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FFam
T 12-cisBRR2 7Y a2 /UbRL

BEBIIZ < OAEMTEMDEICE T TR Y | MO FRIs]

B, X R B o el
R INE I LICB W THEEREEZH S TWA D, AWIEMEICEE L SNAESHOL < IX

BHEIA ) I~ —L LT HLWVIERIRES Y V7 EICHE LTEEHE L L THFEL, £

DRZ ERWIT LG HT- 5 (Figure 1),

RIZEZABND O-7 ) av NiE, 7/ v ONEKIEFIZE > T a- DM B-27 Y

a3 RIZHEENS, 12-cis-d AW T 12trans-7' ) 2 R Lk HlcET 2 L Tx 5, b

ARRBHEEE D 12-cis-7 Y 22 RiZiE, a (KD -7/ va—2R°D-H7 7 b—A, B

KD D~ )= AR L-T L) — Al EREEND D,
GlcNAc
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e Hﬂo&%

o HO G"(’DNA" AcHN
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Figure 1. Natural products containing 1,2-cis linkages



BIZIE, U ARZHEL Y T DEMEOMEAFEL TWD T R R ORKTHY | N
HEoD) By B A LEZHENOHRESND, HEOREISELEH LS EL20, VAR

DFEZRNT 7 F DT P ay MR ENTW S, T, FEEO U REHEICE En
DHHEHDOFIENMEF RSN TEBY | BWRIRIE. UV 7 F o~ 2 B8 LTZbH5E
ERIATON TS 3, 72 a(l,6) fiG TORD o T ESRERIC afl,3) FiA DI A
HND a-7 V1, Aconitum carmichaeli 7> 5 Bl S =2 BECH D, GEHEERN S
D, TYany FELTOMEZHATND Y, EBIC ae-HT77 P FBED 0-7 2 F
Z&Te Globo-H 13, NAMIZOREITERIFEE L TRV, U7 F o RORERIEDIER & 72
DT EPHIFFSILTND Y, T X O ICEHEETHME S & T D BESHO BRI RO, E3E
A ~OFIHNIE, @HEE OFESH A RE ITA R T & 5 FIENRD LTV D, ML RKIROHE
HEHBET 2 2N TEE LTH, BEEREREIIIRY 0bH D Z 1%L toiet
BT DILFERIENRLE L SND, RIROFEHOBREMA D72 5 £ OIEMEZ BT
DG Z BT 72010, Hiax RBEHA GRTE 5 FEORENEEN TV D

— kAR 7 ) A ABBOS TR, BB A A D REL SR & T 3 — L OBEZ IR
6T 5, WO LPEMEGRICIEL, A I 7 — MESCTARE, ~a bR ERH Y |
FNENIKIET DIEMEAID L < @i STV D O, I EANZ TR0 7 Lo 27
v REEoVA ABENHNWOLNTEY , A% Y DR DA T AU 2T, 1,2-Cis-& 5 WX
1,2-trans-7" U =23 RVERKT 5, 20D T PN IRIC L D BEEREE AR L= 27U 2201k
BOSIE, 12-trans-7" Y @ RSB IRANIZGE O D 7iEE LTSV TW 5 (Figure 2, [
BY), —J. 1,2-Cis-7 U 2y RERIICH L DIERETH Y | Fix O FIENRARE S TE
Tzo ZOHIEE LT, () C-2 ML DRI X 261, (b) ERAORFELLIC K51, (c) 4
FEG, (d) SCARBEOEE, (6) WHEE 72 ITWIMANC L D205, () Ml X 2 el g
RENMBATND

T

ﬁ

() F TN EHEAT S 2 & TEV 1,2-cis EIRMR 7 D 3 U ABRIGS EERL ST
W% (Figure2, FE)), (S)-(7 m=/L AF L) RXUVAENIZ LY | trans-T A Y > DK 9 73
HRADTERL LT < 72 %0 BERZ AR O SRIZKBE D P RAD TR Z 572, 1,2-cis-7
Uay RPAERT D, ZOFEX, BEHEGRICHEE S TERY ., FiHo BEER~DRH
PDEIESNTND 9, T VRBEBEEELISMIIE, (ortho- R 2L T X R) XU ED



BEEZILIZ L0 1,2-cis BRI ZRSUGHETT 5 L HE STV D,

) ROH
R4 =Ac 0 0
— . R1O/\/ﬂ 4/ —  R'Ov—\_OR?
o) AcO
/O
R1O>/O ROH promoter - ® 1,2-trans
+
R20 -
X o @ RI0 o
1A=~
R'O V?/S\Ph Phi.. OOR3
R? = CHPhCH,SPh Ph &
ROOH SPh

1,2-cis

Figure 2. Effect of neighboring protecting groups at C-2

(b) FEMRALORFEILIT L > T 1L2-cis iEIRMA 1) LS DENR L BTN D 9, Bl 21T,
o) o EBXOaa A LRI KD 1,2-cis BRI 7Y a L USRS ShvTn
% (Figure 3)19, EMRMLOE =Y = AHB LU 2w A VT, BT DR L DKFE
FEAZEI L, syn BIRIICHES BRIRE ORISR Z 5, 20 & 9 RO ISIE, KEFHE
MERT 77 2 #5i7 (hydrogen bond mediated aglycon delivery, HAD) & FEZILCU %, C-3
foicea Y = VR 72T a un A VENAHET 258, L2-trans-7' U = RSEIRAYICTS:
b —7 . CAMIAAET 25E1TIE, 1,2-cis-2' U 2 & FSEIREGICAERT 2,

[BnO._0Bn
0 :-o?® 0
OBn + _ = OBn
N MeS—SMe, OTf Al N
B B%)(D/é% “ ROH — BnO (H)R — [ T eno 2
| n n
>~ BnO 1,2-DCE o >~ BnO
SEt N OR
0 ‘ P> 1,2-cis

Figure 3. Effect of remote protecting groups

(©) /3 W7 7V 2 4&AT (intramolecular aglycon delivery, IAD) 12X > T, 1,2-cis-v> /&
R&BRINIZED 2 E N TE 2 (Figure 4)W, P G54RD C-2 frEHIEAFIHT 2 2 L T,
WZRIK (770 ay) EORGT B —ARERT 5D, ZOFRIKERI-%IC, B
PIEHAE SN D T & TERIEN I L T\ 5, C-2 (D@L Z R 2 LML, bE
e GARD C-6 7 & BEZFIRD C-6 (s U v A —THEIZN T RIER D & B SR 275 ML X

¥DHZETL2Cs- 7 Nay RMELNEMENRDH S 12,



OMe OMe

o) 0~ “OR? HO
DDQ o MeOTf
17— + RZOH — > pin=— . 1~ O 2
RO Chyl, RO ptemMp RO R or
SMe SMe 1,2-cis

Figure 4. Intramolecular approaches

(d) BRAb ST ARG D SRBIRMEIC R E REEZ KT T Z LB TV D, b L <M
SNTWBHIL, 46-0-_0 P U F o7& — )L T#E SRt 540 6| 1,2-cis-7 U =
T RBEIRIZHE LN DWETH D (Figure 5, BB, SAARBURICHIEN & B 72D A%
HINN=T W F A BREEEND N, W E—=T =4 D) 7F— kR a fLll
bLHMENRE L 18D, ZORMIKRBIEZEERSE SN2 SUGEREZ L, 1,2<is-7' Y 2 R
AR D,

b —DDOHNE, AX Y IR AT A A RLES SN2 SR SNl i K
LAERNCRD L HICEZ BN 26-F 7 b E2AT DL A ST 5 (Figure 5,
TE)M, pIIRICT L a— L LU L TR BT 26-F 7 Fid, NaBHglZ k- TETT
5T ETL2Cis-~v 2 /¥ NICEBT 5 Z LI TE D,

OBn PhSOTf OBn
PR 0 prevP |1 020 RPOH PRV .0\ (8"
- e —_— 2
BnO CHoCl, BnO BnO OR
SPh OTf 1,2-cis
o) o)
AuCl; (10 mol%)
0 . 0
o (AFFNH),CS (10 mol%) o
BnO + RPOH BnO OR?
o CH,Cl, .
O._CCls
1,2-cis

Arf = 3 5-bis(trifluoromethyl)pheny!

Figure 5. Conformational restriction control

(&) BUSEIEDS 7Y a2 2 ALK DF-RPEIZ 5 2 DRI O TR, BRI N TE T,
T—F L REET 1,2-cis TR 7V 3 L VRS AAREES D 2 &V (Figure 6, -
BOY, it =—TFAREI T b T E ED SRR L > TR S D, —
. T F= MU AVEMISEBIZHWS & 1,2-trans B4R 72 7Y 2 2 AL EURAE 2 2 H
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MAEW, TOEBIL, 7/ v —RB L O C2 M OBERTOEGIZ L > TLEN SN
12-Cis-= b U U T ADFA U HRUKRZRRD Z EBMRBENTWD (Figure 6, H1E%)2, IRIEED
EHEIZIVBRIREDOGI D R Z N TE D Z LIIFETH D08, WERIRE, EMALAI7Z2 Sl &
S TEPIWPEN R E <L SN D T2 DRI KX 238U O FIEZRILREN TH 5,

RENAEHT 2WINAIZ M2 5 Z & T 1,2-cis BIRMARSIEDE Z 5 Z & b b TV
% (Figure6, TEX)IS19, EFIRMANAF Y HAR= Ah T4 LKL, ap-FRED
PR E 52 D, BPWEN BT 2 FZARM ML, OSHEDO R B-H IR BEZ AR
EHLIET HI2DOEEEZEZLNTND, AL LT, T4 RRALT 4 R, ALEAF
VR, RAT 4 A XU R, RVLT I RRERET LD,

Et o
promoter o/ R3OH 109
AR R1O>/ go | 2, R'O \/Z&|
Et,0 2 A\ R%OL 3
RO Et OR
0 L ] 1,2-cis ()
R10/\/ﬁ ]
R?0 _ -
X s
R'O
promoter R20 R30OH 0 s
L RG] —  » R'Ov—=\_O0R
MeCN //N R20
1,2-trans
L Ms ] (B)
0 promoter ®
RO 1 >~—0
RION S
X
DMF
" | )
RO R'0Ow~\ 0. _H _ROH gigx
OYH /\ ® OR?
N® Me™ "Me 1,2-cis ()
Me Me

more reactive

Figure 6. Effect of solvents and additives

(@ 76 (d) OX D ZRIERENC L2 HENZ S HE S D e, () OREERIZSLikE
PFPEZ B3 2 FIEOBRE L ED TS 10, il A AV 7o STAHIEE X, PRERIC K
HfillRZZ T $, WEAMEICEHR TE 200, BEANZIEKRTE 20 TEATWS, L
LIRS B WE S TO D AR 22 UG D % 3, Al EOTEMEALA 2 W RS TH 5,
T b | AEIHBEEICER U TR SR TG 272D IV STl b | SR
IR LWz, BOSIEESS I O v 2 —T =3 v W7 8 DOSFICKE RFET 2,
BIZIE. 7 ALREDIEMEAL TIE, ARk & 2R BRI K > TR TE 2 Z LI BTV D03,
ZDSLARBEIFNETT = A Fl & I L DR KR E W (Figure 7)), 7 /L = /LX) o
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— MR L L7e@fiiiiic k2 77 a v BROS TR, BEEEIEE G- O 22 W Stk TR
PEITR ONT, C2 DT IVEEZFIM U7 BB 512 K % 1,2-trans SR 72 SUS A3
S TWS (Figure 7b) 19, 1212 1,2-cis BRPED ] B S A7 & WA STV DA, 10 M &
b OWESZERELELE T 592, TRONTZEE TULAMER ST L 19,

FRBEAN BN LARBIE S 2 D TiEe <, M 77— 7 =F U2 Lo THlE S a7z 1,2-cis

BRI FIERF BTV D, BlxIE, 12-cis-2-7 X/ 7Y 2y ROGRIETIE, Nifillhic
£ B SREIR 22 RS HE SNTWD, ZOEMEOENT-AE LT, filksh T 5 b-
IhatI b 4 TRTHEEAZMEICER TE 280, IERICEWILARIWMENFEHL L
TWHRBRENFTOND, Y. Ni AR X 2 B 22 LRSI 23208 ST 7ans,
BTSRRI U D TFOH OB 2 S T2 (Figure 7¢)29,

B DREREICAE BT 5 & | S EHEASSLARHIEIC NN T B BIERR BTV 5, il
(2 &2 SERHIEE & 13, BBERE O 27 & FBEEE AR DM O ERAL & 2\ MIHESZ AR Dl &
FEERT S Z L2k o T SEFEBRMEDS BT 2 HIETH 5, BlAIE, C-2 (Lo B LR
2372 < Th L2-trans 3BIRAY & 22 2 R R 7V 3 LU BEUED 2T H 315, Jacobsen &

(a) Catalytic activation of glycosyl fluorides

HB(CeFs) BnO
BnO _@omol%) m%l‘?/o Bno 2o
BnO BI’]O BnO BnO (0]
BnO BnO T sAms BnO Bhno
Oome CF3Ph/t-BuCN BnOY e
-20°C 97% (a:p = 4:96)
BnO
BnO O
HCIO,
HO 4 BnO
BnO——x BnO—2 % 5A MS, Et,0 BnO 0
OMe —20°C BnO
BnoOMe
0 (R = QO-
(b) Catalytic activation of glycosyl ortho-alkynylbenzoates 94% (o = 92:8)
n-Bu BnO
)(o OH PthAuOTf Bnokwo o
BnO (0.1 equiv.) BnO J
B O >
Qno 4A MS
CH2C|2 rt
R =Bz: 99% (B only)
R =Bn: 99% (a:p = 1.4:1)
(c) 1,2-cis-Selective glycosylation with Ni(OTf),
ACO AcO
(o] . AcO
AcO o L,Ni(OTf), AcO AcO ACO
AcO (5 mol%) | AcO O Acok/ ROH
N —>| AcO AcO

_// OoTf| — »
Ar (0] CCl3 CH,Cl, N
hig Ar—7 OTf L
NH more reactive

96% (o:p = 17:1)



(d) Stereoselective glycosylation with bis-t

hiourea

%)

BnO MeOH (2 equiv.)
BnO O
BnO
BnO

bis-thiourea (10 mol
Cl toluene, rt

o =>50:1

F3C
MeOH (2 equi

isobutylene oxide (1.1 equiv.)

bis-thiourea (10 mol%)

BnO
O N
BnO OMe
BnO

83% (aw:p = <1:50)
t

v.)

BnO
B”O&&/Cl
BnO BnO isobutylene oxide (1

toluene, rt
ap=14

)\Q

bis-thiourea

QY
f

5

.1 equiv.)

87% (a:pp = 3:1)

(e) Stereoselective glycosylation with in-situ generated acid

— ||3h -
F ! _F
i-Pr Si
\O/@\F
OBn i ! BnO
a-donor ! ! Io)
BnO o.! 1 BnO .
= BnO H —> BnO Oi-Pr
! ! BnO
BnO
n OYN@g 92% (cis:trans = 1:24)
Cat CCly
E Cat - -
R'OH R'd’ TH) —
o— 5+ B CCly ]
. ®
Cat: PhBF,, PhSiF3, AuCl;, AuCl QANH
OBn ! BnO
BnO (O ! BnO 0]
— | "Bno , H |7 BnO
-donor ' | BnO/! .
BnO o o ':: Oi-Pr
i-Pr” >Sii 84% (cis:trans = 2:1)
F7" | °F

Figure 7. Catalytic glycosylation

Lo TRESNIZEATF AT LTI, F4 0 LTI L0 BB 2 1S3 57210 T
RS E EN DI NN =NV LV BEZBFEOT )V a— L bIEM L TE 5720
SEAREPPEDFEBL L T2 (Figure 7d)D, & 72 Schmidt & 12 L » THRE S 7o v A AERfilfE

A ,%JI/\

(PhBF,, PhSiFs, AuCl3 72 &) 1%, #ZBRIKOT v a— Wl L, U7 L 2T v KR
L GARD a-1 X5 — MNEZTEMA LT 2720, W27 SN2 BUSHIMIERE X4 1,2-trans-2



Ty RERIRICE 25 (Figure7e)2209, LsL72R3 6, b OO ST 4 25
HEGARO B RO SLAALFT K0 AR OSBRFMER K& < B S B-7 m B E 21T
B-1 17— MEEZHWZGEITIE, 1,2-cis @PEDRKRE IR TT 2 & dE ST 5D, ULk
D X 91 1,2-trans BIRA 72 B IZ bR D & | BRI HITIKAT L 72V 1,2-cis BRI 72
kS S DOBIFS IR EE EICH D & F R D,

RV, MR SRR P E 2 HIH 5 2 & ICHE A . EITHRAIT T 5 A1 o SR fil
BAC R D7) a v UG O#EICHE B Uiz, BREEFEEO AR O Rl 2 F v
AU, IR CTOFRRZR ISP ER S ATV EHER L7, S BT, Al B R OISR Ll i)
BHTHY ., HEE ATEICHECE 28ICbFERH D LB 272,

BH AR URMEC LD 7Y a b RIG

R RN AV a R LB LR ATE AT D Z LTl < B b ATz ), 1995
T Eggert B, 7 va—R T U —hn VEEOEERZ NMR 2 X o THEHT L, Z O
G L7z (Figure 8, EEX)?, BLBRIEWNZ L2, A UBIIE T ) —2AMTE R 77 )

ARD 73— R RPPIEERFR L. KFIZ L b o T Em0WBftEEZ ~d 2 L0830 6
Nk ipolo, REWEZEMLEH T D8EORRAEN L, R Ui —RA R L LT
WAL E SR 72 7Y a3 VBRI 2 s S4Cuv%  (Figure 8, TEHD, Au R &
LHFEDFRRR A IS LTI BHITIR S . FEEDHEDNAA F~— =R /v a— X 5B T
wmi%%yxuy&@?ﬂ%X@%%ﬁEﬁLw%nfwéW

HO N OD
HO 2
H
HO ‘OH DzO Q o\B M

BzO o
Ho Ho/a/o BES&S/S% BE(Z)O/&&,
HO&&H 2PhBOH), Els/q Bz0 BzO %Oﬁ‘
0

HO Ho “oH acetone pH NIS (1.0 equiv.) BzO HSO
O—B. TMSOTf (0.10 equiv.) HO ‘OH
5A MS, 1,2-DCE 94%

Figure 8. Formation of bis(boronate) complex and its utilization for transient masking

SERALFE D[ E ST HESZ BRARD VA — v & G T RACE Y OSSRTE R Z I Lz,
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(LEBERN 2 7)) 3 2 RO DBIFE b HE STV D, 1999 FIZHFIH 1T, BEOAHE
R FECEY A AW TALERIRG 72 7Y 3 L RG2S U= (Figure 9)27), (7 {E R
BRREOTFETIM O TR, ~"a AL BT ) a v b &7 Z LR TE,|
72 TETH T, ZORIGOEL 2D DIE, Ak, REELE SN TS B-OfEaan T
NOTNaxy FIZL > TEEET 22 L TH D,

B\

®0~H B OMe
Me—7-0 QMe
OMe  aco . OH Me~7=0
M o AcO 0 (1.1 equiv.) ® OH
e OH * AcO o \@ Et,N~ |77 AcO
HO eq Br 4AMS, THF, 50 °C AcO a
ax (3.5 equiv.) AcO 93%
(1.0 equiv.) L _

Figure 9. Regioselective glycosylation promoted by organoboron reagent

2011 4E. Taylor 52k~ T, flEay7e 1,2-trans IBIRAI 72 77 ) 2 2 AL OGS ERR S 7=
(Figure 10, LE%)?, ANm Ul Ciize <, AU UEflia VW5 2 & T IHHER I HIC
FD BN TND, K7V 22 ABROSE OFEM 722 BUSHERE (DWW TR, Fl 4 DR D Sn2 X
JIETHDZEWRSNTN D, N T ALFELINI, ~I T 'S — L2 AP TAVAELTZ
PFEfL ARG 1,2-trans B4R 72 7 U 2 U BROSICAT 32 23 T& % (Figure 10, TEE)%0),
HERMEZ RS AXYRT T T2 ORI L0 | WEAL & 72 - T2 SRR DO REZ M
DEHIZED LN TN D,

Ph H;
@B N®

TI-BISO OH N Aﬁ(%o O\) 10 mol%) Aco TI_B|80
HO +*  AcO A s
Ag,0 (1.0 equiv.) c

e
d Br MeCN, 23 °C

TBSO OH ax
BnO BnO eq BnO TBSO
Bno&&m Ms,0, PMP Bnoﬁh OMe o Ho
BnO CH,Cl, BnO OH BnO

BnO "OH i BnO "“OMs
©: :@ 80% (aup = 1:10)

(8 mol%)

99%

Figure 10. Borinic acid catalyzed regio- and 1,2-trans-stereoselective glycosylation
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FEAB DRI ZAT > TOHRIZIE W T, U ONHER#HE Sz, 2015 4, &L =
WG HI%, A= LT U =L m SR B D5 R AT b R ORISR L
7o 1,2-cis IR 77U a v LS %28 Lo (Figure 11, BB, Z 0% O a7 0
ULV, B T a— L LR Y U 72 D EER AR Lo 1,2-cis IR 7Y =
UG (Figure 11, FE)?0O0 0 Shi )R Th D Z & AT Eid L OGHRRE R 72 &7
HESINTND 2, frx RRESHEEPF R TH L. HE SN TWDERMET. &
LTEDPEHEGRITT v RECRONTWD, £, R UE LAY L - TEE LS
LD VA—NVOMEITIEIHAN DY . 27T U TS S e Fa X ER3 T 507 UL
ZH2e FrX ALY bREMEDED LN TW DN AL, ZHEEERREHOA
FRODT=DIZIE, BUSLE OBIHIEICE S D 2 L7 < | e etk R 2 Hnws Lo T

LEFERSHITKRDLND,
1. B(OH),
Meo/©/<20 mol%) PhV0

H
OH ax
Ph/%o 0 toluene, reflux gfl \
HO HO eq
eq . BnO BnO
BnO o BnO
0,
(1.0 equiv.) BnO BnO 70%

(3.0 equiv.)
MeCN rt

BnO
BnO

ﬂg’
BnO BnO
(2.0 ) © Bé}oo/&%
equw n
BnO 0 4 HO
BnO THF -80 °C 0 o
BnO

(1.0 equiv.) (20 mol%) BnO
99%

Figure 11. Catalytic regio- and 1,2-cis-stereoselective glycosylation
EEE AHFREOBE

BHNR LZIE Y F SIS B0 R U E LAY 20, Taylor HITAMEAR v il 2
ZRAWT, MOHNCEREIC R > TV BRI L~ 7 ALED 1,2-trans IR 7
ARSNGB LTz, £ D%, il & A 51k, Btk Gk e LT 7 Ao v
W7 v Rz g 2 & T 1,2-cis RN 7 U a v UMERISHARETH H Z L &R L
2B, ZOXIIT, ZHETOWRTIE 20005 6 fid b R ¥ U HENERHED 1,2-36 &
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O 13-V A= Lz BEZ BRI ORI R BOSHBR Sh T E 72, £ 2 TEHIT kA
CIXRAeD T ) ~—flk FeXd U EEET 12-U4— VAW #HiTo/r 1,2-cis BERM
A BHEDOBRBICE Y MATE, T7bb, 7/ ~— it FaX kit 12-U4— L H
WA T B AR AT D Z LICL Y, UITOZ EAER AL & X .

(a) Ao UERflfE L BRIRSE AR A TER S D Z LT, op BEMOT ) ~—frk Kaf ko
SERRERE A, 2 Re R AFIH L CHIEICE 5

(b) A r EEICTE TR ECMME TR A AT H 2 LT, 7/~ — [k Fr¥viks
BIRATEME L L, 1,2-0 A — 2 bk 54K L TIEHTE S

() BEFEERRNY VERLERIRENMAZ BT 52 & T, YEOEELEFT, 7/ ~—ft
13 LA SREISIEME (L TE D

d) BFRRRRY VL BRREREERT DT, 7/ v—ftk Rax Uiz “—RY
T VAT RiE” ELCRIHL, 12-UA—v b & HIThEtGRZTEEL TX 5

LED Z &2 SBICiE S, TRiD L D 72k 2 5hi L7z,

£, 7/ vk Fe o RO EBERAEEBIE L LT, DO 2518 L7,
B CRRET Loy, B oRBIEE /T HT Y — LR @B Thod, Ra L BRoNA Ak
PEEERF EL, Re U AT VPR LA LT2RIS, 7Y 3 MG REREND
LBz 7= (Figure12, —BtH), F7z. A/ MIICHBEEREE XH A2 F 358 Uiz H\ -
Yt 7/~ —fiot FaXx OB NEE LSk, BEEREERIC R 7Y 3y
Ri&EE DIRAZ D72 5 & & 2 7= (Figure 12, —E:H),

WIZ, B TR L2 X DRI OWER] 0% 5B, AURICEN LIzt
R A B Tl RS LCRI LT /=~ —hL O-7 VX /ABRIRIZ L %
1,2-cis-Z U =¥ ROA R & 71E L7z (Figure12, =Bt H), ARG TIE, 7/ ~— (g5 1
OREVER LA L T, il A R e VIO AR Y VIBICEE T 5, o, YEOEIT
T BN b— MFADTERCTE 2 Z SI2 X V| 1,2-cis BIRMEDOFIFENHIFF TE 508, 7
XTUTNABEE L LT /) ~— it Fa X ERERINICT LR b S D 0 E 5 s
B &7 D, BECIEE O SRRIRRE T 2 LT SEIREIRMEZZ T TR L
EDERIE KT D Z L 2B T,
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&I,

LU-Z7 U oy FiEB 2T 54 THEOERK%Z B L7 (Figure12, WEEH), 7

U a i AERISIZ & D 1L,0-7 ) 2 REEG ORI, o007 )~ —(L &[RRI
T 20N D DDA TH Y | Tk TR R A V- EE I X B
BRIE L RE SN TWeoTe, £ 2T B F TR LAY RN & 2 SE A
Bk S HICRE S, HEIFFE T ThIUL, 1,224 — LR VOSSR O BHE <
BT D7 b GARDTEMHGICFII TE 5 & B 2, fx OBt Z A7 Dk 5K
OREFT A FHE Lz, SR ORE THoITiEE S D 2 LA BT D BEEG(R & 54
& UL BEHE SR OTEME ) EoSLRBRIRMEOHIE 2 220 RETHE &5, ElT 2 A0 &
LRMARZR ST, WEZEKRE 2D 12-V4— U llik, 7/ ~—0L O-7 VALK
IS TELNEAEENT Z & T, (BB X UNLISEREOHIE 2 82T 5 2 & &

E 2T,

o=l |

HO "OH

o/f mixture

Nucleophile
—————

ArB(OH),
(cat.)

Nucleophile
—

ArB(OH),
(cat.)

Electrophile

—
base
Ar,BOH
(cat.)

Electrophile

—

Ar,BOH
(cat.)

(a) formation of boronic ester
(b) activation of anomeric OH group

R1O>\;%)
B/E)o}
—< \__H

o®
RO ) O
\e) R'O Nucleophile
0O HO| «— -0
/ o O vl

1,2-cis

(a) formation of boronic ester
| (b) activation of anomeric OH group

] 0 o
R'O \/ﬁ O{f RO
o 20 e}
Ar/I\B U\N I
Ar ax Electrophile

HO| —_-O
O vl

(c) formation of borate complex
using electron-rich catalyst

1,2-cis

—-~0 Electrophile

~ o)

® RZO/\N;A/O ax
~

X
1
HO 02-OR

R20

—
RZO/\/ﬁ
5+ H ‘) — H

N

Ar. O Ar< /O

—~ -
B /B 1
Ar \O Oo—_0OR' Ar @\O O—-OR

(0]
X
—

1,2-cis

(d) activation of glycosyl donor using electron-deficient catalyst

Figure 12. Concept of catalyst-controlled stereoselective synthesis of 1,2-cis-glycosides
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AR PR S K DMK Y o VABBROS

Aua UL A IV OSERN T Va3 — v LR LT

2. 1.2-cis-Z7' U 21> RESADIEAL

ENDZ & ifE L TREx Oftlitz it L, BKR 2 U 2 2 RIS OB 21T > 1o, £ D
fA, 7zt A e URERIEIC LY SOSR T TIRIET 5 2 & T, vA At RSO

=y ARe RS EVIEEEE T D Z L& R L7 (Figure 13),
1 SEARSIRIE 3 A i D BT )R 72 22 TEE

B5Z LTk L=,

BnO
BnO AgSbFg (20 mol%)
HO “OH
MeNO,, 40 °C, 48 h

i-PrOH (3.0 equiv.)
ferroceneboronic acid

cis:trans = 1:1
(1.0 equiv.)

(10 mol%) ono

BnO

<S80, Sg(0n,
° Fe Fe(lll)
HO “OiPr N== SbFq
o ferroceneboronic acid  ferroceniumboronic acid
(cisTrar71: f 81:19) (inactive) (active)

KEISSMET
WEFE L TWAR, INREL 7Y a2 fbiks

Figure 13. Arylboronic acid mediated dehydrative glycosylation

T R U A 2 O-T L U UG

\Z LD 12-cis-7' V) 2y RERK

VEOEEFET. 7/~ iOt Fax v EaEERN12-UA4— /L LR Y VB L

— N7 =F o EERT D2 ST BTN 289

AEl, T w—fidk RaxTEaes

T 12-V A —NEFBHC AW Z & T, U 75— & D O-T IV IALKED cis BIRAYIZ

#E1T L7= (Figure 14), fRETOMWEET C2 ftO= 27 7 U T AL E Ru 3 RN T
SRR 31 B AL, ALERIRYED M EQGRE & 72 o723, B

Z WY | O RE O NLKRE

hL7=,

BnO BnO
Bno&ﬁ Bno&g\\

(10 mol%

T ILE AL
PO R Y il

EAEHLTZY LS Rk 2 JUH Ui, ARUGIZ &
DELIE REOEE# Y Fax v EARIHT 5 2 LT

SRV D =AY 7R BRI K

BnO

BnO TfO
o BnO O OH
TN Bn&ﬁ .
HO “OH BnO i-ProNEt (1.5 equiv.) BnO BnO 0
OMe 4A MS, MeCN BnO oo BnO
i i n
(1.0 equiv.) (1.5 equiv.) rt, 24 h OMe BnOOMe

1,2-cis 2-0O-alkylated product
92% 7%

Figure 14. Catalytic stereoselective synthesis of 1,2-cis-glycosides by anomeric O-alkylation

15



Bow L7V v NEREAET 54 TG

12- A= R Y VEEOERIZROBMETHEL 571 bl Ko TEML T & 2 bt
HGRERE Lz, TORR, mATZ7 74 MEL TV FaEzA0EERIC, L,0Ba-2 Y =
VIR EBEIY LI-a0-7 Y 3 RiEG 2 AT 2 R 2N CHALIRERIICER T 5
EZBBNT LT (Figure 15), RA 7 7 A MEZTEMHALT D72 OIZEFREMEOR Y V2
fil e AN 2 2 & T IR E RIBICR O D Z EICkP LTz, 72, 7 v b Rapioxt LT,
HELRWBREOMMEL AT 2R Y VARSI LY | IRB LS MEZ S0 5 2 &2
TE 7, ARBUSE, MRS ZSIE L T 1,0-7 U 32 FisE 28 L0
ERITH D, ZOMAEIGH LT, 7 X/ L2 ETREHETHEO AR R AR S R LT,

BnO
BnO 0
BnO

%?L‘op(oa)z P2 o
(1.2 equiv.) TBDPSO
HOl B OBn

(0]
Bnm/OBn
Ph/%o o
TBDPSO
H

QH
FiC B CF; OB
B,o-disaccharide
0 (10 mol%) 92%
O OH BnO ~
n Ph o
(1.0 equiv.) BnO 0 o) QO
BnO TBDPSO
HO
o}

O (1.5 equiv.)
o OBn

HONSC\_08Bn

(IDH
B

OBn
o (20 mol%) a,o-disaccharide

75%

Figure 15. Catalytic stereoselective synthesis of 1,1’-disaccharides
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FB—F Ao UEBesic X A3BKE Y o2 oAb
B BARSY 3 ULRG

7V av I ALBOSIE, BED 7 ) 3 G 28T 5505 Th Y | AL FERIC I 1T 285
OISO The b BERPUS EMEAT N TS, — k#7227 ) 22 U EEOE T, 7
SOt Fr X oA BB A Lot 5%, T a— Ll EORBRE D
PSRRI S ' 5 (Figure 16a), Z AV E TIThEx 2Bl L O DTG 23 B %
ST,

—Ji. T/ ~—iiie Fa ko f EofE 5K E B 7Y 3 2 ABBOSIZ VWD
TENTENR EENRFERERDN, ~ITEZ—VRLO 7 3 v LIRS
WRPEDOFIE 72 AR E ARG & 72 % (Figure 160)30, X UOIZBHR S BiARL 7 ) =2
JABROGIE, Fischer 2770 st ABEOS & LTHBATWS (Figure 16¢)%), BRFREEIELE T,
BGEOREE L KIBRIEDO TV a— Va2 MBS L7200 T, 782 —D2F0 7Y ay R
ERT 2 FIRN MR D, 73—/ WFTEEEE L LTHWD ZENZW )5 2, iR A+
Hizs, EHEZR A Y TREOARICITE L TV e, iR S Tlkd 223, Biflize 7 L=
=NV EDIETIIA THIHASN TV DL FETH D,

(a) Traditional glycosylation
RO derivatization RO‘/\/O activation RO
w _ = _— \N
Nu
LG
LG = OC(NH)CClI3, SR, F, Br etc

(b) Direct dehydrative glycosylation

Nu

derivatization 0 OR
& activation ROy N
_
RO ‘N% RO \N% - Y o
self-coupling product

(c) Fischer glycosylation

R =0
HO>/O H [HO ‘NLL%/H]
[

NO
HO vl
OR

OH ROH (solvent)
H

Figure 16. (a) Traditional glycosylation (b) Dehydrative glycosylation (c) Fischer glycosylation

BT 52 272K . KGR TNAT A RRANLKRF— MNIEBR LR T La—L L
DA T HEN SN T WS, 1,2-Cis-~ > /3 RE SRR E A RO 370 83
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BENTNDN, T~ —hr & BB T 2 7208 e S DL 38 8% (Figure
17).

XO

0] 0
HO
OB
Ph,SO (3 equiv.) | Ph™" X0 4
Ph—0\ PB" 71,0 (1.5 equiv.) A (1.0 equiv.) OBn
5 &‘&% 20 (1.5 equiv. BnO q Ph/v&/
BnO oH TTBP O. _OTf|—25°Ctort
1.5 equi (3.75 equiv.) °sC
(1.5 equiv.) 4A MS, CH,Cl, Ph"  Ph 95%

. . . >
anomeric sulfonium triflate (cis:trans = >9:1)

TTBP = tri-tert-butylpyrimidine

Figure 17. Dehydrative mannosylation via sulfonium triflate

i DIV A AFRIFAE T, Y& O/MBRIEDT LV a— L &GS/ L5 H®EFIRH 5, M
B, filfiE s Zn(OTf), & 1.5 4 &ED TMSCIIZ & 0 \EARII TldZe b O 0 BiF eI
THAM 7Y a v b RIGNBEZDZEZHME LTS ¥, mLsbicky,
Sn(OTf)2/(TMS)20%=°[PhsC]*[B(CeFs) 1972 & D /LA AFRAMEAFAE N, mINE T/ U 2o KR

oD RISEFENHED HivTe, 1,2-trans BERPED @RI 72 BOGS 307034 < s ST
WD, 35 UEOY TFULEERMNT S Z LT, 1,2-Cis BIRAIRICHAEZHZ B 6
AMZ LTV 5 (Figure 18)3239),

BnO _0Bn
BnO _OBn HO Sn(OTH, (5mol%)  gro °
0 . Bzo/%% TMSCI (5 mol%) BnO

BnO B0 LiCIO, (3.5 equiv.) Y

BnO "OH OMe Drierite Bég&%
(1.0 equiv.) (2.0 equiv.) benzene/toluene BzO

86% OMe
(cis:trans = 96:4)

Figure 18. Stereoselective synthesis of 1,2-cis-glycoside using lithium salt

" BnO BnO o
BnO HO Meo\)kOH Bno~ R ng&ﬁ
BnO O  BnoO 0 (10 mol%) n BnO BnOJ
B o% + B o% = - —
" eno " TBn0]  Yb(OT) (10 mol%) 0.0 BnO 0
OH OMe 4A MS BnO s
n

(1.0 equiv.) (1.2 equiv.) CHyCly, reflux OMe 99% OMe
(cis:trans = 75:25)

Figure 19. Stereoselective synthesis of 1,2-cis-glycoside using lithium salt
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Fo7k BiZ. g Yb(OTHs & ED IR PRI L D, AT AZRA LIS =

LSS 2 S LT 5 (Figure 19)%), 4 &0

I A ML LT RN e BREEA

WA T E 2 TR TV D2, SEERBIRMEITIEIC Lo TELOE R H Y | diFDORH

N5,

ZDOL 7

EI=S==N
H A

Db & FFIZ A e RO S TEIER S X O LRI SUS 23

AT T WA ) 2 L ABLRISOBRRFEZ HiE LTz, A e U RRIIRGER L 725 Z & HlE
ENTWDD O, FERMREMET, 122 A= RN AR Y DNN=T DAF A NERT

ERANNDRA I} S N

EFT D 2 & & L7z (Figure 20),

B(OH), [ BnO i
= BnO 0® BnO
Q/ BnO o) Bros 2 BnO 0
S t BnO BnO
EWG (cat) I J o
/- — — HO~y OR |—
BT HO\B(;—OR B
BnO =N o H —
BnO 0 (/j RO = ]
BrO EWG S %
HO “OH L A EWG A EWG |
3,4,6-tri-O-benzyl-
pD-glucopyranose ——
(1,2-diol)
* i BnO ]
ROH BnO A 0® BnO
BnO O) BBOO \ BnnO 0
BnO n 4\ R BnO
N Oy — — 0 _
BI”O}H HO~g~° q HO~g OR
B(OH ’
o | S e e
XH B B" _

(cat.)

EWG = electron-withdrawing group
XH = OH, CO,H, NHSO,CF; etc.

OR

oligosaccharide

Figure 20. Strategies for dehydrative glycosylation catalyzed by arylboronic acids

Parawd

5l

R LIRS, T FRBIE AT BT U — R VB Th 5, PRI L -

TARaUBONA AFEMEENRM EL,. Ae BB 27 )LV AN T L2 —/)L ROH & Ef7 L7

RL— MEE NZRT, 7V ay NERD

Lv-
=~

73
8

AN

—
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AREME DR L L TULTO /8T b5,

(@) N ERfilt & BRIRSER A S5 Z L T, Wp-IRAMDT ) ~—fLk Ka %o
SERRRE A, 2k Re R AFIH L CHIEICE 5

(b) Ao Rl B R G EOMMEE R A AT 5 2 & T, 7/ v—fiik ¥ s
BRICIEMEAL L, 1,2-0 4 — L& b 548 L L TIEHT&E 5

() 2fLICEE(RFED  Fr Xk e H4 54 1,2-cis-27 U v RafEseimme L, #izic
12-VA— /v ERORSERIE, #7273 SHBRORICISH TE %

BH Ao lERL A — VORI ORKETE

EFPT. Ve RRETUNLAGICHTRTE DL 1 2ET UPEEGR L L, CDClLH T 1 Y&
D7 z=RariEaziizizt 2 A 1idcistrans=0.8:1 DIREMTH DI HED BT,
TRTHESH, HAbAWE LToishoRo LT 27 )L 3 0N EHEZRICAER L2 &
Z NMR 2LV a8 L7= (Figure 21), 3 DONZAR(L AT NOESY (2 XV cis (A TH D LIREL
7o 31X TLC ECHERBTE R 2Ted 2, W7 L7 0~ b T 74— DR ET-T
EZALE 2 REENDDHRTHSTZENE VI DTNV ETHRELI-EEZBND,

NOE 1
o op PMBOH: 2a C1-H (cis-1) + OH ‘ (@) 'H NMR of 1 \
(10equv) RI B-Ph " c1 [C1H (trans-1)]
CDCI3
rt, 10 min
1 3
(cis:trans = 0.8:1) single isomer
BnOH
@OBH (3.0 equiv.)
40°C,48h (b) '"H NMR of 3
OH
ci1- H( ‘
4 [coH 3)

JM -

Figure 21. Formation of boronate ester 3

BHIRIENZ 212, $EARDOIEEORE I XIREENC L » TR 2 Z E N7 572, CD3NO2
Tl CDCls & [RlEE, RFPEZIC 1 BT X THEHE SN, B LA E LTI 3 MRS
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7273, CD3CN TITARPUGD 1 3T EFRAF LT, THHDEN T, BWHIZ K> ToA—
Wkt 2R e VBOBFMENETHZ 2R LTND

WIZ, 7N a—AFHEE ba & b L [FERICEATERR O FE 2 NMR (2 &0 BB L7 fE R,
TR & 2 8T AR D IR EE DIEVS 1 & [FIERIC A B Av7z (Figure 22), 372405, CDCls 45 &
UF CD3NOz Tl, 6 RffH] T 5a 233~ TiH#E S4L72y. CDsCN TIIRIUG D ba 73 24 il #%
IZH R S 7o, 61T, CDCls I CH AR RicHix OEWHE LG T o0 VAt LT
LA, BIRBIEEATLT Y —NARa BT & FO BRI 6b DR MR bl -
oo ZHUHOHENG, Au gl sanbibARue VB A7 U, RICHERT 57 =
IALEOE D SOGEEE (24-48h) L 0 HE < BT 2 2 & B3R S iz,

NOE
6a: 5.99 ppm, d, J=5.7 Hz
BnO H 6b: 6.13 ppm, d, J=6.4 Hz
ArB(OH), o ppm, d,
e (oo B 6c:5.9 pom. d.J = 5.8 iz
BnO O
solvent o]
HO OH 40 °C, time A B 6a (Ar = Ph)
5a r 6b (Ar = 3,5-(CF3),C¢H3)
(cis : trans = 1:1) 6c (Ar = p-MeOCgH,)
solvent CDClj CD3CN CD3NO, CDClj CDClj

time (h) cis-5a:trans-5a:6a cis-5a:trans-5a:6a cis-5a:trans-5a:6a cis-5a:trans-5a:6b cis-5a:trans-5a:6¢

0 52:48:0 54:46:0 53:47:0 52:48:0 52:48:0
1 0:32:68 3:40:56 0:17:83 0:5:95 0:24:76
6 0:0:100 5:41:54 0:0:100 0:0:100 0:17:83
12 0:0:100 8:45:47 0:0:100 0:0:100 0:7:93
24 0:0:100 11:41:48 0:0:100 0:0:100 0:0:100

Figure 22. Formation of boronate esters 6a—c

B R L ORISR DBRE

12- A=K 1, 5a &7 Y =/l m UERE RUS ST, TEE Y AT RS ETT L.
H—DRa VB ATARGELND ZEEW LN LD T, WIZT B ¥ — /LIS % B
HL FT. A LR VBT AT L 3R DT I a— L EINZ TN WO
WZBWTHLELDERY 4 25 2 5 OSITET Lo 7 (Figure 21), ZHUE7 U —/LR
BUBT AT VN 12-U A — /L OREIE L U THEET 2 & 290355 Z &b, 3 T
RO T V3 — L REANCKT L TRELE EEZHND,
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FIT 1LERVIOALTILa—LEDETIVEISICBWT, BRI K2 HT HfEL2 DR
0 R A 7 ) — = R T o 7= (Figure 23), = DfEFR., Tl TV —/LR o VR 7,8
K7 zrkrRn U9 TIIEAOAERY 4 1350 eh o703, 9 B L TR L7
= AR e U 1083950 10b TIHRILEZ2R 5 4 LTz,

BnOH (3.0 equw ~OBn UOBH _~_-B(OH),
(/\[OH cat. (10 moI% O ‘OH ‘OH 7‘
MeCN, 40 °C EWG
cis-4 trans-4
B(OH),

B(OH),
* ~B(OH), @c, ~B(OH),
Fe Fe(lll)

F F d—>
FsC CFs ! = < x°
7 8 9 10a (X = SbFg): 29% (cis:trans = 34:66)
0% 0% 0% 10b (X = OTf): 34% (cis:trans = 37:63)

Figure 23. Screening of boronic acid catalysts with electron-withdrawing groups

BnOH (3.0 equw «OBn OBn
Oi 1 O Do w0
OH cat. (10 mol%) ‘OH ‘OH OH ©:
MeCN " XH
40 °C cis-4 trans-4
cat. R yield (%) cis:trans
11a H 44 42:58
R B(OH), 11b@  CF,4 63 35:65 ©:B(OH)2 ©:B(OH)2
\©:COZH 1b2®  CF, 87 58:42 OH NHSO,CF
11 11c¢  OMe 35 47:53 12 13
0% 0%

@ The reaction was performed at rt.
® MeNO, was used in stead of MeCN.

B(OH
(OH), B(OH), co (HO),B  CO,H
2
Salon ¢ @
CO.H
CO.H 2

2a

14 15 4: trace 4: 6% (CIs.trans = 38:62)
1 12% 1':18%
00/0 0% OOA)

Figure 24. Screening of boronic acid catalysts with acidic functional groups

WIZ, AV MLICHE 2 OPEERERE XH 2 A4 578 1 Rt 8 F L TR OUEEZ
4> 7= (Figure 24), ZOFER, WNVRFTEELAT 240 8 1la # vz & Zi, 10 &
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Db mEmWVICERTRUSHEIT L, S 6I2, BIEEEZ&mO T 1100% 5 LILERDS 63%I2 1\
E U7z, BERTEROMGEDR R E B E X, WA=t A X ATER LI L 2 A, 8T%E T
WRE A ESED Z LIRS Uiz, DVRUBRUND T = ) — VR A VR VT 2 R &,
DM EZHT 2D 12, 13 THERKENRE 7o HEIT LiehroTc 2 &b, IARF Y
ENEETHDLZ LD 0hole, REFME 2a & OIAERCH VAR X 2 EB AV ML
SMTHD AT U 14,15 TIiX, RISHET LR o722 &2 6 W B REEEDS Rl 9 ke
TWDH I ENRBEIND, BRI L2, VAT VENR e VB SR 16,17
TIHELDORISE D S V~DRMCISZIRESE L Z L b LNIT LT,

fitfEE 2 R AR r U E RN T 2 LA TE DT, KIZZ V3 — AFHFEIK ba & HEfik 5
K. A% ) —)VaFESZARAE L, il 10a, b KO 11b & AW TGS O it 217 - 72
(Figure 25), 10b & 11b TlE, ET7VHEE 1 ZHW= & & 10 HIGENME T L7 (entries 2and
4), —Ji. 10a DEGFEIITR O KIgE/2 B LN RS- (entry7), £ 2T, & 572 500K M
EE@RMEowELZ AL, oo Uik 2179 2 & & Lz, £3. 10b
TIEUSINAIE LT M@SOs N2 % Z & CLINERD 39%I & T 5 2 & A3 rin-oT7z (entry 3),
ZAUE, MgSO4 IZ &> TIRUSHRTOKEFRETHZ L TAY ) —)L & OFEBIH Sz
DB Z N5,

RIZ10b TIE 9 & AQOTF Z{RAT 5 Z & T2 R TR S L HFEEHR Lz L Z
A, AQOTf Z N2 DNEFIC L D ZNR R 6D Z 23> 7= (entries 5 and 6), HPIZ 9 &
AQOTF ZIRA L THh b RUNEIR 2 i U 7= 356  AIEEYEIXIZ & A L0 o 72AY (entry 5),
POGERIR &= T L T BRI AQOTE 2Nz 7= & 2 A, HEEL7- 10b & [FERDOINRE 5 2
72 (entry 6), 10a \Zxf7 Dciifb 21T o 72/ 4. B&MIZ 9 & AgSbFe & IRA L T2 b BUGE
AR LI 5E, HEEL- 10a & FBREDINREZ 5 27~ (entry 8), —77. FISRIEZ M
LT BHRE%IC AQSbFs 2Nz 7= & 2 A, 10b &RV | 15 1 OB TRA LLEHEE
Wik, HEEL7- 10a L0 HIEERFE LK T L2 (entry9), ZDJEKIE, 5 &$8AERK LT-
9 DELIEPELS 2o TWNATDThDH LB %, 9 & AgSbFs DL 2 fat L 7GR, 1%t
2 DHRTRALEEAIC, HEEL 10a L0 b GMEES NS Z L ZH ST LE
(entry 11), Z DOFMCIE, BUGRFRIAS 24 RefIZFAFE T . IR 82%Icm L L7z, ZivE
TORRE T, URBFEORBDBHIFRFTE RN M UABE WG ELIZEAEEDD
720 cisftrans D LA R LTV A (entry 1), entry 11 (28T, cis (KRR AR & L THE
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LD ELAM LT (cisttrans=62:38), F£7=, {HMEm LA #IFF L, iz 9 bR e v
it 19 ICEH LiZ& 2 A, 19 OIRMYEN 9 X0 b o 772, EHEOKTRE L
(entries12and 13), X 52 1,2-Y 7 BT X R —T )L RAEB LRI L2RN, = ha A X

UM T D Z E N BN E 7572 (entries 14-16),

MeOH
. BnO B
B%Bo 0 (3.0 equiv.) BnO 0 BnnOO 0 @\B(OH)Z
BnO + OMe '
B o Mon_ cat. (xmol%) HO, B o e _son
additive (y mol%) OMe o BOH):
5a solvent cis-18a trans-18a 19
40 °C, time
entry cat. (x mol%) additive (y mol%) solvent time (h) 18a (cis:trans)

1 p-TsOH e H,O - MeNO, 48 85% (53:47)

2 11b (10) - MeNO, 48 9% (53:47)

3 11b (10) MgSO, MeNO, 48 39% (50:50)

4 10b (10) - MeNO, 48 12% (59:41)
52 9 (10) AgOTf (10) MeNO, 48 trace
6> 9 (10) AgOTf (10) MeNO, 48 16% (28:72)

7 10a (10) - MeNO, 48 78% (69:31)
g2 9 (10) AgSbFg (10) MeNO, 48 70% (53:47)
ob 9 (10) AgSbFg (10) MeNO, 48 15% (31:69)
10° 9 (20) AgSbFg (10) MeNO, 48 trace
110 9 (10) AgSbFg (20) MeNO, 24 82% (62:38)
120 19 (10) AgOTF (20) MeNO, 48 50% (46:54)
13b 19 (10) AgSbFg (20) MeNO, 48 87% (61:39)
14> 9 (10) AgSbFg (20) 1,2-DCE 48 82% (61:39)
15> 9 (10) AgSbFg (20) Et,0 48 37% (51:49)
16° 9 (10) AgSbFg (20) THF 48 27% (48:52)

@ Additive and 9 were mixed before addition of 5a and MeOH.
b Additive was added to the solution of 9, 5a and MeOH.

