ PGG ?ﬁ%ﬁ: 63 DJFH 56 DY
ﬁTé%k%ﬁy?)/?ﬁmﬂXA—xm

ha <1
BT
BITHART/hESL D7D, 63 1T

T AT VA IRMEIZEI L T

BB & [RIER, *Fﬂ:@ﬁ‘r'} U T 4 DNRANCHEIMEARF IR T Shiz LB

% Z}/L é 8a,b,d,eo
MOMO OMOM
OMOM MOMO OMOM
HO,C OMOM
16 (2.2 eq.)
EDCI-HCI (2.5 e
oo { 4 3 OMOM DMAP (1(0 eq():| ) MOMO@* oMoM
o o1 OoMOM & : omoM
oo o3 Zon °>'/@/ D
BnO rt, 27 h Pd/C (50 wt%)
o8 [o] OMOM 91% OMOM THF (0 01 M)
n BnO OMOM rt, 18 h, 92%
BnO  OMOM moms "
60 MOMO OMOM MOMO OMOM MOMO OMOM
” j}
OMOM OMOM
CuCl, (6.0 eq.)
g " MOMO OMOM  n_BUNH, (40 eq.) MOMO o omom
ecomposition OMOM - OMOM
conc. HCIITHF/i-PrOH CHCI3/MeOH 0
(1/50/50, 0.005 M) omom (171,001 M) oMo
rt,6h rt,1h
OMOM 47% OMOM
MOMO
MOMO OMOM MOMO OMOM
HO OH 64

OH

ﬂéwéé
T

HO  OH
cercidinin A (49)

Pd/C (50 wt%)

CHCIl3/MeOH
(1/1, 0.05 M)
rt, 8h
63%

[TN2-2b27 T8 (#UREE.0%)|

Scheme 3-7. Cercidinin A (49) D4
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%D MOM JEDBREIZE W TITAE 64 DM ALETH oIl BataE L7z, ZET
WCHTBMIEE TER SN TE L T VX = VHORRHMRETIZ, TaA Vo 2T APNKRSREIS
528 7=/ —nMEe Frdx vk B MOM AAFRET H7-9DIZ, conc. HCYTHF/i-PrOH (1/50/50) &
WO TR SRV S TE 29 LavL., cercidinin A (49) %15 % 72 8 O e (AR (A S & 16 9
&, PRIZKLTHMMIIHRONT, BMRIEEME G A DDH Tholz, REM LV b EIZIRMZRML
RAESRF 2 METd DBRIZ, coriariin A (1) DG AIZISIT DHE/KFL)E T Bn 2 & 2 MOM DB
EDNEITTERENH 722 LIZHEH LT (Scheme 2-14), MOM HEDFRENR L -7-D1%, KFEEK
FAS T, AcOEtMeOH &M - T Pd/C & AW =HA Th o772, KEFHLK T, CHClL/MeOH (1/1) ¥4
FTPAC MWz ZAH TAr AN AT VONUKIRITBI ST, 49 Z 63%IRTHED Z &I
L7ce ZHUTED, Za—Z2n64 7 TR, HIGE 6.0%T 49 DREREER LT Y,
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HBUNE  EAUKEILSIZB T D MOM JEDFRZE

Cercidinin A (49) DO FHELRGE Tl BAUKELEME T MOM KDOBREZIT o 7208, BEflUKHELEMT
@ Bn RREFRLSAADOBREIL, DETNZW S Ol E ST, 2001 4FIZ Kaisalo & 13, B2l 2L S0
TTHP ENRBRESND Z L aHE L THY | PAC PITMEIZE 15 HCL DAEUSNTEEFE T 5 Lk~ T
WD 38 E T, 2003 ARICETEAR, BEH B ITEEMUK RS T PA/IC DRLESH KON Hy DA I Lo TR
WP D pH 72D Z & A2 HE L THY | Ho /775 FCHIEEO pH 2ME T 95 2 & TRtz X 5 TES %
DEREPEIT T2 2L 2WMELTND ¥, FEHIEL. A0 MOM EOBREEICEWTHRIESHICE D
Pd JRARAFNED 8 273, F 72 Hy DLENEDN 8 2 0 E B3~ < . MOM R#&K 65 Z W\ CET VIR %
1Tolz, ZORER, o FZFAK F TIIAWD Pd JESCHEESHIC L > TIEITIES2EREL L b00,
D PAdPEAEHWTEH MOM EEDOFRENHEITT H 2 & 2355702572 (Table 3-2, entries 1~3), — 4, Ha Z H\ 72
WEAETIE MOM ZEDORRENETET, o DA TH D Z LN oTc (entry 4), UL EDOFER LY | K
B Kaisalo, #ElaAR S OHE L REEEOEM 2 H 5 6 DD Kaisalo HIE7 =/ — /e ReFk 8k
MOM F:DFRZEN THP FOBRE L FBEOSM T CIFEIT LAV 2 L 285 L TR Y 3 4 #H T MOM
AERET DHMAKE A RS2 N TE T,

OMOM H, OH
Pd source (50 wt%) _
CHCI3/MeOH (1/1, 0.05 M)
CO,Me rt, 13 h CO,Me
65 66
entry Pd source supplier Product No. yield (%)? recovery (%)°
1 Pd/C, type PE (Pd 10%) N.E. CHEMCAT 163-27041 19 73
2 Pd/C (Pd 10%) Wako 163-15272 42 53
3 Pd(OH),/C (Pd 20%) Sigma-Aldrich ~ 212911-10G 38 54
42 Pd/C, type PE (Pd 10%) N.E.CHEMCAT 163-27041 0 93

aWithout H,. ?Yields were determined by 'H NMR with 1,3-dinitrobenzene as an internal
standard.

Table 3-2. #Efil/KFLSAEICBIT D MOM EOBREICHET 2 €T VER
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FIUE 3,6-HHDP = Z ¥ % > = punicafolin }2 O’ macaranganin D454
B AR L EE O T $

Punicafolin (67) % 1985 AEIZVa ] HIZ K> TH 7 v (%84 : Punica granatum) DIED S HEES U7 14
HT1080 AL DR IFHFETENE (ICso : 4.2 pM)® 2 FT 5T VX =T, J/ba—RX 36k Rr¥

FIZ (R)-HHDP M:& 4 L TW5% (Figure 4-1), F£72. KARIZIEL 67 & HHDP K DNAK L FDH 0370 %
macaranganin (68) £ \VH) =T VX U= HFEFEL, 1990 FIZ[E U WM HIZ K o THAAF [4
Macaranga tanarius (L.) MUELL. er ARG.] OHEn0HEfE, MEREIN B, YrY Lz RRTFL4—8
FHEETEME (ICso : 43 nM) ZFH L TCWWDHZ EDRHLNATWD, ZRHDOREMI I Na—A 36t Ru
% L J& BIC HHDP Jk& A LCTH Y, HHDP B2 L T\ DV uA VIERIENE T ) — AR ORET 2
b ReX i Richniey, ©7 ) —28R EoEBEEN 2T h M) 7ARED 4Cy BlE (Scheme 1-1,
FHUAPHA) BT, 7% T » F 72 \C4 R (Scheme 1-1, ZEPU A FHA) Bl M AHRELE 2 B> T
VAR

(R)-HHDP (S)-HHDP

Ho HOpo OH

/%
HO HO(R) OH , (S) ;)H

OH 6 % OH
OHo”"vlo OHo”v"]lo
HO ’227‘5 oH HO ’227‘5 oH
3 OH 3 OH

o o0_o
HO 0 00 HO
o o
HO OH HO OH
OH OH
punicafolin (67) macaranganin (68)

Figure 4-1. Punicafolin (67) A O macaranganin (68) b=

IC4/B L ('Cy BLEE BN I 2 T DL B DBLEDRFR) Z B> T % 3,6-HHDP Bl 4
VEVHOERKRIZIE, BT ) —AROBRKEE AT a A VIO A 7Y 72 A HHDP o

Q\( MeO(R) OMe

OBn

Q_« 3 OBn
OBn OBn

70
Bn OBn
(S OBn
1) Rieke® Zn BnO
B 2) CuBreSMe,
0" o’|o
’é&‘ %) ;‘\f
% 3
BnO 3

RS “©*0~\ Rt

71 NO,

Scheme 4-1. 3,6-HHDP AL~ DR Ax
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RNV LEZ GNDLD, BREBZE-72 1y 7Y 0 VTR KEAC K > TA U 2 Bl R MR DR
BARRD T 720 Te IR L TR IND, Reilly B, Hix 27V RET ) —ZEIZEB T DA BL RN
RE D= NF—7%% DFT fHRICE VW EH L T\ 5 2, Reilly 5OHEICE D & B-D-F IV a—ADEKE
TEBLEE T d 5 4C) Bl & B2 E R T & 5 12 CAUAHRIEE O = 2L F— 7513 6.51 keal/mol T, “Cy B &
1C4 B BE D = R )L F — 7% 8.58 keal/mol T2, LLEOFEMERAZET 5 L. 3,6-HHDP FHEOMEEIZI1T
BOGRFNCTE EAE L2 OB RN S OB v 7Y U T TS D NENH 5, FEFET 3,6-HHDP K&
OREFICHRIE L, Dy 7TV U TREAT L RN EERER LI WO MGG S H D, 2004 FFIZILH GBI,
NRUB VR EAINR=ZNVEOF N MIZ I UREZEAN LA NVEEZ 7L a—X 3,6 itk Fu ¥k
FICHETHEE 69 12x9 5 Ullmann 1 v 7'V o 72 RB T, FTEO T » 7Y T IROSTHET Lo
7o LA LTS (Scheme4-1, )8, F72. 2009 4E{Z Spring 5%, _B B EAVR= VIO AL K
MICRBEBALT A NEE 7V a—A 36k ek RIZATH58E 71 12k L CHligh, Rk
. BALAN 2 DB e T o ) v T ERRBTD. By T TR RIS BN T REN S KEA~D
BILNEITT 5 DA EHEL TS (Scheme 4-1, F)*,

T ) —ABEOBRKEL AL T2 » 7 ) o ZITHE—RRED L7 & LT 2017 ARSI H & 2Nk
L7 PGG #BEIRICkI T2 T o H LB bih » 7Y o T IROEN ST D (Figure 4-2), [LHH S 1X~<

B
4,6-HHDP Bno
Ho OH
SO ¢,
BnO. o
o
HO
oH o 0&09‘/
o
Bn

HO,
OH O,
BnO OH ol HO. 0
Ho O Rion BnO 8 S O
o OH CuCl, OH n oH OH
B HO'
1

n-BuNH, y [o] OB
0, OoBn —— > : H n
%, °°/év\»°7,/©z/ MeOH, rt,, 0.5 h i : 2-HHDP 2,3-HHDP

C)

o]
o o OH
”°d oH D E 3,6-HHDP
Bo M 1,6-HHDP —
HO  oBn HO oH HoHo n
73 5)OH BnO,_((R), OH
& OBn HO O O
062 O oH 6 %GV
2’_%" 0 ¢ 0210'07‘
3
oGV oGV 0GY oGgY
HPLCIZ X 2 ot &
—_ __  Column: YMC-Pack Pro C18 RS D
T & & Size:250x46mm = .
a8 sio Delection: 254 nm
= Eluant: MeOH/H,O/TFA - |
a0 = 72/28/0,05 >
20 A N \\
~ i
e M NUAAVANE
S | '-L‘n “u_.ﬁ.n_n‘__.fp"'\-\_.l' A o e x‘\__/ﬂ. e —
O . . R . . ; . B
o 20 <20 S50 S0 T0O0 {rmind

Retention tirme

Yamada, H. et al. Angew. Chem. Int. Ed. 2017, 56, 15402—15406.
Figure 4-2. PGG #5354K 73 DLy F » 7V o 712k 2 ROG
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BUBREADNR=NEDONIT 2 )=t ReXxd Ba Bnfrig Lo oA VI GY % B-D-7 /L2 —
ALEOETOE Ruafx v HEIZEA L PGG #FHEIK 73 # A L. ZiZxt LT CuCl—n-BuNH, 5K % 1F
HEE5HZ LT, EOMETORILHI T » 7 ) o THREIT LW ERE LT, TOE., EME&RN D
3mmHmm%%ﬁ¢5mA%E@$m%%;waé LU, 73CKkT D0 » 7 o 7135
BRD 3,6-HHDP = Z U % o = O EA I AW D113, BROmE» S W CIEIRNTH Y . EH
B7e FE LTSV EE,

FRL7z@0 | ©7 ) —ABROBRKERZ tEo Iof ki v 7 ) v ZI33ER ICNEECH 5, ME— A7
3,6-HHDP AL OMEEEE L LT, 2008 FEIZ L & 23R L7z 3,6-HHDP L 2% o =2 (-)-corilagin (74)

AT BND (Scheme4-2)%, (LA BHIE, ©F ) —RABOREGL ko= aA VMO H » 7V
VIDEITLOBWNWEWIFERAZITC, D-ZLa—ADEY T ) —ABEZ—FEREL Th vy Y IR
BRIR 77 ~ L8Nk, oA VIERBOBLE S v 7V 72T, BT ) — A8 % TS 2 4 kg
ERDH LT, 14 DEAREZERLTWD, IWHBIZE D 74 OAERKIL, 3,6-HHDP Bl=F % = 44
DOHe—DEERRTH 5,

1) Ac,0O, HBr/AcOH
OH 2) PhSH, n-BuyNHSO, OH 1) MOMCI, DIPEA omom 1) PhsP=CH, OH

o NayCO3 o 2) BnBr, NaH 2) PMBCI, NaH 5
> PMB
) 3) MeONa 3o SPh 3) NBS ) conc. 3)conc. HCl . Bn9g =
HO ‘o4 88% (3 steps) OH 44% (3 steps) BnO 0H 53% (3 steps) OBn
D-J)LA—2A 50 76
(ref. 31a,b) ref 43 (ref. 43)

Bng OBn

OBn OBn
0Bn BnO, O 0Bn
Q\f BnO BnO
1) G'VOH, EDCIHCI
DMAP 1) 0uc|2 n-BuNH, DDQ 0H

(o] (o]
T BnO OPMB ° 0
2) conc. HCI o 2) BnBr, K,CO3 = 2) OsO4 NalOy

86% (2 steps)  BnO Bn 69% (2 steps) OBn OBn 44% (2 steps) OBn OBn
78 79
HO 77
HO a o
HO—((R) OH p omom % OBn
1) G'CI, DMAP  HO o G- o=
— > 6 =0 OH
2) Hy, Pd(OH),/C AAd 9 OBn OBn
44% (2 steps) ;‘27”3 on OMOM 0Bn
OH oH OH
(-)-corilagin (74) 17 overall steps
('CJ/BEREE)

Scheme 4-2. LI 512 XL 5 (-)-corilagin (74) DA
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—73.3,6-HHDP Rl 5 V% o = AHOAEGHMEE & LTI, 7/ —RABROBE - HRZLE L &7,
PGG (80a) @ 3,6 firt RuXx I FOHu A VKR LR E T ) —ABRORKEZ > TRk S » 7Y
VT HRENE BB I TV D (Scheme 4-3)'%, 72 Figure 4-2 (2R L7e{biy s » 70 7
FOBIZIBWT 3,6-HHDP a2 H 450 v 7 ) U ZIRBEMBELR R L/LNTND Z b H BT ) —X
BROBREZ Lo TefR b > 77 ) & ZIEEBIARFRB R SOS TIX RN E B 2 1o, £ 2 TEHEE L, AR
BRI FES & B LFETO punicafolin (67) [ UF macaranganin (68) O&AEICHY #TrZ & & LT,

OH
o
OH
0 o OH

H
HO  oH
UDP-glucose ~_>_
; ; BRI
PGG (80a) \

(*C/BREE)

" Bty ”° on r[’ |J\@[
OH<— HO
HO o 0._0 :©\V(
o
HO OH HO OH

OH OH
67 or 68 PGG (80b)
(C,/BEZEE)

Scheme 4-3. 3,6-HHDP Hl= 5 % o = L HH OHETE E A AR BR

EHIIENRE D-/ v a— A0t FreX v s —OR#ET 5 2 & 72 AR EERICERIMET 5 2
& T PGG FHiElR 81 ~& Wik, VT ) —ABRORNIRZ Lo T2f(bil » 77U 712 X % HHDP £&
DEEEAFHE L7z (Scheme 4-4), %67, Fr@iF7E= CREICHE L TV 5 FIEIC V14T a
K82 %155 (step 1), 82 705 PGG (K 81 ~D 2L, Friz Ity 2 {L’Wﬂ‘l’zt M= RS
ROT O AGIEZRRIETH 2 & T, 140 R RIEA L Tn A VLRI T A % 2/t
R~ LBA LT (step2), 3,6 0t R ic 124 Rafx R l8ALTaA ik
SRR D R Do A NVEEEZEATHZ L TITH) Z L & L (step3). HHDP LIV / — A B OB iR
oo TaA VEROT T AT VRIS » 7Y U 7L DRSS TX 5 LB 270 (step 4),
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Josd O

OH | B L BBy TY ‘J'j

: PG'0

(step 4)

HO  OPG'

PGO

OPG'

r@ow
oPG'
OPG'

é&

1

PG'O

PG'0  OPG! C(3),C(6)-OHI P VL1t
punicafolin (67) or macaranganin (68) PGGEEE {481 (step 3)
('C4/BEREE) (*C1EREE)
PG'0, OPG'
PG’ O/D/K Ao PG
d 3 2o
PG'O OPG'
1) B-BIRBITUIAVILAE (step 2) 83 oG
2) I #C(4)-OH
OH FBIRMW7VIME PG'0, o 4 OH OPG'! PG'O  OPG'
4
HO 0 1 0‘&&2 oPG! ﬁﬂlﬂiﬂ’]c(z) OH
HO a relo 7//‘\ HOA—eh ° BIRMT VI
HOoH (step 1) PG'0 g2 O oPG"
D-JJLa—2A
Scheme 4-4. Punicafolin (67) } U" macaranganin (68) i & B M#HT
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B MR 2 A0EE TRk R e U RN T VU BIE OB %
H—HIR LIS AT IO S & | (R D-2 L o — 2 & W ORRESR I BBIREY 2 U = 2 ki
XU B-7Vas R17 % 78%INR, 99%DNLARIEIRIE CTHE7=% . AR 4 755 —fk b Ro o g 7

VIARICE DV FTED 14-T 27U 2 R 85 % 2%V TH7- (Scheme 4-5)%,

omMom

MOMO. OMOM
[¢] o
HirC0-X _N ‘“O\(n\‘)‘*ocsuﬂ
0~ "OH HNR g’ Y o 2 NH
16 (1.0 eq.) » 6
DIAD (2.0 eq.) OH N MOMO O  OH OMOM

OH

PPh, (2.0 eq.) 446 OomoMm cat. 11 (10 mol%) 0 6, oo
° - & MOMO MOM
Hﬁgéﬁa 1,4-dioxane (0.01 M) "% B Oomom Ho 0

HO Or@/ o OH
HO Gy rt., 30 min OH oMOM MOMO. mMomo 85 o OMOM
30 78% yield ° 0
(3.0eq.) - 17
99% stereoselectivity MOMO
a-D-JILI-2 omom/,

(commercially available) 84 (15eq.)

CHClj/collidine (9/1, 0.04 M)
-40°C,72h
82% yield
86% site-selectivity

Scheme 4-5. 1,4- 7 V7 ) @13 K 85 DAL

WIZ, FFONT2 1,4-TUT 27 U 2 R85 & AV TAERY) 2 725 “fk e N o JRiIRa T ko
et &21T 572 (Table 4-1), Y59, EA KD KGTEZ MR T 2 72 DIl & LT DMAP, ¥ L LT
DIPEA % i\, CHCL; H20°CTT VU b Z4T o7& 2 A, 6 (it Ru X ETo T v Iukidd#ElT
B IO 2-7 VIR 86 TR L LT 4%, 55%DNLEERME TE S 7 (entry 1), [FIEE
DEMET., BREAW 18 ZHWTT VUL ZIT O & 3-7 2 BIK 60 AR & LT 39%IXE, 59%D
MEBRPECE SN2 £ D (Table 3-1, entry 6), 1,4-U7 27 ) 2 K19, 85 [ XH W 2 i
PEZRELTCNDZ EDVRIE S, MOM X Bn kX 0 b B RIIMETH D720, =20 MOM a4
ToHAaANKE —DDOMOM L OO Bn K2 FT 5T A NVIETIIMOM % =>H34 5 Tu A
NIEOFHNEVEFRGMEEEZEZ OGNS, 1912H_T85 1L, LVETFRSMEOT A VA 4T R
FUREICAL TS, BT 5 3t Raf U EoREENMELS, 19 ZIE & L-HA LRk
PPER WL U7z EHER SN D, I, 7V 32 K17 OB 4 (755 ke RS RIRM T Uk T
Wil 11 ZfEH L7 & 2 A, DMAP & HW 2B & [RIFREE O ERIMEIC & EF 572 (entry 2), il
11 & B DSR2 AT DL 87, ent-87. ent-11 ZRat LIz & 2 A, il 11 L8 T 3/ BRERALOD
SEARAE DN W ORI 87 2 AW G b @M EDERIRYE T 2-7 LUk 86 2 522 Z & pinol-
(entries 3~5), filit 87 L [AEEDONLIRILZF2H L, MIEHT X /BRGNS B-F 7 F AT T =V FEIRTH H ik
i 88 Z W28, entry 3 & [RIFEEE DULERT 79%IZ 2 ALRIRMEAH L L7 (entry 6), N> Y FH4 7 ==
VT T = ROMIE 89 D & | entry 6 & [RIFREE D 2 AR T 42%IZUEEN M) B L7 (entry 7)., —
Jio 23U CRIOAE 90 A VD LR KON 2 AORIRPEN K E KR L7 (entry 8), £ 2T, filfi 89 %
Bt & U CRINGRUDOREEZ T2 L 2A, BEKYMEOEEXOY &4 2 512352 & T, 51%IX
K T8%U DN EIEIRIETHTED 2 (7 VAL 86 2155 Z LITHEN L, AREMFZ L L7z (entry 9),
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catalyst (10 mol%)
o)
MOMO

MOMO
MOMO, o] OH OMOM

omom /, 6
DIPEA (1.5 eq. 340
Momo@iﬁgé&,o OMOM 000%) . wmomo o o OomMom
3 2on CHCl; (0.04 M), —20 °C, 24 h
MOMO g5 O OMOM 86 OMOM

MOMO omMom

entry catalyst yield (%)” 2-O-selectivity (%)
site-2 (86) site-3 site-6  recovery others
1 DMAP 44 36 0 10 7 55
2 1" 32 20 4 24 6 57
3 87 23 9 1 48 3 70
4 ent-87 21 19 3 36 4 49
5 ent-11 37 37 3 13 0 48
6 88 22 5 1 49 2 79
7 89 42 10 4 30 0 75
8 90 13 7 4 37 1 54
9o 89 515 139 1 10 17 78

2Yields were determined by "H NMR with 1,3-dinitrobenzene as an internal standard.
bAcid anhydride (2.2 eq.), base (3.0 eq.). °The isolated yield was 49%. 9The isolated
yield was 14%.

