ERIK polyol Z# FME & L 7= gallotannin FEKD SR &
PR LiE M & O a-glucosidase BELZETE M EEA

H ARZRFZGERFHTER
AL FEITIEE
HTH AKX
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F1HET 1,5-anhydroalditol FHO Gl ceeveeieerceiicieeeeieeceeeee e 9
55 2 i 7 X/ 5AEH T 5 anhydroalditol FHD G eeecrieieeieeiceceeeceeee e 15
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%481 Anhydroalditol 78T 2 D G e 17
55 i 1-Deoxy-D-glucuronic acid D ..veoveeveereeeeericiieeeereeececeee et 19
%5 BRIK polyol % =2 7712 % D gallotannin X N DFFEAR DAL oo, 21
BLHE 1,5-AG & 2712 H D gallotannin FHOMFERTE K cvevvvereeeeeneeeeeeies 21
F2HT BTN =y FEATOFHERD B e 24
% 3 Hi Ellagitannin #5E KD B R vovvevieeieieeeceeeeesee e 25
AR k72 polyol & 2 71T H D gallotannin FEAR DB cvevvveveeeeeieeie 26
=% BRIk polyol Z = 7|2 - gallotannin } N O FFER DO HIEA{LIEME & a-glucosidase BH.
BT PEREAM oottt bttt 29
BT HURACTEPED T cooveeveeieeeeeeeeeeee ettt 29
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2-CMPI
CSA
DCE
DCM
DIAD
DIBAL
DIPEA
DMAP
DMF
DPPA
DPPH
EDC
Et
HHDP

Ph
Pr
Py
TBA
TBDPS
TEA
TES
Tf
TFA
THF
TMS

Acetyl
2,2'-Azobis(isobutyronitrile)
Benzyl

Butyl

Benzoyl
2-Chloromethylpyridinium iodide
(£)-10-Camphorsulfonic acid
1,2-Dichloroethane
Dichloromethane

Diisopropyl Azodicarboxylate
Diisobutylaluminium hydride
N,N-diisopropylethylamine
4-Dimethylaminopyridine
Dimethylformamide
Diphenylphosphoryl azide
2,2-Diphenyl-1-picrylhydrazyl
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide Hydrochloride
Ethyl

Hexahydroxydiphenoyl
Methyl

Phenyl

Propyl

Pyridine
Tetra-n-butylammonium
tert-Butyldiphenylsilyl
Triethylamine

Triethylsilane
Trifluoromethanesulfonyl
Trifluoroacetic acid
Tetrahydrofuran
Trimethylsilyl
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# =y (tannin) EIXARFUTIELS DA L TWDLRY 7= /) — W AEEEZ G T 2{LEHD
—REERIRE L, MM = KGR & = TSNS L AFRICEB W TER L
TE AR EIL 5 o = AT A SERENC K 0 PEAE S, Ik % %21 F gallicacid 72 XD 7 =

J =R EERES D, KR 2 =%, & BT gallotannin & ellagitannin (25750 S 41
%, Gallotannin /% D-glucose 7¢ & ® polyol =7 & | polyol = 7 IZHEE T 5 gallic acid (galloyl
£) MBI H  ARE LA MIT 1,6-di-O-galloyl-glucose <° 1,4,6-tri-O-galloyl-D-glucose,
pentagalloyl glucose (PGG). tannicacid 72 &723% % (Figure 1), —7J7. ellagitannin /%, polyol
=27 O gallic acid 23FE{LAIIZ 1 7"V 7" L 7= hexahydroxydiphenoyl (HHDP) & & R0 5
R~ a7 7 h o a A 2 RWAEET, REMZEEWIT tellimagrandin I <°
strictinin 72 E 03 5, D X = HHIE, polyol =7 _ED gallic acid DFESALE ., #5 G %k,
FRLARREZR EDEWNT LY | FEFICE < DIERIEDPFET D 25,

F7-. gallotannin $A1%, galloyl 212 K D ZERMEICIN A, polyol 27 DEEMESL A BN D,
Gallotannin @ polyol = 7 |Z—#%HJIZ D-glucose TH DA, FMIT L » T, BRI 27T 25
- gallotannin & fF7E9 5, il 2 1¥. hamamelose % = 7 (2 % > hamamelitannin® < 1,5-
anhydroalditol ®—FfET& 5 1,5-anhydro-p-glucitol (1,5-AG) % = 724 % acertannin (1)
REBFBNTWND, AWEIZBWTERILEDIIIEME T2 L TH D,

Gallotannin X° ellagitannin |X 2% 72 EWiEMEE2 T2 Z LML TEY | polyol ([ZHEA
T 5 galloyl JEDOHCHEANLE e I\ & » TEMIEMEN 25, Hlz1X, lipase PLEIEAIX
galloyl 2D H=° HHDP AN HFTEME R RIZH G52 Z & RsESnTn5g 5, £72, 1,2,3,6-
tetra-O-galloyl-B-D-glucose 5 & TN PGG (X, peroxisome proliferator-activated receptor (PPAR)
a/BOFEBL AN S, X 51T 1,2,3,6-tetra-O-galloyl-B- D-glucose (Z1%, glucose DL ELY
IABEARESEDLERR S5 Z L DNME STV 5 ¢ Gallotannin 812 & 2 WG O
IR Z R L2 b DR LWV, ARSI IERRAL gallotannin FiA &8 2 TRET 21T
2o TWBHILH 5, Y. Ren HlE, B4 72 polyol % =272 > gallotannin #%E (KD ARk %
17721, 6-chloro-6-deoxy-1,2,3 4-tetra-O-galloyl-a-D-glucose 730-PGG 72 £ & Ehifs L& < glucose
B AHZAREST HZ EEZH LML TS 7, £72 T. Sylla 1%, depside fiara A+ 5
gallotannin #1 % A L. a-glucogallin 35 JX U'B-hexagalloyl glucose 73581 > amyloid B-peptide
EEEIHIER 284 2 L 2E LT D 8,
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HO OH
HO OH
OH OH
Galloyl group O OH

’ é@i

@] OH

HO 0

OH
(0] OH

Polyol core

1,6-Di-O-galloyl glucose HHDP group 1,4,6-Tri-O-galloyl glucose
RO OH
OH

R =H : Pentagalloyl glucose Strictinin Tellimagrandin I

R = Galloyl : Tannic acid
O
HO
(6]

HO

HO
OH

HO
OH

Hamamelitannin Acertannin (1)

Figure 1. ¥ =1 D&

1,5-AG IZ. glucitol (sorbitol) ® 147 & SALOE FuF U HNHK L7ZERIR polyol T, D-
glucopyranose @ 1 DOt R ¥ A2 RWIEELZALTEBY, ~I 78X — ke
X UHEF WD T )~ — B RN FEE T, ALFRIICLEETH D D HHeT0n

12CH2OH
H ; OH
HO——H HOAS 0
4 1
H OH |:> HO H
H-—0H HOg,
CH,OH
6
Glucitol 1,5-AG (2)

Figure 2. 1,5-AG DfEE



LWV o TR Z FEo  (Figure 2) . 1,5-AG 1E, 1860 ‘R TR AL ANFFH
(Polygalaceae) DREM I HHEES L, #EERFHTH - Z LMY O4RTE &> T
polygalitol &4 Sz % F72, acer BOEMNOIFEOND X = H KRGS D2 &
TR—72bEMBF DIV TNV 2729, aceritol & HIFEFIL TN D 101 FFAES T 72008 1,5-
AG 721 Tlid/e< . £ D epimer T 5 1,5-anhydro-pD-mannitol (1,5-AMan) &= =/ FED
7 v R (Styrax obassia) 76 HEEXILTE Y | styracitol & FEXIL TV D 12, 1,5-AG 137
v U7 Ea-ld-glucoside FiEE OV NAY IPENLFEAIND, v/ AU THED,
lyase (& & » CTofg &5 & 1,5-anhydro-D-fructose (1,5-AFru) 238 L. Z @ 1,5-AFru 23i%
TLENDHZETLS-AGBERTLHEEZ LTS (Figure 3) 13,

OH OH

HO 0 HO 0
HO OH Lyase HO HO OH Lyase

HOg 0 > HO + HOJ, 0 —

HO OH HO HO

HO 0 HO

%j?a

O 1,5-AFru O
HO
HO0
Keto-enol
1,4-a-Glucoside

OH OH

HO O ___ o Ho O

HO HO
O OH
1,5-AG

Figure 3. 1,5-AG DAEAREK

BLERYEVNZ 12, 1,5-AG 1T FOMEHFIZHFEL TR Y, —fIFE7e £ C glycogen 7>
LOREADTRESNTVDN, FEAEPREFHRICEIDbDTHD 415 1,5-AG (E, D-
glucose &FEIENFELIL TV D728, AR TIE D-glucose & [F U X 9 7268 %2/~ L, SGLTI1

(SLC5A1), SGLT4 (SLC5A9). SGTL5 (SLC5A10)., SWEETI (SLC50A1) 72X D kT
AR—=FZ—=DBRIUCEHE L TWHEEZ BN TND 7, 1,5-AG X, RMEIZT SGLT4

(SLC5A9) %41 L 99.9%F WU & 41, 1440 pg/mL FLEE DI R E 2 (> TV D 28, BHS
AR 72 & OISR TEE T 5 18, BlziE, A v PEELETETH LIRS, ABERD
WX 1,5-AG BEL GEND 2O, ZHEARMT 5 &l 1,5-AG IREEIT&E < 725 1920, —
77, & glycemic index (GI) D AEFX°, acarbose, SGLT2 PHFEIRDOARAIC LV i+ 1,5-AG 2
BT 5 28, F7o, miipRiEICH 2 &, B S 52 8D D-glucose 1 £V JRAIE
TOD 1,5-AG OFWILALG T Hiv, MO 1,5-AG IBEME T35, 1,5-AG (349 1 H[H
AT 72 bEEEN 2D A F~—F— L LTHOWORTWD 25, 1,5-AG 1 HFH)



ICEBRL TWAIEMTH LT, HBENMERWEEZ b TnD, £, 1,5-AG [TIHEH
5 glucose DY AANHI 2 Z & 3G S, AIEMEZ R T REME R S LTV D 26,
1,5-AG DOAWERZEIIARTETORIMALRE 3% <. BIE LR IMICHIER ST
2,

BIEE T 1,5-AG & 2 712 b D gallotannin (X, acer J& DHEY DB L OHEES AL TR,
1,5-AG % 2 712 H D gallotannin (X, 1922 4 A. G. Perkin HIZ XV T axXH T (acer
ginnala) DIENHH)H CTHEES U, acertannin & 4 7z 1027, 15-AG 2272 H D
gallotannin [3HL{E FE TIZ, ginnalin B, C?, maplexin A-123° depside fi&& % H > 2,6-bis-O-
digalloyl-1,5-AG3! 72 E 23 EAEff ST 5 (Figure4), Z U5 O gallotannin <° gallotannin % &
TefEy % 203, HUERLAE 32790 Jo X OVe fbERN IR 418 @R &I & 2 NEns a1 )
#_ melanin JEECHNHIER 4, elastase FLFEVEM %0, collagen 53 i35 L OVE AARMEIEH 47,
FEREHMIEHEVE 48, glutathione FEAMRMEER 40, HUMEBAER 5055, 47HEK apoptosis D5
56, amyloid B-peptide EEEMHIVER 7 72 EOEMTENEEZF L TVDH Z ERHE I TN
H. Ma 5i%, 1,5-AG % polyol =729 % gallotannin Da-glucosidase PLEIEAICEH L
galloyl ZXEOHMPTEMRBUCEHE THDH Z L AWME L TWVD B, A Kamori HI%, RIRIZITAF
1E L 72\ 1,5-AG % polyol 2= 7 IZH T 558K % A L. ceramidase PHE S X OF ceramide &
FRAREVE 2 554M L 7= 5%, Z OfESR, maplexinE. F 73 & X < ceramidase & fHET 25— 77,
ginnalin B 23 & B < ceramide A2 EHET 5 Z & A 50 LT %, Gallotannin % 45
&3 % polyphenol 1FZEk72 AWTENEZ R T2 DREFRICH 59 5 AIREMED RIR S LTV D,
L7~L. polyphenol |3 THIHD I ¥ 2 Z L ERIELAEMFETH D | 220N EMEE 2R
TIAEY S HIUITRERWMEEM b H DT T Th D, £, B RRIZZ FET DA
WITEE S AR RSN TWDE D, RRDPD D AFENEHE L WAHD b EWE L %
TERREHID 720, & BITRIRITIEIE L72W polyphenol #5381 & Iz 7= HEREAD 2o ik 1 1 MEFE
BOBETOENI e D F =5y MyFICkt L, EO XD RiEENR RS BVEMEEZ R
DOPFHFITRFT STV W ONRBUR TH B, AHFFEIX. polyphenol D7 7 A D 1 D Th %
gallotannin (275 H L, BRIk polyol % =2 7|24 95 gallotannin 354K DAL A% & D FFE & AW
EPEDORBRZHALNCT D L2 HME LTV D, KX Tk, M LFEAERIZ L 0D
T2 RS gallotannin #E (K% & 1r gallotannin JHOLEW T A 7T U — ORI, 726
NZHIRALIEYE & a-glucosidase DAEETEMEFABIIZ W CRER 3%,



HO Galloyl—0,

(0] (0]
HO HO HO
o HO HO O o
HO
HO Hoﬁ o o HO Hoﬁ
HO > HO 5 0 HO >
HO
OH o OH
OH OH OH
HO -
OH Galloyl—O oH
Acertannin (Ginnalin A) Ginnalin B Ginnalin C . )
2,6-Di-O-galloyl-1,5-AG (1) 6-O-Galloyl-1,5-AG (3)  2-O-Galloyl-1,5-AG (4)  20-Bis-O-digalloyl-1.5-AG
OH
HO OH

OH

OH
OH
HO OH HO O
HO O HO 0
HO 0 Y 0~ o
OH OH 0 0 HO
0 HO 0
HO 0
om0 HO OH 0
OH
HO OH OH
OH

HO

Maplexin A Maplexin B Maplexin C Maplexin D
3-O-Galloyl-1,5-AG (5)  4-O-Galloyl-1,5-AG (6) 2,3-Di-O-galloyl-1,5-AG (7) 2,4-Di-O-galloyl-1,5-AG (8)

Ha Q} Q}
b N

Maplexin E Maplexin F Maplexin G
2,4,6-Tri-O-galloyl-1,5-AG (9) 2,3,6-Tri-O-galloyl-1,5-AG (10)

HO  OH HO  OH
OH
OH .0 OH OH
H,C
0 0
0 0
HyCo HO 0 0”0 0
0 0 » HO »
HOD/< 00 0
OH OH
HO  OH HO  OH

Maplexin H Maplexin 1

Figure 3. 1,5-AG % polyol 2 7IZH 3 3 gallotannin D&



E—E R polyol EEDERK
%167 1,5-anhydroalditol ¥5 DA%

15-AG [ FH# % IS RERITIR S 53409 D BIR polyol Th 2723, fEH O EHELE LT
IXSIEELL e, F2, 1,5-AG LA 1,5-anhydroalditol JEHIF RKIRIZIZ & A EFE L7720
e, b EREIGDLTCOITIIALINAEY T 0E R H D, 4 0L TIZ, (LFICE
i3 % JiE O AL TF A ICH D TIMAE A V5 5k 2, 1,5-AG BB IZE DY TH
LA % 51k T 2 £ & & &F 72 1,5-anhydroalditol O A FIEREE I TN D,
1 Nt s R ] kg g

1) Thioglycoside % Raney Ni & FHVNTiEscd 5 Hik 7

AIBN
AcO PhSH AcO Raney-Ni W4 HO
AcO 0] SnCl, AcO 0 1) EtOH HO 0]
Ao pow A yKco, MO
AcO AcO 2 3 HO
OAc SPh MeOH
56% 3-steps
2)TES # W CT /v ax v iAaE T 5 Hik
TES, TFA
AllylO BF;-OFEt, HO
AllylO 0 1) DCM HO O
Allylo 2 paCl > HO
AllylOo 2 HO
OMe MeOH

85% 2-steps

3) Isotiocyanate ~JiE1{k L, AIBN, BusSnH |2 X - CTiEjrd 5 Hik 7778

AIBN
AcO 0 Pb(II) thiocyanate AcO 0 Bu;SnH AcO 0
AcO » AcO » AcO
AcO AcO AcO
AcO DCM AcO Et,0, PhMe AcO
““Br “UNCS  reflux ¢
90% 94%



4) Glycosyl bromide % BusSnH TiZEjtd 5 Hik 780

AcO AcO
AcO 0 Bu;SnH ACO%

AcO Et,0 > AcO
AcOR; AcO

63-86%

5) Glycosyl bromide %, LAH % W\ CiELd 5 5L S

AcO , HO
AcO 0 LiAlH, HO 0
AcO — HO
AcO Et,0 HO
Br
67%

ZNBRERDERIEIZIE, Y T FARARLEA R E LI LT 5 2 L REEROA D
BAT v 202 & FERPMEMETH 272 EOBERH 5, = TIZZ 4L E T, per-
O-TMS f#7#% L 7= alditol %2 TMS-I % F\ T glycosyl iodide ~ & {H14H{L L, LiBHs TiEoT,
e Chift#AE 42 Z & T T 5 1,5-anhydroalditol %2 77 A A — /L THLND Z L &R
HLTEBY ., BEEFEMEOH 5 2 XA WE OISR, BURENED I8, RN E S 72
RCENTWD (Scheme 1) %2,

HO TMSO : HO
HO o 1) TMS-CL, Py TMSO O | 1)LiBH,, THF Ho o

HO OH ) TMs-1, DM TMSO 2) H', MeOH HO
’ TMSOI ’ OH

OH
p-glucose L 1,5-AG (2)
Glycosyl iodide 88% from p-glucose
OH HO HO OH_oH
0 0 HO 0
HO HO OH HO -0
HO HO HO HO
OH OH
1,5-AG (2) 1,5-Anhydro-L-glucitol 1,5-Anhydro-p-mannitol 1,5-Anhydro-p-galactitol
(11, ent-1,5-AG) (12, 1,5-AMan) (13, 1,5-AGal)
88% 87% 80% 90%
HO@? WOH HOO/;&
H
HO ™ om on OH OH
1,5-Anhydro-L-rhamnitol 1,5-Anhydro-L-fucitol 1,5-Anhydroxylitol
(14, 1,5-ARha) (15, 1,5-AFuc) (16, 1,5-AXyl)
78% 86% 59%

Scheme 1.  Glycosyl iodide Z#&H L 7= 1,5-anhudroalditol 35D & K.
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ASGEDTEMEFREIA TS 5 glycosyl iodide 1L StMEA D T < L BB T & 722\, £ Z T,
per-O-TMS-glycosyl iodide DA% 'H NMR #lliE (600 MHz) |2 XV g &1 T/e>7-, £

FaT—T—7 A A TTHMEE LT CDCl IZ&FE per-O-TMS-sugar (glucose, mannose,

galactose, rhamnose, fucose, xylose) Z¥&fi#E L, & 212 20~25°C T TMS-1 (1.5eq.) ZhNx.,
EHIZ 'THNMR ZHlIE Lz, 572 NMR 2~<7 kL% (Figure4A-F) (TRT, WFho
b anomeric-H 3R D 3 7 /L 73 6.7~6.8 ppm {1 ~MEREY; T 7 b L7z (Figure 5 T E%)
Z Lnb. glycosyl iodide 2342 5 S ANIZAER L TV e 2 & R HEE STz,

OTMS
TMSO
T™MSO
" - " | * = v 1 o0 omoE [ lII 1 ' ' | = = v o3 o= oo
7.0 6.0 5.0 4.0
I PN A e
OTMS
TMSO O
TMSO
l TMSOI '
l\_l' - | DI,
e e ——— — o
7.0 6.0 5.0 4.0
L sl FiiliisaloSnll
Figure 4A. 'H NMR Spectra of Per-O-TMS-glucose and its iodide.
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TMSO OTMS
msoxo,
TMSO

OTMS

| .||. u I-HL.‘.‘_.__._.'.
......... R ORI
| MM I |
2 5588 SSEREREDEN
TMSO OTMS
TMSO 0
TMSO
1
T T PRI LRI RO
| | A P e
A B 538 SUSER HEER

Figure 4B.

H NMR Spectra of Per-O-TMS-mannose and its iodide.
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TMSO OTMS
Sé:éxw
TMSO OTMS
TMSO
I\ |
......... e s e
o 28 88 28EzsEIsp
TMSO OTMS
()
TMSO
TMSO;
. L A . J
7:0 EI.U 5:0 4.‘0 :U
| A e
Loo=h eSS EoRELL Lo g
Figure 4C. 'H NMR Spectra of Per-O-TMS-galactose and its iodide.



OTMS
H,C
TMSO Q
™SO [
o 7.0 0 s.0 40 3
T e
: g%z  GEEREEEGAR
I
H,C (0)
TMSO
™so Lo
| J. .JI'-LJ.n JJ.
......... T e T
I I\ A R A —
ST SEERSERREETAL

Figure 4D. '"H NMR Spectra of Per-O-TMS-rhamnose and its iodide.

OTMS

H;C77 20/ otMms

TMso OTMS

7.0 5.0 5.0 a.
| | A AN
2 2 0EREE
I
H;C 720/ otwms
TMSO OTMS
7.0 5.0 5.0 a0 &
- T T

Figure 4E. "H NMR Spectra of Per-O-TMS-fucose and its iodide.
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TH NMR Spectra of Per-O-TMS-xylose and its iodide.

Figure 4F.
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¥2ffi 7 X /A7 5 anhydroalditol 5D Gk

7 2 FEAT HERIK polyol 1, hexosamine biosynthesis pathway % P59~ 2 AEWiEEME
8 LAF aldol BUGL DAy 1Al 84 70 EHEREME SO building block & L THWHALTW
%, Glucosamine (GleNH2) [FEZICAFAREZMLEW TH D03, GIeNH, DH D 2D 7
IR TALoEMALZ LIXUINEEHZ 2 85, BEdk 8 TiX, N-acetyl-glucosamine (NAcGlc)
Z HFEWEIZ, glucosaminyl chloride ~&VEME(LL, FY TFAAXEZHWCERILTHZ L
C 2-amino-2-deoxy-1,5-AG # & L C\ % (Scheme 2), L2 L, kU7 F /A% 7R
< TR B2V RS N-Ac D NIRRT B D B ORERS UL LINEE L 72 % /U2
RN D ¥,

AcO AcO HO
AcO ¢} Bu;SnH Aco/& Hydrolysis HO- &O:
AcO Benzen AcO HO
AcHN enzene

AcHN NH
Cl reflux 2

Scheme 2. bt YU 7F/NRRX% AV 7z 1-deoxy-glucosamin (17) DA R

Z ZCAMZETIE, 1,5-AG ZHHHEWE L LT R 7 FARAX%HNT | 73D N-Ac K& #%
H L72WHH 2-amino-2-deoxy-1,5-AG A IEDTEN. ik r Tz, Tb b, 7Y REDETTIC
XYW HAMET DT 2 %A D anhydroalditol A 1G5 & W) BkIEESIELZ, 7TV R
FAITRABLNAE G 72 PA/C, Hy Z W TEITT 2 2 & TEARMNARETH L RICA, 7Y F
HKERTH6EMIT click 7 I A M) —DRE L LTOFHbEIfFESND 89, £z, 7
R 1,5-anhydroalditol SO & Fm % LA HREAEAWUC LV BAT L5 2 & & Uiz, YR
BAC K27 Y NEEAZRA D20, HWIEWE L LT 2 A2 axialOH A3 5 1,5-AMan
Z 7=, Y. Demizu 512 & - THE 472 MexSnClh % F V7= 3 (78R Y benzoyl 1L %1772
572 (Scheme 3) %, ASUSHEREIZ, BED 1,2-cis-diol 1% LT Sn ASEAL L7284, SRS
ZENTND B R e U JAMESERYIZ benzoyl (LT T2 6D & SATWD A, 1-deoxy HE
SO HIIARFZER YO TORATH H, T LIV 3R INAYIZ benzoyl L 23T T L 89%
DT 18 #4157, HiL T 4,6-O-benzylidene fRFEZIT/2VN, 2 (Dt R ¥ 3% triflate
b9 5 Z & TIEMEAL, NaNs 2 FHV0 D SN2 OGS Z 0 72 REZE AL 20 21572, H&ICH
Ri#RB L ONEITEIT/2 D) 2 & T, B &35 2-amino-2-deoxy-1,5-AG (17) Z#RUN=R 22% T

57-,
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BzCl, DIPEA PhCH(OMe),

HO—\ OH cat. Me,SnCl, HO—\ OH cat. CSA
HO THF/HZO BzO MeCN

1,5-AMan 18 80°C
on  DTEO 1) NaOMe
Ph/%%& Py,DCM_ Ph~ 0 E o MeOH HI(?)OE E 0
BzO 2) NaN, BzO 2) Pd/C, H, HO
1 DMF 50 B MeOH NH,

3) AcOH/H,0 2-Amino-2-deoxy-1,5-AG (17)

80 °C 22% yield
from 1,5-AMan

Scheme 3. 2-Amino-2-deoxy-1,5-AG (17) D&ERR

W, 6 (T XV EEAT 5 1,5-AG FHEERD AR AT/ 572 (Scheme4), Silyl L4 21
D 6 AR silyl fLSE 12 KLV 6-OH #F8EK 22 #4572, S 62, L7t Fa¥xv
B | RIESIEEFWTT ¥ RIEE~ B L silyl AR CIRET 5 Z & TT Y R 24
3T, w2, PAC, o Z HWTT ¥ REZIEILT 5H Z & T, 6-amino-6-deoxy-1,5-AG (25)
Z BRI 78% THF7=,

TMSO HO DPPA N,
TMSO&O: NH,OAc TMSO 0 DIAD, PPh; _ TMSO 0
—_— —_—
T™MSO DCM/MeOH TMSO THF T™MSO
OTMS OTMS
21 22 23
. N, H,N
H HO (6] Pd/C, H, HO o
—_— —_—
MeOH H0§ S MeOH/THF HO& $
OH OH

24 6-Amino-6-deoxy-1,5-AG (25)

78% yield from 21

Scheme 4. 6-Amino-6-deoxy-1,5-AG (25) DAEK

%381 1,4-Anhydro-L-arabinitol D&%

HEBBRHEEZ D polyol 1XIE R gallotannin @ polyol =7 & L TRZSHLBRE LAY
Thon 2 £IZT, Ifi~I7EX—ME Fax it 72720 furanose U ER IR polyol T
& % anhydroalditol, 3 724> % 1,4-anhydroalditol Ml % 7772, L-Arabinose % pyridine
TMS-Cl % T O-TMS R# %1772 5 & pyranose A GREMNELNTLES Z &
225, £, furanose MOAIAFIET H 1O FrF U EENIEO T U LHIZ X 2EIR
AR Z1T72\), furanose HUFHE(K 26 %1572 (Scheme 5), #EW\ TV Ot FrFk s
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TMS 1t L 72 . TMS-I1 % F\ T L-arabinofranosyl iodide (28) ~I&EMAL L7z, Z OIEMEAFE
& Td 2 L-arabinofranosyl iodide (28) DAFfEIL, K% 'H NMR IZTEMT 5 Z & THERL
LTCW5B Z &R Sz (Figure5), %1228 %, LiBHs Z W TIEL L, BEMESMFET T
O-TMS % lifki# 45 Z & T, HM L 925 1,4-anhydro-L-arabinitol (29) % #IL=R 42% CTHF
72