Figure 25. Optimization of reaction conditions

BEINEN B AR O B
BRI EDO R N H 503, Figure 25, entry 11 Z fciiéiseb & L, fix D7 v a—L %

B BRI CRS 21T > 7= (Figure 26), = DFER, & T L a— L7 /L7

Jb 3 =)L CH HIFIZSORNETT L2 (entries 2-4), FFiZ. 4 Y 7 v BT L a— & Hniz
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BAIT cis TR BN R B (cisitrans = 81:19), F£7-. 189 D X 5 72 “HEOESRKIZ D
K L7z (entry 6),

9 (10 mol% BnO

a2l N\ o AgSbFg (20 mol%)  BnO . B0

BnO + ROH BnO BnO OR

MeN02
HO OH o
) (3.0 equiv.) 40°C, 48 h
5a (1.0 equiv.) cis-18b—g trans-18b—g

entry ROH 18 (cis:trans) entry ROH 18 (cis:trans)

1 EtOH 18b: 72% (51:49)

CH,OH
2 i-PrOH 18c: 74% (81:19)
5 18f: 88% (61:39)
cl
OH
3 18d: 58% (74:26)
HO o

6 BrO 18g: 52% (50:50)

4 = CH,OH 18e: 79% (66:34) 20 OMe

Figure 26. Scope of glycosyl acceptors

BRE USHHE DR

b cis IR A 5- 2 7 Figure 26, entry 2 O S S OW T, ROGHERE OfigIH %2 B L .
UUTOFEREIT-7-, £9°. HHEL/ cis-18c & trans-18c % T IVEIUHENT L 7= it (9
(10 mol%), AgSbFs (20 mol%), MeNO,, 40 °C, 48 h) (Zft L= & 2 A, BMAL Bl S iz
(Figure 27), ZO#fERMNB, 9 & AgSbFs ZiRE LT 10a R CHEMR S USIZHIT 5
cis/trans DT, SEHEIZ K > TIREL TV D Z LB BN o7, T O HERIFTIAER
PEDOFEHDHFFTE R0 Mgz WG L RRDO R TH o 72,

X B DA ESGD DI OGSO % HPLC (2 X VBBR L 7= (Figure 28), < O
. 9 & AgSbFs Z iR G L7 UG Tl RUSHIH (0-6 h) 1T cisftrans IR H e n -
7eh3 (cisitrans =46:54-49:51), SUSKEHIAY 10 ] 2 2 TG, cis (KOFIE I LT
D2 ERER ST (cisitrans =52:47-73:27), & OEMNFIL, BREO R S 7eiho7z v
NMEEFAWTZSE LD b REWZ ENRBH LN E 22~ 7= (Figure 25, entry 1, cis:trans = 53:47),

ZORERNG . FHHITET D E TORFMA AR LD HEWEDIT, 9 & AgSbFs ZiRE
LT 10a Z R THEM S BT ONTHBN T, KD @ cis BERMEDR BB LI B2 HiLD,
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i-PrOH i-PrOH

BnO .
i BnO BnO
BnO o (2.0 equiv.) BAO 0 (2.0 equiv.) B0 o '
BnO ~  BnO = BnO Oi-Pr
HO cat. (10 mol%) cat. (10 mol%)

Oi-Pr HO Oi-Pr HO
MeNO,, 40 °C, 48 h MeNO,, 40 °C, 48 h
cis-18c 18¢c trans-18¢
cat. 18c¢ (cis:trans) cat. 18c (cis:trans)
p-TsOH e H,0 89% (75:25) p-TsOH e H,0 74% (67:33)
9 + AgSbFg 87% (73:27) 9 + AgSbFg 89% (70:30)

Figure 27. Investigation of equilibrium

BO i-PrOH BO B0 i-PrOH BO
Bn”o o (3.0 equiv.) Bng o BnnO o) (3.0 equiv.) Bn"o o
BnO o BnO BnO BnO
HO "OH 9 (10 mol%) HO “Oi-Pr HO "OH P-TSOH ¢ H,0 HO “Oi-Pr
AgSbFg (20 mol%) (10 mol%)
5a MeN02 18c 5a MeN02 18c
40°C, 96 h 40°C, 96 h
Ferroceniumboronic acid p-TsOH=H20
100 100
80 80
60 o9 ¢ hd ¢ eo > o
<&
40 p a i) : 40 A g O o o o
20 O L L L5 20 ‘:E ¢
= &
oo on
0 24 48 72 96 0 24 48 72 96
¢ cis-18c O trans-18c Sa ©cis-18c O trans-18c 5a

Figure 28. Time course analysis

B W

EHFIL A e VRN XD 12-Y A — L ORBHEAEFIH LT, Bt k0T ) ~—frot
eI BHadh b COEEE L TE S BBEDORWIATL Y 2 o ABOR 2 Gt LTz,
ZORER, HMTITERMEE MR 7o D IS A R - e AR e ViR 2a B ROV A ENE
MEFERI L7 11 B L0V 10 2l e UTHRREST 5 2 &L 2B b LTe, £To, BUSSKMAFD
AL & FE AR O R OB 218 L T.9 2SR P TRk T 25 2 LIck VAT 10
ZHAW, INREL 7Y av bk z2 55 Z LICE L7z (Figure29), LU b, HH0
TAUCK LC, SEARBRIRMEIZ A OB FE 7R REMIKAT LTV D 2 E B BT
Slz, I T, Hi B ETIBRMEOM E&2 HIE L, #72MlE T 1,2-cis BIRW7R2 7Y
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Ay FERIEDIEEITS 2L L Lz,

ROH (3.0 equiv.)

BnO BnO
BnO BnO
AgSbFg (20 mol%) R
HO ©OH MeNO,, 40 °C HO ©O

52~88%
(cis:trans = 50:50~81:19)

5a (cis:trans = 1:1)
(1.0 equiv.)

©I\B(OH)2 ®©I\B(OH)2
Fe Fe(lll)
S)
< < s
9 10a
(inactive) (active)

Figure 29. Arylboronic acid mediated dehydrative glycosylation
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WE ORY UBMEEE AW O-TAFIUERIGIC XL B 12-cis-7 ) 3 RERK
w7 ~—0LO-T X /LRIG

—EHORA ) 2 UG EE D, I<HMBNTWD 7Y a2 bOGRIE, kS
ERIEAL ST T INR= T DA TFARREERE 72D Tva— i EOREF L
B9 % (Figure 30a), FFamas —EiD#E Y . 1,2-Cis-7" U =22 R &SRR 5 729012,
SERHE e I X Dk 2 R FENRREINTE I, —H, IEROFIEL TR, 7/ ~—
ALD O-7 N F MUESSIT & o TSR 2§l - 5 ik b S SvTuv % (Figure 30b),

(a) Traditional glycosylation

O L
derivatization = activation R'OH O
RO o RO \,ﬁ Rob/o\® RO~ )
"~ OR'
LG
(b) Anomeric O-alkylation
base
=0 (> 1 equiv.) 0 o O
ROV, |, + ROTT — = ROTA1 07 |——= ROT~\_OR
R'OTf B

no general methods
for a-glucosides

Figure 30. (a) Traditional glycosylation (b) Anomeric O-alkylation

(a) Anomeric O-alkylation of p-ribofuranose derivatives

H @

b ok %}oe k—?ﬁb
X 50 k—? K3
T~ y oTr b

o, O
)Q 87%

b) Anomeric O-alkylation of a b-glucose derivative

0 BBBO
BnO OB n
Bno&SH 'On NaH BnO
BnO = S ™oH DMF/HMPT BnO O
OBn -10°C 95%

(cis:trans = 2:1)

Figure 31. (a) Anomeric O-alkylation of D-ribofuranose derivatives

(b) Anomeric O-alkylation of a D-glucose derivative
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1979 4, Schmidt HIZ K > THED -7 FF T h Y 7 AFIZFAKRF LT U T Lz vz,
TR OSLASRIRA A2 A RIE NS S 7z (Figure 31a)*19), Z OAAIEN R Sz 1979 4E
LRTE D, S b A FAEREBETAIE LT X MBS T Tl S Cnie, AJ5E
TlE, PV 77— FERETFAIE LTHWD Z LT FFEFITE WG, (2 L ONLAER
PEIZT 12-trans-38 LN 12Cis- Y R 7 T /v R&EGDH Z LITHEI LTV D, FL— RERS
C-5 ML DIRFEIED AN RN Lo T SEEBIRIEN R E S ELA SND 2 L 2Rl s 558/ T
b, —H, INaA—ARH T 7 F—ATONRBIREOHIEIIREECTH D = & ARESH
TV 5 (Figure 31b)*P0, Zhik, 7 /) —ATIT / ~— (DO BMELHE S a-/p-4F 2 F
D REENEDEE N NAREPREZ IFL L TV Dbl B2 HTEl Y | ERRIC, BU1EmIc
BERa-AF T RLY L B-AFL ROITZOINEWVKREEELZA L TWNDLZ EDNHLNTWND,

1997 4F, Hodosi & Kovacid, M &ED A XGk3E %2 T 1,2-cis-B-~ >/ ¥ I L 1,2-cis-
B-T L/ ¥ RONARIEIRI 22 B kB 2 855 L7z (Figure 32a)d), 1,2-37 A4 — L D NLAKREL[E % ]
BU72 HEORRIETH LN, Za—R&HE L LEERICIE 1,2-trans-p-2 /L 23 R
FEE DR THLND LA S T2 (Figure 320)9), ZOHEH L LT, Zva—Adsk
ART 2 H— VDR G RERILVHRA—arTHE, 7/ ~v—fik Rax v Enos 7 b
U7 IANLEVEBIZ®H 5 Z EBRBESNTWD, ZOHE T, ARREE 1,2-U4—L
MHART X —VBERINDE, THXRITA NIV T N TAALOE Fa ¥y
RoF o @R~ T LW BRI RH ST 5,

(a) Reaction of 1,2-O-stannylene acetal of L-rhamnose

B (equatorial)
HO TfO
N BzO o) CsF H“o/'m?\o

+ BzO ——— 0
Sn Bu BzO DMF, -5 °C HO Ho Béoo
OMe “ BzO
(4.5 equiv.) Bu (1 equiv.) 88% OMe

(b) Reaction of 1,2-O-stannylene acetal of a p-glucose derivative
1. Bu,SnO (6 equiv.) Ph 0
Ph/%(%&h MeZOH’ A /V wWatonal
HO HO ‘OH 2. _TfO HO BZO O
' BzO O BzO
(6 equiv.) BzO BzO
BzO5me 57% (major)

(1 equiv.)
TBAF, MeCN, 50 °C (minor)

Ph/VO

OH

Figure 32. (a) Reaction of 1,2-O-stannylene acetal of L-rhamnose

(b) Reaction of 1,2-O-stannylene acetal of a D-glucose derivative
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HEOH R E T,

[t

557 )~ —L O-T VX AL REN S S 7=
7 R % SEARIEIREY

333), FL— MIRICESTo-VFbF VY FOBRINANED T /) ~—L O-7 L1k
FOSHERE SN TWD R, F L— MIRORANKEE R 7L a0 — 2007 7 h—ATiL, #

ToIRERME 3B & 72 % (Figure 33b),

(a) Stereoselective synthisis of a B-mannoside

CSZCO3
8o\ o8 Tfo Og” (3.0 equiv.) BEBO OBn
+ B —
BnO BnO OBu 1,2-DCE BnO f&/
OH BnO 40°C, 24 h e
(1.0 equiv.) (2.5 equiv.) ?
(b) Stereoselective synthisis of an a-digitoxoside Me
BnO O S
Me ot ©

Me, NaH
PMBO% (2.5 equiv.) PMBO/% (2.0 equiv.) PMBO/%
—_—— —_—
OH 1,4-dioxane © 15-crown-5
OH 0

_ NG rt, 24 h
(1.0 equiv.) Na Na 95%

Figure 33. (a) Stereoselective synthesis of a -mannoside

(b) Stercoselective synthesis of an a-digitoxoside

(a) Organoboron catalyzed benzylation of a b-mannose derivative

Hy
Ph@B\G)
BE%%AH ©/\ 10 mo'%) B?]rcl)o
BnO Ag,0 (1.1 equiv.) BnO V@
(1.5 equiv.) 40 ash 2%

(b) Organoboron catalyzed anomeric O-alkylation (this work)

R'OTf oS0
Ar,BOH (cat.) /\/ﬁ 0
-~ 2 =
. o) or \/S
HO "OH  pase TOR B8 HOor: RO "OH
Ar R'OTf 1,2-cis-a-O-alkylated ~ 2-O-alkylated
product product

Figure 34. (a) Organoboron catalyzed benzylation of a D-mannose derivative

(b) Organoboron catalyzed anomeric O-alkylation (this work)
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12-Cis-p-~ >/ ¥ ROB LWV 2-TAFV-B-7 U a2 K ORI
. 1,2-Cis-0- 7 /L3y R0 1,2-cis-a-H 7
(ZA5 2 FIERHESL SN THRY, LT, SEOEKICE-TT /=
—NEBB T m R AL S TA LT, REMEDOEW B-AF 2 RBRRERERTH D (Figure



T = —hL O-T IV FIALBURIC & D “HEDOG AL TIE, MBEAYIC TR 29 5 AT
HINTWRDPST2), N PMERIS T, AR U ZMEEZ LD B~/ ¥ FONE
HARA R B R O FET S (Figure 34a), L L7 b, A XkER|Z L A TR & (R
R, ERGNIT~ > ) —2AOBRIZROENTEY | 703 —AR0H 77 b — AR S ol
BNX7R DTz, FHIE~ Y ) —AUSNOE T ) — R ZH M ATRER T/ ~—L 1,2-Cis-o %
R O-7T VX WALIGEDOBIF A2 HEE L. 2EicE T L7z (Figure34), 12-UA4— V&2 HT 5
7V 2 — AGHER A AR U B & FOS S cis ROMENL AR L— bR Z IR 7211
MU 7T = b OGS ET, pERTIER<alfB’ G5 LEXT, LPLRRL, AN
IZBWTIE C2 MDD T T IAIKRR EARW) & 72 5 ATREMERS m W 2 & N E LTET S
Nice T, —fRZIIT I T ALV =7 T F U TANLO e R a2 EEDiE 9 73,
REERENE SN TNDE N TH S 2308), L[E] FF IAECILE OB 7/ - SLIERIZ)
REMMT D Z & T KT TRAEBERE BB TE 20 BitT 228 & LT,

B MR S ORGSR DORE

7/ ==L 1.2-cis-o BIRK) O-7 VX /ERIE ORI Z A L. MO 217 - 72
(Figure 35, entries 1-9), 12-UA—/L 5a & 6 fiiA bV 77— MEET= /L a— RAFFE K
21a % 10 mol%® 7 = = /L7R v PRkl 2a fAE T, 7& h=h UL, ERTRISSETL
LT A, RILERRN S 21% THM &3 Dafk cis-22aa 735 51072, BIK trans-22aa 1342 <
Mg, TARE Y BRI THEIT LT D —J, C-2 L7 LF /iR 23aa 3 E
AR E LTHRON, EERMENREGRE L I o7e, 7V —VEOEMN R DHEA D
T2 R LToRE R, 7 == VAR VR 24a 03 BAFRIERIMEE 5.2 5 2 & & fLif
L7- (entry 2), A/ MIIZEHILEZ AT 20 24b OB 7k51 24 A3 A Al 24c 2 Hv
L ENENMET L7z (entries4andb5), & 672 HMETORER, ZBRIEOR Y 8 24e & HIv iz
BEIZ, @O IZ T cis-22aa & 82% T35 Z L IZE L7z (entry 7)., —ERIER U U EEIE
DTV =AY BRI ST A IV DE D OSARBEEN/NE NS 2, ZODORUEBUEBRO

EFNDDOEFHENRE L RD D, MEERM L BOSHED M L L7z EHER L T D,
CORREZITT, 20e X IOITEMIT LI L & Lz, 24e X0 bE -5 2l 249 % )
WBRIZ, FEFIT A OB IRE TS HETT L, cis-22aa 2% 92% Cf% Hiv7= (entry9), & 1-&
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BnO TfO .
BnO o) BnO ] base (1.5 equiv.) ,
Bn()’§h\\1 + Bn(;%ﬁ 2A VS, MeCN B0 cis-22aa OMe BnO’é%
HO "OH "~OMe ft, 24 h Bno&&/ BnO
5a (1.0 equiv.) 21a (1.5 equiv.) Bno== Bn8§&' BnO
BnO 23aa
trans-22aa BnoOMe
cis-22aal/(trans-
entry cat. base cis-22aa (%)? trans-22aa (%)? 23aa (%)° 22aa+23aa)’

1 PhB(OH),2a  i-Pr,NEt 21 0 31 0.7

2  PhyBOH 24a i-ProNEt 60 0 32 1.9

3 25 i-ProNEt 50 0 26 1.9

4 24b i-ProNEt 18 0 20 0.9

5 24c i-ProNEt 42 0 21 2.0

6 24d i-ProNEt 58 0 31 1.9

7 24e i-ProNEt 82 0 11 7.2

8 24f i-ProNEt 89 0 9 9.7

9 249 i-ProNEt 92 0 7 12°¢

10 24e - 7 0 0 -

11 24e Et;N 2 0 0 -

12 24e pyridine 3 0 0 -

13 24e 2,6-lutidine 22 0 0 -

14 24e 2,4,6-collidine 46 0 11 4.3

15 24e DTBMP 4 0 0 -

16 24e PMP 79 0 17 4.7

17 24e Cy,NEt 86 0 13 6.4

18 24e DBU 10 1 0 0.9

19 24e Cs,CO05 72 0.6 11 6.3

20 - Cs,CO3 8 23 0 0.4

214 - Cs,CO3 0 73 0 -

cat. (10 mol%)

0]
BnO 0

BnO
BnO

2 Yields of isolated products. ® Determined from isolated yields. ¢ Determined from 'H NMR spectra of
acetylated products. d 1,2-Dichloroethane, 40 °C, 24 h.© PMP: 1,2,2,6,6-pentamethylpiperidine. fPMP:
2,6-di-tert-butyl-4-methylpyridine.

CIQCI
R B F

OH CI

@@ fspslhsosn

24c:R = CF,4
24d: R = OMe

24e:R',R?=H
24f: R' = H, R?= Me

24g: R', R%= Me

Figure 35. Screening of catalysts and bases
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BRABEHIC L > T, 12-VF = VOREBMER RO LTS Z L 2R LTV D,

eV TR IO MET 21T - 72 (Figure 35, entries 10-19), UG TRENAE U D728, AR S
(THEEOEMNHLHATH S (entry 10), REMEDH S5 EGN R Y 23 21a EOST 57
D, AT AN ERBBOEEN E G201 E0 D DS EWREIEDE L T\ D 2 L2
DT o7z (entries 11 and 12), U ¥ U FHEIR TITSUS DO PERDMEVMEIZH V- (entries

H

13-15), 7/LX AT I U DIE ) N EWIER L ORI Z 5 2 72 (entries16and 17), ZiUE
TOMFTIE—E S trans-22aa I3 472> 7223, i-PRNEt LV 5 RWEE TH 5 DBU
X Cs:COs & FHWVZI5A 11, trans-22aa 234 % L 7= (entries 18 and 19), Z #uid, filfi)sRg
H L7 THHEL T T AT IMURIEDHEITT 5 Z & BRK TIER W EB 272 (entry
20), =2 C, IEFEAET, IWE2 72 b= U AL 12-U 7 nnx X U ZEHE L 40°C
TG ERATZE A, trans BIRARSIEBHEE Z H Z & &2 L L7 (entry 21)*), fliod Bk
RITH SR o 723 RN TO%FEE TH 2 DI%, WRIOHKIC L > T sa g+ 5
TP EEBEZ NS, SRS (entry 9) & HEIEAMEMET D T L ALEE (entry 21)
DERMOEFIZL Y | [FAl—DFEEN D cisltrans-7 b 23 ROIEY 431F &3 LT,
2T, AR OREEDRTE D FIEIZ DWW TR (Figure 36), 5 —Hi COAERKD S 5,

KIENMRIZ KV SUSMLED T ) ~—hL 7' v b Zfflg L7c&IS, 0 v 7 ) v 78I
Lo TVRELE 2 RE Lz, 1,2-Cis-Z /L3y KR J=2-4Hz THDHDIZx L, 1,2-trans-7 /L
IV RTIEI=7T-9Hz THHZ EBRMBNT D, 7, cisftrans-22aa ITFEALAHTH
D, WMESNTWDLT —F LO—B i TR L2 9, (R 28aa I2 OV T, R
KitDe FaxviEkz7vF b Liz%, HMBC IZL D 7/ ~— (U7 eF /b Z
LEMER L, C2LTO-TIVF/AURIGHEE Z > TNDH Z L EZH BN LT,

- BnO J=38Hz  BnO \FO
8?12)0 o] JZ 35 Mz BnO BnO o] BnO 0
BnO BnO 0 BnO BnO @)
HO BnO 0 (o) HMBC HMBC
0 HO.L. BnO 0 T(
BnO 0] BnO BnO 0 BnO J=82Hz
BnO BnO BnO (0] BnO
BnO BnO BnO

- OMe
OMe J=6.4Hz OMe OMe
cis-22aa trans-22aa acetylated 23aa

Figure 36. Determination of the structure of O-alkylated products
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B EEOBEMEHE

it 7R il A 24e F721% 249 & L, fEx DOV A—)L Bb-j it L7z (Figure 37), £
C-6 MR PDNEEAE N FNANILORN Y ANVITER LIZE ZA, S @EWW MY F/LE 5b
T C-2 2 7 /v kK 23ba 23N L, X2 A JLik 5e Tl ba & IZIFRIEEDIEINIETH
ST, Fio, BELGEIR 5d 2> DIXTERRLE IS L ONLRERIUE T H 199 cis-22da 73 94% CT15
DNTZZ &b, RIISIZEBWTIE, C-6 N SARIIIZZENT WD EALESEIRMENE L 725
HRCH D, SHIT, ZTTHERTANERE, —fke Fed A TER<R Y Rt c X
> TEMHEILENTZT /~—iDOk FeXx T ETKILNEZ > TNHZ ETHD,

21a (1.5 equiv.) RO/T//% RO>/O
—0 24e (10 mol%) HO O ‘OH
RO/\/SV‘1 O +
HO “OH i-PrNEt (1.5 equiv.) BIQOO 0 BnO o]
) , 4A MS, MeCN 0 BnO s
5b-j (1.0 equiv.) rt, 24 h ' OMe nOoMe
cis-22 23
tBu
BnO _OBn
R'O /SI~ BnO
BRO Ph/v t-Bu BnO
BnO TBDPSO BnO
HO "OH HO "OH
5b: R'=Tr 5e:R?= 5i
5¢c:R'=Bz 5f. R2=Bn
5d:R'=H 59: R? = TBDPS

¢ 6-O-protecting groups

TrO BzO HO
BnO O BnO 0 BnO 0
BnO o BnO BnO
H
O}a?- Oo/(z& HOO/(Z&

cis-22ba: 73% cis-22ca: 89% cis-22da: 94%
23ba: 18% 23ca: 8%

¢ 3-O-protecting groups

Ph—Y 0\ o Ph—S0\ o Ph—Y 0\ o
0 0 0
HO BnO TBDPSO
HO. 2, HOl s, HOl =

o~ O
cis-22ea: 23% cis-22fa: 72% cis-22ga: 95%
23ea: 58% 23fa: 16%
e mannose and galactose derivatives
Sf'_Bu BnO _OBn
_Si~
o \O%% N % Bnoéﬁo
TBDPSO n —
Hoo/‘% BnO 0 HOO/“LL
cis-22ha: 76% cis-22ia: 99% cis-22ja: 65%
23ja: 21%

Figure 37. Scope of diols
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24e (10 mol%)

RO O{f i-ProNEt (1.5 equiv.)
—0
- H:O “oH . \o=\  4AMS, MeCN
5a or 5i or 5§ 21b-j rn,24h
(1.0 equiv.) (1.5 equiv.)

cis-22

—0O0
RO~

ot ot o OR
R11 BnO MeO
R'0 R%0 MeO

R’ O R? O BzO

21g: R®= Bz
21h: R3 = Ac

21d: R? = Me
21e: R?2 = PMB

21b: R =
21c:R' = Me

. o\ OH
HO 0
= 1
23 |©
TfO OBz
(0] OO (0]
BzO 3
BzOp OTf OMe
21 21j

. Anomeric O-alkylation of 5a

(0]
BzO MeO 0
BzO MeO
MeoOMe
cis-22ab: 75% cis-22ac: 97%
23ab: <5%
I
S 0o
MeO
BnO MeO
PMBO MeO
PMBOS 9
cis-22ae: 85% cis-22af: 76%
23ae: 8% 23af: 18%
Y OBz
Ta | 4
(0] 0 (0]
BzO BzO
BzOF
cis-22ah: 59% (cat. 24g)a cis-22ai: 46% (cat. 24g)?

v

.va

BnO
MGO%

cis-22ad: 86%

| 4
(6]
BzO

cis-22ag: 53% (cat. 24e)?
cis-22ag: 86% (cat. 24g)?

P
%

MeO ©

cis-22aj: 60% (cat. 24g)°

e Anomeric O-alkylation of 5i or 5j

cis-22ib: 94%
23ib: 6%

BnO
BnO
BnO BzO

cis-22ig: 89% (cat. 24g)°

BnO

N0

BnO

(0]
BnO 0
MeO
MeOO

Me

cis-22id: 95%

BnO _OBn

BnO

o)

éﬁ 4 OBz
HOO o)

BzO
BzO

OMe

cis-22jg: 72% (cat. 249)°
23jg: 20% (cat. 24g)°

@21 (2.0 equiv.), catalyst (20 mol%), 60 °C, 72 h. ® 21 (2.0 equiv.), 24g (20 mol%), rt, 48 h.
¢21 (2.0 equiv.), 24g (20 mol%), 60 °C, 48 h.

Figure 38. Scope of triflates
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WIZ C-3NLDIRERL & Wit LTe, C-3NMEMRGED £ £ Tl C-2 L7 /L F /L Kik 23ea 7%
Yhocis-22ea LD b GONTZ, TRV TAMEID =7 T N T IO E Ruf o5k
DIE D3, REMERENE WO MEND PHRINTZIEY OFER ThH 5 283048, frE @Rt D
M EZ2BEE L, REREEZ N S®m < LIz TBDPS 1K 59 Z Vo & 24, SERRE R LU
RIEIRME IS CROREIT L. BRYE 35 cis-22ga 3 95% T3 b 7=,

BT, ZNa—RLAOFEIC b EH TR TH LI MRF LIL 2A, v ) —ARH T 7
b= 22BN TH SR BRAFITHEAT LTz, B IBIRAS DAL BIS O#EH] 003 b 5~ v/
— AFHER 5 TIE, FERRLE B X OSNLARERIRMEIC T cis-22ia 73 9% T bz, 77
=2 FZ 7N a—X LERRIC, BEfFOT )~ —(L O-7 L WMALKE DA TIISLARZR UM
DOFRREE 22 L L TH O TWD A 409 T 7 N —ZAFHEIR 5] % ARSI L
el A ALEERRMECIISEEOR MDD 5 b OO, £TF T DOUERIZ T cis-22ja 234 L
72

WIZ R Y 7 Z— b O Z BE L2 (Figure 38), X3 PV EELIAMT R U v A LR
AFNVIETHEESINT- N 7T — 1 21b, 21lc THISTIBRFICHET Lz, FrokEZE
DL, C2MLT NFIMMRITA S AERE T, cis-22ac NHE—Ep# & LT 97% TR LT,
—Ji. 7 oAbhE 21f Z WG AT, C2 LT AR AR AR LT Z &b, R T T
— N ORI L OB RS MERIRMEIC R A 525 Z L AR BT L,

Fo. ABUSTIEHE RIET TRIE RN 77— 21g BEEAATRETH D . 20 mol%
DOfhltt 24e f71E 7,60 °C £ THIE T2 Z & Tcis-22ag % 53% CH37=, K7 /L AL,
21g O C-4 (L CNAHEEE Z 5720, a(l4) B aA T 5~/ b—AFERBNERKT 5,
L L, 21g DSAREFE N R EWTZO 0, RGO T A —/ 5a 3% < B S iz, £ 2T,
5a OREMZ BOIUTIENSHETEHEE X, JVBETEERRY VEAY 249 IZEE
L7=& 2 A, THED cis-22ag DULHEE 86%FE Tl LS5 Z LTI Lz, & 512, AKX
JNE 7 o AUHE 210 R0 2-7 A BE 21 IS B ATRE Th o 72, FrETRE AU, 21 ORIR
PERTET L, 14-7 ) 2y PG TR 13-7 ) ay FEGEHT 5 o6 mkic
LR LT2Z EThHD, FVa—RBalllif TR~y /) —ALIHT 7 h—A 5 IZOW
Th, BkxR M) 77— ERIFIZOET D Z ERMBMNITRo T,
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BN USHIEORYT

WY U E DT )~ — (L O-T N FNMALSIED A 7 = X LT DR a2 557280
(2= b — VR ZAT - T2, 1,2-cis IBIRAY L AR SO IV TEAEE S W T H U | i-ProNEt
2T TIESOSAEETT L7 2 & 2/ L7z (Figure39a), 7=, YA — L ba & C-2 (i3~
UNERLT BT VEETIR#E ST 260, b R0 2-T A UBE 26 ICAE LA, ROGITIE 2
S PR R S Aufz (Figure 39b), T ODfE AL, SKAEHE & il & DEEATZ KA UG DOHEAT
ICRAIR CTHHZ & ZmEL TN D,

(a) No reaction without catalysts

- 21a (1.5 equiv) B%%&a
n N d
Bgno(ﬁh i-ProNEt (1.5 equiv.) BnO HBQ OO 5
HO “OH 4A ';fltSZ,4MheCN Qn(ﬁﬁ
5a ) BnOOMe
(b) No reaction of lactol 26a—c with 21a
BnO 21a (1.5 equiv) B?,noo 0
BnO o Ph,BOH (10 mol %) BnO
BnO RO O 0
RO ‘OH i-Pr,NEt Bgr%&ﬁ
26a: R = Bn 4A MS, MeCN BnO
26b: R = Ac rt, 24 h OMe

21a (1.5 equiv) B%(%&g

BnO
Bn?)ﬁh Ph,BOH (10 mol %) BnO .
. 0
on e P2
26c 4A MS, MeCN N0

rt, 24 h OMe
(c) No equilibrium of the products
. BnO
BI?]%O o 21a (15 equiv) BAO o
BnO 2449 (10 mol %) BnO
HOO O OH
0
Bgr?o%ﬁ i-Pr,NEt (1.5 equiv) i
BnOOM 4A MS, MeCN BnO
. e rt, 24 h OMe
cis-22aa 23aa

Figure 39. Mechanistic studies

Figure 38 |Z/R L7285 —#k b U 7T — h & ORBEEBR CYARSEA BRI S22 b,
AREOGIE SN2 SUSTHEATT 2 B2 005, LER->T, XY INAR=T LATF Ao
FEZELH—BO T ) 2 ERIGE Be D Z DRSNS, & BITRIGHEMEOE
ZREAT 572012, SO AR L7 (Figure 39c), i L 7= cis-22aa % fildi SO
WA L7e & 2 A, C2 LT v F bR 23aa 122 b7 5 2 & 72 < | cis-22aa 23 E &I [EIY S
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iz, HEEL7- 23aa A AREESONZAT LTERER BRI CTH 722 & D, O DLW cis-
22aa & 23aa ORI PHIL/ <. WERIIALERIENEE > TWAZ L2 LML
7=

BEE =B IOMESHRA~DGH

ARRISOIGH & LT, EHRR RO K D4 U TREO G ZfE Lic, ARUSIZE VG5
NI ZREDOERHE L Fe XU E2RIHT2 26T, ORI REMNATE L Z
LARMIE LT, £, cis-22da Dkt FuX Eoiik MU 75— MuL K 27 215
72tRIC, VA=V Bd ERISEREDH T EITL 5T, ZHE 28 SRR E S KL ONL SRR
(2 CTH57= (Figure 40), X512, 28 OF—fkt KX Eoizs b 77— MELZHIC,
5 ERUGSED T LR o T, UHE 29 2 @IRE L OERRBIRIEICTHES Z &1
R LTz, 29 I L 72 o(1,6) ez A3 54 U THES R O TIL, HEOTEMHEILAILK
JSIREE DOFHZ LB L+ 2 5 2, ISR O Fe k3T X TRi#E LTIz s
2, BEFE L H LT, 29 OB ICH T D8r8E, BREDO L Mo & QBT
LT USRI R THEIT L TW AL R TH D,

BroE\_0 B\ o
n n .
Bn(;%ﬁ‘ a ) 6T|f2t'cc)j' Bng&ﬁ‘ o g: (1.1%equ||(\;.)
HO ,6-lutidine HO g (10 mol%)
0 _ o f/EAT TR
BnO O CH2C|2 BnO O i—PerEt
BnO ~78 °C, 10 min BnO 4AMS. MeCN
BnOSye  93% BnOome 1t 24 h, 93%
cis-22da 27

0
S 1. Tf,0, 2,6-lutidine, CH,Cl, BnOJ Q.
BnO&% ., ~78°C, 10 min, 79% HOO
HO 2.5d (1.0 equiv.), 24g (10 mol%) BnO 0
) i-Pr,NEt, 4A MS, MeCN BnO a
28 o) 2NEL ; 29
Bé‘r?o&ﬁ tt, 24 h, 85% HO
BnO BnO 0
OMe Bnc&ﬁ
BnO

Figure 40. Sequential synthesis of tetrasaccharide 29

WIZ, AU RN 13- — 0 1,2-0 A4 — okt U CTEIRMICHES L, ALk =)L
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ERHEZ D L) Wi f] B2 2EIC L, CIMDOABRFES NIz Va2 — R 30 Z HNTAH
U PRI L DT ) ~—L O-T L F IALRUG ZfRat L7z (Figure 41), 30 (Zififlk &4 Tw
% 1256--0-1 Y 7t Y Fr-qD-ZNaT T ) —A0E 2 TRTHEICAKRTE S 9,
HVEY | 13-V A= KD b 122V A=A REHREL TR 77— 2la ERISL, HIE
T % 1,2-cis-0-7 /L3 N 31 & BAFZRINRICTRD Z S IZH Lz, ZORISICBWTEH
FTREMUL, 4008 RaXVEAET, HNET DT ) ~— OB T BRI SR
I o> TVWDLIHETHD,

feWNT, TR 32 L0 3 L BRIR AR Lz, BEERIC L D 32 OTEMEALTZT
Tld, ARk U7z =8 33 OIS CUCRICIREN H -T2, £ 2T, Taylor HiIZ XV #Es 7z
1,2-trans IR 77 U 2 2 AL O il PhoBOH 24828 % FIVNT 1,3-3 A — L OTE AL & 3K
PR ML LR DARESHE LT, S HRDIEDN L2 B L, Z8RMER Y it
249 Z =L 25, 85% T 33 24352 LT Lin, ZORSRIE, 249 BT ~—{f
Db Rax 2T, CeMDt FaXx v ROREELREOOLNHZ EEERLTND,

HO o
0o 0 24g (10 mol%) %90 o
HO&&@ . Bno% -PrNE Ho

BnO,

BnO O
BnO—>n O 4AMS, MeCN BnO 0
OMe 1t 24 h, 71% BnO
30 (1.5 equiv.) 21a (1.0 equiv.) 31 BnOg e
AcO
AcO o B
AcO

31 (1.1 equiv.) + AcO

(0]
MeCN BnO 0
Br rt, 24 h 33 BnO
32 (1.0 equiv.) <20% (without cat.) BnO

oM
62% (Ph,BOH) ©
85% (cat. 249g)

C 0] o)
AcO cat. (10 mol%) AcO %90 o
AcO‘&% Ag,0 (1.0 equiv.) HO
AcO,

Figure 41. Sequential functionalization of tetraol 30

Bth\T, SrI R 2T 5 A4 ) TREOZhEN R G Rk A Mt L7z (Figure 42), foiif{l Sau7z
ZMET . Figure 36 (2 TR /afriEds JONIRBRIRMEZ R Lo oA —/L bg & 7w {bkE 21f %
BOG S, RIS B cis-229f #457-, cis-229f D C2 itk Fafx T EA2RHA L, £ 2
T — MFE 34 & 1,2-trans IR 72 7' U 2 S UABBORIZ £ 0 | =85 35 SRR TR LT,
S BT ALHEDTENEAL N2 K- T, TUFE 37 2 2RI D Z LI LTz, =MEO A
U THEE R 8 U CIRERDONAE Z B L L7y, @7 7 Y 2 S U bROG & 2R LTz,
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BnO

BnO O

BnO ACO
o

NH
21f (1.5 equiv.) Ph/voo o \(
Ph—N 0\ o 24g (10 mol%) TBDPSO a 34 (2.0 equiv.) CCly
TBDPSO T IPRNEL S ¥
HO “OH i-ProNEt v o TMSOTf (20 mol%)
4A MS, MeCN MeO 4A MS, CH,Cl,
59 rt, 8 h, 100% cis-22gf MeO| —40°Ctort, 2 h, 98%

P50\ o
HO o a
Ph-Y0\ o MeO‘%&‘ TBDPSO
o) MeO O
TBDPSO a

oB 0O
Bno%oe/wlgo o 36 (2.0 equiv.) Bré(go cMe 70
OAcMeO
Bg(go cMe MeO CpyHfCl, (1.0 equiv.) 37 MeO 0
35 F AgClO4 (2.0 equiv.) MeO —
toluene, rt, 15 min, 55% e

Figure 42. Sequential synthesis of branched tetrasaccharide 37
BRE R

WMEOWRGET. 7/~ a2 G 1,2-UA4— L R VD LSRR S D 2 &
EFMMALT, 7/ ~—{it Fex B2 REMITIEH b &7, & Uz UEALAR b— bk
E NV TT=bDT ) ~—hL O-T L F/ALRIEAD 1,2-cis BRAYICHEIT L, 58272 LR8I
PEIC T WA S5 2 L ITpH L7z (Figure43), METOMIET, C2 o277 MU 7Lk
R BN O-7 v F Al SIVTEIVERMI D & v, MEEDEIRIED [ LAV & 72 o 7273,
BT HEGEDOR Y BRSO RE ORI OSREEZTEAT 5 2 & ¢, MIRKE R L

oo KEOSICE VBN FEOE Fax B2 FfIHT 5 2 & T, =00 RN RS
Az bR LT,

Tfog/o

R1O/\N;S| ) ~—0 R1O>/O
RS2 S 9% 0 \/H?‘ 0P
\/S B —— (S B —_—
HO ‘OH i-ProNEt A D \/Sﬁ O\ < o0
Ar,BOH " R 20502 /RO
zz 0 Ar R20wm R?0 v R30
cat.
1,2-cis O\ o

OH
AryBOH = Me\©:3:©/'\/le
o

Figure 43. Organoboron catalyzed anomeric O-alkylation
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F=F LU-7Vav  NEEE2ET LAY THEER
F—H LI-7V) 3y NEGOBEE

LU-7YU a2y FER b0 “HEE, Hix e REIIZEENTE Y . T OEMIEIEONIE
DEFRIZHED 5TV D (Figure 44)%), [REM2 L LT, 20 TD 7 /a3 —AMN 11,
a-Z Y AV A LI P bm—=ZARRBF o5, bba—AZ 50O I 23— VIRANE
ALZblb o mg—2YIalb—hk (TDM) 1, 2— K777 X —L I ENTEY,
Mycobacterium tuberculosis (f§£% @) D= X —F 2% GENIMEIFE CTH 5, M
NI GPERTEAER 2B T 5 2 EBMbNTWD 9, FEZEOIMEIZIZANLARY By -1
ERREN D PERREDMFAE L. £ DAEMIEIESCA A BRI IZ DWW TORFREEF I T T
BY S | Foe—20RERETREZEEOER & LIRS ED ST 5 ¥, [
S OME S b Lm—AFFERZPEAT D 2 LM TWD, FlZIE, A7 A0 |
Lona—2Z U By R (STL-1) 1%, Rhodococcus (2 & 0 BEAE S D IEXTFAD b Lo — R

ETHY, BERIELWAS LY —T 775 P& LTOFRARER STV D %),

1) HO

HO

HO :
O z z
Glc z z
trehalose dimycolate kg;t/
HO
sulfolipid-1 M/
15

(cord factor)

o)
HO a
0 0 OH
9 6ic HO OH —
o X N o}
0% o OH . 5 o__n

5

HO” o O 0._0 HO NH
o T AcHN| P GaIN /o
o} 04\ CisHa s o HO oHO
Cis5H34 HO ) .
HO o GIcNAc  tunicamycin \Y
succinoyl trehalose lipid (STL-1) I
O
(0] o L-Lyx
° (o)
0 Me OMe \O OOH
o/
OH HO
Cl
avilamycin A

Figure 44. Natural products that contain 1,1’-disaccharides
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—J T, Ia—RPSOFER 11-7 V) a v REGEAT 2 RERM AL TS, fl
ZIEL HZ7 NI TN I VN RLBEEELY A4 VR, v —
AL LVXY—ANGR5 _FErEghT BT ~vA v ARFET LIS (Figure 44), ¥ =
~A 0L, Streptomyces JBIZ K WEEAIND XV LAY REBGUEME CTH 5, ME O
BEA RSB AEM O NFEARTLT U a v Uik 2 EERARIMm OGN TE YD . EAEK 6
LA NCETDIENERE SN TWS, TET<A Ui, AV Y~V %
PUAEMBICE L TRV, BT 7 LEMEEICRT 2003 v T % %899, ZEk7ehE % H
W —fBRPEDmEW L1-7' U 22 Fis 6 OSAREIRIESIE Z BIsE T L, Mix ORRY)
DRI IR EEPHIFTE D,

(0]
(a) Regioselective protection of trehalose

oTr )L
. ~HO O
regioselective " o protection o
protection HoO & deprotectlon H
————
HO\ HO&%}H o)k R
"R OH HO OH
HO
Toar | L
OH
HO&mH 2o
OH regioselective HO N protection

trehalose protection 0 & deprotectlon
—
O
O
o&m °oXC OH
OH

(b) Construction of 1,1'-glycosidic bonds by glycosylation
R0+ R1oST=2

0 —_OR?
0\ 0=

—0 glycosylation a,p-disaccharide
10— —_— ’
R'O ‘N%L + R%0 \&LL a,a-disaccharide
WO OR2
donor acceptor O R10Ow—) -0\ 0O X

&o/\/OR2 B,B-disaccharide
B,o-disaccharide

Figure 45. Synthetic strategies for 1,1’-disaccharides

LY-70 3y MG EH T 2 RSO FETIRE L ST T iED 5, Tiud, il
fnD N Long — R 2 AR U7 (s SR 7o PRl - ARG L 5 G Rkl (Figure 45a)50)
ELL-7 ) ay REGEHBET LY av bRISIC X DA IETH D (Figure 450)%, i
FHOFETIE, LLU-7 ) ay RGBT TR N TV D ORFIR TH 228, EHATREZR
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L OFEFUTIIR Y B D 2 & | RELEOMAIZ L 2 TREDIEECE 2RO T 72
EMNERE L 72 %, Bz X, Corynebacterium matruchotii 2> S HEES /- Lo —2 Y2l
Jal—h (TDCM) OLA/ETIE, T hLm—20F ke N v HERme b
UFNARGE L RIOGEDE R X O P ARENTE SN D, Kt T, b U FVEEDOBLR
FHEOZLVELNT 66°-T AL a ) ) I a— e OGS ERT, RV EE
TRCPRET D 2 & THIRENT CGER SV TV D (Figure 462)%), #ii & SnnNH—fke
Fo U ETHBICETTE - TRTERT 226K TH L3, b rr—R LUK
VBN EREGT D AT EEIRIELCIEIME S 72 D Z E R FIH TN D 89),

(a) Total synthesis of TDCM o

oTr OH i
0" R
Bgo(;é&‘ TMSOTF nggé% 1. RCO,H o o
n :
B0 EtySiH B0 DCC,99% MO
o el o

B

o)
&&\/ CH,Cl, o2 Hz. PO HY o)
o) OTr 96% &%\/ EtOH/AcOH
BnO OBn BnO OBn quant. HO%)OJLR

OBn OBn H
OH OH
R= ~&_Ci4Hag| trehalose dicorynonmycolate
T (TDCM)
Ci4H29

(b) Synthetic studies of tunicamycin V

J%o ’f%/&/ Ag,COs, AgCIO,

)J\ AcHN | g
N AGHN CH,Cly, rt Et OOWQ
0 OH 18% (ou,B), 15% (B.B) o) o
ref 57a \f

/L Bomo  OCOPh
TFOH PhthNﬁ/&/\
=0 Bomo QCOPh (0.36 equiv.) SePh
NH +
TBSO PhthN SePh toluene, —20 °C TBSOO
CC|3 77% (), 1% (or,00) 0 d”
ref 57b \f
PhsPAUNT, ?40
OTBDPS o (0.40 equiv.) PhtthR
BzO 0 0
BzO PhthN AW MS, toluene, rt N3|
R 61% (a.,B), 13% (B,B) B%O a
8% (a,), 4% (B,ot) 0
ref 57¢ OTBDPS

%o
/L TfOH ol
OOSE 0 o NH 4o (0.10 equiv.) Phthl\lomR
MOMO +
N \|// phthNﬂ 4A MS, Et,0,0°C MOMO N3 . B
CCls HO~»=O0=—R 849 (a,p), 6% (B,B) 5 g
\fo

ref 57d

Figure 46. Synthetic studies of natural products
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BHEDOHETIE, Ll-a0- b b m—AFFERICIR ST, Bix 22050 5 722 5 It #R oo bk
AAMTEDZEDRRELRRRTH D, ZORKETEN L, R OE Rz FR L7206 B
FEDRD HID, N MK ONAREFYEDHIE S K Z 225808 & 72 D,