Hico RSN, S Dsw 2 ocuHy anaoﬂ\;N\r% OCqHy; HirCs0 ﬁ\,N\é)LocsHﬂ H17C80JJ\§/N R OCsHys
HN'S é/ NH HN \g 0 ~"NH HN'S ﬁj é/ NH HN \g L)j ~ "NH
L-Trp-PPY(S,S) 87 : D-Trp-PPY(S,S) ent-87 : L-Trp-PPY(R,R) ent-11 : p-Trp-PPY(R,R)

JCLR/ H RO JJ\’ Dj\/ Ro

Hﬂcao Y \”\- OCaHn anso Y OCsHy7  HyCe0” Yy NW N;CLOCaHn
& fj 1o Z o
W
88 : D-B-Nap-PPY(S,S) 89 : p-Ben-PPY(S,S) 90 : p-val-PPY(S,S)

Table 4-1. 1,4- 7 V7 Y 233 R 85 OfREER) 2 (755 —fk b Rr U HGRNm 7T > ik
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VT ) —ABROBRKIREZ -T2 T AT UAEIRER LI~ 7 ) o T EDOB%

L 2 A7 b R S RN T S AIC L VSN2 2-T 2 kIR 86 D 3,6 i b R 3 S JELiZkt L,
MEAPOMZ XY 124 L E X B DIREREZAET O oA NVEEEZB AL, 3.6 itk Fafiikbio
A NVIED Bn A EMUKBIC KV BRET 52 L TAEON v 7' » JHiIBEAK 92 24572 (Scheme 4-6),

BnQ OMOM

OBn BnO  OMOM
MOMO, o OH oMOoM HO,C OBn
/D/A(o 446 o 20 (2.2 eq.) MOMO o
—g 1 OMOM EDCI-HCI (2.5 eq.)
MOMO HO O, o]
wond 3 2% ),/@ DMAP (1.0 eq.) MOMO 6 OMOM
[o} o OoMOM ——> o 0] OMOM
CH,Cl, (0.1M)  Momo O Oé&/s N
OMOM rt, 22 h
’ OoMOM
83% /& [o} o
MOMO OMOM BnO
86 n OBn OMOM
MOMO
HO oMOM MOMO OoMOM
91
OH
H,
MOMO o Pd/C (50 wt%)
o o THF (0.01 M)
MOMO 6 o OMom rt, 12 h, 87%
MOMO o Oo o. OMOM %
3 o
o o OMOM
HO
OH OMOM
MOMO
MOMO OoMOM
92

Scheme 4-6. 77 7V v ZHiBRAK 92 DEFL

oIl 7V o ZRIEEK 92 1Tt L, IIH & DS 826848 2 RZ 1Tk v 7Y o 7 &7 o7 b
ZAH, INETICHE STV ORER S LHER, kL S D CuCh—n-BuNHa 85K % F N2 54 Tldpn
LDy 7V TR 93 N 94 1315 L7 - 7= (Table 4-2, entry 1), Quideau HIE =-2>D A 1 A LI
by C—C v 7YV 7 LI NHTP (/e Fuafxy b 7o /A )V) FEMBETDIEIC, 72 Ui
T-& LT n-BuNHy # W IZGAIIFTLE O » 7V » 7P HEITE T RIS Z 2 OHTH > T-DIiTxt L,
(-)-sparteine & V% & B 97 3§65 Z & 28 LT % (Scheme 4-7)%, Quideau b D %5
Z\Z CuCl,—(+)-sparteine $&5AZH WD &, WIFFB Y IERREEE SN TEX 7T ) —RABROBENEREEZ -
TeBBb T 7Y U T BHEAT L, BTEED RIED T v 7V 7R 93 % 60%IUE CTH DU T AT LA~ —
ELTHEDZ LTI LT (entry 2), — 5. 7 I UEML & LT (-)-sparteine =V 5 &, FARIZKL
93 IGFOINT SIEDT v 7Y TR 94 D3 26%INHE TR LI (entry3), ZAUZLY, k¥ —4 > T
& - 7= punicafolin (67) & macaranganin (68) D[l 7 DGR RIAZGH Z LITEPI LT, #Ek, Meryh
IV TR DT VX =800 HHDP EOREFIC BT, AR OEMEREF OSSR L7 1T 7 2
VEL A DX TV T I E ST O T VT IO & LB E AR NEL D L E
ZHIVTE 28 sabde . AA X T LT I UEN 2 HWD Z & T T VX = HHO HHADP HE D LRI
Z R TR LT,
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(R)-HHDP

HO  OMOM OMOM
oH MOMO, HO(R) OH
MOMO o oMOM
| . .
MOoMo PP omom Cqu(SXO eq.) MOMO Py 0
6 amine (X eq.) MOMO OMOM
0. 0 ° o oMoM 3
Momo 35 CHCIy/MeOH (1/1, 0.01 M) 034 o omom
° 3 oMOM r.t., time MOMO i
"o OH omom / MOMO OMOM
MOMO i i
momd  ‘omom punicafolin (67) Omom
92 93
+
S)-HHDP
entry amine (X) time (h) yield (%) *
93 with (R)-HHDP 94 with (S)-HHDP o MO OMOM
12 p-BuNH, (20) 2 0 0 (S) OH
2 (+)-sparteine (10) 0.5 60 0 Ho 6 it omom
3 (-)-sparteine (10) 0.5 0 26 MOMO 6”0 0
avamad ” MOMO. -0 OMOM
amada's condition. 3
6 ° 6. o Omom

MOMO

b 5P PR

(+)-sparteine —)-sparteine macaranganin (68) OMOM
94

Table 4-2. ©°'5 ) —RABRDBKELEZ L7227 25 U A RIRIER LI » 7 ) v 7

CuCl,
(=)-sparteine

27%

Scheme 4-7. Quideau 5|2 X % CuCl,—sparteine 548 % W =L » 7 7

WIZ, sparteine DX 7 VT 4 IS U TH—DOTYT AT LAY—¢L LTHELONTEZENENDT v T >
7K 93 J (N 94 PN EE IRV B D SRR D E DD DR K v T U T IR E B, £
NENOAEEBRERT LTz, 7. RIKOT v 7Y 7K 93 % CuCl, KN (-)-sparteine THLELS 5 &
SEDT TV TR ZH—~DTT AT LA~—& LT 66%IETH 2 7= (Scheme 4-8), &Iz, SIK
94 % CuCl, &Y (+)-sparteine CHLEET 5 & RIKOB NE DTV T AT LA~—¢ LT4%INETH LN
oo —H T, C—CRBDHA LI » 7Y U FRIBME 92 IFMH SN o e Z Linn Bk » 7

U > ZROSIZIE R EIZ 2w EE 2 b5,
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R——>» S (R:S=0:100)
Ho ~ OMOM momo  HO Ho ~ OMOM

HO CuCly, (-)-sparteine

MOMO, (R) OH > (S) OH

no-L_7 0 CHCly/MeOH (1/1) HO O 0
6 (o]

OMOM rt, 0.5h | ! 6 E% OMOM
MOMO 0 66% MoMo 1o
0" ©’|o o -0
MOMO. 3'0 oMoM MOMO. L OMOM
0 o_o o o

/

OMOM o OMOM
MOMO CuCly, (+)-sparteine momo S
(o} -€
CHCI3/MeOH (1/1)
MOMO' OMOM rt, 0.5h MOMO OMOM
OMOM 40% OoMoMm

R-<—— S (R:5=100:0) 94

Scheme 4-8. CuCl,—sparteine $H{A1Z & 2 #ilitE R 75 SLME R O A A28

Wullf 5%, 7 I{K VANOL (98) % #i—sparteine $5{R CLELT 5 Z & T & I H#EITTHZ & %
#WE LTIV (Scheme 4-9)47, 93 B\ ML 94 % 52 DL » 7Y o 712 T & #il — sparteine $5{A1E
Ty TV THBIECDIAFEMOBEREZEEL, 7I0DF T U T 412 CT RIK I3 LS (K 94 % #4
TFER E L TH XD Z LRSI,

O cucl, 0,
Ph (—)-sparteine

OH Ph OH

—_— (S)
Ph OH " CH,Cl,/MeOH (4/1) PP OH
O ultrasound O
O 25°C, 1.75 h ‘]
79% vyield
99% ee
(+)-VANOL (98) (-)-VANOL (98)

Scheme 4-9. Wullf & |Z & % 8] — sparteine $514 % N 7= 8l R Z O 7 & J{bES

Scheme 4-8 & [FIERDFER A BN T & LT n-BuNH, Z HHIWTITD & RIK93 005 SIK94 ~DTE XY
{BITHEFT L2 o T2 DITx L, SR 94 755 R K 93 ~D BMALITARI R 7228 54T L7~ (Scheme 4-10),
Sparteine & FHWZ3GE 12D & BUSHEITEWS OO, n-BuNH, Z FHWZGEIZHB N TH SR 94 006
RIKI3I ~DTE X UAENETLIZZ 2D, HNWDT I VEML T 710 Th o> THENZMICRE
ERTT AT VA —NORERT T AT VA~ —~ORMLITHETT 5 Z LR S,

R ——4/S (R: $=100:0)
OMOM

oo Ho:‘: CuCl, n-BuNH,  MOMO ”0(1;? guon
OH
Ho ( ) o CHCIy/MeOH (1/1) 7/ HO O S/
6 =0 OMOM rt,05h 6 FQ OMOM
momo ¢M\yld ¢ MomMo 5|0
MOMOQ‘/ ;27‘ OMOM MOMOQ( 3'0 OMOM
3 OMOM lo) o o)

o o o OMOM
Momo CuCly, n-BuNH, Momo

0 - o
CHCI3/MeOH (1/1)
MOMO OMOM rt,05h MOMO OMOM
OMOM 12% OMOM
93 94

R-<— S(R:S=19:81)

Scheme 4-10. CuCl, —n-BuNH, $51K12 K 2 Bl PEAS 7 BAER O FH A28 H#4
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Figure 4-3 |2 CuClL—sparteine $5RIC K 2 BPEARFH MR DO =& X VALDOHEE A I = X L %R, KT
B A UABIZH W TUE CuCly—sparteine $5KI2 & 2 —EFBRILIC L > TT VAR EL D Z & T, A
L% C—C WEDEMENFREE 720 . BT 2 Z LI K o TRNFRNTLE R~ & el )
BET L EESND ¥, 72, CuCl—sparteine $&{A & FLE D complex (23 T, sparteine & DK
BT D X HERBEI L TV EEZXDBND Y,

(-)-sparteine

J )
N
| N\ __H

MOMO o(s)o OMOM
HO i oH
0

o
favored

Figure 4-3. WPEARFF BAERD T &2 VALOHEE A 7 = X L

disfavored
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ZEVOET  Punicafolin & ¥ macaranganin O 2 & & N > 7 + A — = VAT

KB, RIEDT v 7 U o 7K 93 1TxE L, #AKESRIMFTETO MOM A Z2RETLHZ LT/ v=
—ANBA T TR, #RINER 7.9% T punicafolin (67) DOAID A4 #M L7z (Scheme4-11), 7=, SIAD
Ay 7TV TR I LTS MOM EDBREZITH 2L T, Za—2Anb4 7 TR, KRIE 2.6%T
macaranganin (68) DOHIDEE LA ERT D Z LIT b LT,

HO OMOM HO OH
HO, HO,
HO o HO! O [o]
0 OMOM o) OH
[o] Ha [o]
MoMo 6”0 o OHo” |0
MOMO. ;&z oMo Pd/C (100 wt%) - on
OoMOM CHCl3/MeOH OH
(o] (o) (o] 3 (o] ) o]
MOMO (1/1,0.025 M) HO
o rt,28h o
56%
MOMO OMOM HO OH
OMOM OH
93 punicafolin (67)
|U‘Jb]—1b\6271$§ (1IN ZET.9%)
momo. HOHo OmMOM Ho HOno 0

H
(S) OH (S) OH
oL s oL s
% OMOM Hy % OH
MoMO  6”y"|o Pd/C (100 wt%) oHo"\ylo
Momo. .9 OMOM ———> HO -0 oH
I Omom CHCl3/MeOH OH

MOMO 0 ° (1/1,0.025M) o 0 00
o r.t., 28 h le)
42%
MOMO OMOM HO OH
oMoM OH
94 macaranganin (68)

|U‘Jb]—1h\6271$§ (#3 IR 2E2.6%)

Scheme 4-11. Punicafolin (67) } U} macaranganin (68) 45k

13 B AT W RIRIE, HHDP JEDSLR(LF D BN R D 0T AT LA~ —OBRICH 503, ZOET &
ko /EAKHF DO 'THNMR A7 ML EHT 5 EET ) —RBR EOKFEOH v 7V 78 (Ji24H) 12K
XRBEVRR LN, £ T, ZRHD ALY MLOEWOFKZ B 5\ ~< | FHE LR TFEIC &
DKM DL ERGEZ B L& 25, punicafolin (67) 78 'Cq BEZEL-> TW D DI LT,
macaranganin (68) (F42 UAUSFRIELE A B> TV 5 2 & DRI S #u7- (Figure 4-4),
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punicafolin (67) macaranganin (68)
('C,EREE) (B U EYBLEE )

Figure 4-4. Punicafolin (67) A (® macaranganin (68) i ZZERLAE [M06-2X/6-31G(d) (solvent : acetone)]
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FHILE Rl M OER

TIUH =T DIV a—A LD XUl AT AR LT e A VEONES, e A
NVIE OB » 7V o T OALE, 'K > TTHEAB 2 5 SR 2 S L T D IR KR
TH Y., R# - PUREEICHE S ZEIEARKRIC L » T4 a8 RN S T&Tm, —F. ARz
BTIET T V¥ = OGN ESIRE R IC X 2B G AL A LT D, RiEIE, =7
DH = VOB E BB T D TIETH DN, S a—R 46 BT 23 e Ra vk ki
HHDP EZ H T HHERT T UX = VHIZOLBEHFTRETH 0 | BB FTRE R RIITIR Y 23 > 72, K
MUEORIR 2 SFHICE X, L FOMFEEICH Y flie Z & CERT T U X = VS, 3,4-HHDP A,
3,6-HHDP ML &2 3 5T UK = U FEICHE H rT AR 72 GG B TFE A ML T 2 Z STk B Lz, 2212
ARAFFRORR E BT D,

1. “&#fkx=T UK = coriariin A DEA K

ERZERT T V% = coriariin A DEEXIFMEGEICHE B+ 5 2 & T, dfga i E RN E e b4 M
T [Al R B RE AL ERIE A~ & BB L, £ OB TREG KA ER Lz, _BRIERA DS THRERICE - T
HEARTI DX = AROFXMBZOEFETIHEA TSRV E WO MBERAZTRT 2 2 LT, kK
W=y FOIRIZHEHAFHE T o o Il BRI E RS —ER= 7 D% V= VOB TREES
FRICHEFTTRETH D Z L 2R L, REA IO —fRIEDIERITHL) LT,

2. 34-HHDP R ¥ = cercidinin A DEHJK

3,4-HHDP M= Z & > = cercidinin A DA R HEGAIN BRI ERES L2 A L, M IRes
AR LTz, P FNKFEREG Ry N =21k D 14T VN7 ) ay RORRRGHICER TS Z
E T3 ke R VBRI Uk 2 R L, v a— 2 4,6 i E 2,3 itk Re
FICHHDP EEA2FHT 25T DX = A DI ATRE T & o 7o AL =S IR RE HE{ b5 3,4-HHDP
M Z ok = HOR TREARICH B TS L L a2 R LT,

3. 3,6-HHDP =5 ¥ % > = punicafolin & O macaranganin 0425 %

EGRHRRRICH S &, Hie FeXx o e —UiRiET 2 2 L7 <, 3,6-(R)-HHDP k%7 % punicafolin
KON 3,6-(S)-HHDP #:% 7 % macaranganin D #]DEA KA K LTz, KEEGKIZEEL T, 14-V7 2L
7 3 NOMEER 2 (75 ke Ru VBRI T SV UBIEDRBE L Y T ) — RABROBRKIEZ -
T2V T AT VARG > 77 TIEDBRFE 1T O 2 & T, RN EEIRIE RS EIC X D E
#RA72 3,6-HHDP Bx T % o = VOB TFIEA ML L, RIEO—RMEIERICEES Le, 72, 1k
Ay 7TV I8k DTT V% =0 HHDP JEORERIZB W T, F 707 I VB F2 VWD 2 L
TAT VAT AN—=T = MRSRFIBNC RO TRED L, AR O ML SRR O TH 5 Z &
BN LT,
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3,6-(R)-HHDP

3,4-HHDP

cercidinin A
3,4-HHDPETS5IRV—Y

punicafolin
3,6-HHDPRI TSI AV Y

G4
OH
G?’ G1 GZ G3 G4
HO 0
o (ol HO S\
OH 3,6-(S)-HHDP
AREO-J)INI-2 — on
(commercially available) HO HO

(S) OH
HO @ @ o]

G 6 =0 OH
[o]
G2 HO 0 OH
3
@ o o_,o OH
G3 HO

o

o el
HO OH

OH
macaranganin

, Joon|  36-HHDPRIFISYZY
Q 60 S)OH 4,6-HHDP
,S gf OH
00 (o) .0
H HO @ (o} 04 (o], @ OH

HO OHHO
coriariin A

4,6-HHDPE! — EH&KISIAYZY
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FER K OIEICBE 3 % — it A

Anhydrous solvents (toluene, THF, DMF, MeOH, CH>Cl, 1,4-dioxane, DMSO, CH3CN and CHCI5)
were purchased from commercial suppliers. Anhydrous toluene, DMF, MeOH, 1,4-dioxane, DMSO,
CH3CN and CHCIls (amylene-stabilized) were stored over activated molecular sieves. 2,4,6-Collidine
was distilled from calcium hydride prior to use. All other solvents and reagents were used as received
unless otherwise noted. CuCl; (purity : 99.999%), Pd(OH),/C and (+)-sparteine were purchased from
Sigma-Aldrich. Pd/C (type PE, Pd 10%) were purchased from Wako unless otherwise noted. (—)-
sparteine was purchased from Nacalai Tesque. Yields were referred to isolated yield of analytically
pure material unless otherwise noted. Reactions were magnetically stirred and monitored by TLC using
Silica gel 60 F2s4 precoated plates (0.25 mm, Merck). 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 (230400 mesh) or Aluminum oxide
(activated, basic, Brockmann I), preparative TLC using PLC Silica gel 60 F»s4 precoated plates (0.5
mm, Merck), or preparative HPLC unless otherwise noted. Preparative HPLC was run on Waters 1525
Binary HPLC Pump, equipped with Waters 2998 Photodiode Array Detector. IR spectra were recorded
using a JASCO FT-IR 4200 spectrometer and are reported in frequency of absorption (cm™). 'H NMR
spectra were recorded on JEOL ECX-400 (400 MHz) and JEOL ECA-600 (600 MHz), and are reported
in ppm using solvent resonance as the internal standard (chloroform-d at 7.26 ppm, acetone-ds at 2.05
ppm, methanol-dy at 3.31 ppm unless otherwise noted). "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, dd = double doublet, dt = double triplet, td = triple doublet,
ddd = double double doublet, m =multiplet, br = broad. Proton-decoupled '*C NMR spectra were
recorded on JEOL ECX-400 (100 MHz), JEOL ECA-600 (150 MHz), and Bruker Avance III 600US
Plus (150 MHz), and are reported in ppm using solvent resonance as the internal standard (chloroform-
d at 77.16 ppm, acetone-ds at 29.84 ppm, methanol-d, at 49.00 ppm unless otherwise noted). “Acetone-
ds + D20” means a few drops of DO were added to acetone-ds. “Chloroform-d + methanol-d,” means
a few drops of methanol-d, were added to chloroform-d. HRMS were obtained using JEOL-DX 700
mass spectrometer for FAB, Bruker timsTOF mass spectrometer (IMS-QTOF) for ESI or Bruker
Impact HD mass spectrometer for ESI. Specific rotations were measured with JASCO P-2200 digital

polarimeter using the sodium D line and are reported as follows: [a]} (c =10 mg/mL, solvent).
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Scheme S1. Synthetic route to coriariin A (1).
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General procedure A for B-selective double glycosylation (Scheme 2-7, Scheme 2-9, Table 2-1:
entry 5).

To a round bottom flask containing powdered a-D-glucose (6.0 equiv.) was added 1,4-dioxane under
argon atmosphere (Note 1). After ultrasound irradiation of the suspension for 15 minutes, glycosyl
acceptor (1.0 equiv.) and PPh3 (4.0 equiv.) were added. DIAD (4.0 equiv.) was added (Note 2) and the
resulting mixture was stirred vigorously at room temperature. The resulting mixture was quenched
with MeOH, stirred for 5 minutes, concentrated under reduced pressure at 40 °C, and purified by flash

chromatography on silica gel to give the corresponding B,B-diglycoside.

General procedure B for pB-selective double glycosylation (Table 2-1: entries 1~4).

To a round bottom flask containing powdered a-D-glucose (19.1 mg, 0.106 mmol, 6.0 equiv.) was
added 1,4-dioxane (1.8 mL) under argon atmosphere (Note 1). After ultrasound irradiation of the
suspension for 15 minutes, glycosyl acceptor 36 (9.8 mg, 0.0176 mmol, 1.0 equiv.) and phosphine
(0.0704 mmol, 4.0 equiv.) were added. Azo reagent (0.0704 mmol, 4.0 equiv.) was added (Note 2) and
the resulting mixture was stirred vigorously at room temperature for 2~4 hours. The resulting mixture
was quenched with MeOH, stirred for 5 minutes, concentrated under reduced pressure at 40 °C, and
analyzed by 'H NMR spectroscopy (NMR vyield was determined by crude 'H NMR using 1,3-

dinitrobenzene as an internal standard).

Notes

1. Reagent-grade D-glucose from Becton Dickinson Inc. was used after grinding for 5 minutes with
mortar. *°

2. DIAD should be added dropwise (ca. 1 drop / 3 seconds). ADDP or TMAD should be added slowly

in some portions.

B,B-Diglycoside (27).

HO OH
HO. Ph
o
%0 O+Ph
(o]
(o]

HO
BnO, 0 [o]
Bno/@/‘ﬁoo%OH
BnO OH OH
27

Prepared according to General Procedure A from a-D-glucose (139 mg, 0.772 mmol, 6.0 equiv.),
glycosyl acceptor 26 (100 mg, 0.129 mmol, 1.0 equiv.), DIAD (0.10 mL, 0.516 mmol, 4.0 equiv.) and
PPhs (135 mg, 0.515 mmol, 4.0 equiv.). The reaction mixture was stirred for 30 minutes in 1,4-dioxane
(4.3 mL). 27 was obtained as a white amorphous powder (87.5 mg, 62%, B, > 96%) after purification
by flash chromatography on silica gel (CHCl3/MeOH 10:1 to 5:1 v/v).
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LH NMR (400 MHz, acetone-ds + D;0) & (ppm): 7.67-7.08 (m, 28H), 5.64 (d, J = 7.8 Hz, 1H), 5.61
(d, J=8.2 Hz, 1H), 5.28 (s, 2H), 5.13 (s, 2H), 4.92-4.89 (m, 2H), 3.80-3.34 (m, 12H).

13C NMR (100 MHz, acetone-ds + D>0) & (ppm): 164.7, 163.2, 151.0, 149.6, 147.9, 147.6, 144.0,
143.1, 140.6, 140.5, 139.9, 138.0, 137.65, 137.57, 130.2, 129.4, 129.3, 129.1, 129.01, 128.97, 128.8,
126.9, 124.6, 120.1, 119.6, 114.2, 111.8, 104.9, 96.0, 95.9,79.2, 78.5,78.3,77.8,77.7,76.3,76.1, 73.7,
72.0,71.0,70.9, 62.4, 62.3.

IR (KBr, cm™): 3331, 1715, 1631, 1502, 1436, 1380, 1312, 1205, 1077, 1015, 741, 697.
HRMS (ESI', m/z): calculated for CeoHssO20Na [(M + Na)*]: 1119.3257 Found: 1119.3263.
[a]3! +5.4 (c 0.5, MeOH)

B,B-Diglycoside (31).