%451 Anhydroalditol 2483 5 _HERHO AR

CHO
TBDPS-CI
i OH HO TMSO
Imidazole TMS-CI, TEA
S DMF.60°C . Jﬂ\i?‘“OH DMF > ﬁ“OTMS
HO——H ’ TBDP
SO Ol TBDPSO OTMS
CH,OH
i 26 27
L-Arabinose
I
TMS-I ™SO 1) LiBH,, THF HO S
DCM - 2)AcCL,MeOH ../ l_\!
TBDPSO OTMS HO o
28 1,4-Anhydro-L-arabinitol (29)

42% from L-Arabinose

Scheme 5. 1,4-Anhydroalabinitol D&%

TMSO
-O—~OTMS
TBDPSO OTMS

AR k J‘L’L_u

D
7.0 6.0 5.0 4.0

. : parts per Million : Proton

e

TMSO 1
¥o)

TBDPSO OTMS

Figure 4. L-Arabinofuranosyl iodide (28) ® 'H NMR A~X7 kL

17



Anhydroalditol % & de Y =HEIT, 1974 4512 K. Takiura 512 L - CT& 3 H (polygala senega)
DR BRI TS 9394 F 72 2006 4F121F M-C. Cheng HIZ Xk - T, BRI L7=4Y IHE
polygalatenoside A & B 234 k& AX (Polygala tenuifolia) ORIV HEESTIH %,
2008 4|2 C-M. Huang 51T K > TEREKI 72 S4U TS %, Polygalatenoside 1%, Noradrenalin

F T UAR=Z =2 ETDH LT, U SEM 2RO R ST D S, BifE
@ 1,5-anhydro FEFH & bl U, ZWEHLL B anhydro $§FE AR S L7272y, G.Li 6
I%. glycosyl dithiocarbamate % 7 I /ViEtd % Z & T, lactose, melibiose, chitobiose ? 1-
deoxy (A% TW\ 5 8, F7-, H.G.Fletcher 1%, phenyl-thio glycoside % Raney-Ni & T
=9 5 Z & T, 1,5-anhydrolactitol & 1-deoxy-maltose %45 TV 25 A3, 1-deoxy-maltose | A
SRR Td > o T2 DRI T — Z TR S TR 7,

AcO o
AcO
Ac(;k‘ OAc R Ni A?((;O 0]
AcOfy 0 Y™ . Ao OAc
AcO EtOH AcOO 0
ACOS Reflux AcO
AcO
30

Scheme 6. H. G. Fletcher & (Z X 5 maltose ® 1-deoxy 1t

Glycosyl halide (3 Z2{fi > > G A R FTHETH 5 72, glycosyl halide % FF & & L THW
%A YU IFEHEO 1-deoxy {LIEDOHESLIZ, 1-deoxy AV THEEHOMHEATICEN D, £ 2T,
HUPEEA & [AIBRIC O-TMS fRi % L 7= D-maltose (31) %, TMS-1 TIHFMALT 2 5 1E%E VT
FFL7M, glucose IR D3 i3 G v, HEOMIISE H7en -7 (Scheme7), X2 P L
Ri# % S iza-glycoside ff & & & DKL, TMS-I 12 & » TIERITRIFM D glycoside Fi
AMFELTLED 2RO TWD, ARG NE & 72 & B x| (R HE % acetyl £
B2 THFEAT IR T,

TMSO TMSO TMSO
TMSO TMSO TMSOQ
TMSO OTMS TMS-I TMSO OTMS T™S OTMS
TMSO, MSO TMSO, 0
TMSO OTMS TMSO OTMS TMSO
MS OTMS TMSO

Scheme 7. TMS-1IZX B EBETLEKE Y 2 FESDOBRRA
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B AR ATRES per-O-Ac-maltosyl iodide (32) %, LiBHs & W CGEILEIT o728 2 A,
FN b AT ORI I3 LB ok e FEERD E L THE L (Scheme8), £V
ﬁﬁ@ﬁ@%p&&&ﬂmmﬂmeﬁWM)K%ELT@%%ﬁ@Okﬁ\ﬁ%@éﬁ%

DO, IRZITAID B 21T o 7,

AcO AcO AcO
AcO O AcO AcO o
AcO OAc . AcO OAc AcO
MV é& J A
(0]
AcO

O
Ac THF AcO

I (6]
32 Hzc&()) 33 —

Scheme 8. BEEEBIG-IZHE D AV b= R T NFERR O HEEHEE

Pd/C.H, % W = 8fil/k K12 X % anhydroalditol O & kI3 22\ A3, 1956 4E1Z Z. L. Zioudrou
I3 per-O-Ac-cellobiosyl bromide Z #fiti/k F{b9 2 Z & TxHn T 2D 1-deoxy KA 15TV 5 9,
FEBTHDPdEHAWRL TER LRV, KERE L TKETAZHAND Z EnNHED
SR CIRITTAMT 2 2 TN TV B 720 RIFiEE IV CTHRE %1772 5 72 (Scheme 9) .

O 6}
Ae EtOAc Ac

Br AcO HO
34 30 1-Deoxy-maltose (35)
42% from p-maltose

AcO AcO HO
ACO/&% A OA A OH
AcO OAc  pd/C,Hy, TEA A€ c
AcO 0 e AcO /ﬁ % HO /é&
O O o
AcO

Scheme 9. Pd/C, H,% AV 7z 1-deoxy-maltose DAk

Per-O-Ac-maltosyl bromide (34) %, TEA f#(E [ Pd/C, Hy & FHWCHEfLKEL AT 9 & |
i v 7 AR 30 MG DAL, DAL 30 D Ac BENKDFEST S22 LT BRE T 1-
deoxy-maltose (35) Z BRI 42% TH:7,

%581 1-Deoxy-D-glucuronic acid DA ik

1-Deoxy-D-glucronic acid (2,6-anhydro-L-gluconic acid) D& f%IE 1998 412 M. Dromowicz 5
{2 & > T, D-xylofranosyl nitromethane % JFUEHZ Nef reaction & ¥H{EL L7z = k w1 ED K53 %
AT 9 ZETEMR L TWD 100 SN2 amkik s LT, BHITERTHE: glycosyl
halide % "PREIMR & L7 B RRIEDMENT 27 A T2,
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#1812, D-glucuronic acid % JFUEHZ | per-O-TMS b & 1772\, TMS-I % VT glycosyl iodide
~OTEMEAL % 3272 53, TMS-ester D53 73 HeZR S vz, 7=, glycosyl halide %3809 % B,
LiBHs 2 EZ WD & 6 DI NV ARFUEBBEILLTLE SRNNH S8, PA/C, Hy & H
WK B I K D i~a 7 oAb &2 1T72 > 7= (Scheme 10), D-Glucurono-6,3-lactone J ¥
A FCATEEZR glucuronyl bromide (36) % TEA {1t . Pd/C, H IZ K W e 7 b3 52 &
T 37 %157, i 7 ARSI, maltose TORMGT & TR0 BIAERMITIF A LELS
BAFICHEIT LT, &BICE B 38 KRS 5 Z & THRE T 2 1-deoxy-D-glucronic
acid Z#RUX R 58% TR,

0 H3C\O
HO" (0o 1) NaOMe, MeOH 0
0O ) , . AcO 0 Pd/C, H,, TEA
2) Ac,0, AcBr AcO 'AcO EtOAc
OH AcOH, MeOH Br
36
Glucurono-6,3-lactone
H;C_
0 OH
0 0
ACO O NaOMe HO 0
A0 Y MeOH, Hy0 HO—= o
37

1-Deoxy-D-glucuronic acid (38)

58% from glucurono-6,3-lactone

Scheme 10. Pd/C % FV 7z 1-deoxy-glucuronic acid D& hK
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FZE R polyol Z2 7 IZ4% D gallotannin R UV Z DFEEIARDE K

WIS 1,5-AG & 21 712 b O gallotannin B OMEREN A AL

1,5-AG % polyol = 7247 % gallotannin |Z1%, polyol = 7IZHHEAT 5 galloyl FrDESNL
BN B DIERIRN L S FET 5, 1,5-AG 1IT1F 4 DD b Fu U ERFEE L, Z 2T galloyl
Fn 1~4 lifEe T 2MAEDEIEE 15 BYAFEET D, BfEE T, 9 D gallotannin

(ginnalin A—C, Maplexin A—F) 2R RINTWDHMN, 3,4-di-O-galloyl-1,5-AG <° 3,4,6-tri-O-
galloyl-1,5-AG 72 £ 7% 0 @ 6 FFEIC DWW CIERER & 0 Bl Sz i3k 72720, £ 2 T,
X UM ETE Y ERBE ORE 21T 9 72D, 1,5-AG SR L L2 KEK - ERRZE T3
TORAHE D gallotannin FHAD MR G FiiE DML Z 772 72, Gallotannin 1%, >V B 77L&
~OWAETIPIRL T LDETHEBEECTH 0 | A 72 BRI E B R D% s
MR THHVEND D, 2D Fafx U EOR#EL L LT BRLIENRES 72 PAOH)/C,
Hy & AW 728k R K W BREFTEEZ: benzyl e A2 SR L7z, F/o, Mok Ra¥ &
fEa L7 VX, BREICHHET o Re X U~ 95 (acyl migration) Z & 23515
NTW5D, 7= /=g =y MZBWTH, RIIRT TICBWTRERZREE AN E Z 5 FTRE
P& E 2 polyol 27 LDl b Fu &k % benzyl 5 CHR#ETHZ L L Lz, 772D
5. benzyl FEIZ & D IRFEZHlIZ polyol = 7 DAL ERINAIRE LTV, WNVAR 2= |k
e 3721, PA(OH)/C, Hy & V7= benzyl FDOBiREIC L B ZSD &9 Ak
2T A LTz,

7. 4,6-O-benzylidene-1,5-AG (39) % HFEWEIZ, NaH, BnBr (2L ¥V benzyl L% Z
& TILAY) di-O-benzyl 1K 40 % 157=, RIZ, DCM/5%NaOH O 2 J&AIEEAC 1 24 &0 BnBr
ZOGSHED Z LT, 2-0-Bn K 41 38 X OV 3-0-Bn 1K 42 % Z 1041 59, 30% CTfF7- (Scheme
1),

I

il

e O
o&& BnBr, NaH o&&
HO > BnO
OH DMEF, 0°C-rt OBn
39 4h 40 (93%)
BnBr, Nal O O
> HO BnO
DCM/5% NaOH OBn OH
reflux, 30 h
41 (59%) 42 (30%)

Scheme 11. 1,5-AG 247, 3t FuxT Enf#
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BT, 39-42 ORI benzylidene acetal DBARSEZ1T72 7= (Scheme 12), #IDIT,
4042 %, 80%AcOH % FIV T 4,6-O-benzylidene Dt fRF#E %1772\, 4,6-diol 1A 4345 % 76—
95% CH37c, F72. 39, 41, 42 % TMSOTf {#(E [, BHs - THF, Z W CT&IILd 252 & T,
6-OH {4 4648 % 61-82%T#H37=, —J7. 40 % DIBAL-H Z W\ CTi&EIIL+ 5 Z & T, 6-OH K
49 % 95% DR THET-, X 5HIT, 39-42 % TFA {F(E F, TES ZHWCEILT 52 & T, 4-
OH 1K 50-53 % 58-62% CH37=,

155 745 PR % benzyl 17 S 1172 gallic acid 7538k 54 LA &85 Z & T gallotannin
ATBRIA 55-68 Z157-, 212, PA(OH)./C., Hy Z W T benzyl b &1772 5 Z & T, 1,5-AG
Z polyol 2T IZHT 5, galloyl FDOFEENILE, FEEENELRD 14 FEOMEET XTO
gallotannin FHOMEFER) G A 2R L 72 (Scheme 13),

40— 41— 42
HO 43 <) 44 <! 45
40, 41, 42 - HO&& |
80% AcOH R,0 YR R,| Bn Bn H
80 °C !
R, | Bn H Bn
43-45 (76-95%)
HO 39— 41— 42
BH;/THF, TMSOTf BnO O \ 46 =<' 47 < 48
39,41, 42 > R,0
DCM, 0 °C ~ rt OR, R,/H Bn H
46-48 (61-82%) RyfH H  Bn
i HO
0 DIBAL-H . Bnoo&&
Bn
Toluene OBn
49 (95%)
39— 40— 41— 42
: : BnO 50 <) 51« 52<' 53
39.42 Triethylsilane, TFA . HO/&& ‘
DCM, 0 °C ~ 1t R0 Rj|H Bn Bn H
’ OR,
R,| H Bn H Bn

50-53 (58-62%)

Scheme 12. 4,6-0-Benzylidene &R IR



R4O
R3O o Pd(OH),/C, H,
R,0 MeOH-THF, rt

OR, 6h

55-68 (41-92%)

| N Cl
Riz)*g&& %A, Dl\jAP
R,0 DCM, rt
OR, 20-48 h
R R, Ry Ry
42| H Bn Benzylidene 55
41 | Bn H Benzylidene 56
51| Bn Bn H Bn 57
49| Bn Bn Bn H 58
39| H H Benzylidene 59
53 H Bn H Bn 60
48 H Bn Bn H 61
52| Bn H H Bn 62
47| Bn H Bn H 63
43| Bn Bn H H 64
50 H H H Bn 65
46 H H Bn H 66
45 H Bn H H 67
44| Bn H H H 68
(0]
BnO oH
54 = BnG =
BnO
OBn
Scheme 13.

BnG Bn Benzylidene
Bn BnG Benzylidene
Bn Bn BnG Bn
Bn Bn Bn BnG
BnG BnG Benzylidene
BnG Bn BnG Bn
BnG Bn Bn BnG
Bn BnG BnG Bn
Bn BnG Bn BnG
Bn Bn BnG BnG
BnG BnG BnG Bn
BnG BnG Bn BnG
BnG Bn BnG BnG
Bn BnG BnG BnG
(¢}
BnO HO
F o
BnO HO

OBn

1

R,0
R3°§&
R,0

OR,

4-10, 69-73 (95-100%)

7
R
B
Z

-0 N W N N A

70
71
72
10

73

OH

T OO D @m0 om @O
ooz oo0oz@m oo T T
ooz T T aITFE
ooz o@Dz T

@)

i,

1,5-AG % polyol =2 7 IZH 3 % gallotannin DS RK
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ot R 7=/ —NEo=y P AT LHERDOERK
7 x )= Fa X S RONESCRUR E B EYTENEIZ G 2 5 2T flavonoid 72 & A H
DMTEEAATHFZEM T TE Y 191 gallotannin (25 415 gallic acid (ZHfET 5 3 DD 7 =
J=tbe FaX v E A LTS 2 Ehh, TOBIED R HILEMMBTEEIC T X
LEEIZONWTTHBRDO b 7o d & 2 ATH D, FEERIZ, maplexin F & vanillic acid 2356
L7z maplexinl TRE S AEWIEMN R D Z ERHRESNTND P, 2T, AWFETIE7
= /= Ee Ra U RoOBEWDNEMIENEICE 2 5 W EZ ETd 5729, gallic acid & 7 =
=M P X U HOMEBESCEN R D2FHEROEMICIRY AT, 3. methyl
protocatechuate, methyl resorcylate, methyl 3-hydrozybenzoate, methyl 4-hydrozybenzoate % &
AIVENEEHT, benzyl PRI KORGS5 2 & T, 7=/ —/VIEEHEIK 7477 21572
(Scheme 14), 13 LN T-FHEMARE 1,5-AG LHfae L7z, Mibenzyl{b+ 252 & THMET D
7z /= Ba S R OALE RN R 555K 83-87 21572 (Scheme 15).

o R; R, R
(0]
R, 1) BnCl, K1, K,CO;, R 74 | OBn OBn H
OMez)A((:)etone, reflux, 8 h . 1 OH 75 | OBn H OBn
KOH
R; MeOH/1,4-Dioxane Rj 761 OBn H H
R; reflux, 2 h R; 77| H OBn H
74-77 (60-98%, 2 steps)
Scheme 14. 7 = ) —\ERHEEA DA
Rl
U
HO X,
HO DCM rt MeOH- THF, It
OH 481 6h
0O
1,5-AG R2 R,
R, R,
78— 88 (63— 98%) 83-87 (90— 100%)
X R, R, Ry R, R, R,
78 | 54 OBn OBn OBn 83 | OH OH OH
79 | 74 OBn OBn H 84 | OH OH H
80 | 75 OBn H OBn 85 | OH H OH
81 |76 OBn H H 8 | OH H H
82|77 H OBn H 87 H OH H

Scheme 15. 7 =/ —/UEE R X U EOMEBESCEN R S gallotannin FHE A D SRR



#3f Ellagitannin #5588 DA R
Ellagitannin X HHDP & FEINDHBHIR~ 7 0T 7 FUigEZ S FHNICAE L TERD .,

HHDP SI3AMIEMRBUCEE R FREIE L LTEHR ST 5 102168 HHDP Ok HIkE
k13 K. S. Feldman <° H. Yamada 5 (2 X - TBA¥E &4, £ < @ ellagitannin D44 K & 2%
LT 5 104107 2 = CARMFSE TlE, D-glucose % polyol =27 (2% D ellagitannin O —FE TH
% tellimagrandin 112 H L. 1,5-AG ZHFEFELE LTHWS Z & TIAA~I T2 —/L1
b R & U3 A K7z 1-deoxy-tellimagrandin I D&k & ikdr 7=, 121572 gallotannin FTBRIA
59 % MeOH H', I % F\ T 4,6-O-benzylidene % Jlifr7# L 4,6-diol {4 88 Z157-, i\ T gallic
acid FEI 89 Z A S, MOM H A VST T TR L 91 #1572, 91 % H. Yamada &
\2& % CuCl, nBuNH, & AWkt » 7"V v VOS2 & 0 . HHDP SEOHE AT/ -
720 Fcf21Z, PA(OH)/C, Ha 12 & B il benzyl {54772 9 Z & T, 1,5-anhydroalditol % polyol =X
TIZAT 288 ellagitannin 758K 93 OARIZAKEI L2 (Scheme 16),

MOMO
O MOMO  OBn
89 : BnO OBn
OH MOMO OMOM OMOM
HO o MOMO
B 63, EDC-HCI o
59 I, DMAP 0 iPrOH/conc.HCl

—_— P
MeOH, DCM BnO DCM, DCM.18h 0”7 o 0 THF

BnO 0 60°C, 6 h

reflux, 7 d
B0 /D/Q
88 (93%) 90 (55%)

HO
CuCl,, n-BuNH, f Pd(OH)Z/C H, /&

B 1,2-DCE- zPrOH MeOH THF
rt,0.5h rt 6h

: ol

91 (93%) 92 (48%) Bno 93 (quant) o

Scheme 16. 1,5-AG % polyol 2 7ZH§ 5 ellagitannin FFE A D SR
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BAT  ZAE72 polyol & 2 71T 1 D gallotannin F53E AR DAL

Gallotannin [%, polyol = 7 IR DSAKELEIZ K > CTHAEMIEMEN B2 D Z ERWEINT
W5, BlZxIX. E.G. Doyagiiez (%, galactofuranose < trehalose 72 £ % polyol = 7 I\ZH T %
gallotannin 7&K % &% L. per-O-galloyl-B-mannopyranose 7% PGG 72 EfLOFEER L D & 58
771Z capillary morphogenesis gene-2 protein |25 & L, MEF EMHHZ~T Z L2 6N L
7= 92, £ 7= Feldman & 13 LRI AR S 4072 KERIZIFAFTE L 720 hexa-O-galloyl-myo-inositol
7% PGG X tellimagrandin I 72 £ @ gallotannin & kb~ J Y 5 < bovine serum albumin & #&{&
BT 5 Z L2 WE LTS 1% RIFSETIE. 1,5-AG BIFh D 1,5-anhydroalditol 8 (ent-
1,5-AG, 1,5-AMan, 1,5-AGal, 1,5-AXyl, 1,5-ARha, 1,5-AFuc)., @R 1% A7 2 6-azido-
6-deoxy-1,5-AG 5 L O} 6-amino-6-deoxy-1,5-AG, & & (T glucopyranose X° 1,5-AG & [FIERIZ 6
BERHIEE A AT 2 inositol 28 (allo-, D-chiro-, L-chiro-, epi-. scyllo-, muco-, myo-) % polyol
a7IZAT % gallotannin FHEARDERLEZTT72 -7 (Scheme 17), #7FE polyol 2 DCM H,
gallic acid F5E K 54 & 2-CMPI % FiVW THi & S H 72, scyllo-Inositol (235N TlZ, flLd inositol
A L [FIERIC DCM Z B W THiE G 24778 9 EBCERE L <Ko Tz (20% yield), &5
2. BT LR PRNECTH T/, ONEE%Z DMF 22 %, EHIZHIST 5 gallic
acid 5K 54 DRZMREST 5 2 & TROUGEZ XD Z L3 TE 72 (Scheme 18), K &IC
PA(OH),/C, Hx {Z T benzyl (k&2 17729 Z & T, HHJE T 2% KFE gallotannin 758K, 372
B, 1,5-AG & SLARELE O B e 25558 94-96, galloyl % 3 ©F 3 2 HEFHEK 97-99, 6 if
|2 amino ZEZ AT 2F5E(K 100, amide #5H % A3 27554k 101, galloyl % 6 HAG7T 2
inositol &5 & (A 102-108 % FL4f Zafa il (51-98%) THLZ LB TET,
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OH BnO OH OR
|*/0 H |../O H
BnO
H OBn H
1,5-Anhydroalditols 1) TEA, DMAP, 2-CMPI, 1,5-Anhydroalditol derivatives
11-16, 24,25 DCM - 94-101
HO 2) PA(OH),/C, H, RO
HO OH MeOH, THF ROWR
HO OH RO OR
OH 51-98% yield (2-steps) OR
. Inositol derivatives
Inositols 102-107
OR_OR
RO o RO RO o
RWOR RO%& RO
RO RO OR

Per-O-galloyl-ent-1,5-AG (94)

H,;C 0
RO

OR

Per-O-galloyl-1,5-ARha (97)

6-Amino-2,3,4-0-galloyl-1,5-AG (100)

ROOROR
OR
RO
OR

Per-O-galloyl-allo-inositol (102)

RO

OR OR
w“
RO OR

Per-0-galloyl-epi-inositol (105)

Per-O-galloyl-1,5-AMan (95)

¢ 0 on
OR

RO

Per-O-galloyl-1,5-AFuc (98)

OR
RO OR
) OR
RO OR

Per-O-galloyl-D-chilo-inositol (103)

RO p OR
OR
OR

OR

Per-0O-galloyl-muco-inositol (106)

HO
OH

Per-O-galloyl-1,5-AGal (96)

RO O
RO

OR

Per-O-galloyl-1,5-AXyl (99)

6-N-Galloyl-2,3,4-O-galloyl-1,5-AG (101)

OR

Rgo OR

|
OROR

Per-O-galloyl-L-chilo-inositol (104)

RO op
OR
RO OR

RO

Per-O-galloyl-myo-inositol (107)

Scheme 17. Polyol =1 7 D&M R72 5 gallotannin F5EK D G B
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BnO
OH

BnO

OBn

HO 1) TEA, DMAP, 2-CMPI, RO
OH OR
1O % DM - RO %
OH 2) Pd(OH),/C, H, OR
MeOH, THF
scyllo-inositol Per-O-galloyl-scyllo-inositol (108)

60% yield (2 steps)

Scheme 18. syllo-Inositol F5EAE DAL
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FE=E IRIK polyol 3 72+ D gallotannin & U Z DFEEMAD L
1b;EM & a-glucosidase PR & 14 5T

T SR bIE MO

Gallic acid O 7 /L F /L= 27 WFRRAEBG IEA] & L TR AV HAL TV 5, Gallotannin % [F]
KRIZ gallic acid D= A7 /LT U | gallotannin JEDOH T HEN - HUEALIEIEN KD X 5 72k
BICEDSLSLDRONERHLNZT 52 ENTEIULX, B LWIEEAI OB AR T
%D, T, ABFZEIZIBVTHES LT gallotanninn BAO(L AW T A 75 ) — 2 HW T, M8
BN HURB LIEE DR 21T 72 o T2, P bTiEMEITA < W BTV 5 DPPH 7 ¥ LiHE
HE 22 IV CREAT L 72 10911

3.1, Hik

96-well ¥ 7 10 7 L— ~Z 50%EtOH Tl L 7250k} (0.1-1000 pg/mL) 35 & T control &
L T trolox (40-160 ug/mL) &% 100 mL, MES #Ef{% (200 mM, pH 6.0) 50 mL, EtOH T
FHHL L 7= DPPH (800 mM) &R 50 mL &Nz, #EYEF 20 53[E#&% L 7=, Blank /X, DPPH
% 50%EtOH |[ZE & iz 7o b D& Wz, 3BT n = 3, triplicate TIT72 o7, FIGHE TH#,
520 nm O ZRE LTz, X 51T, x il sample DR, y 81 520nm OWSEEZE LD |
[T EAR A KD, ECso L FOREZHWCTHEM L (K1),

As
Effective percentages (%) =1 — 5 x100

- - @D

As . sample DWEEE . Ab I3 blank DOWEYE 2 K4,
F7z, SO EUFEEROME X & Trolox O [alF AR OME X 2> 5 Trolox-equivalent (TE)
wERMLE (K2),

Ss
Trolox-equivalent (mol-trolox/mol-sample) = St

<o (KX2)

Ss I sample OfE X, St & trolox DX %33, TE I, trolox DfF5EWVHLERLIENE 2 R~
LT,
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Table 1. Results of Antioxidative activities.

Sample ECso (UM) TE Sample ECso(uM) TE
Methyl gallate 19.6 £ 0.1 2.42 +0.27 Per-O-galloyl-1,5-AG (83) 6.81+£0.17 6.87 +£0.55
Methyl protocatechuate 21.1£1.1 2.20+£0.05 Per-O-galloyl-ent-1,5-AG (94) 7.12+£0.80 5.62+0.72
Methyl resorcylate nd - Per-O-(3-hydroxybenzoyl)-1,5-AG (86) 78< -
Methyl 3-hydroxybenzoate nd - Per-O-(4-hydroxybenzoyl)-1,5-AG (87) 78< -
Methyl 4-hydroxybenzoate nd - Per-O-protocatechuyl-1,5-AG (84) 6.99 +0.11 6.54+0.15
2-0O-Galloyl-1,5-AG (4) 19.4+1.02 2.04 +0.08 Per-O-resorcylyl-1,5-AG (85) 70< -
3-0O-Galloyl-1,5-AG (5) 20.5+2.05 2.38+0.24 2,3,4,6-Tetra-O-galloyl-Glc 5.60+0.28 8.33+0.49
4-0-Galloyl-1,5-AG (6) 20.8 £ 1.54 2.09+£0.19 1-Deoxy-tellimagrandin I (93) 6.79 £ 0.21 6.44 £ 0.24
6-0O-Galloyl-1,5-AG (3) 229+ 1.61 2.13+£0.12 Tellimagrandin I 6.31+0.27 7.04 £0.37
2,3-Di-O-galloyl-1,5-AG (7) 11.3£1.0 4.29+0.23 2,3,4-0-6-N-Galloyl-1,5-AG (101) 5.46 +0.68 8.15+0.42
2,4-Di-0O-galloyl-1,5-AG (8) 143+0.3 336+0.13 Per-O-galloyl-1,5-AMan (95) 6.99 + 0.06 7.57 +045
2,6-Di-O-galloyl-1,5-AG (1) 152+0.5 3.32+£0.37 Per-O-galloyl-1,5-AGal (96) 7.16+0.10 7.01 £0.57
3,4-Di-O-galloyl-1,5-AG (69) 14.8+0.6 3.55+£042 PGG 5.90+0.51 8.07 £0.44
3,6-Di-O-galloyl-1,5-AG (70) 11.9+0.7 3.67+0.19 Casarictin 4.55+0.09 10.0+£0.8
4,6-Di-O-galloyl-1,5-AG (71) 13.0£1.1 3.78 +0.33 Eugeniin 4.58 +£0.11 9.78 £1.04
2,3,4-Tri-O-galloyl-1,5-AG (72) 7.94 +0.39 5.59+0.26 Per-O-galloyl-allo-inositol (102) 5.12+0.15 9.53+1.03
2,3,6-Tri-O-galloyl-1,5-AG (10) 8.09+0.41 5.75+0.18 Per-O-galloyl-p-chiro-inositol (103) 5.37+043 8.09 +0.04
2,4,6-Tri-O-galloyl-1,5-AG (9) 10.3+0.8 431+0.35 Per-O-galloyl-L-chiro-inositol (104) 5.12+0.54 8.91+£0.54
3,4,6-Tri-O-galloyl-1,5-AG (79) 8.48 +0.21 5.36+0.20 Per-O-galloyl-epi-inositol (105) 6.00 + 0.49 7.22+0.16
2,3,4-Tri-O-galloyl-6-amino-1,5-AG (100)  8.16 £ 0.32 5.34+0.31 Per-O-galloyl-scyllo-inositol (108) 4.24+0.27 10.1+0.4
Per-O-galloyl-1,5-ARha (97) 9.06 £0.58 5.88+0.31 Per-O-galloyl-muco-inositol (106) 5.46+0.19 8.89 £ 0.92
Per-O-galloyl-1,5-AFuc (98) 9.88+£0.42 4.96 +0.30 Per-O-galloyl-myo-inositol (107) 6.80+0.82 7.20+0.83
Per-O-galloyl-1,5-AXyl (99) 10.0£0.4 493+0.54 Tannin acid 2.84+£0.05 16.2+1.7
Strictinin 11.6 £ 0.6 4.10+0.32 Trolox 51.08 £2.26 -

a]Cso data represents mean £ S.D. of n = 3.