ZHE TR SN TV AIMKER R 7 ) a2 bR kD 1170 a2 REG O
L L LT, A XRAEEZ WD 5L O FAT 77U a2 M3 25751k 9, v a
1A NV KO UV TRGE SN BN E N5 T51ED7 ED3d % (Figure 47), 1997
1 Nicolaou 12 Lo THE S iz A X3 2 -V 2 fil4EE O Tk, sk b~
J—=AD 12-VA =V EAXRIEDN O END AXT L —LEFIAT 2L T, @y
1,2-cis BEIRMENNER STV % (Figure 473), C-2 (il 7 B F AL AT HA 25— MES
7 Atk 0.5 725 1.2 8O TMSOTHIZ TEMAL T2 Z & T, Bt Gk D 1,2-trans B4R M
HIERICHIE SN TWD R, ARRIEZ W5 TFEICBIT 2R KOMEIL, C-2{t Fu ¥
VETORIETH D, A TH L ZFED C-2{it FuaxRIZx L, &9 —o O tE
EDBUS LT =FESEIAERI L LTHRBND, £/o BEZARL LT/ — 20DV I
Tha—2&RANDE, C2rt N Ot GR L ROS Uiz RN AERT 5 2 &bl
HEN TS, 2003 A2 Bertozzi HIZ L > THE SN0 F+AT 7Y a Vi 2R3 5
HEOTIE, 34-VA FFIRUDATVay ReEF AT vay ROMGIZE->T, EEIC
ORI b Lo — AR A5 Z LN TE D (Figure 47b), LnL7aas s, 4
B EOBLACIEHALRI 2 H L T DIz b b 59, REJSOFERSEIN S TR
0. ZEEE BT DR L O TFERIGRICITSE O RN D 5, 2017 4FIZ Mong HIZ X -
THE SN ae A VEB IOV Y VTR SNIEZ BN Z A2 51E DT,
Bz i DT L -0,0-7 U 2y FREAB IO LU-Ba-7 U 2 ¥ RAEE S E OSSR ME
ICCTHERTE L Z RSN THY . AEEHEH AWV R TEILTWS (Figure 47c), L
LIRS BRFIDZ < DY 50%7 6 70% 15 & FREDIRTH 2 10, vanAf ke
T U VETRGE L2 E OFRRDNEMET H 5 mUZITRVEN R ST 5,

SEARIEIRA 72 7 ) 3 U ABIOS D2 < 3 BEOTEMALA 2 w2 L T 5 FEHIEIC L 2 5
ETHY | AT X > TR Z IS 5 HEIT, FEDWRE T2 E THRIL STV
o T, flEE OTEM(LANC K% 77U a D BROSIRE STV 28, SRS TS
IR D720, WEEMEHICTENER S 5, HlzX, Y=~ A v V ORGHEM
Tl BUSICEAET 5 Fa ko BPAMIT N TRE L 72 9 2 T, SREREZ &0 5 728
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7 ZuANVFERLT U REEN =il U TEH STV %  (Figure 46b) 5709, > =J1~ A
TV OEGRARINERNR LT 6 O ETIE, 77U 2 ) HBROSIZBIT DT
FEDOULERIE 20%\ 257277, SEAREMER & [AIFREE OULETH LTz, 1994 412 Myers ©
IZE o THIE SNTZ2ARICB T, 7'V a VRIS IR S TR, 7% u A
VEEET U REPSREIRMEICIRA TH D Z LR BT STz, 36 mol%d TfOH 12 &
STAIT— MEZIEHEE L, HBE T2 202 77% TH 2 Z LT L TWD, 2015 4

RS SN Yu & O6I TR, BEESRD 7 L = LR m— A 40 mol%od &l 1
Lo TEMHL L TWD, & 2 TIRMNUFEBEO BRI AR L TR Y | SRERRMEIZITHE O R
MARH D, 2018 HIZEAMERE LI=HISIE, Myers HO5M%2E 270 av ko
PR AT 72, TORMR, =—7 WS, 10 mol%d TfOH (2 &V o X7 — hiEAE M
b4 22 & T, MR ESEREIRMEDO R BIZEI LT D, 26 OHIETIR, (R
BIPECRERPIREZBTZOLTWD S 2, ZhayIvenT s b I voMliagbt
WZIRSNTEY | FLHMED & 2 Al & 135 WV EED,

(a) Glycosylation using cyclic stannanes

I g AT
Sngu TQL - \JA/O/XQQ/ORQ

LG = F, OC(NH)CCl,

) Intramolecular aglycon delivery

BnO B BnO
BnO BnO BnO 0
BnO BnO SEt| “Bro SEt L0 o
BnO o MeOTf BRD-
(1.0 equw) )—QOMe (5.0 equiv.) HOO
4> _
bDQ o DTBMP
(1.8 equiv.) WOMG (5.5 equiv.) Bnomgﬁn
0 OBn
BnO

OMe OBn OBn
(1.4 equiv.) Opne - OBn - 68% (over 2 steps)

(c) Glycosylation using picoloyl-protected trimethylsilyl glycosides

Ph—X-0 o
Me,S, (1.3 equiv.) BnO
b0 0 Ph0 o Tf,0 (1.3 equiv.) BnO
BnO + BnO STol X @)
BnO BnO 4A MS, CHyCl, OBn
"CoTms _ 0°C. 18 h Bn0XJ ~0OPico
(1.0 equiv.) (2.0 equiv.) 65%

OBn

Figure 47. Substrate-controlled stereoselective glycosylation

BOREIGORLIZEY . BEIXT )~ O-T V¥ ARSI L 5 1,2-cis BIRA /2 7'V @
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¥ NEREZBIE Lic, RETIE, YEBOEEFET, 7/ v iz &t 12-U4— Ve
BEAR O BB CT- cis ROR L — " T =40, NI 77— EeRIETHT ETL12-
cis-7 U 2y RBVBIRAICE DD, B CIIIEEZRS 28T ILRLAHEL TV D
WA ABEETT L o ATy REEfE: 0 X 512, SRR OB TAEL 27 7 b ik
EARZTEMEA LT D E L CRIHCTE 5 Z & 215 L7z (Figure 48b),

(a) 1,2-trans-Selective glycosylation with in-situ generated acid

5 \ /Cat 5+
pRe Y
Cat RZO I i
E Cat donor )‘ , 0
—
R'OH R0 TH __NH ~  R20-%—~\_-OR'
5~ o+
Cat: gold(lll) chloride, gold(l) chloride CCls
(b) Strategies in capter 2 and 3
HO ‘OH
R20—0  R20x~0 RzO\N’O®

Ar,BOH \ao \.ao \e‘> _»RZO "ﬁ

(cat.) ——

Chapter 3 Ar\ Ar< / &O’\/OR1
I \ &O/\ OR! Are @\ SO/\ »OR’ HO

a,o-disaccharide

5+
N
AI’\B/O ]
-\ & 1
Ar o O—-OR
—20
R3O/ RSO\ 3 B
Chapter 3 (OP(OEt \) R°O \N/O
ROTf base 1
H\ A (0] HO 0—-OR
Chapter 2 0 A0 r\B/
R3O/‘ )\ /B\ . . Ar/@\o O/\/OR1 . .
14 == OP(OEt), Ar O&’NO < OR B,a-disaccharide
R'O
HOOR

Figure 48. (a) 1,2-trans-Selective glycosylation with in-situ generated acid

(b) Strategies in chapter 2 and 3

Boilt, ZAUCBEE L7-WFst e LT, @filiiiA v /e 1.2-trans &R 7Y =2 oAbk
2% Schmidt 5 (2 Xk W i X7z (Figure 482)%9, Schmidt & (3, Axfilil s il 5K & B BEn v
LT 2D TIEARL , ETHZRIEOT LV a— VIR L, £ CTT Lo AT v REEDSFE(L S
KD o-1 X7 — MEZTEMET 5 2 & T, BRI S\2 SUGMIERE S LT 1,2-trans- 7 /L =

U RPBEBINICEOND Z EEB LN Lz, —FH, FEHEOBMK CIX, 7L a—piLA A
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FRIZBRINE L, 7LV ATy Rl U CREE SR 2 TE M L 2 midddm L T o 28, 7 b= —
IWIRT ) w—fak Gt 12-VA =NV ThDRICKERIENDRH D, 7/ ~—fL O-T /LF /L
RO TRO NI NS R VAR ST D 2 & T 12-U A4 — /VONLE R L UONLRE
PFPEO L ATRE & B o py . BEML G O STAREIRME 2 & oD X5 (il i3 2 703 iR
L%, £ 2T, Mt EOHE THIEMH LS D 2 ER BTV DL ERIZ OV T,
Z D PR D FOSHERR LRSI M 2 im0 2 LI Lz,

EHE 1L1-Bo-7 Y av NESOEE
I R X ORISR

B_RmOT ) v —L O-T FALSISIC BN Tl b sV IR K OMEE AR L 1,2-
VAL 5y HFEZARE L. 10 mol%DMUEAE(E T, R AT 7 A ME 38a, b & DU
L 7= (Figure 49, entries 1-15), Biflt 5K L LCHR AT 74 MEEZHWZDIE, 5907 L A
7 NEECHRIGHEITT 5 L WO MEICHER LIeh 6 Th D ((EtO).POH d pKa=9.2)",
T % DRSS 2 R LI R, C2 LT DN EE R T HR A7 7 ME38b 1L, 7
FNEEZATDH 38a L0 BIERR L SHEITT 5 9 2, BHEEBRGE R 200 b6
PAARFIE G BAF T o7, F7-. 38b VT AR L2 2 A, 5 HETRETH
o T fibliE 24e, 24g & W2 5A0Z ARINER2 3 B BRI E 975 B,0-39b A H—ARi & LT
LD ExERH LT (entries7and 8), RV ERDOELMEIEIZ LV 1,2- 4 — /L & DOSSARL
RACAECDMOMS b BT D LB R, B RIEZAT D ZBMEAR U Fefilfil 24i (228 H
L7c& A, % R%FE TH ESEDZ LTI LT (entry10), D& &, EIERY L
L THELNIZDE 7%D B,p-30b DHRTH -7z, FHlfED 24i 1%, (iE B L OSSR ME
O Z e L T 57210 TR, P GAROEMALZ b S B Th D Z L2 6
T LTz, S BIZEFRGIMEZ mO TR U il 24) Tl B,B-39b DULERBEEIM L, LK
BPRMEPME T L7220 n, R UBRLSHAZ T LT 1,2-V 4 — /VOREEPME T L, fil
BIERRG-T 12- A —ADIS LTV D EHERI S5 (entry 11), K 0 FEM7ZR SOSHEIZ D
W, HEIHICRIE LTV D, WIOBRET bIT 72y, =—F7 A7 b= h U vz v
THAEMT D EMEEOTFUIZ TR, V7 XX U bmWIEL b 2 72,

47



Ph—X-0
o 0
TBDPSO ~
HO “OH Ph—X-0
50 (1.0 ) cat. 0 (o
g (1.0 equiv) (10 mol%) TBDPSO Ph/V
+ JRE HO P OBn + m/

BnO 5A MS qun TBDPSO
BSOO’&H solvent RO OBn
n
R0 *Lg 24N B,a-39a (R' = Ac) B,8-39a (R' = Ac)
38a-e (x equiv.) B,a-39b (R = Bn) B,B-39b (R = Bn)
donor

BnO BnO
BnO O BnO
BnO

BnO LG

1 3

RIO OP(OBY: 3¢ (LG = OC(NH)CCIs, a only) R2-H a0
e 24e (R',R 24i (R3= H)
38a (R' = Ac, a:p =70:30) 38d (LG = OAc, o:p = 88:12) 240 (R’ R2—M 24i (R3= CF

38b (R' = Bn, o:p = 85:15) 38e (LG = OP(O)(OPh),, o only) 249 ( e) 1 (R=CF)

24h (R' = Me, R%2= CF3)

entry donor (x equiv.) cat. solvent B,a-39 (%) B,B-39 (%)

1 38a (1.5) 24i CH,Cl, 39a: 52 39a: 0

2 38a (1.5) 24i toluene 39a: 22 39a: 0

3 38a (1.5) 24i THF 39a: 32 39a: 0

4 38a (1.5) 24i MeCN 39a: 53 39a: 0
s wmbez PRBOH)2a  CH,Ch  39b:0 3960

6° 38b (1.2) Ph,BOH 24a CH,Cl, 39b: 14 39b: 0

7 38b (1.2) 24e CH,Cl, 39b: 29 39b: 0

8 38b (1.2) 249 CH,Cl, 39b: 19 39b: 0

9 38b (1.2) 24h CH,Cl, 39b: 80 39b: 0

10 38b (1.2) 24i CH,ClI, 39b: 92 39b: 7

11 38b (1.2) 24j CH,Cl, 39b: 87 39b: 12
2 ssb(o 240 CHC, 3677 33

13 38b (1.5) 24i CH,Cl, 39b: 90 39b: 10

14 38b (1.5) 24i Et,0 39b: 76 39b: 3

15 38b (1.5) 24i MeCN 39b: 63 39b: trace
e sse(is) 240 CHCL 9bso b6

17 38d (1.5) 24i CH,Cl, 39b: 0 39b: 0

18 38e (1.5) 24i CH,Cl, 39b: 0 39b: 0

29% of a,B-39b was additionally isolated. b 4% of o,B-39b was additionally isolated

Figure 49. Optimization of the reaction conditions for 1,1’-B,a-disaccharides
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WIZ, fEix ORBER 2 e L7ofE R, 4 27— MHE 38¢ (CIsCCONH, @ pKa = 11.2) %
WZBRIZ S B,a-39b 23 EAERMW) & LT bivTens, RO AR FER B,8-39b 35 KLY o,B-
39b WAL, BRAT 7 A MEDFHPRFNEOBLUR TEIN TV (entry 16), BIBERD 54
U 2O @B 5K THh 5, 77 — b 38d (CHsCOH D pKa=4.7) ok A~
=1 MHE 38e (HO)P(O)OH ® pKa=22) Tik, KEnia<E\ITEd, JFEHSEEAIZEIIYL
7z (entries 17 and 18), LA EDOFERNDL, ARA T 74 MEE R/ GA L LT,

(a) Reaction of 1,2-diol 5g with phosphite 38b activated by AuCl,

PhY;0 o
(15 mol%
BnO o) decomposition of 38b
TBDPSO BnO 4A MS, CH.CI
HO OH BnO OP(OEt), 2~712
—-70°C,1h
5g (1.5 equiv.) 38b (1.0 equiv.)

(b) Reaction of 5g with trichloroacetimidate 38¢ activated by AuCls

Ph—X-0
Ph—,0 o TBDPgO/%&H Ph/%o/%&/
TBDPSO 0-_OH TBDPSO o o OBn
) AuCls () OBn BnO OBn

59 (1.5 equiv.)

[ OBn
. (15 mol%) p-39b'  OBnOBn a,B-39b
BnO 4A MS, CH,Cl, 28% 7%
Bno&% -70°C,1h Ph/voo o
Bn
BnO TBDPSO Ph/v OBn
O _NH HO OBn TBDPSO OBn
T 0N oen SR
CccCl BnO OB
G OBn
38c (1.0 equiv.) B,0-39b B,p-39b
24% 27%

(c) Reaction of 5g with 38b activated by TfOH

—~ Ph/%o 0 Ph—X-0
R e TBDPSO 0 0
TBDPSO 0-_OH TBDPSO s ? OBn
0 BnO OBn
5g (1.0 equiv.) TfOH OBn

OBn
. _ (B0mol%) p-39b'  OBnOBN a,-39b
BhO 4AMS, CH,Cl, 33% 25%

BnO 0 -78°C,1.5h Ph™X:0
EHC&SH 0 % PRT0 oB
TBDPSO n

OBn
o TBDPSO BnO OBn
38b (1.0 equiv.) BnO OB

OBn
B,a-39b 8,8-39b

8% 7%
(d) Confirmation of the structute of -39b"

ph/voo o 6.32 ppm Ph/VOO o
Ac,0 TBDPSO Hd °/=38Hz TBDPSO OAc
B-39b" ——= o OOAC + o) OH 5.92 ppm
pyridine
BnO BnO d,%J=6.0Hz
91% H ’
° BnO OBnH 5.03 ppm BnO

(o:p = 60:40) OBn 4377 Ha 0Bn  OBN 447 ppm
, . 5
acetylated p-39b’ d,*J=7.7Hz

Figure 50. Control experiments
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BOGEAE DR L (Figure49) TR STz m\MLE T L ONASEIRIED R Y o FRfffE 24i
WX DR THD Z & 2RI 72D, hofitilit & o bk J28k 217 > 7= (Figure 50), Figure 48a
R LT il 2 O 72 SOSIFRIR S FIC b 2hb b7, AR T 7 Ak 38b 3T %
DI THIIIIF I & 7ei- 7= (Figure 50a), Schmidt 12 & - T S L= 4 0z
SITFLEDITAIT— b 38 ZHWZE I A, RUSTET L, 4 FEHORMEARE 5 X 72
(Figure 50b), fix UK E M- T2 AERRIE, C-2 ALY 1,2-trans IBIRMIIZ 7Y 2 v b S iz
B-39b’ (28%) TH V. RV R T2 X T / ~—rt R U EOREM 2 R 1
B DLILRN T EAURIB I T, 7eB. B39 DREEIC OV T, RGO E Rufk s
TEFIME L%, HMBC IZ L0 T /) ~— (378 F/fbEIni-Z & ZffEzd L= (Figure
50d), F7=. B-39b’ L 3L{Z B,8-39b (27%) & B,a-39b (24%) MFEFEEGLNT-Z Enb ., 4xfil
BETITA X7 — M BED 1,2-trans BRMEZ B0 250D 25— 5, 1,2-V A — /L ONLARRLE &
FlH3 BRI D> TV EE X b b,

RATZ 7 A MERIEVALT D Z ERHM 5TV D TIOH™MZ 30 mol%fE i L7z& 2 A, &
fil i DB & [FIER, DURER O SR BB S u7z (Figure 50c), LA LDORERNS | 1,2-V 4 —
Vv DNLE IS K OSZARHIENC 31T 78 U o Fefil D 5Ll U 720 RSB & 8T 7e o 72,

HH  EE OB

Figure 49, entry 10 % faiii 5o & U fli 42 ORESZ 7514 5d, k-0 Z #Ft L 7= (Figure 51), £9°,
B O O-7 VX ALISIZIBN T, BRBRAE S L ONREIRMEZ R L7z, C-6 [ HE
RO N a—25d Vo & T A FRIE Y SERRNLE R L UNZARSRYET 38b & D
JEHETT L, B E T 5 Ba-39¢ 2% 92% T H a7z, C-3 i TBDPS & TR S 7=
OOt KaXx v EEAT 57V a—A5k T, BHO_MERED 38D ZEHTLZLT, 7
J<—L & C-6 \L T 1,.2-trans &R 72 7V 2 2 ALK DNE Z 0 . =8 B,a-39d 2 —[RID X
IR TERT D Z LIl Uiz, NV a—R7E T, 77 h—ABIL~vr /) —Z5m,
L-U % Y —2Z5n, ¥ m—250 &2 MNTHIEFITHEOVALER L OSSR TS
T BWVICRICTH E 972 208 39e-h AR S L7z, 72345, 5m & 5n TiE, 12-V4—
JUARIZDY 1,2-cis BERPUIZSOG L TV D72, B,B-39f 38 LT B,R-39g M1 H T 5,
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¢ glycosyl acceptors
HO
BnO 0
BnO Ph
HO OH
Ph/v \N BnO 0
BnO
&&H TBDPSO HO “OH
SO HO OH HO OH 5m 5n 50
e glycosyl donors BnO _0OBn OP(OEt)
BnO _OBn OBn BnO 0
;3 ;B0\ 75 BnO o) BnO BnO—LrL
BnO Eno BnO RTHN BnO 2
BnO TrocHN OP(OEt), OR
OP(OEt), OP(OE), OP(OED: 38 (4): R' = Ac 38k (a): RZ = Bn
0-38f 389 (o) 38h (a) 38j (0): R'= Alloc 38l (a): R2= Ac
BnO o PC
HO [ BnO- %‘ \
BnO 0 & BnO o Glc 57
BnO 5 BnO HO (0] o Gal
H OBn TBDPSO
(o] o) HO oBn TBDPSO
BnO OBn o) o HO OBn
OBn B0 OBn 0NN s
OBn BnO n
B,0-39¢c (5d+38b): 92% B,0-39d (5k+38b): 61% OBn
* 38b (2.4 equiv.) was used. B,a-39e (51+38b): 86%
XyI
L-Lyx BnO
Ph—0 o OBn  "Bno
OBn 0 0 o OB
o V- Suw AN L o S :
0Bn BnO oy OBn OBn
OBn
B,B-39f (5m+38b): 89% B,B-39g (5n+38b): 97% B,0-39h (50+38b): 74%
o,B-39f (5m+38b): 8%
Ph
o)
Ph—X-0 HO %
0 BnO Q
TBDPSO BnoO o)
n Gal
HO|  Gal OBn Hol OBn  TBDPSO Gal o
O HO Bn
B”M B”m o—o
BnO BnO BnO
OBn OBn BnO
B,a-39i (5g+0-38f): 75% OBn
0,0-39i (5g+0-38f): <5% B,a-39j (5d+0.-38f): 84% B,a-39k (5l+.-38f): 87%
B,B-39i (5g+a-38f): <5%
Ph—0\ OH
TBDPQC&&/O Man Ph/%O (6}
Ph/v OBn TBDPSO GlcN
TBDPSO W O\ oBn Hoom/OBn
OBn TrocHN OBn
OBn OBn

B,3-391 (5m-+a-38f): 91%

Ph/w&ﬁ

0 (0]

TBDPSO

Ho| GalN OBn
0“0

RHN

BnOOBn

B,0-390 (R = Ac, 5g+38i): 66%, a,0-390: 13%
B,0-39p (R = Alloc, 5g+38j): 72%, a,0-39p: 10%

o,B-39m (5m+389g): 60%
B,B-39m (5m+389): 27%

Ph—X-0
0 (0]
TBDPSO
HO
(e}

L-Lyx

BnO Q

BnO a,p-39q (5g+

OBn B,0-39q (5g+

0,0-39q (5g+38k): 52%

B,0-39n (5g+38h): 60%

OH

(9] O o)
TBDPSO
BnO\@i L.Lyx
BnO

OAc

o,B-39r (5g+381): 64%
B.p-39r (5g+381): 30%

38k): 7%
38k): 7%

Figure 51. Scope of glycosyl acceptors and glycosyl donors
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Wiz, Flix ORE(LGIK 381 Z it L7= (Figure51), 7 /L a2— R 38b 721 T/, T2
h—238f R~/ —R38g, Z/La¥I38h, HT7 bH 380, L-UF >V —= 38Kk,
| Z VT, BRx B BIR L OFORD BAF R IR L ONEIRPEIC THEITT 2 2 L 2 650
(2 UTeo AR ONLARRL B O P E BT, BRI ZBEE _f IR LIZi@ Y Th 203,
C2 it RaXvERT XU TAICHDL~Y ) —AL LUXY—ADHE, T/ ~—/
BCAH D v 7Y 7 EB I ICTRE LTz, —RINIZ, -7 U a3 NI L% 170Hz TH
D, BEZ160HZ #R-T B-7Var RFEDH I0HZIZEREWNZ EBHBNTNS D, fi
ZIE, ZoDvr ) —AnB 5 af-39s OHA . FEELGARM LA B O T )~ —f
BCAH B » 7V 7 EEIE. £NE4 WUen =171 Hz, 157 Hz T& -7~ (Figure 52), Figure 51
ICB W TR TR E ST, RRICEET DROMAEDEZHANT 1LU-Bo-7 U 2 RS
DHEINTZRThD, v/ —Abm & L-UF Y —R 38l oA MENT apf-39r 1%, 7
EIRA VU AILEENLDER T D,

‘ (a) Proton decoupled '*C NMR ‘

OH
c1(p) Ph—0 o)
TBDPSO D0

OBn
1 H

Jop = 157 Hz

cH H™\C OBn
I -

| OBn

‘ (b) Proton undecoupled '*C NMR

Figure 52. Confirmation of the structure of o,3-39m

EHIT,12-VA = EEERNI L at I o THLBEE{T o7 (Figure53a), ZiL% T,
FECEEND VA —NABRUEEM LR E TR T 2 2 LI ZEEE STV en, 7
2 BEOEBFEAEN LSRRI ST Rdo 72 P, P RER S T, TGO N-
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a) Investigation of N-protecting groups for 2-aminoglycosyl donors

Ph—X~0 GIcN
0 (0]
HO
PGHN

Ph/TO B
Bn?)o 0 24i (10 mol%)
PGHN B”O 0 "opogn, A MS, CHCl, 0—0 OBn
n ( ) rt, 24 h BnO OBn
5p-u (1.0 equiv.) 38b (1.2 equiv.) OBn
39s—x
entry 5 B,0-39
1 p (PG = Ac) B,0-39s: 0%
Ph—\-0O o
2 5q (PG = COCF3) B,0-39t: 0% Oo
p-TsHN
3 5r (PG = Troc) B,a-39u: 0% OH
OBn
4 5s (PG = p-Ts) B,0-39v: 75%? BnO ©) OBn
5 5t (PG = 2-NapSO0,) fB,0-39w: 98% OBn
a-39v'
6 5u (PG = p-Ns) f,0-39x: 99%
8 a-39v": 11% was additionally isolated.
(b) Confirmation of the structure
HMBC 4.79 ppm 5.36 6.19
. ppm ppm
Ph/Eg Q) , d°V=44Hz Ph/%(%&‘i 3J=33Hz Ph/v 3J 3.3 Hz
o) H
-TsHN -
P 4.336 ppm 5.35 ppm p TsHNOH AC2O 5.35 ppm p TsHN
H =T TR2 63238 1z OBn pyridine  d,%/=3. 3
0 n H—\-0 71%
BnO 0 OBn BnO OBn BnO
OBn OBn
B,a-39v -39v' acetylated a-39v'
) No reaction with 5s'
Ph/%o o GIcN
Ph (o]
% /% B‘i’(‘jo o 241 (10 mol%) AcO ey
-Ts
BnO
-TsHN 5A MS, CH,Cl, ’X/ﬁ
BnO OP(OEt), rt, 24 h

5s' (1.0 equw.)

38b (1.2 equiv.)

(d) Reaction of glucosamine 5u and galactosamine 38m

BnO _0Bn
o)
BnO
TrocHN Ph—\"O 0
P02\ o .5 240'3(95)2 ﬂ&ﬁ calN BnO —OBnph—-0\
2 m (2.4 equiv.) 2-NapsO,HN| ©2 oBn , o 0
2-NapSO,HN 24i (10 mol%) Troc N2 BN N 2-NapSOHN
OH " 5AMS, CH,Cl, BnO GalN OH
5u (1.0 equiv.) i, 24 h OBn a
B,0-39y: 44% B-39y": 26%

Figure 53. Investigation of 2-aminoglycosyl donors

TEFN-D-ZNatIonb—LTRTARTE 2BbEMm Sp 2Rk Lz 2 A, KRlE

T LR o7 (entryl), b U ZuAn 7 EF LIS Troc ETHR#E SN 50, r THIX
SIS HETT L7 v - 7= (entries 2 and 3), T, -OH XY HEEMEE OIKRW-NH-TIZ, RV~
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Wt LSEARA TR CERWI ERNFRTE L TR L, 22T b R U RICILHd 21287

2 HOBMEEZ EmOIIE, RV R E OFERTERA WREIZ R D LB R AVIR = VHTIR
HINT TN AP I ERE LT, ZORER, Biff@Y p- VTR S L7 Bs A
TeBSICBOSEAT L, BN E T2 B,a-39v Z IR 7T5% T1HH Z L IZpEI LT (entryd), 22
T C3NER 7Y av b Sz a-39v’ b RIAE L7z, 7235, B,a-39v DAEIEIL Rt NMR,
0-39v’ DOFEEILT B F A% O kot NMR 12 X W @ L7= (Figure 53b), C-3f\LCH 7Y
AL E ST, TETFARTRE LS AW Z A, PRICK L TRIGH S
SHEITLZRD o2 Enn, C3MDE Ru s VAL 3l &l L7- (Figure 53c), 58°Cld
BOSISET L2200 e B A2 = CTERT 5, 7 X/ EOMBMEZ S biZ@moild, AU
VERLSERAIERR LT B L E X, 22T T FN AR IR p- ) VLA AT D B,
u ZHW 7RSSR, o BMERITARET, EEMIC Ba-30w 38 LT B,a-39x #1525 Z LTk
By L7z (entries 5 and 6),

KRG AR LT, Y=~ A v VICEENDIREOMAE O THRF AT T,
ThathIrbul T 7 b Ir38mEHNEE A IR EERRMEICKEORAH 5
23, Ba-39y DERKICHE) LT (Figure53d), LA EDFERN G | AEESIGIE 1,2- A — V%
GUREOHRIL LT, T HEEANTH LU-Ba-7 U 2> NiEA OREEN albe7e, FE A
HHDIENIETH D Z LB BN 0T, 5% xR RIRDE A~ DS HIfFT &
Do

B SRR

RATZ 7 A MEL DOIIRITIEN T, SRR DO FEBLLRI A M D AU B 2 B &
BT DT, BUCERE ORI T 7258k 21T > 7= (Figure54), £, AR U ERARLEEH
12-V A=V LSRR ETER T 2 2 L BRISOEITICUNHTH 2 2 L 2 fEND 2729012, C-2
PN DNVIETIR#E ST 7 b—L 26a Z AVW- & 2 A, TARE D SORIEHETET 26a
NZEOF FEIN S 7= (Figure54a), £72, 1,2-U 4 —/v & OSERNR LA AL L THEREL 9
B AR\ A DT AL RURBEIT Lo 722 Linh, 1,224 — /L &R U o ifilllt &
DEERTERIFHICAE L D7 0 F U BNAR AT 7 A MEOIEALICHIA TH 5 Z LB 52N 72
-7z (Figure 54b),
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RAT 7 A MHEDBMALRIEOF 2RSS 57280
% fldt 241 ORI L 7 1%
TACEBEE LTz, 22 TlE, RATZ 71 ME38a, b, -m D55 ME— afid B iRz HEES
HTEMTE BB ZHNWDHZ LT LTz, ZOREE, o-38f & B-38f & HITIRNATE ED D
T RO SV E A SN LT (Figure54c), 59 FE7FTE F COMGETH
5728, FOSHRF TOEIZONT HiERT A2V ERH 5,

2, 59 FEFET., BME(bzEEL >
AT VY = F LT, THNMR & SIPNMR (2 CHREFF

(a) No reaction with alcohol 26a instead of 1,2-diol

e SRR SRR 24i (10 mol%)
BnO * BnO ————— > No reaction
BnO ‘OH BnO 'OP(OEt), 5A MS, CH,Cl;

26a (1.0 equiv.) 38b (1.2 equiv.) .24 h
(b) No reaction with boronic acid catalyst

Ph/V BnO
+ BnO
TBDPSO BnO

PhB(OH), (10 mol%)

No reaction
BnO 'OP(OEt), BSAMS, CHCl,
rt, 24 h
5g (1.0 equiv.) 38b (1.2 equiv.)
(c) No isomerization of phosphite 38f
BnO _0OBn 24i (Et0),POH BnO _0OBn
0 (10 mol%) (0.50 equiv.) _ o
BnO==N 5A MS, CD,Cl, CD,Cl, BnO=2N
OP(OEt), 1,24 h r, 24 h OP(OEt),
o-38f o-38f a: 89% NMR yield
(o:p = 95:5) (o:p=96:4) B:4% NMR vyield
24i (EtO),POH
BnO _0OB 2 BnO _0Bn
On (10 mol%) (0.50 equiv.) o
BnO OP(OEt), 5A MS, CD,Cl, CD,Cl, BnO OP(OEt),
BnO rt, 24 h rt, 24 h BnO
B-38f p-38f B: 90% NMR yield
(B:ae = 90:10) (B:aa=90:10) «: 10% NMR yield

Figure 54. Mechanistic studies

WIT, BAT 74 MESCAERDORIFE(LZ 'H NMR 38X 3P NMR (2 X W Bl L7
(Figure55), & H L7zaUd, AT 74 MEETIIERD OB CORMALTH D, SAREIR
PEDENZ Y 2 U ARG T, SN2 LT D Z L A%< 2889 ARG DR Tl
MACBOS DF LTI D MER B o 1o, BRI Z BN 2R, Kb SNRKIET, o
38f (o =97:3) & B-38f (B:ae = 89:11) A EAEALEG & DINIfF LIz 2 A, I REZ
CATNERIEIRPEIC K & 70 2203 Uz, 0-38f TIEIEF I
23, B-38f DA, FAEBMN Boa-39 THDHZ &

B O ARERRME C B,0-391 15Tz
IEDLVITRWWEOD, IR E LT

55



0,0-391 7% 32%4E U, EREFEO KRR TR RNz, 7 ra A% U ToORGHH
R LD Z T, BYZ7rnu 220 NEIEEME L LT, 2356-7 h7/7re=1|n
NPy HNMR Al) & FU 7=k A 7 0 A% K (3P NMR ) 2@ H L, R
ZACZBIN LTz, ZTORER, 7 v X Z P TORIGHER LHIER | EREA~OZETESL
PIERESHEE DY £ 5 BT R e o T2, #REFZEOBINC L Y a-38f OHEED
BN & & bic, Ba-39i AHINT S Z & AR L7z, [RERIC, p-38F OIHEBEOHINIZ LN,
B,0-39i & a,a-39I XL HIZHIMNT 22 EEHOLI LT, WTNOHAICHLEAT 74 ME
B L OVERY O BSOS (0-38F 2 B-38f, B,a-39i 2 a,0-39i) |2 XL DEMLITR b o7z,

<Results of the reactions in CH,Cly,>

BnO _0Bn
0
BnO
nOBPOEY, oo N
PhR2 o -38f (1.2 equiv.) HO OB
TBDPSO —'24. Q 0—0 B,0-39i: 75%
HO "OH SAII\/(I18021I3IQI) BnO ,0-39i:<5%
5g (1.0 equiv.) "t 24 h2 2 B,a-39i BnOg, ,B-39i: <5%
BnO _0OBn

0 Ph—X-0
Bno&/OP(OEt)z Ph—X-0 o 0 O
BnO TBDPSO TBDPSO

B-38f (1.2 equiv.) HO HO

59 OBn o)

1.0 equiv. 24i (10 mol% O0—~-0 OBn
(1-0 equiv,) (10 mal'%) BnO o) B,0-39i: 48%
5A MS, CH,Cl, !
BnO BnO 39i: 329
rt, 24 h OBn BnO o,0-39i: 32%
B,a-39i a,0-39i OBn a,B-39i: 6%
(A) a-phosphite (B) B-phosphite
100 100
90 90
80 80

70 70

60 60

50 50 /“
40

30 30 ’,//

20 20

0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

—8—B,a-product a-phosphite B-phosphite —8— B, a-product a,a-product B-phosphite a-phosphite

Horizontal axis: reaction time (h), Vertical axis: NMR vyield (%)
(Internal standard for *H NMR: 2,3,5,6-tetrachloronitrobenzene, 3P NMR: triphenylphosphine oxide)

Figure 55. Time course studies

INFETOH AN SHEE S5 OGRS % Figure 56 12783, a-38F 25 B,0-39i 23 3L
BRI O 2 &, B-38F 205 B,a-39i B L WM a,a-391 NGO & &2B E 2, 0-38f T
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I3 SN2 SRS ERBE T 5 —F7. B-38F Tid, S\2 IS LA LT S KISHEZ > T
EEZOND, WO TGO SLARZEIRPEDME 39m, g, r iIZOWTHEBTLH L, afi
DIRAT 7 A NFEND SN G LV AU EARY a ke & B2, BIAERY O B KDY Sy2
FOZE VAL TWD Z ERHERIS LD (Figure51), 390,p 122V T, SN ISHHA L
TRIZERM 0,0-390,p G ONTZE B HILD, £z, FEZERMOARERIUEIZHED &
S 7239b TiX, flEIERI 5T/ L a— R 50 DEWRENMEEROT ) ~—L p-& Fr gk
DG LT EBbins, LEOFERNG, mA T 7 A4 MEOSAREFIZ L 5T, SN2 Ks &
SN IGDEEZ Do S MER Y | RIAERDIE Z NG ORIGRENHAETHZ L TELD &
EZTND,

inactive species

Ar\B/o Ar,BO
\ & 1 & 1
o) O -OR RO 0O -OR o
—
R0
o5+
Ar /O H
0 Ar,BOH B ~ OP(OEt),
R1O/\/S.14L . AT &O’\/OR1 — Ar_.-0 B —
HO OH 0 ArT — 1
H 0 -OR

OB

NO 3 >/
R3O/\/ﬁ /\ R0 %—~1 -0
0 SN2 o O/\/OR’I
—_— HO&/N
EtO/l\D® ~B 1 B,a-disaccharide
R30>,o H o ATOHXOTOR o

OP(OEt), . RIS ¢
( >/O Sy
H —1 , RO . o

~
~ /’O O
AI‘/B 1 Ar:B/ Hgg O/\/OR1
R AN Ar 9% 0—-OR!

a,a-disaccharide
(ex. 39i, 390, 39p)

—20 P2y
R30/wﬁ B
L HOmOR1 SN2 —0 B 1
— >R300 %w—~\_-0 O0—-OR
EtO\P/O HO HO/XN
Et0” | @ B,p-disaccharide
H (ex. 39b)

Figure 56. Proposed mechanism for 1,1’-B,a-disaccharides

BB, 73 2 BECRUS ST L7 IC W T2 (Figure 57), AR U g 24i & p-
MoVETCRESN cis2- 7 X /v~ ) —LEEL X277 —v—T7(FE T, BY
JRB AR NGRS T A ARUENRE Re X U BEICEM L TWS Z &% NMRIZ X
DHER LTz, T72bb, 280 b 1071 b DIF ) INKRE B EZZ T TEY . 1ppm
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VLRG> 7 b Lie, $EE R DR RAET 5720, i-PRNEt ZNA 7L 2 A, T4
WY ARy BENERFICEN LI HEBREAR TR T D 2 LY X MG AE AT IC L o T
AL oTe, 12-V A —NEZUIEZRETORIGTET TR, 7T I/ ETORRICE
WTHEEERETER L CTRISDEITL TWA Z L 2 EMFIT DR TH D,

SO ey e le

O~

Ng
amino alcohol catalyst 24i %ﬂN/
\

i-Pr,NEt
(1.0 equiv.)

CCDC 1990211

'H NMR (400 MHz, CDyCl;)
aming aleohol + catalyst

C-H" C-H" - MBS &4
M ! :J\_MLWA\LJ
e A

e

h T 11 T T T 1 :
)
‘ C-H C H' mlltnnu‘ + t.t.l}‘l
“ I N- 'A[ ; +MS SA (12
) | o
A Sl """'L AN ]- I, LEN r _!I" ~ _|-_ ] A iy "‘11,-‘-& .\,..'.\ .
1+
T
catalyst

N-H C-H C-H aming alcohol
L L]
I_IL A A Mo

Figure 57. Formation of borate complex with amino alcohol

PLEDFER L v Zvat I TORIGHENE % Figure 58 (2R, 1,2-U 4 — L L[EER, 7
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Y I bs-u LAY UM 241 DA ETERT D &L AR AT 7 A MENTEMEL S HL. Sn2 X
S % TR ORISR C B,0-39v—x 2343 H A1 % (Figure 53a), C-3 L% 7 & F /LA TR
5 EUGIHEIT L7 oo RINIZ L F O —ficdh b £ Bz bb (Figure53c), 512,
ERrF Uil i LT I RORGERITN I mW o, C-3 LMK ZEN TV R T
FUTSERIE R SR BRI 72 D, 85 12, C-3L0E R F Ui 2Lk =V ERORMICKHERE A
W SERDTEEINLCT VAL RA—T g AZR> TWVHAREE B X bivd, C-3 4L
7 2 MEAk o-39v?, B39y REIAE L= FREE, =2 7 MY TS D C3 ik RFr ¥
TEORBMERE L MBI X o TEMbSN D Z ER<KBUNZEG LTS 7o 7e & #E
B &5 (Figure 53a, d), BEHLGRIC & o TEARBIRIER R 2013, A% Y WA= 4
AFFHEEOAETCRLT SIKFT L EE2 01D, TRDL, KUMEDE WA AT 7 A
I 38b Tid, Snl Szt T oA EL D —J7, FUSPEDIRNAR AT 7 A | 38m Tid, Sn2
FOGZ#8 T B ARAEL % (Figure 58), NENEIRMEICHEIZH 5725, 15 DT AERM) OrkE
D, SOCHHELHEE T2 Z LI TE T,

RO~ /\ BnO _0OBn
0 Ph—X-0
0.0 Al O OB b0 Bno%qoo 2
Et0” | ® Ar/g\ o o BnO Q r?o Q TrocHN | 5_NapSO,HN
Ho ToON oA _pPh  BnO p-TsHN Et0._0O OH
N _ = :p
Ar,S\\O__H 0 BnOU OH Et0” | ®
H
l Sn2 l Sy l Sp2

0 Ph/Y)O O BnO _0O
— n Bn
RO-w~\_~0 o) . Ph/%o o
B o o p-TsHNOH BnO 0
1) _
ArSO,HN 0-\__Ph . o8n TrocHN p 2 NapSO2HNOH
O\ o

OH
BnO Bn -39y
OBn

o-39v'

B,o-disaccharide

Figure 58. Proposed mechanism for the reactions with 2-aminoglycosyl donors

FB=H LI-00-7Y 3 ¥ FREGOHEE
F—IH R X ORISR ORET

1,2-UA—/V 5g i RIRE L, 1 1-0,0-7 VU 2 FiESOBEEEZ BT LT-, Ak
TR C K 5 1,2-cis IIRAY2 7Y 2 2 LRI OHER 2S5 EZ12 2, 7k RulE 40a %
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PEfe AR E L, 78 b= MU LH 0°C 2T, #fx 2t 2 FOSIZAT L7z (Figure 59), m=if.
FUESIZ L > THE SN 4-4 FFT 7 2 =/LRa g 2020 % 5 & IRIRZ 6 B
I a,0-41la 235 5B 372 (entry 1), AR U % 24e TIE, IR 50%I2 F Clh) L L7~ (entry 3),

BnO o
Bnc&a TBOPSOA—> o8
0 PR o Howgn
Ph—%~0 40a (x equiv.) TBDPSO a,p-41a oo
Oﬁl\ cat. (20 mol%) Ho o
_—
TBDPSO HO “on additive OBn 0 0
solvent 41a HO [0} OBn TBDPSO 0OBn
5g (1.0 equiv.) 0°C. 24 h a,a-41a Hoo
' OBn 0 oB
B,a-41a HO n

OBn

24e (R",R? = H)

B(OH
/©/ (OH), 2 24 (R' = H, R? = Me)
24 1TR2 -
Ve 9 (R'R Mez)
24h (R' = Me, R%= CF,)

2b 24i (R',R? = CFy)

entry 40a (x equiv.) cat. additive solvent o,0-41a (%) «o,p-41a (%) B,a-41a (%)
1 1.0 2b - MeCN 12 0 0
2 1.0 Ph,BOH 24a - MeCN 16 10 0
3 1.0 24e - MeCN 50 0 0
V. 5 20 ~ meeN 75 4 0
5 1.5 24f - MeCN 48 8 6
6 1.5 249 - MeCN 58 0 0
7 1.5 24h - MeCN 57 6 0
8 1.5 24i - MeCN 61 6 0
e T 20 ~ oene 3 6 o
10 1.5 24e - CH,Cl, 77 9 0
11 1.5 24e 4AMS  CH,Cl, 39 51 0
12 1.5 24e 5AMS  CH,Cl, 44 52 0
132 1.5 24e 5AMS  CH,Cl, 52 17 0

Figure 59. Optimization of the reaction conditions for 1,1’-o,c-disaccharides

EORHINEOSELBIEL, 40a DY EL 15 Y&EICHML, fxOBEHELZHT 5=
BREAR Y B A RE L2 A, BlIARE LT apdla BT NHELRIZLOD
24e NI b @BV A B 2 7 (entry 4), eEMEDOR Y VEETIX, 402 OIEME(LIAR+-47
72D MEEDMET L7 (entries5and 6), — . B RBIMEDR U VEEIT 40a DEAKISE
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RET D720, a,0-4la DYEER RIZIFE SR -72 2B 2 55 (entries 7 and 8), 7233,
AR OREEIX " RIE NMR ICE VIRE LT\ 5, H BT 2RFTH LNz Bo-3%
D Ac FEE LR L, Ba-dla & —ET 52 &L LM THERE L T 5 (Figure 60), el T, I&
BB A LI A, Y7ru AP tELbdaF—r—T7 OMBEDE T HE
Ala DERDBIFNARE S AU RIRESME T L7z (entries 11 and 12), SOk EE HEE L,
FONMBEZK T S W70 & 2 A, ap-4la DERITINHITEX 7203, o,0-41a DYLERIZ KX 7l
MR BN -T2 (entry13), DL EDORER LD | IR, &I E HICBAF2 entryd &, 1,1°-
a7 U 3y RiEA ORI DRl 5 L B0 T,

Ph—X-0 Ph—Y0
0 O o) o]
TBDPSO NaOMe TBDPSO
HO oBh —— > HO OBn

(0] (@]
OoNC X ogy  MeOH. AN

OBn quant. OBn
B,a-39a B,a-41a

Figure 60. Confirmation of the structure of B,a-41a

(a) Reactions of 5g and 40a with acid catalysts

P02\ o P02\ o
BnO TBDP(S)O TBDP(S)O
Bnoﬂ 0-oH HO,

BnO HO Lo Q OBn
© OBn HO&K/OBn
Ph/%O o 40a (2.0 equiv.) B-41a OBnROBN a,o-41a obn
TBDPSO HO ‘OH cat. (10 mol%) Ph—X0O
_ 4AMS, CH,Cl, 0/&/0 P00
5g (1.0 equiv.) _40°C. 24  TBDPSO OBn TBDPSO
' HO o HO OBn
Ho oBn AN
OBn HO OBn
o,p-41a p.a-41a OBn
cat p-41a’ o,0-41a o,p-41a B,0-41a recovery of 5g
BF3°OEt, 7% 1% 10% 4% 46%
TfOH 16% 9% 9% 2% 49%

(b) Confirmation of the structure of p-41a’

6.34 ppm
Ph/%O o Ph/voo 0d,3/=38Hz Ph/%o o
TBDPSO Ac,O TBDPSO H TBDPSO OAc
O-_OH 2 0 Ol 5.85ppm

- +
HO o pyridine o> o OAC o> > M 4360 Hz
OB OB(rzBn 70% BnO OACH4 88 ppm BnOOB OACH4 39 ppm

n R =472 . .
(o = 43:57) OBn d.3/=7.7 Hz n 4 3y=8.2Hz

p-41a’ acetylated §-41a’

Figure 61. Control experiments
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BRSSO feift. (Figure 59) TR BAVZ, @WMLE TS X ONLAERIER AR Y o W fiiit
208 \ZXDNETHDHZ LR T T2, MO & o thEg Sk 217 > 7= (Figure 61a), %
DFE TR, BRIEN LA AR TH->TH T LU AT v REETH > Th., WHHED KSR
HEE STz, RA T 7 A4 MEORGTERBRIZ, C2AR 7 ) a b Iiiz B-41a’H Bk S
Nz ehn, 122V =1 D C3MIN S EWR#ERENFEL TH, C2 MRS &
W2 EERIBLTND, 2B, p4la’DIEEIZ OV TIE, REIGOE Kafx vikz 7 vF v
LU=, HMBCIZ XV 7 ) ~—(Ild 7 v F /b & ni= 2 & # 8 L= (Figure61b), 7 >
b Reb 40a 1T EAINC KV HE SN D720, RGO 5g A 50%FE RN S jviz, =0
LB SEBR N 6 | JH L AR ERIEFE 2 R 24 12 K B 1,2-P A — /L ONEER K ONLARHIE A MER T
Wb ZEBIRENT,

BH EE OB

BB 7R ST FlE 2 ORESZ AR Sk—m, s, v OBEIL 5K 40b A MFT L 72 (Figure 62), (R
DESDE R fEa2f9 % 5k TIIEMRIEGM A G AT, ~» / — A 5m Z V7B
WZIE, e EBWHEEO AR G b, B IR T LK OICHR AT 7 4 MELITBUR
BN R | 12-UA— VIR BT E ) T A2 — AL THRINT D720, KGN EMEZ 2
RTWNWEEZXLND, —F, FAat I bs TIXHAIRELNT, 1FE A ED 5s AT
ST, BT obft GRS LT, 40b ZfEH Lo & 2 A, BEHOARMITE LT, fRIL
RTHY, 7o FafEeoISHENINETH D Z EBH NIRRT,

T b RufEORINIBIT 5 EE#EHTRIIAR AT 7 A4 MEZEIA VR, Zra—
APSMNZATZ 7 b —=ABLv &N D Z LN TE T, BRENZ L2, 73— 5g DEE
ITHEZ RPN OSLREED BRLEZ & 5 op-4la DN EARRIAERM Th o728, HT 2 h—
A 51, v CIIRE G OSLAEFE N 70 DRI R %1572, 10%FRETG D7 Bo-4lb D%

WX, RAT 74 M 38a & ORUSAERM B,0-392 DT & FILEED Pifri#ER & O—EiC
P L7z (Figure 63, LBY), —J7. BIER® Bo-4lci. o VA BEOBRHEIC LY Bo-dlb D
RN 42 & —H L7 2 &b A CRREZ AT 25 “METH DL 2 & Ml Lz (Figure
63, TEY), //va—R5g &L HT 7 h—AS5lv Tk, R U EEflEE L ORI A OH i
RBORE, 7/ ~v—frt Fu U EORBMR EITEWDE T, B OSLAREMERD
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EWZORR o7 LHERI SN D,

BnO
BnO (0] Ph
BnO % Ph
Ph o o ko
%o 40a (1.5 equiv.) o o OH
5 24e (20 mol%) . o B
o MeCN Hoo RO
RO o 0°C,24h OBn Hoom/om o]
HONS~\_0Bn HO OBnOB” 24e
51 (R = TBDPS) OBn
5v (R=TIPS) a,0-41b (R = TBDPS): 55%  B,0-41b (R = TBDPS): 10%
(1.0 equiv.) a,a-41c (R = TIPS): 79% B,a-41c (R = TIPS): 9%
unsuccessful substrates
Ph—Y-0 BnO _OBn
HO Ph—X-0 og 0 0 0
HO 0 0 HO BnO
TBDPSO TBDPSO p-TsHN n
HO "OH OH OH o]
5k 5m 5s 40b

A reaction with 40a
gave complex mixture.