HO OH
HO
]\\['\?_ OTBS
o

HO OTBS

(o}
o}

TBSO o)
o
TBSO/@)ﬁo%OH
TBSO on ©°H

31

Prepared according to General Procedure A from a-D-glucose (69.9 mg, 0.388 mmol, 6.0 equiv.),
glycosyl acceptor 30 (79.7 mg, 0.0647 mmol, 1.0 equiv.), DIAD (51.0 pL, 0.259 mmol, 4.0 equiv.) and
PPh;3 (67.9 mg, 0.259 mmol, 4.0 equiv.). The reaction mixture was stirred for 1 hour in 1,4-dioxane
(6.5 mL). 31 was obtained as a white powder (31.7 mg, 40%, B.p > 95%) after purification by flash
chromatography on silica gel (CHCI3/MeOH 10:1 to 5:1 v/v).

'TH NMR (600 MHz, methanol-dy) & (ppm): 7.45 (s, 0.4H), 7.36-7.34 (m, 1H), 7.33 (s, 0.6H), 6.73 (d,
J=2.1 Hz, 0.6H), 6.67 (d, J= 2.1 Hz, 0.4H), 5.64 (d, J = 8.1 Hz, 0.6H), 5.62 (d, J = 8.0 Hz, 0.6H),
5.54 (d, J= 7.8 Hz, 0.4H), 5.52 (d, J = 7.9 Hz, 0.4H), 3.85-3.72 (m, 3H), 3.68-3.56 (m, 2H), 3.50—
3.33 (m, 6.4H), 3.23 (t, /=9.4 Hz, 0.6H), 1.07-0.96 (m, 36H), 0.85-0.78 (m, 9H), 0.42—0.37 (m, 6H),
0.28-0.23 (m, 15H), 0.22—0.11 (m, 9H) [Two kinds of rotamer (3 : 2) were observed in the spectrum.].

13C NMR (150 MHz, methanol-dy) 8 (ppm): 166.3, 166.1, 163.7, 162.9, 153.3, 153.1, 149.7, 149.5,
147.2, 147.1, 146.7, 146.6, 144.3, 144.0, 142.9, 142.8, 141.9, 141.8, 122.13, 122.07, 118.4, 117.8,
117.5, 116.4, 116.3, 109.1, 96.0, 95.6, 79.1, 78.9, 78.8, 78.6, 78.4, 78.3, 78.2, 78.1, 74.3, 74.2, 74.0,
73.9,71.7,71.6,71.4,71.14,71.10, 70.7, 62.7, 62.3, 61.9, 27.0, 26.96, 26.93, 26.90, 26.88, 26.8, 26.7,
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19.93,19.87,19.8, 19.7, 19.64, 19.57, 19.2, 19.1, 2.0, 2.1, -2.7, 2.8, -2.85,-2.92,-3.0, -3.1, 3.2,
-3.3,-3.4,-3.5,-3.59,-3.64,-3.7,-3.8, -3.9.

IR (KBr, cm™): 3427, 2932, 1730, 1473, 1432, 1348, 1258, 1216, 1074, 841.

HRMS (ESI", m/2): calculated for CssH100020SisNa [(M + Na)']: 1255.5546 Found: 1255.5571.
[a]3! —7.4 (c 1.3, MeOH)

m.p. 146-148 °C

B,B-Diglycoside (33).

HO
3\\%’& Ot-Bu
(o}

H
° Ot-Bu
(o}

t-BuO, o

u o)

33

Prepared according to General Procedure A from a-D-glucose (81.6 mg, 0.453 mmol, 6.0 equiv.),
glycosyl acceptor 32 (46.7 mg, 0.0755 mmol, 1.0 equiv.), DIAD (59.5 pL, 0.302 mmol, 4.0 equiv.) and
PPh;3 (79.2 mg, 0.302 mmol, 4.0 equiv.). The reaction mixture was stirred for 3 hours in 1,4-dioxane
(7.6 mL). The mixture containing 33 was obtained after purification by flash chromatography on silica
gel (CHCI3/MeOH 5:1 to 3:1 v/v). It was washed by Et;0 to give 33 as a white powder (37.6 mg, 53%,

B.p>97%).

'H NMR (400 MHz, acetone-ds + D0, 50 °C) & (ppm): 7.51 (s, 1H), 7.42-7.40 (m, 1H), 6.85 (d, J =
1.3 Hz, 1H), 5.60 (d, /= 8.0 Hz, 1H), 5.59 (d, /= 8.0 Hz, 1H), 3.81-3.73 (m, 2H), 3.68-3,59 (m, 3H),
3.52-3.32 (m, 7H), 1.47 (s, 9H), 1.40 (s, 9H), 1.37 (s, 9H), 1.33 (s, 9H), 1.28 (s, 9H).

13C NMR (100 MHz, methanol-d,) 8 (ppm): 166.3, 156.0, 154.2, 153.1, 150.1, 148.3, 147.3, 146.1,
124.4, 123.8, 120.6, 120.5, 112.0, 96.2, 96.1, 85.8, 85.1, 84.6, 82.2, 82.0, 78.9, 78.8, 78.2, 74.1, 71.3,
71.2, 62.6, 62.5,30.2, 30.1, 29.5, 29.4, 29.2.

IR (KBr, cm™): 3411, 2976, 1733, 1421, 1367, 1331, 1217, 1151, 1058.

HRMS (ESI', m/z): calculated for C46H70020Na [(M + Na)*]: 965.4353 Found: 965.4364.

[a]3! —7.3 (c 1.1, MeOH)
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m.p. 155-157°C

B.p-Diglycoside (37).

Ho OH
HO ) OMOM

)
HO OMOM

° o)
MOMO o

Q OH
37
Prepared according to General Procedure A from a-D-glucose (1.42 g, 7.92 mmol, 6.0 equiv.), glycosyl
acceptor 36 (736 mg, 1.32 mmol, 1.0 equiv.), DIAD (1.0 mL, 5.28 mmol, 4.0 equiv.), and PPh;3 (1.38
g, 5.28 mmol, 4.0 equiv.). DIAD was added dropwise (20 pL/min). The reaction mixture was stirred
for 3 hours in 1,4-dioxane (132 mL). 37 was obtained as a white amorphous powder (722 mg, 62%,

B, > 95%) after purification by flash chromatography on silica gel (CHCI3;/MeOH 5:1 to 3:1 v/v).

IH NMR (400 MHz, acetone-ds + D20) & (ppm): 7.63 (s, 1H), 7.55 (d, J= 1.8 Hz, 1H), 6.89 (d, J =
1.8 Hz, 1H), 5.59 (d, J = 7.8 Hz, 1H), 5.57 (d, J= 8.2 Hz, 1H), 5.36-5.30 (m, 6H), 5.29-5.22 (m, 2H),
5.12-5.07 (m, 2H), 3.79-3.71 (m, 2H), 3.63-3.56 (m, 5H), 3.52-3.28 (m, 19H), 3.22 (t, J = 8.7 Hz,
1H).

13C NMR (100 MHz, acetone-ds + D20) & (ppm): 165.1, 163.4, 152.9, 152.0, 149.1, 146.3, 145.3,
143.0, 140.7, 125.4, 120.5, 114.2, 111.9, 110.0, 99.7, 99.44, 99.38, 96.1, 95.9, 95.7, 78.3, 78.2, 77.3,
77.2,73.2,70.5,70.3,61.9,57.7, 57.5, 57.4, 56.7, 56.6.

IR (KBr, cm™): 3416, 2930, 1732, 1594, 1435, 1336, 1157, 1073, 1043.
HRMS (ESI", m/z): calculated for CasHs0O25Na [(M + Na)*]: 905.2533 Found: 905.2537.
[a]y? +3.9 (¢ 1.0, CHCl5)

General procedure A for 4,4’-0-selective double acylation (Scheme 2-8, Scheme 2-10, Table 2-2:
entry 1).

To a screwtop test tube containing diglycoside (4.53 pmol, 1.0 equiv.) were added catalyst 11 (0.8 mg,
0.906 umol, 20 mol%), CHCI3 (0.45 mL) and 2,4,6-collidine (0.05 mL). The reaction mixture was
cooled to —20 °C and acid anhydride (9.97 umol, 2.2 equiv.) was added in one portion. The reaction
mixture was stirred at —20 °C for 38 hours and then, the mixture was quenched with MeOH. To the

mixture was added 1N HCI aq. and the resulting solution was extracted with AcOEt. The combined
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organic extracts were dried over sodium sulfate, filtered, concentrated under reduced pressure, and
purified by preparative TLC on silica gel (CHCI;/MeOH 10 : 1 v/v) to give 4,4’-diacylate.

General procedure B for 4,4’-0O-selective double acylation (Table 2-2: entries 2~12).

To a screwtop test tube containing diglycoside 37 (4.0 mg, 4.53 umol, 1.0 equiv.) were added catalyst
(0.906 pmol, 20 mol%), CHCI3 (0.45 mL), solvent (25.0 pL) and 2.4,6-collidine (25.0 pL). The
reaction mixture was cooled to —20 °C and acid anhydride (9.97 pmol, 2.2 equiv.) was added in one
portion. The reaction mixture was stirred at —20 °C for 38 hours and then, the mixture was quenched
with MeOH. To the mixture was added 1N HCl aq. and the resulting solution was extracted with AcOEt.
The combined organic extracts were dried over sodium sulfate, filtered, concentrated under reduced

pressure, and purified by preparative TLC on silica gel (CHCl3/MeOH 10 : 1 v/v) to give 4,4’-diacylate.

4,4’-Diacylate (39).

BnO
HO:&L OMOM
(o]

HO OMOM

° o)
MOMO o

o B
MOMO HO\.O OOH QOBn

MOMO OH OMOM
39 © OBn

Prepared according to General Procedure B (entry 2) from 37 (4.0 mg, 4.53 umol, 1.0 equiv.), catalyst

11 (0.8 mg, 0.906 pmol, 20 mol%), DMSO (25.0 uL) and acid anhydride 18 (5.8 mg, 9.97 umol, 2.2

equiv.). 39 was obtained as a white amorphous powder (1.0 mg, 14%) after preparative TLC on silica

gel (CHCI3/MeOH 10 : 1 v/v).

'H NMR (400 MHz, acetone-ds + D20) & (ppm): 7.69 (s, 1H), 7.61 (d, J= 1.9 Hz, 1H), 7.54-7.49 (m,
8H), 7.47 (s, 2H), 7.47 (s, 2H), 7.42-7.36 (m, 8H), 7.35-7.29 (m, 4H), 6.94 (d, /= 1.8 Hz, 1H), 5.73
(d,J=7.1Hz, 1H),5.71 (d,J= 7.0 Hz, 1H), 5.42-5.34 (m, 6H), 5.33-5.26 (m, 2H), 5.19 (s, 8H), 5.16—
5.10 (m, 6H), 5.03 (t, /=9.6 Hz, 1H), 5.01 (t,J=9.6 Hz, 1H), 3.89 (t, /= 9.3 Hz, 1H), 3.86 (t,/=9.3
Hz, 1H), 3.82-3.72 (m, 2H), 3.65 (s, 3H), 3.62-3.51 (m, 12H), 3.44 (s, 3H), 3.43-3.41 (m, 7H). (2H
signals missing due to signal overlaps with HOD.)

13C NMR (150 MHz, acetone-ds + D20) & (ppm): 166.0, 165.9, 165.1, 163.4, 153.1, 153.0, 152.1,
149.1, 146.4, 145.4, 143.1, 140.8, 140.72, 140.70, 137.6, 129.3, 128.8, 128.6, 126.01, 125.99, 125.3,
120.3, 114.3, 112.0, 109.4, 99.8, 99.5, 99.4, 98.7, 96.1, 95.9, 95.7, 95.6, 76.3, 76.2, 74.9, 73.39, 73.37,
72.3,72.1,71.5,57.7,57.5,57.4, 57.2, 56.8, 56.6.
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IR (KBr, cm™): 3450, 2922, 1725, 1591, 1431, 1335, 1219, 1191, 1157, 1102, 1077, 1045, 929.
HRMS (ESI", m/z): calculated for CgzHgoOssNa [(M + Na)']: 1657.5155 Found: 1657.5156.
[a]3! +11.5 (c 0.5, CHCl3)

4,4’-Diacylate (40).

BnO

OH
BnO o
HO o OMOM
o)

HO OMOM
o o]
MOMO o
0 oB
MOMO “&SERSCQ?H n
MOMO OH OMEM
o
40 OBn

Prepared according to General Procedure B (entry 12) from 37 (4.0 mg, 4.53 umol, 1.0 equiv.), catalyst
11 (0.8 mg, 0.906 pmol, 20 mol%), DMSO (25.0 pL) and acid anhydride 38 (8.6 mg, 9.97 pmol, 2.2
equiv.). 40 was obtained as a white amorphous powder (2.2 mg, 28%) after preparative TLC on silica
gel (CHCI3/MeOH 10 : 1 v/v).

'H NMR (400 MHz, acetone-ds + D>0) & (ppm): 7.68 (s, 1H), 7.60 (d, J = 1.9 Hz, 1H), 7.54-7.44 (m,
12H), 7.42-7.36 (m, 8H), 7.35-7.29 (m, 4H), 6.93 (d, /= 1.9 Hz, 1H), 5.71 (d, J= 8.0 Hz, 1H), 5.70
(d, J= 8.0 Hz, 1H), 5.42-5.33 (m, 6H), 5.32-5.25 (m, 2H), 5.22-5.16 (m, 12H), 5.14-5.10 (m, 2H),
5.02 (t, J=9.6 Hz, 1H), 5.01 (t, J=9.6 Hz, 1H), 3.94-3.72 (m, 9H), 3.61-3.41 (m, 16H), 3.35-3.28
(m, 4H), 3.17 (s, 6H). (4H signals missing due to signal overlaps with HOD.)

13C NMR (150 MHz, acetone-ds + D20) & (ppm): 165.93, 165.89, 165.1, 163.4, 153.2, 153.0, 152.1,
149.2,146.5, 145.4, 143.1, 140.9, 140.7, 140.6, 137.7, 129.3, 128.8, 128.7, 126.1, 125.4, 120.3, 114.4,
112.1, 110.0, 109.4, 99.8, 99.5, 99.4, 97.5, 96.2, 95.9, 95.7, 95.6, 76.4, 76.3, 75.02, 75.00, 73.50, 73.47,
72.3,72.2,72.1,71.5,69.1, 61.6, 58.6, 57.7, 57.5, 57.4, 56.8, 56.6, 55.5.

IR (KBr, cm™): 3479, 2930, 2315, 1730, 1592, 1336, 1209, 1103, 958.

HRMS (ESI*, m/z): calculated for CasHesOs7Na [(M + Na)']: 1745.5679 Found: 1745.5692.

[a]2 +15.3 (¢ 0.7, CHCl))
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4,4°,3,3’-Tetraacylate (42).
BnO
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To a round bottom flask containing 40 (4.6 mg, 2.67 umol, 1.0 equiv.) were added DMAP (1.3 mg,
0.0107 mmol, 4.0 equiv.), and CH2Cl (1.3 mL). The resulting solution was cooled to 0 °C and 41 (2.6
mg, 5.34 umol, 2.0 equiv.) was added. The reaction mixture was stirred at 0 °C for 20 hours. The
resulting solution was quenched with H2O and then extracted with AcOEt. The combined organic
extracts were dried over sodium sulfate, filtered, concentrated under reduced pressure, and purified by
preparative TLC on silica gel (hexane/AcOEt 1:2 v/v) to give 42 as a colorless amorphous powder (2.5
mg, 36%).

'TH NMR (400 MHz, acetone-ds + D>0) & (ppm): 7.70 (s, 1H), 7.62 (d, J = 1.8 Hz, 1H), 7.51-7.42 (m,
21H), 7.39-7.27 (m, J=17.1, 3.8 Hz, 27H), 6.96 (d, /= 1.9 Hz, 1H), 5.93 (d, /= 8.1 Hz, 1H), 5.92 (d,
J=28.1 Hz, 1H), 5.63 (t, /= 9.8 Hz, 1H), 5.61 (t, J=9.7 Hz, 1H), 5.47-5.42 (m, 1H), 5.38-5.25 (m,
8H), 5.17-4.97 (m, 23H), 4.03-3.97 (m, 2H), 3.93 (dd, /= 9.4, 8.2 Hz, 1H), 3.81 (t, /= 9.1 Hz, 1H),
3.77-3.71 (m, 3H), 3.61-3.57 (m, 1H), 3.56 (s, 3H), 3.49 (s, 3H), 3.48 (s, 3H), 3.43 (s, 3H), 3.28-3.24
(m, 4H), 3.14-3.11 (m, 6H), 0.80-0.76 (m, 18H), —0.06 — —0.11 (m, 12H). (7H signals missing due to
signal overlaps with HOD.)

13C NMR (150 MHz, acetone-ds + D20) 8 (ppm): 166.4, 165.9, 164.8, 163.2, 153.3, 153.1, 152.3,
151.4, 149.3, 146.7, 145.5, 143.3, 141.0, 140.9, 140.1, 137.6, 137.5, 129.33, 129.28, 129.2, 129.0,
128.9,128.7,125.5,125.2,122.83, 122.81, 120.1, 114.6, 112.3, 109.3, 109.01, 108.99, 99.9, 99.6, 99.5,

97.6,96.2,96.0,95.7,95.6, 76.50, 76.46,76.2, 76.1,72.2,71.8,71.7,71.6, 70.6, 70.5, 70.4, 69.1, 61.5,
59.6, 58.6, 57.9, 57.7, 57.6, 57.5, 56.8, 56.6, 26.0, 19.1, —4.2.

IR (KBr, cm): 3437, 2928, 1726, 1589, 1502, 1431, 1337, 1211, 1106.

HRMS (ESI", m/z): calculated for C140H;58045Si2Na [(M + Na)*]: 2637.9506 Found: 2637.9512.
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[a]3% —40.6 (c 0.5, CHCls)

4,4°,6,6’-Tetraacylate (44).
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MOMO OH OMEM

OBn

To a screwtop test tube containing 40 (5.6 mg, 3.25 umol, 1.0 equiv.) were added 43 (2.8 mg, 6.50
umol, 2.0 equiv.), PPh3 (4.3 mg, 0.0163 mmol, 5.0 equiv.) and toluene (32.5 pL). The resulting solution
was cooled to 0 °C and DIAD (3.2 puL, 0.0163 mmol, 5.0 equiv.) was added. The reaction mixture was
stirred at room temperature for 2 hours. The resulting solution was quenched with MeOH, stirred for
5 minutes, concentrated under reduced pressure, and purified by preparative TLC on silica gel

(hexane/AcOEt 1:4 v/v) to give 44 as a colorless amorphous powder (3.4 mg, 41%).

'TH NMR (400 MHz, acetone-ds + D>0) & (ppm): 7.59 (s, 1H), 7.56 (d, /= 1.9 Hz, 1H), 7.53-7.26 (m,
48H), 6.97 (d, J = 1.8 Hz, 1H), 5.775 (d, J = 8.4 Hz, 1H), 5.771 (d, J = 8.3 Hz, 1H), 5.38-5.06 (m,
36H), 4.63 (t, J = 11.7 Hz, 2H), 4.22-4.10 (m, 5H), 3.96 (t, /=9.3 Hz, 1H), 3.93 (t, /= 9.3 Hz, 1H),
3.82-3.77 (m, 9H), 3.67 (t, J= 8.7 Hz, 1H), 3.59 (s, 3H), 3.57-3.49 (m, 5H), 3.48 (s, 3H), 3.46 (s, 3H),
3.39 (s, 3H), 3.19-3.16 (m, 12H). (5H signals missing due to signal overlaps with HOD.)

13C NMR (150 MHz, acetone-ds + D>0) & (ppm): 166.0, 165.9, 165.79, 165.77, 165.0, 163.6, 153.3,
153.2,153.0,152.2,149.2,146.5,145.4,143.2, 141.0, 140.8, 140.7, 140.6, 140.5, 137.8, 137.7, 129.34,
129.32,128.9, 128.8, 128.74, 128.69, 126.1, 126.02, 125.98, 125.3,120.3, 114.3, 112.2, 110.2, 109.44,
109.42, 109.1, 99.8, 99.5, 97.7, 96.1, 96.0, 95.9, 95.8, 75.12, 75.09, 73.6, 73.5, 73.4, 73.3, 72.4, 72.3,
72.2,72.1,71.6,71.5,71.4,69.2,69.1, 64.0, 63.9, 58.6, 57.7, 57.5, 57.4, 56.7, 56.6.

IR (KBr, cm™): 3452, 2925, 1724, 1591, 1431, 1335, 1207, 1157, 1108, 955.

HRMS (ESI", m/z): calculated for Ci36Hi46049Na [(M + Na)*]: 2585.8825 Found: 2585.8834.

[a]3% +43.0 (¢ 1.2, CHCI))
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Octaacylate (45).
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To a screwtop test tube containing 44 (9.5 mg, 3.71 umol, 1.0 equiv.) were added DMAP (0.9 mg, 7.42
umol, 2.0 equiv.), 16 (4.9 mg, 0.0163 mmol, 4.4 equiv.) and CH2Cl, (0.37 mL). The resulting solution
was cooled to 0 °C and EDCI*HCI (4.3 mg, 0.0223 mmol, 6.0 equiv.) was added. The reaction mixture
was stirred at room temperature for 21 hours. The resulting solution was quenched with saturated
NH4Cl aq. and then extracted with AcOEt. The combined organic extracts were dried over sodium
sulfate, filtered, concentrated under reduced pressure, and purified by preparative TLC on silica gel
(CHCI3/MeOH 40:1 v/v) to give 45 as a white amorphous powder (9.9 mg, 72%).

'TH NMR (400 MHz, acetone-ds) 8 (ppm): 7.60 (s, 1H), 7.56-7.29 (m, 57H), 6.84 (d, J= 1.9 Hz, 1H),
6.32 (d, /= 8.2 Hz, 1H), 6.23 (d, /= 8.2 Hz, 1H), 6.10 (d, J = 9.8 Hz, 1H), 6.05 (d, /= 9.8 Hz, 1H),
5.85-5.75 (m, 3H), 5.66 (dd, J=9.9, 8.2 Hz, 1H), 5.39-5.01 (m, 58H), 4.87-4.76 (m, 2H), 4.59 (d, J
= 8.8 Hz, 2H), 4.29 (dd, J=12.5, 4.3 Hz, 1H), 4.21-4.15 (m, 1H), 3.86-3.82 (m, 4H), 3.77-3.73 (m,
4H), 3.61 (s, 3H), 3.56 (s, 3H), 3.52 (s, 3H), 3.52-3.50 (m, 6H), 3.49 (s, 6H), 3.43 (s, 6H), 3.41 (s, 9H),
3.39-3.37 (m, 12H), 3.36-3.33 (m, 4H), 3.31 (s, 3H), 3.29-3.26 (m, 4H), 3.20 (s, 6H), 3.15 (s, 6H).

13C NMR (150 MHz, acetone-ds) 8(ppm) : 165.8, 165.7, 165.6, 165.20, 165.16, 164.2, 162.5, 153.42,
153.38, 153.30, 153.26, 153.2, 152.3, 151.84, 151.82, 151.79, 151.77, 149.3, 147.1, 145.6, 143.7,
142.4, 141.5, 141.2, 141.1, 140.71, 140.67, 137.99, 137.96, 137.9, 137.7, 137.6, 129.44, 129.40,
129.37, 129.3, 129.0, 128.92, 128.88, 128.85, 128.8, 128.71, 128.68, 128.66, 125.90, 125.88, 125.3,
125.24, 125.19, 125.1, 124.4, 112.48, 112.45, 112.4, 109.5, 109.4, 109.21, 109.18, 99.9, 99.7, 99.4,
99.11, 99.08, 99.05, 99.0, 97.8, 97.73, 97.71, 97.67, 96.2, 96.03, 95.98, 93.7, 93.5, 74.4, 74.1, 73.5,
73.4,72.5,72.34, 72.31, 72.26, 72.2, 71.7, 71.4, 70.4, 70.2, 69.3, 69.2, 63.5, 63.4, 58.7, 58.6, 57.6,
57.42,57.36,57.23,57.21, 57.16, 56.7, 56.59, 56.56, 56.5.