312, KR

PR LIEMEZ LT 5 & | galloyl == FOEUZMF]I LT, MOFIERLIETEZ R HE 5
BIFONTe, 7=/ — /LD methyl ester A% LT 5 & methyl gallate & methyl
protocatechuate (X [FIFEEE OPIELLIETE (ECso=19.6, 21.1 uM, TE=2.42, 2.20) %/~ L7223,
methyl resorcylate /%2 U8 methyl hydroxybenzoate IZHUFILIEEZ RS Ao 7o, £72, galloyl K
Z 1 DHT D758 3-6 H methyl gallate & [FIFREE OHTIE(bIENE (19.4-22.9 uM, TE = 2.04-
2.38) Z s L. galloyl 2% 2 > 9 2K 1,7,8,69-71 |%, galloyl 2% 1 >t OFFEK L
D 1.5-1.8 5TV IEME (ECso=11.3-152uM, TE=3.32-4.29) %/r L7z, K\\T galloyl J&%
3 OFT 5FHEK9,10,72,97-100 (ECso=7.94-10.3 uM, TE=4.31-5.88). galloyl }£% 4 >
BT D58 83,9496 (ECso=6.81-7.16 uM, TE=5.62-7.57) & galloyl Z£DE DA
WHIRMLIEEIZIE e o7, 7=/ — ke Re X8 1 S LRV iFER 86, 87 5
K Ot resorcylyl #EAAK 85 (3 A F /L 2T V[EREGUIRLIE M 2 7R S 727> 5 7273 | protocatechuyl
PR 84 13, 83 LAIRREOHIIRLIEEZ R L7z (ECso=6.99 uM, TE=6.54), Z DI &)
SHRLIEMEZ RIiE, B L2 7 =/ — e Rox v ERKLETH D Z LIRER
72o HHDP % % D tellimagrandin 1,93 & HHDP % ££7- 720> 2,3,4,6-tetra-O-galloyl-glucose.,
83 % b9 % & 2,3,4,6-tetra-O-galloyl-glucose 730058\ il 27~ L7z (ECso=6.31-6.81 uM,
TE = 6.44-6.87 vs EC50 = 5.60 uM, TE=8.33), 72, 6 ZlZ7 I Ni & b O EIR b IEM:
WE <, galloyl %% 5 HA 35 PGG L[AFRE Th->7= (ECso=5.46 uM, TE = 8.15 vs ECso
=590 uM, TE=8.07), & 5|2, PGG & HHDP £:% % -> casuarictin, eugeniin % FLied 2 & |
HHDP 2% £ 58 O K D ERWIEMEZ R L7z (ECs0=5.90 uM, TE =8.07 vs ECso = 4.55, 4.88
uM, TE=10.0,9.78), —Ji. galloyl k% 5 {HA T 5G4 & 6 (HA 7 2 inositol F &4 102-
108 O Tl HEsLIEMEIZZN A b7 < 7572 (ECso=4.24-6.80 uM, TE=7.20-10.1),
AL, galloyl J£% 10 84595 tannic acid 238 b RV \EME (ECso=2.84 uM, TE=16.2)
Zor LTz, —J T, polyol =TT galloyl 223 &3 512241 galloyl & 1 D& 72 v OHifg(k
IEMHIE T L2, 3725, methyl gallate L < |% mono-galloyl #5848 3-6 23 & 2h#A0 72
PR LIEEZ R LTz, E£72. 0 galloyl ZEOFEENEIZ L DIEEOZEITA LN > T,
Galloyl £:78 2 DIZ72 > T, HiER(LIEMEIX mono-galloyl #5E (K 3-6 @ 2 fFICid 72 69 1.5
1.8 FFEETH Y . [FIEEIZ, tannic acid IZBWT 1 7-8 EFEE O FIELIEER LT,

A EFHE 21T 72 > TALEWITE O KEEER RS CTH D, RO LWkl 2R L7
mono-galloyl F5EAD polyol =17 LIT1E 3 S>DOWHEO b N o EBNIEET 5, % ZITHEN
fe7p EaANd 5 2 & THREYEDI Ele & SO 5RO ERFREE B X bivd, £
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7z, anhydroalditol JHIZ7 VT & REEZRT-72 W2 LD BABRG R EAEZ S THETH
%o ZiUH gallotannin FUTBTHEER LA OFM & LT, S LR DOIMIEDHEDBHIFFEND,
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52Mi  a-Glucosidase FHETE MDA

BEEILEEL, BEBICBEN DR LM ED EROZ LU, A R Y e M
OIRTRFER & S, MEZECLME A X MIBR S, BFT 1 BICEKR, mAKY K
SNLTOERBESMIEOTHIIEETH D, %S MEZ i+ 5 ERMAERM S LT
miglitol X°> voglibose. acarbose 7% £ Da-glucosidase FLEZH N VSN TS, £7o, ERK,
LIAMZ H 1-deoxy-nojirimycin Z & AT 5 TF A (FEDELF R) LEAY V= 2E5HT5
77 NIRRT AT ENRZ O MAEE O 52 8 2 D BERE TSR B kSRR E PR R I
WHNLTWD,

a-Glucosidase PHETEMEFEAMIL, yeast 3K Da-glucosidase % AV 554, p-nitrophenyl
glucoside (pNPG) % FEICHERSUCEATR O HIENR—KTH D, —JF7. & b LR U
FIEIZEEIN D rat/MEHROBER 2 0 T-#iE © 2 < BERORIEOEWIZ L0 IHHEN
BIpD5ZENMBNTND T2, OB & o bl ds O ETE A B O FFAm 23 K & 72
STWLDONRBIRTH D, £ ZTAMZETIL, £V B MIEW rat F2RDa-glucosidase & H
WTHREZIT, TP Z R L2 AEEIZ DUV T yeast KD a-glucosidase 2 VT H R
FETRV, PR CGHET 22 & & L,

3.2.1.  o-Glucosidase P ETEEDOHIE

Rat H12K Da-glucosidase & W72 MR FEHIEEA FIEE kit 2 W CHIE L7z, 2.0 mL = >~
¥ RV 7 F 2 — 72K YRE D sample (0.5-1000 pg/mL in water) 25 uL, D-maltose &% (18.5
mM in 100 mM maleic anhydride solution, pH 6.0) 50 uL Z /1%, 37 °C C 3 4yl Ei=ZE 3
%, VT, a-glucosidase SRR 25 uL & N % IEfEIZ 37 °C T 30 rMANERE Lz, K&
T, EHITZK 400 uL 2002 HpiEAK T 3 A Lz, Mk, 96-well IZBUGHE 100 pL
¥ LN, LabAssay™ glucose #&#Z 150 uL A%, 37 °C T 10 43S &7z (triplicate)
BOSHT#, EHIZvA 77 L— b ) —%—"7T505nm OWEEZJE LT, dibay
& LT acarbose (0.5-8.0 uL/mL) & MW \7=, BERIKZIMNZ 2145, BHICEWREZITRoTHD
% blank, sample /A& KIZE X H23ER L7 1 D% control & L7z, SO NZWORENBHE
tH L7= D-glucose % y #ilZ, sample OFIREA x fililc 7' = » L, BRii#Rz2572, 55
NIz ER R 5 LU R O & DT ICo #FH L7z (K3),

As — Ab

Inhibition percentage (%) = 1 — x 100

<o (K3
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Z ZC As IE sample DL, Ab 13X blank DWIEEE, Ac I3 control DL 2 35,

96-well |2, 2D sample 5% (1000-0.5 pg/mLin 0.1 M phosphate buffer, pH 6.8) 50 uL
B & Qa-glucosidase 4% (0.1 U/mL in 0.1 M phosphate buffer, pH 6.8) 100 pL /1, 25 °C
T 6 iR S W72, KIZ pNPG A (5 mM in 0.1 M phosphate buffer, pH 6.8) 50 uL % /il
Ay 25°C TI10 iR Sz, MIGHKTHR, EHIZ~vA 717 b— kU —4—7T 405 nm
DO 2] E LTz, ®84bE% & LT acarbose (100-5000 pg/mL) % V7=, Sample ¥&#
% 0.1 M phosphate buffer ([ZE &2z, #BRL7Z D% control & L7z, F£72, x #llZ sample
DL, y BT 405 nm OWCEE 7wy b L, BR#h#t a2 R 7z, o7z BIRMist L v |
LT Oz T ICso 25 L7z (K3),

L Ac — As
Inhibition percentage (%) = e X 100
- -+ (04)

Ac I control, As I sample DWW G %37,
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Table 2. Results of a-glucosidase inhibitory activities. ICso (uM)

Sample Rat” Yeast’ Sample Rat* Yeast’
Methyl gallate 90.5+7.0 - Per-O-galloyl-1,5-AG (83) 2.59+0.03 1.06 = 0.04
Methyl protocatechuate 300<< Per-O-galloyl-ent-1,5-AG (94) 2.30+0.10 1.17+0.15
Methyl resorcylate 300<< Per-O-(3-hydroxybenzoyl)-1,5-AG (86) nd -
Methyl 3-hydroxybenzoate 660<< Per-O-(4-hydroxybenzoyl)-1,5-AG (87) nd -
Methyl 4-hydroxybenzoate 660<< Per-O-protocatechuyl-1,5-AG (84) 3.28=+0.16 -
2-0-Galloyl-1,5-AG (4) 95.1+0.2 - Per-O-resorcylyl-1,5-AG (85) 9.34+0.02 -
3-0-Galloyl-1,5-AG (5) 137+ 1 - 2,3,4,6-Tetra-O-galloyl-Glc 1.68+0.21 -
4-0-Galloyl-1,5-AG (6) 143 + 1 - 1-Deoxy-tellimagrandin I (93) 3.22+0.51 -
6-0-Galloyl-1,5-AG (3) 127+ 1 - Tellimagrandin [ 3.37+0.04 -
2,3-Di-O-galloyl-1,5-AG (7) 20.5+£0.5 - 2,3,4-0-6-N-Galloyl-1,5-AG (101) 4.41+0.79 0.557+0.101
2,4-Di-O-galloyl-1,5-AG (8) 483+1.3 - Per-O-galloyl-1,5-AMan (95) 5.19+1.21 0.626 £0.011
2,6-Di-O-galloyl-1,5-AG (1) 356+2.6 - Per-O-galloyl-1,5-AGal (96) 2.88+0.28 1.67 = 0.05
3,4-Di-O-galloyl-1,5-AG (69) 91.4=+6.6 - PGG 0.336 +0.040 0.211 £0.033
3,6-Di-O-galloyl-1,5-AG (70) 55.0+8.8 - Casarictin 10.1+0.2 0.226 £ 0.004
4,6-Di-O-galloyl-1,5-AG (71) 26.6 £2.4 - Eugeniin 1.04+0.21 0.245 £0.072
2,3,4-Tri-O-galloyl-1,5-AG (72) 6.72+0.21 - Per-O-galloyl-allo-inositol (102) 0.811+0.178 0.166 + 0.006
2,3,6-Tri-O-galloyl-1,5-AG (10) 5.34+0.55 - Per-O-galloyl-D-chiro-inositol (103) 0.659 £ 0.216 0.137 £0.003
2,4,6-Tri-O-galloyl-1,5-AG (9) 9.34+0.99 - Per-O-galloyl-L-chiro-inositol (104) 1.75+0.09 0.137 £0.002
3,4,6-Tri-O-galloyl-1,5-AG (79) 12.6 £0.6 - Per-O-galloyl-epi-inositol (105) 1.20+0.21 0.149 £ 0.003
2,3,4-Tri-O-galloyl-6-amino-1,5-AG (100)  5.76 = 0.39 2.89+0413 Per-O-galloyl-muco-inositol (106) 0.921 +£0.045 0.121+0.016
Per-O-galloyl-1,5-ARha (97) 4.53+£0.10 7.20 £0.90 Per-O-galloyl-myo-inositol (107) 1.20 +0.03 0.110 £0.016
Per-O-galloyl-1,5-AFuc (98) 20.3+£0.5 4.06 +0.52 Tannin acid 0.866 +0.176 0.183+0.013
Strictinin 72.6 £ 18.0 1.74 £ 0.81 Acarbose 0.113+£0.030 312.1+9.8

aCso0 data represents mean = S.D. of n = 2. 2ICs0 data represents mean + S.D. of n = 3.
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3.2.1. fER

Rat 1 3Ka-glucosidase FLEVEYETIE, galloyl ZEOENEE 2 512241, a-glucosidase FHLETS
PEASHR < 72 I3 DTS, galloyl FOELISMI b, polyol 27 DI Sl kv &6
(ZPHETE M 22k L7z (Table 2),

FT. 7= ) A F LT AT VA Da-glucosidase FLETEM & Fhig 3% & BRIV O
& 12 methyl gallate D723 rat 3 3Ka-glucosidase PLETEMEZ R L (ICso= 90.5 uM) . methyl
hydroxybenzoate <> methyl resorcylate, FiEE{LIEM:% 7~ L 7= methyl protocatechuate |3 FH &M
R EeinoTe, Galloyl % 1 >FH 2 FHEM 3-6 (F) 94D methyl gallate & 0 &350 iE
Pa R L7z (ICso= 95.1-143 uM vs ICsy= 90.5uM), Invivo Ca-glucosidase FLETEMEIZ L 5
e M2 R DSR2 4TV D acertannin (1) & & 12 galloyl 54 2 fEA 3 2358 7, 8,
69-71 % thi 3% & 3,4-di-galloyl #5354 69 1%, methyl gallate #2 £ O PHLETEME Td o 72 (ICs, =
91.4uM), —J7. 2,3-di-galloyl #FE K 7 (ICso= 20.5 uM) & 4,6-di-galloyl & 71 (IC5,= 26.6
uM) (% methyl gallate £V & 4 500 EOBAEFEEMEZ R L, 1 (ICso= 35.6uM) LV H58 /)T
HoT-, Galloyl 2% 3 S>HT HiEEA9, 10, 72, 79 1T E 51258 < . methyl gallate @ 10 {524
FIRVEMEEZ R T OB B o7 (ICs) = 5.34-12.6 uM vs 90.5 uM) ), £ 72, 2 fiZ, 3 71T galloyl
a2 HT 25816 7,10, 72 DSR2 2 W0FRER L HE | BRETEMESIRUVMER 2 L ST,

Polyol =t 7 D& N 72 5 tri-galloyl 755K 97,98, 100 % LL#: 3% & | 6-amino #3E(K 100
X, 1,5-AG 27 OFFER L RIFLE OTEME (ICso= 5.76 uM) &7~ L7z, 6 (\ZIZ methyl &% ¢
B 2 123 axial DOELEZ AT 2 1,5-ARha FHER 97 . 10 72 £ D tri-galloyl 55 (K & L~
FHRUNENEZ 7R L7223 40778 axial @ 1,5-AFuc i3858 98 1T MEDME T L (ICso = 20.3 uM) |
di-galloyl 755K 7 F2E ORRFEIEME A~ L7, £ 72, p-glucose % polyol = 7|2 % ellagitannin
D1 FEToH D strictinin 1335 L < BHEEEIMET L (ICso = 72.6 uM) . mono, di-galloyl #5&
RIS DR FEME 2 Lz,

Galloyl #:% 4 {HA 9 258K % i % & | per-O-galloyl-1,5-AG 83 1%, tri-O-galloyl #3&
1£9,10,72,79 X 0 5ROBHEEME (ICs)= 2.59 uM) & R L7z, AEWiEMEYE L. enantiomer
MR ERIEVEOBNB R OND Z L1350, 83 O enantiomer Tdb 5 94 [ L[FIFREE OENE

(ICso= 230 uM) ZoR L7, 1,5-AG % 2 7 \ZAT 5 ellagitannin #55(K 93 X, HHDP %
Ff7=720 83 L0 BV BHETEME 2~ L7z (ICso= 20.5 uM vs 2.59 uM), Polyol =7 & LT p-
glucose #bH, 1 MICHHEO~I T X —Phe Faf iz b 2.3.4,6-tetra-O-galloyl-
glucose X, 83 L VWA EIEMEZ R LT (ICso= 1.68 uM vs 2.59 uM), — 7, 2,3,4,6-tetra-
O-galloyl-glucose @ 4 fiL & 6 LD galloyl FENFEILHI A~ 7Y > 7 L7z ellagitannin TdH 5
tellimagrandin I OPHLETHEMEIL, 83 LV FHWE D TH -7 (ICso= 3.37 uM vs 2.59 uM) , 6 i,
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27 2 FiEE % b OB ER 101 B LT 1,5-AMan 755K 95 |3 rat B 3E D o-glucosidase PHLETH
PEDME T L. galloyl 2% 3 S L2 72720 1,5-ARha 758K 97 FEE OLEFRETH - 7=

(ICso= 4.41, 5.19uMvs4.53uM), £7-. 1,5-AGal F5E(K 96 1%, 83 & [FIRLE DML EFM:
ZaR L7z (ICs= 2.88 uM),

$.72 7% phenol == k% & OFFE(K 84-87 TiL, PilE{LIGTEFER hydroxybenzoyl #53E {4
86. 87 IFo-glucosidase [HEVENE % /R X 7235 72, Methyl protocatechuate |XFHEEMEZ 1T & A
ETRE IR T2, polyol 2 TITHEART D Z & TIHME%E 7 L. protocatechuyl #7535 (K 84 13 83
WZICE T 21 MEZ R LT (ICso= 3.28 uM), & BT, HiR biEtE &R S 7205 72 resoreylyl
HER 85 b [FEIBEIC polyol I TICHEA T2 Z & T BHEEMAZRT L IR0 (ICs) =
9.34 uM) . 84 LV o7,

Galloyl % 5 #5742 PGG & . PGG @ 4,6-HDDP {£ T % eugeniin, 2,3-,4,6-di-HDDP {4
Td % casuarictin 2 [LET 2 &, PGG 3 b WG AR L7z (ICso= 0.336 uM), HHDP
#% 1 DHT % eugeniin [XOCBHENE DMK T L7223 galloyl 2% 4 DT 558K L D ©
BEWEYE (ICsp= 1.04uM) %R L7c, BLBEEGEVZ &2 HHDP 2% 2 -OFf-D casuarictin |3
L HEIEENK T L7z (ICsp= 10.1 uM), [A4kIZ HHDP 2% % strictinin <
tellimagrandin 1 72 5 ONZ 93 (28T %, HHDP J&4 & 7272V MEA T L U CRRETE DMK
TLTWAZ M5, HHDP 503, a-glucosidase PLETEME 2859 S5 2 & 03RSz,

Galloyl %% 6 fH4A 4% inositol FHEIK 102-107 DFLEHM: % L9 5 & | chiro-D-inositol
PR 103 25 b IR ENEA /R —J7 . chiro-L-inosito]l #EAK 104 |35 HIIVIEMEE R L,
enantiomer ] CEN L5772 (ICso= 0.659 pM vs 1.75 uM), LD FHE(A 102, 105-107 (%,
PGG UL FOEEEZ R L, eugeniin & RIFEE TH 72 (ICso= 8.11-1.20 uM), Fx bR
PR {biEYE % 7R L7Z tannic acid 1%, galloyl J£DH N HMBG S 513 EiEMEITM< 22 < | allo-
inositol FHE (K 102 & [FFREDIHMZ R L7z (ICs)= 0.866 uM),

1,5-AXyl #3814k 99 5 & U scyllo-inositol #5385 A 108 (3, 75 FPFREZ A L Tk 0 KICHK
T DWFRENIEFIT/NEZ T2, 10%DMSO IZIEfELT= b D &S 7 v & L THOW TR
#4778 -7z (Table3), DMSO Z W THF 217729 & KOOI EHNTIT R o 7okFt &t
12 LICs I TR0 K& VMEZ R L7z (83 ;rat ICsy= 2.74 uM vs 2.59 uM., yeast IC5y= 1.53
uM vs 1.06 uM), 1,5-AXyl FE(R 99 35 L 8 seyllo-inositol 755K 108 H:i, 3 fHE L<IE6
il galloyl % H 9 H3F8EMA & FIRREOIEMZ /R Lz (ICs)= 4.89 uM, 2.82 uM) ),
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Table 3. Results of a-glucosidase inhibitory activities. ICso (uM)

Sample” Rat® Yeast*
Per-O-galloyl-1,5-AXyl (99) 4.89 £0.29 472 £0.48
Per-O-galloyl-scyllo-inositol (108) 2.82+£0.43 0.200+0.011
Per-O-galloyl-1,5-AG (83) 2.74 +0.08 1.53+0.04
Acarbose 0.163+0.010 4552+39

aDissolved in 10% DMSO. ZICso data represents mean + S.D. of n = 2. “ICso data represents mean +

S.D.ofn=3.

Gallotannin ¥5 ™ rat H %a-glucosidase PR (2 331T DAEEIEMAEB DR ET L 0 ELUTF O 3R
wEic, O7 =/ —nke Fax s | D U2 WFERIIREIEEZ R S o)
Sl Enb, Al tb 2007 2 — e Ra ¥ U ENEERBICKLETH D,
@1,5-AG £ V| p-glucose % polyol = 7 IZA T DFHEIRNRVEMEAZ R L, BE=T Lo 147
DAFTEDTEMFE BT 57 2 FTREME 23 /R S 4172, @IAIERIC Inositol & U | D-glucose % polyol
AT T D FFEMD LI RYIRNEMEZ 7R L, polyol BR DEER G DIFENEHE THDH Z &
DR ST, F72, 6 HELED galloyl BTiEM:R BICFHE LRV AREM DS RIE Sz, @
Amide &< HHDP JE72 & 3 PG 2B < T OMEN & 5 L 1HMEIME T3 2 Mm 23 7 5
. RO B HENEMER LICEETH D,

WA, yeast H3RDEESE & VN CT1T72 o 7= a-glucosidase PHLETHEMEIC WLl 3 25 & | rat
HUROEER 2 W2 356 & [RIERIC galloyl BEOE258 2 51223 I&MES M E L7, Lo L,
rat 3R Da-glucosidase % fix & < FLFE L7= PGG 1L, yeast FH3KEDa-glucosidase % 5 &
inositol 7 EIA L W KW HEFEMEZ R L7z (ICso = 0.211 uM vs 0.110-0.166 pM), —J5 ., tannic
acid 1L PGG £ 0 ROV BHFETEMEZ R LTz (ICso = 0.183 uM),

Polyol 2 7|2 X 2@ WA T 25 & | rat IR Do-glucosidase & W25 & 13872 55
ROTFOHNT, Galloyl % 4 DHT 238K T, 7 MG L S OFEM 101 255K bl
WEEIEMEA /R LTz, $£72. enantiomer T 5 83, 94 ORI ITZIFEL (ICso= 1.06, 1.17
uM) . 1,5-AMan #FE (K 95 (XD tetra-galloyl #FEIA K 0 BRWVBHEIEM 2R L (ICs) = 0.626
uM) | 1,5-AGal FHEK 96 1 95 D53 L FOHEEME AR LT (ICso= 1.67 uM), 72,
1,5-ARha #5308 97 1%, 1,5-AFuc #3858 98 L 0 IHIEDME T L7= (ICso = 7.20 uM vs 4.06 uM)

Rat HikEDa-glucosidase % V72 a1 Cik, HHDP FEDAHEZ L 0 BLEIEMEIC K& 22250
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FLB VT3, yeast 3R Da-glucosidase (23 T, FLETEMEICZEIZ R S 25 - 72, Galloyl
% 3 OFTHLEWO T TIL, strictinin 235 &RV AEREME (ICso= 1.74 uM) ZoR L,
PGG, casuarictin, eugeniin & %42 CRIFEE DPLEEIEEZ /R L2 (ICs5 = 0.211-0.245 uM) ,

Inositol #F5E/ 102-108 % Lz~ 25 & | polyol =2 7 DREEDE T X 0 [LEEMEICHENNC
AW SN b DO, 1,5-anhydroalditol FHEMRIZ A G- K O R REREITR SN2 -7,
Tannic acid |3 inositol # 5 & [FIFLEELL T OBAEFEEMEZ R LTz (ICso= 0.183 uM), 4 [EIFRGT
%4772 - 7= gallotannin $80 H1 Tl myo-inositol FE AR )N & TRV L ETH M (IC5o = 0.110 uM)
s LT,

Yeast H12RDa-glucosidase Z WG DR LN REZ E & O D & LLUN DR RE
Sz, OGalloyl FEDOEA Y 2 DI DAFHETEMEITIR S 72 57278, inositol FEA L tannic
acid DT K E RZEIT RO - 72, @1,5-anhydroalditol 75344 Tl polyol =2 72 & V) 7
DR B, BENEMEOTRESIL rat FHEDa-glucosidase 2 WG A L ITRKE S Bp o7, ©
HHDP ££%° amide H:72 E Dy F 2B T 0MEN & - THIEMHIFE T L2272 > 72, G. Cao &
1% PGG & tannic acid % & ¢¢ gallotannin > Saccharomyces cerevisiae (yeast) H 3 D a-glucosidase
Z AWz invitro R, B L O~ 7 2% FA\WTZ invivo iRBR A 1772\, BLIRZEWVGE R 285 L
TWD 120 Invitro FRERGEEFClE, AUFEIC X D85F & [FIEEIZ PGG & tannic acid 23 [RIFEE D
EMEAERLTNDD, U A% Wz in vivo iRBRTIX, PGG H3Mttd gallotannin & H1 Tz
BRUVEMEZ R L TRV . ARETo rat H sk Do-glucosidase FV 72 LA MERSE B & FELL LT
72

212, yeast K Da-glucosidase, J&E |2 pNPG % F T, Lineweaver-Burk plot % {EA& L
PRERRAROMRFI 21T - 72, PGG IIFEHARILE A4, 83 IRRGHAEL =~ T Z LG
THEY, EEREHMTCIERL T e AT ) v Z7EHALIEST 2 L ZEZ TS %, MFto
ik, 1,5-AFuc #FEK 98 ZFRE ., x i, y BiCRZREZIELRWRAERD VT 725 2, 83
L FARRDIRARIAE A~ LTz (Figure 6) .
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Per-O-galloyl-1,5-AMan (95)
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tAGan

AGFmCIX, B gallotannin #7558 K 2 M HEAIIZ A L, gallotannin $H DREIE LR ME DS HIRRLIE
M3 L Wa-glucosidase FLETEMEIC 52 H B2 WG LT b DO TH D,

BB T BRRAY A— e L THEH L7-AHE 1,5-anhydroalditol 5507 2/ HEE2HT 5
1,5-AG 8K, HEBRIEEZH T 5 1,4-anhydro-L-arabinitol, anhydroalditol Z & e —F¥, I3
X Y 1-deoxy-D-glucuronic acid D& FRIEIZ DWW TEER L7,

BOETEH, FEBEICBWTAKSNIBRREY A— 1 e R e L bEa 20 %
& TeRt 36 FHFHD gallotannin JEDT A > L EIEB X MEEM T A 77 U —IZ DWW Tk
L7,

B = FEClX. RIKH K gallotannin X ellagitannin % & {eit 47 FEEOILEW T A4 77 UV —{b &
Z T, P big 3 L Qa-glucosidase FHETEME 2 7Afh L, A& & 1EPEDOFIRT 2 B 5 782
L7,

AHFZEIC BT DA TH % 1,5-anhydroalditol X513, B 5 22 TAAR & 2 A+ (LWt
EHITZE B TED LD EMTEVIE DI 72 & THERRIE 1. AR Tl &~
DBHFEMI TR IF S Do AWFFETIZZE DISHAIGE L LT gallotannin JHIZ5 H L, ARk
HFEEHNTHEEM T A 7 7 ) — OG22 fil biE M & Co-glucosidase FHETEME 2
B L7z, ARBFEIC L 0SS A gallotannin BOLAW T A 7T ) —I L OREETRM:
MBSO RIX, BREME Y - & L COFIHZ B L7z gallotannin (2R3 2 PR DREIZH G-
TEXHbDEEZD,
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KERDER

Proton nuclear magnetic resonance (‘H NMR) spectra were recorded on a JEOL JNM-ECA600
spectrometer. Chemical shifts are reported relative to the internal standard (tetramethylsilane: 3 H 0.00
or CHCIls: 6 H 7.26). Data are presented as follows: chemical shift (3, ppm), multiplicity (s = singlet,
d = doublet, t = triplet, q = quartet, m = multiplet), coupling constant and integration. Carbon nuclear
magnetic resonance ('3C NMR) spectra were recorded on a JEOL JNM-ECA600 (150 MHz)
spectrometer. The following internal references were used: tetramethylsilane: 6 0.00; CDCls: § 77.0;
acetone-ds: 0 29.8; CD30D: 6 49.0. Optical rotations were measured on a JASCO P-1030 digital
polarimeter at the sodium D line (589 nm). Electron ionization (EI) mass analyses and fast atom
bombardment (FAB) mass analyses were carried out with a JEOL JMS-GCMATE. High-resolution
mass spectra (HRMS) was recorded on Waters Xevo G2-QTof spectrometer under electro spray
ionization (ESI) mode. Column chromatography was carried out on Kanto Silica gel 60N spherical
(63-210 mesh). Analytical thin-layer chromatography (TLC) was carried out using Merck Kieselgel
60 F254 plates with visualization by ultraviolet light or stained by 8% H>SO4/EtOH solution on a hot
plate. Acarbose was purchased from Fujifilm Wako Pure Chemical Corporation (Osaka,
Japan). Trolox was purchased from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan). PGG and
DPPH were purchased from Sigma-Aldrich Japan (Tokyo, Japan).