A reaction with 40a gave
>4 kinds of products.

Almost no reaction
occurred with 40a.

Area
a,
with

ction with 5g gave
o-disaccharide
low yield (~20%).

Figure 62. Substrate scope

BnO

BnO o)
Ph BnO Ph
k AcO OP(OEt), %
57 38a (1.2 equiv.) 59
24i (10 mol% NaOMe
TBDPSOgoﬁ ( " 0 —— > Boa-41b
5A MS, CH,CI TBDPSO MeOH, rt
HO "OH woan HO | OBn gro
51 (1.0 equiv.) 30% Ac(mBn
B,a-39z BnO
Ph Ph Ph
o ko
? TBAF § TBAF
o) — o) - o]
TBDPSO 70% HO quant. TIPSO
HOJ OBn HOL OBn HOJ OBn
Qo N2 osn Qo N2 o8n AN Ao
BnO BnO BnO
B,a-41b 42 B,a-41c

Figure 63. Confirmation of the structure of B,a-41b, ¢

FB=IE UCHEOFAT

T e RafEl ONTBW T, MRERIREORBBCRI AR O LRI BT 2B h %25
BT 572010, RISHEOMICHIT 7258 A4 1T -7 (Figure 64), £7°. AU EEfREE
1,2-U A — )V LR E TR T B Z & DS DOEITICHNETH D20 HEND D201, C-2 AL
RUVNVETIHRESNTZT 7 b—/L 26a Z =, ZOFER, &< BUSDOEIT LR 727k
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AT 7 A MEELIIRIBEC, FUSHEIT L a,0-41d 23428 L 7= (Figure 64a), RILR Tiid
ST, BRI ST B T3 — VIZENL LT AR Y VR E OFERBVA AL LTT
b ReEZIEMEL L TO D ATREMEDS S 29, BRERTZRVN Z & 12, 10 mol% DAl fiAFAE . &
WA THRE IZEET 5 & 67%ICETIWENRM ELE, LERd->T, 7k FafEs ORI
BWTHE, 1,2-UA— /VEOFIEDR VA TR EBRPF MM T2,

WIZ, R Y RO D VIR v S AR Ue & 2 A IRIERZR D b )OS HELT
L7clodh, 12-UF— L EOFEEPLA AL L THIEL TWAH Z E RIS LD (Figure
64b), 7L AT v REETIEMAL ST WA AT 7 4 MEL B 7ok Raffcidy
VY ATy RBBIZT TRBEHIZH DNVA AFBIZ L > THIEMH fbIh b B 6D ),

(a) Reaction with alcohol 26a instead of 1,2-diol

BnO o
BnO
BnO BnO 2 . Bng%
BnO 0 , Bno o] € (10 mol%) BnO

BnO — %

BnO OB
solvent n
BnO OH (0] 0°C,24h HO (0] OBn
26a (1.0 equiv.) 40a (1.5 equiv.) MeCN: 36% OBn
THF: 67% a,a-41d

(b) Reaction with boronic acid catalyst

B(OH),
T R
0 (o]
Ph/v BIra]noo MeO TBDPSO >
. 2b (20 mol%) 0
TBDPSO BnO OBn
How

HO OH MeCN Bn

5g (1.0 equiv.) 40a (1.0 equiv.) 0°C,24h OBn

12% o,a-41a

Figure 64. Mechanistic studies

DL EOFRER X 0 e S D ROGHERE % Figure 65 (27597, Figure 64 (235 1) 5 BUG MBI R
TholeZl &inh, FRKIL 12- A — NV LR U VBB OSSR AE L 271 iz
L DTEMALZ R TVD EHERI SN D, BEZAIRIC 7V 31— Bg & FIWTZBE BIAERD DS o,B-
4la THoTDIE, RAT 7 A MEOPUCHER & ARk, AR 5T 59 D7/ <~ —{L B-t
e EROnLicbo e Bbnd, —F, 7727 b—A5l,v TlEbg £V &REMNK
Wiz, EC XD 12-2 A — L ONEHIBNE TE TWA M, T b ROk
LEPETH XY WNAN=0 D F A PRUERE T SRR RN ERIZR T ERD
5,
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Al 2 (0]
Ar£B \a \/ﬁ
HO

Ar\ (\ Ar\ /
—_OR! B _B o ]
Ar<BY w2 Ho X O OR

_-O0
“ H\ &O/\/OR1 O S:O/\/OR1 a,o-disaccharide

(2-OH is not necessary — generation of a,a-41d)

o

Ar- /O
/B\
AT 5 X O OR'
5 H/ RZO N/ R2O ‘/S/o
e Ho HO «
0—-OR!
5 R20x~—0 R20x~—0 AF\B/ HO
.
) \a \ao Ar ¢ @\O &o/\/OR1 B,a-disaccharide
A0 0 e _ (ex. 41b, 41c)

B’ H
Ar” N\ k —_0OR! X
o Ar— /O

@
B RZO 0 RZO
~ 1 —
Ar b&vﬁOR \7) “;ﬁﬁ

— ) gRenen
HO
HHOO N O OR'

o,B-disaccharide

(glucose 59 is possibly more nucleophilic (ex. 41a)
than galactose 5l and 5v)

Figure 65. Proposed mechanism for 1,1’-a,a-disaccharides

BUE RABDER~DSH

1,1-a,0-7 Y a2 FiEEOWMGHEIC L VLI IERIFRO b Lose — ZFFERZFI T
5L TCRIMEDRINCARTE D LB X T, T I Tao-dla ZHFFEEE L, BREICE
LWAAS Y —T 772 b LTOMMABREFRI SN D STL-1 OEMERET2Z LIzl
Tz THRERD R LA =25 12 TIRTESHRAME SNVTW DA, IR L BIR#E DM D
WUICEVERSNTEY . LRI FRIROBLEDN DUEORMAH 5 (Figure 66)7),

AL ST, 12-94—/L 5g &7 b Kol 40a OGS o0-d4la 2157214
VU AZ AT LS N L) P AT L 43 2R THRRT 5 2 S IC L, e,
EDCIZ K DA G Tl P AT LB IRIICETE S, £/ =27V E AR L
oo WIT, NP YT T v 2 — )L ONEERIRE TSI KO, C-3 /2 TBDPS Dt
RAEBIZ R VA=V 44 B RAFRIR TR BT, 7V F U E DA = 2T /AR ™)
2L DT AT IV A5 BRI 1RIT, NODRY DNV E 2RI iR#ET D 2 L T STL-1 D%
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Figure 66. Synthesis of STL-1 from trehalose
Toorgo o2
BnO
Ph0 Bn?y o0 24e(20mol%)  BPPSO Ho)
BnO _—
TBDPSO 1o “OH ] MeCN o OBn
0°C,24h o] OBn
59 (1.0 equiv.) 40a (1.5 equiv.) 75% OBn

Ph"YO0\ o
50 C/\/COzH TBDPSO/%
2

1. Et3SiH (3.0 equiv.)
TfOH (3.4 equiv.)

Bn%ﬁ

4A MS, CH,Cl,
2,4,6-trichloro- O 2. TBAF (1 4 equiv.) Bno OB”

benzoyl chloride THF, rt,6 h

I-Pr,NEt, DMAP 43 77% (2 steps)

86% o
BnO
i OBn
C15H31 OO/% C15H31 /%
CHy(CHo)aCOH  C18Ha1 0 C1sHas
(4.0 equiv.)
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benzoyl chloride
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BnO ©

Figure 67.

0 0 Pdblack
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BnhO” 0 O OBn HCOZH/EtOH

OH

OBn rt, 1.5 h
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STL-1

Synthesis of STL-1 starting from the reaction of 5g with 40a
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EIUE

EHT, SIHSBFRVEORIEHSTE L SH TV 110-7 0 33 RS OFHEL 2R L0 R
FENTE LTz, 12-P A= ER Y IBOSEATEROBKIETEL D 7 a bl ko TEMAL
SNLOREM ARG LR, RAT 74 ML T b FrfE2HVBIC, 1,1-p0-2
Jay FiaB i LI-ae-27 U 22 RiE 2 A9 2 N Z L L RS IRIZ AR
HZ ExBBNT LT (Figure 68), RAT 7 A MEZIEMALT D72 OIZEFRGIMEDORY
VEBBERWEZ E TR RIBIZED D Z LIRS LT, £72, 7B Rufiloxt LT,
HELBRWEREOBMEELZAT LAY VBICLD, INEBLOERIRELSDL Z LN TE
7o ARBUSIE, fERCSEASEIPEZHI L C 1,1-27' U =¥ RiEE 288 L 7= oS5
Thd, ZOMREZIGHL T, 7 I /2GRS EH# OGRS RS Kb 2 LTz,

—>~0
RO, BnO _0Bn
HX “OH o
BnO Ph—X-0 o
Ar,BOH \ TrocHN SO

(cat.) OP(OE), 2-NapSOzHN | OBn
24i (cat.) Troch/
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Figure 68. Catalytic stereoselective synthesis of 1,1’-disaccharides
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BUE B

FEEIL T~k ReX o EE G 1,2-0 4 — 0 LR U R A LA A S 2
LT &Y 12-cis IIIRWY A2 A Y TRESRIEDO I L7z (Figure69), ZHETIZT /~
—fLe Fw S o B KRR E 2 AREEIZHIE S 5 AT S TW R o TN ARiEE
WU T A F MAEEOER 7Y 2 2 /AR T ONLERIE 2 B K HEC 1,2-cis PRI 45
TE D, 1ERMBN TN D 1,2-trans HIRAY RS & PREFUT, SEAEIRMEZ B B 7R
LN OA ) TPELERTE, V7 F Ui EOREEAEEIGC, EWIETEZ Rk~ 7ofE
PHA ORI IRF SN D, AR U BN ZZRP TLREICR O F 2D 2 &0, Bfilc X

S TEHZFE LTV &6 B RUIC IS 2 iSOG D FERIMED A B L PEZEA~D
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Figure 69. Stereoselective synthesis of 1,2-cis-glycosides using organoboron catalysts
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Unless otherwise noted, all chemicals and solvents were obtained from commercial suppliers and used
without further purification. Analytical thin-layer chromatography was performed with Merck Silica
gel 60. Column chromatography was performed on Cica silica gel 60 (spherical/40—-100 um). Proton
nuclear magnetic resonance (*H NMR) spectra were recorded with a JEOL JNM-AL 400 at 400 MHz,
JEOL JNM-ECA 500 at 500 MHz, or Avance | 600 (Bruker Biospin AG, Switzerland) at 600 MHz.
Chemical shifts are reported relative to TMS (6 0.00) or CDsOD (6 3.30). Multiplicity is indicated by
one or more of the following: s (singlet); d (doublet); dd (doublet of doublets); t (triplet); g (quartet);
m (multiplet); br (broad). Carbon nuclear magnetic resonance (**C NMR) spectra were recorded with
a JEOL JNM-AL 400 at 100 MHz, JEOL JNM-ECA 500 at 125 MHz, or Avance | 600 (Bruker Biospin
AG, Switzerland) at 150 MHz. Chemical shifts are reported relative to CDCl3 (6 77.0) or CD3OD (8
49.0). Infrared spectra were recorded on a JASCO FT/IR-4100. High resolution mass spectra were
obtained on a Shimadzu LCMS-IT-TOF for ESI-MS. Optical rotations were recorded on a JASCO P-
2200 polarimeter; concentrations are quoted in grams per 100 mL. Unless otherwise noted, all
materials and solvents were purchased from Tokyo Kasei Co., Aldrich Inc., and other commercial

suppliers and were used without purification.
H—F Ao B X 3RAE S Y a2 U ERE

1. Preparation of starting materials
mCPBA
0 (1.5 equiv.) O +OH
O H,0, Et,0 @OH
3,4-dihydro-2H-pyran 0 °C, 19D 1
(1.0 equiv.) 73%
Tetrahydro-2H-pyran-2,3-diol (1): To a solution of mMCPBA (15 mmol, 3.45 g) in Et,O (50 mL) were
added 3,4-dihydro-2H-pyran (10 mmol, 0.905 mL) and H,O (5 mL) at 0 °C under argon atmosphere.
The solution was stirred at 0 °C for 19 h before concentrated. Then, the mixture containing colorless

precipitates was filtered through a glass filter using cold H»O. After the filtrate was coevaporated with

toluene, the crude was purified by column chromatography (EtOAc) to provide 1 (861 mg, 73%, o3

69



= 0.8:1) as a colorless oil; *H NMR (500 MHz, CDCls, 40:60 mixture of anomers): § 4.92 (s, 1.0H),
451 (d, J=5.7 Hz, 0.6H), 4.42 (s, 0.4H), 3.97-3.90 (m, 1.0H), 3.69 (s, 0.6H), 3.55-3.40 (m, 2.2H),
2.89 (s, 0.4H), 2.10-2.07 (m, 0.6H), 1.90-1.46 (m, 3.2H); **C NMR (125 MHz, CDCls, 40:60 mixture

of anomers): 6 98.5, 93.6, 70.3, 67.7, 65.1, 62.1, 29.1, 27.6, 24.0, 22.1.

BnO
BnO BnO
Bno&ﬁ _TMHS0, O o

BnO
dloxane HO “OH
OEt reflux, 7 h
s1 87% 5a

3,4,6-Tri-O-benzyl-D-glucopyranose (5a): Based on the reported procedure for the preparation of
3,4,6-tri-O-benzyl-D-galactopyranose,’” concentrated H,SO4 (22.3 mmol, 1.2 mL) was added to a
stirred solution of S17® (10.7 mmol, 5.57 g) in 1,4-dioxane (40 mL) and HO (21 mL), and the solution
was refluxed for 7 h. Then, the reaction mixture was cooled down to room temperature, and solid
NaHCO; was added until the mixture was neutralized. EtOAc and H,O were added and separated. The
organic layer was washed with water and brine. The organic layer was dried over Na,SOs, filtered and
concentrated in vacuo. The crude product was purified by column chromatography (hexane:EtOAc =
2:1 — 1:2) to afford 5a (4.21 g, 87%, o = 1:1) as a colorless solid; *H NMR (400 MHz, CDCls,
50:50 mixture of anomers) & 7.37-7.13 (m, 15.0H), 5.24 (t, J = 3.5 Hz, 0.5H), 4.90-4.79 (m, 3.0H),
4.60-4.47 (m, 3.5H), 4.19 (d, J = 6.4 Hz, 0.5H), 4.04 (td, J = 6.7, 3.3 Hz, 0.5H), 3.79 (t, J = 9.0 Hz,
0.5H), 3.70-3.46 (m, 5.5H), 2.59 (d, J = 2.3 Hz, 0.5H), 2.28 (d, J = 7.5 Hz, 0.5H); 1*C NMR (100
MHz, CDClIs, 50:50 mixture of anomers) 4 138.5, 138.4, 138.0, 137.8, 137.6 (2C), 128.5, 128.4,128.0
(2C), 127.9 (3C), 127.8 (4C), 96.7,92.3, 84.3,82.4,77.6,77.5,77.2, 755, 75.3, 75.2, 74.9, 74.8, 73 5,
73.4,72.7,70.4,68.7 (2C); IR (ATR): 3354, 3031, 2868, 1454, 1148, 1066, 1036 cm™; HRMS (ESI)
calcd for Co7H3006Na [M+Na]*: 473.1935; Found: 473.1929.

2. Formation of boronic esters (3 and 6a) (Figure 21 and 22)

PhB(OH), 2a
o OH (1.0 equw L/\E
OH CDCQ
1 rt, 10 min

(cis : trans = 0.8:1)
The compound 1 (11.8 mg, 0.10 mmol) and phenylboronic acid 2a (12.2 mg, 0.10 mmol) were
dissolved in CDCl;3 (0.50 mL), respectively, and both solutions were mixed at room temperature. The
resulting solution was transferred to a NMR tube for taking the following spectral data; 'H NMR (500
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MHz, CDCL): 5 7.89 (d,J = 7.4 Hz, 2H), 7.52 (dd, J= 7.4, 7.4 Hz, 1H), 7.41 (dd, J= 7.7, 7.4 Hz, 2H),
5.81(d,J=5.7 Hz, 1H), 4.57 (dt, J= 5.7, 3.7 Hz, 1H), 3.82 (dt, J= 11.7, 6.9 Hz, 1H), 3.73 (dt, J =
11.7, 6.6 Hz, 1H), 2.10-2.04 (m, 1H), 1.94-1.86 (m, 1H), 1.78-1.72 (m, 2H); '3C NMR (125 MHz,

CDCl): 6 135.6, 135.0, 131.8, 127.9, 98.5, 73.5, 58.0, 22.3, 16.5.

NOE
BnO H q
B0 PhB(OH)? 2a BnO f6)
B”Oﬂh (1.0 equiv.) BnO H
BnO [e)
CDCl3 -0
HO OH 40°C. 6 h Ph/B
5a
(cis : trans = 1:1) 6a

The compound 5a (22.5 mg, 0.050 mmol) and phenylboronic acid 2a (6.1 mg, 0.050 mmol) were
dissolved in CDCI3 (0.50 mL), respectively. Both solutions were mixed, and stirred at 40 °C for 6 h.
The resulting solution was transferred to a NMR tube for taking the following spectral data; '"H NMR
(500 MHz, CDCl3): 6 7.77 (d, J= 6.9 Hz, 2H), 7.42 (t, J = 8.3 Hz, 1H), 7.33-7.17 (m, 15H), 7.08 (t,
J=3.7Hz, 2H), 5.99 (d,J=5.7 Hz, 1H), 4.74 (d, /= 12.0 Hz, 1H), 4.62 (d, J=11.5 Hz, 1H), 4.56 (d,
J=11.5 Hz, 1H), 4.52-4.50 (m, 2H), 4.43 (d, /= 12.6 Hz, 1H),4.34 (d,J=11.5 Hz, 1H), 3.84 (t, /=
4.3 Hz, 1H), 3.70 (d, J=3.4 Hz, 2H), 3.61 (d, J= 2.3 Hz, 2H); '*C NMR (125 MHz, CDCl;):  137.9,
137.8, 135.6, 135.1, 132.0, 128.5, 128.3 (2C), 128.0, 127.9, 127.8 (2C), 127.6 (2C), 99.1, 80.3, 77.1,
74.5,73.4,73.0,72.3,70.4, 69.1.

3. Preparation of arylboronic acids

Catalysts 7, 8, 9, and 11a are commercially available. The known catalysts 102> and 11b*? were

prepared according to the reported procedure.

AgOTf >\
@,\B(OH)Z (1.0 equiv.) B(OH),

® !

Fe S St oo A Fe(lll)
acetone e
rt, 30 min OTf

0,
9 65% 10b

Ferroceniumboronic acid trifluoromethanesulfonate salt (10b): The title compound (107 mg,

65%) was prepared as dark green solids by a similar method as described in the literature,*”

starting
from ferroceneboronic acid 9 (100 mg, 0.435 mmol) and AgOTf (112 mg, 0.435 mmol). The 'H and
13C NMR spectra were not able to obtain in high quality due to the paramagnetism of iron (III). '°F
NMR (376 MHz, acetone-ds): 6 —72.3 (br s, 3F); IR (ATR): 3399, 3112, 1656, 1418, 1225, 1164, 1025

cm™'; HRMS (ESI) caled for CiiH;30.BFe [M—OTf~H,O+CH;OH]": 244.0355; Found: 244.0362;
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caled for Ci2H;50:BFe [M-OT{-2H,O+2CH;OH]": 258.0512; Found: 258.0517; calcd for COsF3S
[M—CoH1:0,BFe]: 148.9526; Found: 148.9530.

1) Mg(TMP), (2.0 equiv.)

Meo\@\ THF, rt, 2 h Meo\©:B(OH)2
CO,t-Bu 2) B(OMe); (4.0 equiv.) COLH

THF, rt, 5 h
tert-butyl 4-methoxybenzoate ~ 3) TFA, CH,Cly, rt, 31% e

2-Borono-4-methoxybenzoic acid (11c): The title compound (139 mg, 31%) was obtained as an ivory
solid according to the literature,*® starting from tert-butyl 4-methoxybenzoate (469 mg, 2.2 mmol);
"H NMR (500 MHz, CDs0D): § 7.89 (d, J = 8.6 Hz, 1H), 6.95 (dd, J = 8.6, 2.3 Hz, 1H), 6.91 (d, J =
2.3 Hz, 1H), 3.85 (s, 3H); '3C NMR (125 MHz, CD;0D): § 172.1, 164.8, 132.1, 131.2, 127.0, 116.2,
114.8, 55.9; IR (ATR): 3201, 1596, 1463, 1286, 1242, 1148, 1086, 869 cm™'; HRMS (ESI) calcd for
CioH1205B [M—2H,0+2CH30OH-H]: 223.0785; Found: 223.0783.

4. General procedure for the synthesis of benzyl acetals (4) with arylboronic acids (7-17) (Figure
23 and 24)

Both cis-4" and trans-4%% are known compounds, but their *C NMR spectral data have not been
reported.

2-(Benzyloxy)tetrahydro-2H-pyran-3-ol (cis-4 and trans-4): To a mixture of 1 (0.10 mmol, 11.8
mg) and catalyst (0.010 mmol) in MeCN (1.0 mL) was added BnOH (0.30 mmol, 31 puL). The reaction
mixture was stirred at 40 °C for 48 h, before concentrated. The crude was purified by column
chromatography (hexane/EtOAc = 3:1) to provide a mixture of cis-4 and trans-4 as a colorless oil.
cis-4: "H NMR (400 MHz, CDCls): § 7.37-7.30 (m, 5H), 4.82 (d, /= 11.0 Hz, 1H), 4.81 (d, J=2.9
Hz, 1H), 4.53 (d, J=11.0 Hz, 1H), 3.73 (td, /= 10.4, 3.9 Hz, 1H), 3.66—3.64 (m, 1H), 3.55-3.52 (m,
1H), 2.02 (br s, 1H), 1.87-1.67 (m, 4H); '3*C NMR (100 MHz, CDCls): & 137.6, 128.4, 127.9, 127.8,
97.7,69.2, 68.0,59.9,27.7, 24.1.

trans-4: "HNMR (400 MHz, CDCl5): § 7.37-7.30 (m, 5H), 4.86 (d,J=11.6 Hz, 1H),4.55 (d,J=11.6
Hz, 1H), 4.38 (d, J= 5.8 Hz, 1H), 3.97-3.92 (m, 1H), 3.56-3.47 (m, 2H), 2.35 (br s, 1H), 2.11-2.03
(m, 1H), 1.79-1.49 (m, 3H); 3C NMR (100 MHz, CDCl3): § 137.5, 128.4, 128.0, 127.8, 102.3, 69.9,
68.5,63.7, 28.0, 22.9.

5. General procedure for the synthesis of methyl 3,4,6-tri-O-benzyl-D-glucopyranoside (18a)

(Figure 25)
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Both cis-18a%" and #trans-18a%) are known and their spectral data were identical to the reported data
of the authentic samples.

(Method A in entries 1—4, 7) The reaction was performed in MeNO, according to the procedure for
the synthesis of 4, giving a mixture of cis-18a and trans-18a.

(Method B in entries 5 and 8) A mixture of 9 (0.010 mmol) and AgSbFs or AgOTf (0.010 mmol) in
MeNO; (0.10 mL) was stirred at room temperature for 30 min under argon atmosphere. Then, MeOH
(0.30 mmol) and a solution of 5a (0.10 mmol) in MeNO; (1.9 mL) were successively added, and the
resulting mixture was stirred at 40 °C for 48 h. Then, the mixture was concentrated at 3035 °C. The
crude was purified by column chromatography (hexane/EtOAc = 2:1 — 1:1) to afford a mixture of
cis-18a and trans-18a.

(Method C in entries 6, 9—16) To a solution of 5a (0.10 mmol), 9 or 19 (0.010 mmol), and MeOH
(0.30 mmol) in MeNO> (2.0 mL) was added AgSbFs (0.010 or 0.020 mmol) in a glove box, and the
reaction mixture was stirred at 40 °C for 24—48 h. Then, the reaction mixture was concentrated at
30-35 °C. The crude was purified by column chromatography (hexane/EtOAc =2:1 — 1:1) to afford
a mixture of cis-18a and #rans-18a.

Ethyl 3.4,6-tri-O-benzyl-D-glucopyranoside (18b) (Entry 1 in Figure 26): The reaction was
performed according to method C for the synthesis of 18a, providing a mixture of cis-18b and trans-
18b (34.5 mg, 72%, cis:trans = 51:49), starting from substrate 5a (45.1 mg, 0.10 mmol) and EtOH
(17.5 pL, 0.30 mmol). The spectral data of trans-18b were identical to the reported data of the
authentic sample.®?

cis-18b: A colorless solid; [a]p? +81.7 (¢ 1.0, CHCl3); '"H NMR (600 MHz, CDCl;): § 7.39-7.27 (m,
13H), 7.14 (dd, J= 7.7, 2.2 Hz, 2H), 4.94 (d, /= 11.0 Hz, 1H), 491 (d, /= 3.8 Hz, 1H), 4.85 (d, J =
11.0 Hz, 1H), 4.82 (d, J=11.0 Hz, 1H), 4.63 (d, /= 12.1 Hz, 1H), 4.51 (d, J= 12.1 Hz, 1H), 4.49 (d,
J=10.4 Hz, 1H), 3.80-3.74 (m, 4H), 3.71 (dd, J=9.3, 3.8 Hz, 1H), 3.67 (dd, /= 10.7, 1.9 Hz, 1H),
3.64 (t,J = 9.3 Hz, 1H), 3.54 (dq, J = 9.3, 7.1 Hz, 1H), 2.12 (br s, 1H), 1.23 (t, /= 7.1 Hz, 3H); 13C
NMR (150 MHz, CDCl3): 6 138.7, 138.2, 137.9, 128.4 (2C), 127.9 (3C), 127.7 (2C), 127.6, 98.1, 83.5,
77.4,75.3,75.0, 73.5, 73.0, 70.5, 68.5, 63.5, 15.0; IR (ATR): 3455, 3030, 2911, 1453, 1361, 1273,
1043, 1027 cm™'; HRMS (ESI) calcd for C29H3406Na [M+Na]*: 501.2248; Found: 501.2237.

Isopropyl 3,4,6-tri-O-benzyl-D-glucopyranoside (18¢) (Entry 2 in Figure 26): The reaction was
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performed according to method C for the synthesis of 18a, providing a mixture of cis-18¢ and trans-
18¢ (36.5 mg, 74%, cis:trans = 81:19), starting from substrate 5a (45.1 mg, 0.10 mmol) and i-PrOH
(23.0 pL, 0.30 mmol). The spectral data of the obtained products cis-18¢ and trans-18c were identical
to the reported data of the authentic samples cis-18¢®* and trans-18¢.8284

Cyclohexyl 3,4,6-tri-O-benzyl-D-glucopyranoside (18d) (Entry 3 in Figure 26): The reaction was
performed according to method C for the synthesis of 18a, providing a mixture of cis-18d and trans-
18d (30.8 mg, 58%, cis:trans = 74:26), starting from substrate 5a (45.1 mg, 0.10 mmol) and CsH;;OH
(31.7 uL, 0.30 mmol). The spectral data of the obtained products cis-18d and trans-18d were identical
to the reported data of the authentic samples cis-18d°V and #ans-18d.82)

Propargyl 3,4,6-tri-O-benzyl-D-glucopyranoside (18¢) (Entry 4 in Figure 26): The reaction was
performed according to method C for the synthesis of 18a, providing a mixture of cis-18e and trans-
18e (38.4 mg, 79%, cis:trans = 66:34), starting from substrate Sa (45.1 mg, 0.10 mmol) and
HC=CCH,OH (17.7 uL, 0.30 mmol). The spectral data of trans-18e were identical to the reported data
of the authentic sample.®>

cis-18e: A colorless oil; [a]p?® +92.8 (¢ 0.50, CHCl3); '"H NMR (500 MHz, CDCls): § 7.38-7.27 (m,
13H), 7.15 (dd, J=7.2, 2.0 Hz, 2H), 5.10 (d, /= 2.9 Hz, 1H), 4.92 (d, /= 11.5 Hz, 1H), 4.85 (d, J =
11.5 Hz, 1H), 4.82 (d, J=10.9 Hz, 1H), 4.63 (d, /= 12.0 Hz, 1H), 4.50 (d, /= 12.0 Hz, 1H), 4.50 (d,
J=10.9 Hz, 1H), 4.28 (d, J=2.3 Hz, 2H), 3.82-3.74 (m, 4H), 3.68-3.64 (m, 2H), 2.44 (t,J=2.3 Hz,
1H), 2.12 (d, J = 8.0 Hz, 1H); '3C NMR (125 MHz, CDCl5):  138.6, 138.1, 137.8, 128.4 (3C), 127.9
(20), 127.7 (20),97.2,83.1, 78.6, 77.2,75.4, 75.0 (2C), 73.5,72.7, 71.1, 68.3, 54.8; IR (ATR): 3546,
3286, 3030, 2922, 2863, 1496, 1454, 1360, 1039 cm™'; HRMS (ESI) calcd for C30H320¢Na [M+Na]*:
511.2091; Found: 511.2084.

4-Chlorobenzyl 3,4,6-tri-O-benzyl-D-glucopyranoside (18f) (Entry 5 in Figure 26): The reaction
was performed according to method C for the synthesis of 18a, providing a mixture of cis-18f and
trans-18f (50.6 mg, 88%, cis:trans = 61:39), starting from substrate Sa (45.1 mg, 0.10 mmol) and 4-
CICs¢H4+CH,OH (42.8 mg, 0.30 mmol).

cis-18f: A colorless oil; [a]p?® +64.0 (¢ 0.86, CHCIl5); '"H NMR (600 MHz, CDCl3): § 7.37-7.27 (m,
17H), 7.14 (dd, J= 7.4, 1.9 Hz, 2H), 5.00 (d, /= 3.8 Hz, 1H), 491 (d, /= 11.0 Hz, 1H), 4.84 (d, J =

11.0 Hz, 1H), 4.81 (d, J= 11.0 Hz, 1H), 4.70 (d, J = 12.1 Hz, 1H), 4.62 (d, J = 12.1 Hz, 1H), 4.52 (d,
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J=12.1 Hz, 1H), 4.51 (d, J=12.1 Hz, 1H), 4.49 (d, J= 12.1 Hz, 1H), 3.80-3.71 (m, 4H), 3.64 (dd, J
=9.9, 8.8 Hz, 1H), 3.61 (dd, J = 10.7, 1.9 Hz, 1H), 2.09 (d, J = 8.8 Hz, 1H); '*C NMR (150 MHz,
CDCl3): 6 138.6, 138.0, 137.9, 135.5, 133.8, 129.5, 128.7, 128.4 (2C), 128.2, 127.9 (3C), 127.8, 127.7
(2C),97.9,83.3,77.4,754,75.1,73.5,72.9,70.9, 69.0, 68 .4; IR (ATR): 3446,3031,2922, 1492, 1453,
1027, 1013 cm™'; HRMS (ESI) calcd for C34H3s06CINa [M+Na]*: 597.2014; Found: 597.2012.
trans-18f: A colorless solid; [a]p*® —16.4 (¢ 1.1, CHCl3); '"H NMR (600 MHz, CDCl3): & 7.37-7.27
(m, 17H), 7.18 (d, J=17.7 Hz, 2H), 4.90 (d, J = 11.5 Hz, 1H), 4.89 (d, /= 12.1 Hz, 1H), 4.83 (d, J =
11.5 Hz, 2H), 4.62 (d, J=12.1 Hz, 1H), 4.60 (d, J = 11.5 Hz, 1H), 4.54 (d, J = 12.1 Hz, 2H), 4.34 (d,
J=17.1 Hz, 1H), 3.75 (d, J= 11.0 Hz, 1H), 3.70 (dd, J = 11.0, 4.4 Hz, 1H), 3.64-3.56 (m, 3H), 3.48
(dd,J=9.9, 4.4 Hz, 1H), 2.32 (br s, 1H); 3C NMR (150 MHz, CDCls): § 138.5, 138.1, 138.0, 135.7,
133.7, 129.4, 128.6, 128.5, 128.4 (2C), 127.9 (2C), 127.8 (2C), 127.7 (2C), 101.7, 84.5, 77.5, 75.2
(2C), 75.0, 74.6, 73.5, 70.2, 68.8; IR (ATR): 3288, 3030, 2923, 1494, 1451, 1361, 1059, 1043 cm™;
HRMS (ESI) calcd for C34H3506CINa [M+Na]™: 597.2014; Found: 597.2010.

Methyl 3,4,6-tri-O-benzyl-D-glucopyranosyl-(1—6)-2,3,4-tri-O-benzyl-a-D-glucopyranoside
(18g) (Entry 6 in Figure 26): The reaction was performed according to method C for the synthesis of
18a, providing a mixture of cis-18g and trans-18g (46.6 mg, 52%, cis:trans = 50:50), starting from
substrate 5a (45.1 mg, 0.10 mmol) and 20 (139 mg, 0.30 mmol). The spectral data of the obtained
products cis-18g and frans-18g were identical to the reported data of the authentic samples cis-18g
and trans-18g.47®

6. The epimerization experiment of cis-18c and trans-18c (Figure 27): To a solution of cis-18¢
(24.6 mg, 50 pmol), 9 (1.1 mg, 5.0 umol), and i-PrOH (7.7 pL, 0.10 mmol) in MeNO, (1.0 mL) was
added AgSbFs (3.4 mg, 10 umol) in a glove box, and the reaction mixture was stirred at 40 °C for 48
h. Then, the reaction mixture was concentrated at 30—35 °C. The crude was purified by column
chromatography (hexane/EtOAc = 3:1) to give a mixture of cis-18¢ and trans-18¢ (21.5 mg, 87%,
cis:trans = 73:27).

The reaction of trans-18c¢ (23.2 mg, 47 umol) was performed in the same way, providing a mixture of

cis-18c and trans-18c¢ (20.7 mg, 89%, cis:trans = 70:30).
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ETE R VRS AV O-T AR AMERSIC L B 1,2-cis-Z Y a3 RFERK

1. Preparation of starting materials

1,2-Diols and triflates were prepared according to the reported procedure.®®

2. General procedure

cis-Selective anomeric O-alkylation with borinic acid catalyst

To a mixture of 1,2-diol 5a (40.0 umol, 18.0 mg), borinic acid (4.00 umol), and activated 4A MS (80
mg) in anhydrous MeCN (0.40 mL) were added i-Pr,NEt (60.0 pmol, 10.5 uL) and triflate 21a (60.0
umol, 35.8 mg), and the mixture was stirred at room temperature for 24 h. Then the mixture was
diluted with CHClI5 and filtered through a pad of Celite®. The filtrate was evaporated to afford the
crude product, which was purified by preparative thin layer chromatography (hexane:EtOAc = 2:1) to

provide cis-22aa and 23aa respectively.

BnO BnO
BnO o BnO o)
BnO BnO
HOO O OH
BnO O BnO 0
BnO BnO
BnO, BnO, 23aa

OMe  Cis-22aa OMe
cis-22aa: A colorless amorphous solid; [a]o?® +79.1 (¢ 1.0, CHCI3); 'H NMR (500 MHz, CDCl3)
§ 7.37-7.12 (m, 30H), 4.99 (d, J = 10.9 Hz, 1H), 4.93—4.90 (m, 3H), 4.82—4.77 (m, 4H), 4.67 (d, J =
12.0 Hz, 1H), 4.60 (d, J = 3.4 Hz, 1H), 457 (d, J = 12.0 Hz, 2H), 4.46 (d, J = 10.9 Hz, 1H), 4.42 (d, J
= 12.0 Hz, 1H), 3.99 (dd, J = 9.2 Hz, 1H), 3.92 (dd, J = 11.2, 4.3 Hz, 1H), 3.78-3.59 (m, 7H),
3.54-3.46 (m, 3H), 3.36 (s, 3H), 2.21 (br s, 1H); *C NMR (125 MHz, CDCls) 6 138.6, 138.5, 138.3,
138.0 (2C), 137.8, 128.5, 128.4, 128.3 (3C), 128.0 (2C), 127.9 (2C), 127.8, 127.7, 127.6 (3C), 99.2,
97.9,83.1, 820, 80.1, 77.6, 77.1, 75.8, 75.2, 75.0, 74.9, 73.4, 73.3, 73.1, 70.7, 69.5, 68.2, 67.0, 55.3;
IR (ATR): 3233, 3028, 2929, 1454, 1130, 1091, 1065, 1024 cm™*; HRMS (ESI) calcd for CssHsoO11Na
[M+Na]*: 919.4028; Found: 919.4043. Data were in agreement with those reported in the literature.*”
23aa (ou:p = 1:1): Acolorless oil; *H NMR (600 MHz, CDCls, 50:50 mixture of anomers) § 7.32-7.13
(m, 30.0H), 5.30 (s, 0.5H), 4.98-4.79 (m, 5.0H), 4.74 (d, J = 10.4 Hz, 2.0H), 4.67 (d, J = 11.0 Hz,
0.5H), 4.63-4.55 (m, 3.5H), 4.51-4.47 (m, 2.0H), 4.08-3.97 (m, 2.5H), 3.88-3.85 (m, 1.5H),
3.77-3.73 (m, 2.0H), 3.69 (d, J = 11.0 Hz, 1.0H), 3.65-3.53 (m, 3.0H), 3.51-3.47 (m, 2.5H), 3.34 (s,
1.5H), 3.33 (s, 1.5H), 3.22 (t, J = 7.4 Hz, 0.5H), 3.01 (br s, 0.5H); 3C NMR (150 MHz, CDCl3, 50:50
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mixture of anomers) & 138.7 (3C), 138.6, 138.3, 138.2, 138.1, 138.0, 137.9 (2C), 128.4 (3C), 128.3
(3C), 128.0 (2C), 127.9 (4C), 127.8 (2C), 127.7 (2C), 127.6 (3C), 127.5, 98.1, 98.0, 97.1, 90.9, 85.2,
845, 82.0, 81.9, 81.5 (2C), 80.0, 79.9, 77.9, 77.7, 77.6, 77.3, 75.7 (2C), 75.4 (2C), 74.9 (3C), 74.8,
73.5,73.4,73.3(2C), 72.1,70.5,70.3,70.2, 69.7, 68.8, 68.6, 55.3, 55.2; IR (ATR): 3423, 3030, 2924,
1496, 1454, 1361, 1048, 736, 696 cm*; HRMS (ESI) calcd for CssHeaNO11 [M+NH4]": 914.4474;
Found: 914.4480.

BnO BnO
BnO 0 Ac,0 BnO o 4 S e
BnO pyridine BnO ' '
HOO » AcOO
e e FER
n n
BnO quant. BnO

cis-22aa OMe S2 OMe

To a solution of cis-22aa (11.1 umol, 10.0 mg) in pyridine (0.22 mL) was added Ac,0 (0.11 mL), and
the mixture was stirred at room temperature for 2 h. Then, the mixture was diluted with EtOAc (15
mL) and washed with 1IN HCI (15 mLx2), NaHCO3 (15 mL), and brine (15 mL). The organic layer
was dried over Na»SOq, filtered and concentrated in vacuo. The crude product was purified by column
chromatography (hexane:EtOAc = 2:1) to afford S2 (11.1 mg, quant.) as a colorless oil; [0]p?® +62.1
(c 1.11, CHCI3); *H NMR (600 MHz, CDCl3) & 7.35-7.26 (m, 28H), 7.13 (dd, J = 7.4, 1.9 Hz, 2H),
5.13 (d, J =3.3 Hz, 1H), 4.99 (d, J = 11.0 Hz, 1H), 4.87 (d, J = 10.4 Hz, 1H), 4.83-4.76 (m, 5H), 4.72
(d, J = 11.5 Hz, 1H), 4.67 (d, J = 12.1 Hz, 1H), 4.60 (d, J = 11.5 Hz, 2H), 4.54 (d, J = 3.3 Hz, 1H),
4.49 (d, J =11.0 Hz, 1H), 4.46 (d, J = 12.1 Hz, 1H), 3.99-3.95 (m, 2H), 3.80-3.78 (m, 2H), 3.71-3.66
(m, 4H), 3.60 (d, J = 11.0 Hz, 1H), 3.51 (t, J = 9.3 Hz, 1H), 3.42 (dd, J = 9.6, 3.6 Hz, 1H), 3.34 (s,
3H), 1.88 (s, 3H).; 13C NMR (150 MHz, CDCls) § 170.2, 138.8, 138.5, 138.2 (2C), 138.0 (2C), 128.5,
128.4 (2C), 128.3 (2C), 128.1, 127.9 (2C), 127.8, 127.7 (2C), 127.6 (2C), 97.7, 96.4, 82.0, 79.9 (2C),
77.8,77.7,75.7,75.2, 75.0 (2C), 73.5, 73.4, 73.2, 70.5, 70.1, 68.3, 65.9, 55.0, 20.8; IR (ATR): 3030,
2924, 1742, 1454, 1235, 1027 cm; HRMS (ESI) calcd for Cs7HgsNO12 [M+NH.]*: 956.4580; Found:
956.4566.

BnO

BnO BnO
BSOO Ac,0 Bg%&&H 6.34 ppm,
n idi n BnO BnO »;
O OH pyridine 0 “OAc BnO‘&%/d J=3.8Hz %/
,O

_—
BnO
BnO ,3h BnO 0 0 >HMBC HMBC
BnO 80% BnO %20 T{
BnO 5.53 ppm,
OMe d,J=82Hz

23aa S3

To a solution of 23aa (16.4 umol, 14.7 mg) in pyridine (0.32 mL) was added Ac,0 (0.16 mL), and the
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mixture was stirred at room temperature for 3 h. Then, the mixture was diluted with EtOAc (15 mL)
and washed with 1N HCI (15 mLx2), NaHCOs3 (15 mL), and brine (15 mL). The organic layer was
dried over Na;SQs, filtered and concentrated in vacuo. The crude product was purified by column
chromatography (hexane:EtOAc = 3:1) to afford S3 (12.3 mg, 80%, a.:f = 1:1, inseparable mixture)
as a colorless oil; *H NMR (600 MHz, CDCls, 50:50 mixture of anomers) & 7.38-7.24 (m,
28.0H), 7.14-7.11 (m, 2.0H), 6.34 (d, J = 3.8 Hz, 0.5H), 5.53 (d, J = 8.2 Hz, 0.5H), 4.99 (d, J = 11.0
Hz, 1.0H), 4.95 (d, J = 7.1 Hz, 0.5H), 4.93 (d, J = 7.1 Hz, 0.5H), 4.86 (d, J = 11.0 Hz, 0.5H), 4.82 (d,
J =10.4 Hz, 1.0H), 4.79-4.73 (m, 2.5H), 4.71 (d, J = 4.4 Hz, 0.5H), 4.69 (d, J = 4.4 Hz, 0.5H),
4.61-4.57 (m, 2.5H), 456 (d, J = 3.3 Hz, 0.5H), 4.53 (d, J = 11.0 Hz, 0.5H), 4.50-4.45 (m, 2.5H),
3.99-3.89 (m, 2.5H), 3.88 (d, J = 3.3 Hz, 1.0H), 3.82 (dt, J = 9.7, 2.5 Hz, 0.5H), 3.75-3.62 (m, 5.0H),
3.57-3.53 (m, 1.0H), 3.49-3.45 (m, 1.0H), 3.43 (t, J = 3.0 Hz, 0.5H), 3.42 (t, J = 3.3 Hz, 0.5H), 3.32
(s, 1.5H), 3.29 (s, 1.5H), 2.01 (s, 1.5H), 1.90 (s, 1.5H); *C NMR (150 MHz, CDCls, 50:50 mixture of
anomers) & 169.3, 169.2, 138.7, 138.6, 138.3, 138.2 (2C), 138.1 (2C), 138.0, 137.9 (2C), 128.4 (4C),
128.3 (2C), 128.0 (3C), 127.9 (2C), 127.8 (4C), 127.7 (3C), 127.6 (2C), 127.5 (2C), 97.9, 97.8, 94.0,
90.0, 84.7, 82.0 (2C), 81.9, 81.7, 80.5, 80.1, 80.0, 77.7, 77.3, 76.9, 75.7 (2C), 75.4 (2C), 75.3, 74.9,
74.8, 74.6, 73.5 (2C), 73.3 (2C), 72.7, 71.7, 70.7, 70.3, 70.1, 68.1 (2C), 55.2, 55.1, 21.0 (2C); IR
(ATR): 3030, 2924, 1753, 1496, 1454, 1361, 1047, 1027, 734, 695 cm™*; HRMS (ESI) calcd for
Cs7HssNO12 [M+NH,4]*: 956.4580; Found: 956.4616.

trans-Selective anomeric O-alkylation with Cs,COs

To a mixture of 1,2-diol 5a (40.0 umol, 18.0 mg) and activated 4A MS (80 mg) in anhydrous 1,2-
dichloroethane (0.40 mL) were added Cs,COs (60.0 umol, 19.5 mg) and triflate 21a (60.0 umol, 35.8
mg), and the mixture was stirred at 40 °C for 24 h. Then the mixture was diluted with CHCI3 and
filtered through a pad of Celite®. The filtrate was evaporated to afford the crude product, which was
purified by preparative thin layer chromatography (hexane:EtOAc = 2:1) to provide trans-22aa (26.2

mg, 73%).

Ho BI

BE?)O&&/

BnO %%%
BnO4pe  trans-22aa

trans-22aa: A colorless amorphous solid; [a]p?®> +14.6 (¢ 1.0, CHCIs); 'H NMR (400 MHz, CDCls)

§7.34-7.15 (m, 30H), 4.98 (d, J = 11.0 Hz, 1H), 4.93-4.77 (m, 6H), 4.67—4.51 (m, 6H), 4.23 (d, J =
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6.4 Hz, 1H), 4.15 (dd, J = 11.0, 2.3 Hz, 1H), 4.00 (t, J = 9.3 Hz, 1H), 3.83-3.80 (m, 1H), 3.73-3.65
(m, 3H), 3.58-3.44 (m, 6H), 3.38 (s, 3H), 2.48 (s, 1H); **C NMR (100 MHz, CDCls) & 138.6 (2C),
138.2, 138.1, 138.0 (2C), 128.4 (3C), 128.3, 128.1, 128.0, 127.9 (2C), 127.8 (2C), 127.7 (2C), 127.6
(2C), 103.4,98.0,84.4,81.9,79.6,77.9,77.4,75.8,75.3, 75.1, 75.0 (2C), 74.4,73.4, 73.3,69.7, 68.9,
68.7, 55.3; IR (ATR): 3599, 3030, 2911, 1454, 1105, 1061 cm™*; HRMS (ESI) calcd for CssHgsNO11
[M+NH.]": 914.4474; Found: 914.4514. Data were in agreement with those reported in the
literature.*7®

3. Characterization data (Figure 37 and 38)

TrO
BnTéo Q 4.99 ppm, BnO o]
BnO H d,J=3.8Hz BnO
HOO O OH
BnO O BnO
BnO N BnO
n

OMe Cis-22ba BnO5me 23ba

i

Figure 37 (22ba): The reaction was performed according to general procedure, providing cis-22ba
(30.8 mg, 73%) and 23ba (7.5 mg, 18%), starting from 5b (40 umol, 24.1 mg) and 21a (60 umol, 35.8
mg).

cis-22ba: A colorless amorphous solid; [a]o?® +71.3 (c 0.60, CHCIs); *H NMR (600 MHz, CDCls)
87.44(d,J=7.1Hz, 6H), 7.38-7.17 (m, 32H), 6.86 (d, J = 7.7 Hz, 2H), 4.99 (d, J = 3.8 Hz, 1H), 4.98
(d, J=10.4 Hz, 1H), 4.90 (d, J = 11.0 Hz, 1H), 4.88 (d, J = 11.0 Hz, 1H), 4.81-4.76 (m, 3H), 4.67 (d,
J =10.4 Hz, 1H), 4.66 (d, J = 11.5 Hz, 1H), 4.60 (d, J = 3.3 Hz, 1H), 4.55 (d, J = 11.0 Hz, 1H), 4.29
(d, J=11.0 Hz, 1H), 3.99 (t, J = 9.3 Hz, 1H), 3.93 (dd, J = 11.3, 4.7 Hz, 1H), 3.80-3.63 (m, 6H), 3.50
(dd, J =9.3, 3.3 Hz, 1H), 3.48-3.43 (m, 2H), 3.36 (s, 3H), 3.12 (dd, J = 10.4, 3.8 Hz, 1H), 2.17 (d, J
= 9.3 Hz, 1H); ¥*C NMR (150 MHz, CDCl3) 5 143.9, 138.6, 138.0 (2C), 137.9, 128.8, 128.4 (3C),
128.1 (2C), 128.0 (2C), 127.9 (2C), 127.7 (2C), 127.6, 127.4, 126.9, 98.9, 97.9, 86.2, 83.3, 82.0, 80.1,
77.7,77.5,75.7,75.4,75.0,74.8,73.4,73.3,70.9, 69.6, 66.7, 62.3, 55.2; IR (ATR): 3455, 3031, 2926,
1451, 1156, 1027, 745, 696 cm™; HRMS (ESI) calcd for Cs7H72NO11 [M+NH4]*: 1066.5100; Found:
1066.5097.