IR (KBr, cm™): 2927, 1733, 1592, 1499, 1432, 1334, 1193, 1158, 1109, 1048, 954.

HRMS (ESI', m/z): calculated for CissHa10077Na [(M + Na)']: 3722.2409 Found: 3722.2403.
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[a]3! +21.4 (c 1.3, CHCL)

General procedure A for removal of Bn groups (Scheme 2-14: entries 1~4).

To a round bottom flask containing 45 (8.0 mg, 2.16 umol, 1.0 equiv.) were added solvent and Pd
source (50 wt%), and the atmosphere was replaced by H». The reaction mixture was stirred at room
temperature and then, filtered through a Celite pad and washed with AcOEt. The filtrate was
concentrated under reduced pressure and purified by preparative TLC on silica gel (CHCl3/MeOH 10:1
v/v) to give 46.

Tetraresorcinol (46).
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Prepared according to General Procedure A (entry 4) from 45 (8.0 mg, 2.16 umol, 1.0 equiv.), THF
(0.2 mL) and Pd/C (4.0 mg, 50 wt%). The reaction mixture was stirred for 18 hours (4.6 atm). 46 was
obtained as a white amorphous powder (4.5 mg, 28%) after preparative TLC on silica gel
(CHCI3/MeOH 10 : 1 v/v).

TH NMR (400 MHz, acetone-ds) & (ppm): 8.43 (br s, 8H), 7.65 (s, 1H), 7.50 (d, J = 1.9 Hz, 1H), 7.37
(s, 2H), 7.35 (s, 2H), 7.33 (s, 4H), 7.11 (s, 2H), 7.10 (s, 2H), 7.03 (s, 2H), 7.02 (s, 2H), 6.80 (d, J=1.9
Hz, 1H), 6.32 (d, J=8.2 Hz, 1H), 6.23 (d, /= 8.2 Hz, 1H), 6.03 (t,J=9.7 Hz, 1H), 5.97 (t,J=9.7 Hz,
1H), 5.78-5.69 (m, 3H), 5.60 (dd, J=9.9, 8.2 Hz, 1H), 5.38-5.08 (m, 40H), 5.05-4.99 (m, 2H), 4.62—
4.55 (m, 2H), 4.54-4.41 (m, 4H), 3.99-3.95 (m, 4H), 3.93-3.89 (m, 4H), 3.64-3.56 (m, 14H), 3.56—
3.53 (m, 6H), 3.51 (s, 3H), 3.50 (s, 6H), 3.46 (s, 6H), 3.44-3.36 (m, 27H), 3.34-3.32 (m, 9H).

13C NMR (100 MHz, acetone-ds) & (ppm): 166.1, 165.71, 165.66, 165.3, 165.10, 165.06, 164.0, 162.5,
153.1, 152.4, 151.74, 151.71, 151.3, 149.4, 147.2, 145.5, 143.7, 142.5, 142.4, 142.3, 141.2, 138.9,
138.8, 138.5, 126.7, 125.9, 125.4, 125.33, 125.25, 125.1, 124.4, 119.1, 114.7, 112.42, 112.36, 110.3,
110.2,110.1, 110.0, 99.8, 99.7,99.3,99.2,99.12, 99.07, 99.0, 96.2, 96.01, 95.95, 93.6, 93.4, 74.3, 74.1,
73.6,72.5,72.34,72.26,72.2,70.42,70.38, 69.4, 63.2, 63.1, 58.8, 58.7, 57.6, 57.4, 57.3, 57.22, 57.21,
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57.1, 56.6, 56.5.

IR (KBr, em™): 3420, 2923, 1735, 1593, 1334, 1190, 1158, 1049, 926.

HRMS (ESI", m/z): calculated for C132H162077Na [(M + Na)']: 3001.8653 Found: 3001.8678.
[a]3! +33.5 (c 1.0, acetone)

Diglycoside with bis-(S)-HHDP (47).
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A solution of CuCl> (2.2 mg, 0.0163 mmol, 6.0 equiv.) and n-BuNH> (10.8 puL, 0.109 mmol, 40 equiv.)
in MeOH (0.14 mL) was stirred for 30 minutes at room temperature to prepare a blue solution of
CuCly/n-BuNHz complex under argon atmosphere. To a round bottom flask containing 46 (8.1 mg,
2.72 pmol, 1.0 equiv.) were added CHCI3 (0.14 mL) and then the blue solution of CuCly/n-BuNH;
complex in one portion. The reaction mixture was stirred at room temperature in the argon atmosphere
for 1 hour. The resulting solution was quenched with 1N HCI aq., extracted with AcOEt, and washed
with saturated NaHCO3 aq.. The combined organic extracts were dried over sodium sulfate, filtered,
concentrated under reduced pressure, and purified by preparative TLC on silica gel (CHClz3/MeOH
10:1 v/v) to give 47 as a white amorphous powder (4.4 mg, 54%).

'TH NMR (400 MHz, acetone-ds) 8 (ppm): 8.47 (brs, 4H), 7.66 (s, 1H), 7.53 (d, /= 1.9 Hz, 1H), 7.411
(s, 2H), 7.406 (s, 2H), 7.38 (s, 2H), 7.37 (s, 2H), 6.82 (d, J = 1.9 Hz, 1H), 6.66 (s, 1H), 6.59 (s, 1H),
6.46 (s, 1H), 6.45 (s, 1H), 6.21 (d, J= 7.7 Hz, 1H), 6.19 (d, J= 7.7 Hz, 1H), 5.85 (t, J=9.7 Hz, 1H),
5.79 (t,J=9.6 Hz, 1H), 5.72-5.63 (m, 2H), 5.43-5.40 (m, 1H), 5.37-5.12 (m, 37H), 5.10 (s, 4H), 5.06
(s, 2H), 4.58 (dd, J=10.1, 6.4 Hz, 1H), 4.49 (dd, J=9.8, 6.9 Hz, 1H), 3.98-3.92 (m, 10H), 3.63-3.57
(m, 13H), 3.55-3.52 (m, 9H), 3.51 (s, 3H), 3.50-3.48 (m, 6H), 3.45-3.40 (m, 27H), 3.36 (s, 3H), 3.339
(s, 6H), 3.335 (s, 6H).

13C NMR (150 MHz, acetone-ds) & (ppm): 167.89, 167.86, 167.5, 165.82, 165.80, 165.04, 164.98,
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164.2, 162.5, 153.1, 152.4, 151.8, 151.7, 150.6, 150.5, 150.22, 150.21, 150.16, 150.1, 149.5, 147.3,
145.7, 143.6, 142.5, 142.4, 141.5, 136.5, 136.42, 136.37, 131.4, 130.92, 130.87, 125.4, 125.3, 125.2,
124.5, 119.0, 115.2, 115.1, 114.8, 112.8, 112.5, 112.4, 110.2, 107.7, 107.6, 107.2, 99.9, 99.5, 99.4,
99.09, 99.05, 96.4, 96.2, 96.13, 96.12, 96.0, 93.7, 93.6, 74.5, 74.2, 72.8, 72.7, 72.44, 72.36, 72.1, 70.9,
70.8,70.5, 63.32, 63.26, 58.8, 58.7, 57.7, 57.44, 57.38, 57.2, 57.1, 56.7, 56.60, 56.56, 56.5.

IR (KBr, ecm™): 3421, 2924, 1748, 1589, 1497, 1437, 1333, 1186, 1158, 1048, 956, 927.
HRMS (ESI", m/z): calculated for C132H;53077Na [(M + Na)']: 2997.8340 Found: 2997.8360.
[a]3% +19.4 (c 0.5, acetone)

Coriariin A (1).
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coriariin A (1)

To a screwtop test tube containing 47 (7.8 mg, 2.62 umol, 1.0 equiv.) were added THF (0.26 mL) and
i-PrOH (0.26 mL). Conc. HCI (10.5 pL) was added and the solution was stirred at room temperature
for 6 hours. The resulting mixture was concentrated under reduced pressure and washed by Et>O to

give 1 as a purple amorphous powder (3.6 mg, 73%).

IH NMR (400 MHz, acetone-ds + D>0) & (ppm): 7.24 (d, J = 2.0 Hz, 1H), 7.17 (s, 1H), 7.01 (s, 2H),
7.00 (s, 2H), 6.96 (s, 2H), 6.95 (s, 2H), 6.67 (d, J = 1.8 Hz, 1H), 6.66 (s, 1H), 6.63 (s, 1H), 6.463 (s,
1H), 6.461 (s, 1H), 6.10 (d, J = 8.3 Hz, 1H), 6.02 (d, J = 8.3 Hz, 1H), 5.80 (t, J = 9.8 Hz, 1H), 5.77 (t,
J=9.8 Hz, 1H), 5.56 (dd, J = 8.3, 6.0 Hz, 1H), 5.54 (dd, J = 8.3, 6.0 Hz, 1H), 5.31 (dd, J = 8.4, 6.6
Hz, 1H), 5.28 (dd, J = 8.5, 6.4 Hz, 1H), 5.18 (t, J = 10.0 Hz, 1H), 5.16 (t, J = 10.0 Hz, 1H), 4.48 (dd,
J=10.3, 6.4 Hz, 1H), 4.44 (dd, J = 10.4, 6.4 Hz, 1H), 3.82 (d, J = 13.3 Hz, 1H), 3.76 (d, J = 13.2 Hz,
1H).

13C NMR (150 MHz, acetone-ds + D20) & (ppm): 168.1, 168.0, 167.6, 166.4, 165.9, 165.6, 164.7,
162.1, 147.9, 146.3, 145.81, 145.78, 145.7, 145.1, 145.0, 144.2, 143.2, 141.0, 140.7, 140.3, 139.3,
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139.2, 139.0, 137.5, 136.4, 136.21, 136.19, 126.2, 125.59, 125.56, 120.2, 120.0, 119.9, 119.1, 115.70,
115.67, 115.52, 115.50, 112.7, 112.1, 110.0, 109.8, 108.04, 107.96, 107.7, 93.5, 93.0, 73.2, 73.1, 72.8,
72.7,71.6,71.5,70.52,70.47, 62.92, 62.88.

IR (KBr, em): 3371, 1729, 1614, 1349, 1205, 1032, 740.

HRMS (ESI", m/z): calculated for CsoHssOs:Na [(M + Na)']: 1897.1786 Found: 1897.1785.

[a]3® +80.0 (c 0.1, acetone)

Comparison of "TH NMR data of synthetic coriariin A (1) with the literature data.

Synthetic Reported-1 (isolated)™ Reported-2 (synthetic) '
400 MHz 200 MHz 400 MHz

acetone-d¢ / D,O acetone-d¢ / D,O acetone-d¢ / D,O

7.24 (d, J =2.0 Hz, 1H) 7.27 (d, J =2 Hz, 1H) 7.24 (d, J = 1.8 Hz, 1H)
7.17 (5, 1H) 7.18 (s, 1H) 7.16 (s, 1H)

7.01 (s, 2H) 7.039 (s, 2H) 7.00 (s, 2H)

7.00 (s, 2H) 7.036 (s, 2H) 6.99 (s, 2H)

6.96 (s, 2H) 6.991 (s, 2H) 6.95 (s, 2H)

6.95 (s, 2H) 6.985 (s, 2H) 6.95 (s, 2H)

6.67 (d, J = 1.8 Hz, 1H) 6.70 (d, J = 2 Hz, 1H) 6.67 (d, J = 2.0 Hz, 1H)
6.66 (s, 1H) 6.68 (s, 1H) 6.65 (s, 1H)

6.63 (s, 1H) a 6.62 (s, 1H)

6.463 (s, 1H) 6.51 (s, 2H) 6.46 (s, 2H)

6.461 (s, 1H)

6.10 (d, J = 8.3 Hz, 1H) 6.12 (d, J =8 Hz, 1H) 6.00 (d, J = 8.2Hz, 1H)
6.02 (d, J = 8.3 Hz, 1H) 6.06 (d, J = 8 Hz, 1H) 6.02 (d, J = 8.4 Hz, 1H)
5.80 (t, J = 9.8 Hz, 1H) 5.83 (t, J = 10 Hz, 1H) 5.79 (t, J = 9.8 Hz, 1H)
5.77 (t, J = 9.8 Hz, 1H) 5.81 (t, J = 10 Hz, 1H) 5.76 (t, J = 9.8 Hz, 1H)
5.56 (dd, J = 8.3, 6.0 Hz, 1H) | 5.61 (dd, J = 10, 8 Hz, 1H) 5.55 (dd, J = 8.4, 6.0 Hz, 1H)
5.54 (dd, J =8.3, 6.0 Hz, 1H) | 5.59 (dd, J = 10, 8 Hz, 1H) 5.53 (dd, J = 8.5, 6.0 Hz, 1H)
5.31(dd, J =8.4, 6.6 Hz, 1H) | 5.37 (dd, J = 14, 6 Hz, 1H) 5.32-5.25 (m, 2H)

5.28 (dd, J = 8.5, 6.4 Hz, 1H) | 5.35 (dd, J = 14, 6 Hz, 1H)

5.18 (t, J = 10.0 Hz, 1H) 5.26 (t, J = 10 Hz, 1H) 5.17 (t, J = 9.0 Hz, 1H)
5.16 (t, J = 10.0 Hz, 1H) 5.21 (t, J = 10 Hz, 1H) 5.15 (t, J = 9.1 Hz, 1H)
4.48 (dd, J =103, 6.4 Hz, 1H) | 451 (dd, J = 10, 6 Hz, 1H) 4.50-4.41 (m, 2H)

4.44 (dd, J = 10.4, 6.4 Hz, 1H) | 4.47 (dd, J = 10, 6 Hz, 1H)
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3.82 (d, J = 13.3 Hz, 1H) ca. 3.8 (2H)° 3.81 (d, J = 13.2 Hz, 1H)

3.76 (d, J = 13.2 Hz, 1H) 3.76 (d, J = 13.1 Hz, 1H)

“The signal (Reported-1) corresponds to 6.63 ppm (synthetic 1) and 6.62 ppm (Reported-2) was not
assigned. ®The signals (Reported-1) corresponds to 3.82 ppm, 3.76 ppm (synthetic 1) and 3.81 ppm,
3.76 ppm (Reported-2) was overlapped with HOD.

Comparison of 3C NMR data of synthetic coriariin A (1) with the literature data.

Synthetic Reported-1 (isolated)’® | Reported-2 (synthetic)™
150 MHz 50 MHz 100 MHz
acetone-d4 / D,0O% acetone-d4 / D,0O% acetone-d 4 / D,0?
168.1 168.8 (2C) 168.0
168.0 167.9
167.6 168.0 (2C) 167.5
166.4 167.0 (2C) 166.2
165.9 165.5 (2C) 165.6
165.6
164.7 165.1 164.7
162.1 162.6 162.0
161.6
147.9 148.1 147.8
146.3 145.9 146.3
145.81 145.9 (8C) 145.7
145.78 145.7
145.7 145.6
1451 1452 (4C) 145.0
145.0 145.0
144.2 144.6 (4C) 144.3
143.2 143.3 143.2
141.0 141.8 141.0
140.7 141.3 140.7
140.3 140.4 140.3
139.3 139.8 (2C) 139.2
139.2 139.1
139.0 139.6 (2C) 139.1
137.5 138.0 138.9
136.5 136.8 (2C) 136.3

58



136.21 136.5 (2C) 136.2
136.19
129.5
129.1°
129.1°
129.0°
126.6"
126.2 125.9 (2C) 126.3
125.59 125.4 (2C) 125.7
125.56 125.7
120.2 119.8 (4C) 120.3
120.2
120.0 120.2
119.9 120.1
119.1 118.7 ¢
115.70 116.1 (4C) 115.6
115.67
115.52 115.5
115.50
112.7 115.8 112.2
112.1 112.5 112.1
110.0 110.3 (8C) 110.1
110.0
109.8 110.3 109.9
108.04 108.2 (4C) 108.1
107.96 108.0
107.7 107.8 107.6
93.5 93.6 93.5
93.0 93.1 93.1
73.2 73.5 (2C) 73.1
73.1 73.0
72.8 72.8 (2C) 72.8
72.7 72.8
71.6 71.7 (2C) 71.5
71.5 715
70.52 70.8 (2C) 70.5
70.47 70.5
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63.92 63.3 (2C)

62.9

62.88

62.8

31 4-Dioxane (67.4 ppm) was used as an internal standard. "The signal (Reported-2) corresponds to
119.1 ppm (synthetic 1) and 118.7 ppm (Reported-1) was not assigned. “These signals (Reported-2)
might come from the impurity (diphenylmethane) from the final deprotection step.

Scheme S2. Preparation of gallic acid derivatives.
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Diester (S3).

o Ph
MeO l Ph
o
[0}

OMe

BnO
S3

To a round bottom flask containing S1* (2.00 g, 5.74 mmol, 1.0 equiv.) were added S2°° (7.66 g, 14.3
mmol, 2.5 equiv.), DMF (82 mL) and activated Cu (1.82 g, 28.6 mmol, 5.0 equiv.). The resulting
suspension was stirred under reflux for 12 hours. The reaction mixture was cooled to room temperature
and filtered through a Celite pad. The filtrate was diluted with hexane/AcOEt (1/1) and washed with
H20 and brine. The organic layer was dried over sodium sulfate, filtered, concentrated under reduced
pressure, and purified by flash chromatography on silica gel (hexane/AcOEt 10:1 to 1:1 v/v) to give
S3 as a yellow powder (3.87 g, 84%).

TH NMR (400 MHz, chloroform-d) 8 (ppm): 7.56-7.06 (m, 27H), 7.01 (d, J = 1.4 Hz, 1H), 5.14 (s,
2H), 5.07 (s, 2H), 4.90 (s, 2H), 3.78 (s, 3H), 3.56 (s, 3H).

13C NMR (100 MHz, chloroform-d) & (ppm): 166.3, 165.4, 150.1, 148.7, 147.0, 146.8, 142.7, 142.1,
139.7,138.9, 136.9, 136.8, 136.3, 129.4, 128.72, 128.69, 128.43, 128.39, 128.32, 128.29, 128.1, 128.0,
127.8,126.3, 124.3, 119.8, 118.8, 112.4, 110.9, 104.4, 75.9, 75.7, 71.4, 52.3, 52.2.

IR (KBr, ecm™): 3033, 2949, 1712, 1631, 1504, 1434, 1203, 1078, 752, 697.
HRMS (FAB'", m/z): calculated for CsoH40O10Na [(M + Na)*]: 823.2519 Found: 823.2518.
m.p. 121-123 °C

Dicarboxylic acid (26).

o Ph
HO "LPh
(o}
(o}

OH

BnO
26

To a round bottom flask containing S3 (2.94 g, 3.67 mmol, 1.0 equiv.) were added THF (30 mL), H>O
(10 mL) and LiOH*H>O (770 mg, 18.4 mmol, 5.0 equiv.). The reaction mixture was stirred at 50 °C

for 21 hours and then, the mixture was quenched with 1N HCl aq.. The resulting solution was extracted
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with AcOEt. The combined organic extracts were dried over sodium sulfate, filtered, concentrated
under reduced pressure, and purified by flash chromatography on silica gel (CHClz/MeOH 40:1 to
10:1 v/v) to give 26 as a pale yellow amorphous powder (2.34 g, 87%).

'"H NMR (400 MHz, acetone-ds + D20) & (ppm): 7.60-7.06 (m, 28H), 5.29 (s, 2H), 5.15 (s, 2H), 4.92
(s, 2H).

13C NMR (100 MHz, acetone-ds + D20) & (ppm): 166.6, 165.7, 151.0, 149.5, 147.4, 147.3, 143.3,
143.2, 140.8, 139.5, 138.1, 137.79, 137.76, 130.2, 129.4, 129.3, 129.1, 129.0, 128.8, 128.7, 126.8,
125.5,121.2, 119.3, 113.5, 111.6, 104.6, 76.2, 76.0, 71.8.

IR (KBr, cm!): 3032, 2945, 2873, 1690, 1631, 1439, 1205, 1091, 1016, 743, 695.
HRMS (FAB", m/z): calculated for C4sH37010 [(M + H)"]: 773.2387 Found: 773.2387.

Diester (S4).
OH

MeO
OH
[0}

HO, 0 o

HO OMe

HO
S4

To a round bottom flask containing S3 (1.03 g, 1.29 mmol, 1.0 equiv.) were added MeOH (22 mL) and
Pd(OH),/C (103 mg, 10 wt%), and the atmosphere was replaced by H> (balloon). The reaction mixture
was stirred at room temperature for 25 hours and then filtered through a Celite pad and washed with
MeOH. The filtrate was concentrated under reduced pressure and washed by Et20O to give S4 as a pale

gray powder (411 mg, 87%).

'"H NMR (400 MHz, acetone-ds) & (ppm): 8.33 (brs, 5H), 7.21 (d, J= 2.0 Hz, 1H), 7.10 (s, 1H), 6.72
(d, J=2.0 Hz, 1H), 3.70 (s, 3H), 3.59 (s, 3H).

13C NMR (100 MHz, acetone-ds) & (ppm): 166.9, 165.7, 148.0, 146.4, 143.3, 140.5, 139.9, 139.6,
137.0, 121.3, 115.1, 111.9, 109.7, 107.4, 52.0, 51.9.

IR (KBr, cm™): 3415, 1698, 1612, 1519, 1440, 1368, 1323, 1247, 1182.

HRMS (ESI", m/z): calculated for C16H14010Na [(M + Na)*]: 389.0479 Found: 389.0512.
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m.p. 205-207 °C

Diester (S5).
Ot-Bu
MeO
Ot-Bu
o)

o
¢-BuO o)
t.BuO OMe

t-BuO
S5

To a round bottom flask containing S4 (51.9 mg, 0.142 mmol, 1.0 equiv.) was added DMF-di-zer¢-
butyl acetal (0.68 mL, 2.84 mmol, 20 equiv.) at room temperature under argon atmosphere. The
resulting mixture was stirred at 160 °C for 25 minutes and then, diluted with Et2O and washed by H-O.
The resulting solution was dried over sodium sulfate, filtered, concentrated under reduced pressure,
and purified by flash chromatography on silica gel (Hexane/AcOEt 10:1 v/v) to give S5 as a white
powder (44.1 mg, 48%).

TH NMR (400 MHz, chloroform-d + methanol-d4) & (ppm): 7.37 (d, J= 2.1 Hz, 1H), 7.36 (s, 1H), 6.75
(d, J=2.1 Hz, 1H), 3.73 (s, 3H), 3.70 (s, 3H), 1.45 (s, 9H), 1.40 (s, 9H), 1.37 (s, 9H), 1.31 (s, 9H),
1.22 (s, 9H).

13C NMR (100 MHz, chloroform-d + methanol-dy) & (ppm): 166.8, 166.4, 154.4, 152.4, 151.6, 148.7,
146.2, 145.8, 144.2, 123.9, 122.4, 120.4, 119.3, 110.9, 84.3, 83.9, 82.8, 80.9, 80.8, 52.3, 51.8.

IR (KBr, cm™): 2977, 1726, 1580, 1420, 1331, 1223, 1154, 1059.
HRMS (ESI', m/z): calculated for C3¢Hs4O10Na [(M + Na)']: 669.3609 Found: 669.3590.
m.p. 152-154°C

Dicarboxylic acid (32).

Ot-Bu
HO
Ot-Bu
(o]

o
t-BuO o
t-BuO OH

t-BuO
32

To a round bottom flask containing S5 (12.0 mg, 0.0186 mmol, 1.0 equiv.) was added DMSO (0.12
mL), HoO (4.7 pL, 0.260 mmol, 14 equiv.) and KOH (6.3 mg, 0.112 mmol, 6.0 equiv.) at room
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temperature. The resulting mixture was stirred at 50 °C for 20 hours and then, quenched with saturated
NH4Cl aq.. The mixture was acidified with 1N HCl aq., and extracted with Et,O. The combined organic
extracts were dried over sodium sulfate, filtered, concentrated under reduced pressure, and washed by
Et2O to give 32 as a white powder (7.5 mg, 65%).