Synthesis procedure of anhydroalditols 2, 11-17, 29, 35, 38.
1,5-Anhydroalditols 2, 11-16

1,5-Anhydroalditols 2, 11-16 was synthesized according to previous literature®?

3-0-Benzoyl-1,5-AMan (18)

To the solution of 1,5-AMan (820 mg, 5 mmol) in 40 mL of THF/water (19/1) was added MeSnCl»
(55 mg, 0.25 mmol) and DIPEA (630 pL, 10 mmol) was stirred at rt. After the 5 min, BnCl was added
to the solution and stirred for 2.5 h. The reaction solution was quenched by addition of 20 mL of 3%
HCIl and the mixture was stirred for 5 min. The mixture was diluted by 40 mL of EtOAc, organic phase
was washed with NaHCO3 and water. The combined aqueous phase was back extracted with EtOAc
(20 mLx3). The combined organic phase was washed with brine. The aqueous phase was with EtOAc
(20 mLx3). The combined organic phase was dried over Na;SOy4, and concentrated. The crude product

was purified by C.C (Hex/EtOAc = 1/4) to obtain the desired product 18 as a white solid (1.2 g, 89%



yield). [o] =-53.6 (c 2.4, CHCL); 'H NMR (CDCl;, 600 MHz) § 8.12 (m, 2H), 7.60 (m, 2H),
7.48 (m, 1H), 4.99 (dd, J = 10.0, 3.5 Hz, 1H), 4.15 (m, 1H), 3.99 (t, ] = 10.0 Hz, 1H) 3.95 (dd, ] =
12.5,2.0 Hz, 1H), 3.89 (dd, J = 11.5, 6.0 Hz, 1H), 3.73 (dd, ] = 11.5, 6.0 Hz, 1H), 3.69 (dd, ] = 12.5,
1.0 Hz, 1H), 3.32 (m, 1H); *C NMR (CDCl;, 150 MHz) § 167.91, 134.26, 131.58, 130.87, 129.45,
82.90, 79.15, 71.34, 68.75, 66.36, 63.01; HRMS (ESI, m/z): [M+Na]", calcd for [C,3H;4O4Na]":
291.0845; found 291.0845.

3-0-Benzoyl-4,6-0-benzylidene-1,5-AMan (19)

The solution of 18 (1.19 g, 4.4 mmol), CSA (232 mg, 1.0 mmol), benzaldehyde dimethyl acetal (720
puL, 4.8 mmol) in 21 mL of MeCN was stirred for 10 min at rt. The reaction mixture was quenched by
TEA (140 pL, 1 mmol), diluted by 50 mL of EtOAc and water. The EtOAc phase was washed with
water (30 4), brine, dried over Na>SOs, and concentrated. The crude product was dissolved in CHCl;3
100 mL at 40 °C and Hex was slowly added to generate precipitate. The precipitate was filtered to
obtained 19 as a white solid (1.24 g, 3.48 mmol, 79% yield). [o] = -120.9 (c 2.0, CHCL;); 'H
NMR (CDCl;, 600 MHz) 6 8.08 (dd, J = 8.5, 1.5 Hz, 2H), 7.58 (t, ] = 8.5 Hz, 1H), 7.46 (m, 2H), 7.35
(dd,J=17.5,2.0 Hz, 2H), 7.31 (m, 3H), 5.62 (s, 1H), 5.35 (dd, J=10.0, 3.5 Hz, 1H), 4.35 (dd, J = 10.0,
5.0 Hz, 1H), 4.32 (m, 1H), 4.27 (t, J = 10.0 Hz, 1H), 4.12 (dd, J = 12.5, 2.0 Hz, 1H) 3.87 (t, J=10.0
Hz, 1H), 3.80 (d, J = 12.5 Hz, 1H) 3.54 (m, 1H); °C NMR (CDCl;, 150 MHz) & 165.78, 137.15,
133.43, 129.84, 129.57, 129.01, 129.00, 128.21, 126.07, 101.72, 76.30, 73.68, 72.37, 70.76, 68.58,
68.33; HRMS (ESI, m/z): [M+Na]", calcd for [C5,Hp30,4NaSi]": 379.1158; found 379.1159.

2-Deoxy-2-azido-3-0O-benzoyl-4,6-O-benzylidene-1,5-AG (20)

To the stirred solution of 19 (356 mg, 1 mmol) in 10 mL of CHCl; was added TH,0 (328 puL, 2 mmol)
at 0 °C. After 2 min, the reaction solution was added pyridine (170 pL, 2 mmol) and stirred for 10 min.
The reaction mixture was diluted with 30 mL DCM and washed with NaHCOj3 and water, dried over
NaySOy4, and concentrated. The concentrate was dissolved 4 mL of DMF, added NaN3 (130 mg), and
stirred for 1 h at rt. The reaction mixture was diluted 20 mL of Hex and EtOAc, and washed with water,
dried over NaySOs, and concentrated. The crude was purified by C.C (Hex/EtOAc = 5/1) to obtain
desired product 20 (268 mg, 70 % yield) as a white solid. [a] =+14.8 (c 2.0, CHCl;); '"H NMR
(CDCl3, 600 MHz) 6 8.09 (dd, J = 8.0, 1.5 Hz, 2H), 7.57 (t, J= 8.0 Hz, 1H), 7.45 (m, 2H), 7.39 (dd, J
=8.0,2.0 Hz, 2H), 7.29 (m, 3H), 5.52 (t, /= 9.5 Hz, 1H), 5.50 (s, 1H), 4.36 (dd, /= 10.5, 5.0 Hz, 1H),
4.16 (dd, J=11.5, 5.0 Hz, 1H), 3.74 (t, J = 10.5 Hz, 1H), 3.53 (m, 1H), 3.45 (t, /= 11.5 Hz, 1H),;
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HRMS (ESI, m/z): [M+Na]", calcd for [CooH;oN;OsNa]": 404.1222; found 404.1222.

1-Deoxy-D-glucosamine (17)

The solution of 20 (200 mg, 0.52 mmol), 28% NaOMe in MeOH (200 uL) was stirred for 2.5 h. The
reaction solution was neutralized by acidic resin, filtrated, and concentrated. The crude was purified
by C.C (Hex/EtOAc = 10/1) to obtain 2-deoxy-2-azido-4,6-O-benzylidene-1,5-AG (92 mg, 64% yield)
as a white solid. Pd/C (50 mg) was added to the solution of 2-deoxy-2-azido-4,6-O-benzylidene-1,5-
AG (75 mg, 0.27 mmol) in 25 mL of MeOH and stirred for 14 h at rt under the H, atmosphere. After
the removal of Pd/C by filtrated, the solution was concentrated. The crude was dissolved in 20 mL of
70%AcOH and stirred for 2 h at 80 °C. After the removal solvents, crude product was purified by C.C
(CHCl13/MeOH/25%aq. NH3 = 6/4/0.5) to obtain the desired product 17 (30.2 mg, 68%) as a yellow
oil. [o]} =+25.8 (c 2.1, CD;0D); 'H NMR (CD;0D, 600 MHz) 3 3.90 (dd, J = 11.0, 5.0 Hz,
1H), 3.82 (dd, J = 12.0, 2.5 Hz, 1H), 3.62 (dd, J = 12.0, 6.0 Hz, 1H), 3.23 (dd, J = 10.0, 9.0 Hz, 1H),
3.17 (overlapped, 2H), 3.16 (t, J = 11.0 Hz, 1H), 2.72 (m, 1H); "*C NMR (CD;0D, 150 MHz) &
82.80, 80.04, 72.14, 71.15, 63.12, 54.23; HRMS (ESI, m/z): [M — H] ", calcd for [C4H14NO,4] :
164.0923; found 164.0927.

2,3,4-0-TMS-1,5-AG (21)

The solution of per-O-TMS-1,5-AG?? (2.65 g, 5.9 mmol) and NaOAc (0.9 g, 11.8 mmol) in 25 mL of
dry MeOH and 25 mL of dry DCM was stirred for 17 h at rt under the Ar atmosphere. After the removal
solvent, crude was dissolved Hex and washed with ice water. The organic layer was washed with brine,
dried over Na, SOy, filtered and concentrated under reduced pressure. The crude was purified by C.C.
to obtain 21 (1.9 g, 85% yield) as a colorless oil. 'H NMR (CDCls, 600 MHz) 6 3.87 (dd, J=11.4,
6.0 Hz, 1H), 3.79 (m, 1H), 3.60 (m, 1H), 3.50 (m, 1H), 3.40 (m, 2H), 3.19 (m, 2H), 2.08 (t, ] = 6.6 Hz,
1H), 0.17-0.,14 (s, 9H).

6-Deoxy-6-azido-1,5-AG'!? (24)

To the stirred solution of PPhs (1.3 g, 5.1 mmol) in 20 mL of THF was dropwise added DIAD (2.7
mL, 5.1 mmol) at -20 °C. After the 10 min, a solution of 21 (965 mg, 2.5 mmol) in 10 mL of THF was
added to the reaction solution and the mixture was warmed to 0 °C. After 30 min, to the reaction
solution was added DPPA (1.1 mL, 5.1 mmol) and stirred for 2.5 h. The reaction mixture was diluted

by THF to generate precipitate of triphenylphosphine oxide, filtrated and concentrated. The crude 23
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was dissolved MeOH and added acidic resin, the mixture was stirred for 30 min. After removal resin
and solvent, the crude was purified by C.C. (CHCI:/MeOH = 5/1) to obtain 24 (453 mg, 95% yield)
as a white solid. 'H NMR (CD;0D, 600 MHz) 6 3.93 (dd, /= 10.8, 5.4 Hz, 1H), 3.50 (dd, /= 13.0,
2.0 Hz), 3.46 (m, 1H), 3.34 (dd, /= 11.0, 6.2 Hz, 1H), 3.28 (m, 1H), 3.23 (t, J=9.0 Hz, 1H), 3.20 (J
=10.2 Hz, 1H), 3.17 (t, J = 10.8 Hz, 1H); HRMS (ESI, m/z): [M+Na]", calcd for [C4H;;N50,Na]":
212.0648; found 212.0647.

6-Deoxy-6-amino-1,5-AG (25)

25 was synthesized according to previously literature!'3. (160 mg, 98%, Yellow oil)

1,4-Anhydro-L-arabinose''* (29)

To the solution of L-arabinose and imidazole in 10 mL of dry DMF was added the solution of TBDPS-
Cl in 40 mL of dry DMF and the mixture was stirred for 7 h at 60 °C. After the reaction solution
cooling to rt, TEA and TMS-CI was slowly added at 0 °C and the mixture was stirred for 4 h. The
reaction mixture was diluted by 200 mL of Hex and washed by water, brine, dried over the Na>SOs,
and concentrated. The obtained oil was dissolved in 50 mL of dry DCM followed slowly added TMS-
I (1.4 mL, 10 mmol) at rt. After 1 h, LiBH4 was added to the reaction solution at 0 °C and the mixture
was stirred for 3 h. The reaction solution was diluted by 200 mL of Hex and washed with 200 mL of
NH4Cl (aq.), water, brine, dried over Na;SOs, and concentrated. The crude was dissolved by MeOH
and added small amount of acidic resin. The reaction suspension was monitored by TLC, after the
complete reaction, filtrated and concentrated. The crude was purified C.C (Hex/EtOAc =3/1 —1/1) to
obtain 5-O-TBDPS-1,4-anhydro-L-arabinose (1.7 g 46%) as a colorless oil. [oc]zD0 =-23.8 (¢ 1.0,
CHCL;); 'H NMR (CDCls, 600 MHz) § 7.72-7.67 (m 4H), 7.46-7.34 (m, 6H), 4.31 (s, br, 1H), 4.04—
4.00 (overlapped, 3H), 3.87-3.84 (overlapped, 2H), 3.78 (dd, J = 10.8, 1.8 Hz, 1H); *C NMR
(CDCl;, 150 MHz) 6 135.65, 1355.58, 132.23, 132.00, 130.07, 130.00, 127.91, 127.90, 86.00, 79.37,
77.58,74.47,64.66,26.70, 19.04; HRMS (ESI, m/z): [M+Na]", calcd for [C,; HysO4NaSi]": 395.1655;
found 395.1656.

The solution of 5-O-TBDPS-1,4-anhydro-L-arabinose (1.3 g, 3.3 mmol), AcCl (36 uL, 0.5 mmol) in
10 mL of dry MeOH was stirred at rt under the Ar atmosphere. The reaction was monitored by TLC.
After the completed reaction, to the solution was added alkalic resin, filtrated, and concentrated. The
crude was purified by C.C (DCM/MeOH = 4/1) to obtain desired product 29 (405 mg, 92%) as a
colorless oil. '"H NMR (CD;0D, 600 MHz) 6 4.05 (m, 1H), 3.96-3.94 (overlapped, 2H), 3.79-3.75
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(m, 2H), 3.68-3.63 (overlapped, 2H); '*C NMR (CD;0D, 150 MHz) & 87.71, 79.76, 78.72, 74.58,
63.50; HRMS (ESI, m/z): [M+Na]", caled for [CsH,,0,Na]": 157.0477; found 157.0482.

Per-0-Ac-1-deoxy-D-maltose (30)

The suspension of 34%% (1.5 g, 2.5 mmol), Pd/C (10%, 120 mg) and TEA (700 uL, 5 mmol) in 50 mL
of EtOAc was stirred for 12 h at rt under the H, atmosphere. The suspension was filtrated and
concentrated. The crude was purified by C.C (Hex/EtOAc = 2/1 — 1/1) to obtain 30 (1.2 g, 79%) as a
white solid. [(x]]z)o =+83.4 (¢ 1.0, CHCL); 'H NMR (CDCl;, 600 MHz) § 5.43 (d, J = 4.1 Hz, 1H),
5.37 (dd, J = 10.7, 9.6 Hz, 1H), 5.25 (t, J = 8.9 Hz, 1H), 5.06 (t, J = 10.0 Hz, 1H), 4.96-4.83
(overlapped, 2H), 4.50 (dd, J=12.2, 2.6 Hz, 1H), 4.26 (dd, J=12.7, 3.8 Hz, 1H), 4.18 (dd, J = 12.2,
4.6 Hz, 1H), 4.09—4.02 (overlapped, 2H), 3.97 (m, 1H), 3.93 (t, /=9.1 Hz, 1H), 3.59 (m, 1H), 3.37 (t,
J=10.8 Hz, 1H), 2.15 (s, 3H), 2.10 (s, 3H), 2.06 (s, 3H), 2.03 (overlapped, 6H), 2.01 (overlapped,
6H), ; '*C NMR (CDCl;, 150 MHz) § 170.57, 170.53, 170.28, 169.97, 169.93, 169.44, 95.73, 76.28,
72.75, 69.96, 69.49, 64.39, 68.53, 67.98, 66.57, 62.99, 61.45, 21.00, 20.84, 20.69, 20.60; HRMS (ESI,
m/z): [M+Na]", calcd for [C26H36017Na]+: 643.1850; found 643.1851.

1-Deoxy-D-maltose (35)

To the solution of 30 (1.2 g, 2.0 mmol) in 20 mL of MeOH was added catalytic amount of NaOMe.
The reaction was monitored by TLC. After the completed reaction, acidic resin was added, filtrated,
and concentrated. The crude was purified by C.C (DCM/MeOH = 6/1-2/1) to obtain 35 (480 mg, 74%)
as a colorless syrup. [a]?) =+97.4 (c, CH;0H); 'H NMR (CD;0D, 600 MHz) & 5.14 (d, /= 3.8
Hz, 1H), 3.88 (q, /= 5.4 Hz, 1H), 3.87-3.79 (overlapped, 2H), 3.75 (dd, /= 12.2, 5.0 Hz, 1H), 3.70-
3.58 (overlapped, 4H), 3.57-3.43 (overlapped, 4H), 3.29-3.23 (overlapped, 2H), 3.16 (dd, J = 11.0,
10.3 Hz, 1H); *C NMR (CD;OD, 150 MHz) & 103.03, 81.78, 81.00, 79.76, 75.03, 74.73, 74.22,
71.43,71.00, 70.79, 62.68, 62.45; HRMS (ESI, m/z): [M+Na]", caled for [C1,H,,0,(Na]": 349.1111;
found 349.1111.

1-Deoxy-2,3,4-0-Ac-methyl-D-glucuronate''> (37)

The suspension of 36! (1.0 g, 2.5 mmol), Pd/C (10%, 100 mg) and TEA (700 uL, 5 mmol) in 50 mL
of EtOAc was stirred for 12 h at rt under the H, atmosphere. The suspension was filtrated and
concentrated. The crude was used for next step without purification. 'H NMR (CDCl;, 600 MHz) &
5.25(t,J=8.8 Hz, 1H), 5.16 (t, /= 8.8 Hz 1H), 5.00 (td, J=9.0, 5.3 Hz, 1H), 4.26 (dd, J=11.7,5.2
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Hz, 1H), 4.02 (d, J = 8.9 Hz, 1H), 3.42 (dd, J = 11.5, 9.5 Hz, 1H), 2.05 (s, 9H); HRMS (ESI,
m/z): [M+Na]", calcd for [C,3H,;30oNa]": 341.0849; found 341.0849.

1-Deoxy-glucuronic acid'® (38)

The solution of 37 (165 mg, 0.52 mmol) and excess NaOMe in 5 mL of MeOH and water was stirred
at rt for 1 d. The reaction solution was concentrated, and acidic resin was added to adjust pH to 2. The
resin was filtration and filtrate concentrated. The crude was purified by C.C. (Diol silica-gel,
DCM/MeOH = 6/1-2/1) to obtain 38 (67 mg, 73%) as a white solid. 'H NMR (CD5;0D, 600 MHz)
63.86(dd, J=11.3, 5.5 Hz, 1H), 3.50 (m, 2H), 3.36-3.32 (overlapped, 2H), 3.16 (t, /= 11.0 Hz, 1H);
HRMS (ESI, m/z): [M — H] ", caled for [C4HoOg] : 177.0396; found 177.0399.

Synthesis procedure of 1,5-AG-based gallotannin derivatives 1, 4-10, 69-73, 83—87, 93.
2,3-Di-0O-benzyl-4,6-0-benzylidene-1,5-anhy1dro-p-glucitol (40)

Compound 40 was synthesized from 39 according to previous literature®®.

2-0-Benzyl-4,6-0-benzylidene-1,5-anhydro-p-glucitol (41) and
3-0-Benzyl-4,6-0-benzylidene-1,5-anhydro-p-glucitol (42)

Compound 39 (2.5 g, 10 mmol) and TBAHSO, (68 mg, 0.20 mmol) in 160 mL of DCM and 14 mL
of 5% NaOH was stirred at rt. Then, BnBr (0.21 mL, 1.7 mmol) was slowly added, and the mixture
was refluxed for 30 h. After the addition 50 mL of water, the mixture was extracted with DCM (3x
100 mL). The combined organic layers were washed with brine, dried over Na,SOy, filtered and
concentrated under reduced pressure. The crude product was separated by C.C (Hex/EtOAc = 4/1) to
obtain 2-O-Bn compound 41 (2.0 g, 59%) as a colorless needle crystal and 3-O-Bn compound 42 (1.0
g, 30% yield) as a white solid. Compound 41: m.p. 163 °C; [a]) =-3.16 (¢ 1.0, CHCl;); 'H NMR
(CDCl3, 600 MHz) 6 7.49-7.47 (m, 2H), 7.38-7.29 (m, 8H), 5.50 (s, 1H), 4.76, 4.67 (ABq, J=11.7
Hz, 2H), 4.30 (dd, J = 10.5, 5.0 Hz, 1H), 4.01 (dd, J = 11.3, 5.5 Hz, 1H), 3.84 (m, 1H), 3.65 (t, J =
10.3 Hz, 1H), 3.59-3.55 (m, 1H), 3.45 (t,J=9.3 Hz, 1H), 3.35 (m, 1H), 3.30 (t, /= 11.0 Hz, 1H); "°C
NMR (CDCls, 150 MHz) 6 138.02, 137.05, 129.23, 128.56, 128.33, 128.03, 127.89, 126.29, 101.88,
81.05, 77.74, 74.81, 73.43, 70.91, 68.79, 68.45. Compound 42: m.p. 137 °C; [a]2D0 =453 (c 1.0,
CHCL;); 'H NMR (CDCl;, 600 MHz) § 7.50-7.48 (m, 2H), 7.41-7.29 (m, 8H), 5.58 (s, 1H), 5.03,
4.72 (ABq, J = 11.3 Hz, 2H), 4.34 (dd, /= 10.5, 5.0 Hz, 1H), 4.06 (dd, J=11.2, 5.7 Hz, 1H), 3.80—
3.76 (m, 1H), 3.72 (t, /= 10.3 Hz, 1H), 3.66 (t, /= 9.1 Hz, 1H), 3.58 (t, /= 8.8 Hz, 1H), 3.44-3.40
(m, 1H), 3.34 (t, /= 10.8 Hz, 1H); BC NMR (CDCl;, 150 MHz) 6 138.30, 137.32, 129.00, 128.61,
128.30, 128.13, 128.01, 125.98, 101.21, 82.66, 82.13, 74.71, 71.53, 69.91, 69.79, 68.88.
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2,3-Di-O-benzyl-1,5-anhydro-p-glucitol (43)

Compound 40 (0.86 g, 2.0 mmol) in 10 mL of 80% AcOH solution was stirred at 80 °C for 5 h. After
removed the solvent, the crude was purified by recrystallization (EtOAc/Hex) to obtain 43 (0.65 g,
95%) as a colorless needle crystal. m.p. 129 °C; [a]} =-10.4 (c 1.00, CHCLy); 'H NMR (CDCl;,
600 MHz) 6 7.43-7.29 (m, 10H), 5.03, 4.70 (ABq, J = 11.7 Hz, 2H), 4.64, 4.03 (ABq, J = 11.3, 2H),
3.86-3.82 (m, 1H), 3.72-3.68 (m, 1H), 3.63-3.59 (m, 1H), 3.50-3.44 (m, 2H), 3.28-3.23 (m, 2H); "°C
NMR (CDCl;, 150 MHz) & 138.54, 137.97, 128.67, 128.53, 127.98, 127.93, 127.83, 85.30, 79.53,
78.29,75.10, 73.07, 70.45, 67.94, 62.89.

1,5-Anhydro-2-0O-benzyl-p-glucitol (44)

Compound 41 (860 mg, 2.5 mmol) in 10 mL of 80% AcOH solution was stirred at 80 °C for 5 h.
According to the same procedure described for previously 43 preparation, 44 (503 mg, 76%) was
obtained as a colorless needle crystal. m.p. 131 °C; [oc]zD0 = +8.4 (c 1.00, MeOH); 'H NMR
(CD;0D, 600 MHz); 6 7.40-7.36 (m, 2H), 7.33-7.31 (m, 2H), 7.28-7.25 (m, 1H), 4.75, 4.64 (ABq, J
=11.7 Hz, 2H), 3.96 (dd, J=11.0, 5.2 Hz, 1H), 3.81 (dd, J=11.9, 2.2 Hz, 1H), 3.59 (dd, /J=11.9, 6.0
Hz, 1H), 3.43 (t, J = 8.9 Hz, 1H), 3.39-3.35 (m, 1H), 3.26-3.22 (m, 1H), 3.15-3.11 (m, 2H); C
NMR (CD;0D, 150 MHz); 6 140.09, 129.37, 129.05, 128.76, 82.42,79.31,79.27, 74.14,71.92, 68.95,
63.07.

1,5-Anhydro-3-0-benzyl-p-glucitol (45)

Compound 45 (680 mg, 2.0 mmol) in 10 mL of 80% AcOH solution was stirred at 80 °C for 5 h.
According to the same procedure described for previously 43 preparation to obtain 45 (410 mg, 80%)
as a colorless needle crystal. m.p. 153 °C; [OL]ZDO =+428.6 (c 1.00, MeOH); 'H NMR (CD;0D, 600
MHz); 8 7.44 (m, 2H), 7.32-7.30 (m, 2H), 7.26-7.23 (m, 1H), 4.90 (overlap, 2H), 3.89 (dd, J=11.3,
5.5 Hz, IH), 3.83 (dd, J=11.9, 2.2 Hz, 1H), 3.62-3.57 (m, 2H), 3.37 (dd, /= 18.0, 8.7 Hz, 1H), 3.31—
3.28 (overlap, 1H), 3.22-3.16 (m, 2H); BC NMR (CD;0D, 150 MHz); 6 140.53, 129.20, 129.09,
128.49, 88.20, 82.68, 76.10, 71.67, 71.54, 71.09, 63.05.