23ba (a:p = 1:0.6): A colorless amorphous solid; *H NMR (600 MHz, CDCls, 60:40 mixture of
anomers) & 7.46 (dd, J=7.1, 1.1 Hz, 6.0H), 7.35-7.17 (m, 32.0H), 6.87 (d, J = 7.1 Hz, 2.0H), 5.38 (d,
J=1.6 Hz,0.6H),4.98 (d, J=11.0 Hz, 0.6H), 4.97 (d, J = 10.4 Hz, 0.4H), 4.93 (d, J = 10.4 Hz, 0.4H),
4.90 (d, J=11.0 Hz, 0.6H), 4.89 (d, J = 10.4 Hz, 0.6H), 4.87 (d, J = 11.0 Hz, 0.4H), 4.82 (d, J =10.4

79



Hz, 0.4H), 4.82 (d, J = 11.0 Hz, 0.6H), 4.77-4.60 (m, 6.4H), 4.32 (d, J = 10.4 Hz, 1.0H), 4.11 (d, J =
4.4 Hz, 0.6H), 4.02-3.94 (m, 2.2H), 3.85-3.73 (M, 3.4H), 3.68 (d, J = 4.4 Hz, 0.4H), 3.58-3.50 (m,
4.0H), 3.45 (ddd, J = 9.9, 3.8, 2.2 Hz, 0.4H), 3.38 (s, 1.2H), 3.37 (s, 1.8H), 3.29 (dd, J = 8.8, 7.7 Hz,
0.4H), 3.23-3.20 (m, 1.0H), 2.89 (br s, 0.6H); 3C NMR (150 MHz, CDCls, 60:40 mixture of anomers)
6 143.9, 143.8, 138.7 (3C), 138.4, 138.3, 138.1 (2C), 137.9, 128.8, 128.5 (2C), 128.4 (3C), 128.2,
128.1 (3C), 128.0 (3C), 127.9 (3C), 127.8, 127.7 (2C), 127.6 (3C), 127.5, 126.9 (2C), 98.1, 98.0, 97.3,
90.9, 86.4, 86.3, 85.6, 84.6, 82.0, 81.9, 81.8, 81.6, 80.0 (2C), 77.9, 77.8, 77.6, 77.5, 75.8 (2C), 75.7
(2C), 75.0 (2C), 74.9 (2C), 73.4,72.4, 70.6, 70.5, 70.2, 69.9, 62.4, 62.2, 55.3, 55.2; IR (ATR): 3444,
3031, 2927, 1496, 1449, 1360, 1047, 746, 696 cm™*; HRMS (ESI) calcd for Cs7HgsO11Na [M+Na]*:
1071.4654; Found: 1071.4651.

o\ 0 4.89 ppm, Ao\ 0
BnO H d,J=38Hz BnO
HO,

O OH

(0]
BnO O BnO 0
BnO BnO
BnO, BnO 23ca

OMe  Cis-22ca OMe

Figure 37 (22ca): The reaction was performed according to general procedure, providing cis-22ca
(32.5 mg, 89%) and 23ca (3.0 mg, 8%), starting from 5c¢ (40 umol, 18.6 mg) and 21a (60 umol, 35.8
mg).

cis-22ca: A colorless amorphous solid; [a]p?® +83.5 (¢ 0.75, CHCI3); *H NMR (600 MHz, CDCls)
87.97 (dd, J = 8.5, 1.4 Hz, 2H), 7.56—7.53 (m, 1H), 7.41-7.23 (m, 27H), 4.99 (d, J = 10.4 Hz, 1H),
4.97 (d, J = 11.0 Hz, 1H), 4.92 (d, J = 12.1 Hz, 1H), 4.90 (d, J = 11.0 Hz, 1H), 4.89 (d, J = 3.8 Hz,
1H), 4.83 (d, J = 11.0 Hz, 1H), 4.81 (d, J = 11.0 Hz, 1H), 4.77 (d, J = 12.1 Hz, 1H), 4.67 (d, J = 12.1
Hz, 1H), 4.61 (d, J = 3.3 Hz, 1H), 4.59 (d, J = 11.0 Hz, 1H), 4.56 (d, J = 11.0 Hz, 1H), 4.48 (dd, J =
12.1,1.6 Hz, 1H), 4.37 (dd, J = 12.1, 4.4 Hz, 1H), 3.99 (t, J = 9.3 Hz, 1H), 3.93 (ddd, J =9.9, 3.8, 1.6
Hz, 1H), 3.89 (dd, J = 11.5, 4.9 Hz, 1H), 3.78 (ddd, J = 9.9, 4.4, 1.6 Hz, 1H), 3.75-3.68 (m, 2H), 3.65
(dd, J=11.3,1.9 Hz, 1H), 3.57 (dd, J =9.9, 8.2 Hz, 1H), 3.48 (dd, J = 9.6, 3.6 Hz, 1H), 3.43 (dd, J =
9.9, 8.8 Hz, 1H), 3.36 (s, 3H), 2.16 (d, J = 8.8 Hz, 1H); **C NMR (150 MHz, CDCls) § 166.1, 138.6,
138.4, 138.0 (2C), 137.8, 133.0, 129.9, 129.6, 128.5, 128.4 (2C), 128.3, 128.1, 128.0 (3C), 127.9,
127.8 (2C), 127.7, 127.6, 98.9, 97.8, 83.2, 82.0, 80.1, 77.7, 77.1, 75.8, 75.4, 75.1, 75.0, 73.3 (2C),
69.6, 69.3, 66.9, 63.2, 55.3; IR (ATR): 3476, 3031, 2917, 1720, 1453, 1274, 1067, 1025, 736, 696 cm"

1 HRMS (ESI) calcd for CssHs2NO12 [M+NH4]*: 928.4267; Found: 928.4268.
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23ca (a:p =1:1): Acolorless amorphous solid; *H NMR (600 MHz, CDCls, 50:50 mixture of anomers,
one proton of OH was not observed) 6 8.01-8.00 (m, 2.0H), 7.55 (t, J = 7.4 Hz, 1.0H), 7.43-7.22 (m,
27.0H), 5.27 (d, J = 2.2 Hz, 0.5H), 5.00-4.95 (m, 2.0H), 4.91-4.74 (m, 5.0H), 4.68—4.56 (M, 5.0H),
4.48 (dd, J=12.1, 3.8 Hz, 0.5H), 4.44 (dd, J = 11.8, 3.6 Hz, 0.5H), 4.17 (ddd, J = 10.4, 3.8, 2.2 Hz,
0.5H), 4.06-4.06 (m, 1.0H), 3.99 (t, J = 9.3 Hz, 1.0H), 3.93 (t, J = 9.3 Hz, 0.5H), 3.90-3.88 (m, 0.5H),
3.81-3.72 (m, 2.0H), 3.66-3.61 (m, 2.0H), 3.55-3.47 (m, 2.5H), 3.37 (s, 1.5H), 3.35 (s, 1.5H), 3.25
(t, J = 8.2 Hz, 0.5H), 2.89 (br s, 0.5H); ¥*C NMR (150 MHz, CDCls, 50:50 mixture of anomers) &
166.2, 138.7, 138.5, 138.4, 138.3 (2C), 138.1, 138.0, 137.8, 137.6, 133.1, 133.0 (2C), 129.7 (2C),
129.6,128.5 (2C), 128.4 (3C), 128.3 (2C), 128.1 (2C), 128.0 (4C), 127.9 (2C), 127.8 (2C), 127.7 (2C)
127.6,98.1, 98.0, 97.1, 90.8, 85.5, 85.1, 84.6, 82.0, 81.9, 81.6 (2C), 80.0, 79.9, 78.0, 77.8, 75.8 (2C),
75.7, 75.6, 75.1 (2C), 74.9 (2C), 73.4, 73.3, 70.5, 70.2, 69.9, 69.1, 63.4, 63.3, 55.4, 55.2; IR (ATR):
3429, 3030, 2924, 1721, 1453, 1273, 1068, 1027, 697 cm™; HRMS (ESI) calcd for CssHs2NO12

[M+NH4]*: 928.4267; Found: 928.4266.

HO
BnO 0 4.88 ppm,
BnO H d,J=44Hz
HO
O
BnO ]
BnO
BnO, cis-22da

OMe
Figure 37 (22da): The reaction was performed according to general procedure, providing cis-22da
(30.2 mg, 94%), starting from 5d (40 umol, 14.4 mg) and 21a (60 umol, 35.8 mg).

cis-22da: A colorless oil; [a]p?® +91.3 (c 0.60, CHCI3); *H NMR (600 MHz, CDClz) § 7.38-7.25 (m,
25H), 4.99 (d, J = 10.4 Hz, 1H), 4.93 (d, J = 11.5 Hz, 1H), 4.92 (d, J = 11.0 Hz, 1H), 4.88 (d, J = 4.4
Hz, 1H), 4.87 (d, J = 10.4 Hz, 1H), 4.84—-4.78 (m, 3H), 4.67 (d, J = 12.1 Hz, 1H), 4.63 (d, J = 11.5 Hz,
1H), 4.61 (d, J = 3.3 Hz, 1H), 4.57 (d, J = 11.5 Hz, 1H), 4.00 (t, J = 9.3 Hz, 1H), 3.87 (dd, J = 11.5,
4.4 Hz, 1H), 3.79-3.77 (m, 1H), 3.71-3.62 (m, 6H), 3.52-3.45 (m, 3H), 3.36 (s, 3H), 2.17 (br, s, 1H),
1.61 (br, s, 1H); 3C NMR (150 MHz, CDCls) & 138.6, 138.5, 138.1, 138.0 (2C), 128.5, 128.4 (2C),
128.0 (2C), 127.9, 127.8 (2C), 127.6, 99.0, 97.9, 82.9, 82.0, 80.1, 77.6, 76.9, 75.8, 75.2, 74.9 (2C),
73.3,73.2,71.3,69.5,66.9,61.6,55.3; IR (ATR): 3464, 3030, 2919, 1454, 1026, 735, 695 cm*; HRMS

ESI) calcd for C4gHs401:Na [M+Na]*: 829.3558; Found: 829.3584.
(
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Ph—X-0O o 4.92 ppm, Ph/VOO o
% H d,J=38Hz HO
HO

O "OH
(o]
BnO 0 BnO o}
Bno is-22 BnO 23
B"OOMe cis-22ea B"OOMe ea

Figure 37 (22ea): The reaction was performed according to general procedure, providing cis-22ea (6.7
mg, 23%) and 23ea (16.7 mg, 58%), starting from 5e (40 umol, 10.7 mg) and 21a (60 umol, 35.8 mg).
cis-22ea: A colorless amorphous solid; [a]p?® +78.9 (¢ 0.57, CHCI3); *H NMR (600 MHz, CDCls)
§ 7.48-7.46 (m, 2H), 7.37—-7.28 (m, 18H), 5.51 (s, 1H), 5.00 (d, J = 11.0 Hz, 1H), 4.94 (d, J = 11.0
Hz, 1H), 4.92 (d, J = 3.8 Hz, 1H), 4.82 (d, J = 11.0 Hz, 1H), 4.78 (d, J = 12.1 Hz, 1H), 4.67 (d, J =
11.5 Hz, 1H), 4.62 (d, J = 11.0 Hz, 1H), 4.62 (d, J = 3.8 Hz, 1H), 4.19 (dd, J = 10.2, 4.7 Hz, 1H), 4.01
(t, J=9.1Hz, 1H), 3.94 (dd, J = 11.5, 4.4 Hz, 1H), 3.87 (t, J = 9.3 Hz, 1H), 3.82 (td, J = 9.9, 4.9 Hz,
1H), 3.78 (ddd, J = 9.9, 4.4, 1.6 Hz, 1H), 3.71-3.67 (m, 2H), 3.59 (td, J = 9.3, 3.8 Hz, 1H), 3.52 (dd,
J=9.6,3.6 Hz, 1H), 3.48 (q, J = 9.3 Hz, 2H), 3.38 (s, 3H), 2.65 (s, 1H), 2.37 (d, J = 9.9 Hz, 1H); 3C
NMR (150 MHz, CDCls) & 138.5, 138.0 (2C), 137.0, 129.2, 128.5, 128.4, 128.3, 128.0 (2C), 127.9,
127.8, 127.7, 126.3, 101.9, 99.5, 98.0, 82.0, 80.8, 80.1, 77.4, 75.8, 75.0, 73.4, 73.0, 71.9, 69.6, 68.8,
67.6, 62.8, 55.4; IR (ATR): 3395, 3031, 2912, 1453, 1067, 1028, 737, 695 cm™; HRMS (ESI) calcd
for Ca1Ha6011Na [M+Na]*: 737.2932; Found: 737.2935.

23ea (a:p =1:1): Acolorless amorphous solid; *H NMR (600 MHz, CDCls, 50:50 mixture of anomers)
§7.48 (d, J = 7.7 Hz, 2.0H), 7.35-7.27 (m, 18.0H), 5.52 (s, 0.5H), 5.51 (s, 0.5H), 5.19 (d, J = 3.8 Hz,
0.5H), 4.98 (d, J = 11.0 Hz, 0.5H), 4.96 (d, J = 10.4 Hz, 0.5H), 4.88 (d, J = 11.0 Hz, 0.5H), 4.87 (d, J
=10.4 Hz, 0.5H), 4.81 (d, J = 11.0 Hz, 0.5H), 4.81 (d, J = 11.0 Hz, 0.5H), 4.76 (d, J = 12.1 Hz, 0.5H),
4.76 (d, J = 12.1 Hz, 0.5H), 4.68—4.62 (m, 3.5H), 4.31 (dd, J = 10.4, 4.9 Hz, 0.5H), 4.28 (dd, J = 10.2,
5.2 Hz, 0.5H), 4.18 (dd, J = 11.8, 3.6 Hz, 0.5H), 4.05-3.96 (m, 2.0H), 3.93-3.61 (m, 5.5H), 3.57-3.37
(m, 4.0H), 3.37 (s, 1.5H), 3.36 (s, 1.5H), 3.14 (t, J = 8.2 Hz, 0.5H), 3.07 (br s, 0.5H); 13C NMR (150
MHz, CDCls, 50:50 mixture of anomers) & 138.6 (2C), 138.3, 138.1, 138.0, 137.9, 137.1, 136.9, 129.2,
128.5(2C), 128.4 (4C), 128.2, 128.0,127.9 (3C), 127.8, 127.7, 127.6 (2C), 126.4, 126.3, 102.0, 101.8,
98.2,98.1,97.0,91.7, 86.4, 82.2, 81.9, 81.8, 80.7, 80.4, 80.1, 79.9, 77.3, 75.7, 75.0, 74.8, 73.4 (2C),
72.2,70.7,70.4,70.3,70.2,68.9, 68.6, 66.4, 62.3, 55.5, 55.4; IR (ATR): 3444, 3011, 2929, 1454, 1070,

1027, 746, 696 cm™*; HRMS (ESI) calcd for CaiHasO1:Na [M+Na]": 737.2932; Found: 737.2937.

82



Ph—X0 Ph—X-0 =
pyridine AcO }‘ZOOAC

0 “OH 0 "OAc
B ————
BnO 0 i, 17 h BnO 0 PhTR2 o
BnO T 85% BnO AcO OAc
"OoMme BnOome %Oy 5.68 ppm,
23ea S4 d,J=8.2Hz

23ea (19.2 umol, 13.7 mg) was acetylated as described for the synthesis of S3 to give S4 (13.0 mg,
85%, a:f = 0.7:1) as a colorless amorphous solid; *H NMR (600 MHz, CDCls, 40:60 mixture of
anomers) & 7.43-7.24 (m, 20.0H), 6.35 (d, J = 3.8 Hz, 0.4H), 5.68 (d, J = 8.2 Hz, 0.6H), 5.49 (t, J =
9.6 Hz, 0.4H), 5.47 (s, 0.4H), 5.45 (s, 0.6H), 5.32 (t, J = 9.1 Hz, 0.6H), 4.97 (d, J = 11.0 Hz, 0.6H),
4.96 (d, J = 11.0 Hz, 0.4H), 4.87-4.78 (m, 3.0H), 4.67 (d, J = 11.0 Hz, 0.4H), 4.65 (d, J = 12.1 Hz,
0.6H), 4.55 (d, J = 2.7 Hz, 0.4H), 4.54 (d, J = 10.4 Hz, 0.6H), 4.53 (d, J = 11.0 Hz, 0.4H), 4.49 (d, J
= 3.3 Hz, 0.6H), 4.35 (dd, J = 10.2, 4.7 Hz, 0.6H), 4.28 (dd, J = 10.4, 4.9 Hz, 0.4H), 3.98-3.91 (m,
2.0H), 3.80 (dd, J = 11.3, 4.7 Hz, 0.4H), 3.73-3.43 (m, 7.6H), 3.36 (s, 1.2H), 3.34 (s, 1.8H), 2.06 (s,
1.2H), 1.98 (s, 1.8H), 1.97 (s, 1.2H), 1.94 (s, 1.8H); 3C NMR (150 MHz, CDCls, 40:60 mixture of
anomers) & 169.7, 169.4 (2C), 168.6, 138.8 (2C), 138.3, 138.2, 138.1 (2C), 136.8 (2C), 129.1 (2C),
128.4 (3C), 128.3, 128.2 (2C), 128.1, 127.9, 127.8 (2C), 127.7 (2C), 127.6, 127.5 (2C), 126.1 (2C),
101.5 (2C), 98.1 (2C), 94.1, 89.8, 81.9 (2C), 80.6, 79.8, 79.7, 78.8, 78.3 (2C), 77.5, 77.3, 75.6 (2C),
749,748, 734,733,725, 72.0,70.7, 70.4, 70.3, 70.2, 68.7, 68.4, 66.8, 64.8, 55.2 (2C), 20.9, 20.8
(2C); IR (ATR): 3032, 2929, 1754, 1454, 1368, 1214, 1092, 749, 698 cm™*; HRMS (ESI) calcd for
CusHsaNO13 [M+NH4]*: 816.3590; Found: 816.3587.

F’h/VOO o 4.92 ppm, Ph/%o o)
BRO H d,J=33Hz BnO
HO

O ©OH

(0]
BnO 0 BnO o}
BnO BnO
BnO cis-22fa BnO 23fa

OMe OMe

Figure 37 (22fa): The reaction was performed according to general procedure, providing cis-22fa (23.1
mg, 72%) and 23fa (5.2 mg, 16%), starting from 5f (40 umol, 14.3 mg) and 21a (60 umol, 35.8 mg).
cis-22fa: A colorless amorphous solid; [a]o?® +79.2 (¢ 0.75, CHCIs); *H NMR (600 MHz, CDCls)
87.47 (dd,J=7.7,1.6 Hz, 2H), 7.39-7.22 (m, 23H), 5.54 (s, 1H), 5.00 (d, J = 11.0 Hz, 1H), 4.93 (d,
J=11.0 Hz, 1H), 4.92 (d, J = 3.3 Hz, 1H), 4.91 (d, J = 11.5 Hz, 1H), 4.82-4.77 (m, 3H), 4.67 (d, J =
12.1 Hz, 1H), 4.62 (d, J = 3.3 Hz, 1H), 4.59 (d, J = 11.0 Hz, 1H), 4.19 (dd, J = 10.4, 4.9 Hz, 1H), 4.00

(t, J = 9.3 Hz, 1H), 3.89-3.82 (m, 2H), 3.77 (ddd, J = 10.4, 4.9, 1.6 Hz, 1H), 3.74-3.66 (m, 4H), 3.60
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(t, 3 = 9.1 Hz, 1H), 3.52 (dd, J = 9.6, 3.6 Hz, 1H), 3.46 (t, J = 9.6 Hz, 1H), 3.35 (s, 3H), 2.29 (d, J =
8.2 Hz, 1H); 3C NMR (150 MHz, CDClIs) § 138.6, 138.5, 138.0 (2C), 137.4, 128.9, 128.5, 128.4,
128.3, 128.2, 128.0 (2C), 127.9 (2C), 127.8, 127.6 (2C), 126.0, 101.3, 99.5, 97.9, 82.0, 81.7, 80.1,
78.6,77.5,75.8,75.0,74.6,73.3,72.6,69.6,68.9, 67.2,62.9, 55.3; IR (ATR): 3443, 3031, 2912, 1452,
1368, 1065, 1026, 735, 694 cm™; HRMS (ESI) calcd for CasHseNO11 [M+NH4]*: 822.3848; Found:
822.3848.

23fa (a:p = 1:1): Acolorless amorphous solid; *H NMR (600 MHz, CDCls, 50:50 mixture of anomers)
8 7.49-7.47 (m, 2.0H), 7.38-7.23 (m, 23.0H), 5.55 (s, 1.0H), 5.24 (d, J = 2.2 Hz, 0.5H), 4.99 (d, J =
11.0 Hz, 0.5H), 4.98 (d, J = 11.0 Hz, 0.5H), 4.89-4.85 (m, 2.0H), 4.82—4.75 (m, 3.0H), 4.70 (dd, J =
7.7,3.8 Hz, 0.5H), 4.65-4.61 (m, 2.0H), 4.59—4.56 (m, 1.0H), 4.33 (dd, J = 10.4, 4.9 Hz, 0.5H), 4.29
(dd, J = 10.4, 4.9 Hz, 0.5H), 4.19 (dd, J = 11.0, 2.2 Hz, 0.5H), 4.03-3.98 (m, 2.5H), 3.90-3.86 (m,
1.0H), 3.82-3.75 (m, 1.5H), 3.71-3.64 (m, 2.0H), 3.60 (t, J = 9.6 Hz, 0.5H), 3.52-3.41 (m, 3.0H),
3.38 (s, 1.5H), 3.35 (s, 1.5H), 3.23 (t, J = 8.0 Hz, 0.5H), 3.16 (d, J = 1.6 Hz, 0.5H); 3C NMR (150
MHz, CDCls, 50:50 mixture of anomers) 6 138.7 (2C), 138.5, 138.4, 138.2 (2C), 138.1, 138.0, 137.4,
137.3, 128.9 (2C), 128.5 (2C), 128.4 (2C), 128.3 (2C), 128.2 (2C), 128.1, 128.0 (2C), 127.9, 127.8
(2C), 127.7, 127.6 (3C), 126.0 (2C), 101.2 (2C), 98.2, 98.0, 97.4, 91.7, 85.5, 82.0, 81.9, 81.6, 81.5,
80.9, 80.7, 79.9, 79.8, 78.1, 78.0, 77.8, 75.8 (2C), 74.9 (3C), 74.8, 73.4, 73.1, 70.6, 70.4, 70.3, 69.0,
68.7, 66.4, 62.5, 55.4, 55.2; IR (ATR): 3422, 3031, 2926, 1454, 1091, 1069, 1027, 739, 697 cm™;

HRMS (ESI) calcd for CagHs20O11Na [M+Na]*: 827.3402; Found: 827.3399.

Ph/%o o 4.84_ppm,
TBDPSO ~ H d,J=38Hz
(0]
BnO 0
BnO
BnO,

oMe  Cis-220a
Figure 37 (22ga): The reaction was performed according to general procedure, providing cis-22ga
(36.1 mg, 95%), starting from 5g (40 umol, 20.3 mg) and 21a (60 umol, 35.8 mg).

cis-22ga: A colorless amorphous solid; [a]p?® +71.2 (¢ 1.0, CHCI3); *H NMR (600 MHz, CDCls)
87.62(d,J=7.7 Hz, 2H), 7.60 (d, J = 8.2 Hz, 2H), 7.37-7.16 (m, 24H), 7.09 (d, J = 7.7 Hz, 2H), 5.30
(s, 1H), 5.00 (d, J = 11.0 Hz, 1H), 4.84 (d, J = 3.8 Hz, 1H), 4.81-4.75 (m, 3H), 4.68 (d, J = 12.1 Hz,
1H), 4.56 (d, J = 3.3 Hz, 1H), 4.35 (d, J = 11.0 Hz, 1H), 4.10 (d, J = 4.9 Hz, 1H), 3.93 (t, J = 9.1 Hz,

1H), 3.84 (t, J = 8.8 Hz, 1H), 3.75 (dd, J = 11.3, 4.7 Hz, 1H), 3.69-3.59 (m, 4H), 3.55-3.50 (m, 2H),

84



3.44 (dd, J = 9.6, 3.6 Hz, 1H), 3.25 (t, J = 9.3 Hz, 1H), 3.23 (s, 3H), 1.80 (d, J = 9.9 Hz, 1H), 1.01 (s,
9H); 13C NMR (150 MHz, CDCls) & 138.8, 138.0 (2C), 137.1, 136.2, 135.9, 134.1, 133.5, 129.5, 129.3,
128.6,128.5,128.4 (2C), 128.0, 127.9, 127.8, 127.6, 127.3,127.2, 126.3, 101.5, 99.8, 97.7, 82.0, 81.4,
80.0,77.4,75.7, 75.1, 73.8, 73.7, 73.2, 69.6, 68.8, 66.7, 62.8, 55.1, 27.0, 19.6; IR (ATR): 3567, 3031,
2930, 1454, 1361, 1084, 1028, 748, 696 cm; HRMS (ESI) calcd for Cs/HesO11SiNa [M-+Na]*:
975.4110; Found: 975.4109.

It—Bu
tBu~Si~0 o 4.71 ppm,
TBDPSO H d J=38Hz
HO,
(0]
BnO BnO cis-22ha

OMe
Figure 37 (22ha): The reaction was performed according to general procedure, providing cis-22ha
(30.7 mg, 76%), starting from 5h (40 umol, 22.4 mg) and 21a (60 umol, 35.8 mg).

cis-22ha: A colorless amorphous solid; [a]p?® +50.8 (¢ 1.0, CHCI3); 'H NMR (600 MHz, CDCls)
§ 7.74-7.71 (m, 4H), 7.37-7.22 (m, 19H), 7.16 (dd, J = 6.0, 2.2 Hz, 2H), 4.97 (d, J = 11.0 Hz, 1H),
4.78 (d, J = 10.4 Hz, 1H), 4.76 (d, J = 11.0 Hz, 1H), 4.71 (d, J = 3.8 Hz, 1H), 4.70 (d, J = 10.4 Hz,
1H), 4.66 (d, J = 12.1 Hz, 1H), 4.44 (d, J = 3.8 Hz, 1H), 4.29 (d, J = 11.0 Hz, 1H), 4.03 (dd, J = 9.9,
4.9 Hz, 1H), 3.88-3.84 (m, 3H), 3.75 (dd, J = 11.0, 4.9 Hz, 1H), 3.70-3.64 (m, 2H), 3.60-3.53 (m,
2H), 3.47 (dd, J = 11.3, 1.9 Hz, 1H), 3.37 (dd, J = 9.6, 3.6 Hz, 1H), 3.16 (s, 3H), 3.12 (t, J = 9.6 Hz,
1H), 1.40 (d, J = 9.9 Hz, 1H), 1.07 (s, 9H), 1.06 (s, 9H), 0.87 (s, 9H); *C NMR (150 MHz, CDCls)
5138.9,138.1, 138.0, 136.3, 135.8, 134.5, 133.2, 129.7, 129.4, 128.5, 128.4, 128.3, 128.0 (2C), 127.8
(2C), 127.6, 127.5, 127.3, 99.4, 97.6, 81.8, 79.9, 77.9, 77.7, 76.5, 75.7, 75.2, 73.2, 69.5, 67.0, 66.7
(2C), 55.0, 27.6, 27.1, 26.9, 22.7, 20.0, 19.8; IR (ATR): 3572, 2932, 2858, 1472, 1428, 1360, 1072,

1028, 826, 697 cm; HRMS (ESI) calcd for CsgHgoNO11Siz [M+NH,]*: 1022.5264; Found: 1022.5271.

BnO

OH

BE%%&Q/BQ%%
BnOYy,  Cis-22ia

Figure 37 (22ia): The reaction was performed according to general procedure, providing cis-22ia (35.7

mg, 99%), starting from 5i (40 umol, 18.0 mg) and 21a (60 pumol, 35.8 mg).

When Ph,BOH (4.0 umol, 0.7 mg) was used instead of 24e, cis-22ia (34.6 mg, 96%) was obtained.

cis-22ia: A colorless amorphous solid; [a]p?® +22.1 (¢ 1.0, CHCI3); *H NMR (500 MHz, CDCls)
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§7.38-7.19 (m, 30H), 5.00 (d, J = 10.9 Hz, 1H), 4.87 (d, J = 10.9 Hz, 1H), 4.86 (d, J = 11.5 Hz, 1H),
481 (d,J = 11.5 Hz, 1H), 4.78 (d, J = 12.0 Hz, 1H), 4.75 (d, J = 12.0 Hz, 1H), 4.66 (d, J = 12.0 Hz,
1H), 4.65 (d, J = 12.0 Hz, 1H), 4.59-4.50 (m, 5H), 4.12 (s, 1H), 4.10 (dd, J = 10.9, 1.7 Hz, 1H), 4.00
(t, J=9.2 Hz, 1H), 3.92 (d, J = 2.9 Hz, 1H), 3.83 (t, J = 9.5 Hz, 1H), 3.78 (ddd, J = 9.7, 4.6, 1.7 Hz,
1H), 3.73 (dd, J = 10.6, 2.0 Hz, 1H), 3.68 (dd, J = 10.9, 5.2 Hz, 1H), 3.56 (dd, J = 10.9, 5.2 Hz, 1H),
351 (dd, J = 9.7, 3.4 Hz, 1H), 3.48-3.44 (m, 2H), 3.36-3.32 (m, 1H), 3.34 (s, 3H), 2.42 (br s, 1H);
13C NMR (125 MHz, CDCl3) § 138.6, 138.2 (2C), 138.1, 138.0, 137.8, 128.4, 128.3 (3C), 128.1, 128.0,
1279 (2C), 127.8 (2C), 127.7 (2C), 127.6, 127.5,99.8, 97.8, 82.1, 81.2, 79.7, 77.4, 75.7, 75.2, 75.1,
747,742, 734, 73.3, 71.3, 69.7, 69.1, 68.2, 67.9, 55.1; IR (ATR): 3492, 3030, 2869, 1454, 1070,
1048, 1027, 735 cm; HRMS (ESI) calcd for CssHeaNO1 [M+NH,]*: 914.4474; Found: 914.4469.

Data were in agreement with those reported in the literature.*™®

o 24e (10 mol %) BnO—\ OH
BnO og BnO o) i-ProNEt (1.3 equiv) Bno%,ﬂ/o
BnO + BnO BnO BnO 0
BnO BnO 4AMS, MeCN BnO
OH OMe BnO
rt, 24 h "“ome
5i (1.0 equiv.) 21a (1.3 equiv.) [1 mmol scale] cis-22ia

98%
(Scale up synthesis of cis-22ia) To a mixture of 5i (1.00 mmol, 451 mg), 24e (0.100 mmol, 19.6 mg),
and activated 4A MS (500 mg) in anhydrous MeCN (3.0 mL) were added i-ProNEt (1.30 mmol, 0.23
mL) and 21a (1.30 mmol, 776 mg), and the mixture was stirred at room temperature for 24 h. Then
the mixture was diluted with CHCI; and filtered through a pad of Celite®. The filtrate was evaporated
to afford the crude product, which was purified by column chromatography (hexane:EtOAc = 1.5:1

— 1:1) to provide cis-22ia (880 mg, 98%).
BnO _0OBn

BnO _0OBn
o) 4.95 ppm, o)
BnO H d,J=38Hz BnO
HOO O OH
BnO 0O BnO 0
BnO js-22] BnO 23ja
-22ja
BnOOM cis ] BnO ]

e OMe

Figure 37 (22ja): The reaction was performed according to general procedure, providing cis-22ja (23.3
mg, 65%) and 23ja (7.7 mg, 21%), starting from 5j (40 umol, 18.0 mg) and 21a (60 pumol, 35.8 mg).
When Ph;BOH (4.0 umol, 0.7 mg) was used instead of 24e, cis-22ja (12.5 mg, 35%) and 23ja (22.8
mg, 64%) were obtained.

cis-22ja: A colorless oil; [0]o? +55.7 (¢ 1.2, CHCIs); *H NMR (600 MHz, CDCl3) & 7.41-7.25 (m,
30H), 4.98 (d, J = 10.4 Hz, 1H), 4.95 (d, J = 3.8 Hz, 1H), 4.89 (d, J = 11.5 Hz, 1H), 4.84 (d, J = 11.0
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Hz, 1H), 4.80 (d, J = 10.4 Hz, 1H), 4.78 (d, J = 12.1 Hz, 1H), 4.74-4.66 (m, 3H), 459 (d, J = 3.8 Hz,
1H), 455 (d, J = 11.5 Hz, 1H), 4.53 (d, J = 11.0 Hz, 1H), 4.42 (d, J = 12.1 Hz, 1H), 435 (d, J = 11.5
Hz, 1H), 4.14 (br s, 1H), 3.98 (t, J = 9.3 Hz, 1H), 3.94-3.87 (m, 3H), 3.75 (ddd, J = 9.9, 4.4, 1.6 Hz,
1H), 3.67 (dd, J = 11.5, 1.6 Hz, 1H), 3.60 (dd, J = 10.2, 2.5 Hz, 1H), 3.55 (dd, J = 9.1, 7.4 Hz, 1H),
3.50-3.48 (m, 2H), 3.42 (t, J = 9.3 Hz, 1H), 3.31 (s, 3H), 2.13 (d, J = 7.7 Hz, 1H); *C NMR (150
MHz, CDCls) 6 138.7, 138.5, 138.3, 138.1, 137.9, 128.5, 128.4 (3C), 128.2 (2C), 128.0, 127.9, 127.8
(2C), 127.7 (3C), 127.6 (2C), 99.5, 97.8, 82.0, 80.1, 79.1, 77.8, 75.8, 75.0, 74.7,74.0, 73.4,73.3, 72.2,
70.0, 69.6, 69.3, 68.7, 67.2, 55.2; IR (ATR): 3478, 3030, 2914, 1454, 1360, 1071, 1026, 735 cm™;
HRMS (ESI) calcd for CssHeaNO11 [M+NH4]*: 914.4474; Found: 914.4493.

23ja (o:p = 1:1): A colorless oil; *H NMR (600 MHz, CDClIs, 50:50 mixture of anomers, one proton
of OH was not observed) & 7.36—7.22 (m, 30.0H), 5.33 (d, J = 3.8 Hz, 0.5H), 4.97 (d, J = 11.0 Hz,
1.0H), 4.91 (d, J = 11.5 Hz, 0.5H), 4.90 (d, J = 11.5 Hz, 0.5H), 4.86—4.80 (m, 2.0H), 4.77-4.73 (m,
2.0H), 4.68-4.55 (m, 5.5H), 4.47-4.37 (m, 2.0H), 4.15-4.11 (m, 1.0H), 4.00-3.87 (m, 3.5H), 3.80 (dd,
J =909, 2.7 Hz, 0.5H), 3.77-3.72 (m, 2.0H), 3.62-3.47 (m, 5.0H), 3.34 (s, 1.5H), 3.32 (s, 1.5H), 3.03
(brs, 0.5H); 3C NMR (150 MHz, CDCls, 50:50 mixture of anomers) & 138.8 (2C), 138.6, 138.5 (2C),
138.4,138.3,138.2,138.1, 137.9, 137.7, 128.4 (5C), 128.3 (2C), 128.2 (2C), 128.1 (2C), 128.0, 127.9
(3C), 127.8, 127.7 (3C), 127.6 (2C), 127.5 (2C), 98.1, 97.9, 97.3, 91.4, 82.6, 82.2, 82.0 (2C), 79.9,
79.8, 78.4,77.9, 77.8 (2C), 75.7 (2C), 74.9 (2C), 74.6, 74.5 (2C), 73.6, 73.5, 73.4, 73.3, 72.8 (2C),
72.3,70.6, 70.3, 69.9, 69.6, 68.9, 68.8, 55.3, 55.1; IR (ATR): 3448, 3030, 2913, 1454, 1088, 1068,

1028, 736 cm!; HRMS (ESI) calcd for CssHssNO11 [M+NH,]*: 914.4474; Found: 914.4491.

BnO _0OBn BnO _0Bn

o} Ac,0 0 6.34 ppm, BnO
Bnoéﬁ‘ pyridine Bno&n BnQ —0Bn 1 S5 8 e O8Bn

O OH — 0 'OAc 0 o

0 rt, 6 h o BnO H BnO Ohe
BnO ; BnO 0 Re)
BnO 85% BnO % 0Ac “OH 5.52 ppm,
BnOOMe BnOOMe d,J=8.2Hz
23ja S5

23ja (17.6 umol, 15.8 mg) was acetylated as described for the synthesis of S3 to give S5 (14.0 mg,
85%, a:p = 1:0.7) as a colorless oil; 'H NMR (600 MHz, CDCls, 60:40 mixture of anomers)
§ 7.38-7.23 (m, 30.0H), 6.34 (d, J = 3.8 Hz, 0.6H), 5.52 (d, J = 8.2 Hz, 0.4H), 4.97—4.89 (m, 2.0H),
4.84-4.51 (m, 9.0H), 4.45-4.36 (m, 2.0H), 4.12 (dd, J = 10.2, 3.6 Hz, 0.6H), 4.09 (dd, J = 10.7, 1.9
Hz, 0.4H), 4.03-3.94 (m, 3.0H), 3.91 (dd, J = 11.0, 3.8 Hz, 0.4H), 3.87-3.84 (m, 1.0H), 3.80 (dd, J =
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11.0, 4.9 Hz, 0.6H), 3.70-3.66 (m, 1.6H), 3.59-3.44 (m, 4.4H), 3.30 (s, 1.8H), 3.29 (s, 1.2H), 2.03 (s,
1.8H), 1.90 (s, 1.2H); 3C NMR (150 MHz, CDCls, 60:40 mixture of anomers) § 169.5, 169.3, 138.8
(2C), 138.6, 138.5 (2C), 138.3, 138.2 (2C), 138.1, 137.7 (2C), 128.4 (3C), 128.3, 128.2 (2C), 128.1,
128.0 (2C), 127.9, 127.8 (3C), 127.7 (2C), 127.6 (4C), 127.5 (2C), 127.4,97.9, 97.8, 94.2, 90.8, 82.6,
82.0 (2C), 80.0, 79.9, 78.9,78.8, 77.8, 77.4, 76.6, 75.7, 75.6, 74.9, 74.8, 74.7, 74.6, 74.4, 74.0, 73.6,
735,73.2,73.1,72.8 (2C), 71.7 (2C), 70.8, 70.4, 70.2, 68.3, 67.9, 55.1, 55.0, 21.1, 21.0; IR (ATR):
3030, 2921, 1751, 1454, 1227, 1092, 1049, 735, 696 cm*; HRMS (ESI) calcd for Cs7HssNO12

[M+NH4]*: 956.4580; Found: 956.4569.

Bﬁgo 0 5.21 ppm,
BnO H d,J=38Hz
HO
O
BzO 0
BzO <.22ab
cis-22a
BZOOM

e
Figure 38 (22ab): The reaction was performed according to general procedure, providing cis-22ab
(28.2 mg, 75%), starting from 5a (40 umol, 18.0 mg) and 21b (60 umol, 38.3 mg).

cis-22ab: A colorless amorphous solid; [a]p?® +119.2 (¢ 0.50, CHCIs); *H NMR (600 MHz, CDCls)
67.98(dd,J=8.2,1.1 Hz, 2H), 7.93(dd, J=8.2, 1.1 Hz, 2H), 7.86 (dd, J = 8.5, 1.4 Hz, 2H), 7.52—7.47
(m, 2H), 7.42—7.24 (m, 20H), 7.16—7.15 (m, 2H), 6.14 (t, J = 9.9 Hz, 1H), 5.64 (t, J = 10.2 Hz, 1H),
5.26 (dd, J = 10.2, 3.6 Hz, 1H), 5.21 (d, J = 3.8 Hz, 1H), 5.02 (d, J = 2.7 Hz, 1H), 4.95 (d, J = 11.0
Hz, 1H), 4.82 (d, J = 11.0 Hz, 1H), 4.81 (d, J = 11.0 Hz, 1H), 4.55 (d, J = 12.1 Hz, 1H), 4.48 (d, J =
11.0 Hz, 1H), 4.41 (d, J = 12.1 Hz, 1H), 4.26 (ddd, J = 9.9, 4.9, 2.2 Hz, 1H), 3.90 (dd, J = 11.5, 4.9
Hz, 1H), 3.78-3.72 (m, 4H), 3.65-3.60 (m, 2H), 3.52 (dd, J = 10.7, 1.9 Hz, 1H), 3.43 (s, 3H), 2.51 (d,
J =8.2 Hz, 1H); 23C NMR (150 MHz, CDCls) & 165.8 (2C), 165.3, 138.8, 138.4, 137.9, 133.4, 133.3,
133.0, 129.9 (2C), 129.6, 129.2, 129.0, 128.8, 128.4 (2C), 128.3 (2C), 128.2 (2C), 128.0, 127.8 (2C),
127.6 (2C), 127.5,98.6, 97.0, 83.0, 75.2,74.8,73.4,73.2,72.1,70.7, 70.5, 69.3, 68.5, 68.3, 65.6, 55.6;
IR (ATR): 3515, 3031, 2931, 1727, 1452, 1261, 1093, 1026 cm*; HRMS (ESI) calcd for CssHssNO14
[M+NH4]*: 956.3852; Found: 956.3854. Data were in agreement with those reported in the

literature.8”

BnO
BnO o 4.96_ppm,
BnO H d,J=33Hz
HO
(6]
e
MeOJ cis-22ac

Me
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Figure 38 (22ac): The reaction was performed according to general procedure, providing cis-22ac
(25.9 mg, 97%), starting from 5a (40 umol, 18.0 mg) and 21c (60 umol, 22.1 mg).

cis-22ac: A colorless oil; [a]p?® +122.7 (¢ 0.88, CHCI3); *H NMR (600 MHz, CDCls) § 7.38-7.25 (m,
13H), 7.15-7.15 (m, 2H), 4.96 (d, J = 3.3 Hz, 1H), 4.95 (d, J = 11.5 Hz, 1H), 4.83 (d, J = 9.3 Hz, 2H),
4.77 (d, J = 3.8 Hz, 1H), 4.62 (d, J = 12.1 Hz, 1H), 4.50 (d, J = 12.6 Hz, 2H), 3.92 (dd, J = 11.3, 4.7
Hz, 1H), 3.84 (dg, J = 9.9, 1.8 Hz, 1H), 3.76-3.61 (m, 10H), 3.51-3.49 (m, 7H), 3.38 (s, 3H), 3.16
(dd, J=9.9, 3.8 Hz, 1H), 3.09 (dd, J = 9.9, 8.8 Hz, 1H), 2.24 (br s, 1H); 3C NMR (150 MHz, CDCls)
§ 138.7, 138.2, 137.9, 128.3 (2C), 127.9 (2C), 127.8 (2C), 127.7, 127.6 (2C), 99.2, 97.3, 83.5, 83.3,
81.8,79.7,75.2,74.9,73.5,73.2,70.8, 69.5, 68.5, 67.2, 60.8, 60.5, 59.0, 55.2; IR (ATR): 3464, 2928,
1454, 1154, 1096, 1046, 1026 cm; HRMS (ESI) calcd for Ca7Hs,NO1 [M+NH ]*: 686.3535; Found:

686.3529.

BE?JO o 4.95 ppm,
BnO H d,J=16Hz
HO
0
MeO MeO cis-22ad

OMe

Figure 38 (22ad): The reaction was performed according to general procedure, providing cis-22ad
(25.6 mg, 86%), starting from 5a (40 umol, 18.0 mg) and 21c (60 umol, 26.7 mg).

cis-22ad: A colorless oil; [a]p?® +130.5 (c 0.84, CHCIs); *H NMR (600 MHz, CDCl3) 6 7.38 (d, J =
7.7 Hz, 2H), 7.33-7.25 (m, 16H), 7.15 (d, J = 7.7 Hz, 2H), 4.95 (d, J = 1.6 Hz, 1H), 4.94 (d, J = 11.0
Hz, 1H), 4.90 (d, J = 11.0 Hz, 1H), 4.83 (d, J = 11.0 Hz, 1H), 4.82 (d, J = 11.0 Hz, 1H), 4.79 (d, J =
3.3 Hz, 1H), 459 (d, J = 11.0 Hz, 1H), 4.58 (d, J = 12.1 Hz, 1H), 4.48 (d, J = 11.0 Hz, 1H), 4.44 (d, J
=12.1 Hz, 1H), 3.93 (dd, J = 11.5, 4.4 Hz, 1H), 3.77-3.60 (m, 8H), 3.64 (s, 3H), 3.55 (dd, J = 10.7,
1.9 Hz, 1H), 3.52 (s, 3H), 3.41-3.37 (m, 1H), 3.38 (s, 3H), 3.20 (dd, J = 9.9, 3.3 Hz, 1H), 2.22 (br s,
1H); 3C NMR (150 MHz, CDCls) & 138.7,138.3, 138.2, 137.9, 128.4 (2C), 128.3 (2C), 127.9, 127.8
(2C), 127.7,127.6 (2C), 99.2,97.3, 83.8,83.2,82.0, 77.5,77.2,75.1,74.9,74.8,73.4,73.2,70.8, 69.6,
68.3, 66.9, 61.0, 59.0, 55.2; IR (ATR): 3452, 3030, 2927, 1454, 1155, 1048, 1026 cm™*; HRMS (ESI)

calcd for Ca3HsgNO11 [M+NH4]*: 762.3848; Found: 762.3846.
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BnO BnO
BnO (0] BnO 0
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Figure 38 (22ae): The reaction was performed according to general procedure, providing cis-22ae
(32.7 mg, 85%) and 23ae (3.1 mg, 8%), starting from 5a (40 umol, 18.0 mg) and 21e (60 pumol, 39.4
mg).

cis-22ae: A colorless amorphous solid; [a]p?® +71.1 (¢ 0.61, CHCI3); *H NMR (600 MHz, CDCls)
87.36 (d, J =7.1 Hz, 2H), 7.31-7.24 (m, 20H), 7.13 (dd, J = 7.4, 1.9 Hz, 2H), 6.86 (d, J = 8.8 Hz,
2H), 6.84 (d, J = 8.2 Hz, 2H), 4.93-4.89 (m, 4H), 4.81 (d, J = 11.0 Hz, 1H), 4.81 (d, J = 11.0 Hz, 1H),
4.73 (d, J =11.5 Hz, 1H), 4.72 (d, J = 10.4 Hz, 1H), 4.60 (d, J = 12.1 Hz, 1H), 4.56 (d, J = 12.1 Hz,
1H), 4.56 (d, J = 10.4 Hz, 1H), 4.54 (d, J = 3.3 Hz, 1H), 4.47 (d, J = 11.0 Hz, 1H), 4.42 (d, J = 12.1
Hz, 1H), 3.95 (t, J = 9.3 Hz, 1H), 3.91 (dd, J = 11.5, 4.4 Hz, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 3.75 (ddd,
J=9.9, 44,16 Hz, 1H), 3.72 (ddd, J = 9.9, 2.7, 1.6 Hz, 1H), 3.68-3.59 (m, 5H), 3.53 (dd, J = 10.7,
1.9 Hz, 1H), 3.48-3.43 (m, 2H), 3.34 (s, 3H), 2.15 (br s, 1H); 3C NMR (150 MHz, CDCls) & 159.4,
159.2, 138.7, 138.3, 138.2, 137.9, 130.8, 130.2, 129.7, 129.6, 128.4, 128.3 (3C), 128.0, 127.8, 127.7
(2C), 127.6 (4C), 113.9, 113.8, 99.2, 98.0, 83.2, 81.8, 79.8, 77.7, 77.1, 75.4, 75.2, 74.9 (2C), 73.4,
73.2,73.0, 70.8, 69.5, 68.3, 67.0, 55.2 (2C); IR (ATR): 3419, 2912, 1614, 1453, 1358, 1249, 1065,
1027 cm; HRMS (ESI) calcd for Cs7HgsNO13 [M+NH.]*: 974.4685; Found: 974.4683.