TH NMR (400 MHz, acetone-ds) & (ppm): 7.45 (s, 1H), 7.36 (d, J = 2.0 Hz, 1H), 6.84 (d, J=2.1 Hz,
1H), 1.48 (s, 9H), 1.41 (s, 9H), 1.38 (s, 9H), 1.34 (s, 9H), 1.30 (s, 9H).

13C NMR (100 MHz, chloroform-d + methanol-dy) 5 (ppm): 168.5, 167.4, 154.1, 152.3, 151.2, 148.5,
146.3, 145.8, 144.1, 124.0, 122.5, 120.1, 119.4, 111.2, 84.3, 83.8, 83.0, 80.9, 29.5, 29.4, 28.9, 28.8,
28.6.

IR (KBr, em™): 3434, 2978, 1692, 1421, 1366, 1329, 1156.

HRMS (ESI", m/z): calculated for C34Hs0O10Na [(M + Na)']: 641.3296 Found: 641.3275.

m.p. 264-266 °C (decomp.)

Dicarboxylic acid (30).
OTBS
HO
OTBS
o

TBSO, 0 (o)

TBSO OH

TBSO
30

To a round bottom flask containing S6°! (81.3 mg, 0.241 mmol, 1.0 equiv.) were added DMF (0.60
mL), TBSCI (290.9 mg, 1.93 mmol, 8.0 equiv.) under argon atmosphere. The resulting mixture was
cooled to 0 °C and DIPEA (0.38 mL, 2.17 mmol, 9.0 equiv.) was added. The suspension was stirred at
room temperature for 21 hours and then, poured into saturated citric acid aq.. The resulting solution
was extracted with hexane and washed by H>0O. The combined organic extracts were dried over sodium
sulfate, filtered, and concentrated under reduced pressure to give a white amorphous powder. The crude
product was used in the next step without further purification.

To a round bottom flask containing the crude material were added THF (0.60 mL), H>O (0.16 mL),
and AcOH (0.48 mL). The resulting suspension was stirred at room temperature for 34 hours and then,
quenched with saturated NaHCO3 aq.. The resulting solution was extracted with AcOEt and washed
by 1N HCI aq.. The combined organic extracts were dried over sodium sulfate, filtered, concentrated
under reduced pressure, and purified by flash chromatography on silica gel (Hexane/AcOEt 17:3 to
4:1 v/v) to give 30 as a white powder (82.0 mg, 37%).
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TH NMR (400 MHz, acetone-ds) & (ppm): 7.31-7.25 (m, 2H), 6.76 (d, J = 2.0 Hz, 1H), 1.07 (s, 9H),
1.03 (s, 9H), 1.02 (s, 9H), 1.00 (s, 9H), 0.84 (s, 9H), 0.40 (s, 3H), 0.38 (s, 3H), 0.29 (s, 3H), 0.27 (s,
3H), 0.25 (s, 3H), 0.24 (s, 3H), 0.21-0.17 (m, 12H).

13C NMR (100 MHz, chloroform-d + methanol-dy) 5 (ppm): 168.7, 167.6, 151.2, 148.0, 145.7, 144.9,
142.3, 140.8, 140.0, 121.4, 118.0, 116.3, 115.0, 108.5, 26.3, 26.2, 26.11, 26.05, 18.9, 18.8, 18.7, 18.5,
18.1,-2.5,-3.3,-3.4,-3.7,-3.8, -3.9, -4.2.

IR (KBr, cm): 2956, 2860, 1691, 1429, 1340, 1256, 1074, 839, 785.
HRMS (ESI", m/z): calculated for C44HsoO10SisNa [(M + Na)']: 931.4490 Found: 931.4509.
m.p. 258-260 °C

Dicarboxylic acid (36).
OMOM

HO
OMOM

(o}
(o}
MOMO, o

MOMO OH

MOMO
36

To a round bottom flask containing S4 (1.43 g, 2.44 mmol, 1.0 equiv.) were added CH>Cl, (23 mL)
and DIPEA (2.4 mL, 13.8 mmol, 6.0 equiv.) under argon atmosphere and then MOMCI (1.0 mL, 13.8
mmol, 6.0 equiv.) was added to the mixture at 0 °C. The reaction mixture was stirred at room
temperature for 22 hours. The resulting solution was quenched with 1N HCI aq. and extracted with
AcOEt. The combined organic extracts were dried over sodium sulfate, filtered, and concentrated
under reduced pressure to give yellow oil. The crude product was used in the next step without further
purification.

To a round bottom flask containing the crude oil were added THF (24 mL), H,O (8.1 mL) and
LiOH*H>0O (613 mg, 14.6 mmol, 6.0 equiv.). The reaction mixture was stirred at 50 °C for 15 hours
and then, the mixture was quenched with 1N HCI aq.. The resulting solution was extracted with AcOEt.
The combined organic extracts were dried over sodium sulfate, filtered, and concentrated under
reduced pressure to give 36 as a white powder (1.19 g, 87%).

TH NMR (400 MHz, acetone-ds) & (ppm): 7.64 (s, 1H), 7.52 (d, J= 1.9 Hz, 1H), 6.86 (d, J= 1.9 Hz,

1H), 5.35 (s, 2H), 5.34 (s, 2H), 5.32 (s, 2H), 5.26 (s, 2H), 5.12 (s, 2H), 3.61 (s, 3H), 3.53 (s, 3H), 3.53
(s, 3H), 3.51 (s, 3H), 3.43 (s, 3H).
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13C NMR (100 MHz, acetone-ds) & (ppm): 166.8, 165.5, 153.1, 152.2, 149.2, 145.9, 145.4, 143.0,
140.6, 126.4, 121.4, 114.3, 111.9, 109.7, 99.8, 99.5, 99.4, 96.3, 96.1, 57.52, 57.47, 57.3, 56.6, 56.5.
IR (KBr, cm™): 2963, 2637, 1691, 1591, 1433, 1333, 1224, 1158, 1046.

HRMS (ESI", m/z): calculated for C24H30O1sNa [(M + Na)']: 581.1477 Found: 581.1488.
m.p. 142—-144 °C (decomp.)

3.,4,5-Tris(methoxymethoxy)benzoic acid (16).

OMOM
MOMO OMOM

CO,H

16

To a round bottom flask containing gallic acid hydrate (3.06 g, 18.0 mmol, 1.0 equiv.) were added
CH2Cl2 (90 mL) and DIPEA (19 mL, 108 mmol, 6.0 equiv.) under argon atmosphere and then MOMCI
(8.2 mL, 108 mmol, 6.0 equiv.) was added to the mixture at 0 °C. The reaction mixture was stirred at
room temperature for 15 hours. The resulting solution was quenched with 1N HCI aq. and extracted
with AcOEt. The combined organic extracts were dried over sodium sulfate, filtered, and concentrated
under reduced pressure to give yellow oil. The crude product was used in the next step without further
purification.

To a round bottom flask containing the crude oil were added THF (90 mL), H,O (90 mL) and
LiOH*H>O (1.89 g, 45.0 mmol, 2.5 equiv.). The reaction mixture was stirred at room temperature for
17 hours and then, the mixture was quenched with 1N HCI aq.. The resulting solution was extracted
with AcOEt. The combined organic extracts were dried over sodium sulfate, filtered, concentrated
under reduced pressure, and recrystallized from hexane/AcOEt to give 16 as a colorless crystal (3.83

g, 71%). Spectral features are in agreement with those previously reported.>>

3,5-Bis(methoxymethoxy)-4-benzyloxybenzoic anhydride (28).

O O
MOMO OMOM
(0]
BnO OBn
OMOM OMOM
28

To a round bottom flask containing S7%¢ (50.8 mg, 0.146 mmol, 1.0 equiv.) were added CH2Cl, (1.5
mL) and EtsN (40.6 pL, 0.292 mmol, 2.0 equiv.) under argon atmosphere. The resulting solution was
cooled to 0 °C and triphosgene (8.7 mg, 0.0292 mmol, 0.2 equiv.) was added. The reaction mixture
was stirred at room temperature for 2 hours. The resulting solution was quenched with 1N HCl aq. and

then, extracted with CHCIls. The combined organic extracts were dried over sodium sulfate, filtered,
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concentrated under reduced pressure, and purified by flash chromatography on a short pad of silica gel
(Hexane/AcOEt 1:1 v/v) to give 28 as a white powder (41.8 mg, 84%).

TH NMR (400 MHz, acetone-ds) & (ppm): 7.66 (s, 4H), 7.57-7.51 (m, 4H), 7.41-7.30 (m, 6H), 5.32
(s, 8H), 5.22 (s, 4H), 3.49 (s, 12H).

13C NMR (100 MHz, acetone-ds) & (ppm): 162.3, 152.3, 145.5, 138.6, 129.1, 128.8, 124.6, 113.3,96.2,
75.6, 56.6.

IR (KBr, cm!): 2955, 1787, 1720, 1589, 1496, 1323, 1140, 1048, 926.
HRMS (ESI", m/z): calculated for C36H33O013Na [(M + Na)*]: 701.2205 Found: 701.2208.
m.p. 72-74 °C

Methoxyethoxymethyl 3,5-dihydroxy-4-(methoxyethoxymethoxy)benzoate (S8).

OMEM
HO OH

CO,MEM
S8

To a round bottom flask containing gallic acid hydrate (509 mg, 2.99 mmol, 1.0 equiv.) were added
TBAI (331 mg, 0.897 mmol, 0.3 equiv.), DMF (10 mL) and DIPEA (1.0 mL, 5.98 mmol, 2.0 equiv.)
under argon atmosphere and then, MEMCI (0.68 mL, 5.98 mmol, 2.0 equiv.) was added to the mixture
at 0 °C. The reaction mixture was stirred at room temperature for 16 hours. The resulting solution was
quenched with 1N HCI aq. and extracted with AcOEt. The combined organic extracts were washed by
H>0, dried over sodium sulfate, filtered, concentrated under reduced pressure, and purified by flash
chromatography on silica gel (Hexane/AcOEt 1:1 v/v) to give S8 as pale yellow oil (295 mg, 29%).

TH NMR (400 MHz, chloroform-d) & (ppm): 7.24 (s, 2H), 6.79 (s, 2H), 5.53 (s, 2H), 5.18 (s, 2H),
4.07-4.01 (m, 2H), 3.90-3.82 (m, 2H), 3.70-3.67 (m, 2H), 3.61-3.54 (m, 2H), 3.45 (s, 3H), 3.39 (s,
3H).

13C NMR (100 MHz, chloroform-d) & (ppm): 165.7, 149.3, 138.0, 126.6, 110.1, 99.2, 90.1, 71.6, 71.4,
70.2, 69.6, 59.2, 59.1.

IR (neat, cm™!): 3310, 2933, 1717, 1594, 1453 1361, 955.

HRMS (ESI*, m/z): calculated for C1sH209Na [(M + Na)']: 369.1156 Found: 369.1186.
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3,5-Dibenzyloxy-4-(methoxyethoxymethoxy)benzoic acid (43).

OMEM
BnO OBn

CO,H

43

To a round bottom flask containing S8 (272 mg, 0.784 mmol, 1.0 equiv.) were added DMF (3.9 mL)
and KoCO3 (325 mg, 2.35 mmol, 3.0 equiv.) under argon atmosphere and then, BnBr (0.20 mL, 1.72
mmol, 2.2 equiv.) was added to the mixture. The reaction mixture was stirred at room temperature for
18 hours. The resulting solution was diluted with hexane/AcOEt (1:1) and washed by H20. The organic
extracts were dried over sodium sulfate, filtered, and concentrated under reduced pressure to give
colorless oil. The crude product was used in the next step without further purification.

To a round bottom flask containing the crude oil were added THF (3.9 mL), H>O (3.9 mL) and
LiOH*H20 (82.2 mg, 1.96 mmol, 2.5 equiv.). The reaction mixture was stirred at room temperature
for 20 hours and then, the mixture was quenched with 1N HCl aq.. The resulting solution was extracted
with AcOEt. The combined organic extracts were dried over sodium sulfate, filtered, concentrated

under reduced pressure, and reprecipitated from hexane/AcOEt to give 43 as a white powder (287 mg,
84%).

'"H NMR (400 MHz, acetone-ds) 8 (ppm): 7.57-7.52 (m, 4H), 7.46-7.38 (m, 6H), 7.37-7.32 (m, 2H),
5.25 (s, 2H), 5.21 (s, 4H), 3.86-3.81 (m, 2H), 3.37-3.33 (m, 2H), 3.20 (s, 3H).

13C NMR (100 MHz, acetone-ds) 8 (ppm): 167.1, 153.4, 140.6, 137.9, 129.3, 128.8, 128.6, 126.7,
109.3, 97.6, 72.3, 71.5, 69.2, 58.7.

IR (KBr, cm): 3523, 2874, 1690, 1593, 1431, 1327, 1099, 964.
HRMS (ESI", m/z): calculated for C2sH2607Na [(M + Na)]: 461.1571 Found: 461.1607.
m.p. 130-132 °C

3,5-Dibenzyloxy-4-(methoxyethoxymethoxy)benzoic anhydride (38).

o O

BnO OB
n o n
MEMO OMEM
OBn OBn

38

To a round bottom flask containing 43 (581 mg, 1.33 mmol, 1.0 equiv.) were added CH2Cl> (13 mL)
and EtsN (0.37 mL, 2.66 mmol, 2.0 equiv.) under argon atmosphere. The resulting solution was cooled
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to 0 °C and triphosgene (78.9 mg, 0.266 mmol, 0.2 equiv.) was added. The reaction mixture was stirred
at room temperature for 1 hour. The resulting solution was concentrated under reduced pressure and
filtered with AcOEt. The filtrate was concentrated under reduced pressure and washed by Et,O to give
38 as a white powder (518 mg, 91%).

TH NMR (400 MHz, chloroform-d) & (ppm): 7.45-7.28 (m, 24H), 5.34 (s, 4H), 5.12 (s, 8H), 3.91-3.85
(m, 4H), 3.37-3.33 (m, 4H), 3.29 (s, 6H).

13C NMR (100 MHz, chloroform-d) & (ppm): 162.3, 152.8, 141.6, 136.2, 128.8, 128.4, 127.8, 124.0,
109.7,97.3, 71.6, 71.4, 68.7, 59.1.

IR (KBr, cm™): 2881, 1760, 1713, 1593, 1499, 1432, 1330, 1113, 1080.
HRMS (ESI", m/z): calculated for CsoHs0O13Na [(M + Na)']: 881.3144 Found: 881.3156.
m.p. 112-114 °C (decomp.)

3,5-Dibenzyloxy-4-(tert-butyldimethylsilyloxy)benzoic acid (S9).
oTBS
BnO OBn

COH

S9
To a round bottom flask containing 20°*° (302 mg, 0.767 mmol, 1.0 equiv.) were added THF (3.6 mL)
and i-PrOH (1.8 mL). Conc. HCI1(0.18 mL) was added and the solution was stirred at room temperature
for 14 hours. The resulting mixture was concentrated under reduced pressure to give a white powder.
The crude product was used in the next step without further purification.
To a round bottom flask containing the crude material were added DMF (1.9 mL), TBSCI (289 mg,
1.92 mmol, 2.5 equiv.) under argon atmosphere. The resulting mixture was cooled to 0 °C and DIPEA
(0.39 mL, 2.30 mmol, 3.0 equiv.) was added. The solution was stirred at room temperature for 80 hours
and then, poured into saturated citric acid aq.. The resulting solution was extracted with hexane/AcOEt
(6:1) and washed by H>O. The combined organic extracts were dried over sodium sulfate, filtered, and
concentrated under reduced pressure to give pale yellow oil. The crude product was used in the next
step without further purification.
To a round bottom flask containing the crude oil were added THF (1.9 mL), H,O (0.51 mL) and AcOH
(1.5 mL). The resulting solution was stirred at room temperature for 11 hours and then, quenched with
saturated NaHCOj3 aq.. The resulting solution was extracted with AcOEt and washed by 1N HCI aq..
The combined organic extracts were dried over sodium sulfate, filtered, concentrated under reduced
pressure, and reprecipitated from MeOH to give S9 as a white powder (157 mg, 44%).
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TH NMR (400 MHz, chloroform-d) & (ppm): 7.47-7.33 (m, 12H), 5.09 (s, 4H), 0.86 (s, 9H), 0.01 (s,
6H).

13C NMR (100 MHz, chloroform-d) & (ppm): 172.4, 150.8, 140.5, 136.5, 128.6, 128.33, 128.27, 121.3,
108.9,71.2,25.7, 18.8, 4.3.

IR (KBr, ecm™): 2930, 2854, 1681, 1585, 1510, 1431, 1335, 1253, 1115, 905.
HRMS (ESI", m/z): calculated for C27H3205SiNa [(M + Na)]: 487.1911 Found: 487.1930.
m.p. 146-148 °C
3,5-Dibenzyloxy-4-(tert-butyldimethylsilyloxy)benzoyl chloride (41).
oTBS

BnO OBn

cocl

41

To a round bottom flask containing S9 (124 mg, 0.266 mmol, 1.0 equiv.) was added CH2Cl> (0.53 mL)
and then, the resulting mixture was cooled to 0 °C and SOCL (0.19 mL, 2.66 mmol, 10 equiv.) was
added. The resulting solution was stirred at room temperature for 13 hours. The mixture was
concentrated under reduced pressure to give 41 as a white powder (123 mg, 96%). The crude product

was used in the next step without further purification.

TH NMR (400 MHz, chloroform-d) § (ppm): 7.49-7.32 (m, 12H), 5.10 (s, 4H), 0.89 (s, 9H), 0.05 (s,
6H).

13C NMR (100 MHz, chloroform-d) & (ppm): 167.6, 150.8, 142.4, 136.0, 128.7, 128.5, 128.4, 124.8,
110.5, 71.3, 25.6, 18.8, —4.3.

IR (KBr, cm): 2928, 2854, 1743, 1582, 1505, 1430, 1334, 1140, 1119, 909.
HRMS (ESI", m/z): calculated for C27H3104SiCINa [(M + Na)*]: 505.1572 Found: 505.1596.

m.p. 75-77 °C (decomp.)
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3,5-Dibenzyloxy-4-(methoxymethoxy)benzoic acid (20).

OMOM
BnO OBn

CO,H

20

Prepared as previously reported.’*®
3,5-Dibenzyloxy-4-(methoxymethoxy)benzoic anhydride (18).
BnO o OBn
MOMO oMOoM
OBn OBn
18

Prepared as previously reported.”®P

(28,55)-2,5-Bis[(25)-3-(1 H-indol-3-yl)-1-(octyloxy)-1-oxopropan-2-ylaminocarbonyl]-1-
(pyridin-4-yl)pyrrolidine (11).

o (o]
CgH,70 N O\‘(N OCgH,7
W 4
N z

HN Z" Y Z NH
A
P
N
1"

Prepared as previously reported.'”
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Scheme S3. Synthetic route to cercidinin A (49).
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H z/‘ N = . 7 steps from glucose (6.0% overall yield)

cercidinin A (49)

1-0—[3,4,5-Tris(methoxymethoxy)benzoyl]-B-D-glucopyranoside an.

OoMOoM
H OoMOM

OoMOM

Prepared as previously reported.”*®
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1-0-[3.,4,5-Tris(methoxymethoxy)benzoyl|-4-0-|3,5-dibenzyloxy-4-(methoxymethoxy)benzoyl]-
p-D-glucopyranoside (19).

BnO, o  OH OMOM

o
MOMO/@’I( 35&/0 OMOM
OH

BnO 19 o] OMOM

Prepared from the modified procedure of our previous report.”*® To a round bottom flask containing
17 (107 mg, 0.229 mmol, 1.0 equiv.) were added catalyst 11 (19.1 mg, 0.0229 mmol, 10 mol%), CHCI3
(5.2 mL) and 2,4,6-collidine (0.58 mL). The reaction mixture was sonicated and heated at 60 °C until
17 completely dissolved in the solvent. The resulting solution was cooled to —40 °C and 18 (185 mg,
0.240 mmol, 1.05 equiv.) was added in one portion. The reaction mixture was stirred at —40 °C for 72
hours and then, the mixture was quenched with MeOH. To the mixture was added 1N HCI aq. and the
resulting solution was extracted with AcOEt. The combined organic extracts were dried over sodium
sulfate, filtered, concentrated under reduced pressure, and purified by flash chromatography on silica
gel (hexane/AcOEt 1:1 to 1:4 v/v) to give 19 with a small amount of regioisomers. The mixture was
reprecipitated from hexane/AcOEt to give pure 19 as a white solid (157 mg, 82%). Spectral features

are in agreement with those previously reported.”®®

Acylation of C(3)-OH of 1,4-O-digallate 19.

General procedure A for regioselective acylation of 19 (Table 3-1: entries 1~8).

To a screwtop test tube containing 19 (10.0 mg, 0.0119 mmol, 1.0 equiv.) were added a solution of
catalyst in CHCI3 (12 uM, 0.10 mL), CHCI3 (0.20 mL) and base (0.0179 mmol, 1.5 equiv.). The
reaction mixture was cooled to —20 °C and 18 (10.1 mg, 0.0131 mmol, 1.1 equiv.) was added in one
portion. The reaction mixture was stirred at —20 °C for 24 hours and then, the mixture was quenched
with MeOH. To the mixture was added 1N HCl aq. and the resulting solution was extracted with AcOEt.
The combined organic extracts were dried over sodium sulfate, filtered, concentrated under reduced
pressure, and analyzed by 'H NMR spectroscopy (NMR yield was determined by crude '"H NMR using

1,3-dinitrobenzene as an internal standard).

General procedure B for regioselective acylation of 19 (Table 1: entries 9~17).

To a screwtop test tube containing 19 (10.0 mg, 0.0119 mmol, 1.0 equiv.) were added base (0.0179
mmol, 1.5 equiv.) and solvent (0.30 mL). The reaction mixture was cooled to —20 °C (entry 15 : —40
°C, entries 16,17 : —=60 °C) and 18 (10.1 mg, 0.0131 mmol, 1.1 equiv.) was added in one portion. The
reaction mixture was stirred at —20 °C (entry 15 : —40 °C, entries 16,17 : =60 °C) for 24 hours and then,
the mixture was quenched with MeOH. To the mixture was added 1N HCl aq. and the resulting solution
was extracted with AcOEt. The combined organic extracts were dried over sodium sulfate, filtered,
concentrated under reduced pressure, and analyzed by 'H NMR spectroscopy (NMR yield was

determined by crude 'H NMR using 1,3-dinitrobenzene as an internal standard).
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1-0-[3.,4,5-Tris(methoxymethoxy)benzoyl]-3,4-bis-O-[3,5-dibenzyloxy-4-
(methoxymethoxy)benzoyl]-B-D-glucopyranoside (60).

BnO o  OH OMOM
o
MOMO/D/‘< ogég,o omom
o OH
BnO o OMOM

OBn

BnO  omom
60

Prepared according to General Procedure B (entry 16) from 19 (10.0 mg, 0.0119 mmol, 1.0 equiv.). 60
was obtained as a colorless amorphous powder (5.5 mg, 38%) after preparative TLC on silica gel
(CHCI3/MeOH 60 : 1 v/v) along with 61 as a colorless amorphous powder (2.0 mg, 14%).