1,5-Anhydro-4-0O-benzyl-p-glucitol (46)

Compound 39 (0.76 g, 3.0 mmol) in 15 mL of DCM was stirred at 0 °C. Then, 15 mL of borane-THF
(ca. 1M THEF solution) and TMSOTTf (0.11 mL, 0.60 mmol) were successively added to the mixture.
The mixture was allowed to stir for 4 h and added MeOH carefully to the mixture. After the addition
1 mL of saturated aq.NaHCOs, the reaction solution was extracted with DCM (5 x 40 mL). The
combined organic layer was dried over Na, SOy, filtered and concentrated under reduced pressure. The
crude product was purified by C.C. (CHCl;/MeOH = 8/1) to obtain 46 (0.64 g, 74%) as a white
solid. [o]Y = +27.7 (¢ 0.45, CHCl;); 'H NMR (CD;0D, 600 MHz) & 7.38-7.25 (m, SH), 4.94,
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4.64 (ABq, J= 11.0 Hz, 2H), 3.89 (dd, J= 13.3, 5.4 Hz, 1H), 3.78 (dd, J= 12.0, 2.1 Hz, 1H), 3.60 (dd,
1H, J= 11.4, 5.73 Hz,), 3.49-3.46 (m, 2H), 3.33-3.30 (overlap, 1H), 3.20 (ddd, J=9.7, 5.2, 2.1 Hz,
1H), 3.14 (t, J = 10.7 Hz, 1H); '°C NMR (CD;0D, 150 MHz); & 140.09, 129.33, 129.14, 128.70,
81.75, 80.43, 79.50, 75.90, 71.77, 70.93, 62.72.

2,4-Di-O-benzyl-1,5-anhydro-p-glucitol (47)

Compound 41 (1.0 g, 3.0 mmol) in 15 mL of DCM was successively added 15 mL of borane-THF (ca.
IM THF solution) and TMSOTT (0.11 mL, 0.6 mmol) at 0 °C. The mixture was allowed to stir at rt
for 10 h and added 1 mL of MeOH carefully. After the addition 1 mL of saturated aq. Na,HCOj3, the
mixture was extracted with DCM (3 x 40 mL). The organic layer was washed with brine, dried
over Na,SO,, filtered and concentrated under reduced pressure. The crude was purified by
recrystallization (Hex/EtOAc) to obtain 47 (820 mg, 82%) as a colorless needle crystal. m.p. 112 °C;
[oc]zD0 =+34.6 (¢ 1.00, CHCl3); NMR (CDCl;, 600 MHz) 6 7.37-7.28 (m, 10H), 4.86, 4.70 (ABq,
J=11.3 Hz, 2H), 4.65 (s, 2H), 3.99 (dd, J = 11.3, 5.2 Hz, 1H), 3.84 (ddd, /= 11.8, 5.8, 2.7 Hz, 1H),
3.74 (td, J = 8.9, 2.1 Hz, 1H), 3.68-3.64 (m, 1H), 3.45-3.41 (m, 1H), 3.41 (t, /= 9.2 Hz, 1H), 3.26
(ddd, J = 9.6, 4.5, 2.7 Hz, 1H), 3.19 (t, J = 10.8 Hz, 1H); *C NMR (CDCl;, 150 MHz) § 138.18,
138.00, 128.60, 128.56, 128.09, 127.98, 127.85,79.34,78.18, 77.97,77.39, 74.74,73.05, 67.44, 62.27.

3,4-Di-O-benzyl-1,5-anhydro-p-glucitol (48)

Compound 42 (850 g, 2.5 mmol) in 15 mL of DCM was successively added 12.5 mL of borane-THF
(ca. 1M THF solution) and TMSOTT (90 pL, 0.5 mmol) at 0 °C. The mixture was allowed to stir at rt
for 7 h and added 5 mL of MeOH carefully. After the addition 1 mL of saturated aq. Na,HCOs;, the
mixture was extracted with DCM (3 x 40 mL). The organic layer was washed with brine, dried
over Na,SO,, filtered and concentrated under reduced pressure. The crude was purified by
recrystallization (Hex/EtOAc) to obtain 48 (523 mg, 61%) as a colorless needle crystal. m.p. 99 °C;
[a]?) = +48.3 (c 1.40, CHCLy); 'H NMR (CDCls, 600 MHz) § 7.38-7.30 (m, 10H), 4.97, 4.77
(ABq,J=11.3 Hz, 2H), 4.86, 4.68 (ABq, J=11.0 Hz, 2H), 3.98 (dd, /= 11.2, 5.3 Hz, 1H), 3.84 (ddd,
J=11.9,5.5, 2.6 Hz, 1H), 3.71-3.65 (m, 2H), 3.52 (t, J=9.1 Hz, 1H), 3.47 (t, /= 8.8 Hz, 1H), 3.32—
3.29 (m, 1H), 3.23 (t, J = 10.8 Hz, 1H); >°C NMR (CDCl;, 150 MHz) & 138.45, 137.84, 128.71,
128.56, 128.02, 127.86, 86.73, 79.92, 77.79, 75.25, 74.95, 70.16, 69.30, 61.99.

2,3,4-Tri-O-benzyl-1,5-anhydro-p-glucitol (49)

Compound 40 (860 mg, 2.0 mmol) in 10 mL of toluene was stirred at rt. DIBAL-H (ca. 1M toluene
solution, 6 mL) was added to the reaction solution and stirred at rt for 20 h. The reaction solution was
slowly added 4.2 mL of MeOH and 7.2 mL of 30% Rochelle salt aqueous solution and stirred for 1 h.
After the addition 20 mL of EtOAc, the mixture was extracted with 30% Rochelle salt aqueous solution
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(3 x 15 mL). The organic layer was washed with brine, dried over Na,SO,, filtered and concentrated
under reduced pressure. The crude was purified by C.C. (Hex/EtOAc = 4/1 — 2/1) to obtain 49 (760
mg, 90% yield) as a colorless needle crystal. m.p. 83 °C; [oc]Iz)0 =+8.9 (¢ 0.90, CHCl); 'H NMR
(CDCl3, 600 MHz) 6 7.37-7.28 (m, 15H), 4.98-4.64 (m, 6H), 3.99 (dd, /= 11.3, 5.2 Hz, 1H), 3.84—
3.81 (m, 1H), 3.67-3.58 (m, 3H), 3.48 (t, /= 9.3 Hz, 1H), 3.29-3.25 (m, 1H), 3.23 (t, /= 10.8 Hz,
1H); '3C NMR (CDCl;, 150 MHz) & 138.61, 138.09, 138.01, 128.48, 128.41, 128.05, 127.89, 127.83,
127.64, 86.17, 79.69, 78.55, 77.57, 75.55, 75.13, 73.34, 67.96, 62.25.

1,5-Anhydro-6-0-benzyl-p-glucitol (50)

Compound 39 (760 mg, 3.0 mmol) in 15 mL of DCM was added triethylsilane (2.4 mL, 15 mmol) and
trifluoracetic acid (1.2 mL, 15 mmol) at 0 °C. The reaction solution was stirred at rt for 8 h. After the
addition 10 mL of saturated aq.NaHCOs;, the mixture was extracted with DCM (5 x 30 mL). The
combined organic layer was dried over Na, SOy, filtered and concentrated under reduced pressure. The
crude was purified by C.C (CHCl3/MeOH = 100/1 — 10/1) to obtain 50 (471 mg, 62%) as a colorless
oil. [o] =+8.9 (¢ 0.30, CHCl;); 'H NMR (CDCls, 600 MHz) § 7.35-7.25 (m, 5H), 4.55 (d, J =
2.1 Hz, 2H), 3.88 (dd, J=11.0, 5.5 Hz, 1H), 3.77 (dd, J = 10.8, 1.9 Hz, 1H), 3.60 (dd, J = 10.8, 5.7
Hz, 1H), 3.48-3.42 (m, 1H), 3.32-3.24 (overlap, 3H), 3.15 (t, J = 10.8 Hz, 1H); '>*C NMR (CDCl,
150 MHz) 6 139.57, 129.34, 128.90, 128.67, 81.38, 79.95, 74.48, 71.85, 71.31, 71.19, 70.95.

2,3,6-Tri-O-benzyl-1,5-anhydro-p-glucitol (51)

Compound 40 (860 mg, 2.0 mmol) in 10 mL of DCM was added triethylsilane (1.6 mL, 10 mmol) and
tifluoroacetic acid (0.8 mL, 10 mmol) at 0 °C. The reaction solution was stirred at rt for 15 h. After
the addition 5 mL of saturated aq.NaHCOj3, the mixture was extracted with DCM (3 x 30 mL). The
organic layer was washed with brine, dried over Na,SOy, filtered and concentrated under reduced
pressure. The crude product was purified by C.C. (Hex/EtOAc = 4/1) to obtain 51 (505 mg, 59%) as
a colorless oil. [a]Y =~7.0 (¢ 1.00, CHCL;); 'H NMR (CDCls, 600 MHz) & 7.37-7.25 (m, 15H),
5.00,4.76 (ABq, J = 11.5 Hz, 2H), 4.69, 4.63 (ABq, J = 11.7 Hz, 2H), 4.58, 4.54 (ABq, J = 12.2 Hz,
2H), 4.04 (dd, J=11.3, 5.2 Hz, 1H), 3.70 (dd, J = 10.5, 3.3 Hz, 1H), 3.64-3.60 (m, 2H), 3.54 (td, J =
9.2, 2.1 Hz, 1H), 3.4 (t, J = 8.9 Hz, 1H), 3.37-3.34 (m, 1H), 3.23 (t, /= 11.0 Hz, 1H); *C NMR
(CDCl;, 150 MHz) 6 138.64, 138.05, 137.84, 128.58, 128.48, 128.39, 127.95, 127.90, 127.87, 127.83,
127.77,127.70, 85.40, 78.75, 78.04, 75.10, 73.65, 73.05, 70.87, 69.98, 68.06.

2,6-Di-0-benzyl-1,5-anhydro-p-glucitol (52)
Compound 41 (860 mg, 2.5 mmol) in 15 mL of DCM was added triethylsilane (2.0 mL, 12.5 mmol)
and tifluoroacetic acid (1.0 mL, 12.5 mmol) at 0 °C. The reaction solution was stirred at rt for 8 h.

After the addition 10 mL of saturated aq.NaHCO3, the mixture was extracted with DCM (3 x 40 mL).
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The organic layer was washed with brine, dried over Na, SOy, filtered and concentrated under reduced
pressure. The crude product was purified by C.C. (CHCI;/MeOH = 8/1) to obtain 52 (500 mg, 58%)
asawhite solid. [a]y) =+17.4(c 1.00, CHCL;); '"H NMR (CDCls, 600 MHz) § 7.36-7.27 (m, 10H),
4.64 (s, 2H), 4.59, 4.54 (ABq, J = 12.0 Hz, 2H), 4.02 (dd, /= 11.2, 5.0 Hz, 1H), 3.69 (dd, J = 10.5,
3.6 Hz, 1H), 3.65 (dd, /= 10.5, 5.0 Hz, 1H), 3.55 (td, J = 8.8, 2.1 Hz, 1H), 3.50 (td, /= 9.0, 2.6 Hz,
1H), 3.47-3.43 (m, 1H), 3.37-3.34 (m, 1H), 3.19 (t, /= 10.8 Hz, 1H); '*C NMR (CDCl;, 150 MHz)
8 137.96, 137.71, 128.59, 128.46, 128.07, 127.90, 127.81, 78.31, 77.74, 77.41, 73.68, 72.95, 71.34,
70.01, 67.70.

1,5-Anhydro-3,6-di-O-benzyl-p-glucitol (53)

Compound 42 (680 mg, 2.0 mmol) in 15 mL of DCM was added triethylsilane (1.6 mL, 10 mmol) and
trifluoroacetic acid (0.80 mL, 10 mmol) at 0 °C. The reaction solution was stirred at rt for 4 h. After
the addition 10 mL of saturated aq.NaHCOj3, the mixture was extracted with DCM (3 x 40 mL). The
combined organic layer was washed with brine, dried over Na,SO,, filtered and concentrated under
reduced pressure. The crude product was purified by C.C. (CHCl;/MeOH = 8/1) to obtain 53 (420 mg,
62%) as a white solid. [a]) =+22.7 (¢ 1.00, CHCl;); 'H NMR (CDCls, 600 MHz) § 7.39-7.27
(m, 10H), 4.91, 4.83 (ABq, J = 11.7 Hz, 2H), 4.59, 4.54 (ABq, J = 12.2 Hz, 2H), 3.96 (dd, J=11.2,
5.3 Hz, 1H), 3.72-3.66 (m, 3H), 3.61 (dt, J=9.1, 2.6 Hz, 1H), 3.39-3.36 (m, 1H), 3.31 (t, /= 8.8 Hz,
1H), 3.21 (t, J = 10.8 Hz, 1H); '*C NMR (CDCl;, 150 MHz) & 138.60, 137.61, 128.70, 128.47,
128.02, 127.93, 127.86, 127.82, 86.47, 78.47, 74.87, 73.74, 72.11, 70.38, 69.79, 69.57.

1,5-Anhydro-2-0-(3’,4’,5’-tribenzyloxybenzoyl)-3-O-benzyl-4,6-O-benzylidene-p-glucitol (55)
Compound 41 (340 mg, 1.0 mmol), compound 54 (650 mg, 1.5 mmol), 2-chloro-1-methylpyridinium
iodide (380 mg, 1.5 mmol), DMAP (37 mg, 0.30 mmol), TEA (416 pL, 3.0 mmol) in 15 mL of DCM
was stirred at rt for 20 h. After the addition 100 mL of saturated aq. NH,4ClI, the reaction solution was
extracted with DCM (3 x 60 mL). The combined organic layer was washed with brine, dried
over Na,SQy, filtered and concentrated under reduced pressure. The crude was purified by C.C.
(DCM/MeOH = 500/1 — 200/1) to obtain 55 (350 mg, 41%) as a colorless amorphous. [a]lz)o =+8.4
(c 1.04, CHCl;); '"H NMR (CDCl;, 600 MHz) & 7.53-7.11 (m, 29H), 5.61 (s, 1H), 5.27-5.20 (m,
1H), 5.15 (s, 2H), 5.09 (s, 4H), 4.86, 4.71 (ABq, J = 12.0 Hz, 2H), 4.36 (dd, J = 10.3, 4.8 Hz, 1H),
4.19 (dd, J=11.0, 5.8 Hz, 1H), 3.87 (t, J=9.1 Hz, 1H), 3.79-3.74 (m, 2H), 3.45 (td, /= 9.7, 4.9 Hz,
1H), 3.36 (t, J = 10.8 Hz, 1H); *C NMR (CDCl;, 150 MHz) & 165.06, 152.55, 142.74, 138.10,
137.31, 137.28, 136.56, 129.03, 128.57, 128.30, 128.25, 128.22, 128.07, 128.02, 127.89, 127.58,
127.47,126.02, 124.50, 109.41, 101.32, 81.96, 79.12, 75.14, 74.33, 71.50, 71.30, 68.76, 67.68; HRMS
(ESI, m/z): [M+Na]", calcd for [C4gH4yOgNa]": 787.2883; found 787.2881.
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1,5-Anhydro-2-0-benzyl-3-0-(3’,4’,5’-tribenzyloxybenzoyl)-4,6-0-benzylidene-p-glucitol (56)
Compound 41 (0.51 g, 1.5 mmol), compound 54 (1.0 g, 2.3 mmol), 2-chloro-1-methylpyridinium
iodide (0.59 g, 2.3 mmol), DMAP (28 mg, 0.23 mmol), TEA (0.62 mL, 4.5 mmol) in 20 mL of DCM
was stirred at rt for 20 h. According to the same procedure described for previously 55 preparation, 56
(0.87 g, 68%) was obtained as a colorless amorphous. [oc]lz)o = —45.6 (¢ 0.95, CHCly); 'H NMR
(CDCl3, 600 MHz) 6 7.24—7.44 (m, 24H), 7.20-7.14 (m, 5H), 5.53 (t, /= 9.3 Hz, 1H), 5.46 (s, 1H),
5.15-5.10 (m, 6H), 4.55, 4.46 (ABq, J = 12.4 Hz, 2H), 4.35 (dd, /= 10.5, 5.0 Hz, 1H), 4.13 (dd, J =
11.3, 5.5 Hz, 1H), 3.76-3.72 (m, 1H), 3.70 (t, /= 10.3 Hz, 1H), 3.65 (t,J = 9.5 Hz, 1H), 3.51 (td, J =
9.7, 4.8 Hz, 1H), 3.48 (t,J = 11.0 Hz, 1H); BC NMR (CDCl;, 150 MHz) & 165.16, 152.47, 142.58,
137.53, 137.39, 136.69, 128.95, 128.54, 128.38, 128.21, 128.16, 128.02, 127.98, 127.87, 127.53,
126.14, 125.05, 109.55, 101.35, 79.18, 75.62, 75.15, 74.94, 72.97, 71.48, 71.33, 68.80, 68.74; HRMS
(ESI, m/z): [M+Na]", calcd for [C4sH4yOgNa]": 787.2883; found 787.2882.

1,5-Anhydro-2,3,6-tris-O-benzyl-4-0-(3’,4’,5’-tribenzyloxybenzoyl)-p-glucitol (57)

Compound 51 (340 mg, 0.78 mmol), compound 54 (530 mg, 1.2 mmol), 2-chloro-1-methylpyridinium
iodide (307 mg, 1.2 mmol), DMAP (95 mg, 0.78 mmol), TEA (315 uL, 2.3 mmol) in 15 mL of DCM
was stirred at rt for 2 d. According to the same procedure described for previously 54 preparation, 57
(607 mg, 91%) was obtained as a colorless amorphous. [(>L]2D0 =-32.0 (¢ 0.95, CHCly); 'H NMR
(CDCl;, 600 MHz) 6 7.44-7.26 (m, 20H), 7.23-7.15 (m, 7H), 7.11-7.03 (m, 5H), 5.18-5.15 (m, 3H),
5.13-5.07 (m, 4H), 4.76, 4.54 (ABq, J=11.3 Hz, 2H), 4.74, 4.65 (ABq, J=11.7 Hz, 1H), 4.45 (s, 2H),
4.08 (dd, J=11.3, 5.2 Hz, 1H), 3.75-3.71 (m, 1H), 3.65 (t, /= 9.1 Hz, 1H), 3.59-3.56 (m, 1H), 3.50
(dd, J = 10.8, 2.6 Hz, 1H), 3.45 (dd, J = 10.7, 5.8 Hz, 1H), 3.29 (t, J = 11.0 Hz, 1H); B3C NMR
(CDCl;, 150 MHz) 6 164.83, 152.41, 142.58, 138.03, 137.58, 137.37, 136.62, 128.57, 128.50, 128.23,
128.14, 128.06, 128.01, 127.94, 127.86, 127.83, 127.58, 127.49, 127.45, 124.67, 109.34, 83.08, 78.18,
78.08, 75.13, 74.94, 73.67, 73.40, 7124, 69.47, 68.23; HRMS (ESI, m/z): [M+Na]", calcd
for [C5sHs,O9Na]": 879.3509; found 879.3511.

1,5-Anhydro-2,3,4-tris-O-benzyl-6-0-(3’,4’,5’-tribenzyloxybenzoyl)-p-glucitol (58)

Compound 49 (0.43 g, 1.0 mmol), compound 54 (0.66 g, 1.5 mmol), 2-chloro-1-methylpyridinium
iodide (0.38 g, 1.5 mmol), DMAP (0.18 g, 1.5 mmol), TEA (0.42 mL, 3.0 mmol) in 20 mL of DCM
was stirred at rt for 2 d. According to the same procedure described for previously 55 preparation, 58
(0.50 g, 58%) was obtained as a colorless amorphous. [OL]ZDO =+27.9 (c 1.00, CHCly); 'H NMR
(CDCl3, 600 MHz) 6 7.43—7.18 (m, 32H), 5.14-5.10 (m, 6H), 5.03, 4.88 (ABq, /= 10.7 Hz, 2H), 4,85,
4.53 (ABq, J=11.8 Hz, 2H), 4.74, 4.67 (ABq, J = 11.7 Hz, 2H), 4.52 (dd, J = 12.0, 2.1 Hz, 1H),
4.37(dd,J=12.0,4.5 Hz, 1H), 4.03 (dd, J=11.3, 5.2 Hz, 1H), 3.69 (t, J = 8.8 Hz, 1H), 3.66-3.62 (m,
1H), 3.52-3.49 (m, 1H), 3.46 (t, J = 8.9 Hz, 1H), 3.23 (t, /= 10.8 Hz, 1H); °C NMR (CDCls, 150
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MHz) 6 165.82, 152.41, 142.46, 138.55, 138.04, 137.69, 137.37, 136.65, 128.59, 128.53, 128.48,
128.46, 128.20, 128.08, 128.01, 127.96, 127.93, 127.85, 127.76, 127.45, 124.91, 109.30, 86.33, 78.48,
77.83, 71.57, 75.73, 75.23, 75.09, 73.29, 71.17, 68.12, 63.86; HRMS (ESI, m/z): [M+Na]", calcd
for [CssHs,OoNa]": 879.3509; found 879.3509.

1,5-Anhydro-2,3-bis-0-(3’,4°,5’-tribenzyloxybenzoyl)-4,6-O-benzylidene-D-glucitol (59)
Compound 39 (380 mg, 1.5 mmol), compound 54 (2.0 g, 4.5 mmol), 2-chloro-1-methylpyridinium
iodide (1.2 g, 4.5 mmol), DMAP (0.55 g, 4.5 mmol), TEA (1.3 mL, 9.0 mmol) in 20 mL of DCM was
stirred at rt for 2 d. According to the same procedure described for previously 55 preparation, 59 (1.6
g, 88 %) was obtained as a colorless amorphous. [(X]ZDO =+46.4 (c 1.00, CHCl); 'H NMR (CDCls,
600 MHz) 6 7.44-7.42 (m, 6H), 7.34-7.31 (m, 26H), 7.25-7.22 (m, 4H), 5.80 (t, /= 9.5 Hz, 1H), 5.56
(s, 1H), 5.27-5.23 (m, 1H), 5.11-4.93 (m, 12H), 4.45-4.41 (m, 2H), 3.87 (t, /= 16.0 Hz, 1H), 3.82 (4,
J=17.0 Hz, 1H), 3.65-3.62 (m, 1H), 3.55 (t, /= 10.5 Hz, 1H); *C NMR (CDCl;, 150 MHz)  165.6,
165.4,152.6,142.9,142.8, 137.4,136.8, 136.5, 129.1, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 127.5,
126.2, 109.3, 109.1, 101.6, 78.8, 75.1, 73.0, 71.9, 71.2, 71.2, 71.1, 68.7, 67.7, HRMS (ESI,
m/z): [M+Na]", calcd for [C45H4400Na]": 1119.3932; found 1119.3901.

1,5-Anhydro-2,4-bis-0-(3’,4’,5’-tribenzyloxybenzoyl)-3,6-bis-O-benzyl-p-glucitol (60)
Compound 53 (0.30 mg, 0.87 mmol), compound 54 (1.3 g, 3.0 mmol), 2-chloro-1-methylpyridinium
iodide (0.77 g, 3.0 mmol), DMAP (0.37 g, 3.0 mmol), TEA (0.83 mL, 6.0 mmol) in 20 mL of DCM
was stirred at rt for 2 d. According to the same procedure described for previously 55 preparation, 60
(0.93 g, 77%) was obtained as a colorless amorphous. [oc]zDO =+7.87 (¢ 1.00, CHCl3); 1H-NMR 'H
NMR (CDCl3, 600 MHz) 6 7.58-7.14 (m, 45H), 7.08-6.95 (m, 5H), 5.32-5.25 (m, 2H), 5.19-5.08 (m,
13H), 4.61-4.45 (m, 4H), 4.29 (dd, J=11.3, 5.5 Hz, 1H), 3.94 (t, /= 9.1 Hz, 1H), 3.72-3.68 (m, 1H),
3.58-3.53 (m, 2H), 3.39 (t, /=10.8 Hz, 1H); BC NMR (CDCls, 150 MHz) & 164.87, 164.71, 152.61,
152.51, 142.88, 142.79, 137.54, 137.52, 137.32, 137.27, 136.56, 136.49, 128.59, 128.57, 128.55,
128.28, 128.24, 128.22, 128.16, 128.10, 128.05, 128.02, 127.85, 127.76, 127.65, 127.53, 127.49,
124.51, 109.43, 80.72, 78.29, 75.16, 74.16, 73.72, 72.12, 71.35, 71.32, 69.44, 67.03; HRMS (ES]I,
m/z): [M+Na]", calcd for [C76H68013Na]+: 1211.4558; found 1211.4554.

1,5-Anhydro-2,6-bis-0-(3’,4°,5’-tribenzyloxybenzoyl)-3,4-bis-O-benzyl-p-glucitol (61)

Compound 48 (0.45 g, 1.3 mmol), compound 54 (1.8 g, 4.0 mmol), 2-chloro-1-methylpyridinium
iodide (1.0 g, 4.0 mmol), DMAP (0.49 g, 4.0 mmol), TEA (1.1 mL, 8.0 mmol) in 30 mL of DCM was
stirred at rt for 2 d. According to the same procedure described for previously S5 preparation, 61 (1.4
g, 92%) was obtained as a colorless amorphous. [oc]zD0 =+51.2 (¢ 1.00, CHCl;); 'H NMR (CDCl;,
600 MHz) & 7.43-7.18 (m, 44H), 5.27-5.21 (m, 1H), 5.17-5.07 (m, 12H), 4.82, 4.52 (ABq, J=11.0
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Hz, 2H), 4.77,4.70 (ABq, J = 11.3 Hz, 2H), 4.56 (m, 1H), 4.42-4.39 (m, 1H), 4.19 (dd, J=11.2, 5.7
Hz, 1H), 3.85-3.82 (m, 1H), 3.60-3.56 (m, 2H), 3.31 (t, J = 10.7 Hz, 1H); ">*C NMR (CDCl;, 150
MHz) & 165.80, 165.05, 152.56, 152.43, 142.76, 142.47, 137.88, 137.49, 137.37, 137.28, 136.66,
136.53, 128.62, 128.60, 128.57, 128.51, 128.39, 128.21, 128.12, 128.06, 128.01, 127.88, 127.80,
127.40,127.37,124.80, 124.49, 109.32, 109.25, 84.32,77.91, 77.42,75.45,75.26,75.13, 75.09, 72.22,
71.26,71.15,67.11, 63.52; HRMS (ESI, m/z): [M+Na]", calcd for [C7¢HggO3Na]": 1211.4558; found
1211.4550.

1,5-Anhydro-2,6-bis-O-benzyl-3,4-bis-0-(3’,4’,5’-tribenzyloxybenzoyl)-pD-glucitol (62)
Compound 52 (380 mg, 1.1 mmol), compound 54 (1.5 g, 3.3 mmol), 2-chloro-1-methylpyridinium
iodide (0.84 g, 3.3 mmol), DMAP (0.91 g, 3.3 mmol), TEA (0.91 mL, 6.6 mmol) in 30 mL of DCM
was stirred at rt for 2 d. According to the same procedure described for previously 55 preparation, 62
(1.2 g, 92%) was obtained as a colorless amorphous. [(>L]2D0 = —80.8 (c 1.00, CHCly); 'H NMR
(CDCl, 600 MHz) 6 7.41-7.14 (m, 44H), 5.58 (t, J=9.5 Hz, 1H), 5.31 (t, /= 9.8 Hz, 1H), 5.09-5.00
(m, 12H), 4.54, 4.48 (ABq, J = 12.2 Hz, 2H), 4.52, 4.47 (ABq, J = 12.0 Hz, 2H), 4.19 (dd, J = 11.5,
5.3 Hz, 1H), 3.79 (td, J=9.9, 5.2 Hz, 1H), 3.73 (m, 1H), 3.59 (dd, J=10.7, 2.4 Hz, 1H), 3.51 (dd, J
=10.8,5.3 Hz, 1H), 3.46 (t, J=11.0 Hz, 1H); *C NMR (CDCl;, 150 MHz) & 165.62, 165.18, 152.43,
142.67, 142.53, 137.56, 137.48, 137.43, 137.39, 136.57, 136.56, 128.49, 128.41, 128.38, 128.36,
128.27,128.16, 127.98, 127.89, 127.87, 127.84, 127.65, 127.55, 124.67, 124.20, 109.15, 77.99, 76.35,
75.22, 75.10, 75.08, 73.70, 72.96, 71.12, 70.07, 69.06, 68.30; HRMS (ESI, m/z): [M+Na]", caled
for [C7¢HgsO13Na] " 1211.4558; found 1211.4558.