23ae (a:f = 1:1): Acolorless oil; *H NMR (600 MHz, CDCls, 50:50 mixture of anomers, one proton
of OH was not observed) 6 7.33-7.23 (m, 22.0H), 7.14-7.14 (m, 2.0H), 6.84-6.83 (m, 4.0H), 5.29 (d,
J = 3.3 Hz, 0.5H), 4.94 (d, J = 10.4 Hz, 0.5H), 4.90 (d, J = 11.0 Hz, 0.5H), 4.86-4.82 (m, 3.0H),
4.73-4.70 (m, 3.0H), 4.64 (d, J = 11.0 Hz, 0.5H), 4.60—4.48 (m, 6.0H), 4.02 (d, J = 3.8 Hz, 0.5H),
3.99 (ddd, J=9.9, 3.3, 1.6 Hz, 0.5H), 3.94 (t, J = 9.3 Hz, 0.5H), 3.88-3.83 (m, 1.0H), 3.79 (s, 4.5H),
3.79 (s, 1.5H), 3.75-3.68 (m, 2.5H), 3.65-3.43 (m, 6.5H), 3.34 (s, 1.5H), 3.33 (s, 1.5H), 3.21 (t, J =
8.2 Hz, 0.5H), 2.85 (br s, 0.5H); *C NMR (150 MHz, CDCls, 50:50 mixture of anomers) & 159.4,
159.2,138.8, 138.6, 138.4, 138.3 (2C), 138.0 (2C), 137.9,131.0 (2C), 130.2 (2C), 129.7, 129.6, 128.5,
128.4 (3C), 128.3 (2C), 128.0, 127.9 (2C), 127.8 (2C), 127.7 (2C), 127.6 (3C), 113.9, 113.8, 98.2,
98.1,97.1,90.9, 85.4, 84.6, 81.7, 81.6, 81.6, 81.5, 79.7, 79.6, 78.0, 77.8, 77.6, 77.3, 75.5, 75.4, 75.0,
74.9,74.8,73.6, 73.5, 73.0, 72.3, 70.5, 70.4, 70.2, 69.8, 68.9, 68.6, 55.4, 55.3, 55.2 (2C); IR (ATR):
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3422, 2925, 1513, 1247, 1028 cm'*; HRMS (ESI) calcd for Cs7HgaO13Na [M+Na]*: 979.4239; Found:

979.4251.
BnO BnO
BnO o) 4.94 ppm, BnO (0}
BnO H d,J=38Hz BnO
HO O 'OH
MeO O MeO 0
MeO cis-22af MeO 23af
MeOp MeoF

Figure 38 (22af): The reaction was performed according to general procedure, providing cis-22af (20.0
mg, 76%) and 23af (4.6 mg, 18%), starting from 5a (40 umol, 18.0 mg) and 21f (60 umol, 21.4 mg).
cis-22af: A colorless oil; [a]p® +116.5 (c 0.40, CHCIs); *H NMR (600 MHz, CDCl3) & 7.38 (d, J =
7.7 Hz, 2H), 7.34-7.25 (m, 11H), 7.15 (d, J = 8.2 Hz, 2H), 5.63 (dd, J = 53.2, 2.7 Hz, 1H), 4.95 (d, J
=10.4 Hz, 1H), 4.94 (d, J = 3.8 Hz, 1H), 4.84 (d, J = 11.0 Hz, 1H), 4.83 (d, J = 10.4 Hz, 1H), 4.62 (d,
J=12.1 Hz, 1H), 451 (d, J = 12.1 Hz, 2H), 3.92 (dd, J = 11.5, 4.4 Hz, 1H), 3.85-3.81 (m, 2H),
3.75-3.72 (m, 4H), 3.68-3.61 (m, 2H), 3.65 (s, 3H), 3.55 (s, 3H), 3.54 (s, 3H), 3.51 (t, J = 9.3 Hz,
1H), 3.18-3.13 (m, 2H), 2.10 (br s, 1H); *C NMR (150 MHz, CDCls) & 138.7, 138.2, 137.9, 128.4
(2C), 128.3, 127.9 (2C), 127.8, 127.7, 127.6, 104.7 (d, J = 227.2 Hz), 99.3, 83.3, 82.9, 814 (d, J =
25.2 Hz), 78.7,77.2,75.3,75.0, 73.5,73.1, 72.2 (d, J = 4.4 Hz), 70.9, 68.4, 66.7, 61.0, 60.7, 59.2; IR
(ATR): 3485, 3030, 2932, 1454, 1155, 1092, 1025 cm™; HRMS (ESI) calcd for CasHaoNO1oF
[M+NH,]*: 674.3335; Found: 674.3330.

23af (a:p = 1:1): Acolorless amorphous solid; *H NMR (600 MHz, CDCls, 50:50 mixture of anomers,
one proton of OH was not observed) & 7.37 (d, J = 7.7 Hz, 2.0H), 7.33-7.26 (m, 11.0H), 7.15-7.13
(m, 2.0H), 5.59 (dd, J = 53.2, 2.7 Hz, 0.5H), 5.57 (dd, J = 53.5, 2.5 Hz, 0.5H), 5.39 (t, J = 2.7 Hz,
0.5H), 4.96 (d, J = 11.0 Hz, 0.5H), 4.93 (d, J = 11.0 Hz, 0.5H), 4.81-4.77 (m, 2.0H), 4.67 (dd, = 7.7,
4.9 Hz, 0.5H), 4.60 (d, J = 12.1 Hz, 0.5H), 4.58 (d, J = 12.6 Hz, 0.5H), 4.52 (d, J = 12.6 Hz, 0.5H),
450 (d, J = 115 Hz, 1.5H), 4.11 (dd, J = 11.0, 4.4 Hz, 0.5H), 4.03 (ddd, J = 9.9, 3.8, 2.2 Hz, 0.5H),
3.97 (dd, J=11.0, 2.2 Hz, 0.5H), 3.93-3.90 (m, 1.5H), 3.83 (d, J = 9.3 Hz, 1.5H), 3.73-3.69 (m, 1.0H),
3.67-3.65 (m, 1.0H), 3.64 (s, 1.5H), 3.63 (s, 1.5H), 3.62—3.58 (m, 1.5H), 3.56 (s, 1.5H), 3.56—3.52
(m, 1.0H), 3.54 (s, 1.5H), 3.51-3.49 (m, 1.0H), 3.50 (s, 1.5H), 3.49 (s, 1.5H), 3.26 (t, J = 8.5 Hz, 0.5H),
3.20 (t, J = 9.3 Hz, 0.5H), 3.11 (dd, J = 9.9, 2.7 Hz, 0.5H), 3.06 (dd, J = 9.3, 2.7 Hz, 0.5H), 2.91 (d, J
= 11.0 Hz, 0.5H); 3C NMR (150 MHz, CDCls, 50:50 mixture of anomers) § 138.7, 138.5, 138.2,
138.0, 137.9 (2C), 128.4 (4C), 128.0 (2C), 127.9 (3C), 127.8 (2C), 127.7 (3C), 127.6, 104.8 (d, J =
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226.1 Hz), 104.8 (d, J=227.2 Hz),97.2,91.0,84.7,84.4,82.8,81.7,81.5,81.4 (d, J = 24.2 Hz), 81.3
(d, J=25.2Hz), 78.6, 78.5, 77.6, 77.5 (2C), 75.0, 74.9, 73.6, 73.5, 729 (d, I = 4.4 Hz), 729 (d, J =
4.4 Hz), 71.3, 70.4, 69.5, 68.9, 68.6, 61.0 (2C), 60.6, 60.5, 59.2, 59.1; IR (ATR): 3369, 2920, 1453,
1364, 1160, 1092, 1041, 695 cm™*; HRMS (ESI) calcd for C3sHagNO1oF [M+NH4]*: 674.3335; Found:
674.3336.

5.22 ppm,
= 3.8H
BnO d,J= 3.8Hz

1) 4.23 ppm,
BroS H tJ= 93Hz

Ho| H_-0Bz

0 0

BZ’O—%ZOﬁOMe cis-22ag
Figure 38 (22ag): To a mixture of 1,2-diol 5a (40.0 umol, 18.0 mg), borinic acid 24g (8.00 umol, 1.8
mg), and activated 4A MS (80 mg) in anhydrous MeCN (0.40 mL) were added i-Pr,NEt (80.0 umol,
13.9 uL) and triflate 21g (80.0 umol, 51.1 mg), and the mixture was stirred at 60 °C for 72 h. Then
the mixture was diluted with CHCI3 and filtered through a pad of Celite®. The filtrate was evaporated
to afford the crude product, which was purified by preparative thin layer chromatography
(hexane:EtOAc = 2:1) to provide cis-22ag (32.4 mg, 86%) and 5a (2.3 mg, 13%).
When 24e (8.00 umol, 1.6 mg) was used instead of 24g, cis-3ag (20.0 mg, 53%) and 1a (6.4 mg, 36%)
were obtained.
cis-22ag: A colorless amorphous solid; [a]p?® +109.0 (¢ 1.67, CHCIs3); *H NMR (600 MHz, CDCl3) &
8.13 (d, J = 7.7 Hz, 2H), 7.95 (dd, J = 7.1, 7.1 Hz, 4H), 7.61 (t, J = 7.4 Hz, 1H), 7.50—7.45 (m, 5H),
7.38-7.34 (m, 5H), 7.29-7.21 (m, 11H), 7.08-7.06 (M, 2H), 6.10 (t, J = 9.3 Hz, 1H), 5.22 (d, J = 3.8
Hz, 1H), 5.14-5.13 (m, 2H), 4.80-4.70 (m, 4H), 4.56 (dd, J = 12.1, 4.4 Hz, 1H), 4.50 (d, J = 12.1 Hz,
1H), 4.41 (d, J = 10.4 Hz, 1H), 4.26 (d, J = 12.1 Hz, 1H), 4.23 (t, J = 9.3 Hz, 1H), 4.19-4.16 (m, 1H),
3.83 (d, J = 9.9 Hz, 1H), 3.70 (dd, J = 10.7, 3.0 Hz, 1H), 3.65 (t, J = 9.3 Hz, 1H), 3.59 (t, J = 9.3 Hz,
1H), 3.52 (dd, J = 11.0, 1.6 Hz, 1H), 3.47 (td, J = 9.5, 4.6 Hz, 1H), 3.43 (s, 3H), 1.88 (d, J = 8.8 Hz,
1H); C NMR (150 MHz, CDCls) 6 166.2, 166.1, 165.9, 138.6, 138.0, 137.7, 133.3, 133.2, 133.1,
129.9 (2C), 129.8 (2C), 129.6, 129.0, 128.5 (2C), 128.4 (2C), 128.3 (2C), 127.9, 127.8 (2C), 127.7,
127.6, 100.9, 96.8, 82.5, 76.9, 76.3, 75.3, 74.9, 73,5, 72.5, 72.3, 72.1, 72.0, 68.4, 67.9, 63.4, 55.5; IR
(ATR): 3567, 3031, 2931, 1718, 1453, 1271, 1095, 1065, 1049, 1027 cm™; HRMS (ESI) calcd for

CssHs54014Na [M+Na]+: 961.3406; Found: 961.3446.
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Figure 38 (22ah): The reaction was performed according to the procedure for the synthesis of cis-
22ag, providing cis-22ah (20.7 mg, 59%) and 5a (7.3 mg, 41%), starting from 5a (40.0 umol, 18.0
mg) and 21h (80.0 umol, 46.1 mg).

cis-22ah: A colorless amorphous solid; [a]p?® +101.0 (¢ 1.02, CHCI3); *H NMR (600 MHz, CDCls) &
7.94 (d, J = 7.7 Hz, 4H), 7.50-7.46 (m, 2H), 7.37-7.26 (m, 17H), 7.11 (dd, J = 7.4, 1.9 Hz, 2H), 6.05
(t, J=9.6 Hz, 1H), 5.15 (d, J = 3.8 Hz, 1H), 5.12 (d, J = 3.8 Hz, 1H), 5.10 (dd, J = 10.2, 3.6 Hz, 1H),
4.78-4.74 (m, 3H), 4.61 (d, J = 12.1 Hz, 1H), 4.50 (dd, J = 12.1, 1.6 Hz, 1H), 4.47 (d, J = 12.1 Hz,
1H), 4.44 (d, J = 10.4 Hz, 1H), 4.30 (dd, J = 12.1, 4.9 Hz, 1H), 4.09 (t, J = 9.3 Hz, 1H), 4.02 (ddd, J
=9.3,4.4, 1.6 Hz, 1H), 3.80 (d, J = 8.8 Hz, 1H), 3.75 (dd, J = 10.7, 3.0 Hz, 1H), 3.65-3.59 (m, 3H),
3.47 (td, J = 8.8, 3.8 Hz, 1H), 3.42 (s, 3H), 2.10 (s, 3H), 1.85 (d, J = 8.2 Hz, 1H); 3C NMR (150 MHz,
CDCl3) 6 170.6, 166.1, 165.9, 138.5, 138.0, 137.8, 133.3, 133.1, 129.9, 129.7, 129.6, 129.0, 128.4
(2C), 128.3,127.9 (2C), 127.8, 127.7 (2C), 127.6, 101.0, 96.7, 82.5, 76.9, 76.5, 75.3, 74.9, 73.6, 72.4
(2C), 72.0 (2C), 68.2, 68.0, 63.1, 55.5, 20.9; IR (ATR): 3515, 3031, 2929, 1725, 1452, 1262, 1094,
1045, 1026 cm*; HRMS (ESI) calcd for CsoHssNO14 [M+NH4]™: 894.3695; Found: 894.3699.

5.26 ppm,
d,J= 3.8Hz

BEnOO fe) 4.35 ppm,
BnO H tJ= 93Hz
HO H OBz
0 (0]
BzO cis-22ai
BzO

E
Figure 38 (22ai): The reaction was performed according to the procedure for the synthesis of cis-22ai,
providing cis-22ai (17.0 mg, 46%) and 5a (9.2 mg, 51%), starting from 5a (40.0 umol, 18.0 mg) and
21i (80.0 umol, 50.1 mg).

cis-22ai: A colorless amorphous solid; [a]p?® +108.6 (¢ 1.1, CHCIs); 'H NMR (600 MHz, CDCls)
58.14 (d, J=8.2 Hz, 2H), 7.97-7.95 (m, 4H), 7.62 (t, J = 7.4 Hz, 1H), 7.53-7.48 (m, 4H), 7.39-7.35
(m, 4H), 7.30-7.20 (m, 13H), 7.08-7.06 (m, 2H), 6.13 (t, J = 9.6 Hz, 1H), 5.93 (dd, J = 53.0, 2.5 Hz,
1H), 5.26 (d, J = 3.8 Hz, 1H), 5.24 (ddd, J = 23.6, 10.2, 2.7 Hz, 1H), 4.83 (d, J = 12.1 Hz, 1H),
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4.78-4.71 (m, 3H), 4.57 (dd, J = 12.6, 3.3 Hz, 1H), 4.47 (d, J = 12.1 Hz, 1H), 4.41 (d, J = 10.4 Hz,
1H), 4.39-4.37 (m, 1H), 4.35 (t, J = 9.3 Hz, 1H), 4.23 (d, J = 12.1 Hz, 1H), 3.81 (d, J = 9.3 Hz, 1H),
3.70-3.65 (m, 2H), 3.59 (t, J = 9.3 Hz, 1H), 3.49-3.45 (m, 2H), 1.86 (d, J = 7.7 Hz, 1H); 3C NMR
(150 MHz, CDCl3) & 166.0, 165.8, (2C), 138.4, 137.9, 137.6, 133.6, 133.3 (2C), 130.0, 129.8, 129.7
(2C), 129.4,128.6,128.5 (2C), 128.4, 128.3, 127.9, 127.8, 127.7 (3C), 127.6, 103.9 (d, J = 229.4 Hz),
101.1,82.2,77.0,75.3,75.1,74.9, 735, 72.2,72.1,716,71.4 (d, J = 24.2 Hz), 71.1 (d, J = 4.4 Hz),
67.8,62.7; IR (ATR): 3566, 3032, 2924, 1722, 1452, 1267, 1160, 1094, 1068, 1026 cm™*; HRMS (ESI)
calcd for CsaHssNO13F [M+NHa]*: 944.3652; Found: 944.3656.

B?noo 0 5.19 ppm,
BnO H d,J=3.8Hz
HO P;

0]
OO
3

cis-22aj
MeO ©

Figure 38 (22aj): To a mixture of 1,2-diol 5a (40.0 umol, 18.0 mg), borinic acid 24g (8.00 umol, 1.8
mg), and activated 4A MS (80 mg) in anhydrous MeCN (0.40 mL) were added i-ProNEt (80.0 umol,
13.9 pL) and triflate 21a (80.0 umol, 31.9 mg), and the mixture was stirred at room temperature for
48 h. Then the mixture was diluted with CHCI3 and filtered through a pad of Celite®. The filtrate was
evaporated to afford the crude product, which was purified by preparative thin layer chromatography
(hexane:EtOAc = 2:1) to provide cis-22aj (16.7 mg, 60%) and 5a (4.4 mg, 24%).

cis-22aj: A colorless solid; [a]p?® +73.5 (¢ 1.06, CHCIs); *H NMR (600 MHz, CDCl3) 8 7.47 (dd, J =
8.0, 1.4 Hz, 2H), 7.37-7.25 (m, 16H), 7.14 (dd, J = 7.4, 1.9 Hz, 2H), 5.60 (s, 1H), 5.19 (d, J = 3.8 Hz,
1H), 4.93 (d, J = 11.0 Hz, 1H), 4.82 (d, J = 10.4 Hz, 1H), 4.77 (d, J = 11.5 Hz, 1H), 4.75 (d, J = 2.7
Hz, 1H), 4.62 (d, J = 12.1 Hz, 1H), 4.50 (d, J = 12.1 Hz, 1H), 4.48 (d, J = 11.0 Hz, 1H), 4.27-4.21 (m,
2H), 3.86-3.81 (m, 2H), 3.77-3.66 (m, 5H), 3.64 (t, J = 9.3 Hz, 1H), 3.59 (dd, J = 9.9, 8.2 Hz, 1H),
3.32 (s, 3H), 2.35 (br s, 1H), 2.29 (ddd, J = 13.2, 5.5, 1.1 Hz, 1H), 1.82 (ddd, J = 13.2, 11.5, 3.8 Hz,
1H); *3C NMR (150 MHz, CDCls) & 138.8, 138.2, 138.0, 137.1, 129.0, 128.4, 128.3 (3C), 127.9 (2C),
127.8,127.7,127.6,127.5,125.9,101.5, 100.3, 98.9,83.4,82.7,77.1,75.2,75.1,73.5,73.4 (2C), 71.1,
69.0, 68.6, 62.9, 54.8, 37.2; IR (ATR): 3567, 3031, 2927, 1453, 1125, 1092, 1027 cm; HRMS (ESI)

calcd for Ca1HsgNO1o [M+NH4]*: 716.3429; Found: 716.3418.
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Figure 38 (22ib): The reaction was performed according to general procedure, providing cis-22ib (35.3
mg, 94%) and 23ib (2.1 mg, 6%), starting from 5i (40 umol, 18.0 mg) and 21b (60 umol, 38.3 mg).

cis-22ib: Acolorless amorphous solid; [a]o?® +32.0 (¢ 1.1, CHCI3); *H NMR (600 MHz, CDCl3) § 7.98
(dd, J =8.2, 1.1 Hz, 2H), 7.91 (dd, J = 8.2, 1.1 Hz, 2H), 7.86 (dd, J = 8.5, 1.4 Hz, 2H), 7.51-7.50 (m,
2H), 7.43-7.23 (m, 20H), 7.19 (dd, J = 7.7, 1.6 Hz, 2H), 6.15 (t, J = 9.6 Hz, 1H), 5.55 (t, J = 9.9 Hz,
1H), 5.25 (dd, J = 10.2, 3.6 Hz, 1H), 5.21 (d, J = 3.8 Hz, 1H), 4.87 (d, J = 11.0 Hz, 1H), 4.78 (d, J =
12.1 Hz, 1H), 4.66 (d, J = 12.1 Hz, 1H), 4.54 (d, J = 12.1 Hz, 1H), 4.52 (d, J = 11.0 Hz, 1H), 4.46 (d,
J=12.1 Hz, 1H), 4.43 (s, 1H), 4.27 (ddd, J = 9.9, 6.0, 1.6 Hz, 1H), 4.20 (t, = 2.5 Hz, 1H), 4.14 (dd,
J=11.5, 1.6 Hz, 1H), 3.87 (t, J = 9.3 Hz, 1H), 3.72-3.66 (m, 3H), 3.56 (dd, J = 9.1, 3.0 Hz, 1H), 3.4
(s, 3H), 3.39 (ddd, J = 9.3, 4.9, 2.2 Hz, 1H), 2.45 (d, J = 2.7 Hz, 1H); 3C NMR (150 MHz, CDCls)
6 165.8, 165.7, 165.5, 138.2, 137.8, 133.5, 133.3, 133.1, 129.9, 129.8, 129.6, 129.2, 129.1, 128.8,
1285, 128.4, 128.3 (2C), 128.2, 128.0, 127.9, 127.8, 127.7 (2C), 127.5, 100.5, 96.8, 81.2, 75.3, 75.1,
74.1,73.4,72.1,71.4,70.5,69.4,69.1,68.8,68.1,67.9, 55.5; IR (ATR): 3233, 3028, 2929, 1454, 1130,
1091, 1065, 1024 cm™; HRMS (ESI) calcd for CssHs4014Na [M+Na]*: 961.3406; Found: 961.3398.

23ib (a: = 1:1): Acolorless amorphous solid; *H NMR (600 MHz, CDCls, 50:50 mixture of anomers)
6 7.98-7.97 (m, 3.0H), 7.91 (dd, J = 8.2, 1.1 Hz, 1.0H), 7.85 (dd, J = 8.5, 1.4 Hz, 1.0H), 7.54-7.24
(m, 23.0H),7.19 (dd, J=7.7, 1.6 Hz, 1.0H), 7.14 (dd, J = 7.4, 1.9 Hz, 1.0H), 6.15 (t, J = 9.9 Hz, 0.5H),
5.96 (t, J = 9.9 Hz, 0.5H), 5.55 (t, J = 9.9 Hz, 0.5H), 5.29 (dd, J = 9.9, 3.8 Hz, 0.5H), 5.25 (dd, J = 9.9,
3.8 Hz, 0.5H), 5.22-5.20 (m, 1.0H), 4.87 (d, J = 11.0 Hz, 0.5H), 4.80 (d, J = 7.7 Hz, 0.5H), 4.78 (d, J
= 8.2 Hz, 0.5H), 4.66 (d, J = 12.1 Hz, 0.5H), 4.63—4.44 (m, 4.5H), 4.43 (d, J = 1.1 Hz, 0.5H), 4.40 (d,
J = 12.1 Hz, 0.5H), 4.29 (s, 0.5H), 4.27 (ddd, J = 9.9, 6.0, 1.6 Hz, 0.5H), 4.20-4.19 (m, 0.5H),
4.16-4.05 (m, 1.5H), 3.87 (t, J = 9.3 Hz, 0.5H), 3.78 (t, J = 9.3 Hz, 0.5H), 3.73 (t, J = 2.5 Hz, 0.5H),
3.68 (tt, J = 13.4, 4.1 Hz, 1.5H), 3.58-3.55 (m, 1.0H), 3.46 (d, J = 1.6 Hz, 0.5H), 3.44 (s, 1.5H), 3.43
(s, 1.5H), 3.39 (ddd, J = 9.3, 4.9, 2.2 Hz, 0.5H), 3.21 (dd, J = 9.1, 3.0 Hz, 0.5H), 3.02 (ddd, J = 9.9,
4.9,2.2 Hz, 0.5H), 2.46 (d, J = 2.7 Hz, 0.5H), 2.40 (d, J = 2.2 Hz, 0.5H); $3C NMR (150 MHz, CDCls,
50:50 mixture of anomers) 6 165.9, 165.8 (2C), 165.7, 165.5, 138.2, 137.9, 137.6, 133.5, 133.3, 133.1
(2C), 129.9, 129.8, 129.7 (2C), 129.6, 129.3 (2C), 129.1 (2C), 128.8, 128.5, 128.4 (2C), 128.3 (3C),
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128.0, 127.9 (3C), 127.8 (2C), 127.7 (2C), 127.6 (2C), 127.5 (2C), 100.5, 97.9, 96.8, 94.8, 81.7, 81.3,
75.4,75.3,75.1, 74.9, 74.1, 73.7, 73.5, 73.4, 72.5, 72.2, 72.1, 71.5, 71.4, 70.5, 69.5, 69.4, 69.1, 68.9,
68.8, 68.6, 68.1, 67.9, 63.1, 62.1, 5.5 (2C); IR (ATR): 3492, 2924, 2853, 1727, 1452, 1275, 1261,

1093, 1026, 750, 708 cm'*; HRMS (ESI) calcd for CssHssNO14 [M+NH,4]*: 956.3852; Found: 956.3857.

MeO

OH
BE:O(&&/BQ%%
MeOy,,,  cis-22id
Figure 38 (22id): The reaction was performed according to general procedure, providing cis-22id (28.3
mg, 95%), starting from 5i (40 umol, 18.0 mg) and 2d (60 umol, 26.7 mg).
cis-22id: A colorless oil; [o]p?® +69.8 (¢ 1.07, CHCIs); *H NMR (600 MHz, CDCls) § 7.38 (d, J = 7.1
Hz, 2H), 7.34-7.20 (m, 18H), 4.88 (d, J = 10.4 Hz, 1H), 4.86 (d, J = 11.5 Hz, 1H), 4.80 (d, J = 3.8 Hz,
1H), 4.76 (d, J = 12.1 Hz, 1H), 4.68 (d, J = 12.1 Hz, 1H), 4.60-4.51 (m, 4H), 4.16 (s, 1H), 4.11 (dd, J
=11.0,1.6 Hz, 1H), 3.95 (brs, 1H), 3.84 (t, J = 9.3 Hz, 1H), 3.76-3.68 (m, 3H), 3.64 (s, 3H), 3.60-3.58
(m, 2H), 3.52 (s, 3H), 3.48 (dd, J = 9.1, 3.0 Hz, 1H), 3.37 (s, 3H), 3.36-3.34 (m, 2H), 3.23 (dd, J =
9.3, 3.3 Hz, 1H), 2.42 (br s, 1H); 3C NMR (150 MHz, CDClIs) & 138.4, 138.2 (2C), 137.9, 128.5,
128.4 (2C), 128.3, 128.1, 128.0, 127.9, 127.8 (2C), 127.7, 127.6, 99.9, 97.2, 83.9, 81.9, 81.3, 77.3,
75.3,75.2,74.5,74.2,73.5,71.4,69.7,69.2, 68.2, 68.0, 61.0, 59.0, 55.1; IR (ATR): 3464, 3030, 2905,
1454, 1088, 1073, 1046, 1027, 737 cm™; HRMS (ESI) calcd for C43Hs201:Na [M+Na]*: 767.3402;

Found: 767.3413.

BnO—\ OH OBz
BnO BzO

5.96 ppm, H
dd, J=9.9,9.3 Hz

Figure 38 (22ig): To a mixture of 1,2-diol 5i (40.0 umol, 18.0 mg), borinic acid 24g (8.00 umol, 1.8

BZOOMe cis-22ig

mg), and activated 4A MS (80 mg) in anhydrous MeCN (0.40 mL) were added i-Pr,NEt (80.0 umol,
13.9 pL) and triflate 21g (80.0 umol, 51.1 mg), and the mixture was stirred at 60 °C for 48 h. Then
the mixture was diluted with CHCI3 and filtered through a pad of Celite®. The filtrate was evaporated
to afford the crude product, which was purified by preparative thin layer chromatography
(hexane:EtOAc = 2:1) to provide cis-22ig (33.6 mg, 89%).

cis-22ig: A colorless amorphous solid; [a]o?® +73.7 (¢ 1.01, CHCIs); *H NMR (600 MHz, CDCls)

§8.03 (dd, J =8.2, 1.1 Hz, 2H), 7.98 (t, J = 7.4 Hz, 4H), 7.53-7.50 (m, 2H), 7.45 (t, J = 7.4 Hz, 1H),

96



7.38-7.33 (m, 8H), 7.30-7.22 (m, 11H), 7.08-7.07 (m, 2H), 5.96 (dd, J = 9.9, 9.3 Hz, 1H), 5.34 (dd,
J=10.4,3.8 Hz, 1H), 5.13 (d, J = 3.8 Hz, 1H), 4.77 (d, J = 10.4 Hz, 1H), 4.71 (d, J = 11.5 Hz, 1H),
468 (dd, J=12.1, 2.2 Hz, 1H), 457 (d, J = 12.1 Hz, 1H), 4.53 (dd, J = 12.1, 3.8 Hz, 1H), 4.50 (s, 1H),
4.33(d, J =11.0 Hz, 1H), 4.32 (t, J = 9.6 Hz, 1H), 4.27-4.23 (m, 1H), 4.24 (d, J = 12.1 Hz, 1H), 4.18
(d, J = 12.1 Hz, 1H), 4.05 (d, J = 2.2 Hz, 1H), 3.49-3.45 (m, 1H), 3.44 (s, 3H), 3.40 (dd, J = 9.3, 2.7
Hz, 1H), 3.25 (dd, J = 10.7, 1.9 Hz, 1H), 3.17 (ddd, J = 9.3, 6.6, 1.6 Hz, 1H), 2.81 (s, 1H), 2.69 (dd, J
= 11.0, 6.6 Hz, 1H); 3C NMR (150 MHz, CDCls) & 167.1, 166.2, 165.9, 138.4, 138.1, 137.9, 133.4,
1333, 132.9, 130.2, 129.9 (2C), 129.6, 129.4, 129.1, 128.6, 128.4 (3C), 128.3, 128.2, 128.0, 127.8,
127.7, 127.6, 127.5 (2C), 98.4, 97.0, 81.6, 75.4, 75.1, 74.1 (2C), 72.9, 71.3, 71.2, 71.1, 69.1, 68.3,
67.9, 63.0, 55.5; IR (ATR): 3516, 2867, 1721, 1451, 1267, 1095, 1068, 1026, 709 cm'; HRMS (ESI)

calcd for Cs5HsgNO14 [M+NH4]+Z 956.3852; Found: 956.3857.

BnO _0OBn

BnO __OBn  5.23 ppm, o
B o) Hd,J=3.8 Hz BnO
n O "OH
HO| 4 ¢ ©Bz BzO
o) o)
BzO OBz
cis-22j 23]
6.09 ppm, HBZO0ye &9 520 o ig
t,J=9.1Hz e

Figure 38 (22jg): The reaction was performed according to the procedure for the synthesis of cis-22ig,
providing cis-22jg (27.0 mg, 72%) and 23jg (7.5 mg, 20%), starting from 5j (40 umol, 18.0 mg) and
21g (80 wmol, 51.1 mg).

cis-22jg: A colorless amorphous solid; [a]p?® +102.9 (c 0.55, CHCI3); *H NMR (600 MHz, CDCls)
58.10(d, J=7.1 Hz, 2H), 7.96-7.94 (m, 4H), 7.60 (t, J = 7.4 Hz, 1H), 7.50-7.45 (m, 4H), 7.37-7.18
(m, 19H), 6.09 (t, J = 9.1 Hz, 1H), 5.23 (d, J = 3.8 Hz, 1H), 5.14 (d, J = 3.8 Hz, 1H), 5.14-5.11 (m,
1H), 4.86 (d, J = 11.5 Hz, 1H), 4.78 (d, J = 11.5 Hz, 1H), 4.63 (d, J = 11.5 Hz, 1H), 4.60 (d, J = 11.5
Hz, 1H), 4.51-4.48 (m, 1H), 4.47 (d, J = 11.5 Hz, 1H), 4.40 (d, J = 11.5 Hz, 1H), 4.29 (d, J = 11.5 Hz,
1H), 4.18-4.17 (m, 2H), 4.04 (t, J = 6.9 Hz, 1H), 3.98 (d, J = 1.6 Hz, 1H), 3.97-3.93 (m, 1H), 3.63
(dd, J=10.4, 2.7 Hz, 1H), 3.52 (t, J = 8.5 Hz, 1H), 3.44 (dd, J = 8.8, 5.5 Hz, 1H), 3.42 (s, 3H), 1.82
(d, J = 7.7 Hz, 1H); 13C NMR (150 MHz, CDCls) & 166.2, 166.1, 166.0, 138.3, 138.1, 137.9, 133.3,
133.2, 133.0, 129.9 (2C), 129.8, 129.7, 129.6, 129.0, 128.5, 128.4 (2C), 128.3, 128.2, 128.1, 127.9,
127.7, 127.6, 101.2, 96.8, 79.2, 76.3, 74.7, 73.8, 73.5, 72.5, 72.3, 72.1, 70.8, 68.5, 68.4, 68.3, 63.5,

55.4; IR (ATR): 3516, 2933, 1721, 1452, 1270, 1093, 1069, 1026, 711 cm*; HRMS (ESI) calcd for
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CssHssNO14 [M+NH4]*: 956.3852; Found: 956.3848.

23jg (o = 1:1): Acolorless amorphous solid; *H NMR (600 MHz, CDCls, 50:50 mixture of anomers)
§8.09-7.97 (m, 6.0H), 7.61-7.56 (m, 1.0H), 7.50—7.42 (m, 4.0H), 7.38—7.20 (m, 12.0H), 7.15-7.09
(m, 5.0H), 6.82—6.78 (m, 2.0H), 6.17 (dd, J = 10.2, 9.1 Hz, 0.5H), 6.13 (t, J = 9.6 Hz, 0.5H), 5.28 (t,
J = 3.3 Hz, 0.5H), 5.19 (d, J = 3.8 Hz, 0.5H), 5.17 (d, J = 3.3 Hz, 0.5H), 5.12 (dd, J = 10.2, 3.6 Hz,
0.5H), 5.09 (dd, J = 10.4, 3.3 Hz, 0.5H), 4.90 (dd, J = 11.8, 3.0 Hz, 0.5H), 4.82 (d, J = 12.6 Hz, 0.5H),
4.76-4.72 (m, 1.5H), 4.63 (dd, J = 11.8, 6.3 Hz, 0.5H), 4.51 (dd, J = 7.7, 4.4 Hz, 0.5H), 4.48 (d, J =
11.0 Hz, 0.5H), 4.46 (d, J = 11.0 Hz, 0.5H), 4.44 (t, J = 9.6 Hz, 0.5H), 4.29-4.25 (m, 1.0H), 4.23 (d,
J=12.1 Hz, 0.5H), 4.19-4.13 (m, 2.0H), 4.11 (t, J = 9.3 Hz, 0.5H), 4.06 (dd, J = 9.6, 7.4 Hz, 0.5H),
3.89 (t, J =6.0 Hz, 0.5H), 3.84 (d, J = 8.8 Hz, 0.5H), 3.82 (d, J = 8.8 Hz, 0.5H), 3.73 (d, J = 12.6 Hz,
1.0H), 3.64 (dd, J =9.9, 2.7 Hz, 0.5H), 3.49 (s, 1.5H), 3.46 (s, 1.5H), 3.40-3.35 (m, 1.5H), 3.32-3.30
(m, 1.0H), 3.27 (dd, J = 9.9, 7.1 Hz, 0.5H), 3.19 (dd, J = 9.9, 2.7 Hz, 0.5H), 3.05 (dd, J = 9.9, 4.9 Hz,
0.5H), 2.94 (dd, J = 9.9, 4.9 Hz, 0.5H), 2.87 (br s, 0.5H); 13C NMR (150 MHz, CDCls, 50:50 mixture
of anomers) & 166.6, 166.1, 165.6 (2C), 139.0, 138.5, 138.4 (2C), 137.8, 137.7, 133.4, 133.3, 133.2,
133.1, 132.7, 132.6, 130.4, 130.3, 130.0 (2C), 129.9, 129.8, 129.7 (2C), 129.6, 129.5, 129.2, 129.1,
128.7,128.6, 128.4 (2C), 128.3 (3C), 128.2 (2C), 128.1, 128.0 (2C), 127.9, 127.8, 127.7 (2C), 127.6
(2C), 1275, 127.3, 127.2, 98.0, 97.0, 96.8, 90.9, 80.7, 80.0, 78.6, 76.0, 75.1, 74.8, 73.9, 73.7, 73.4,
73.3 (3C), 73.2,73.1, 73.0, 72.8 (3C), 72.6, 69.6 (2C), 69.4, 69.0, 68.6, 63.0, 55.5, 55.3; IR (ATR):
3439, 2932, 1722, 1451, 1271, 1092, 1070, 1027, 708 cm™; HRMS (ESI) calcd for CssHsgNO14
[M+NH4]*: 956.3852; Found: 956.3837.

4. Application

(a) Sequential synthesis of tetrasaccharide 29 (Figure 40)

a-1. Synthesis of triflate 27

8 HOO o TfO o
LgnO Tf,0 (1.1 equiv) Bgr?o
HO 2,6-lutidine (1.5 equiv) HO
0] 0]
BnO O CH,Cl, BnO 0
BnO —78 °C, 10min BnO
BnO BnO

cis-22da OMe 93% 27 OMe

To a solution of cis-22da (52.9 umol, 42.7 mg) in CH,Cl, (0.20 mL) were added 2,6-lutidine (79.4
pmol, 9.2 uL) and Tf,O (58.2 umol, 9.7 pL) at —78 °C under argon atmosphere. The mixture was

stirred at —78 °C for 10 min, and then 0.5 M H>SO4 (5 mL) and hexane (4 mL) were added at —78 °C.
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The mixture was extracted with CHCI; twice. The combined organic layers were dried over Na;SOa,
filtered and concentrated in vacuo. The crude product was purified by column chromatography
(hexane:EtOAc = 2.5:1) to afford triflate 27 (46.3 mg, 93%) as a pinkish oil; [a]p®® +74.0 (c 1.2,
CHCls); 'H NMR (600 MHz, CDCl3) & 7.37-7.23 (m, 25H), 5.00 (d, J = 11.0 Hz, 1H), 4.96 (d, J =
11.0 Hz, 1H), 4.93 (d, J = 11.5 Hz, 1H), 4.92 (d, J = 11.0 Hz, 1H), 4.87 (d, J = 3.8 Hz, 1H), 4.80 (d, J
=11.0 Hz, 2H), 4.79 (d, J = 11.0 Hz, 1H), 4.67 (d, J = 11.5 Hz, 1H), 4.60 (d, J = 3.3 Hz, 1H), 4.55 (d,
J=11.0Hz, 1H), 4.54 (d, J = 11.0 Hz, 1H), 4.41 (dd, J = 10.4, 1.6 Hz, 1H), 4.34 (dd, J = 11.0, 4.9 Hz,
1H), 4.00 (t, J = 9.1 Hz, 1H), 3.85 (dd, J = 11.3, 4.7 Hz, 1H), 3.81-3.77 (m, 2H), 3.70-3.64 (m, 3H),
3.51 (dd, J = 9.6, 3.6 Hz, 1H), 3.44 (t, J = 9.6 Hz, 1H), 3.39 (dd, J = 9.9, 8.2 Hz, 1H), 3.36 (s, 3H),
2.13(d,J =8.8 Hz, 1H); 1*C NMR (150 MHz, CDCls) 5 138.5, 138.2, 138.0, 137.5, 128.6, 128.5 (2C),
128.4,128.1, 128.0 (3C), 127.8, 127.7, 127.6, 118.5 (q, J = 319.4 Hz), 98.8, 97.9, 82.9, 82.0, 80.1,
77.6,75.9,75.8,75.2,75.0,74.9,74.7,73.4,73.1,69.5, 68.7, 67.2, 55.3; °F NMR (470 MHz, CDCls)
& —74.5 (s, 3F); IR (ATR): 3467, 3031, 2923, 1454, 1413, 1207, 1143, 1071, 1027, 930, 734, 696 cm"
L HRMS (ESI) calcd for Ca9Hs7NO13F3S [M+NH4]*: 956.3497; Found: 956.3499.

a-2. Synthesis of trisaccharide 28

cat. (10 mol %)

O
6] BnO o
Bno&% i-ProNEt (1.0 equiv) HO
BnO

BnO 4A MS, MeCN 28 B OO o
27 n
OMe r,24h 93% (cat. 24g) Bno&ﬁ
82% (cat. 24e) BnO

OMe

HO
0
TfO BnO o
BnO&% 5d (1.0 equiv) Ho L
HO

To a mixture of 1,2-diol 5d (40.0 umol, 23.0 mg), 24g (4.00 pmol, 0.9 mg), and activated 4A MS (80
mg) in anhydrous MeCN (0.40 mL) were added i-ProNEt (40.0 umol, 7.0 uL) and triflate 27 (40.0
umol, 37.6 mg), and the mixture was stirred at room temperature for 24 h. Then the mixture was
diluted with CHCI; and filtered through a pad of Celite®. The filtrate was evaporated to afford the
crude product, which was purified by column chromatography (hexane:EtOAc = 1:2 — 0:1) to provide
28 (42.9 mg, 93%) as a colorless amorphous solid; [o]p?° +102.8 (¢ 1.0, CHCI3); *H NMR (600 MHz,
CDCls) & 7.38-7.23 (m, 35H), 4.99 (d, J = 10.4 Hz, 1H), 4.96-4.91 (m, 4H), 4.89 (d, J = 3.8 Hz, 1H),
4.87 (d, J = 11.5 Hz, 1H), 4.85 (d, J = 3.8 Hz, 1H), 4.82-4.79 (m, 3H), 4.77 (d, J = 12.1 Hz, 1H), 4.67
(d, 3 =12.1 Hz, 1H), 4.65 (d, J = 2.7 Hz, 1H), 4.62 (d, J = 11.5 Hz, 1H), 455 (d, J = 11.0 Hz, 2H),
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4.00 (t, J = 9.1 Hz, 1H), 3.89 (dd, J = 11.0, 4.9 Hz, 1H), 3.80-3.76 (m, 3H), 3.70-3.52 (m, 10H),
3.49-3.43 (m, 3H), 3.36 (s, 3H), 2.18 (d, J = 10.4 Hz, 1H), 2.15 (d, J = 9.3 Hz, 1H), 1.58 (br s, 1H);
13C NMR (150 MHz, CDCls) & 138.6 (2C), 138.4, 138.1 (2C), 138.0, 128.5, 128.4, (4C), 128.1, 128.0
(3C), 127.9 (2C), 127.8 (3C), 127.7, 127.6 (2C), 99.1, 98.8, 97.9, 83.2, 83.1, 82.0, 80.1, 77.7, 77.1,
76.9, 75.8, 75.3, 75.2, 75.0, 74.9 (2C), 73.4, 73.3 (2C), 71.3, 70.1, 69.6, 66.9, 66.8, 61.7, 55.3; IR
(ATR): 3463, 3010, 2917, 1454, 1359, 1085, 1069, 1042, 1025, 746 cm; HRMS (ESI) calcd for
CesHgoNO16 [M+NH4]": 1166.5472; Found: 1166.5482.

When 24e (4.00 umol, 0.8 mg) was used instead of 24g, 28 (37.5 mg, 82%) and 5d (1.9 mg, 13%)
were obtained.

a-3. Synthesis of triflate S6

HO TfO
BnO Qo BnO 0
BnO BnO
HOO Tf,O (1.3 equiv) HOO
BnO o) 2,6-lutidine (1.7 equiv) BnO 0
BnO BnO
HO CH,Cl, HO
28 0 —78 °C, 10min S6 o)
BnO 0 79% BnO 0
BnO BnO
BnO BnO

OMe OMe

To a solution of 28 (40.4 umol, 46.4 mg) in CH2Cl, (0.40 mL) were added 2,6-lutidine (68.6 umol,
8.0 uL) and TH0 (52.5 umol, 8.7 uL) at —78 °C under argon atmosphere. The mixture was stirred at
—78 °C for 10 min, and then 0.5 M H2SO4 (5 mL) and hexane (4 mL) were added at —78 °C. The
mixture was extracted with CHCI3 twice. The combined organic layers were dried over Na;SOsa,
filtered and concentrated in vacuo. The crude product was purified by column chromatography
(hexane:EtOAc = 1:1.5 — 0:1) to afford 28 (5.9 mg, 13%) and triflate S6 (41.0 mg, 79%) as a colorless
oil; [a]p® +82.9 (c 0.7, CHCIs); *H NMR (600 MHz, CDCls) & 7.38-7.22 (m, 35H), 4.99 (d, J = 11.0
Hz, 1H), 4.96 (d, J = 11.0 Hz, 2H), 4.93 (d, J = 11.0 Hz, 1H), 4.93 (d, J = 11.5 Hz, 1H), 4.90 (d, J =
11.5 Hz, 1H), 4.85 (d, J = 3.8 Hz, 1H), 4.81 (d, J = 4.4 Hz, 1H), 4.80-4.76 (m, 4H), 4.67 (d, J =12.1
Hz, 1H), 4.61 (d, J = 3.3 Hz, 1H), 4.55 (d, J = 11.0 Hz, 1H), 4.53 (d, J = 11.5 Hz, 2H), 4.39 (dd, J =
10.7,1.9 Hz, 1H), 4.33 (dd, J = 11.0, 4.9 Hz, 1H), 4.00 (t, J = 9.3 Hz, 1H), 3.89 (dd, J = 11.3, 4.7 Hz,
1H), 3.80-3.72 (m, 4H), 3.70-3.61 (m, 4H), 3.59 (dd, J = 9.3, 3.8 Hz, 1H), 3.54-3.52 (m, 2H),
3.47-3.36 (m, 3H), 3.35 (s, 3H), 2.04 (br s, 2H); 1*C NMR (150 MHz, CDCl3) 5 138.5, 138.4, 138.3,
138.0 (2C), 137.5, 128.5 (3C), 128.4 (2C), 128.1 (2C), 128.0 (2C), 127.9, 127.8 (3C), 127.7, 127 .6,
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118.5 (g, J = 319.4 Hz), 99.0, 98.7, 97.9, 83.2, 83.0, 82.0, 80.1, 77.7, 77.0, 75.8 (2C), 75.3 (2C), 75.1,
74.9 (2C), 74.6, 73.4, 73.1, 70.0, 69.6, 68.6, 67.0, 66.9, 55.3; °F NMR (470 MHz, CDCl3) § -74.5
(s, 3F); IR (ATR): 3452, 3031, 2922, 1454, 1414, 1207, 1143, 1070, 1026 cm™*; HRMS (ES]I) calcd
for CeoH75018F3SNa [M+Na]*: 1303.4518; Found: 1303.4517.

a-4. Synthesis of tetrasaccharide 29

0
Bno\_0 2511(19((11'8 fn(l‘fif/z) BS”O()&H% ¢
% i-Pr,NEt (1.0 equiv) Bnoo 0
s6 BQHOZ%% 4A %Sz,éll\/lheCN 2 Bno)%)a
BnOS e 85% Bgnoo&%
BnO
To a mixture of 1,2-diol 5d (31.2 umol, 11.3 mg), 24g (3.12 umol, 0.7 mg), and activated 4A MS (80
mg) in anhydrous MeCN (0.10 mL) were added i-PrpNEt (31.2 umol, 5.4 uL) and a solution of triflate
S6 (31.2 umol, 40.0 mg) in MeCN (0.20 mL), and the mixture was stirred at room temperature for 24
h. Then the mixture was diluted with CHCI3 and filtered through a pad of Celite®. The filtrate was
evaporated to afford the crude product, which was purified by column chromatography
(hexane:EtOAc = 1:3 — 0:1) to provide 29 (39.7 mg, 85%) as a colorless amorphous solid; [a]p?®
+107.6 (c 1.0, CHCIl3); *H NMR (600 MHz, CDCls) & 7.37-7.23 (m, 45H), 4.98 (d, J = 11.0 Hz, 1H),
4.95-4.89 (m, 6H), 4.86 (d, J = 11.0 Hz, 1H), 4.86 (d, J = 3.8 Hz, 1H), 4.83 (d, J = 3.8 Hz, 1H),
4.82-4.75 (m, 6H), 4.66 (d, J = 12.1 Hz, 1H), 4.62 (d, J = 11.0 Hz, 1H), 4.62 (d, J = 3.8 Hz, 1H), 4.56
(d,J=11.0 Hz, 1H), 455 (d, J = 11.0 Hz, 1H), 4.54 (d, J = 11.5 Hz, 1H), 4.00 (t, J = 9.3 Hz, 1H), 3.89
(dd,J=11.3,4.7 Hz, 1H), 3.84-3.77 (m, 4H), 3.73-3.42 (m, 18H), 3.35 (5, 3H), 2.18-2.14 (br m, 2H),
1.60 (s, 2H); **C NMR (150 MHz, CDCls) & 138.6 (2C), 138.5, 138.4, 138.1 (3C), 138.0, 128.5, 128.4
(2C),128.1,128.0 (4C), 127.9,127.8 (3C), 127.7,127.6,127.5,99.2,99.1, 98.8, 97.9, 83.3, 83.1, 83.0,
82.0,80.1, 77.7, 76.9, 75.8, 75.3 (2C), 75.2, 75.0, 74.9, 73.4 (2C), 73.3,71.4,70.2, 70.1, 69.7, 67.0,
66.9, 66.7, 61.7, 55.3; IR (ATR): 3462, 3030, 2925, 1454, 1069, 1043, 1026, 747 cm!; HRMS (ESI)
calcd for CggHogO21Na [M-+Na]*: 1513.6493; Found: 1513.6488.
(b) Sequential functionalization of tetraol 30 (Figure 41)

b-1. Synthesis of 31
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cat. (10 mol %) HO

Hlao o) BnTéo 0 i-Pr,NEt (1.0 equiv) FEI;Oo 0 o
BnO +*  BnO n ~
BnO 4A MS, MeCN

OH ‘OH o)
OMe ft, 24 h BRO o}
30 (1.5 equiv.) 21a (1.0 equiv.) 31 BnO N
71% (cat. 24g) “OMe

59% (cat. 24e)

To a mixture of tetraol 30*9 (60.0 pmol, 16.2 mg), 24g (4.00 pmol, 0.9 mg), and activated 4A MS (80
mg) in anhydrous MeCN (0.40 mL) were added i-Pr2NEt (40.0 umol, 7.0 uL) and triflate 21a (40.0
umol, 23.9 mg), and the mixture was stirred at room temperature for 24 h. Then the mixture was
diluted with CHClI; and filtered through a pad of Celite®. The filtrate was evaporated to afford the
crude product, which was purified by preparative thin layer chromatography (hexane:EtOAc = 1:2) to
provide 31 (20.5 mg, 71%) as a colorless oil; [a]p?® +46.6 (¢ 1.42, CHCI3); *H NMR (600 MHz,
CDCls) & 7.37-7.27 (m, 20H), 5.10 (d, J = 4.4 Hz, 1H), 4.98 (d, J = 11.0 Hz, 1H), 4.88 (d, J = 11.0
Hz, 1H), 4.85 (d, J = 11.5 Hz, 1H), 4.82 (d, J = 10.4 Hz, 1H), 4.79 (d, J = 12.1 Hz, 1H), 4.67 (d, J =
12.1 Hz, 1H), 4.60 (d, J = 11.0 Hz, 1H), 4.59 (d, J = 3.8 Hz, 1H), 4.58 (d, J = 11.5 Hz, 1H), 4.25 (dt,
J=8.2,4.4Hz, 1H), 4.14 (dd, J = 6.3, 4.1 Hz, 1H), 4.10 (dd, J = 8.0, 6.3 Hz, 1H), 4.04 (dd, J = 11.0,
3.8 Hz, 1H), 3.99 (t, J = 9.3 Hz, 1H), 3.90-3.86 (m, 1H), 3.76-3.68 (m, 3H), 3.58-3.48 (m, 3H), 3.36
(s,3H),3.05(d,J=4.4Hz, 1H),2.71 (d, J = 7.7 Hz, 1H), 1.96 (br s, 1H); *C NMR (150 MHz, CDCls)
5138.6, 138.1, 138.0, 137.1, 128.7, 128.5, 128.4, 128.2, 128.1, 128.0 (2C), 127.9 (2C), 127.7 (2C),
101.3,98.1, 84.2,81.9, 80.0, 77.5, 77.2, 77.1, 75.8, 75.0, 73.4, 71.9, 70.7, 69.6, 67.0, 63.9, 55.3; IR
(ATR): 3446, 3031, 2925, 1455, 1027, 737 cm™*; HRMS (ESI) calcd for CsiHasO11Na [M+Na]*:
739.3089; Found: 739.3089.