'TH NMR (600 MHz, acetone-ds + D,0) & (ppm): 7.62 (s, 2H), 7.51-7.47 (m, 8H), 7.44 (s, 2H), 7.42—
7.35 (m, 10H), 7.34-7.28 (m, 4H), 6.04 (d, J = 8.1 Hz, 1H), 5.73 (t, J = 9.6 Hz, 1H), 5.42 (t, /= 9.8
Hz, 1H), 5.34-5.27 (m, 4H), 5.20 (s, 2H), 5.19-5.06 (m, 12H), 4.13-4.06 (m, 2H), 3.75 (dd, J = 12.6,
2.4 Hz, 1H), 3.65 (dd, J = 12.6, 4.9 Hz, 1H), 3.57 (s, 3H), 3.49 (s, 6H), 3.381 (s, 3H), 3.376 (s, 3H).
13C NMR (150 MHz, acetone-ds + D20) & (ppm): 166.2, 165.9, 165.1, 153.22, 153.20, 151.8, 142.4,
141.0, 140.8, 137.60, 137.58, 129.31, 129.28, 128.9, 128.8, 128.7, 126.0, 125.41, 125.37, 112.4,
109.43, 109.38, 99.0, 98.7, 95.9, 95.8, 76.7, 76.1, 71.7, 71.6, 70.6, 61.4, 57.3, 57.2, 56.5.

IR (KBr, cm™): 3474, 2929, 1727, 1590, 1499, 1451, 1431, 1334, 1219, 1190, 1157, 1109, 954.
HRMS (ESI", m/z): calculated for CesHesO23Na [(M + Na)‘]: 1239.4044 Found: 1239.4035.

[a]3% —23.4 (c 1.2, CHCl5)

1-0-[3,4,5-Tris(methoxymethoxy)benzoyl]-2,4-bis-O-[3,5-dibenzyloxy-4-
(methoxymethoxy)benzoyl]-pB-D-glucopyranoside (61).

BnO 0 PH OoMOM
o
0
BnO o o oOMOM

OBn

BnO OMOM
61

TH NMR (600 MHz, acetone-ds + D>0) & (ppm): 7.54—7.44 (m, 14H), 7.41-7.28 (m, 12H), 6.06 (d, J
= 8.3 Hz, 1H), 5.40 (dd, J = 9.2, 8.7 Hz, 1H), 5.32-5.23 (m, 5H), 5.21 (s, 4H), 5.17 (s, 2H), 5.16 (s,
2H), 5.13 (s, 4H), 5.09 (s, 2H), 4.42 (t, J=9.4 Hz, 1H), 4.03 (ddd, J=10.1, 5.4, 2.5 Hz, 1H), 3.71 (dd,

74



J=12.5,2.4 Hz, 1H), 3.63 (dd, J= 12.5, 5.4 Hz, 1H), 3.52 (s, 3H), 3.45 (s, 6H), 3.43 (s, 3H), 3.37 (s,
3H).

13C NMR (150 MHz, acetone-ds + D>0) & (ppm): 165.8, 165.7, 164.8, 153.3, 153.2, 151.8, 142.7,
141.0, 137.7,137.6, 129.34, 129.30, 128.9, 128.7, 125.9, 125.8, 124.8, 112.6, 109.6, 109.5, 99.0, 98.8,
98.7,95.9,94.0, 76.8, 74.5, 72.8, 72.5, 71.63, 71.59, 61.6, 57.24, 57.22, 57.17, 56.5.

IR (KBr, em™): 3452, 2908, 1728, 1590, 1499, 1431, 1375, 1334, 1217, 1190, 1157, 1109, 954.
HRMS (ESI", m/z): calculated for CesHegO23Na [(M + Na)']: 1239.4044 Found: 1239.4039.
[a]3% —13.4 (c 1.6, CHCls)

General procedure A for intramolecular acyl transfer of 21, 60 and 61 (Scheme 3-6).

To a screwtop test tube containing 21, 60 or 61 (14.5 mg, 0.0119 mmol, 1.0 equiv.) was added CHCl3
(0.30 mL). The reaction mixture was cooled to —60 °C and DMAP (2.2 mg, 0.0179 mmol, 1.5 equiv.)
was added in one portion. The reaction mixture was stirred at —60 °C for 24 hours. The mixture was
quenched with 1N HCI aq. and the resulting solution was extracted with AcOEt. The combined organic
extracts were dried over sodium sulfate, filtered, concentrated under reduced pressure, and analyzed
by 'H NMR spectroscopy (NMR yield was determined by crude 'H NMR using 1,3-dinitrobenzene as

an internal standard).

1,2,6-Tris-0-[3,4,5-tris(methoxymethoxy)benzoyl]-3,4-bis-O-[3,5-dibenzyloxy-4-
(methoxymethoxy)benzoyl]-$-D-glucopyranoside (62).
MOMO OMOM

OMOM

0
MOMO\QN(O o omom
0

o o OMOM

OBn OMOM

MOMO OMOM
62

To a screwtop test tube containing 60 (42.4 mg, 0.0348 mmol, 1.0 equiv.) were added DMAP (4.3 mg,
0.0348 mmol, 1.0 equiv.), 16 (23.2 mg, 0.0766 mmol, 2.2 equiv.) and CH2Cl; (0.35 mL). The resulting
solution was cooled to 0 °C and EDCI*HCI (16.7 mg, 0.0870 mmol, 2.5 equiv.) was added. The reaction

mixture was stirred at room temperature for 27 hours. The resulting solution was quenched with

saturated NH4Cl aq. and then extracted with AcOEt. The combined organic extracts were dried over
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sodium sulfate, filtered, concentrated under reduced pressure, and purified by flash chromatography

on alumina (hexane/AcOEt 3:7 v/v) to give 62 as a colorless amorphous powder (56.4 mg, 91%).

TH NMR (600 MHz, acetone-ds) & (ppm): 7.61 (s, 2H), 7.56 (s, 2H), 7.54-7.48 (m, 10H), 7.46 (s, 2H),
7.42-7.36 (m, 10H), 7.36-7.29 (m, 4H), 6.45 (d, J = 8.3 Hz, 1H), 6.22 (t, J=9.7 Hz, 1H), 5.89 (t, J =
9.7 Hz, 1H), 5.80 (dd, J=9.9, 8.3 Hz, 1H), 5.31-5.25 (m, 8H), 5.23-5.16 (m, 8H), 5.15-5.10 (m, 8H),
5.09-5.06 (m, 6H), 4.84 (dd, J= 12.4, 2.6 Hz, 1H), 4.76 (ddd, J= 10.0, 5.1, 2.6 Hz, 1H), 4.43 (dd, J =
12.4, 5.1 Hz, 1H), 3.57 (s, 3H), 3.55 (s, 3H), 3.50 (s, 3H), 3.48 (s, 6H), 3.47 (s, 6H), 3.43 (s, 6H), 3.40
(s, 3H), 3.34 (s, 3H).

13C NMR (150 MHz, acetone-ds) & (ppm): 166.0, 165.8, 165.7, 165.4, 164.5, 153.42, 153.38, 152.0,
151.9, 151.8, 142.9, 142.7, 142.3, 141.4, 141.3, 137.7, 137.6, 129.39, 129.35, 128.94, 128.88, 128.8,
126.1, 125.23,125.19, 124.7, 112.7, 112.6, 112.5, 109.7, 109.4, 99.13, 99.10, 99.07, 98.9, 98.8, 96.10,
96.06, 96.0, 93.7, 74.1, 73.8, 72.5, 71.74, 71.69, 70.6, 63.6, 57.24, 57.21, 57.18, 56.53, 56.51, 56,50.
IR (KBr, ecm™): 2957, 1733, 1591, 1498, 1432, 1393, 1332, 1188, 1157, 1110, 1048, 954, 926.
HRMS (ESI", m/z): calculated for Coi1Hi00O37Na [(M + Na)']: 1807.5836 Found: 1807.5838.

[a]32 —2.2 (¢ 1.3, CHCl3)
1,2,6-Tris-0-[3,4,5-tris(methoxymethoxy)benzoyl]-3,4-bis-O-[3,5-dihydroxy-4-

(methoxymethoxy)benzoyl]-$-D-glucopyranoside (63).

MOMOQ OMOM

omoM
HO o
MOMO\Q<° o omom
0
o © 0&&0 OomMom
0
0 o oMoM
HO OH OMOM

MOMO
MOMO OMOM

63
To a round bottom flask containing 62 (56.4 mg, 0.0316 mmol, 1.0 equiv.) were added THF (3.2 mL)
and Pd/C (28.2 mg, 50 wt%), and the atmosphere was replaced by H» (balloon). The reaction mixture
was stirred at room temperature for 18 hours and then filtered through a Celite pad and washed with
AcOEt. The filtrate was concentrated under reduced pressure and purified by flash chromatography on
silica gel (CHCl3/MeOH 30:1 v/v) to give 63 as a colorless amorphous powder (41.3 mg, 92%).
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TH NMR (600 MHz, acetone-ds) & (ppm): 8.38 (br s, 2H), 8.34 (br s, 2H), 7.59 (s, 2H), 7.53 (s, 2H),
7.44 (s, 2H), 7.07 (s, 2H), 7.02 (s, 2H), 6.37 (d, J = 8.3 Hz, 1H), 6.17 (t, J=9.7 Hz, 1H), 5.80 (t, J =
9.7 Hz, 1H), 5.70 (dd, J=9.9, 8.3 Hz, 1H), 5.34-5.29 (m, 6H), 5.27-5.18 (m, 10H), 5.17 (s, 2H), 5.14
(s, 2H), 5.11 (s, 2H), 4.75-4.68 (m, 2H), 4.44 (dd, J = 12.4, 5.3 Hz, 1H), 3.59 (s, 3H), 3.54 (s, 3H),
3.53 (s, 3H), 3.51 (s, 6H), 3.50 (s, 3H), 3.49 (s, 3H), 3.48 (s, 6H), 3.43 (s, 6H).

13C NMR (150 MHz, acetone-ds) 8 (ppm): 165.73, 165.69, 165.5, 165.3, 164.5, 151.93, 151.85, 151.8,
151.2, 151.1, 142.8, 142.5, 142.3, 138.3, 138.2, 126.2, 125.61, 125.55, 125.2, 124.7, 112.61, 112.59,
112.4, 110.4, 110.2, 99.12, 99.10, 99.05, 99.02, 98.95, 96.2, 96.0, 93.7, 73.8, 73.2, 72.5, 69.9, 63.5,
57.5,57.4,57.21, 57.15, 56.6, 56.5.

IR (KBr, em™): 3343, 2959, 1734, 1594, 1437, 1331, 1219, 1188, 1157, 1109, 1049, 925, 926.
HRMS (ESI", m/z): calculated for Ce3sH76037Na [(M + Na)']: 1447.3958 Found: 1447.3960.
[a]3% +4.9 (c 1.2, acetone)

1,2,6-Tris-0-[3,4,5-tris(methoxymethoxy)benzoyl]-3,4-O-(R)-[4,4°,6,6’-tetrahydroxy-5,5’-
bis(methoxymethoxy)diphenoyl]-p-D-glucopyranoside (64).
MOMO, OMOM

OMOM

HO o
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MOMO OMOM
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A solution of CuCl: (4.2 mg, 0.0311 mmol, 6.0 equiv.) and n-BuNH; (20.6 pL, 0.208 mmol, 40 equiv.)
in MeOH (0.26 mL) was stirred for 30 minutes at room temperature to prepare a blue solution of
CuClo/n-BuNH> complex under argon atmosphere. To a round bottom flask containing 63 (7.4 mg,
5.19 umol, 1.0 equiv.) were added CHCIl; (0.26 mL) and then, the blue solution of CuClo/n-BuNH>
complex in one portion. The reaction mixture was stirred at room temperature in the argon atmosphere
for 1 hour. The resulting solution was diluted with Et2O and quenched with 1N HCI aq.. The resulting
solution was extracted with AcOEt and washed with saturated NaHCO3 aq.. The combined organic
extracts were dried over sodium sulfate, filtered, concentrated under reduced pressure, and purified by
preparative TLC on silica gel (CH2Cly/acetone 5:1 v/v) to give 64 as a pale brown amorphous powder
(3.5 mg, 47%).
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'H NMR (400 MHz, acetone-ds) 8 (ppm): 7.58 (s, 2H), 7.51 (s, 2H), 7.50 (s, 2H), 6.67 (s, 1H), 6.45
(s, 1H), 6.32 (d, J=7.9 Hz, 1H), 5.72 (dd, J=10.2, 8.9 Hz, 1H), 5.65 (dd, /= 10.2, 7.9 Hz, 1H), 5.43
(dd, J=10.2, 8.9 Hz, 1H), 5.28-5.22 (m, 8H), 5.21-5.18 (m, 8H), 5.17 (s, 2H), 5.15 (s, 2H), 5.13 (s,
2H), 4.80 (dd, J=12.2, 1.8 Hz, 1H), 4.65 (ddd, /= 10.1, 5.0, 1.9 Hz, 1H), 4.58 (dd, J=12.3, 5.0 Hz,
1H), 3.59 (s, 3H), 3.57 (s, 3H), 3.55 (s, 3H), 3.53 (s, 3H), 3.51 (s, 3H), 3.46 (s, 6H), 3.45 (s, 6H), 3.42
(s, 6H).

13C NMR (100 MHz, acetone-ds) & (ppm): 168.7, 168.3, 165.8, 165.3, 164.4, 151.9,3 151.90, 151.8,
150.2, 150.1, 142.8, 142.6, 142.4, 135.8, 135.7, 131.02, 130.95, 126.1, 125.3, 124.6, 114.2, 114.1,
112.7, 112.6, 112.5, 106.9, 106.7, 99.7, 99.6, 99.09, 99.06, 99.0, 96.2, 96.00, 95.98, 94.0, 76.7, 73.0,
72.8,71.2,63.2,57.8,57.7,57.2, 56.5.

IR (KBr, em™): 3425, 2958, 1758, 1734, 1590, 1497, 1437, 1393, 1332, 1157, 1110, 1048, 925.
HRMS (ESI", m/z): calculated for C¢3H74037Na [(M + Na)']: 1445.3801 Found: 1445.3808.
[a]3% —16.0 (c 1.2, acetone)

Cercidinin A (49).
HO OH

OH

HO o
o}

0 OH
HO O O&o >'/@,OH
Hciio Q 0 0 ? 0 OH
HO Yy OH
HO  OH

cercidinin A (49)
To a round bottom flask containing 64 (22.0 mg, 0.0155 mmol, 1.0 equiv.) were added CHCI3 (0.16
mL), MeOH (0.16 mL) and Pd/C (11.0 mg, 50 wt%), and the atmosphere was replaced by H» (balloon).
The reaction mixture was stirred at room temperature for 8 hours and then filtered through a Celite pad
and washed with acetone. The filtrate was concentrated under reduced pressure and purified by HPLC
(column, cosmosil 5Ci13-AR-II, 10ID*x250 mm; eluent, H O/CH3CN/TFA 80:20:0.05; flow rate, 1.0
mL/min; detection, 254 nm) to give 49 as a purple amorphous powder (9.1 mg, 63%).

'TH NMR (400 MHz, acetone-ds / D20, 9 : 1, v/v) & (ppm): 7.16 (s, 2H), 7.13 (s, 2H), 7.11 (s, 2H),
6.72 (s, 1H), 6.49 (s, 1H), 6.29 (d, J= 7.8 Hz, 1H), 5.65 (dd, /= 10.1, 7.9 Hz, 2H), 5.61 (dd, J=10.1,
7.8 Hz, 1H), 5.39 (dd, J=9.9, 7.9 Hz, 1H), 4.72 (br d, J = 10.5 Hz, 1H), 4.56 (dd, J = 10.5, 3.4 Hz,
1H), 4.52 (br dd, J=9.9, 3.4 Hz, 1H).
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13C NMR (100 MHz, acetone-ds /D20, 9 : 1, v/v) § (ppm): 169.3, 168.9, 166.8, 166.3, 165.3, 146.1
(for two carbons), 146.0 (for two carbons), 145.9 (for two carbons), 145.22, 145.18, 144.5, 144.4,
140.0, 139.6, 139.2, 136.4 (for two carbons), 125.9, 125.8, 120.6, 119.8, 119.2, 114.7, 114.6, 110.1
(for two carbons), 110.0 (for two carbons), 109.9 (for two carbons), 107.4, 107.2, 93.5, 77.0, 72.6 (for

two carbons), 70.5, 62.5.

IR (KBr, em™): 3392, 1708, 1616, 1535, 1449, 1351, 1320, 1203, 1035.

HRMS (ESI", m/z): calculated for C41H30O26Na [(M + Na)']: 961.0918 Found: 961.0927.

[a]3% —51.7 (c 0.9, acetone)

Comparison of "TH NMR data of synthetic cercidinin A (49) with the literature data.

Synthetic Reported-1 (isolated)® Reported-2 (synthetic)**
400 MHz 400 MHz 500 MHz
acetone-dg / D,0O (9/1) acetone-dg / D,0O (9/1) acetone-dg / D,O (9/1)
7.16 (s, 2H) 7.16 (s, 2H) 7.15 (s, 2H)
7.13 (s, 2H) 7.13 (s, 2H)
7.11 (s, 4H)
7.11 (s, 2H) 7.11 (s, 2H)
6.72 (s, 1H) 6.71 (s, 1H) 6.71 (s, 1H)
6.49 (s, 1H) 6.48 (s, 1H) 6.47 (5, 1H)

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

6.28 (d, J = 7.6 Hz, 1H)

6.28 (d, J = 8.1 Hz, 1H)

5.65 (dd, J = 10.1, 7.9 Hz, 1H)

5.65 (dd, J = 10.1, 8.9 Hz, 1H)

5.63 (dd, J = 10.1, 8.8 Hz, 1H)

5.61 (dd, J = 10.1, 7.8 Hz, 1H)

5.61 (dd, J = 10.1, 7.6 Hz, 1H)

5.58 (dd, J = 10.1, 8.1 Hz, 1H)

5.39 (dd, J = 9.9, 7.9 Hz, 1H)

5.40 (dd, J = 10.1, 8.9 Hz, 1H)

5.36 (dd, J = 10.1, 8.8 Hz, 1H)

4.72 (brd, J =10.5 Hz, 1H)

4.72 (brd, J =11.0 Hz, 1H)

4.69 (brd, J =10.8 Hz, 1H)

4.56 (dd, J = 10.5, 3.4 Hz, 1H)

4.56 (dd, J = 11.0, 4.1 Hz, 1H)

4.54 (dd, J =10.8, 4.2 Hz, 1H)

4.52 (br dd, J = 9.9, 3.4 Hz, 1H)

4.53 (br dd, J =10.1, 4.1 Hz, 1H)

4.51 (br dd, J =10.1, 4.2 Hz, 1H)

Comparison of 3C NMR data of synthetic cercidinin A (49) with the literature data.

Synthetic Reported-1 (isolated)® Reported-2 (synthetic)**
150 MHz 100 MHz 125 MHz
acetone-dg / D,O (9/1) acetone-dg / D,O (9/1) acetone-dg / D,0O (9/1)
169.3 169.4 169.1
168.9 169.0 168.7
166.8 166.9 166.5
166.3 166.3 165.9
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165.3 165.3 165.0
146.1 (2C) 146.0 (2C) 146.1 (2C)
146.0 (2C) 146.0 (2C) 146.0 (2C)
145.9 (2C) 145.9 (2C) 145.9 (2C)
145.2 145.2 145.2
145.2 145.1 145.1
144.5 144.5 144.4
144.4 144.4 144.3
140.0 140.0 139.8
139.6 139.6 139.5
139.2 139.2 139.0
1364 20) 136.5 136.4
136.4 136.4
125.9 125.8 126.1
125.8 125.7 126.0
120.6 120.6 120.9
119.8 119.7 120.2
119.2 119.1 119.5
114.7 114.7 114.6
114.6 114.6 114.5
110.1 (2C) 110.1 (2C) 110.2 (2C)
110.0 (2C) 110.0 (2C) 110.0 (2C)
109.9 (2C) 109.9 (2C) 109.9 (2C)
107.4 107.3 107.5
107.2 107.2 107.3
93.5 93.5 93.5
77.0 77.0 77.0
126 (20) 72.6 72.7
72.6 72.6
70.5 70.5 70.5
62.5 62.5 62.5
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General procedure A for removal of MOM group on 65 (Table 3-2: entries 1~3).

To a round bottom flask containing 65> (20.0 mg, 0.102 mmol, 1.0 equiv.) were added CHCl; (1.0
mL), MeOH (1.0 mL) and Pd source (50 wt%), and the atmosphere was replaced by H» (balloon). The
reaction mixture was stirred at room temperature for 13 hours and then filtered and washed with AcOEt.
The filtrate was concentrated under reduced pressure and analyzed by 'H NMR spectroscopy (NMR

yield was determined by crude '"H NMR using 1,3-dinitrobenzene as an internal standard).

General procedure B for removal of MOM group on 65 (Table 3-2: entry 4).

To a round bottom flask containing 65> (20.0 mg, 0.102 mmol, 1.0 equiv.) were added CHCl; (1.0
mL), MeOH (1.0 mL) and Pd/C (10.0 mg, 50 wt%). The reaction mixture was stirred at room
temperature for 13 hours and then filtered and washed with AcOEt. The filtrate was concentrated under
reduced pressure and analyzed by 'H NMR spectroscopy (NMR vyield was determined by crude 'H

NMR using 1,3-dinitrobenzene as an internal standard).
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Scheme S4. Synthetic route to punicafolin (67) and macaranganin (68).
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1,4-Bis-0-[3,4,5-tris(methoxymethoxy)benzoyl]-B-D-glucopyranoside (85).

MOMO, [0} OH OMOM

(o}

MOMO 85 0 OMOM

Prepared from the modified procedure of our previous report.’®¢ To a round bottom flask containing
17 (10.1 mg, 0.0218 mmol, 1.0 equiv.) were added catalyst 11 (1.8 mg, 2.18 pmol, 10 mol%), CHCI3
(0.54 mL), and 2,4,6-collidine (60.0 uL). The reaction mixture was sonicated and heated at 60 °C until
17 completely dissolved in the solvent. The resulting solution was cooled to —40 °C and 84 (19.2 mg,
0.0327 mmol, 1.5 equiv.) was added in one portion. The reaction mixture was stirred at —40 °C for 72
hours and then, the mixture was quenched with MeOH. To the mixture was added 1N HCI aq. and the
resulting solution was extracted with AcOEt. The combined organic extracts were dried over sodium
sulfate, filtered, concentrated under reduced pressure, and purified by preparative TLC on silica gel
(CHCI3/MeOH 10:1 v/v) to give 85 as a white amorphous powder (13.4 mg, 82%).

'TH NMR (400 MHz, chloroform-d) & (ppm): 7.58 (s, 2H), 7.54 (s, 2H), 5.83 (d, /= 8.2 Hz, 1H), 5.29—
5.11 (m, 13H), 4.03 (t, /=9.3 Hz, 1H), 3.86 (dd, /= 9.3, 8.2 Hz, 1H), 3.82-3.74 (m, 2H), 3.67-3.57
(m, 7H), 3.49 (s, 12H).

13C NMR (100 MHz, chloroform-d) 8 (ppm): 166.4, 164.6, 150.9, 150.8, 141.4, 124.7, 124.6, 112.0,
111.9, 98.6, 95.2, 94.6, 75.3, 74.5, 73.0, 71.4, 61.1, 57.4, 56.5.

IR (KBr, cm™): 3448, 2916, 1726, 1592, 1498, 1436, 1395, 1332, 1156, 1048, 924.
HRMS (ESI', m/z): calculated for C32H44O20Na [(M + Na)*]: 771.2318 Found: 771.2310.
[a]2! +13.3 (¢ 1.2, CHCl3)

Acylation of C(2)-OH of 1,4-O-digallate 85.

General procedure A for regioselective acylation of 85 (Table 4-1: entry 1).