1,5-Anhydro-2,4-bis-O-benzyl-3,6-bis-0-(3’,4°,5’-tribenzyloxybenzoyl)-D-glucitol (63)
Compound 47 (0.52 g, 1.5 mmol), compound 54 (2.0 g, 4.5 mmol), 2-chloro-1-methylpyridinium
iodide (1.2 g, 4.5 mmol), DMAP (0.55 g, 4.5 mmol), TEA (1.2 mL, 9.0 mmol) in 20 mL of DCM was
stirred at rt for 2 d. According to the same procedure described for previously 55 preparation, 63 (1.6
g, 91%) was obtained as a colorless amorphous. [oc]]zj0 =+16.1(c 1.00, CHCly); 'H NMR (CDCls,
600 MHz) & 7.43-7.24 (m, 34H), 7.18-7.05 (m, 10H), 5.50 (t, /= 9.3 Hz, 1H), 5.19-5.08 (m, 12H),
4.56,4.43 (ABq, J=12.4 Hz, 2H), 4.55 (dd, J=12.0 Hz, 2.0 Hz, 1H), 4.45 (dd, /= 12.0, 5.5 Hz, 1H)
4.41 (s, 2H), 4.11 (dd, J=11.3, 5.2 Hz, 1H), 3.67-3.62 (m, 2H), 3.54 (t, J=9.5 Hz, 1H), 3.36 (t, /=
11.0 Hz, 1H); BCc NMR (CDCl;, 150 MHz) 6 165.84, 165.22, 152.49, 142.66, 137.65, 137.31,
136.99, 136.59, 128.56, 128.36, 128.22, 128.16, 128.05, 127.94, 127.83, 127.52, 127.47, 124.96,
124.88, 109.54, 109.51, 78.19, 77.87, 76.42, 75.26, 75.13, 74.68, 72.63, 71.32, 67.97, 63.91; HRMS
(ESI, m/z): [M+Na]", calcd for [C7HggO13Na]": 1211.4558; found 1211.4557.

1,5-Anhydro-2,3-bis-O-benzyl-4,6-bis-0-(3’,4°,5’-tribenzyloxybenzoyl)-D-glucitol (64)
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Compound 43 (0.34 g, 1.0 mmol), compound 54 (1.3 g, 3.0 mmol), 2-chloro-1-methylpyridinium
iodide (0.77 g, 3.0 mmol), DMAP (0.37 g, 3.0 mmol), TEA (0.83 mL, 6.0 mmol) in 20 mL of DCM
was stirred at rt for 2 d. According to the same procedure described for previously 55 preparation, 64
(1.0 g, 87%) was obtained as a colorless amorphous. [oc]lz)o = +13.7 (c 1.00, CHCly); 'H NMR
(CDCl3, 600 MHz) 6 7.45-7.21 (m, 39H), 7.12-7.03 (m, 5H), 5.32 (t, /= 9.5 Hz, 1H), 5.15-5.08 (m,
8H), 5.03-5.01 (m, 4H), 4.79, 4.58 (ABq, J=11.5, 2H), 4.76, 4.66 (ABq, J = 11.5 Hz, 2H), 4.63 (dd,
J=12.0,2.8 Hz, 1H), 4.12 (dd, /= 12.2, 5.3 Hz, 1H), 4.07 (dd, J = 11.5, 5.0 Hz, 1H), 3.70-3.68 (m,
2H), 3.70 (t, J = 8.9 Hz, 1H), 3.30 (t, J = 10.8 Hz, 1H); BC NMR (CDCl;, 150 MHz) 6 165.80,
164.76, 152.48, 152.44, 142.77, 142.42, 137.98, 137.91, 137.47, 137.37, 136.73, 136.56, 128.53,
128.50, 128.47, 128.20, 128.17, 128.07, 128.03, 128.01, 127.94, 127.84, 127.60, 127.53, 124.75,
124.54, 109.40, 109.14, 82.95, 78.22, 76.56, 75.15, 75.08, 73.47, 71.24, 71.06, 70.96, 68.32, 63.44;
HRMS (ESI, m/z): [M+Na]", caled for [C¢HggO3Na]": 1211.4558; found 1211.4553.

1,5-Anhydro-2,3,4-tris-0-(3’,4’,5’-tribenzyloxybenzoyl)-6-O-benzyl-p-glucitol (65)

Compound 50 (180 mg, 0.70 mmol), compound 54 (1.4 g, 3.2 mmol), 2-chloro-1-methylpyridinium
iodide (0.82 g, 3.2 mmol), DMAP (0.39 g, 3.2 mmol), TEA (0.89 mL, 6.4 mmol) in 20 mL of DCM
was stirred at rt for 2 d. According to the same procedure described for previously 55 preparation, 65
(0.94 g, 91%) was obtained as a colorless amorphous. [oc]zDO = —4.9 (¢ 0.65, CHCly); 'H NMR
(CDCl3, 600 MHz) 6 7.43-7.16 (m, 56H), 5.82 (t,J= 9.6 Hz, 1H), 5.55 (t, /= 10.0 Hz, 1H), 5.29 (td,
J=10.0, 5.5 Hz, 1H), 5.13-4.96 (m, 14H), 4.90 (s, 4H), 4.58, 4.53 (ABq, J = 12.0, 2H), (dd, J=10.2,
5.6 Hz, 1H), 3.88-3.84 (m, 1H), 3.67 (dd, J=11.0, 2.4 Hz, 1H), 3.61 (dd, /= 10.8, 5.3 Hz, 1H), 3.57
(t,J=10.8 Hz, 1H) C NMR (CDCls, 150 MHz) 6 165.92, 165.17, 165.02, 152.54, 152.50, 142.88,
142.82, 142.71, 137.44, 137.34, 136.49, 136.45, 136.36, 128.55, 128.51, 128.39, 128.32, 128.27,
128.17, 128.15, 128.10, 128.06, 128.02, 127.95, 127.92, 127.89, 127.81, 127.72, 127.56, 127.52,
124.08, 124.03, 109.20, 109.11, 109.02, 78.36, 75.12, 75.09, 75.07, 74.65, 73.77, 71.18, 71.10, 71.02,
70.75, 69.71, 69.00, 67.26; HRMS (ESI, m/2): [M+Na]", calcd for [Co;Hgs0,,Na]": 1543.5606; found
1543.5601.

1,5-Anhydro-2,3,6-tris-0-(3’,4’,5’-tribenzyloxybenzoyl)-4-O-benzyl-p-glucitol (66)

Compound 46 (0.38 g, 1.5 mmol), compound 54 (3.0 g, mmol), 2-chloro-1-methylpyridinium iodide
(1.8 g, 7.0 mmol), DMAP (0.12 g, 1.0 mmol), TEA (1.9 mL, 14 mmol) in 30 mL of DCM was stirred
atrt for 1 d. According to the same procedure described for previously 55 preparation, 66 (1.0 g, 45%
yield) was obtained as a colorless amorphous. [oc]zD0 = +47.2 (¢ 0.40, CHCly); 'H NMR (CDCls,
600 MHz) 6 7.47-7.19 (m, 51H), 7.11-7.05 (m, 5H), 5.75 (t, /= 9.1 Hz, 1H), 5.19-5.03 (m, 15H),
5.00, 4.92 (ABq, J=11.7 Hz, 4H), 4.60-4.53 (m, 2H), 4.45 (s, 2H), 4.41 (dd, /= 11.3, 5.5 Hz, 1H),
3.75-3.70 (m, 2H), 3.46 (t,J=10.8 Hz, 1H); "°*C NMR (CDCl;, 150 MHz) & 165.84, 165.51, 165.41,
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152.59, 152.54, 142.94, 142.75, 142.65, 137.35, 137.32, 137.27, 136.86, 136.62, 136.51, 136.39,
128.60, 128.54, 128.46, 128.44, 128.38, 128.22, 128.18, 128.14, 128.08, 128.06, 128.01, 127.97,
127.90, 127.61, 127.50, 127.43, 124.81, 124.40, 124.05, 109.54, 109.29, 109.03, 78.11, 76.54, 76.04,
75.14, 75.11, 75.09, 74.96, 71.34, 71.20, 71.06, 70.81, 67.07, 63.58; HRMS (ESI, m/z): [M+Na]",
calcd for [C97Hg4017Na]+: 1543.5606; found 1543.5604.

1,5-Anhydro-2,4,6-tris-0-(3’,4°,5’-tribenzyloxybenzoyl)-3-O-benzyl-D-glucitol (67)

Compound 45 (0.33 g, 1.3 mmol), compound 54 (2.6 g, 6.0 mmol), 2-chloro-1-methylpyridinium
iodide (1.5 g, 6.0 mmol), DMAP (0.73 g, 6.0 mmol), TEA (1.7 mL, 12 mmol) in 20 mL of DCM was
stirred at rt for 2 d. According to the same procedure described for previously 55 preparation, 67 (1.3
g, 65% yield) was obtained as a colorless amorphous. [oc]zD0 = +26.7 (¢ 0.95, CHCly); 'H NMR
(CDCl;, 600 MHz) 6 7.46-7.21 (m, 49H), 7.07—6.96 (m, 5H), 5.48 (t, /= 9.5 Hz, 1H), 5.34-5.29 (m,
1H), 5.17-5.07 (m, 14H), 5.04 (s, 4H), 4.68 (dd, J = 12.0, 3.1 Hz, 1H), 4.62, 4.54 (ABq, J=11.7 Hz,
2H), 4.30 (dd, J = 11.2, 5.7 Hz, 1H), 4.22 (dd, J = 12.2, 5.0 Hz, 1H), 3.99 (t, /= 9.1 Hz, 1H), 3.90-
3.87 (m, 1H), 3.42 (t, J = 10.8 Hz, 1H); >°C NMR (CDCl;, 150 MHz) & 165.81, 164.83, 164.61,
152.63, 152.55, 152.46, 142.94, 142.49, 137.46, 137.41, 137.33, 137.24, 136.67, 136.50, 136.46,
128.57, 128.53, 128.51, 128.46, 128.21, 128.19, 128.14, 128.10, 128.06, 128.02, 127.95, 127.85,
127.80, 127.62, 127.56, 127.47, 124.64, 124.41, 124.38, 109.47, 109.44, 109.13, 80.62, 76.53, 75.16,
75.08, 74.34, 72.02, 71.35, 71.30, 71.05, 70.98, 67.05, 63.33; HRMS (ESI, m/z): [M+Na]", calcd
for [Co;HgsO;,Na]": 1543.5606; found 1543.5599.

1,5-Anhydro-2-0-benzyl-3,4,6-tris-0-(3’,4°,5’-tribenzyloxybenzoyl)-p-glucitol (68)

Compound 44 (0.38 g, 1.5 mmol), compound 54 (3.0 g, 6.8 mmol), 2-chloro-1-methylpyridinium
iodide (1.7 g, 6.8 mmol), DMAP (0.83 g, 6.8 mmol), TEA (2.0 mL, 14 mmol) in 30 mL of DCM was
stirred at rt for 2 d. According to the same procedure described for previously 55 preparation, 68 (2.0
g, 89% yield) was obtained as a colorless amorphous. [oc]zDO = -36.2 (c 1.00, CHCly); 'H NMR
(CDCl;, 600 MHz) 8 7.42—-7.14 (m, 54H), 5.67 (t, J=9.6 Hz, 1H), 5.41 (t,J= 9.8 Hz, 1H), 5.13-4.94
(m, 18H), 4.69 (dd, J = 12.2, 2.9 Hz, 1H), 4.59, 4.51 (ABq, J=12.4 Hz, 2H), 4.23 (dd, /= 12.4, 5.5
Hz, 1H), 4.19 (dd, J=11.5, 5.3 Hz, 1H) 3.92 (m, 1H), 3.83 (td, /=9.8, 5.3 Hz, 1H), 3.48 (t, J=11.0
Hz, 1H); *C NMR (CDCl;, 150 MHz) & 165.68, 165.65, 165.29, 152.51, 152.48, 152.40, 142.87,
142.66, 142.53, 137.54, 137.43, 137.38, 136.63, 136.46, 128.51, 128.46, 128.43, 128.38, 128.29,
128.15, 128.11, 127.98, 127.92, 127.89, 127.87, 127.80, 127.78, 127.57, 127.52, 124.65, 124.53,
123.97, 109.18, 76.69, 76.16, 75.17, 75.08, 72.95, 71.13, 71.03, 70.20, 68.38, 63.54; HRMS (ESI,
m/z): [M+Na]", calcd for [Co;Hg,0,;Na]": 1543.5606; found 1543.5607.

1,5-Anhydro-2-0-(3’,4°,5’-trihydroxybenzoyl)-p-glucitol (4)
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Pd(OH), on C (20 wt.%, 20 mg) was added to a solution of 55 (270 mg, 0.35 mmol) in 10 mL of
MeOH and 10 mL of THF under the argon. After the replaced argon atmosphere to hydrogen gas, the
suspension was stirred at rt for 6 h. The reaction mixture was filtered and concentrated under reduced
pressure to obtain purple amorphous. The purple amorphous was dissolved by 2 mL acetone and
filtered through a whatman™ puradisc 0.1 uM TF and concentrated under reduced pressure. In
addition, the purple amorphous dissolved with 2 mL of MeOH and added acidic resin until becoming
a clear solution. After the filtered through the whatman™ puradisc 0.1 uM TF, the solution was
concentrated under reduced pressure to give 4 (106 mg, 96%) as pale yellow amorphous. [oc]zD0 =
+58.5(c 0.70, MeOH); 'H NMR (CD5;0D, 600 MHz) 6 7.08 (d,J=5.5 Hz, 2H), 4.87-4.83 (overlap,
1H), 4.08 (dd, J=10.5, 5.5 Hz, 1H), 3.86 (dd, J=11.9, 2.2 Hz, 1H), 3.66— 3.63 (m, 2H), 3.36 (t, J =
9.5 Hz, 1H), 3.29 (t, J = 10.7 Hz, 1H), 3.24 (ddd, J = 9.7, 5.9, 2.3 Hz, 1H). *C NMR (CD;0D, 150
MHz) 6 167.80, 146.42, 139.92, 121.14, 110.25, 82.56, 77.06, 73.28, 71.97, 67.84, 62.93; HRMS
(ESIT, m/z): [M —H] ", calcd for [C;3H;509] : 315.0716; found 315.0718.

1,5-Anhydro-3-0-(3’,4°,5’-trihydroxybenzoyl)-p-glucitol (5)

Pd(OH), on C (20 wt.%, 20 mg) was added to a solution of compound 56 (270 mg, 0.35 mmol) in 10
mL of MeOH and 10 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 5 (110 mg, quant.) was obtained as a colorless amorphous.
[a]?) =+24.8 (c 1.0 MeOH); 'H NMR CD;0D, 600 MHz) § 7.13 (s, 2H), 5.04 (t, /= 9.3 Hz, 1H),
3.97 (dd, J=11.3,5.5 Hz, 1H), 3.85 (dd, /= 11.9, 2.2 Hz, 1H), 3.73-3.69 (m, 1H), 3.66 (dd, J=12.0,
5.8 Hz, 1H), 3.51 (t, J = 9.5 Hz, 1H), 3.31-3.27 (overlap, 2H). °C NMR (CD;OD, 150 MHz) &
168.50, 146.39, 139.64, 121.88, 110.34, 82.51, 81.20, 70.95, 69.98, 69.89, 62.75; HRMS (ESI~, m/z):
[M —H], calcd for [C13H 509] : 315.0716; found 315.0721.

1,5-Anhydro-4-0-(3’,4°,5’-trihydroxybenzoyl)-p-glucitol (6)

Pd(OH), on C (20 wt.%, 20 mg) was added to a solution of compound 57 (280 mg, 0.33 mmol) in 10
mL of MeOH and 10 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 6 (100 mg, 96%) was obtained as a colorless amorphous.
[a]?) =-5.7 (c 0.90, MeOH); 'H NMR (Acetone-ds, 600 MHz) & 7.14 (s, 2H), 4.88 (t, /= 9.3 Hz,
1H), 3.94 (dd, J=11.2, 5.3 Hz, 1H), 3.68 (t, J = 8.9 Hz, 1H), 3.64-3.60 (m, 1H), 3.57 (dd, J = 12.0,
2.1 Hz, 1H), 3.51-3.44 (m, 2H), 3.25 (t, J = 10.8 Hz, 1H); "C NMR (Acctone-ds, 150 MHz) &
166.59, 145.90, 138.86, 121.46, 110.07, 80.56, 77.44, 72.70, 71.38, 70.45, 62.54; HRMS (ESI~, m/z):
[M —H], calcd for [C13H;509] : 315.0716; found 315.0718.

1,5-Anhydro-6-0-(3’,4°,5’-trihydroxybenzoyl)-p-glucitol (3)
Pd(OH), on C (20 wt.%, 20 mg) was added to a solution of compound 58 (210 mg, 0.25 mmol) in 10
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mL of MeOH and 10 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 55 (74 mg, 96%) was obtained as a colorless
amorphous. [a]) =+30.3 (c 1.00, MeOH); 'H NMR (CD;0D, 600 MHz)  7.09 (s, 2H), 4.54 (dd,
J=11.9, 1.9 Hz, 1H), 4.35 (dd, /= 12.0, 5.5 Hz, 1H), 3.93 (dd, J = 11.2, 5.3 Hz, 1H), 3.51-3.55 (m,
1H), 3.48-3.45 (m, 1H), 3.40 (t, /= 8.6 Hz, 1H), 3.37 (t, J= 8.6 Hz, 1H), 3.23 (t, /= 10.8 Hz, 1H). °C
NMR (CD;0D, 150 MHz) & 168.32, 146.36, 139.71, 121.26, 110.09, 79.91, 79.63, 71.59, 71.20, 70.86,
65.02; HRMS (ESI~, m/z): [M —H] ", calcd for [C{3H509] : 315.0716; found 315.0718.

1,5-Anhydro-2,3-bis-0-(3’,4°,5’-trihydroxybenzoyl)-pD-glucitol (7)

Pd(OH), on C (20 wt.%, 50 mg) was added to a solution of compound 59 (210 mg, 0.25 mmol) in 10
mL of MeOH and 10 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 7 (113 mg, quant.) was obtained as a colorless
amorphous. [a]?) =+139.7 (c 1.00, MeOH); 'H NMR (CD;0D, 600 MHz) &7.05 (s, 2H), 6.96 (s,
2H), 5.41 (t,J=9.5 Hz, 1H), 5.08 (td, /= 10.1, 5.3 Hz, 1H), 4.20 (dd, J=11.0, 5.5 Hz, 1H), 3.90 (dd,
J=11.9, 2.2 Hz, 1H), 3.74-3.69 (m, 2H), 3.45 (t, /= 10.8 Hz, 1H), 3.40 (ddd, J=9.6, 5.5, 2.1 Hz,
1H); "*C NMR (CD;0D, 150 MHz) & 168.18, 167.38, 146.38, 146.34, 140.08, 139.85, 121.29,
120.55, 110.30, 110.25, 82.65, 77.91, 71.39, 69.83, 67.81, 62.57; HRMS (ESI~, m/z): [M —H]",
calcd for [CygH19Oq3] : 467.0826; found 467.0831.

1,5-Anhydro-2,4-bis-0-(3’,4°,5’-trihydroxybenzoyl)-D-glucitol (8)

Pd(OH), on C (20 wt.%, 50 mg) was added to a solution of compound 60 (680 mg, 0.57 mmol) in 20
mL of MeOH and 20 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 8 (267 mg, quant.) was obtained as a colorless amorphous.
[a]?) =+11.3 (c 0.70, MeOH); 'H NMR (Acetone-dg, 600 MHz) 8 7.17 (s, 2H), 7.14 (dd, J = 9.8,
4.0 Hz, 2H), 5.04 (t, J=9.5 Hz, 1H), 5.01-4.97 (m, 1H), 4.15-4.11 (m, 2H), 3.63-3.54 (m, 3H), 3.41
(t, J = 10.8 Hz, 1H); '>C NMR (Acetone-dy, 150 MHz) § 166.39, 166.21, 146.00, 145.98, 138.99,
138.94, 121.43, 121.38, 110.15, 110.09, 80.72, 74.30, 73.19, 72.73, 67.38, 62.49; HRMS (ESI~, m/z):
[M —H], calcd for [CygH9Oq3] : 467.0826; found 467.0827.

1,5-Anhydro-2,6-bis-0-(3’,4°,5’-trihydroxybenzoyl)-pD-glucitol (1)

Pd(OH), on C (20 wt.%, 50 mg) was added to a solution of compound 61 (440 mg, 0.37 mmol) in 20
mL of MeOH and 20 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 1 (170 mg, quant.) was obtained as a yellow amorphous.
[oc]éo = +19.4 (¢ 1.00 in MeOH); 'H NMR (Acetone-dg, 600 MHz) & 7.16 (s, 2H), 7.14 (s, 2H),
4.92-4.88 (m, 1H), 4.57 (d, J = 10.7 Hz, 1H), 4.41-4.35 (m, 1H), 4.07 (dd, J = 10.8, 5.3 Hz, 1H),
3.83-3.78 (m, 1H), 3.61-3.57 (m, 2H), 3.37 (t, J = 10.7 Hz, 1H); >*C NMR (Acetone-ds, 150 MHz) &
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166.63, 166.30, 146.02, 145.96, 138.89, 138.77, 121.74, 121.46, 110.07, 109.85, 79.47, 76.57, 72.94,
71.60, 67.45, 64.54; HRMS (ESI™, m/z): [M —H] , calcd for [C,0H9O3] : 467.0826; found
467.0831.

1,5-Anhydro-3,4-bis-0-(3’,4°,5’-trihydroxybenzoyl)-pD-glucitol (69)

Pd(OH), on C (20 wt.%, 50 mg) was added to a solution of compound 62 (710 mg, 0.60 mmol) in 20
mL of MeOH and 20 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 69 (280 mg, quant.) was obtained as a yellow amorphous.
[a]?) =-78.2 (c 1.00, MeOH); 'H NMR (Acetone-ds, 600 MHz) & 7.06 (s, 2H), 7.04 (s, 2H), 5.40
(t,J=9.5Hz, 1H), 5.16 (t, /= 9.6 Hz, 1H), 4.06 (dd, J=11.3, 5.5 Hz, 1H), 3.98-3.93 (m, 1H), 3.71-
3.64 (m, 2H), 3.58 (dd, J = 12.5, 5.7 Hz, 1H), 3.45 (t, J = 10.8 Hz, 1H); '*C NMR (Acetone-
dg, 150 MHz) 8 166.41, 166.12, 145.83, 145.72, 139.04, 138.66, 121.52, 120.78, 110.05, 110.01,
80.29, 78.04, 70.50, 70.17, 69.50, 62.25; HRMS (ESI~, m/z): [M — H] ", caled for [C,yH9O3] :
467.0826; found 467.0829.

1,5-Anhydro-3,6-bis-0-(3’,4’,5’-trihydroxybenzoyl)-pD-glucitol (70)

Pd(OH), on C (20 wt.%, 50 mg) was added to a solution of compound 63 (800 mg, 0.67 mmol) in 20
mL of MeOH and 20 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 70 (310 mg, quant.) was obtained as a yellow amorphous.
[a]) =+28.7 (c 0.60, MeOH); 'H NMR (Acetone-ds, 600 MHz) & 7.17 (s, 2H), 7.16 (s, 2H), 5.11
(t,J=9.1 Hz, 1H),4.57 (dd, J=11.9, 1.9 Hz, 1H), 4.40 (dd, J = 11.9, 5.3 Hz, 1H), 3.99 (dd, J =11.0,
5.5 Hz, 1H), 3.84-3.79 (m, 1H), 3.72 (t, ] = 9.5 Hz, 1H), 3.65-3.63 (m, 1H), 3.38 (t, J = 10.8 Hz, 1H);
3C NMR (Acetone-ds, 150 MHz) & 166.90, 166.63, 145.97, 145.82, 138.71, 138.52, 122.16, 121.76,
110.10, 109.85, 81.10, 79.61, 70.73, 69.66, 69.46, 64.54; HRMS (ESI~, m/z): [M —H]", caled
for [CyoH 19013] : 467.0826; found 467.0828.

1,5-Anhydro-4,6-bis-0-(3’,4°,5’-trihydroxybenzoyl)-p-glucitol (71)

Pd(OH), on C (20 wt.%, 50 mg) was added to a solution of compound 64 (430 mg, 0.36 mmol) in 20
mL of MeOH and 20 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 71 (160 mg, 95%) was obtained as a yellow amorphous.
[a]?) =+41.7 (c 0.60, MeOH); 'H NMR (Acetone-ds, 600 MHz) & 7.15 (s, 2H), 7.14 (s, 2H), 5.09
(t,J=9.5Hz, 1H), 4.41 (dd, J=12.0, 2.1 Hz, 1H), 4.13 (dd, J=12.0, 5.8 Hz, 1H), 3.97 (dd, J=11.2,
5.3 Hz, 1H), 3.82-3.79 (m, 1H), 3.75 (t,/=9.1 Hz, 1H), 3.71-3.66 (m, 1H), 3.33 (t,/=10.8 Hz, 1H);
C NMR (Acetone-dg, 150 MHz) & 166.47, 166.13, 145.92, 138.90, 138.77, 121.53, 121.38, 110.12,
109.91, 77.56, 77.42, 72.24, 71.28, 70.51, 69.79, 63.98, 55.32; HRMS (ESI~, m/z): [M —H]", caled
for [CyoH9043] : 467.0826; found 467.0829.
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1,5-Anhydro-2,3,4-tris-0-(3’,4°,5’-trihydroxybenzoyl)-p-glucitol (72)

Pd(OH), on C (20 wt.%, 50 mg) was added to a solution of compound 65 (520 mg, 0.34 mmol) in 20
mL of MeOH and 20 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 72 (210 mg, quant.) was obtained as a yellow amorphous.
[a]?) =-4.8 (c 1.00, MeOH); 'H NMR (Acetone-ds, 600 MHz) § 7.07 (d,J = 3.8 Hz, 4H), 7.01 (d,
J=3.8Hz, 2H), 5.77 (t, J=9.6 Hz, 1H), 5.36 (t, /= 9.8 Hz, 1H), 5.23 (td, /= 10.1, 5.4 Hz, 1H), 4.28
(dd, J=11.2, 5.7 Hz, 1H), 3.83-3.80 (m, 1H), 3.72 (dd, J = 12.4, 2.1 Hz, 1H), 3.62-3.65 (m, 2H);
3C NMR (Acetone-ds, 150 MHz) & 166.12, 165.91, 165.89, 145.80, 145.65, 139.00, 138.76, 120.93,
120.70, 120.62, 110.03, 109.96, 109.91, 80.37, 74.46, 70.83, 69.96, 67.27, 61.99; HRMS (ESI~, m/z):
[M —H], calcd for [Cy7H3017]: 619.0935; found 619.0934.