The same reaction with 24e (4.00 umol, 0.8 mg) instead of 24g gave the product 31 (17.0 mg) in 59%
yield.

b-2. Synthesis of trisaccharide 3322

AcO
c c
BnO o AcO HO fe)
HO (0] o
HO

32 (1.0 equiv) AcO  'gj
(@]
BnO O cat. (10 mol %) o)
BnO Ag,0 (1.0 equiv) 33 BnO O
BrOOMe  MeCN, rt, 24 h BnO
T <20% (without cat.) BnOS e

31 (1.1 equiv) 62% (Ph,BOH)
85% (cat. 249)

A mixture of 31 (19.8 umol, 14.2 mg), glycosyl bromide 32 (18.0 umol, 14.2 mg), 249 (1.8 umol, 0.4
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mg), and Ag.0 (18.0 umol, 4.2 mg) in anhydrous MeCN (0.14 mL) was stirred at room temperature
for 24 h. Then the mixture was diluted with CHCIz and filtered through a pad of Celite®. The filtrate
was evaporated to afford the crude product, which was purified by preparative thin layer
chromatography (hexane:EtOAc = 1:2) to provide 31 (2.0 mg, 14%) and 33 (16.0 mg, 85%) as a
colorless amorphous solid; [a]o? +31.7 (¢ 0.48, CHCls); *H NMR (600 MHz, CDCls) 6 7.37-7.26 (m,
20H), 5.16 (d, J = 4.4 Hz, 1H), 5.15 (t, J = 9.1 Hz, 1H), 5.04 (t, J = 9.6 Hz, 1H), 4.99-4.93 (m, 2H),
4.87 (d, J =11.0 Hz, 1H), 4.81 (d, J = 10.4 Hz, 1H), 4.79 (d, J = 11.5 Hz, 1H), 4.76 (d, J = 12.1 Hz,
1H), 4.66 (d, J = 12.1 Hz, 1H), 4.62 (d, J = 10.4 Hz, 1H), 4.60 (d, J = 11.5 Hz, 1H), 4.58 (d, J = 3.8
Hz, 1H), 4.41 (d, J = 7.7 Hz, 1H), 4.22-4.18 (m, 2H), 4.09-3.94 (m, 7H), 3.75-3.72 (m, 2H),
3.59-3.55 (m, 2H), 3.50-3.48 (m, 2H), 3.35 (s, 3H), 2.90 (d, J = 5.5 Hz, 1H), 2.71 (d, J = 6.0 Hz, 1H),
2.05 (s, 3H), 2.02 (s, 3H), 2.00 (s, 3H), 1.97 (s, 3H); 3C NMR (150 MHz, CDCls) & 170.6, 170.2,
169.4, 169.3, 138.6, 138.1 (2C), 137.4, 128.5 (2C), 128.4, 128.0 (3C), 127.9 (3C), 127.8 (2C), 127.7
(3C),101.7,101.3,98.1,84.0,81.9,80.0,77.8,77.4,76.3,75.8,75.0,73.4,72.7,72.2 (2C), 71.7,71.3,
69.7, 69.2, 68.3, 67.0, 61.8, 55.3, 20.7, 20.6 (2C); IR (ATR): 3492, 2926, 1755, 1221, 1036 cm™;
HRMS (ESI) calcd for CssHgsO20Na [M+Na]*: 1069.4040; Found: 1069.4058.

When the same reactions were performed without catalyst 24g and with 24e (4.00 umol, 0.8 mg)
instead of 24g, the desired product 33 was obtained in <20% (3.8 mg with some impurities) and 62%
(11.7 mg) yield, respectively.

(c) Sequential synthesis of branched tetrasaccharide 37 (Figure 42)

c-1. Synthesis of cis-22gf

cat. (10 mol %)

Ph—X-0 o
Q
Ph/v Mgg%ﬁ lPerEt (15 equiv) 'BDPSO—T
+ MeO o)
TBDPSO OH “OH 4A MS, MeCN MeO 0
r,8h cis-22gf MeO
MeO

59 (1.0 equiv) 21f (1.5 equiv) 100% (cat.249) F
ap =11 94% (cat. 24e)

To a mixture of 1,2-diol 5g (40.0 umol, 23.0 mg), 24g (4.00 umol, 0.9 mg), and activated 4A MS (80
mg) in anhydrous MeCN (0.40 mL) were added i-Pr.NEt (60.0 umol, 10.5 uL) and triflate 21f (60.0
umol, 21.4 mg), and the mixture was stirred at room temperature for 8 h. Then the mixture was diluted
with CHClI; and filtered through a pad of Celite®. The filtrate was evaporated to afford the crude

product, which was purified by preparative thin layer chromatography to provide cis-22gf (28.4 mg,
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100%) as a colorless oil; [a]p®® +103.9 (¢ 0.50, CHClI3); *H NMR (600 MHz, CDCl3) & 7.70 (dd, J =
8.2, 1.1 Hz, 2H), 7.66 (dd, J = 8.0, 1.4 Hz, 2H), 7.43 (t, J = 7.4 Hz, 1H), 7.38-7.24 (m, 8H), 7.19 (d,
J=7.1Hz, 2H), 5.60 (dd, J = 53.2, 2.2 Hz, 1H), 5.37 (s, 1H), 4.90 (d, J = 3.8 Hz, 1H), 4.22 (dd, J =
9.9, 4.4 Hz, 1H), 3.94 (t, J = 9.1 Hz, 1H), 3.86 (dd, J = 11.8, 3.6 Hz, 1H), 3.74-3.64 (m, 4H), 3.67 (s,
3H), 3.61-3.56 (M, 2H), 3.60 (s, 3H), 3.47 (t, J = 9.3 Hz, 1H), 3.43 (s, 3H), 3.11 (ddd, J = 25.7, 9.5,
2.6 Hz, 1H), 3.02 (t, J = 9.6 Hz, 1H), 1.69 (d, J = 9.9 Hz, 1H), 1.06 (s, 9H); 23C NMR (150 MHz,
CDCl3) 6 137.1, 136.2, 136.0, 134.1, 133.7, 129.6, 129.4, 128.7, 127.9, 127.4, 127.2, 126.3, 104.8 (d,
J =226.1 Hz), 101.6, 99.9, 83.0, 81.3, 81.3 (d, J = 25.2 Hz), 78.1, 73.8, 73.6, 72.2 (d, J = 4.4 Hz),
68.9, 65.9, 63.0, 60.9, 60.8, 59.2, 27.0, 19.6; °F NMR (376 MHz, CDCl3) & -149.3 (dd, J = 57.8,
23.1 Hz, 1F); IR (ATR): 3573, 2932, 2857, 1428, 1382, 1159, 1103, 1027, 998 cm:; HRMS (ESI)
calcd for CagHssNO1oFSi [M+NH4]*: 730.3417; Found: 730.3415.

The same reaction with 24e (4.00 umol, 0.8 mg) instead of 24g gave the product cis-22gf (26.8 mg)
in 94% yield as a sole product.

c-2. Synthesis of trisaccharide 35

Ph/%o 0 BnO Ph/voo o
BnO 0 TMSOTf
TBDPSO TmsoTs 50r20
HO BnO (20 mol %) )
O + AcO - . 0 o
MeO 0 O\Y//NH 4AMS, CH,Cl,  BnO MeO 0
MeO —40°Ctort.2h  BnO OAc MeO
MeO ccl, no' s

98% 35 F
cis-22gf (1.0 equiv) 34 (2.0 equiv)

A mixture of cis-22gf (20.2 umol, 14.4 mg), 34 (40.4 pmol, 25.7 mg) and activated 4A MS (40 mg)
in anhydrous CH»Cl (0.40 mL) was stirred at room temperature for 30 min. The mixture was cooled
to —40 °C, and TMSOTT (4.04 umol, 0.7 uL) was added under argon atmosphere. The mixture was
slowly warmed to room temperature for 2 h, and then quenched with EtsN (2.0 uL). The mixture was
diluted with CHCI; and filtered through a pad of Celite®. The filtrate was washed with 1N NaOH and
H»O. The organic layer was dried over Na;SO4, filtered and concentrated in vacuo. The crude product
was purified by preparative thin layer chromatography (hexane:EtOAc = 3:1) to provide 35 (23.6 mg,
98%) as a colorless amorphous solid; [a]p?® +39.4 (¢ 0.66, CHClI3); *H NMR (600 MHz, CDCls3) § 7.56
(dd, J=8.2,1.1 Hz, 2H), 7.48 (dd, J = 8.0, 1.4 Hz, 2H), 7.36—7.20 (m, 22H), 7.11 (t, J = 7.7 Hz, 2H),
6.68 (dd, J = 8.2, 1.1 Hz, 2H), 5.67 (dd, J = 53.8, 2.7 Hz, 1H), 5.10 (d, J = 3.8 Hz, 1H), 5.08 (dd, J =
9.9, 7.7 Hz, 1H), 4.92 (d, J = 7.7 Hz, 1H), 4.79 (d, J = 11.0 Hz, 2H), 4.66 (d, J = 11.5 Hz, 1H), 4.63
(d, J=12.1 Hz, 1H), 4.58 (d, J = 11.0 Hz, 1H), 4.56 (d, J = 12.1 Hz, 1H), 4.52 (s, 1H), 4.35 (t, J=9.1
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Hz, 1H), 4.08 (dd, J = 9.9, 4.9 Hz, 1H), 3.89 (dd, J = 8.8, 3.8 Hz, 1H), 3.81 (dd, J = 11.8, 3.6 Hz, 1H),
3.78-3.71 (m, 4H), 3.68 (s, 3H), 3.66-3.61 (m, 3H), 3.56 (5, 3H), 3.54 (ddd, J = 9.9, 4.4, 2.2 Hz, 1H),
3.51-3.33 (M, 5H), 3.47 (s, 3H), 1.85 (s, 3H), 0.91 (s, 9H); *C NMR (150 MHz, CDCls) § 169.1,
138.1, 137.9, 137.8, 136.7, 135.7, 135.2 (2C), 133.6, 129.2, 129.1, 128.6, 128.5 (2C), 128.4, 128.0,
127.9, 127.8 (2C), 127.7, 1275, 127.3, 127.1, 126.4, 105.3 (d, J = 225.0 Hz), 101.5, 101.0, 100.3,
83.1,83.0, 81.4, 80.9 (d, J = 25.2 Hz), 78.3, 78.1, 78.0, 75.0 (2C), 74.8, 735, 73.2, 72.9, 72.7 (d, J =
3.3 Hz), 68.9, 68.8, 66.0, 62.1, 60.8, 60.6, 59.0, 27.0, 21.0, 19.6; *°F NMR (376 MHz, CDCls) &
~149.1 (dd, J = 52.0, 28.9 Hz, 1F); IR (ATR): 2931, 2857, 1749, 1455, 1366, 1230, 1157, 1090, 1027,
751 cmt; HRMS (ESI) calcd for Co7HasNO1sFSi [M+NHJ]*: 1204.5460; Found: 1204.5477.

c-3. Synthesis of tetrasaccharide 3759

Ph/VO o

Ph/%(l% Cp,HfCl, (1.0 equiv. repro
TBDPSO &ﬁ ASCIOL (20 sauiv) Bno%/%/ %ﬁ
BnO %ﬁJr Meo 4A MS, toluene BRo OAc MeO
BnO OAc MeO 20 OMe rt, 15 min MeO&&'
equiv.) 55% MeO
35 (1.0 equiv.) e

OMe

To a mixture of 35 (0.0152 mmol, 18.0 mg), 36 (0.0303 mmol, 7.2 mg) and activated 4A MS (36 mg)
in anhydrous toluene (0.60 mL) were added Cp,HfClI; (0.0152 mmol, 5.8 mg) and AgClO4 (0.0303
mmol, 6.3 mg). The mixture was stirred at room temperature for 15 min under argon atmosphere, and
then quenched with EtsN (42 uL). The mixture was diluted with CHCl3 and filtered through a pad of
Celite®. The filtrate was evaporated to afford the crude product, which was purified by preparative
thin layer chromatography (hexane:EtOAc = 1:1) to provide 37 (11.7 mg, 55%) as a colorless
amorphous solid; [a]p®® +68.0 (c 1.17, CHCI3); *H NMR (600 MHz, CDCl3) § 7.55 (d, J = 6.6 Hz,
2H), 7.49 (dd, J = 8.2, 1.1 Hz, 2H), 7.37-7.20 (m, 22H), 7.09 (t, J = 7.7 Hz, 2H), 6.64 (d, J = 7.1 Hz,
2H), 5.11 (dd, J = 9.3, 7.7 Hz, 1H), 5.11 (d, J = 3.8 Hz, 1H), 4.98 (d, J = 8.2 Hz, 1H), 4.93 (d, J = 3.3
Hz, 1H), 4.80 (d, J = 12.1 Hz, 1H), 4.80 (d, J = 10.4 Hz, 1H), 4.73 (d, J = 3.8 Hz, 1H), 4.67 (d, J =
11.5 Hz, 1H), 4.64 (d, J = 12.1 Hz, 1H), 4.59 (d, J = 12.1 Hz, 1H), 458 (d, J = 11.0 Hz, 1H), 4.43 (t,
J=9.1Hz, 1H), 4.39 (s, 1H), 4.07 (dd, J = 10.2, 4.7 Hz, 1H), 3.91 (dd, J = 8.8, 3.8 Hz, 1H), 3.82-3.69
(m, 7H), 3.65-3.44 (m, 8H), 3.63 (s, 3H), 3.62 (s, 3H), 3.52 (s, 3H), 3.49 (s, 3H), 3.47 (s, 3H), 3.47
(s, 3H), 3.34-3.31 (m, 1H), 3.32 (s, 3H), 3.26 (dd, J = 9.9, 3.3 Hz, 1H), 3.21-3.18 (m, 3H), 1.86 (s,
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3H), 0.91 (s, 9H); 3C NMR (150 MHz, CDCls) & 169.1, 138.1, 138.0, 137.9, 136.8, 135.6, 135.4,
135.1, 133.7, 129.1, 129.0, 128.5 (2C), 128.4, 128.0, 127.9 (2C), 127.7 (3C), 127.5, 127.3, 127.1,
126.4, 101.4, 101.2, 99.7, 97.2, 96.4, 83.8, 83.4, 83.1, 81.8, 81.3 (2C), 79.5, 79.3, 78.5, 78.1, 75.1,
75.0, 74.7, 73.4, 73.1, 73.0, 70.3, 70.0, 69.0, 68.9, 66.8, 65.9, 61.9, 60.8, 60.5, 60.3, 58.9, 58.2, 55.0,
27.0,20.9, 19.6; IR (ATR): 3011, 2931, 2856, 1750, 1456, 1368, 1230, 1155, 1097, 1027, 749 cm™*;

HRMS (ESI) calcd for C77Hes022SiNa [M+Na]*: 1425.6211; Found: 1425.6221.
B LU-Z7VavNERERT S Y THEARK

1. Preparation of catalysts
Catalysts 24e and 24g were prepared according to the reported procedures.®®

: |
FsC OH

|
(1.0 equiv)  Cul (10 mol% \©\ /©/CF3 n-BuLi, TMEDA Me\@iBj@/CFS
+
OH  TBAI, K3PO4 THF, —78 °C to rt o
/©/ DMF, reflux then B(OMe),
Me 84% 24% 24h

(1.0 equiv.)

2-Methyl-8-(trifluoromethyl)-10H-dibenzo[b,e][1,4]oxaborinin-10-ol (24h): According to the
reported procedure,® 4-iodobenzotrifluoride (5.00 mmol, 0.72 mL) and p-cresol (5.00 mmol, 541 mg)
were converted to S7 (1.06 g, 84%) as a colorless solid. Data were in agreement with those reported
in the literature.®®)

According to the procedure for the synthesis of 24i, S7 (2.00 mmol, 504 mg) was converted to 24h
(135 mg, 24%) as a yellowish solid; mp 206-208 °C; *H NMR (400 MHz, (CD3),S0) & 10.14 (s, 1H),
8.51 (s, 1H), 7.94 (dt, J = 10.1, 3.3 Hz, 2H), 7.58 (d, J = 8.2 Hz, 1H), 7.51 (dd, J = 8.5, 2.1 Hz, 1H),
7.36 (d, J = 8.2 Hz, 1H), 2.38 (s, 3H); 3C NMR (100 MHz, (CD3).SO) & 162.6, 158.8, 134.7, 131.8,
131.6, 129.7 (g, J = 3.8 Hz), 129.5 (g, J = 3.2 Hz), 124.6 (q, J = 271.6 Hz), 122.6 (g, J = 31.9 Hz),
120.3, 119.9, 118.4, 117.1, 20.4; 9F NMR (376 MHz, (CDs),S0) & -59.9; IR (ATR): 3415, 1617,

1466, 1296, 1106, 817 cm; HRMS (ESI) calcd for C14HgO.BF; [M—H]: 277.0656; Found: 277.0657.
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| QH
FsC B CF
- c/©/ Cul (10 mol%) : °
3 N,N-dimethyl-
(1.0 equiv.) glycinesHCI F3C\©\ /@/CFs n-BuLi, TMEDA 0
+ _ >
0 THF, -78 °C to rt ? T ’

OH Cs,CO0g3, dioxane
90 °C, 24 h then B(OMe); R =
E.C 24% S8 54% A A4 4

3 5 S g

(1.5 equiv.)
24i
(CCDC 1990184)

2,8-Bis(trifluoromethyl)-10H-dibenzo[b,e][1,4]oxaborinin-10-ol (24i): Based on the reported
procedure,®® a mixture of 4-iodobenzotrifluoride (5.00 mmol, 0.72 mL), 4-hydroxybenzotrifluoride
(7.50 mmol, 1.22 g), Cul (0.500 mmol, 95.2 mg), N,N-dimethylglycine hydrochloride (1.50 mmol,
209 mg), and Cs2COs (10.0 mmol, 3.26 g) in 1,4-dioxane (10 mL) was stirred at 90 °C for 24 h. Then,
the reaction mixture was cooled down to rt, and Et,O and H,O were added and separated. The aqueous
layer was extracted with Et,O. The combined organic layers were washed with brine, dried over
Na;SO4, filtered and concentrated in vacuo. The crude product was purified by column
chromatography (hexane) to afford S8 (365 mg, 24%) as a colorless oil; *H NMR (400 MHz, CDCls)
§7.64 (d, J=8.7 Hz, 4H), 7.11 (d, J = 8.7 Hz, 4H); 13C NMR (100 MHz, CDCls) 6 159.0, 127.4 (q, J
= 3.5 Hz), 126.2 (q, J = 32.9 Hz), 124.0 (q, J = 271.6 Hz), 119.0; 1F NMR (376 MHz, CDCls) &
-61.9 (s, 6F); IR (ATR): 1607, 1508, 1319, 1243, 1161, 1101, 1062, 836 cm™*; HRMS (ESI) calcd for
C14HsOF¢Na [M+Na]*: 329.0372; Found: 329.0329.

Based on the reported procedure,® to a solution of S8 (0.795 mmol, 243 mg) and N,N,N',N'-
tetramethylethylenediamine (2.38 mmol, 0.36 mL) in THF (2.0 mL) was added n-BuL.i (1.6 mol/L in
hexane, 2.38 mmol, 1.5 mL) dropwise at —78 °C, and the mixture was stirred at rt for 3 h. The mixture
was cooled to —78 °C, and then B(OMe)s (2.38 mmol, 0.27 mL) was added. The resulting mixture was
stirred at rt for 15 h, and quenched with a saturated NH.CI aqueous solution. The aqueous layer was
extracted with CHCIs three times. The combined organic layers were dried over Na SO, filtered and
concentrated in vacuo. The crude product was purified by column chromatography (hexane:EtOAc =
10:1) to afford 24i (141 mg, 54%) as a yellow solid; mp 206-208 °C; *H NMR (400 MHz, CDCls)
§8.27 (d, J = 2.3 Hz, 2H), 7.90 (dd, J = 8.7, 2.3 Hz, 2H) , 7.55 (d, J = 8.7 Hz, 2H) , 5.99 (br s, 1H);
13C NMR (100 MHz, CDCls) 6 162.7, 130.4 (q, J = 3.2 Hz), 128.6 (g, J = 3.8 Hz), 125.2 (¢, J = 32.9
Hz), 124.1 (g, J =271.9 Hz), 118.6; 1°F NMR (376 MHz, CDCls) 5 38.3 (s, 6F); IR (ATR): 3442, 1621,
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1340, 1287, 1106, 1069, 834 cmt; HRMS (ESI) calcd for C14HsO2BFs [M—H]: 331.0373; Found:

331.0379.

CF,
Br

n-BulLi (3.0 equiv.) OH

FsC™ ™ CF, TMEDA (3.0 equiv.) .
(1.0 equiv.) Cul 10 mol%) \©\ /©/ THF, —78 °Cto rt FSC\@[B CF;
+
OH TBAI K3PO4 then B(OMe)s o
/©/ DMF, reflux 3% &,
FaC 1% 24j

(1.0 equiv.)

2,4,8-Tris(trifluoromethyl)-10H-dibenzo[b,e][1,4]oxaborinin-10-ol  (24j): According to the
reported procedure,®) 1-bromo-2,4-bis(trifluoromethyl)benzene (5.00 mmol, 0.84 mL) and 4-
hydroxybenzotrifluoride (5.00 mmol, 811 mg) were converted to S9 (765 mg, 41%) as a colorless oil;
IH NMR (400 MHz, CDCl3) & 7.98 (s, 1H), 7.76 (d, J = 8.7 Hz, 1H), 7.68 (d, J = 8.7 Hz, 2H), 7.16 (d,
J =8.7 Hz, 2H), 7.06 (d, J = 8.7 Hz, 1H); 13C NMR (100 MHz, CDCls) & 158.1, 157.2, 130.7 (q, J =
3.2 Hz), 127.7 (q, J = 3.8 Hz), 127.4-118.4 (m); *°F NMR (376 MHz, CDCl3) § —62.1 (s, 3F), —62.3
(s, 3F), —62.5 (s, 3F); IR (ATR): 1615, 1503, 1254, 1119, 1054, 837, 674 cm™*; HRMS (ESI) calcd for
C15HgOFg [M—H]: 373.0280; Found: 373.0281.

According to the procedure for the synthesis of 24i, S9 (1.00 mmol, 374 mg) was converted to 24j
(12.4 mg, 3%) as a yellow solid; mp 104-105 °C; 'H NMR (400 MHz, CDCls) § 8.52 (s, 1H), 8.27 (s,
1H), 8.20 (s, 1H), 7.97 (dd, J = 8.7, 1.7 Hz, 1H), 7.67 (d, J = 8.7 Hz, 1H), 6.20 (s, 1H); 13C NMR (100
MHz, CDCls) & 162.1, 159.3, 132.9-118.5 (m); 1°F NMR (376 MHz, CDCls) & 38.2, 38.1, 37.7; IR
(ATR): 3325, 1622, 1464, 1276, 1113, 921, 836 cm*; HRMS (ESI) calcd for C1sHsO,BFg [M—H]:
399.0247; Found: 399.0231.

2. Preparation of starting materials

Glycosyl acceptors and glycosyl phosphites were prepared according to the reported procedure.®)

3. Typical procedure for 1,1’-p,a-disaccharides (Figure 49, Entry 10)

BnO 24i Ph/VOO o
n
Ph%2 BnO&SH _ (10mol%) _ TtBDPSO OBn

TBDPSO BnO HO o
HO OH BnO OP OEt 5A MS CH20|2 Bntn
rt, 24 h OBn
5g (1.0 equiv.) 38b (1.2 equiv.) B,a-39b: 92% 39b
B,B-39b: 7%

To a mixture of 1,2-diol 5g (40.0 umol, 20.3 mg), 24i (4.00 pmol, 1.3 mg), and activated 5A MS (80
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mg) in anhydrous CH2Cl; (0.20 mL) was added a solution of phosphite 38b (a.:p = 85:15, 48.0 umol,
31.7 mg) in anhydrous CH»Cl; (0.40 mL), and the mixture was stirred at rt for 24 h. Then the mixture
was quenched with EtsN (2.0 uL), diluted with CHCls and filtered through a pad of Celite®. The filtrate
was evaporated to afford the crude product, which was purified by preparative thin layer
chromatography (hexane:EtOAc = 3:1) to provide ,a-39b (37.7 mg, 92%) and 3,3-39b (3.0 mg, 7%)
respectively. Neither a,3-39b nor a,a-39b was not detected under the reaction condition.
Bﬂm@ B”O H%nom&;n

OBn OBn
B,0-39b B,B-39b o,p-39b

B,a-39b: A colorless amorphous solid; [a]p?® +59.1 (c 0.50, CHCIs); *H NMR (600 MHz, CDCls)
§7.61(d, J = 7.1 Hz, 4H), 7.30-7.13 (m, 31H), 5.26 (s, 1H), 5.13 (d, J = 3.3 Hz, 1H), 4.86 (d, J = 11.0
Hz, 1H), 4.78 (d, J = 10.4 Hz, 2H), 4.68 (d, J = 11.0 Hz, 1H), 4.54-4.52 (m, 4H), 4.49 (d, J = 8.2 Hz,
1H), 4.18 (dd, J = 9.9, 4.9 Hz, 1H), 4.09 (t, J = 8.8 Hz, 1H), 4.05 (td, J = 9.9, 4.9 Hz, 1H), 3.76 (td, J
= 8.2, 3.8 Hz, 1H), 3.61-3.56 (m, 6H), 3.42 (d, J = 9.3 Hz, 1H), 3.38 (t, J = 8.0 Hz, 1H), 1.77 (d, J =
7.7 Hz, 1H), 1.01 (s, 9H); *C NMR (150 MHz, CDCls) & 138.5, 138.0, 137.9, 137.2, 136.1, 135.9,
134.1, 133.5, 129.6, 129.4, 128.6, 128.5, 128.4 (2C), 128.0, 127.9, 127.8 (3C), 127.6 (2C), 127.5,
127.3, 126.4, 104.0, 101.6, 101.3, 84.7, 81.7, 81.4, 77.5, 75.6, 75.1, 75.0, 74.0, 73.7(2C), 68.7, 68.6,
63.3, 27.0, 19.6; IR (ATR): 3575, 2930, 2858, 1454, 1067, 1027, 750, 696 cm™*; HRMS (ESI) calcd
for CesH72NO11Si [M+NH4]*: 1046.4869; Found: 1046.4830.

B,B-39b: A colorless amorphous solid; [a]p?® +10.6 (¢ 0.58, CHCIs); *H NMR (600 MHz, CDCls)
§ 7.66-7.64 (m, 4H), 7.40-7.15 (m, 29H), 7.03 (d, J = 7.1 Hz, 2H), 5.27 (s, 1H), 4.97 (d, = 10.4 Hz,
1H), 4.91 (d, J = 11.0 Hz, 1H), 4.81 (d, J = 11.0 Hz, 1H), 4.77 (d, J = 11.0 Hz, 1H), 4.69 (d, J = 7.7
Hz, 1H), 4.67 (d, J = 11.0 Hz, 1H), 4.61 (d, J = 7.7 Hz, 1H), 4.55 (d, J = 12.6 Hz, 1H), 452 (d, J =
115 Hz, 1H), 450 (d, J = 12.6 Hz, 1H), 4.26 (dd, J = 10.4, 4.9 Hz, 1H), 3.85 (t, J = 8.8 Hz, 1H),
3.73-3.55 (m, 7H), 3.50 (dd, J = 9.1, 8.0 Hz, 1H), 3.46 (ddd, J = 9.3, 4.9, 2.2 Hz, 1H), 3.26 (td, J =
9.6, 4.8 Hz, 1H), 2.71 (br s, 1H), 1.02 (s, 9H); 13C NMR (150 MHz, CDCls) & 138.5, 138.3, 138.0,
136.9, 136.2, 135.9, 134.2, 133.3, 129.5, 129.3, 128.7, 128.5, 128.4 (3C), 128.3, 128.0, 127.9, 127.8
(2C), 127.7 (2C), 127.6, 127.4, 127.2, 126.2, 102.0, 101.4, 101.2, 84.4, 81.6, 81.0, 77.4, 75.7, 75.6,
75.4, 75.0, 74.9, 74.8, 73.4, 68.6, 66.3, 27.0, 19.6; IR (ATR): 3472, 2927, 2857, 1454, 1065, 1028,
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740, 697 cmt; HRMS (ESI) calcd for CesHgsO1:SiNa [M+Na]*: 1051.4423; Found: 1051.4420.
a,B-39b: A colorless amorphous solid; [a]p? +49.6 (c 0.76, CHCIs); *H NMR (600 MHz, CDCls) &
7.63 (d, J = 7.1 Hz, 4H), 7.37-7.10 (m, 29H), 6.95 (d, J = 7.7 Hz, 2H), 5.21 (s, 1H), 5.15 (d, J = 3.8
Hz, 1H), 4.96 (d, J = 11.0 Hz, 1H), 4.82 (d, J = 10.4 Hz, 1H), 4.80 (d, J = 11.0 Hz, 1H), 4.74 (d, J =
11.5 Hz, 1H), 4.66 (d, J = 12.1 Hz, 1H), 4.53 (d, J = 12.6 Hz, 1H), 4.49 (d, J = 7.7 Hz, 1H), 4.45 (d, J
=12.6 Hz, 1H), 4.44 (d, J = 11.0 Hz, 1H), 4.22 (dd, J = 9.9, 4.9 Hz, 1H), 4.13-4.10 (m, 1H), 3.99 (t,
J =9.3 Hz, 1H), 3.82 (t, J = 8.5 Hz, 1H), 3.78 (td, J = 8.1, 3.1 Hz, 1H), 3.64 (t, J = 10.4 Hz, 1H),
3.57-3.47 (m, 5H), 3.41 (s, 1H), 3.26 (td, J = 9.9, 4.9 Hz, 1H), 1.00 (s, 9H); *C NMR (150 MHz,
CDCls) 6 138.7, 138.1, 137.7, 137.6, 136.9, 136.3, 135.8, 134.5, 133.0, 129.4, 129.2, 128.6, 128.5,
128.4 (2C), 128.3,128.0, 127.9 (4C), 127.8 (3C), 127.7,127.6,127.3,127.2,126.2,103.3, 101.4, 96 4,
82.0,81.2,795,77.7,75.7,75.3, 75.0, 74.9, 73.4, 73.2, 70.9, 68.6, 68.3, 66.6, 26.9, 19.7; IR (ATR):
3473, 2929, 2858, 1454, 1100, 1071, 698 cm™; HRMS (ESI) calcd for CgzHssO1:SiNa [M+Na]*:
1051.4423; Found: 1051.4421.

4. Control experiments for 1,1’-B,a-disaccharides (Figure 50)

(a) Reaction of 1,2-diol 5g with phosphite 38b activated by AuCls
AuCly

Ph/v BI?E)O (15 mol%) | I
TBDPSO BnO 4A MS. CHuCl ecomposition o
HO OH BnO "OP(OEt), 2v12
-70°C,1h
59 (1.5 equiv.) 38b (1.0 equiv.)

According to the reported procedure,®® the reaction of 1,2-diol 5g (60.0 umol, 30.4 mg) and phosphite
38b (a:p = 85:15, 40.0 umol, 26.4 mg) was performed, and disaccharides 39b were not obtained.
(b) Reaction of 1,2-diol 5g with trichloroacetimidate 38c activated by AuCls;
RO g orto o
TBDPS(;&SH 0-OH TBDPSO Ho Q OBn

59 (1.5 equiv.) A OBn
. _ (15mol%) p-39b' OB OBn o,p-39b
4A MS, CH,Cl, 28% 7%

BnO ~70°C,1h

BEOO&% ’ Ph/%o o
n
BnO. TBDPSO Ph/v Bn
O _NH HO OBn TBDPSO
Y Ow BnO
CCly BnO

OBn
38c (1.0 equiv.) B,a-39b B,B-39b

24% 27%

According to the reported procedure,5® 1,2-diol 5g (60.0 umol, 30.4 mg) and trichloroacetimidate

38c (40.0 umol, 27.4 mg) were converted to $-39b’ (11.4 mg, 28%, o = 50:50), 3,-39b (11.2 mg,
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27%), B,a-39b (9.9 mg, 24%), and a,3-39b (2.7 mg, 7%) respectively.
(c) Reaction of 1,2-diol 5g with phosphite 38b activated by TfOH
e o feondo 2, TN o
TBDPS&SH 0 OH TBDPSO Ho ? OBn
Ho oM Bnoi&ﬂ},osn BnO&KZ)Bn

59 (1. :
g (1.0 equiv.) (30 mol%) . op50Bn OBn

. _WEmotR) B-39b a,B-39b
4A MS, CH,Cl, 33% 25%
BnO -78°C,1.5h

BnO o] T Ph—X-0
BnO 0 Q PRT0
TBDPSO Bn

OBn
o BDPSO BnO
38b (1.0 equiv.) BnO : OB

OBn
B,0-39b 8,B-39b

8% 7%
Based on the reported procedure,’ to a mixture of 1,2-diol 5g (40.0 umol, 20.3 mg), phosphite 38b
(a:p = 85:15, 40.0 umol, 24.5 mg), and activated 4A MS (80 mg) in anhydrous CH2Cl (0.55 mL) was
added triflic acid (12.0 umol, 1.1 uL) at —78 °C, and the mixture was stirred at —78 °C for 1.5 h. Then
the mixture was quenched with EtsN (5.6 pL), diluted with CHCIs and filtered through a pad of Celite®.
The filtrate was evaporated to afford the crude product, which was purified by preparative thin layer
chromatography (hexane:EtOAc = 2:1) to provide 3-39b’ (13.6 mg, 33%, o.:f = 50:50), o.,3-39b (10.2
mg, 25%), B,a-39b (3.4 mg, 8%), and 3,3-39b (2.9 mg, 7%) respectively.
B-39b’: a colorless amorphous solid; *H NMR (600 MHz, CDCls;, 50:50 mixture of anomers)
8 7.60-7.57 (m, 2.0H), 7.52 (dd, J = 8.0, 1.4 Hz, 1.0H), 7.48 (dd, J = 8.2, 1.1 Hz, 1.0H), 7.39-7.11
(M, 29.0H), 6.84 (d, J = 7.1 Hz, 1.0H), 6.61 (d, J = 6.6 Hz, 1.0H), 5.37 (t, J = 3.6 Hz, 0.5H), 5.20 (d,
J=3.8Hz, 0.5H), 5.13 (d, J = 12.1 Hz, 0.5H), 4.98-4.93 (m, 2.0H), 4.85-4.73 (m, 4.0H), 4.61 (d, J
=12.1 Hz, 0.5H), 4.58-4.52 (m, 3.0H), 4.37 (s, 0.5H), 4.35 (dd, J = 7.7, 6.6 Hz, 0.5H), 4.25 (t, J = 8.8
Hz, 0.5H), 4.23-4.19 (m, 1.0H), 3.95 (td, J = 10.2, 4.8 Hz, 0.5H), 3.85 (dd, J = 6.9, 3.6 Hz, 0.5H),
3.81(t,J =8.2 Hz, 0.5H), 3.76 (dd, J = 10.7, 1.9 Hz, 0.5H), 3.74-3.43 (m, 8.0H), 3.33 (td, J = 9.6, 4.9
Hz, 0.5H), 0.96 (s, 4.5H), 0.92 (s, 4.5H); *C NMR (150 MHz, CDCls, 50:50 mixture of anomers)
5138.5, 138.4 (2C), 138.3, 138.0, 137.9, 137.8, 137.6, 136.9, 136.5, 136.0 (2C), 135.4, 135.3, 135.1,
134.8,133.0, 132.7, 129.4, 129.3, 129.2, 129.1, 128.6 (2C), 128.5 (2C), 128.4 (2C), 128.3 (2C), 128.2
(2C), 128.0 (2C), 127.9 (2C), 127.8 (2C), 127.7, 127.6 (2C), 127.5, 127.4, 127.3 (2C), 127.2, 127.1,
126.4 (2C), 103.5, 103.3, 101.5, 101.3, 96.0, 92.5, 84.3, 84.1, 83.7, 82.1, 81.4, 81.3, 81.2, 80.3, 77.5
(2C), 75.7 (2C), 75.3, 75.1, 75.0, 74.7, 74.6 (2C), 74.3, 73.7, 73.5 (2C), 69.2, 68.7, 68.5, 65.7, 62.5,
27.0, 19.5, 19.4; IR (ATR): 3437, 3031, 2930, 2857, 1454, 1069, 1028, 998, 734, 696 cm™; HRMS
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(ESI) calcd for CesH72NO11Si [M+NH4]": 1046.4869; Found: 1046.4882.
(d) Confirmation of the structure of 3-39b’

Ph—X-0 o 6.32 ppm Ph—X-0 o
Q d,J=3.8Hz Q
Ac,0 TBDPSO H % : TBDPSO OAc
o)

p-30b" ———

o)
i 0 OAc + o) H 5.92 ppm
° BnO OB H 5.03 ppm BnO OB H
(ou:B = 60:40) OBn n d J=77Hz OBn N 4.47 ppm
«s10 ps1o /=7 THZ

To a solution of B-39b’ (13.2 umol, 13.6 mg) in pyridine (0.26 mL) was added Ac,0 (0.13 mL), and
the mixture was stirred at rt for 17 h. Then, the mixture was diluted with EtOAc (15 mL) and washed
with 1IN HCI (15 mL), a saturated NaHCO3 aqueous solution (15 mL), and brine (15 mL). The organic
layer was dried over Na SO, filtered and concentrated in vacuo. The crude product was purified by
preparative thin layer chromatography (CHCl3:EtOAc = 50:1) to afford S10 (12.8 mg, 91%, o =
60:40) as a colorless amorphous solid; *H NMR (600 MHz, CDCls, 60:40 mixture of anomers)
8 7.59-7.07 (m, 33.0H), 6.82 (d, J = 7.1 Hz, 0.8H), 6.58 (d, J = 7.1 Hz, 1.2H), 6.32 (d, J = 3.8 Hz,
0.6H), 5.92 (d, J = 6.0 Hz, 0.4H), 5.04 (d, J = 12.1 Hz, 0.4H), 5.03 (d, J = 7.7 Hz, 0.6H), 4.94 (d, J =
11.0 Hz, 1.0H), 4.90 (d, J = 11.0 Hz, 0.4H), 4.83-4.53 (m, 6.6H), 4.47 (d, J = 7.7 Hz, 0.4H), 4.41 (s,
0.6H), 4.38 (t, J = 9.1 Hz, 0.4H), 4.23 (dd, J = 8.2, 5.5 Hz, 0.4H), 4.21-4.19 (m, 0.4H), 4.16 (dd, J =
9.1,4.1 Hz, 0.6H), 4.10 (dd, J = 10.4, 4.9 Hz, 0.6H), 3.97 (t, J = 5.8 Hz, 0.4H), 3.78-3.39 (m, 8.4H),
3.35-3.30 (m, 0.8H), 2.10 (s, 1.8H), 2.09 (s, 1.2H), 0.97 (s, 3.6H), 0.90 (s, 5.4H); *C NMR (150 MHz,
CDCls) 6 169.3, 169.2, 138.7, 138.6 (2C), 138.3, 138.2, 138.1, 136.7, 136.4, 136.0 (2C), 135.5, 135.4,
135.1, 134.3, 132.7, 132.5, 129.5, 129.3, 129.2, 129.0, 128.7, 128.6, 128.4 (3C), 128.3 (2C), 128.2
(2C), 128.0, 127.9, 127.8, 127.7 (2C), 127.6 (4C), 127.5 (2C), 127.3 (2C), 127.1, 126.4 (2C), 103.3,
102.6, 101.5, 101.4, 93.1, 92.3, 84.4, 84.3, 82.4, 82.0, 80.5, 80.4, 79.0, 78.0, 77.6, 76.5, 75.8, 75.6,
75.5,75.1 (2C), 74.8, 74.7,74.1, 73.6, 73.5, 73.4, 69.2, 68.9, 68.8, 68.6, 65.5, 63.9, 26.9, 26.8, 21.0
(2C), 19.6, 19.4; IR (ATR): 3032, 2856, 1757, 1454, 1070, 1008, 738, 696 cm™'; HRMS (ESI) calcd
for CesH70012SiNa [M-+Na]*: 1093.4529; Found: 1093.4504.

5. Characterization data of 1,1’-p,a-disaccharides (Figure 49, 51 and 53)

Ph—X-0
o) (0]
TBDPSO
HO OBn

O
20N ogn

OBn
B,0-39a
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B,a-39a: A colorless amorphous solid; [a]p?® +59.6 (¢ 1.07, CHCIs); *H NMR (600 MHz, CDCls)
§ 7.61-7.59 (m, 4H), 7.38-7.16 (m, 24H), 7.03 (d, J = 7.7 Hz, 2H), 5.18 (s, 1H), 4.95 (d, J = 3.8 Hz,
1H), 4.92 (t, J = 8.2 Hz, 1H), 4.78 (d, J = 11.5 Hz, 1H), 4.77 (d, J = 10.4 Hz, 1H), 4.65 (d, J = 11.0
Hz, 1H), 4.55-4.50 (m, 3H), 4.44 (d, J = 8.8 Hz, 1H), 4.14 (dd, J = 10.4, 4.9 Hz, 1H), 3.99-3.94 (m,
2H), 3.67-3.59 (m, 5H), 3.54 (t, J = 10.2 Hz, 1H), 3.50 (t, J = 9.3 Hz, 1H), 3.47-3.46 (m, 1H), 1.89
(s, 3H), 1.73 (d, J = 10.4 Hz, 1H), 1.01 (s, 9H); 3C NMR (150 MHz, CDCls) & 170.1, 138.1, 137.8,
137.7, 137.1, 136.2, 135.8, 134.5, 133.4, 129.5, 129.2, 128.6, 128.4 (3C), 128.1, 127.9 (2C), 127.8
(20C), 127.7,127.6, 127.4, 127.2, 126.4, 101.7, 101.5, 101.3, 82.5, 81.3, 77.5, 75.3, 75.1, 75.0, 73.9,
73.7, 73.4, 68.5 (2C), 62.9, 27.0, 20.8, 19.6; IR (ATR): 3542, 3033, 2930, 2857, 1744, 1230, 1064,

1027, 750, 696 cm*; HRMS (ESI) calcd for CsgHgsNO12Si [M+NH,]*: 998.4505; Found: 998.4499.

HO
BnO 0
BnO
HO OBn
0—-0
BnO OBn

B.a-39¢ o8n
B,a-39¢c: A colorless solid; [a]p?® +60.7 (c 1.33, CHCI3); 'H NMR (600 MHz, CDCl3) § 7.35-7.11
(m, 30H), 5.15 (d, J = 3.3 Hz, 1H), 4.91-4.78 (m, 7H), 4.72 (d, J = 10.4 Hz, 1H), 4.62 (d, J = 11.5 Hz,
1H), 4.60 (d, J = 7.7 Hz, 1H), 450 (d, J = 12.6 Hz, 3H), 4.14-4.11 (m, 1H), 3.82-3.77 (m, 2H),
3.67-3.43 (m, 9H), 2.25 (br s, 1H), 2.00 (br s, 1H); 3C NMR (150 MHz, CDCls) 5 138.5, 138.4, 138.1,
138.0, 137.8, 137.6, 1285 (2C), 128.4 (2C), 128.3, 128.0 (2C), 127.9 (2C), 127.8 (3C), 127.7 (2C),
103.4,100.5,84.9,82.7,81.7,78.1,77.8,75.7,75.3,75.0 (2C), 74.9, 74.8,73.3,72.9, 72.4, 68.9, 62.0;
IR (ATR): 3454, 3030, 2870, 1453, 1067, 1027, 734, 695 cm™*; HRMS (ESI) calcd for CssHsgO11Na

[M+Na]*: 905.3871; Found: 905.3874.