To a screwtop test tube containing 85 (17.2 mg, 0.0230 mmol, 1.0 equiv.) were added DMAP in CHCl3
(0.046 M, 0.05 mL), CHCI3 (0.53 mL) and DIPEA (6.0 pL, 0.0345 mmol, 1.5 equiv.). The reaction
mixture was cooled to —20 °C and 84 (14.8 mg, 0.0253 mmol, 1.1 equiv.) was added in one portion.
The reaction mixture was stirred at —20 °C for 24 hours and then, the mixture was quenched with
MeOH. To the mixture was added 1N HCI aq. and the resulting solution was extracted with AcOEt.
The combined organic extracts were dried over sodium sulfate, filtered, concentrated under reduced
pressure, and partially purified by flash chromatography on alumina (CHCls/MeOH 10:1 v/v) to
remove 84 and carboxylic acid 16. The mixture was partially purified by preparative TLC on silica gel

(toluene/AcOEt 1:2 v/v) to give 86 with regioisomers, a mixture of triacylate and diacylates, and 85
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respectively. Each of them were analyzed by 'H NMR spectroscopy (NMR yield was determined by

"H NMR using 1,3-dinitrobenzene as an internal standard).

General procedure B for regioselective acylation of 85 (Table 4-1: entries 2~8).

To a screwtop test tube containing 85 (17.2 mg, 0.0230 mmol, 1.0 equiv.) were added catalyst (2.30
pmol, 10 mol%), CHCl3 (0.58 mL) and DIPEA (6.0 pL, 0.0345 mmol, 1.5 equiv.). The reaction mixture
was cooled to —20 °C and 84 (14.8 mg, 0.0253 mmol, 1.1 equiv.) was added in one portion. The reaction
mixture was stirred at —20 °C for 24 hours and then, the mixture was quenched with MeOH. To the
mixture was added 1N HCI aq. and the resulting solution was extracted with AcOEt. The combined
organic extracts were dried over sodium sulfate, filtered, concentrated under reduced pressure, and
partially purified by flash chromatography on alumina (CHCl3/MeOH 10:1 v/v) to remove 84 and
carboxylic acid 16. The mixture was partially purified by preparative TLC on silica gel (toluene/AcOEt
1:2 v/v) to give 86 with regioisomers, a mixture of triacylate and diacylates, and 85 respectively. Each
of them were analyzed by 'H NMR spectroscopy (NMR yield was determined by '"H NMR using 1,3-

dinitrobenzene as an internal standard).

General procedure C for regioselective acylation of 85 (Table 4-1: entry 9).

To a screwtop test tube containing 85 (17.2 mg, 0.0230 mmol, 1.0 equiv.) were added catalyst 89 (2.0
mg, 2.30 pmol, 10 mol%), CHCI3 (0.58 mL), and DIPEA (12.0 uL, 0.0690 mmol, 3.0 equiv.). The
reaction mixture was cooled to —20 °C and 84 (29.7 mg, 0.0506 mmol, 2.2 equiv.) was added in one
portion. The reaction mixture was stirred at —20 °C for 24 hours and then, the mixture was quenched
with MeOH. To the mixture was added 1N HCl aq. and the resulting solution was extracted with AcOEt.
The combined organic extracts were dried over sodium sulfate, filtered, concentrated under reduced
pressure, and partially purified by flash chromatography on alumina (CHCls/MeOH 10:1 v/v) to
remove 84 and carboxylic acid 16. The mixture was partially purified by preparative TLC on silica gel
(toluene/AcOEt 1:2 v/v) to give 86 with regioisomers, a mixture of triacylate and diacylates, and 85
respectively. Each of them were analyzed by 'H NMR spectroscopy (NMR yield was determined by

"H NMR using 1,3-dinitrobenzene as an internal standard).

1,2,4-Tris-0-[3,4,5-tris(methoxymethoxy)benzoyl]-p-D-glucopyranoside (86).
MOMO, o  OH OMOM
Momomﬂgﬁ,oh/@/omom
MOMO o ° 0 OMOM
OMOM

MOMO OMOM
86

Prepared according to General Procedure C from 85 (17.6 mg, 0.0235 mmol, 1.0 equiv.). 86 was

obtained as a colorless amorphous powder (12.0 mg, 49%) after preparative TLC on silica gel
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(CHCI3/MeOH 30:1 v/v) along with S10 as a colorless amorphous powder (3.5 mg, 14%).

TH NMR (400 MHz, chloroform-d) & (ppm): 7.56 (s, 2H), 7.53 (s, 2H), 7.50 (s, 2H), 6.05 (d, J = 8.3
Hz, 1H), 5.45 (dd, /=9.4, 8.3 Hz, 1H), 5.30 (t,J=9.5 Hz, 1H), 5.27-5.21 (m, 12H), 5.20 (s, 4H), 5.18
(s, 2H), 4.32 (td, J=9.3, 5.0 Hz, 1H), 3.91-3.82 (m, 2H), 3.75-3.65 (m, 1H), 3.61 (s, 3H), 3.59-3.56
(m, 6H), 3.52 (s, 6H), 3.49 (s, 6H), 3.47 (s, 6H), 2.98 (d, J = 5.0 Hz, 1H), 2.50 (dd, J = 8.5, 5.7 Hz,
1H).

13C NMR (100 MHz, chloroform-d) & (ppm): 165.9, 165.0, 164.2, 150.7, 150.6, 141.5, 141.3, 141.0,
124.8, 124.5, 124.1, 112.0, 111.8, 111.7, 98.44, 98.41, 95.2, 95.1, 92.8, 75.4, 73.7, 72.9, 71.6, 61.0,
57.2,57.1,56.4,56.31, 56.29.

IR (KBr, em™): 3503, 2959, 1731, 1593, 1498, 1436, 1395, 1333, 1189, 1157, 1048, 924.
HRMS (ESI", m/z): calculated for C4sHe0O27Na [(M + Na)*]: 1055.3214 Found: 1055.3224.

[a]3! —27.3 (¢ 1.1, CHCl5)

1,3,4-Tris-0-[3,4,5-tris(methoxymethoxy)benzoyl]|-pB-D-glucopyranoside (S10).

MOMO O OH OMOM

o OH
Momo o OMOM
OMOM
MOMO

OMOM
S$10

'TH NMR (400 MHz, chloroform-d) & (ppm): 7.59 (s, 2H), 7.47 (s, 2H), 7.47 (s, 2H), 5.96 (d, J = 8.1
Hz, 1H), 5.64 (t,J=9.5 Hz, 1H), 5.44 (t, /J=9.7 Hz, 1H), 5.29-5.14 (m, 18H), 4.13 (t,J= 8.8 Hz, 1H),
3.92-3.80 (m, 2H), 3.70-3.62 (m, 1H), 3.60 (s, 3H), 3.58-3.56 (m, 6H), 3.51 (s, 6H), 3.48 (s, SH),
3.47 (s, 6H), 3.25 (br s, 1H), 2.73 (br s, 1H).

13C NMR (150 MHz, chloroform-d) & (ppm): 166.2, 165.9, 164.4, 150.93, 150.89, 150.8, 141.61,
141.56, 141.4,124.74, 124.68, 124.2, 112.2, 112.1, 112.0, 98.7, 98.6, 95.5,95.4,94.9, 76.2, 75.2, 71.9,
69.1, 61.0, 57.4, 57.3, 56.6, 56.54, 56.50.

IR (KBr, cm™): 3372, 2958, 1729, 1592, 1497, 1436, 1395, 1331, 1188, 1157, 1048, 924.

HRMS (ESI", m/z): calculated for C4sHe0O27Na [(M + Na)']: 1055.3214 Found: 1055.3212.

[a]3® —36.6 (c 1.8, CHCl5)

85



1,2,4-Tris-0-[3,4,5-tris(methoxymethoxy)benzoyl]-3,6-bis-0-[3,5-dibenzyloxy-4-
(methoxymethoxy)benzoyl]-B-D-glucopyranoside (91).

BnO OMOM

MOMO\Q% OMOM
0
0
o 0 oMOM

OBn oMOM

MOMO OMOM
91

To a round bottom flask containing 86 (159 mg, 0.154 mmol, 1.0 equiv.) were added DMAP (18.8 mg,
0.154 mmol, 1.0 equiv.), 20 (134 mg, 0.339 mmol, 2.2 equiv.) and CH2Cl, (1.5 mL). The resulting
solution was cooled to 0 °C and EDCI*HCI (73.8 mg, 0.385 mmol, 2.5 equiv.) was added. The reaction
mixture was stirred at room temperature for 22 hours. The resulting solution was quenched with
saturated NH4Cl aq. and then extracted with AcOEt. The combined organic extracts were dried over
sodium sulfate, filtered, concentrated under reduced pressure, and purified by flash chromatography

on alumina (hexane/AcOEt 3:7 v/v) to give 91 as a colorless amorphous powder (228 mg, 83%).

TH NMR (400 MHz, acetone-ds) & (ppm): 7.63-7.28 (m, 30H), 6.48 (d, /= 8.3 Hz, 1H), 6.21 (t, J =
9.7 Hz, 1H), 5.96 (t, J=9.7 Hz, 1H), 5.84 (dd, J=9.8, 8.2 Hz, 1H), 5.31-5.15 (m, 22H), 5.12 (s, 2H),
5.06 (s, 6H), 4.89 (dd, J=12.6, 2.2 Hz, 1H), 4.78 (ddd, J=10.1, 4.7, 2.2 Hz, 1H), 4.43 (dd, J = 12.5,
4.6 Hz, 1H), 3.55-3.53 (m, J= 1.2 Hz, 6H), 3.50 (s, 3H), 3.48-3.41 (m, 21H), 3.34 (s, 3H).

13C NMR (150 MHz, acetone-ds) 8 (ppm): 165.84, 165.78, 165.6, 165.5, 164.5, 153.3, 153.2, 151.87,
151.85, 151.8, 142.8, 142.64, 142.59, 141.1, 140.9, 137.9, 137.5, 129.4, 129.3, 128.9, 128.82, 128.79,
128.5,125.8,125.2,125.13, 125.10, 124.6, 112.60, 112.57, 112.5, 109.3, 99.1, 99.03, 99.00, 98.9, 98.7,
96.02, 95.99, 95.9,93.7, 74.0, 73.6, 72.5, 71.6, 71.3, 70.3, 57.24, 57.22, 57.20, 57.15, 56.6, 56.5.

IR (KBr, cm): 2905, 1734, 1591, 1499, 1432, 1393, 1333, 1188, 1157, 1110, 1048, 926.

HRMS (ESI", m/z): calculated for Co1H100037Na [(M + Na)*]: 1807.5836 Found: 1807.5827.

[a]3% +4.8 (¢ 0.9, CHCI5)
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1,2,4-Tris-0-[3,4,5-tris(methoxymethoxy)benzoyl]-3,6-bis-O-[3,5-dihydroxy-4-
(methoxymethoxy)benzoyl]-B-D-glucopyranoside (92).

HO OMOM

OoMOM
OH

OH
MOMO o
MOMO@\«O o
0
MOMO 0, Oo/év\/o omom
0
o o oMoM
oMOM
MOMO

HO
MOMO OMOM
92
To a round bottom flask containing 91 (149 mg, 0.0836 mmol, 1.0 equiv.) were added THF (8.4 mL)
and Pd/C (74.7 mg, 50 wt%), and the atmosphere was replaced by H» (balloon). The reaction mixture
was stirred at room temperature for 12 hours and then, filtered through a Celite pad and washed with
AcOEt. The filtrate was concentrated under reduced pressure and purified by flash chromatography on
silica gel (CHCl3/MeOH 30:1 v/v) to give 92 as a colorless amorphous powder (103 mg, 8§7%).

'TH NMR (400 MHz, acetone-ds) 8 (ppm): 8.40 (br s, 4H), 7.53 (s, 2H), 7.46 (s, 2H), 7.44 (s, 2H), 7.16
(s, 2H), 7.00 (s, 2H), 6.43 (d, J = 8.2 Hz, 1H), 6.19 (t, J=9.7 Hz, 1H), 5.81-5.67 (m, 2H), 5.32-5.20
(m, 12H), 5.17 (s, 2H), 5.15 (s, 2H), 5.13 (s, 2H), 5.10 (s, 2H), 4.71 (ddd, J =9.9, 4.4, 2.8 Hz, 1H),
4.64 (dd,J=12.5,2.8 Hz, 1H), 4.50 (dd, J=12.5, 4.5 Hz, 1H), 3.56 (s, 3H), 3.54 (s, 6H), 3.49 (s, 3H),
3.48 (s, 9H), 3.46 (s, 6H), 3.43 (s, 6H).

13C NMR (100 MHz, acetone-ds) 8 (ppm): 166.0, 165.7, 165.4, 165.3, 164.4, 151.9, 151.8, 151.1,
142.8, 142.5,138.1, 137.9, 126.4, 125.5, 125.3,125.1, 124.6, 112.5, 112.44, 112.39, 110.2, 110.1, 99.1,
99.0, 98.8, 96.0, 95.9,93.7, 73.6, 73.1, 72.4,70.4, 63.3, 57.5, 57.4, 57.2, 57.1, 56.52, 56.48, 56.46.

IR (KBr, cm™): 3425, 2959, 1735, 1594, 1502, 1437, 1333, 1157, 1049, 925.
HRMS (ESI", m/z): calculated for Cs3H76037Na [(M + Na)']: 1447.3958 Found: 1447.3964.
[a]3% +8.1 (c 1.2, acetone)

General procedure A for diastereoselective oxidative coupling of 92 (Table 4-2: entry 1).

A solution of CuCl; (1.3 mg, 9.48 pmol, 3.0 equiv.) and n-BuNH> (6.3 pL, 0.0632 mmol, 20 equiv.) in
MeOH (0.16 mL) was stirred for 30 minutes at room temperature to prepare a blue solution of CuCly/n-
BuNH> complex under argon atmosphere. To a round bottom flask containing 92 (4.5 mg, 3.16 umol,
1.0 equiv.) were added CHCl3 (0.16 mL) and then the blue solution of CuClo/n-BuNH> complex in one
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portion. The reaction mixture was stirred at room temperature under argon atmosphere for 2 hours.
The resulting solution was diluted with Et,O and quenched with 1N HCI aq.. The resulting solution
was extracted with AcOEt and washed with saturated NaHCOs3 aq.. The combined organic extracts
were dried over sodium sulfate, filtered, concentrated under reduced pressure, and analyzed by 'H
NMR spectroscopy (NMR yield was determined by '"H NMR using 1,3-dinitrobenzene as an internal
standard).

General procedure B for diastereoselective oxidative coupling of 92 (Table 4-2: entries 2 and 3).
A solution of CuCl» (3.0 equiv.) and sparteine (10 equiv.) in MeOH was stirred for 30 minutes at room
temperature to prepare a green suspension of CuCly/sparteine complex under argon atmosphere. To a
round bottom flask containing 92 (1.0 equiv.) were added CHCI; and then the green suspension of
CuCly/sparteine complex in one portion. The reaction mixture was stirred at room temperature under
argon atmosphere for 30 minutes. The resulting solution was diluted with Et2O and quenched with 1N
HCI aq.. The resulting solution was extracted with AcOEt and washed with saturated NaHCO3 aq..
The combined organic extracts were dried over sodium sulfate, filtered, concentrated under reduced

pressure, and purified by preparative TLC on silica gel (CHCl3/MeOH 10:1 v/v) to give 93 or 94.

1,2,4-Tris-0-[3,4,5-tris(methoxymethoxy)benzoyl]-3,6-O-(R)-[4,4°,6,6’-tetrahydroxy-5,5’-

bis(methoxymethoxy)diphenoyl]-p-D-glucopyranoside (93).
HO OMOM

momo_ HO O OH
o9 0

o OMOM

momo ¢’\ylo §
MOMO [0 OMOM
OMOM

MOMO ° O¢°
(o}

MOMO OMOM
OMOM

Prepared according to General Procedure B from 92 (12.0 mg, 8.42 umol, 1.0 equiv.), CuCl; (3.4 mg,
0.0253 mmol, 3.0 equiv.) and (+)-sparteine (19.3 pL, 0.0842 mmol, 10 equiv.). The reaction mixture
was stirred for 30 minutes in CHCl3 (0.42 mL) and MeOH (0.42 mL). 93 was obtained as a colorless
amorphous powder (7.2 mg, 60%) after purification by preparative TLC on silica gel (CHCl;/MeOH
10:1 v/v).

'TH NMR (600 MHz, acetone-ds) & (ppm): 8.37 (br s, 2H), 7.524 (s, 2H), 7.519 (s, 2H), 7.46 (s, 2H),
6.89 (s, 1H), 6.73 (s, 1H), 6.70 (d, J= 2.5 Hz, 1H), 5.93 (d, /= 3.3 Hz, 1H), 5.49 (dt, /= 2.6, 1.2 Hz,
1H), 5.29-5.26 (m, 3H), 5.24-5.21 (m, 6H), 5.19-5.14 (m, 6H), 5.07-4.97 (m, 9H), 4.83 (dd, /=9.7,
8.0 Hz, 1H), 4.33 (dd, J = 11.0, 7.8 Hz, 1H), 3.64-3.54 (m, 15H), 3.46 (s, 6H), 3.35 (d, J = 0.9 Hz,
12H).
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13C NMR (150 MHz, acetone-ds) 8(ppm) : 167.1, 165.7, 164.8, 164.2, 163.7, 151.2, 151.1, 149.54,
149.45, 149.4, 149.3, 142.4, 141.91, 141.85, 135.8, 135.4, 129.7, 129.1, 125.0, 124.6, 124.4, 115.2,
114.6,111.92, 111.89, 111.7, 108.4, 107.0, 98.9, 98.7, 98.4, 98.32, 98.30, 95.6, 95.1, 95.0, 91.3, 72.6,
70.3, 68.5, 63.4, 63.3, 56.9, 56.8, 56.44, 56.40, 55.9, 55.6.

IR (KBr, em): 3430, 2959, 1728, 1589, 1498, 1437, 1393, 1334, 1158, 1049.
HRMS (ESI", m/z): calculated for Cs3H74037Na [(M + Na)']: 1445.3801 Found: 1445.3796.
[a]3% —48.0 (c 1.0, acetone)

1,2,4-Tris-0-[3,4,5-tris(methoxymethoxy)benzoyl]-3,6-0-(5)-[4,4°,6,6’-tetrahydroxy-5,5’-
bis(methoxymethoxy)diphenoyl]-B-D-glucopyranoside (94).

o OMOM

momo ¢’\ylo §
MOMO. .0 OMOM
OMOM

(o] o._.0
MOMO
o

MOMO OMOM
OMOM

Prepared according to General Procedure B from 92 (9.3 mg, 6.53 pumol, 1.0 equiv.), CuCl, (2.6 mg,
0.0196 mmol, 3.0 equiv.) and (—)-sparteine (15.0 pL, 0.0653 mmol, 10 equiv.). The reaction mixture
was stirred for 30 minutes in CHCl3 (0.33 mL) and MeOH (0.33 mL). 94 was obtained as a colorless
amorphous powder (2.4 mg, 26%) after purification by preparative TLC on silica gel (CHCls/MeOH
10:1 v/v).

TH NMR (400 MHz, acetone-ds) 8 (ppm): 8.38 (br s, 2H), 7.66 (s, 2H), 7.50 (s, 2H), 7.36 (s, 2H), 7.15
(s, 1H), 7.05 (s, 1H), 6.59 (d, /= 9.0 Hz, 1H), 5.63 (dd, /=9.0, 5.6 Hz, 1H), 5.53 (dt,J=5.7, 1.2 Hz,
1H), 5.37-5.13 (m, 22H), 5.09 (s, 2H), 4.61 (d, J= 3.5 Hz, 1H), 4.14 (dd, /= 12.7, 3.7 Hz, 1H), 3.60—
3.59 (m, 6H), 3.57 (s, 3H), 3.56 (s, 3H), 3.51 (s, 6H), 3.50-3.48 (m, 9H), 3.38 (s, 6H).

13C NMR (100 MHz, acetone-ds) & (ppm): 167.2, 166.8, 164.8, 164.6, 164.1, 152.0, 151.9, 151.7,
150.6, 150.3, 149.8, 149.5, 142.8, 142.4, 137.23, 137.20, 131.1, 126.5, 125.4, 125.3, 125.1, 117.3,
115.8,112.7, 112.3, 111.1, 109.2, 100.7, 99.5, 99.14, 99.10, 99.0, 96.21, 96.16, 95.9, 90.8, 77.5, 75.4,
74.6,72.2,63.1,57.8,57.7,57.3,57.2,57.1, 56.6, 56.54, 56.48.
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IR (KBr, em™): 3431, 2959, 1734, 1591, 1497, 1437, 1394, 1333, 1157, 1049, 925.
HRMS (ESI", m/z): calculated for Cs3H74037Na [(M + Na)']: 1445.3801 Found: 1445.3796.
[a]3% —53.8 (c 1.0, acetone)

General procedure A for interconversion between 93 and 94 (Scheme 4-8).

A solution of CuCl» (3.0 equiv.) and sparteine (10 equiv.) in MeOH was stirred for 30 minutes at room
temperature to prepare a green suspension of CuCly/sparteine complex under argon atmosphere. To a
round bottom flask containing 93 or 94 (1.0 equiv.) were added CHCl3 and then the green suspension
of CuCly/sparteine complex in one portion. The reaction mixture was stirred at room temperature under
argon atmosphere for 30 minutes. The resulting solution was diluted with Et2O and quenched with 1N
HCI aq.. The resulting solution was extracted with AcOEt and washed with saturated NaHCO3 aq..
The combined organic extracts were dried over sodium sulfate, filtered, concentrated under reduced

pressure, and purified by preparative TLC on silica gel (CHCl3/MeOH 10:1 v/v) to give 93 or 94.

General procedure B for interconversion between 93 and 94 (Scheme 4-10).

A solution of CuCl: (3.0 equiv.) and n-BuNH> (20 equiv.) in MeOH was stirred for 30 minutes at room
temperature to prepare a blue solution of CuClz/n-BuNH>2 complex under argon atmosphere. To a round
bottom flask containing 93 or 94 (1.0 equiv.) were added CHCI3 and then the blue solution of CuCl./n-
BuNH> complex in one portion. The reaction mixture was stirred at room temperature under argon
atmosphere for 30 minutes. The resulting solution was diluted with Et20 and quenched with 1N HCl
aq.. The resulting solution was extracted with AcOEt and washed with saturated NaHCO3 aq.. The
combined organic extracts were dried over sodium sulfate, filtered, concentrated under reduced
pressure, and purified by preparative TLC on silica gel (CHCl3/MeOH 10:1 v/v) to give 93 or 94.

Punicafolin (67).
Ho  OH

Ho_ HO O OH
HO O o
OH

%
OH ¢ o’lo
HO. K OH
OH

O 0.0

HO
o
HO OH

OH
punicafolin (67)

To a round bottom flask containing 93 (12.8 mg, 8.99 umol, 1.0 equiv.) were added CHCl3 (0.18 mL),
MeOH (0.18 mL) and Pd/C (6.4 mg, 50 wt%), and the atmosphere was replaced by Ha (balloon). The

reaction mixture was stirred at room temperature for 20 hours. Since TLC analysis indicated the
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remaining partially deprotected compounds, additional Pd/C (6.4 mg, 50 wt%) was added. After the
mixture was stirred at the same temperature for 8 hours, the resulting suspension was filtered through
a Celite pad and washed with acetone. The filtrate was concentrated under reduced pressure and
purified by HPLC (column, cosmosil 5Cig-AR-II, 10ID*x250 mm; eluent, H>O/CH3CN/TFA
80:20:0.05; flow rate, 1.0 mL/min; detection, 254 nm) to give 67 as a pale purple powder (4.7 mg,
56%).