1,5-Anhydro-2,3,6-tris-0-(3’,4°,5’-trihydroxybenzoyl)-p-glucitol (10)

Pd(OH), on C (20 wt.%, 50 mg) was added to a solution of compound 66 (410 mg, 0.27 mmol) in 20
mL of MeOH and 20 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 10 (170 mg, quant.) was obtained as a yellow amorphous.
[a]) =+80.9 (c 0.70, MeOH); 'H NMR (Acetone-ds, 600 MHz) & 7.19 (s, 2H), 7.10 (s, 2H), 7.04
(s, 2H), 5.50 (t, J=9.5 Hz, 1H), 5.13-5.09 (m, 1H), 4.60 (dd, /= 11.9, 1.9 Hz, 1H), 4.47 (dd, J=12.0,
4.8 Hz, 1H), 4.20 (dd, J=11.0, 5.5 Hz, 1H), 3.93 (t,J = 9.5 Hz, 1H), 3.79-3.77 (m, 1H), 3.56 (t, J =
10.8 Hz, 1H) "*C NMR (Acetone-dg, 150 MHz) & 166.60, 166.39, 166.03, 146.05, 145.96, 145.87,
139.15, 138.86, 138.81, 121.64, 121.56, 120.75, 110.06, 110.00, 109.89, 79.67, 77.07, 70.84, 69.60,
67.44, 64.23; HRMS (ESI~, m/z): [M —H], calcd for [Cy7H53017] : 619.0935; found 619.0931.

1,5-Anhydro-2,4,6-tris-0-(3°,4°,5 -trihydroxybenzoyl)-D-glucitol (9) [18]; Pd(OH), on C (20 wt.%,
50 mg) was added to a solution of compound 67 (480 mg, 0.32 mmol) in 20 mL of MeOH and 20 mL
of THF under the argon. According to the same procedure described for previously 4 preparation,
desired compound 9 (200 mg, quant.) was obtained as a yellow amorphous. [a]lz)o =+36.3 (c 1.00,
MeOH); 'H NMR (Acetone-ds, 600 MHz) & 7.17 (s, 2H), 7.16 (s, 2H), 7.15 (s, 2H), 5.25 (dd, J =
10.0, 9.3 Hz, 1H), 5.07-5.03 (m, 1H), 4.46 (dd, /= 12.2, 1.9 Hz, 1H), 4.20-4.16 (m, 3H), 3.95-3.92
(m, 1H), 3.50 (t, J = 10.8 Hz, 1H); 3C NMR (Acetone-dg, 150 MHz) § 166.44, 166.19, 165.95,
145.98, 138.98, 138.83, 121.56, 121.35, 121.31, 110.20, 110.11, 109.96, 77.63, 74.27, 72.96, 72.22,
67.45, 63.76; HRMS (ESI~, m/z): [M —H] ", calcd for [C,7H,3017]: 619.0935; found 619.0934.

1,5-Anhydro-3,4,6-tris-0-(3’,4’,5’-trihydroxybenzoyl)-p-glucitol (73)
Pd(OH), on C (20 wt.%, 50 mg) was added to a solution of compound 68 (765 mg, 0.50 mmol) in 20
mL of MeOH and 20 mL of THF under the argon. According to the same procedure described for
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previously 4 preparation, desired compound 73 (310 mg, quant.) was obtained as a colorless
amorphous. [a]?) =—6.12 (c 0.80, MeOH); 'H NMR (Acetone-ds, 600 MHz) & 7.20 (s, 2H), 7.07
(s, 2H), 7.06 (s, 2H), 5.46 (t, J = 9.5 Hz, 1H), 5.34 (t, J = 9.8 Hz, 1H), 4.47 (dd, J= 12.4, 2.1 Hz, 1H),
427 (dd, J=12.2, 5.3 Hz, 1H), 4.12 (dd, J = 11.3, 5.5 Hz, 1H), 4.04-4.00 (m, 2H), 3.55 (t, /= 10.8
Hz, 1H) BC NMR (Acetone-dg, 150 MHz) & 166.39, 166.35, 165.72, 145.83, 145.73, 145.66,
138.98, 138.74, 138.64, 121.44, 121.38, 120.67, 110.05, 109.97, 109.94, 77.86, 77.41, 70.54, 69.73,
69.41, 63.52; HRMS (ESI—, m/z): [M —H]", calcd for [Cy7H,30¢7] : 619.0935; found 619.0941.

3,4-bis(benzyloxy)benzoic acid (74)

Methyl 3,4-dihydroxybenzoate (2.5 g, 15 mmol) and K,CO5; (8.2 g, 60 mmol) and KI (2.0 g, 12
mmol) in 100 mL of acetone was stirred at rt. The reaction suspension was slowly added BnCl (4.2
mL, 36 mmol) and refluxed for 7 h. TLC indicated full conversion of the start material, added MeOH
and stirred 1 h. The reaction mixture was filtered by celite and filtrate was evaporated under reduced
pressure. The residue was purified by recrystallization with hexane, and the mother liquid was purified
by C.C (Hex/EtOAc = 100/1 — 4/1) to afford methyl ester of 74 (total 5.0 g, 97%) as a white solid.
Further on, methyl ester of 74 (3.0 g, 9.0 mmol), KOH (5.0 g, 90 mmol) in 90 mL of 1,4-dioxane and
30 mL of MeOH was stirred at 85 °C for 2 h. TLC indicated full conversion of the start material, the
reaction mixture was cooled to 0 °C and slowly added 6 M HCl until pH = 1. The precipitating muddy
suspension was filtrated, and the white residue was washed by water and MeOH until pH = 7. The
white solid was dried in vacuo, purified by recrystallizing with MeOH to obtain desired compound 74
(2.4 g, 79%) as colorless needle crystal. m.p. 211 °C; 'H NMR (DMSO-d6, 600 MHz) § 7.56-7.15
(m, 13H), 5.22 (s, 2H), 5.18 (s, 2H); BC NMR (DMSO-d6, 150 MHz) 6 166.88, 151.94, 147.50,
136.93, 136.62, 128.36, 128.30, 127.82, 127.71, 127.46, 127.34, 123.36, 123.22, 114.43, 112.97, 69.87,
69.73.

3,5-bis(benzyloxy)benzoic acid (75)

Methyl 3,5-dihydroxybenzoate (2.5 g, 15 mmol) and K,CO; (8.2 g, 60 mmol) and KI (2.0 g, 12
mmol) in 100 mL of acetone was stirred at rt. The reaction suspension was slowly added BnCl (4.2
mL, 36 mmol) and refluxed for 9 h. According to the same procedure described for previously 74
preparation, methyl ester of 75 (5.2 g, quant.) was obtained as a white solid. Further on, methyl ester
of 75 (3.0 g, 9.0 mmol), KOH (5.0 g, 90 mmol) in 90 mL of 1,4-dioxane and 30 mL of MeOH was
stirred at 85 °C for 2 h. According to the same procedure described for previously 74 preparation,
desire compound 75 (2.5 g, 81%) was obtained as a colorless needle crystal. m.p. 185 °C; 'H NMR
(DMSO-d6, 600 MHz) 6 7.46—7.30 (m, 11H), 7.19-7.16 (m, 2H), 6.93-6.93 (m, 1H), 5.15 (s, 4H);
C NMR (DMSO-d6, 150 MHz) & 166.80, 159.30, 136.64, 132.80, 128.36, 127.79, 127.58, 107.87,
106.43, 69.38.
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3-(benzyloxy)benzoic acid (76)

Methyl 3-hydroxybenzoate (2.3g, 15 mmol) and K,CO5; (4.2 g, 30 mmol) and KI (1.0 g, 6.0 mmol)
in 100 mL of acetone was stirred at rt. The reaction suspension was slowly added BnClI (2.1 mL, 18
mmol) and refluxed for 10 h. According to the same procedure described for previously 74 preparation,
methyl ester of 76 (3.7 g, 95%) was obtained as a white solid. Further on, methyl ester of 76 (1.9 g,
7.4 mmol), KOH (4.2 g, 74 mmol) in 90 mL of 1,4-dioxane and 30 mL of MeOH was stirred at 85 °C
for 2 h. According to the same procedure described for previously 74 preparation, desire compound
76 (1.4 g, 85%) was obtained as a colorless needle crystal. m.p. 136 °C; 'H NMR (600 MHz, DMSO-
d6) 8 7.57-7.53 (m, 2H), 7.48-7.39 (m, 5H), 7.35-7.32 (m, 1H), 7.28-7.26 (m, 1H), 5.17 (s, 2H); *C-
NMR (150 MHz, DMSO-d6) & 167.12, 158.34, 136.84, 132.23, 129.79, 128.50, 127.92, 127.70,
121.82,119.77, 114.89, 69.35.

4-(benzyloxy)benzoic acid (77)

Methyl 4-hydroxybenzoate (2.3g, 15 mmol) and K,CO5; (4.2 g, 30 mmol) and KI (1.0 g, 6.0 mmol)
in 100 mL of acetone was stirred at rt. The reaction suspension was slowly added BnCl (2.1 mL, 18
mmol) and refluxed for 9 h. According to the same procedure described for previously 74 preparation,
methyl ester of 77 (3.6 g, quant.) was obtained as a white solid. Further on, methyl ester of 77 (2.3 g,
9.0 mmol), KOH (5.0 g, 90 mmol) in 90 mL of 1,4-dioxane and 30 mL of MeOH was stirred at 85 °C
for 2 h. According to the same procedure described for previously 74 preparation, desired compound
77 (1.4 g, 85%) was obtained as a colorless needle crystal. m.p. 192 °C; 'H NMR (600 MHz,
DMSO-d6) 6 7.95-7.90 (m, 2H), 7.48-7.46 (m, 2H), 7.42-7.40 (m, 2H), 7.36-7.34 (m, 1H), 7.12—
7.09 (m, 2H), 5.19 (s, 2H); BC-NMR (150 MHz, DMSO-d6) & 166.90, 161.83, 136.43, 131.27,
128.40, 127.92, 127.73, 123.09, 114.50, 69.35.

1,5-Anhydro-2,3,4,6-tetrakis-0-(3’,4°,5’-tribenzyloxybenzoyl)-p-glucitol (78)

1,5-AG (82 mg, 0.50 mmol), compound 54 (1.1 g, 2.4 mmol), 2-chloro-1-methylpyridinium iodide
(0.61 g, 2.4 mmol), DMAP (0.29 g, 2.4 mmol), TEA (0.67 mL, 4.8 mmol) in 20 mL of DCM was
stirred at rt for 2 d. According to the same procedure described for previously 55 preparation, desire
compound 78 (0.86 g, 92%) was obtained as a colorless amorphous. [a]lz)o =+7.0 (c 1.00, CHCl);
1H-NMR (600 MHz, CDCl;) 6 7.56-7.07 (m, 68H), 5.89 (t, /=9.8 Hz, 1H), 5.63 (t, /=9.8 Hz, 1H),
5.35-5.31 (m, 1H), 5.18-4.94 (m, 22H), 4.88-4.84 (m, 4H), 4.76 (dd, J=12.2, 2.9 Hz, 1H), 4.52 (dd,
J=11.3,5.5Hz, 1H), 4.30 (dd, J=12.4, 5.2 Hz, 1H), 4.06-4.03 (m, 1H), 3.60 (t, /= 10.8 Hz, 1H); "°C
NMR (CDCl;, 150 MHz) & 165.91,165.71, 165.14, 165.10, 152.54, 152.43, 143.06, 142.93, 142.79,
142.62, 137.41, 137.31, 136.59, 136.44, 136.35, 136.25, 128.54, 128.45, 128.44, 128.37, 128.27,
128.23, 128.14, 128.11, 128.08, 128.02, 128.00, 127.95, 127.90, 127.87, 127.81, 127.55, 127.52,
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124.56,123.95, 123.79, 109.22, 109.14, 109.03, 75.10, 75.06, 74.53, 71.18, 71.11, 71.05, 70.51, 69.78,
67.31, 63.36 HRMS (ESI, m/2): [M+Na]", calcd for [Cy;5H;900,;Na]": 1875.6644; found 1875.6653.

1,5-Anhydro-2,3,4,6-tetrakis-0-(3’,4’-dibenzyloxybenzoyl)-p-glucitol (79)

1,5-AG (0.12 g, 0.7 mmol), compound 74 (1.4 g, 4.2 mmol), 2-chloro-1-methylpyridinium iodide (1.1
g, 4.2 mmol), DMAP (0.52 g, 4.2 mmol), TEA (1.1 mL, 8.0 mmol) in 20 mL of DCM was stirred at rt
for 2 d. According to the same procedure described for previously 55 preparation, desired compound
79 (0.61 g, 72%) was obtained as a colorless amorphous. [oc]Iz)0 =+18.8 (¢ 0.90, CHCl,); 'H NMR
(CDCl3, 600 MHz) 6 7.65-7.23 (m, 48H), 6.89—6.86 (m, 2H), 6.82—6.80 (m, 1H), 6.77-6.75 (m, 1H),
5.81 (t,J=9.8 Hz, 1H), 5.56 (t, /= 9.6 Hz, 1H), 5.29 (td, /= 10.1, 5.5 Hz, 1H), 5.22-5.03 (m, 14H),
4.99 (s, 2H), 4.63 (dd, J=12.4, 2.7 Hz, 1H), 4.43 (dd, /= 11.3, 5.5 Hz, 1H), 4.29 (dd, /= 12.4, 5.2
Hz, 1H), 3.97-3.94 (m, 1H), 3.53 (t, /= 10.8 Hz, 1H); '>*C NMR (CDCl;, 150 MHz) & 165.83, 165.69,
165.17, 164.91, 153.26, 153.14, 152.96, 148.27, 148.17, 136.87, 136.68, 136.51, 136.38, 128.57,
128.53, 128.46, 128.40, 127.94, 127.86, 127.46, 127.41, 127.09, 127.01, 126.98, 124.36, 124.25,
121.79, 115.37, 115.20, 113.01, 76.91, 73.90, 71.07, 71.04, 70.95, 70.70, 70.64, 70.16, 69.38, 67.29,
63.16; HRMS (ESI, m/z): [M+Na]", calcd for [C4,HssO;3Na]": 1451.4980; found 1451.4977.

1,5-Anhydro-2,3,4,6-tetrakis-0-(3’,5’-dibenzyloxybenzoyl)-p-glucitol (80)

1,5-AG (0.15 g, 0.9 mmol), compound 75 (1.8 g, 5.4 mmol), 2-chloro-1-methylpyridinium iodide (1.3
g, 5.4 mmol), DMAP (0.66 g, 5.4 mmol), TEA (1.5 mL, 10.8 mmol) in 20 mL of DCM was stirred at
rt for 2 d. According to the same procedure described for previously 55 preparation, desired compound
80 (0.69 g, 63%) was obtained as a colorless amorphous. [oc]zDO =+8.3 (¢ 0.90, CHCly); 'H NMR
(CDCl;, 600 MHz) 6 7.45-7.18 (m, 48H), 6.79-6.76 (m, 2H), 6.72—6.69 (m, 2H), 5.89 (t, /= 9.6 Hz,
1H), 5.62 (t, J=9.8 Hz, 1H), 5.37 (td, /= 10.1, 5.6 Hz, 1H), 5.06-4.98 (m, 8H), 4.95-4.84 (m, 8H),
4.66 (dd, J=12.2,2.9 Hz, 1H), 4.49 (dd, J=11.3, 5.5 Hz, 1H), 4.40 (dd, J=12.2, 5.3 Hz, 1H), 4.04—
4.01 (m, 1H), 3.58 (t, J = 10.8 Hz, 1H); BC NMR (CDCl;, 150 MHz) 6 165.84, 165.80, 165.20,
165.06, 159.76, 159.75, 159.70, 136.44, 136.31, 136.26, 136.22, 131.45, 130.91, 130.87, 130.71,
128.60, 128.57, 128.51, 128.09, 128.06, 127.59, 127.57, 108.53, 108.49, 108.41, 108.11, 107.74,
107.70, 107.51, 74.28, 70.41, 70.23, 70.19, 69.73, 67.21, 63.51; HRMS (ESI, m/z): [M+Na]", calcd
for [C¢yHs013Na]": 1451.4980; found 1451.4980.

1,5-Anhydro-2,3,4,6-tetrakis-O-(3’-benzyloxybenzoyl)-p-glucitol (81)

1,5-AG (0.10 g, 0.6 mmol), compound 76 (0.82 g, 3.6 mmol), 2-chloro-1-methylpyridinium iodide
(0.81 g, 3.6 mmol), DMAP (0.44 g, 3.6 mmol), TEA (1.0 mL, 7.2 mmol) in 20 mL of DCM was stirred
at rt for 2 d. According to the same procedure described for previously 55 preparation, desire

compound 81 (0.56 g, 92%) was obtained as a colorless amorphous. [oc]lz)0 = +22.7 (c 1.00,
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CHCL); 'H NMR (CDCl3, 600 MHz) & 7.68-7.05 (m, 36H), 5.90 (t,J=9.6 Hz, 1H), 5.65 (t,J=9.8
Hz, 1H), 5.40 (td, J = 10.1, 5.6 Hz, 1H), 5.02-5.13 (m, 4H), 5.00 (s, 2H), 4.96 (s, 2H), 4.65 (dd, J =
12.0,2.7 Hz, 1H), 4.48 (dd, J=11.2, 5.7 Hz, 1H), 4.42 (dd, J=12.2, 5.3 Hz, 1H), 4.02—4.05 (m, 1H),
3.59 (t, J=10.8 Hz, 1H); BC NMR (CDCl3, 150 MHz) 6 166.03, 165.85, 165.34, 165.11, 158.66,
136.57, 136.37, 130.91, 130.30, 130.12, 129.56, 129.49, 128.61, 128.56, 128.13, 127.62, 127.58,
122.52, 121.12, 120.85, 120.71, 120.53, 115.16, 115.12, 115.00, 114.84, 76.89, 74.07, 70.27, 70.12,
69.50, 67.21, 63.31; HRMS (ESI, m/z): [M+Na]", calcd for [C62H56013Na]+: 1027.3306; found
1027.3301.

1,5-Anhydro-2,3,4,6-tetrakis-O-(4’-benzyloxybenzoyl)-p-glucitol (88)

1,5-AG (0.16 g, 1.0 mmol), compound 77 (1.4 g, 6.1 mmol), 2-chloro-1-methylpyridinium iodide (1.4
g, 6.0 mmol), DMAP (0.73 g, 6.0 mmol), TEA (1.7 mL, 12 mmol) in 30 mL of DCM was stirred at rt
for 2 d. According to the same procedure described for previously 55 preparation, desire compound
88 (0.99 g, 98%) was obtained as a colorless amorphous. [(>L]2D0 =+38.2 (¢ 0.90, CHCly); 'H NMR
(CDCl3, 600 MHz) 6 8.06—7.96 (m, 2H), 7.92—7.86 (m, 6H), 7.44—7.17 (m, 20H), 6.93—6.78 (m, 8H),
5.89 (t,J=9.5 Hz, 1H), 5.63 (t, /= 9.8 Hz, 1H), 5.40 (td, /= 10.0, 5.7 Hz, 1H), 5.02-4.85 (m, 8H),
4.61-4.59 (m, 1H), 4.41 (td, J = 12.5, 5.4 Hz, 2H), 3.99-3.96 (m, 1H), 3.54 (t, /= 10.8 Hz, 1H); Be
NMR (CDCl;, 150 MHz) 6 165.83, 165.55, 165.15, 164.86, 162.78, 162.62, 162.57, 136.22, 136.07,
131.93, 131.86, 128.63, 128.61, 128.17, 127.46, 127.41, 127.19, 122.30, 121.65, 121.59, 121.46,
114.52, 114.47,114.43,114.38, 73.69, 69.96, 69.90, 69.24, 67.23, 63.05; HRMS (ESI, m/z): [M+Na]",
caled for [CyyHsgO;3Na]": 1027.3306; found 1027.3304.

2,3,4,6-tetrakis-0-(3’,4°,5’-trihydroxybenzoyl)-p-glucitol (83)

Pd(OH), on C (20 wt.%, 50 mg) was added to a solution of compound 78 (860 mg, 0.46 mmol) in 20
mL of MeOH and 20 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 54 (321 mg, 90%) was obtained as a yellow amorphous.
[a]?) =+58.0 (c 1.04, MeOH); 'H NMR (Acetone-ds, 600 MHz) § 7.19 (s, 2H), 7.06 (s, 2H)x2, 6.99
(s, 2H), 5.81 (t, J=9.6 Hz, 1H), 5.50 (t, /= 9.8 Hz, 1H), 5.28-5.24 (m, 1H), 4.49 (dd, J=12.4, 2.1
Hz, 1H), 4.33-4.29 (m, 2H), 4.17-4.15 (m, 1H), 3.72 (t, J = 10.8 Hz, 1H); '*C NMR (Acetone-
dg, 150 MHz) 8 166.36, 166.05, 165.90, 165.63, 146.00, 145.97, 145.92, 145.80, 139.22, 138.97,
138.90, 121.50, 120.90, 120.63, 110.17, 110.08, 110.01, 109.98, 77.57, 74.31, 70.74, 69.61, 67.44,
63.32; HRMS-ESI (m/z): [M+Na]", calcd for [C34H,30,,Na]: 795.1021; found 795.1019.
1,5-Anhydro-2,3,4,6-tetrakis-O-(3’,4’-dihydroxybenzoyl)-D-glucitol (84)

Pd(OH), on C (20 wt.%, 50 mg) was added to a solution of compound 79 (365 mg, 0.30 mmol) in 10
mL of MeOH and 10 mL of THF under the argon. According to the same procedure described for

previously 4 preparation, desired compound 55 (196 mg, 92%) was obtained as a colorless amorphous.
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[a]) =+48.3 (c 0.65, MeOH); 'H NMR (Acetone-ds, 600 MHz); 5 7.56 (d, J = 2.1 Hz, 1H), 7.49
(dd, J= 8.4, 1.9 Hz, 1H), 7.43-7.33 (m, 6H), 6.90 (d, J= 8.2 Hz, 1H), 6.84 (dd, J= 11.3, 8.2 Hz, 2H),
6.76 (d, J= 8.2 Hz, 1H), 5.85 (t, J= 9.6 Hz, 1H), 5.55 (t, /= 9.8 Hz, 1H), 5.30 (td, /= 10.1, 5.4 Hz,
1H), 4.52 (dd, J = 12.0, 2.4 Hz, 1H), 4.37-4.32 (m, 2H), 4.20-4.17 (m, 1H), 3.75 (t, /= 10.8 Hz, 1H);
3C NMR (Acetone-ds, 150 MHz) & 166.22, 166.00, 165.76, 165.56, 151.21, 151.01, 145.55, 145.39,
123.78,123.71, 123.62,122.53, 121.96, 121.74,117.41,117.29, 117.19, 117.09, 115.74, 115.68, 77.53,
74.40, 70.78, 69.87, 67.48, 63.52; HRMS (ESI~, m/z): [M — H]", caled for [C5,Hy,0,,]™: 707.1248;
found 707.1255.

1,5-Anhydro-2,3,4,6-tetrakis-0-(3,5-dihydroxybenzoyl)-pD-glucitol (85)

Pd(OH), on C (20 wt.%, 50 mg) was added to a solution of compound 80 (365 mg, 0.30 mmol) in 20
mL of MeOH and 20 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 85 (210 mg, quant.) was obtained as a colorless
amorphous.[a]?) = +39.1 (c 0.50, MeOH); 'H NMR (Acetone-dg, 600 MHz); 8 7.09 (s, 2H), 6.95
(d, J=1.4 Hz, 4H), 6.89 (d, J= 1.7 Hz, 2H), 6.63-6.49 (m, 4H), 5.90 (t, /= 9.6 Hz, 1H), 5.59 (t, J =
9.6 Hz, 1H), 5.37 (td, J=10.0, 5.6 Hz, 1H), 4.55 (d, /= 12.4 Hz, 1H), 4.43 (dd, /= 12.2, 4.6 Hz, 1H),
4.37 (dd, J = 11.3, 5.5 Hz, 1H), 4.25 (dd, J = 9.8, 4.3 Hz, 1H), 3.80 (t, J = 10.8 Hz, 1H)
3C NMR (Acetone-ds, 150 MHz) & 166.33, 166.13, 165.82, 165.67, 159.36, 159.31, 159.24, 132.73,
132.10, 131.91, 129.67, 128.96, 108.81, 108.74, 108.65, 108.39, 108.24, 108.08, 77.25, 74.65, 70.85,
69.79, 67.25, 63.45; HRMS (ESI™, m/z): [M —H] ", caled for [C34H,7017] : 707.1248; found
707.1255.

1,5-Anhydro-2,3,4,6-tetrakis-O-(3-hydroxybenzoyl)-pD-glucitol (86)

Pd(OH), on C (20 wt.%, 50 mg) was added to a solution of compound 81 (300 mg, 0.30 mmol) in 20
mL of MeOH and 20 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 86 (181 mg, 94%) was obtained as a colorless amorphous.
[a]) =+36.4 (c 0.70, MeOH); 'HNMR (Acetone-dg, 600 MHz); § 7.55-6.97 (m, 20H), 5.94 (t, J =
9.5 Hz, 1H), 5.65 (t, J=9.6 Hz, 1H), 5.41 (td, J=10.1, 5.4 Hz, 1H), 4.57 (dd, J = 12.2, 2.6 Hz, 1H),
4.47 (dd, J=12.4, 4.8 Hz, 1H), 4.39 (dd, J = 11.2, 5.7 Hz, 1H), 4.29-4.26 (m, 1H), 3.83 (t, /= 10.8
Hz, 1H); "C NMR (Acetone-dg, 150 MHz) § 166.38, 166.23, 165.90, 165.82, 158.46, 158.25,
132.14, 131.57, 131.43, 130.49, 130.44, 130.40, 129.72, 129.00, 126.08, 121.43, 121.39, 121.21,
121.08, 117.04, 116.93, 116.88, 116.73, 77.23, 74.83, 70.96, 70.23, 67.33, 63.83; HRMS (ESI~, m/z):
[M —H], calcd for [C34H,7015] : 643.1452; found 643.1459.

1,5-Anhydro-2,3,4,6-tetrakis-O-(4-hydroxybenzoyl)-pD-glucitol (87)
Pd(OH), on C (20 wt.%, 50 mg) was added to a solution of compound 88 (288 mg, 0.29 mmol) in 15

65



mL of MeOH and 15 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 87 (190 mg, quant.) was obtained as a colorless
amorphous. [a]?) =+45.3 (c0.50, MeOH); 'H NMR (Acetone-ds, 600 MHz); 8 7.93-7.76 (m, 8H),
6.92-6.77 (m, 8H), 5.89 (t, J=9.6 Hz, 1H), 5.61 (t, J=9.8 Hz, 1H), 5.34 (td, /= 10.0, 5.3 Hz, 1H),
4.55 (dd, J = 12.4, 2.7 Hz, 1H), 4.41-4.35 (m, 2H), 4.23-4.20 (m, 1H), 3.77 (t, J = 10.8 Hz, 1H);
3C NMR (Acetone-ds, 150 MHz) & 166.17, 165.99, 165.69, 165.54, 163.17, 163.13, 162.88, 162.82,
132.75,132.68, 132.61, 132.58, 121.99, 121.44, 121.21, 121.19, 116.09, 116.05, 116.00, 115.94, 77.45,
74.47,70.76, 70.05, 67.50, 63.65; HRMS (ESI—, m/z): [M —H], calcd for [C34Hy;0,3] : 643.1452;
found 643.1459.

Synthesis Procedure of 1-Deoxy-tellimagrandin I
1,5-Anhydro-2,3-bis-0-(3’,4’,5’-tribenzyloxybenzoyl)-D-glucitol (88)

Compound 59 (3.5 g, 3.2 mmol), iodine (0.71 g, 5.6 mmol) in 100 mL of DCM and 50 mL of MeOH
was stirred at 70 °C for 7 days. The reaction mixture was washed with sodium thiosulfate solution and
brine. The crude product was purified by C.C (DCM/MeOH = 4/1) to obtain desired compound 88
(3.0 g, 93%) as a white solid. [a]}’ =+80.3 (¢ 1.06, CHCl;); '"H NMR (CDCl;, 600 MHz) & 7.38~
7.21 (m, 32H), 5.34 (t, J = 9.0 Hz, 1H), 5.28-5.26 (m, 1H), 5.07-4.97 (m, 12H), 4.35-4.32 (m, 1H),
4.00-3.99 (m, 1H), 3.91-3.88 (m, 2H), 3.51-3.48 (m, 2H), 3.07 (d, J = 4.0 Hz, 1H), 2.01 (t, /= 6.0
Hz, 1H); >C NMR (CDCl;, 150 MHz) & 167.2, 165.3, 152.6, 143.1, 142.9, 137.3, 136.5, 136.4,
128.5, 128.4, 128.2, 128.1, 128.0, 127.7, 127.5, 109.3, 109.1, 80.4, 78.5, 75.1, 71.1, 67.0, 69.8, 66.9,
62.4; HRMS-ESI (m/z): [M+Na]", caled for [Cq,HssO13Na]™: 1031.3612; found 1031.3619.

1,5-Anhydro-2,3-bis-0-(3’,4’,5’-tribenzyloxybenzoyl)-4,6-bis-0O-(3’,5’-dimetoxymetoxy-4’-
benzyloxybenzoyl)-p-glucitol (90)

Compound 88 (2.5 g, 2.5 mmol), 89 (2.5 g, 6.2 mmol), EDC-HCI (1.4 g, 7.2 mmol), DMAP (0.15 g,
1.2 mmol) in 15 mL of DCM was stirred at rt for 18 h. After the addition 30 mL of water, the reaction
mixture was extracted with EtOAc (3 x 50 mL). The combined organic layer was washed with brine,
dried over Na,SOy, filtered and concentrated under reduced pressure. The crude was purified by C.C
(CHClx/acetone = 100/1) to obtain 90 (2.3 g, 55% yield) as a colorless amorphous. [a]lz)o =+24.7 (c
2.15in CHCl;); '"H NMR (CDCl;, 600 MHz) & 7.58 (s, 2H), 7.46-7.25 (m, 50H), 5.85 (t, J= 10 Hz,
1H), 5.61 (t, J=10.0Hz, 1H), 5.28-5.26 (m, 1H), 5.22-4.93 (m, 24H), 4.73-4.71 (m, 1H), 4.50-4.47
(m, 1H), 4.35-4.32 (m, 1H), 4.064.03 (m, 1H), 3.56 (t, J = 11.0 Hz, 1H), 3.48 (s, 6H), 3.42(s, 6H);
BC NMR (CDCl;, 150 MHz) § 165.7, 165.5, 165.1, 164.8, 152.5, 150.9, 150.8, 143.7, 143.4, 142.8,
142.7,137.4,137.3,137.2,136.5, 136.4, 132.4, 130.8, 128.7, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0,
127.9, 127.8, 127.6, 127.5, 125.1, 124.2, 124.1, 124.0, 112.4, 112.3, 109.1, 109.0, 95.4, 75.2, 75.1,
75.0, 74.4, 71.1, 71.0, 70.6, 69.3, 68.1, 67.1, 63.3, 56.4; HRMS-ESI (m/z): [M+Na]", calcd for
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[CogHoyO,sNa]': 1691.5824; found 1691.5825.

1,5-Anhydro-2,3-bis-0-(3’,4°,5’-tribenzyloxybenzoyl)-4,6-bis-0-(3’,5’-dihydroxy-4’-
benzyloxybenzoyl)-p-glucitol (91)

Compound 90 (2.0 g, 1.2 mmol) in 8 mL of THF solution was added 8.8 mL of 2-propanol and 0.2
mL of conc. HCI solution, and the mixture was stirred at 60 °C for 6 h. After the addition 3 mL of
NaHCO;, the mixture was extracted with EtOAc (3 x 100 mL). The combined organic layer was
washed with brine, dried over Na,SO,, filtered and concentrated under reduced pressure. The crude
was purified by C.C (CHCIl;/MeOH = 1000/1 — 500/1) to obtain 91 (1.7 g, 93% yield) as a white
amorphous. [a]?) = +26.8 (c 2.36, CHCl;); 'H NMR (CDCl;, 600 MHz) § 7.43-7.14 (m, 48H),
6.00 (s, 4H), 5.82 (t, J=9.5 Hz, 1H), 5.59 (t,J=9.5 Hz, 1H), 5.37-5.30 (m, 1H), 5.10-4.82 (m, 16H),
4.70-4.68 (m, 1H), 4.54-4.52 (m, 1H), 4.45-4.42 (m, 1H), 3.97-3.95 (m, 1H), 3.57 (t, J = 10.5 Hz,
1H); '3C NMR (CDCl;, 150 MHz) 6 166.2, 165.8, 165.5, 165.2, 152.5, 149.0, 148.9, 142.8, 142.7,
138.2,137.8, 137.3, 137.2, 136.6, 136.4, 136.2,128.8, 128.7, 128.5, 128.4, 128.3, 128.1, 128.0, 127.9,
127.7,127.5, 124.5, 123.9, 123.8, 109.9, 109.8, 109.1, 108.9, 77.6, 75.2, 75.1, 75.0, 74.3, 71.1, 71.0,
70.7, 69.7, 68.6, 67.3, 62.6; HRMS-ESI (m/z): [M+Na]", calcd for [CyyH,0,Na]™: 1515.4775;
found 1515.4777.

Benzyl protected 1-deoxy-tellimagrandin I (92)

To a solution of CuCl, (135 mg, 1.0 mmol) in 10 mL of MeOH was added n-butylamine (400 pL,
4.0 mmol). After the stirred at rt for 1.5 h, the mixture was added to solution of compound 91 (500
mg, 0.34 mmol) in 20 mL of 1,2-dichloroethane (DCE) and stirred at rt for 30 min. The reaction
mixture was diluted with 50 mL of diethyl ether, and 50 mL of 5SM aq. HCI and 50 mL of diethyl ether
were added. The separating organic layer washed with water, NaHCO; and brine. The organic layer
was dried over Na, SOy, filtered and concentrated under reduced pressure. The crude was purified by
C.C (DCM/MeOH = 250/1) and HPLC (column, FNED01048, 250 x 20 mm, SG80-5 um, eluant
DCM/MeOH = 200/1) to afford 92 (237 mg, 48%) as a peal yellow amorphous. [a]lz)o =+69.5 (c 1.43,
CHCL;); 'H NMR (CDCl;, 600 MHz) & 7.43-7.23 (m, 50H), 6.75 (s, 1H), 6.67 (s, 1H), 5.67 (t, J =
10.0 Hz, 1H), 5.37-5.34 (m, 1H), 5.29 (t, J = 10.0 Hz, 1H), 5.25-5.24 (m, 1H), 5.13-4.85 (m, 16H),
4.47-445 (m, 1H), 3.98 (d, J = 12.5 Hz, 1H), 3.96-3.94 (m. 1H), 3.46 (t, J = 11.0 Hz, 1H);
BC NMR (CDCl;, 150 MHz) & 167.1, 166.6, 165.8, 165.2, 152.5, 149.0, 147.0, 142.8, 137.4, 137.3,
136.5,136.4, 136.3, 136.2, 135.7, 135.5, 130.3, 129.6, 129.0, 128.9, 128.6, 128.5, 128.4, 128.3, 128.1,
128.0,127.9,127.8,127.6,127.5,123.9,113.7, 113.2, 109.2, 108.4, 107.9, 75.6, 75.1, 75.0, 74.4, 711,
71.0, 70.8, 70.1, 67.7, 63.6; HRMS-ESI (m/z): [M+Na]", caled for [CooH740,;Na]": 1513.4619;
found 1513.4620.
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1-Deoxy-tellimagrandin I (93)

Pd(OH), on C (20 wt.%, 20 mg) was added to a solution of compound 92 (60 mg, 0.40 mmol) in 2
mL of MeOH and 2 mL of THF under the argon. According to the same procedure described for
previously 4 preparation, desired compound 93 (32 mg, quant.) was obtained as a peal yellow
amorphous. [oc]2D0 =+113.3 (¢ 0.29, MeOH); 'H NMR (CD;0D, 600 MHz) & 7.00 (s, 2H), 6.95 (s,
2H), 6.60 (s, 1H), 6.40 (s, 1H), 5.61 (t, J=9.5 Hz, 1H), 5.27-5.19 (m, 2H), 5.03 (t, /= 10.0 Hz, 1H),
4.25-4.22 (m, 1H), 4.08-4.07 (m, 1H), 3.80 (t, /= 13.0 Hz, 1H), 3.54 (t, /= 11.0 Hz, 1H); *C NMR
(CD;0D, 150 MHz); 171.1, 170.7, 168.8, 168.3, 150.6, 147.6, 147.1, 144.6, 143.5, 141.8, 139.7,
126.8,126.7,126.3,120.7, 120.3, 120.1, 119.4, 111.1, 110.8, 108.3, 107.7, 78.7,78.5, 76.2, 72.1, 72.0,
71.8,71.4,71.3,69.4,68.7, 64.7, HRMS (ESI, m/z): [M+Na]", calcd for [Cs4H,50,;Na]": 793.0864;
found 793.0865.
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Synthesis Procedure of polyol derivatives 94-107.
General Synthetic Procedure of 1,5-Anhydroalditol Derivatives

A suspension of 1,5-anhydro-L-glucitol (49 mg, 0.30 mmol), gallic acid derivative 54 (650 mg, 1.44
mmol), 2-chloro-1-methylpyridinium iodide (367 mg, 1.44 mmol), triethylamine (400 pL, 2.88 mmol),
and N, N-dimethyl-4-aminopyridine (176 mg, 1.44 mmol) in 10 mL of dry DCM was stirred for 2 days
under argon atmosphere. The reaction mixture was diluted by 20 mL of DCM and 50 mL of ammonium
chloride (aq.) was added. The separated solution was extracted with DCM (2X50 mL). The combined
organic layers were washed with brine, dried over Na SOy, filtered, and concentrated under reduced
pressure. The crude product was purified by column chromatography (DCM/MeOH = 500/1) to obtain
the desired benzyl-protected analog (440 mg, 0.24 mmol, 80% yield) as a white solid.

Pd(OH); on activated carbon (20 wt.%, 50 mg) was added to the solution of the benzyl-protected
analog (150 mg, 0.081 mmol) in 15 mL of MeOH and 15 mL of THF under argon atmosphere. After
replacing the argon with hydrogen gas, the suspension was stirred at rt for 5 h. The reaction mixture
was filtered through Celite and concentrated under reduced pressure to obtain a purple amorphous.
The purple amorphous was dissolved in 2 mL acetone, filtered through a Whatman™ puradisc 0.1 M
TF and concentrated under reduced pressure. The amorphous was dissolved in 2 mL of MeOH again
and acidic resin (Dowex™ 50%8, 50100 mesh) was added until the solution became clear. After
filtering through the Whatman™ puradisc 0.1 um TF, the solution was concentrated under reduced

pressure to obtain the desired product as a pale-yellow amorphous (61 mg, 0.079 mmol, 97% yield).

General Synthetic Procedure of Inositol Derivatives

A suspension of myo-inositol (180 mg, 1.0 mmol), gallic acid derivative 54 (3.17 g, 7.2 mmol), 2-
chloro-1-methylpyridinium iodide (1.84 g, 7.2 mmol), triethylamine (2.0 mL, 14.4 mmol), and N,N-
dimethyl-4-aminopyridine (880 mg, 7.2 mmol) in 30 mL of dry DCM was stirred for 2 days under
argon atmosphere. The reaction mixture was diluted by 30 mL of DCM and 100 mL of ammonium
chloride (aq.) was added. The separated solution was extracted with DCM (2x50 mL). The combined
organic layers were washed with brine, dried over Na>SOg, filtered, and concentrated under reduced
pressure. The crude product was purified by column chromatography (Hex/DCM = 2/1-DCM/MeOH
=500/1) to obtain the desired benzyl-protected analog (2.66 g, 0.98 mmol, 98% yield) as a white solid.

Pd(OH); on activated carbon (20 wt.%, 50 mg) was added to the solution of the benzyl-protected

analog (300 mg, 0.11 mmol) in 20 mL of THF under argon atmosphere. After replacing argon with
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hydrogen gas, the suspension was stirred at rt for 5 h. The reaction mixture was filtered through Celite
and concentrated under reduced pressure to obtain a purple amorphous. The purple amorphous was
dissolved in 10 mL acetone, filtered through a Whatman™ puradisc 0.1 uM TF and concentrated under
reduced pressure. The amorphous was dissolved in 10 mL of MeOH again and acidic resin (Dowex™
508, 50—-100 mesh) was added until the solution became clear. After filtering through the Whatman™
puradisc 0.1 pm TF, the solution was concentrated under reduced pressure.

The obtained pale-yellow oil was purified using Chromatorex (DIOL MB100-40/75, Fuji Silysia
Chemical, Ltd.) column chromatography (DCM/MeOH = 6/1-1/1) to obtain the desired product as a

colorless amorphous (120 mg, 0.11 mmol, quant.).

Synthetic Procedure for the Condensation of scyllo-Inositol

A suspension of scyllo-inositol (18 mg, 0.1 mmol), gallic acid derivative 54 (270 mg, 0.6 mmol), 2-
chloro-1-methylpyridinium iodide (153 mg, 0.6 mmol), triethylamine (166 pL, 1.2 mmol), and N,N-
dimethyl-4-aminopyridine (73 mg, 0.6 mmol) in 5 mL of dry DMF was stirred for 2 days under argon
atmosphere. The reaction mixture was added to 30 mL of ice water, followed by the addition of 30 mL
of DCM. The suspension was extracted by DCM (2x50 mL). The combined organic layers were
washed with brine, dried over Na,;SOys, filtered, and concentrated under reduced pressure. The crude
product was purified by column chromatography (Hex/DCM = 1/3) to obtain the desired benzyl-

protected analog (164 mg, 0.06 mmol, 60% yield) as a white solid.

2,3,4,6-Tetra-0-galloyl-1,5-anhydro-L-glucitol (94)

Pale-yellow amorphous. 78% yield from 1,5-anhydro-L-glucitol. [oc]zDO = —56.8 (c 1.00, Acetone);
'H NMR (600 MHz, Acetone-dg): 8 7.19 (s, 2H), 7.05 (s, 2H)x2, 6.99 (s, 2H), 5.81 (t, J= 9.6 Hz,
1H), 5.49 (t, J= 9.8 Hz, 1H), 5.26 (m, 1H), 4.48 (dd, /= 12.4, 2.1 Hz, 1H), 4.32-4.29 (overlap, 2H),

4.16 (m, 1H), 3.72 (t, J = 11.0 Hz, 1H); HRMS (ESI~, m/z): [M —H]", calcd for [C34H,705] :

771.1045; found 771.1046.

2,3.,4,6-Tetra-0-galloyl-1,5-anhydro-p-mannitol (95)

Pale-yellow amorphous. 83% yield from 1,5-anhydro-p-mannitol. [a]2) = —173.1 (c 1.00, Acetone);
'H NMR (600 MHz, Acetone-dg): 8 7.21 (s, 2H), 7.17 (s, 2H), 7.08 (s, 2H), 6.97 (s, 2H), 5.71 (t, J

=10.0 Hz, 1H), 5.65 (m, 1H), 5.58 (dd, J = 3.5, 10.0 Hz, 1H), 4.47 (dd, J= 1.7, 12.0 Hz, 1H), 4.37

(dd, J=7.2, 12.0 Hz, 1H), 4.21-4.17 (overlap, 2H), 4.11 (d, J = 12.0 Hz, 1H); '*C NMR (150 MHz,

Acetone-dg): 6 166.5,166.11, 166.02, 165.95, 146.01, 145.87, 139.30, 139.21, 139.08, 139.12, 121.51,
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121.37, 120.86, 120.72, 110.20, 110.17, 110.10, 110.01, 77.83, 73.20, 70.35, 68.69, 67.97, 64.61;
HRMS (ESI-, m/z): [M — H]", caled for [C34H,70,,]7: 771.1045; found 771.1045.

2,3,4,6-Tetra-0-galloyl-1,5-anhydro-p-galactitol (96)

Pale-yellow amorphous. 81% yield from 1,5-anhydro-p-galactitol. [oc]Iz)O =+147.3 (¢ 1.00, Acetone);
'H NMR (600 MHz, Acetone-dy): 8 7.19 (s, 2H), 7.12 (s, 2H), 7.06 (s, 2H), 6.97 (s, 2H), 5.91 (dd,

J=1.1,3.1 Hz, 1H), 5.63 (dd, J = 6.9, 10.0 Hz, 1H), 5.59 (m, 1H), 4.44 (dd, J = 6.9, 11.0 Hz, 1H),

4.40-4.36 (overlap, 2H), 4.21 (dd, /= 5.8, 11.0 Hz, 1H), 3.74 (t, /= 10.0 Hz, 1H); BC NMR (150

MHz, Acetone-dg): & 166.29, 166.06, 165.96, 165.82, 146.10, 145.97, 145.82, 139.23, 139.17,
139.01, 121.16, 120.85, 120.81, 120.68, 110.07, 109.94, 76.14, 72.83, 69.33, 68.01, 67.74, 63.01;

HRMS (ESI™, m/z): [M — H], calcd for [C34H,70,;] : 771.1045; found 771.1044.

2,3,4-Tri-0-galloyl-1,5-anhydro-L-rhamnitol (97)

Colorless amorphous. 86% yield from 1,5-anhydro-L-rhamnitol. [(x]zDO =+4316.2 (c 1.00, Acetone);
'H NMR (600 MHz, Acetone-dg): & 7.20 (s, 2H), 7.08 (s, 2H), 6.96 (s, 2H), 5.60 (m, 1H), 5.49 (t, J

=9.3 Hz, 1H), 5.55 (dd, /=3.8, 10.0 Hz, 1H), 4.10 (dd, J = 2.1, 13.1 Hz, 1H), 3.99 (d, J = 12.3 Hz,
1H), 3.82 (m, 1H), 1.28 (d, J= 6.1 Hz, 3H); BC NMR (150 MHz, Acetone-dg): & 166.11, 166.03,
165.94, 146.04, 145.97, 145.79, 139.05, 138.98, 121.41, 120.99, 120.91, 110.02, 109.95, 75.66, 73.14,

72.33,70.60, 68.49, 18.37; HRMS (ESI™, m/z): [M — H], caled for [Cy7H»3046] : 603.0986; found

603.0988.

2,3,4-Tri-O-galloyl-1,5-anhydro-L-fucitol (98)

Colorless amorphous. 94% yield from 1,5-anhydro-L-fucitol. [oc]lz)0 = —257.1 (¢ 1.00, Acetone); 'H
NMR (600 MHz, Acetone-dg): 8 7.19 (s, 2H), 7.05 (s, 2H), 6.96 (s, 2H), 5.62 (d, J = 1.7 Hz, 1H),
5.53-5.50 (overlap, 2H), 4.25 (m, 1H), 4.10 (dd, /= 5.8, 12.4 Hz, 1H), 3.16 (m, 1H), 1.18 (d, /= 6.5
Hz, 1H); °C NMR (150 MHz, Acetone-dg): & 166.13, 165.98, 146.08, 145.97, 145.81, 139.07,
138.96, 121.09, 120.98, 120.81, 110.01, 109.92, 74.41, 73.25, 72.04, 68.04, 67.72, 16.88; HRMS
(ESI™, m/z): [M —H]", calcd for [C,7Hy3014] : 603.0986; found 603.0988.

2,3,4-Tri-O-galloyl-1,5-anhydroxylitol (99)
Colorless amorphous. 84% yield from 1,5-anhydroxylitol. 'H NMR (600 MHz, Acetone-dg): 6
7.07 (s, 4H), 7.06 (s, 2H), 5.73 (t, J=9.3 Hz, 1H), 5.23 (m, 2H), 4.22 (dd, J= 5.5, 11.4 Hz, 2H), 3.57
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(t, J=10.3 Hz, 2H); '>C NMR (150 MHz, Acetone-dg): 8 166.12, 165.92, 145.97, 145.88, 139.21,
139.04, 120.94, 120.66, 110.06, 110.00, 73.45, 70.52, 68.08; HRMS (ESI~, m/z): [M — H]", caled for
[Co6Hy 0461 : 589.0830; found 589.0832.

2,3,4-Tri-O-galloyl-6-amino-6-deoxy-1,5-AG (100)

Pale yellow amorphous. 90% yield from 6-azido-6-deoxy-1,5-AG. [oc]zD0 = —2.6 (¢ 0.7, Methanol);
'H NMR (600 MHz, Methanol-d,): 8 7.01 (s, 2H), 6.98 (s, 2H), 6.92 (s, 2H), 5.81 (t, J = 9.6 Hz,
1H), 5.31-5.23 (m, 2H), 4.37 (q, J = 5.5 Hz, 1H), 3.97-3.94 (m, 1H), 3.68-3.58 (m, 1H), 3.17 (dd, J =
13.6, 2.6 Hz, 1H), 3.10-3.05 (m, 1H); '*C NMR (150 MHz, Methanol-d,) & 167.6, 167.5, 167.2,
146.6, 146.5, 146.4, 140.7, 140.4, 140.2, 120.5, 120.2, 119.7, 110.6, 110.4, 76.2,74.3,71.7, 70.8, 68.0,

49.9 ; [M + Na]*, calcd for [Cy4gH34050Na]™: 642.0071; found 642.0071.

2,3,4-Tri-O-, N-galloyl-6-amino-6-deoxy-1,5-AG (101)
Colorless amorphous. 68% yield from 6-amino-6-deoxy-1,5-AG. [oc]zD0 = —2.9 (c 1.0, Methanol);
'H NMR (600 MHz, Methanol-d,) 8 7.01 (s, 2H), 6.96 (s, 2H), 6.92 (s, 2H), 6.85 (s, 2H), 5.71 (t, ]
=9.6 Hz, 1H), 5.27-5.21 (overlapped, 2H), 4.29 (q, J = 5.5 Hz, 1H), 3.89-3.85 (m, 1H), 3.79 (dd, J =
14.1, 2.4 Hz, 1H), 3.61-3.55 (m, 1H), 3.32 (overlapped, 1H); *C NMR (150 MHz, Methanol-d,):
8167.6,167.5,167.2, 146.6, 146.5, 146.4, 140.7, 140.4, 140.2, 120.5, 120.2, 119.7, 110.6, 110.4, 76.2,
74.3,71.7,70.8, 68.0, 49.9, 41.8; HRMS (ESI~, m/z): [M — H] ", calcd for [C4gH35050] : 770.1283;
found 770.1283.

1,2,3.4,5,6-Hexa-0-galloyl-allo-inositol (102)
Colorless amorphous. 55% yield from allo-inositol. "H NMR (600 MHz, DMSO-dy): & 7.16-6.75
(m, br, 12H), 6.20-5.66 (m, br, 6H); *C NMR (150 MHz, Methanol-d,): § 167.36, 146.43, 140.55,
120.58, 120.38, 120.24, 111.04, 110.45, 70.67; HRMS ( ESI*, m/z): [M +Na]*, caled for
[C4gH36050Na]*: 1115.1189; found 1115.1189.

1,2,3.4,5,6-Hexa-0-galloyl-D-chiro-inositol (103)

Colorless amorphous. 51% yield from D-chiro-inositol. [OL]ZDO = 492.7 (¢ 1.00, Acetone): 'H NMR
(600 MHz, Acetone-dg): 6 7.31 (s, 4H), 7.04 (s, 4H), 6.98 (s, 4H), 6.22 (m, 2H), 5.95 (m, 2H), 5.87
(m, 2H); HRMS (ESI*, m/z): [M + Na]*, caled for [C45H;36050Na]*: 1115.1189; found 1115.1188.
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1,2,3,4,5,6-Hexa-0-galloyl-L-chiro-inositol (104)

Colorless amorphous. 52% yield from L-chiro-inositol. [a]2D0 = —90.2 (¢ 1.00, Acetone); 'H NMR
(600 MHz, Acetone-dg): & 7.31 (s, 4H), 7.03 (s, 4H), 6.98 (s, 4H), 6.22 (m, 2H), 5.94 (m, 2H), 5.87
(m, 2H); >C NMR (150 MHz, Acetone-dg): 5 165.90x2, 165.18, 146.33, 145.92, 145.89, 139.68,
139.22, 139.07, 120.61, 120.43, 120.31, 110.40, 110.15%2, 70.94, 70.43, 68.91; HRMS (ESI*, m/z):
[M + Na]*, caled for [C45H;34050Na]*: 1115.1189; found 1115.1191.

1,2,3.4,5,6-Hexa-0-galloyl-epi-inositol (105)

Colorless amorphous. 55% yield from epi-inositol. 'H NMR (600 MHz, Acetone-dg): & 7.32 (s,
4H), 7.02 (s, 2H)X2, 6.98 (s, 4H), 6.57 (t, /= 10.7 Hz, 1H), 6.29 (t, J = 3.4 Hz, 2H), 5.98 (t, /= 3.8
Hz, 1H), 5.89 (dd, J = 10.3, 3.4 Hz, 2H); ">C NMR (150 MHz, Acetone-dg): 5 166.69, 166.18,
165.84, 165.63, 145.86, 145.80, 139.45, 139.27, 139.17, 139.06, 121.23, 121.01, 120.83, 120.64,
110.85, 110.37, 110.14, 110.02, 70.82, 70.19, 68.36, 67.78; HRMS (ESI*, m/z): [M + Na]*, calcd for
[C4sH36050Na]*: 1115.1189; found 1115.1189.

1,2,3.4,5,6-Hexa-0-galloyl-muco-inositol (107)

Colorless amorphous. 45% yield from muco-inositol. 'H NMR (600 MHz, Methanol-d,): 5 7.03 (m,
12H), 5.812 (m, 6H); Be NMR (150 MHz, Methanol-d,): 8 167.28, 146.47, 146.43, 140.58, 140.48,
120.32, 110.73, 110.50, 71.20, 69.36; HRMS (ESI*, m/z): [M + Na]*, calcd for [Cy4gH35050Na]™:
1115.1189; found 1115.1189.

1,2,3.4,5,6-Hexa-0-galloyl-myo-inositol (107)

Colorless amorphous. 98% yield from myo-inositol. 'H NMR (600 MHz, Acetone-dg): 6 7.25 (s,
2H), 7.01 (s, 2H), 7.00 (s, 4H), 6.97 (s, 4H), 6.26 (t, J = 3.1 Hz, 1H), 6.22 (t, J = 10.0 Hz, 2H), 6.13
(t, J=10.0 Hz, 1H), 5.90 (dd, J = 10.3, 2.7 Hz, 2H); *C NMR (150 MHz, Acetone-dg): 8 165.96,
165.87, 165.78, 165.69, 146.19, 145.86, 145.82, 139.47, 139.26, 139.12, 139.10, 120.66, 120.62,
120.39, 110.15, 110.08, 110.05, 110.03, 71.36, 70.67, 70.63, 69.43; HRMS (ESI*, m/z): [M + Na]*,
caled for [C4gH36050Na]*: 1115.1189; found 1115.1189.

1,2,3,4,5,6-Hexa-0-galloyl-scyllo-inositol (108)
Colorless amorphous. 60% yield from scyllo-inositol. 'H NMR (600 MHz, Acetone-dg): & 6.95 (s,
12H), 6.05 (s, 6H); °C NMR (150 MHz, Acetone-dg): 8 165.78, 145.79, 139.04, 120.76, 110.15,
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71.45; HRMS (ESI*, m/z): [M + Na]™, calcd for [C45H;5050Na]*: 1115.1189; found 1115.1188.
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