TH NMR (400 MHz, acetone-ds + D20) & (ppm): 7.22 (s, 2H), 7.15 (s, 2H), 7.14 (s, 2H), 6.98 (s, 1H),
6.76 (s, 1H), 6.52 (d, J=5.4 Hz, 1H), 5.82 (d, /= 3.3 Hz, 1H), 5.51 (d, /= 5.5 Hz, 1H), 5.07 (d, J =
3.3 Hz, 1H), 4.70 (t, J= 7.5 Hz, 1H), 4.54 (dd, J=11.7, 6.9 Hz, 1H), 4.46 (dd, J=11.6, 8.0 Hz, 1H).
13C NMR (100 MHz, acetone-ds) & (ppm): 168.0, 166.3, 165.7, 165.1, 164.8, 145.9, 145.84, 145.76,
145.1, 144.9, 144.8, 144.7, 139.5, 139.3, 137.0, 136.4, 125.3, 125.1, 120.6, 120.2, 120.1, 116.0, 115.1,
110.4, 110.3, 110.2, 109.5, 108.5, 91.6, 75.8, 71.9, 71.0, 64.4.

IR (KBr, em™): 3430, 1712, 1616, 1448, 1352, 1207, 1032.

HRMS (ESI", m/z): calculated for C41H30026Na [(M + Na)*]: 961.0918 Found: 961.0918.

[a]3! —50.8 (c 0.4, MeOH)

m.p. 232-234 °C (decomp.)

Macaranganin (68).

e
o
OH( ;! Ol
HO OH
OH

macaranganin (68)

To a round bottom flask containing 94 (8.0 mg, 5.62 umol, 1.0 equiv.) were added CHCl3 (0.11 mL),
MeOH (0.11 mL) and Pd/C (4.0 mg, 50 wt%), and the atmosphere was replaced by H> (balloon). The
reaction mixture was stirred at room temperature for 20 hours. Since TLC analysis indicated the
remaining partially deprotected compounds, additional Pd/C (4.0 mg, 50 wt%) was added. After the
mixture was stirred at the same temperature for 8 hours, the resulting suspension was filtered through

a Celite pad and washed with acetone. The filtrate was concentrated under reduced pressure and
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purified by HPLC (column, cosmosil 5Cig-AR-II, 10ID*x250 mm; eluent, H>O/CH3CN/TFA
80:20:0.05; flow rate, 1.0 mL/min; detection, 254 nm) to give 68 as a pale yellow amorphous powder
(2.2 mg, 42%).

TH NMR (400 MHz, acetone-ds + D20) & (ppm): 7.26 (s, 2H), 7.19 (s, 1H), 7.18 (s, 1H), 7.14 (s, 2H),
7.00 (s, 2H), 6.47 (d, J=9.1 Hz, 1H), 5.61 (dd, J=8.9, 6.1 Hz, 1H), 5.50 (d, /J=6.0 Hz, 1H), 5.12 (d,
J=12.4 Hz, 1H), 5.07 (brs, 1H), 4.48 (br s, 1H), 4.11 (dd, J=12.7, 2.9 Hz, 1H).

13C NMR (150 MHz, acetone-ds) 8 (ppm): 167.9, 167.5, 165.5, 164.9, 164.8, 146.3, 146.2, 145.9,
145.2,144.9, 144.7, 139.7, 139.6, 138.9, 138.3, 137.1, 125.9, 121.4, 120.9, 120.6, 120.4, 117.3, 116.0,
112.4,110.4, 110.3, 110.1, 109.6, 90.3, 78.5, 76.3, 74.5, 71.4, 63.4.

IR (KBr, em™): 3407, 1712, 1616, 1449, 1350, 1203, 1036.

HRMS (ESI", m/z): calculated for C41H30026Na [(M + Na)*]: 961.0918 Found: 961.0916.

[a]3! —75.4 (c 0.2, MeOH)

Comparison of "TH NMR data of synthetic punicafolin (67) with the literature data.

Synthetic Reported-1 (isolated)™* Reported-2 (isolated)?

400 MHz 100 MHz 400 MHz

acetone-d¢ + D,O acetone-d g acetone-d¢ + D,0O

7.22 (s, 2H) 7.27 (s, 2H) 7.23 (s, 2H)

7.15 (s, 2H) 7.19 (s, 2H) 7.154 (s, 2H)

7.14 (s, 2H) 7.18 (s, 2H) 7.146 (s, 2H)

6.98 (s, 1H) 7.01 (s, 1H) 6.98 (s, 1H)

6.76 (s, 1H) 6.79 (s, 1H) 6.76 (s, 1H)

6.52 (d, J = 5.4 Hz, 1H) 6.54 (d, J =5 Hz, 1H) 6.53 (d, J = 5.4 Hz, 1H)

5.82 (d, J = 3.3 Hz, 1H) 5.87 (d, J = 4 Hz, 1H) 5.83 (d, J = 3.4 Hz, 1H)

5.51 (d, J = 5.5 Hz, 1H) 5.55 (d, J =5 Hz, 1H) 5.52 (d, J = 5.5 Hz, 1H)

5.07 (d, J = 3.3 Hz, 1H) 5.11 (d, J = 4 Hz, 1H) 5.07 (d, J = 3.3 Hz, 1H)

4.70 (t, J = 7.5 Hz, 1H) 4.82-4.42 (m, 3H) 4.70 (t, J = 7.5 Hz, 1H)

4.54 (dd, J = 11.7, 6.9 Hz, 1H) 4.55 (dd, J = 11.6, 7.0 Hz, 1H)
4.46 (dd, J =11.6, 8.0 Hz, 1H) 4.46 (dd, J = 11.6 Hz, 8.0 Hz, 1H)

“The isolated sample was provided by Prof. Tanaka, T. and 'H NMR spectrum was measured by the
auther.
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Comparison of 3C NMR data of synthetic punicafolin (67) with the literature data.

Synthetic Reported-1 (isolated)™* | Reported-2 (isolated)®
100 MHz 25 MHz 100 MHz
acetone-d g acetone-dg acetone-dg
168.0 168.7 168.0
166.3 166.8 166.3
165.7 166.4 165.8
165.1 165.7 165.1
164.8 164.8
145.9 146.0 145.9
145.84 145.4 145.84
145.76 145.77
145.1 145.0 145.1
144.9 144.9
144.78 144.8
144.76 144.75
144.75
139.5 139.9 139.53
139.51
139.3 139.3
137.0 137.2 137.0
136.4 136.7 136.4
129.4°
125.3 125.0 125.3
125.1 124.9 125.2
120.6 120.3 120.6
120.2 119.8 120.2
120.1 120.1
116.1 116.7 116.1
115.1 115.7 115.1
110.4 110.5 110.4
110.3 110.3
110.2 110.2
109.9°
109.5 109.8 109.5
108.5 108.6 108.5
91.6 91.9 91.6
75.8 75.8 75.8
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71.9 72.2 71.9
71.0 71.1 71.1
64.4 64.7 64.5

64.4

“The isolated sample was provided by Prof. Tanaka, T. and '*C NMR spectrum was measured by the
auther. ® This signal (Reported-2) might come from some impurities.

Comparison of "TH NMR data of synthetic macaranganin (68) with the literature data.

Synthetic Reported (isolated)™
400 MHz 100 MHz

acetone-d 4 + D,0° acetone-d 4 + D,0°
7.26 (s, 2H) 7.26 (s, 2H)

7.19 (s, 1H) 7.20 (s, 1H)

7.18 (s, 1H) 7.18 (s, 1H)

7.14 (s, 2H) 7.14 (s, 2H)

7.00 (s, 2H) 7.00 (s, 2H)

6.47 (d, J = 9.1 Hz, 1H) 6.48 (d, J = 9 Hz, 1H)

5.61(dd, J =8.9, 6.1 Hz, 1H) | 5.68-5.46 (m, 2H)
5.50 (d, J = 6.0 Hz, 1H)

5.12 (d, J =12.4 Hz, 1H) 5.19 (d, J =12 Hz, 1H)
5.07 (brs, 1H) 5.07 (br s, 1H)
4.48 (br s, 1H) 4.48 (brs, J 1oy =4 Hz, 1H)

4.13 (dd, J =12.7, 2.9 Hz, 1H) 4.13 (dd, J =12, 4 Hz, 1H)

aTetramethylsilane (0.00 ppm) was used as an internal standard.

Comparison of C NMR data of synthetic macaranganin (68) with the literature data.

Synthetic Reported (isolated)™
150 MHz 25 MHz
acetone-d ° acetone-d g

167.9 167.8

167.5 167.4

165.5 165.6

164.9 165.2

164.8 164.9

146.3 146.3

146.2 146.0
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145.9 145.8
145.2 145.0 (2C)
144.9
144.7 (2C) 144.7 (2C)
139.7 139.8
139.6 139.7
138.9 139.1
138.3 138.4
137.1 137.1
125.9 125.8
121.4 121.2
120.9 120.6
120.6 120.3
120.4 120.1
117.3 117.2
116.0 116.2
112.4 112.3
110.4 (2C) 110.2 (4C)
110.3 (2C)
110.1 (2C) 110.1 (2C)
109.6 109.5

90.3 90.3

78.5 78.4

76.3 76.1

74.5 74.3

71.4 71.4

63.4 63.3
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Scheme S5. Preparation of gallic acid derivatives and catalysts.

[o)

MOM vioh 0200) o o
riphosgene (0.2 eq.
MOMO\Q/OMOM Et3N (2.0 eq.) MOMO]@)‘\Q)kQ:OMOM
—_——
CH,Cl,
53% MOMO OMOM

COH OMOM OMoMm
16 84
1) n-CgHy70H (0.9 eq.) $12 (3.0 eq.) o o
EDCI-HCI (1.1 eq.) Ho_ . OH EDCI-HCI (3.0 eq.) /U\,H H
DMAP (0.1 eq.) TN HOBH(3.020)  HirCo0” Myl OCqHy7
Qj/\/COZH CHCly CO,CqHy7 o \ o (6.0eq.) < & S _
— —_—
Iz 2) 2N HCI/A | | CH,CL/DMF (1/1) S, X S
NHB. ) COEt NH,+HCI P 2Cla)
s °¢ ""83% (2 steps) s 2 N 28% | 7
s s12 Hel
S$13 89
(ref. 19)
$16 (3.0eq.)
n-CgHy70H (0.95 eq HO. OH EDCI-HCI (3.0 eq.) " o
EDCI-HCI (1.1 eq Y HOBL@Oeq) | o’U\/N H oo
)\/co H _ DMAP “”eq )\/cozc,,ﬂ17 2N HCI/ACOEt )\/cozcﬂn,, 0 ) NMM (6.0 eq.)  H17Cs N aHar
H oo, Tew H B _ A N
NHBoc HzClz fiHBOoC NH,HCI P CH20|2£?yF (n) B
b
s14 s15 $16 Hel ‘e
S$13 90
(ref. 19)

3,4,5-Tris(methoxymethoxy)benzoic anhydride (84).

(0]
MOMO o OMOM
MOMO OMOM
OMOM OMOM
84

To a round bottom flask containing 16 (3.02 g, 10.0 mmol, 1.0 equiv.) were added CH2Cl> (100 mL)
and EtsN (2.8 mL, 20.0 mmol, 2.0 equiv.) under argon atmosphere. The resulting solution was cooled
to 0 °C and triphosgene (594 mg, 2.00 mmol, 0.2 equiv.) was added. The reaction mixture was stirred

at room temperature for 5 hours. The resulting solution was quenched with 1N HCI aq. and then

extracted with CHCls. The combined organic extracts were dried over sodium sulfate, filtered, and

concentrated under reduced pressure to give the crude material, which was washed by Et2O to give 84

as a white powder (1.85 g, 63%).

TH NMR (400 MHz, acetone-ds) & (ppm): 7.66 (s, 4H), 5.34 (s, 8H), 5.25 (s, 4H), 3.59 (s, 6H), 3.49
(s, 12H).

13C NMR (100 MHz, acetone-ds) 8§ (ppm): 162.3, 152.2, 143.3, 124.8, 112.9, 99.1, 96.1, 57.3, 56.6.
IR (KBr, cm): 2940, 2909, 1784, 1590, 1496, 1435, 1395, 1329, 1157, 1082, 1042, 925.
HRMS (ESI', m/z): calculated for C2sH34015Na [(M + Na)*]: 609.1790 Found: 609.1790.

m.p. 60-62 °C
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p-(3-Benzo[b]thienyl)-D-alanine n-octyl ester hydrochloride (S12).

QT\/COZCSHW
s I Rnprc

$12

To a round bottom flask containing S11 (401 mg, 1.25 mmol, 1.0 equiv.) were added n-octanol (0.18
mL, 1.13 mmol, 0.9 equiv.), DMAP (15.3 mg, 0.125 mmol, 0.1 equiv.) and CHCl, (4.2 mL). The
resulting solution was cooled to 0 °C and EDCI*HCI (265 mg, 1.38 mmol, 1.1 equiv.) was added. The
reaction mixture was stirred at room temperature for 24 hours. The resulting solution was quenched
with saturated NH4Cl aq. and then extracted with AcOEt. The combined organic extracts were dried
over sodium sulfate, filtered, concentrated under reduced pressure, and partially purified by flash
chromatography on silica gel (hexane/AcOEt 2:1 v/v) to give a yellow oil. The crude product was used
in the next step without further purification.

To a round bottom flask containing the crude oil were added AcOEt (2.1 mL) and 4N HCI/AcOEt (2.1
mL). The reaction mixture was stirred at room temperature for 3 hours. The resulting suspension was
concentrated under reduced pressure to give the crude material, which was washed by Et;O to give
S12 as a white powder (383 mg, 83%).

'"H NMR (400 MHz, methanol-dy) & (ppm): 7.93 (d, /= 7.8 Hz, 1H), 7.82 (d, /= 7.8 Hz, 1H), 7.51 (s,
1H), 7.49-7.36 (m, 2H), 4.40 (t, /= 7.3 Hz, 1H), 4.13-3.97 (m, J=23.8, 10.7, 6.6 Hz, 2H), 3.56-3.43
(m, 2H), 1.47-1.15 (m, 10H), 1.09 (dd, J=10.2, 4.7 Hz, 2H), 0.90 (t, /= 7.0 Hz, 3H).

13C NMR (100 MHz, methanol-ds) & (ppm): 170.3, 142.0, 139.6, 129.9, 126.9, 125.8, 125.5, 124.1,
122.3, 67.7, 53.9, 32.9, 30.5, 30.3, 30.2, 29.2, 26.7, 23.7, 14.4.

IR (KBr, cm): 2922, 2854, 1754, 1492, 1221.
HRMS (ESI', m/z): calculated for C19H20NO>S [(M — CI)*]: 334.1835 Found: 334.1836.
[a]33 —24.6 (¢ 1.0, MeOH)

m.p. 118-120 °C
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(25,55)-2,5-Bis[(2R)-3-(benzo[b]thien-3-yl)-1-(octyloxy)-1-oxopropan-2-ylaminocarbonyl]-1-
(pyridin-4-yl)pyrrolidine (89).

(0]
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s/ O s

P

N

89

To a screwtop test tube containing S13%° (11.5 mg, 0.0423 mmol, 1.0 equiv.) were added S12 (46.8 mg,
0.127 mmol, 3.0 equiv.), DMF (0.85 mL), CH.Cl, (0.85 mL), NMM (27.9 uL, 0.254 mmol, 6.0 equiv.),
HOBt (17.2 mg, 0.127 mmol, 3.0 equiv.), and EDCI*HCI (24.3 mg, 0.127 mmol, 3.0 equiv.). The
reaction mixture was stirred at room temperature for 48 hours. The resulting suspension was quenched
with 1N HCI aq. and then extracted with AcOEt. The combined organic extracts were washed with
saturated NaHCOs aq., dried over sodium sulfate, filtered, concentrated under reduced pressure, and
purified by preparative TLC on silica gel (CHCI3/MeOH 30:1 v/v) to give 89 as a white powder (10.4
mg, 28%).

'TH NMR (400 MHz, chloroform-d) & (ppm): 8.09 (d, J = 6.4 Hz, 2H), 7.83 (d, J = 2.2 Hz, 1H), 7.82—
7.80 (m, 1H), 7.62-7.60 (m, 1H), 7.59 (d, J= 2.3 Hz, 1H), 7.42-7.26 (m, 4H), 6.74 (s, 2H), 6.23-6.14
(m, 4H), 4.90 (dt, /= 8.2, 6.2 Hz, 2H), 4.21 (d, /= 7.6 Hz, 2H), 4.04 (td, /= 6.8, 2.6 Hz, 4H), 3.25 (d,
J=6.2 Hz, 4H), 2.27-2.20 (m, 2H), 1.95 (d, /= 6.8 Hz, 2H), 1.57-1.48 (m, 4H), 1.33-1.16 (m, 20H),
0.88 (t, /= 6.9 Hz, 6H).

13C NMR (150 MHz, chloroform-d) & (ppm): 171.6, 171.1, 150.2, 149.7, 140.5, 138.6, 130.0, 124.7,
124.4, 124.1, 123.2, 121.3, 108.5, 66.3, 62.6, 51.9, 31.9, 30.5, 29.32, 29.27, 29.25, 28.5, 25.9, 22.8,
14.2.

IR (KBr, em™): 3314, 2926, 2855, 1739, 1659, 1599, 1515, 1392, 1193.

HRMS (ESI', m/z): calculated for C49Hs3N4O6S> [(M + H)™]: 867.4184 Found: 867.4182.

[a]3% —73.8 (c 1.0, CHCl5)

m.p. 167-169 °C

N-Boc-D-valine n-octyl ester (S15).

)\/C02C8H17

rleBoc
S15
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To a round bottom flask containing S14 (199 mg, 0.915 mmol, 1.0 equiv.) were added n-octanol (0.13
mL, 0.869 mmol, 0.95 equiv.), DMAP (11.2 mg, 0.0915 mmol, 0.1 equiv.) and CHCl, (3.1 mL). The
resulting solution was cooled to 0 °C and EDCI*HCI (194 mg, 1.01 mmol, 1.1 equiv.) was added. The
reaction mixture was stirred at room temperature for 14 hours. The resulting solution was quenched
with saturated NH4Cl aq. and then extracted with AcOEt. The combined organic extracts were dried
over sodium sulfate, filtered, concentrated under reduced pressure, and partially purified by flash
chromatography on silica gel (hexane/AcOEt 17:3 v/v) to give S15 as colorless oil (255 mg, 85%).

TH NMR (400 MHz, chloroform-d) & (ppm): 5.02 (d, J=9.2 Hz, 1H), 4.20 (dd, J=9.1, 4.7 Hz, 1H),
4.16-4.05 (m, 2H), 2.17-2.06 (m, 1H), 1.68-1.56 (m, 2H), 1.43 (s, 9H), 1.36-1.20 (m, 10H), 0.94 (d,
J= 6.9 Hz, 3H), 0.90-0.82 (m, 6H).

13C NMR (100 MHz, chloroform-d) § (ppm): 172.6, 155.8, 79.8, 65.4, 58.6, 31.9, 31.5, 29.3, 28.7,
28.4,26.0,22.7,19.1, 17.7, 14.2.

IR (neat, cm™): 3373,2962, 2857, 1720, 1499, 1366, 1247, 1161.
HRMS (ESI", m/z): calculated for CisH3sNO4sNa [(M + Na)']: 352.2458 Found: 352.2431.
[a]3! —9.9 (¢ 1.0, CHCl3)

D-Valine n-octyl ester hydrochloride (S16).

)\/cozc,,r-l17

NH,sHCI
S16

To a round bottom flask containing S15 (445 mg, 1.35 mmol, 1.0 equiv.) were added AcOEt (2.3 mL)
and 4N HCI/AcOEt (2.3 mL). The reaction mixture was stirred at room temperature for 4 hours. The

resulting solution was concentrated under reduced pressure to give S16 as a white powder (330 mg,
92%).

TH NMR (400 MHz, methanol-ds) & (ppm): 4.33-4.19 (m, 2H), 3.93 (d, J = 4.5 Hz, 1H), 2.35-2.25
(m, 1H), 1.75-1.66 (m, 2H), 1.45-1.27 (m, 11H), 1.11-1.04 (m, 6H), 0.91 (t, J= 6.8 Hz, 2H).

13C NMR (150 MHz, methanol-dy) & (ppm): 170.1, 67.5, 59.4, 32.9, 31.0, 30.3, 30.2, 29.6, 26.9, 23.7,
18.4,18.2, 14.4.

IR (KBr, cm): 2927, 2857, 1737, 1588, 1511, 1467, 1288, 1228, 1041.
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HRMS (ESI", m/z): calculated for C13H2sNO> [(M — C1)"]: 230.2115 Found: 230.2115.
[a]Z® —7.6 (c 0.9, MeOH)
m.p. 65-67 °C

(25,55)-2,5-Bis[(2R)-3,3-dimethyl-1-(octyloxy)-1-oxopropan-2-ylaminocarbonyl]-1-(pyridin-4-
yDpyrrolidine (90).

P u H
H,,C o/U\/N . N OCgH
17v8 H I\“ N 8t17

To a screwtop test tube containing S13%° (11.4 mg, 0.0418 mmol, 1.0 equiv.) were added S16 (33.2 mg,
0.125 mmol, 3.0 equiv.), DMF (0.84 mL), CH2Cl, (0.84 mL), NMM (27.6 uL, 0.251 mmol, 6.0 equiv.),
HOBt (16.9 mg, 0.125 mmol, 3.0 equiv.) and EDCI*HCI (24.0 mg, 0.125 mmol, 3.0 equiv.). The
reaction mixture was stirred at room temperature for 55 hours. The resulting suspension was quenched
with IN HCI aq. and then extracted with AcOEt. The combined organic extracts were washed with
saturated NaHCOs aq., dried over sodium sulfate, filtered, concentrated under reduced pressure, and
purified by preparative TLC on silica gel (CHCI3/MeOH 30:1 v/v) to give 90 as a colorless amorphous
powder (6.9 mg, 25%).

'TH NMR (600 MHz, chloroform-d) 8 (ppm): 8.34-8.29 (m, 2H), 6.54-6.49 (m, 2H), 6.19 (d, J=9.1
Hz, 2H), 4.56 (d, J = 8.0 Hz, 2H), 4.52 (dd, J = 9.2, 4.2 Hz, 2H), 4.16-4.05 (m, 4H), 2.56-2.47 (m,
2H), 2.24 (d, J= 6.4 Hz, 2H), 2.16-2.09 (m, 2H), 1.67-1.57 (m, 4H), 1.35-1.21 (m, 20H), 0.87 (t, J =
7.0 Hz, 6H), 0.79 (d, J= 6.9 Hz, 6H), 0.61 (d, /= 6.9 Hz, 6H).

13C NMR (150 MHz, chloroform-d) & (ppm): 171.9, 170.9, 150.5, 149.9, 108.8, 65.9, 62.9, 56.9, 31.9,
31.2,29.6,29.3,29.2,28.6, 26.0,22.8,19.2, 17.2, 14.2.

IR (KBr, em): 3293, 2959, 2928, 2858, 1738, 1658, 1600, 1549, 1392, 1254, 1231, 1198, 999.
HRMS (ESI', m/z): calculated for C37Hs2N4Os [(M + H)™]: 659.4742 Found: 659.4742.

[a]3! —72.2 (¢ 0.6, CHCl5)
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(25,55)-2,5-Bis[(2R)-3-(1 H-indol-3-yl)-1-(octyloxy)-1-oxopropan-2-ylaminocarbonyl]-1-

(pyridin-4-yl)pyrrolidine (87).
0

CSH17OJK,N OCgH47
HNE\? ﬁj 7 NH
Prepared as previously reported.'’

(28,55)-2,5-Bis[(2R)-3-(naphthyl-2-yl)-1-(octyloxy)-1-oxopropan-2-ylaminocarbonyl|-1-
(pyridin-4-yl)pyrrolidine (88).

H17C30 7.,\\ 0C8H17
o

OO

Prepared as previously reported.

(2S,5S5)-1-(pyridin-4-yl)pyrrolidine-2,5-dicarboxylic acid hydrochloride (S13).

HO OH
\m“‘Q‘W
o o
A
P

HCI
$13

Prepared as previously reported.'”
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