TBDPSO

BnO
BnO o
BnO 0]
BnO HO 0}
HO OBn

O
oo NN ogn

B.a-39d o8n
B,a-39d: A colorless amorphous solid; [a]p?® +27.4 (c 0.80, CHCIs); *H NMR (600 MHz, CDCl3) §
7.74-7.72 (m, 2H), 7.69-7.67 (m, 2H), 7.41-7.21 (m, 42H), 7.12-7.11 (m, 4H), 5.48 (d, J = 3.8 Hz,
1H), 4.89 (d, J = 11.0 Hz, 1H), 4.88 (d, J = 11.0 Hz, 1H), 4.81 (d, J = 11.0 Hz, 1H), 4.78-4.74 (m,

4H), 4.71 (d, J = 11.0 Hz, 1H), 4.67 (d, J = 11.0 Hz, 1H), 4.56-4.53 (m, 3H), 4.51-4.45 (m, 5H), 4.40
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(d,J=7.7 Hz, 1H), 4.27 (dd, J = 8.5, 3.6 Hz, 1H), 4.15 (t, J = 7.1 Hz, 1H), 4.10 (d, J = 11.0 Hz, 1H),
3.97-3.94 (m, 1H), 3.87 (br s, 1H), 3.66-3.55 (M, 9H), 3.46-3.38 (m, 4H), 2.94 (br s, 1H), 2.72 (br s,
1H), 1.09 (s, 9H); *C NMR (150 MHz, CDCls) § 138.6, 138.4, 138.3, 138.1, 138.0 (2C), 137.9, 136.0,
135.8, 133.9, 132.8, 129.9, 128.4 (3C), 128.3 (3C), 128.1, 127.9, 127.8 (3C), 127.7 (4C), 127.6 (2C),
127.5,104.5,102.3,99.8, 85.0,84.7,82.0, 81.6, 80.7, 78.3, 77.7, 77.6, 75.6 (2C), 75.3, 75.1, 74.9 (3C),
74.6, 73.5 (2C), 73.4, 68.6 (2C), 68.0, 27.0, 19.4; IR (ATR): 3471, 3031, 2930, 2859, 1454, 1068,

1028, 736, 697 cmt; HRMS (ESI) calcd for CooHegO16SiNa [M+Na]*: 1485.6516; Found: 1485.6502.
Ph
bo
(0]

(6]
TBDPSO
HOO OBn
556 N0

B,a-39e o8n
B,a-39e: A colorless amorphous solid; [a]p?® +65.5 (¢ 0.60, CHCIs); *H NMR (600 MHz, CDCls)
§7.78-7.75 (m, 4H), 7.53 (d, J = 7.7 Hz, 2H), 7.41-7.25 (m, 27H), 7.13 (d, J = 7.1 Hz, 2H), 5.29 (d,
J=2.7Hz, 1H), 5.17 (5, 1H), 4.95 (d, J = 10.4 Hz, 1H), 4.90 (d, J = 11.0 Hz, 1H), 4.78 (d, J = 11.0
Hz, 1H), 4.77 (d, J = 10.4 Hz, 1H), 4.61 (d, J = 10.4 Hz, 1H), 4.53 (d, J = 8.8 Hz, 1H), 4.51 (d, J =
11.5 Hz, 1H), 4.45 (s, 2H), 4.26-4.19 (m, 2H), 3.97 (d, J = 12.6 Hz, 1H), 3.76 (s, 1H), 3.64-3.51 (m,
6H), 3.41-3.37 (m, 2H), 2.00 (d, J = 4.4 Hz, 1H), 1.07 (s, 9H); 3C NMR (150 MHz, CDCls) 5 138.4,
138.2, 137.9, 137.1, 136.0 (2C), 133.7, 129.8, 129.6, 128.7, 128.6, 128.4 (3C), 128.3, 128.0, 127.9
(4C), 127.8, 127.7 (2C), 127.4, 126.3, 101.5, 955, 95.1, 82.6, 81.3, 77.4, 75.4, 74.9, 73.5, 73.4, 73.3,
72.0,71.1, 68.8, 68.1, 63.4, 27.0, 19.6; IR (ATR): 3459, 3031, 2857, 1454, 1361, 1070, 1027, 998,
739, 696 cm; HRMS (ESI) calcd for CesHssO11SiNa [M+Na]*: 1051.4423; Found: 1051.4424.
PhT0 P

Ph—-0\ 0

o) OBn TBDPSO 0

TBDPSO 0NN ogn 0Bn

BnO oB 'Jen = 164 Hz H &K/
1Jon = 160 Hz H n BnO OBnOBn

B.p-39f o, B-30f
B,B-39f: A colorless amorphous solid; [a]p?® +4.4 (¢ 0.48, CHCIs); *H NMR (600 MHz, CDCls3) &
7.67-7.65 (M, 4H), 7.43-7.13 (m, 31H), 5.41 (s, 1H), 5.04 (d, J = 10.4 Hz, 1H), 4.92 (d, J = 11.0 Hz,
1H), 4.80 (d, J = 11.0 Hz, 1H), 4.77 (d, J = 1.6 Hz, 1H), 4.76 (d, J = 7.7 Hz, 1H), 4.75 (d, J = 11.0 Hz,
1H), 4.70 (d, J = 11.0 Hz, 1H), 4.55 (d, J = 12.1 Hz, 1H), 4.50 (d, J = 12.1 Hz, 1H), 4.48 (d, J = 12.1
Hz, 1H), 4.26 (dd, J = 10.2, 4.7 Hz, 1H), 4.06 (t, J = 9.3 Hz, 1H), 3.98 (d, J = 1.6 Hz, 1H), 3.90 (dd, J
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=9.3,3.3 Hz, 1H), 3.78 (t, = 10.2 Hz, 1H), 3.68-3.62 (m, 3H), 3.57 (t, J = 9.3 Hz, 1H), 3.50 (t, J =
8.2 Hz, 1H), 3.44-3.42 (m, 1H), 3.22 (td, J = 9.6, 4.9 Hz, 1H), 2.59 (s, 1H), 1.04 (s, 9H); 3C NMR
(150 MHz, CDClIs) 6 138.5, 138.3, 138.0 (2C), 137.2, 136.0, 135.9, 133.2, 133.1, 129.8, 129.6, 128.7
(2C), 128.4, 128.3, 127.9 (2C), 127.7 (3C), 127.6, 127.4, 126.2, 101.8, 99.8, 96.9, 84.5, 81.4, 78.4,
77.4,75.7,75.0,74.9,74.6,73.4,72.7,71.7,68.7, 68.6, 66.8, 26.9, 19.4; IR (ATR): 3569, 2858, 1454,
1066, 1004, 741, 696 cm™; HRMS (ESI) calcd for CesH72NO11Si [M+NH4]*: 1046.4869; Found:
1046.4872.

a,B-39f: A colorless amorphous solid; [a]p?® +32.3 (¢ 0.33, CHCIs); *H NMR (600 MHz, CDCls)
§7.71-7.68 (m, 4H), 7.40-7.21 (m, 29H), 7.13 (dd, J = 7.4, 1.4 Hz, 2H), 5.35 (s, 1H), 4.91 (d, J =
10.4 Hz, 1H), 4.84 (d, J = 3.3 Hz, 1H), 4.82 (d, J = 11.0 Hz, 1H), 4.79 (d, J = 11.0 Hz, 1H), 4.74 (d, J
=115 Hz, 1H), 4.56 (d, J = 12.1 Hz, 1H), 4.54 (d, J = 11.5 Hz, 1H), 4.47 (d, J = 11.0 Hz, 1H), 4.41
(d, J =12.1 Hz, 1H), 4.40 (s, 1H), 4.15 (dd, J = 9.9, 4.9 Hz, 1H), 4.05-3.98 (m, 3H), 3.86 (dd, J = 9.3,
3.3 Hz, 1H), 3.79 (d, J = 2.7 Hz, 1H), 3.73 (t, J = 10.2 Hz, 1H), 3.69-3.63 (M, 2H), 3.55-3.51 (m,
2H), 3.16 (td, J = 9.7, 5.1 Hz, 1H), 2.93 (s, 1H), 1.05 (s, 9H); 3C NMR (150 MHz, CDCl3) & 138.7,
138.4, 138.1, 137.8, 137.3, 136.0 (2C), 133.5, 133.3, 129.8, 129.6, 128.7, 128.5, 128.4 (2C), 128.3,
128.1, 128.0, 127.9 (2C), 127.7, 127.6 (4C), 127.4, 126.2, 101.7, 100.2, 97.1, 81.7, 79.9, 78.1, 77.4,
75.7,74.9,735,73.4,725,71.2,71.1,68.5,68.1, 67.1, 26.8, 19.4; IR (ATR): 3414, 2929, 2858, 1454,
1104, 1028, 739, 697 cm™; HRMS (ESI) calcd for CesH72NO11Si [M+NH,]*: 1046.4869; Found:
1046.4874.

HUCH: 164 Hz

o OBn
BnO 20NN oy
BnO OH OBn
B.p-399

B,B-399: A colorless amorphous solid; [a]o® +63.1 (c 0.60, CHCIs); *H NMR (600 MHz, CDCl3) &
7.35-7.17 (m, 30H), 4.98 (d, J = 3.3 Hz, 1H), 4.86 (d, J = 11.0 Hz, 1H), 4.84 (d, J = 11.0 Hz, 1H),
4.81(d, J = 11.0 Hz, 1H), 4.79 (d, J = 11.0 Hz, 1H), 4.69 (d, J = 11.0 Hz, 1H), 4.62 (d, J = 11.5 Hz,
1H), 4.62 (d, J = 8.8 Hz, 1H), 4.59-4.54 (m, 6H), 4.18 (dd, J = 12.6, 2.2 Hz, 1H), 3.98 (dt, J = 9.3,
3.3 Hz, 1H), 3.75 (dd, J = 11.3, 1.9 Hz, 1H), 3.71 (dd, J = 11.0, 4.4 Hz, 1H), 3.69-3.64 (m, 4H),
3.53-3.48 (m, 2H), 3.46 (dd, J = 12.6, 3.8 Hz, 1H), 2.73 (d, J = 9.9 Hz, 1H); 13C NMR (150 MHz,

CDCls) 5 138.5, 138.3, 138.2, 138.1, 138.0 (2C), 128.4 (4C), 128.3, 128.2, 128.0, 127.9 (2C), 127.8
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(4C), 127.7 (3C), 127.6 (3C), 127.5, 102.9, 100.2, 84.9, 82.1, 77.8, 76.8, 75.6, 75.3, 74.9 (2C), 73.4,
733, 72.6, 71.6, 68.7, 66.2, 59.5; IR (ATR): 3567, 3030, 2866, 1453, 1066, 1027, 732, 695 cm;

HRMS (ESI) calcd for Cs3HgoNO1o [M+NH,]*: 870.4212; Found: 870.4194.

Bnot%

BnO

HO OBn
N

OBn
B,0-39h

B,a-39h: A colorless amorphous solid; [o]o?® +49.4 (c 0.54, CHCI3); *H NMR (600 MHz, CDCls)
§7.35-7.18 (m, 30H), 5.11 (d, J = 2.7 Hz, 1H), 4.93 (d, J = 11.0 Hz, 1H), 4.90 (d, J = 11.5 Hz, 1H),
4.85-4.81 (m, 3H), 4.76 (d, J = 12.1 Hz, 1H), 4.72 (d, J = 11.5 Hz, 1H), 4.70 (d, J = 12.1 Hz, 1H),
4.63-4.56 (m, 5H), 3.91 (t, J = 10.7 Hz, 1H), 3.75-3.49 (m, 10H), 2.24 (d, J = 4.9 Hz, 1H); 3C NMR
(150 MHz, CDCls) 5 138.6, 138.4, 138.3, 138.2, 138.1 (2C), 128.4 (3C), 128.3, 128.2, 127.9 (2C),
127.8 (2C), 127.7 (2C), 127.6, 127.5, 103.0, 100.3, 84.9, 81.9, 81.5, 77.7 (2C), 75.6, 75.4, 75.1, 75.0,
73.4,73.1, 72.4, 68.6, 61.4; IR (ATR): 3445, 3063, 3030, 2869, 1453, 1065, 1027, 734, 618 cm™;

HRMS (ESI) calcd for CssHeoNO10 [M+NH4]*: 870.4212; Found: 870.4210.

5.05 ppm
5.10 ppm Ph/%O od J=38Hz

Ph—X-0 d,J=38Hz Ph™Y.0
o o ) o8 o TBDPSO H
TBDPSO 4.43 ppm TBDPSO HO
HO| Qd,J=7.7Hz 4.54 ppm HOJ 5.08 ppm o
s OBn dJ=88Hz "y | OBn 4 J=33Hz OBn
Bno N2 5.32 ppm BnO A N®
BnO d,J=38Hz  BnO " B0

OB OBn
B,0-30i n o, p-39i ,0-39i OBn

B,a-39i: A colorless amorphous solid; [a]o? +57.0 (¢ 0.94, CHCIs); *H NMR (600 MHz, CDCl3) &
7.61-7.58 (m, 4H), 7.32—7.11 (m, 31H), 5.19 (s, 1H), 5.10 (d, J = 3.8 Hz, 1H), 4.90 (d, J = 11.5 Hz,
1H), 4.66-4.64 (m, 4H), 4.62 (d, J = 11.5 Hz, 1H), 4.43 (d, J = 7.7 Hz, 1H), 4.40 (d, J = 12.1 Hz, 1H),
4.33(d, J=12.1 Hz, 1H), 4.13-4.04 (m, 3H), 3.86 (d, J = 2.7 Hz, 1H), 3.76 (dd, J = 9.9, 7.7 Hz, 1H),
3.73 (td, J = 8.8, 4.2 Hz, 1H), 3.57-3.48 (m, 6H), 1.79 (d, J = 8.8 Hz, 1H), 1.00 (s, 9H); *C NMR
(150 MHz, CDCls) 6 138.4,138.2, 138.1, 137.7,137.2,136.1, 135.8, 134.3, 133.6, 129.5, 129.3, 128.6,
128.5 (2C), 128.4 (2C), 128.3 (2C), 128.0, 127.8 (2C), 127.7 (3C), 127.6, 127.4, 127.2, 126.4, 104.2,
101.6,101.4,82.6,81.4,78.7,75.4,74.6,74.1,73.8,73.7,73.5,73.1,73.0, 68.8, 68.7, 62.9, 27.0, 19.6;
IR (ATR): 3567, 2929, 2857, 1454 1086, 1027, 741, 696 cm™; HRMS (ESI) calcd for Cs3H72NO1:Si
[M+ NH.]*: 1046.4869; Found: 1046.4857.

a,3-39i: A colorless amorphous solid; [a]p?® +20.9 (c 0.40, CHCIs); *H NMR (600 MHz, CDCls)
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§7.62-7.61 (m, 4H), 7.39-7.15 (m, 29H), 6.92 (d, J = 7.7 Hz, 2H), 5.32 (d, J = 3.8 Hz, 1H), 5.21 (s,
1H), 4.91 (d, J = 11.5 Hz, 1H), 4.85 (d, J = 11.5 Hz, 1H), 4.80 (d, J = 11.5 Hz, 1H), 472 (d, J= 115
Hz, 1H), 4.69 (d, J = 11.5 Hz, 1H), 4.54 (d, J = 8.8 Hz, 1H), 4.53 (d, J = 11.0 Hz, 1H), 4.44 (d, J =
12.6 Hz, 1H), 4.33 (d, J = 12.6 Hz, 1H), 4.24 (dd, J = 10.4, 4.9 Hz, 1H), 4.17 (dd, J = 8.2, 4.4 Hz, 1H),
4.04 (dd, J = 10.2, 3.6 Hz, 1H), 3.94 (dd, J = 10.2, 3.0 Hz, 1H), 3.91 (d, J = 3.8 Hz, 1H), 3.85 (td, J =
8.5, 3.8 Hz, 1H), 3.81-3.79 (m, 2H), 3.67 (t, J = 10.2 Hz, 1H), 3.54 (t, J = 9.1 Hz, 1H), 3.45 (dd, J =
9.6, 8.0 Hz, 1H), 3.27 (td, J = 9.6, 4.8 Hz, 1H), 3.19 (dd, J = 9.3, 4.4 Hz, 1H), 0.98 (s, 9H); *C NMR
(150 MHz, CDCls) 6 138.6,138.3, 138.1, 137.4,136.9, 136.4, 135.7, 134.7, 132.9, 129.4, 129.1, 128.5,
128.4 (2C), 128.2 (2C), 127.9, 127.8, 127.7 (2C), 127.6 (2C), 127.3, 127.1, 126.2, 102.7, 101.3, 95.6,
81.3,79.1,76.1,75.3,75.0, 74.5,73.6, 73.4, 73.2, 70.5, 69.1, 68.6, 66.7, 26.9, 19.7; IR (ATR): 3466,
2925, 2855, 1454, 1096, 1028, 746, 697 cm™*; HRMS (ESI) calcd for CesH72NO11Si [M+ NH4]*:
1046.4869; Found: 1046.4838.

a,a-39i: A colorless amorphous solid; [a]p?® +70.7 (c 0.99, CHCIs); *H NMR (600 MHz, CDCl3) &
7.65-7.62 (m, 4H), 7.37-7.14 (m, 31H), 5.32 (s, 1H), 5.08 (d, J = 3.3 Hz, 1H), 5.05 (d, J = 3.8 Hz,
1H), 4.92 (d, J = 11.0 Hz, 1H), 4.75 (d, J = 11.5 Hz, 1H), 4.72 (d, J = 12.1 Hz, 1H), 4.69 (d, J = 11.5
Hz, 1H), 4.62 (d, J = 11.5 Hz, 1H), 4.55 (d, J = 11.5 Hz, 1H), 4.44 (d, J = 11.5 Hz, 1H), 4.37 (d, J =
11.5 Hz, 1H), 4.08 (t, J = 9.1 Hz, 1H), 4.01 (tt, J = 11.8, 4.4 Hz, 3H), 3.91 (d, J = 1.6 Hz, 1H), 3.88 (t,
J = 6.6 Hz, 1H), 3.72 (td, J = 8.2, 3.7 Hz, 1H), 3.65 (dd, J = 9.9, 2.7 Hz, 1H), 3.62-3.53 (m, 2H),
3.49-3.43 (m, 2H), 1.53 (d, J = 7.7 Hz, 1H), 1.03 (s, 9H); 13C NMR (150 MHz, CDCls) § 138.7, 138.6,
138.4,138.1, 137.3, 136.1, 136.0, 134.1, 134.0, 129.5, 129.4, 128.7, 128.4 (2C), 128.3, 128.2, 128.1,
127.8,127.7,127.6,127.5 (3C), 127.4 (2C), 127.3 (2C), 126.5, 101.5, 95.7, 94.4, 81.4, 78.8 (2C), 74.9,
74.8,73.7,73.3(2C), 73.2,73.0,69.8, 68.8, 68.6, 63.2, 27.0, 19.6; IR (ATR): 3580, 2928, 2856, 1454,
1100, 1027, 989, 734, 695 cm™; HRMS (ESI) calcd for CesH72NO11Si [M+ NH.]*: 1046.4869; Found:

1046.4850.

HO
BnO O
BnO
HOo OBn
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BnO
OBn
B,0-39j

B,a-39j: A colorless amorphous solid; [a]o?® +46.6 (¢ 0.71, CHCIs); *H NMR (600 MHz, CDCls)

§7.35-7.24 (m, 30H), 5.13 (d, J = 3.8 Hz, 1H), 4.93 (d, J = 11.5 Hz, 1H), 4.86 (d, J = 11.0 Hz, 2H),
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4.81(d, J = 12.6 Hz, 2H), 4.78 (d, J = 11.0 Hz, 1H), 4.71 (s, 2H), 4.61 (d, J = 11.0 Hz, 1H), 4.60 (d, J
=115Hz, 1H), 456 (d, J = 7.7 Hz, 1H), 4.44 (d, J = 11.5 Hz, 1H), 4.37 (d, J = 11.5 Hz, 1H), 4.15-4.12
(m, 1H), 3.88 (t, J = 8.8 Hz, 1H), 3.82-3.75 (m, 3H), 3.65 (td, J = 8.5, 3.7 Hz, 1H), 3.57-3.53 (m, 4H),
3.44 (t, J = 9.6 Hz, 1H), 3.38 (dd, J = 11.5, 8.8 Hz, 1H), 2.07 (s, 2H); 3C NMR (150 MHz, CDCls)
§138.6,138.3 (2C), 138.2, 138.1, 137.5, 128.4 (4C), 128.3 (2C), 128.0 (2C), 127.9, 127.8 (2C), 127.7
(3C), 127.6, 103.3, 100.4, 82.9, 82.7, 78.8, 77.8, 75.3 (2C), 74.8, 74.5, 73.8, 73.5, 73.3, 73.2, 72.9,
72.1,69.1, 61.9; IR (ATR): 3443, 3030, 2871, 1454, 1066, 1026, 733, 695 cm™*; HRMS (ESI) calcd
for CsaHsgO11Na [M-+Na]*: 905.3871; Found: 905.3850.
Ph
ko
o
O
TBDPSO%
Ho OBn
Bnm/
BnO
OBn
B.o-39k
B,a-39k: A colorless amorphous solid; [a]p?® +54.8 (¢ 0.53, CHCIs); *H NMR (600 MHz, CDCls) &
7.76—7.73 (m, 4H), 7.51 (d, J = 7.7 Hz, 2H), 7.40-7.25 (m, 27H), 7.20 (d, J = 7.7 Hz, 2H), 5.27 (d, J
= 2.7 Hz, 1H), 5.14 (s, 1H), 4.90 (d, J = 11.5 Hz, 1H), 4.89 (d, J = 11.0 Hz, 1H), 4.71 (d, J = 12.1 Hz,
2H), 4.67 (d, J = 11.5 Hz, 1H), 4.61 (d, J = 12.1 Hz, 1H), 4.47 (d, J = 7.7 Hz, 1H), 4.36 (d, J = 12.1
Hz, 1H), 4.32 (d, J = 11.5 Hz, 1H), 4.22-4.16 (m, 2H), 3.97 (d, J = 12.6 Hz, 1H), 3.83 (d, J = 2.7 Hz,
1H), 3.78 (s, 1H), 3.74 (t, J= 8.5 Hz, 1H), 3.61 (d, J = 12.6 Hz, 1H), 3.57 (d, J = 2.7 Hz, 1H), 3.51-3.49
(m, 2H), 3.41 (d, J = 6.0 Hz, 2H), 1.98 (d, J = 5.5 Hz, 1H), 1.06 (s, 9H); 3C NMR (150 MHz, CDCls)
6 138.4, 138.3 (2C), 138.2, 137.7, 135.9, 134.4, 133.3, 129.8 (2C), 128.6, 128.5 (2C), 128.4, 128.3,
128.2, 128.0, 127.8 (2C), 127.7 (3C), 127.6 (2C), 126.1, 104.2, 101.9, 100.4, 82.5, 78.9, 76.0, 75.2,
74.6,73.7,73.4,73.3,73.2,71.5,69.4,69.1, 68.6, 63.5, 26.9, 19.5; IR (ATR): 3566, 3031, 2929, 2857,
1454, 1092, 1028, 738, 697 cm™'; HRMS (ESI) calcd for CezHssO11SiNa [M+Na]*: 1051.4423; Found:
1051.4406.
OH
Ph0 5

OBn
0\0
TBDPSO =C m/
H BnO
OBn

Jen = 160 Hz

B,B-391

B,B-39I: A colorless amorphous solid; [a]o?® —10.4 (c 0.94, CHCIs); *H NMR (600 MHz, CDCls)
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§7.66-7.65 (m, 4H), 7.43 (d, J = 7.7 Hz, 2H), 7.38 (t, J = 7.4 Hz, 1H), 7.34-7.20 (m, 28H), 5.43 (s,
1H), 5.00 (d, J = 10.4 Hz, 1H), 4.93 (d, J = 11.5 Hz, 1H), 4.76 (d, J = 11.5 Hz, 1H), 4.73 (d, J = 10.4
Hz, 1H), 4.72 (s, 1H), 4.71 (d, J = 8.2 Hz, 1H), 4.68 (d, J = 12.1 Hz, 1H), 4.61 (d, J = 11.5 Hz, 1H),
4.37 (s, 2H), 4.23 (dd, J = 10.4, 4.9 Hz, 1H), 4.07 (t, J = 9.3 Hz, 1H), 3.94 (d, J = 2.2 Hz, 1H),
3.87-3.84 (m, 3H), 3.77 (t, J = 10.2 Hz, 1H), 3.52-3.50 (m, 4H), 3.18 (td, J = 9.6, 4.8 Hz, 1H), 2.49
(s, 1H), 1.03 (s, 9H); 1*C NMR (150 MHz, CDCls) 5 138.6, 138.5, 137.8, 137.3, 136.0, 135.9, 133.3,
133.2,129.8,129.5,128.7, 128.6, 128.4 (2C), 128.3, 128.2 (2C), 127.9, 127.8 (2C), 127.7, 127.6 (2C),
127.5,127.3, 126.2, 101.8, 100.1, 96.8, 82.1, 78.7, 78.4, 75.1, 74.5, 73.6, 73.5, 73.3, 72.6, 71.7, 68.6
(2C), 66.8, 26.8, 19.4; IR (ATR): 3571, 3032, 2858, 1454, 1101, 1059, 738, 696 cm‘; HRMS (ESI)

calcd for C63H72N0118i [M+NH4]+Z 1046.4869; Found: 1046.4886.

Bn 1 H
Yen =171 Hz Jon =163 Hz
OBn

a,B-39m B,8-39m

PhY30 og on TJen = 158 Hz
TBDPSO o PhV0 H H oBn
B
ew = 157 2P A g OBn TBDPSO OW%
o OBn
OBn OBn

a,B-39m: A colorless amorphous solid; [a]p?® +33.1 (¢ 0.72, CHCI3); *H NMR (600 MHz, CDCls)
§ 7.65-7.63 (m, 4H), 7.42-7.14 (m, 31H), 5.33 (s, 1H), 5.03 (s, 1H), 4.85 (d, J = 11.0 Hz, 1H), 4.75
(d, J =12.1 Hz, 1H), 4.67 (d, J = 12.6 Hz, 1H), 4.64—4.60 (m, 3H), 4.52 (s, 1H), 4.48 (d, J = 11.0 Hz,
1H), 4.47 (d, J = 12.1 Hz, 1H), 4.15 (dd, J = 10.4, 4.9 Hz, 1H), 4.04-3.94 (m, 4H), 3.85-3.83 (M, 2H),
3.75-3.70 (m, 3H), 3.62 (d, J = 11.0 Hz, 1H), 3.16 (td, J = 9.6, 4.8 Hz, 1H), 2.66 (s, 1H), 1.04 (s, 9H);
13C NMR (150 MHz, CDCls3) & 138.5 (2C), 138.3, 138.2, 137.2, 136.0, 135.9, 133.1, 133.0, 129.9,
129.7, 128.7,128.3 (2C), 128.2, 127.9, 127.8, 127.7 (3C), 127.6 (2C), 127.5 (2C), 127.4 (2C), 126.2,
101.7,98.8,98.1, 79.9, 78.1 74.9, 74.7 (2C), 73.2,72.8,72.7,72.6, 72.5, 71.2, 68.9, 68.4, 67.0, 26.9,
19.3; IR (ATR): 3566, 3032, 2930, 2858, 1454, 1102, 1040, 999, 741, 696 cm™; HRMS (ESI) calcd
for CesH72NO11Si [M+NH4]*: 1046.4869; Found: 1046.4872.

B,B-39m: A colorless amorphous solid; [a]o?® —21.0 (¢ 1.08, CHCIs); *H NMR (600 MHz, CDCls)
§ 7.65-7.63 (M, 4H), 7.47 (d, J = 6.6 Hz, 2H), 7.39-7.16 (M, 29H), 5.36 (s, 1H), 4.95 (d, J = 12.1 Hz,
1H), 4.90 (d, J = 10.4 Hz, 1H), 4.88 (d, J = 12.1 Hz, 1H), 4.79 (s, 1H), 4.76 (s, 1H), 456 (d, J = 12.1
Hz, 1H), 4.56 (d, J = 11.5 Hz, 1H), 4.52 (d, J = 11.0 Hz, 1H), 4.49 (d, J = 12.1 Hz, 1H), 4.49 (d, J =

12.1 Hz, 1H), 4.19 (dd, J = 10.4, 4.9 Hz, 1H), 4.00 (t, J = 9.3 Hz, 1H), 3.97 (d, J = 2.7 Hz, 1H), 3.94
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(d,J = 3.3 Hz, 1H), 3.88-3.84 (m, 2H), 3.7 (t, J = 10.2 Hz, 1H), 3.73 (dd, J = 10.4, 1.6 Hz, 1H), 3.68
(dd, J =10.7,5.8 Hz, 1H), 3.50 (dd, J = 9.3, 3.3 Hz, 1H), 3.42 (ddd, J = 9.6, 5.8, 1.6 Hz, 1H), 3.15 (td,
J=9.6,4.9 Hz, 1H), 2.40 (s, 1H), 1.04 (s, 9H); 3C NMR (150 MHz, CDCls) & 138.8, 138.3, 138.2,
138.0, 137.2, 135.9 (2C), 133.3, 133.0, 129.9, 129.6, 128.7, 128.4, 128.3 (2C), 128.2, 128.1, 128.0,
127.9,127.7 (2C), 127.6 (2C), 127.5, 127.4, 126.2, 101.8, 96.6, 95.8, 82.0, 78.2, 75.9, 75.1, 74.6, 74.4,
74.3,73.3,72.7,71.6 (2C), 69.4, 68.3, 66.8, 26.9, 19.4; IR (ATR): 3571, 3030, 2858, 1454, 1099, 1070,

748, 695 cm; HRMS (ESI) calcd for CesH72NO1:Si [M+NH4]": 1046.4869; Found: 1046.4876.

Ph—X-0
0 (0]
TBDPSO
HO OBn
(0] (0]
TrOCHM?)Bn

OBn
B,0-39n

B,a-39n: A colorless amorphous solid; [o]o?® +57.0 (c 0.94, CHCIs); *H NMR (600 MHz, CDCls)
8 7.64-7.61 (m, 4H), 7.38-7.20 (m, 24H), 7.11 (d, J = 7.1 Hz, 2H), 5.25 (s, 1H), 4.96 (d, J = 3.3 Hz,
1H), 4.81 (d, J = 11.5 Hz, 1H), 4.78 (d, J = 11.0 Hz, 1H), 4.74-4.72 (m, 1H), 4.66 (d, J = 11.5 Hz,
1H), 4.60 (d, J = 11.0 Hz, 1H), 4.56 (d, J = 7.7 Hz, 1H), 4.53 (s, 2H), 4.47 (d, J = 11.5 Hz, 1H), 4.14
(dd, J = 9.9, 4.9 Hz, 1H), 4.00-3.95 (m, 2H), 3.67-3.60 (m, 5H), 3.57 (t, J = 10.2 Hz, 1H), 3.52 (t, J
= 9.3 Hz, 1H), 3.45-3.38 (m, 2H), 2.01 (br s, 1H), 1.01 (s, 9H); 13C NMR (150 MHz, CDCls) & 154.5,
137.8,137.7,137.6,137.2,136.2,135.9,134.4,133.7,129.4,129.2, 128.7,128.6, 128.5, 128.4, 128.3,
128.1,128.0, 127.9,127.8 (2C), 127.7,127.4,127.2, 126.4, 102.0, 101.5, 101.3,95.3,81.4, 79.6, 78.1,
75.1, 74.8, 74.5 (2C), 73.8 (2C), 73.7, 68.6 (2C), 63.1,57.3, 27.0, 19.7; IR (ATR): 3383, 3033, 2930,
2858, 1739, 1521, 1454, 1085, 1064, 1027, 736, 697 cm™*; HRMS (ESI) calcd for CsoHgaNO12SiClsNa
[M+Na]*:1134.3156; Found: 1134.3160.
Ph—X-0 o
Ph/VO/&% O/%
o TBDPSO

TBDPSO HO

HO OBn o

(0] le) OBn
AcHN o)
BnO AcHN
BnO

OBn 5
Bn
B,a-390 o,0-390

B,a-390: A colorless amorphous solid; [a]p?® +63.0 (¢ 1.00, CHCIs); *H NMR (600 MHz, CDCls)
§ 7.60-7.58 (m, 4H), 7.37-7.20 (m, 24H), 7.03 (d, J = 7.1 Hz, 2H), 5.21 (d, J = 7.1 Hz, 1H), 5.11 (s,
1H), 4.96 (d, J = 3.8 Hz, 1H), 4.84 (d, J = 11.5 Hz, 1H), 4.83 (d, J = 8.2 Hz, 1H), 4.62 (d, J = 12.1 Hz,
1H), 4.61 (d, J = 12.1 Hz, 1H), 4.42 (d, J = 12.1 Hz, 1H), 4.36 (d, J = 11.5 Hz, 2H), 4.07 (dd, J = 9.9,
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4.9 Hz, 1H), 4.01-3.98 (m, 2H), 3.94 (d, J = 2.2 Hz, 1H), 3.90 (dd, J = 10.7, 2.5 Hz, 1H), 3.70-3.48
(m, 6H), 3.45 (t, J = 9.3 Hz, 1H), 2.09 (d, J = 10.4 Hz, 1H), 1.82 (s, 3H), 0.99 (s, 9H): 3C NMR (150
MHz, CDCl3) 6 171.4,138.2,137.8,137.7,137.1,136.2,135.8, 134.7,133.6, 129.4, 129.1, 128.6 (2C),
128.4 (2C), 128.3,128.1 (2C), 128.0, 127.8 (2C), 127.7,127.4,127.1,126.4,101.6, 101.5, 101.0, 81 .4,
77.8,74.6,73.9, 73.8 (2C), 73,5, 71.8, 71.7, 68.6 (2C), 62.6, 54.2, 27.0, 23.6, 19.6; IR (ATR): 3278,
3068, 2929, 2857, 1641, 1087, 1063, 1027, 750, 696 cm*; HRMS (ESI) calcd for CssHgsNO1:SiNa
[M-+Na]*: 1002.4219; Found: 1002.4268.

a,a-390: A colorless amorphous solid; [a]o?® +92.1 (c 0.33, CHCIs); *H NMR (600 MHz, CDCls)
§ 7.68-7.64 (M, 4H), 7.36-7.24 (m, 24H), 7.10 (dd, J = 8.2, 1.1 Hz, 2H), 5.27 (s, 1H), 5.22 (d, J = 3.8
Hz, 1H), 5.04 (d, J = 3.8 Hz, 1H), 4.88 (d, J = 11.5 Hz, 1H), 4.76 (d, J = 7.1 Hz, 1H), 4.71 (d, J = 12.1
Hz, 1H), 4.56 (d, J = 11.5 Hz, 1H), 4.53-4.48 (m, 1H), 4.47 (d, J = 12.1 Hz, 1H), 4.41 (d, J = 11.5 Hz,
1H), 4.36 (d, J = 11.5 Hz, 1H), 4.05 (dd, J = 10.2, 4.7 Hz, 1H), 4.01-3.99 (m, 2H), 3.86 (t, J = 9.1 Hz,
1H), 3.80-3.75 (m, 1H), 3.62-3.46 (m, 5H), 3.40 (td, J = 9.9, 4.9 Hz, 1H), 1.84 (d, J = 13.2 Hz, 1H),
1.74 (s, 3H), 1.03 (s, 9H); 13C NMR (150 MHz, CDCls) & 169.8, 138.4, 138.0, 137.8, 137.1, 136.1
(2C),133.8(2C), 129.7,129.5,128.8,128.4 (2C), 128.2,128.1,128.0,127.9, 127.8 (2C), 127.7, 127.5,
127.4,126.2, 101.5, 95.1, 93.9, 81.1, 76.5, 74.5, 73.6, 73.4, 73.3, 72.6, 71.6, 70.0, 68.7, 68.6, 63.7,
492, 27.0, 23.1, 19.6; IR (ATR): 3417, 3033, 2930, 2857, 1654, 1454, 1112, 1028, 741, 698 cm™;

HRMS (ESI) calcd for CssHesNO11SiNa [M+Na]*: 1002.4219; Found: 1002.4257.

Ph—X-0 o
Ph—X-0 Q
0 O TBDPSO
TBDPSO HO
HO OBn O
0 0 OBn
AllocHN Q
BnOOB AllocHN
n
BnOOBn
B,a-39p o,0-39p

B,a-39p: A colorless amorphous solid; [o]p?® +61.3 (c 0.73, CHCI3); *H NMR (600 MHz, CDCls)
§ 7.63-7.59 (m, 4H), 7.36-7.20 (m, 24H), 7.08 (d, J = 7.7 Hz, 2H), 5.91-5.84 (m, 1H), 5.28 (d, J =
17.6 Hz, 1H), 5.18 (d, J = 10.4 Hz, 1H), 5.17 (s, 1H), 4.97 (d, J = 3.8 Hz, 1H), 4.85 (d, J = 11.5 Hz,
1H), 4.63 (d, J = 12.1 Hz, 1H), 4.61 (d, J = 11.5 Hz, 1H), 457 (d, J = 7.7 Hz, 1H), 4.54 (s, 1H),
4.46-4.45 (m, 2H), 4.41 (d, J = 11.5 Hz, 1H), 4.38 (d, J = 12.1 Hz, 1H), 4.36 (d, J = 11.5 Hz, 1H),
4.08 (dd, J = 9.9, 4.9 Hz, 1H), 4.01-3.97 (m, 2H), 3.94 (d, J = 2.2 Hz, 1H), 3.72-3.45 (m, 8H), 2.17

(d, J = 10.4 Hz, 1H), 1.00 (s, 9H); 3C NMR (150 MHz, CDCls) 5 156.4, 138.2, 137.7, 137.5, 137.2,
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136.2, 135.9, 134.6, 133.7, 132.7, 129.3, 129.1, 128.6 (2C), 128.4 (2C), 128.3, 128.1, 128.0 (2C),
127.8 (3C), 127.3, 127.1, 126.4, 117.8, 102.5, 101.5, 101.2, 81.4, 78.1, 74.5, 73.9, 73.7, 73.5, 71.7,
71.3, 68.6 (2C), 65.8, 62.6, 54.0, 27.0, 19.7; IR (ATR): 3408, 2930, 2856, 1714, 1087, 1065, 1027,
732,696 cmt; HRMS (ESI) calcd for CeoH71N2012Si [M+NH,]*:1039.4771; Found: 1039.4748.

a,a-39p: A colorless amorphous solid; [a]p?® +79.1 (¢ 0.41, CHCI3); *H NMR (600 MHz, CDCls)
§7.70-7.68 (m, 4H), 7.38-7.20 (m, 26H), 5.90-5.84 (m, 1H), 5.33 (s, 1H), 5.24 (d, J = 17.6 Hz, 1H),
5.21 (d, J = 3.3 Hz, 1H), 5.13 (dd, J = 10.4, 1.1 Hz, 1H), 5.08 (d, J = 3.8 Hz, 1H), 4.90 (d, J = 11.5
Hz, 1H), 4.72 (d, J = 11.5 Hz, 1H), 4.59-4.32 (m, 7H), 4.13 (dd, J = 9.9, 4.4 Hz, 1H), 4.00-3.92 (m,
3H), 3.79-3.76 (m, 1H), 3.63 (t, J = 10.2 Hz, 1H), 3.58-3.49 (M, 4H), 3.41 (dd, J = 10.7, 1.9 Hz, 1H),
1.69 (d, J = 6.0 Hz, 1H), 1.06 (s, 9H); *C NMR (150 MHz, CDCls) & 155.9, 138.4, 137.9, 137.7,
137.1,136.1, 136.0, 135.9, 133.8, 132.8, 129.7, 129.5, 128.7, 128.6, 128.4, 128.2, 128.0, 127.9, 127.8
(2C), 127.7,127.6,127.4 (2C), 126.3, 117.7, 101.4,95.0,94.3,81.1, 77.3, 74.5, 73.4 (2C), 73.3, 72.5,
71.8, 69.9, 68.6, 65.7, 63.7, 50.6, 27.0, 19.6; IR (ATR): 3436, 3031, 2930, 2857, 1705, 1454, 1112,

1028, 992, 741, 698 cm*; HRMS (ESI) calcd for CeoHg7NO12SiNa [M+Na]*:1044.4325; Found:

1044.4304.
4.86 ppm 5.20 ppm
PO g 4YT44Hz  PhO d J=44Hz Ph/vo
TBDPSO H TBDPSO TBDPSO
HOS HO 454 ppm H
493PP"“S“ dJ= 77Hz
BnO . ppm BnO ppm
OBng y=38Hz OB“ OBN g y=27Hz
a,a-39q ep = 173 Hz B,0-39q a,p-399 "Jen = 178 Hz

a,0-39¢: A colorless amorphous solid; [a]p?® +43.2 (¢ 0.92, CHCI3); *H NMR (600 MHz, CDCls)
§7.63-7.59 (m, 4H), 7.34-7.15 (m, 26H), 5.28 (s, 1H), 4.99 (d, J = 3.8 Hz, 1H), 4.86 (d, J = 4.4 Hz,
1H), 4.59-4.49 (m, 6H), 4.19 (dd, J = 10.4, 4.9 Hz, 1H), 3.93 (t, J = 9.1 Hz, 1H), 3.86-3.80 (m, 1H),
3.78 (dd, J = 11.5, 3.3 Hz, 1H), 3.72-3.66 (M, 2H), 3.63-3.51 (m, 5H), 1.77 (s, 1H), 1.01 (s, 9H); 13C
NMR (150 MHz, CDCls) 6 138.3,138.2, 137.9, 137.1, 136.1, 135.9, 134.0, 133.7, 129.6, 129.4, 128.7,
128.4,128.0,127.9,127.8,127.7 (3C), 127.4,127.3,126.3, 101.5, 100.4, 100.0, 81.2, 75.5, 74.3, 74.0,
73.6, 72.9 (2C), 72.4, 68.8, 63.7, 63.1, 27.0, 19.6; IR (ATR): 3567, 2929, 2857, 1454, 1085, 1068,
1027, 993, 749, 696 cm™; HRMS (ESI) calcd for CssHgaNO10Si [M+NH4]": 926.4294; Found:
926.4299.
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B,a-399: A colorless amorphous solid; [a]o?® +70.7 (c 0.74, CHCI3); *H NMR (600 MHz, CDCls)
§ 7.60—7.58 (m, 4H), 7.36-7.10 (m, 24H), 7.06 (d, J = 7.7 Hz, 2H), 5.28 (s, 1H), 5.20 (d, J = 4.4 Hz,
1H), 4.93 (s, 1H), 4.55-4.43 (m, 5H), 4.33 (d, J = 12.6 Hz, 1H), 4.12 (dd, J = 10.2, 4.7 Hz, 1H), 4.00
(t, J = 8.8 Hz, 1H), 3.96 (dd, J = 12.6, 2.7 Hz, 1H), 3.81-3.61 (m, 6H), 3.56 (t, J = 9.3 Hz, 1H), 3.37
(dd, J =12.3, 4.1 Hz, 1H), 1.00 (s, 9H); *C NMR (150 MHz, CDCl3) & 138.2, 138.0, 137.8, 137.2,
136.2, 135.8, 134.6, 133.3, 129.3, 129.2, 128.6, 128.4 (3C), 128.3, 128.2, 127.8 (3C), 127.7 (3C),
127.6 (2C), 127.2,127.1, 126.3, 101.5, 94.9, 94.0, 81.5, 77.6, 75.0, 74.4, 73.5, 73.4, 72.3, 72.2, 72.0,
68.8, 63.0, 60.4, 26.9, 19.7; IR (ATR): 3567, 2929, 2857, 1454, 1085, 1068, 1027, 992, 751, 696 cm"
1 HRMS (ESI) calcd for CssHgoO10SiNa [M+Na]*: 931.3848; Found: 931.3852.

a,B-39q: A colorless amorphous solid; [a]o?® —14.4 (c 0.83, CHCIs); *H NMR (600 MHz, CDCls)
8 7.62—7.58 (m, 4H), 7.37-7.19 (m, 24H), 6.99 (d, J = 7.1 Hz, 2H), 5.17 (s, 1H), 5.08 (d, J = 2.7 Hz,
1H), 4.76 (d, J = 12.1 Hz, 1H), 4.72-4.67 (m, 4H), 4.61 (d, J = 11.5 Hz, 1H), 4.54 (d, J = 7.7 Hz, 1H),
4.21 (dd, J = 10.4, 4.9 Hz, 1H), 3.97-3.93 (m, 1H), 3.86-3.83 (m, 2H), 3.80 (t, J = 8.8 Hz, 1H), 3.76
(dd, J = 11.0, 4.9 Hz, 1H), 3.69 (dd, J = 11.3, 9.1 Hz, 1H), 3.64 (t, J = 10.2 Hz, 1H), 3.60 (t, J = 8.2
Hz, 1H), 3.53 (t,  =9.1 Hz, 1H), 3.22 (td, J = 9.9, 4.9 Hz, 1H), 2.34 (br s, 1H), 0.99 (s, 9H); 3C NMR
(150 MHz, CDCls) 6 138.6, 138.4, 138.3, 136.8, 136.0, 135.8, 133.9, 133.1, 129.6, 129.4, 128.7, 128 4,
128.3 (2C), 127.9, 127.8 (2C), 127.7 (2C), 127.6, 127.5 (2C), 127.3, 126.2, 101.4, 98.5, 96.0, 80.7,
78.6,75.8,75.5,75.3,74.6,73.4,73.2,72.7,68.5, 66.2, 62.0, 26.9, 19.6; IR (ATR): 3461, 2929, 2857,
1454, 1085, 1027, 992, 749, 696 cm™*; HRMS (ESI) calcd for CssHgoO10SiNa [M+Na]*™: 931.3848;

Found: 931.3846.

Ph/%o Og
OAc
TBDPSO o P01\ (o o o8
4.60 pom. s 5.09 ppm, s o) 1) n
o0 PPm, S H 1 TBDPSO OBn
1 - JCH =173 Hz
Jcn = 163 Hz H
BnO 0 H 4.54 ppm,s H 4.85 ppm, d, J=1.6 Hz
1 - 1 -
JCH =159 Hz JCH =158 Hz
BnO OAc
o,f-39r B,p-39r

a,B-39r: A colorless amorphous solid; [a]o?® —26.8 (¢ 0.80, CHCI3); *H NMR (600 MHz, CDCls)
§ 7.66—7.63 (M, 4H), 7.41-7.18 (m, 21H), 5.49 (d, J = 2.7 Hz, 1H), 5.36 (s, 1H), 5.09 (s, 1H), 4.81 (d,
J =115 Hz, 1H), 4.70 (d, J = 11.5 Hz, 1H), 4.61 (d, J = 10.4 Hz, 1H), 4.60 (s, 1H), 4.55 (d, J = 11.5
Hz, 1H), 4.24 (dd, J = 10.4, 4.9 Hz, 1H), 4.00 (t, J = 9.6 Hz, 1H), 3.93-3.77 (m, 4H), 3.72-3.70 (m,
2H), 3.39 (t, J = 11.5 Hz, 1H), 3.20 (td, J = 9.6, 4.9 Hz, 1H), 2.58 (s, 1H), 2.10 (s, 3H), 1.05 (s, 9H);
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13C NMR (150 MHz, CDCls) & 169.8, 138.4, 138.0, 137.1, 136.0, 135.9, 133.0 (2C), 130.0, 129.7,
128.8128.4,128.3,128.0, 127.9, 127.8, 127.7, 127.4,126.2, 101.8,95.2,95.1, 78.2, 77.1, 73.8, 73.7,
72.7,72.1, 714, 68.4, 68.3, 67.0, 61.7, 26.9, 20.9, 19.3; IR (ATR): 3520, 2931, 2858, 1745, 1371,
1234, 1104, 1040, 1004, 699 cm™*; HRMS (ESI) calcd for CsoHsoNO11Si [M+NH,]*: 878.3930; Found:
878.3929.

B,B-39r: A colorless amorphous solid; [a]p? +22.8 (¢ 1.04, CHCIs); *H NMR (600 MHz, CDCls)
§ 7.70-7.67 (m, 4H), 7.41-7.21 (m, 21H), 5.38 (s, 1H), 5.37 (t, J = 2.7 Hz, 1H), 4.85 (d, J = 1.6 Hz,
1H), 4.69 (d, J = 11.5 Hz, 1H), 4.68 (d, J = 12.1 Hz, 1H), 4.59 (d, J = 11.5 Hz, 1H), 4.55 (d, J = 10.4
Hz, 1H), 4.54 (s, 1H), 4.25 (dd, J = 10.4, 4.9 Hz, 1H), 4.09 (dd, J = 12.1, 3.8 Hz, 1H), 4.05 (t, J = 9.6
Hz, 1H), 3.87 (dd, J = 9.9, 3.3 Hz, 1H), 3.80 (t, J = 10.4 Hz, 1H), 3.75-3.72 (m, 2H), 3.67 (dd, J =
7.7,3.3 Hz, 1H), 3.34 (dd, J = 12.1, 7.1 Hz, 1H), 3.21 (td, J = 9.7, 4.8 Hz, 1H), 2.72 (br s, 1H), 2.07
(s, 3H), 1.04 (s, 9H); 3C NMR (150 MHz, CDCls) 5 170.4, 138.0, 137.8, 137.3, 136.0 (2C), 133.5,
133.2,129.7, 129.6, 128.7, 128.6, 128.4, 127.9, 127.8 (2C), 127.7, 127.6, 127.4, 126.2, 101.7, 99.2,
96.9,77.9,73.8,72.8,725,72.2,71.4,68.5, 68.0,67.3, 62.7, 26.8, 20.9, 19.3; IR (ATR): 3480, 2930,
2858, 1742, 1234, 1077, 746, 698 cm; HRMS (ESI) calcd for CsoHss011SiNa [M+Na]*: 883.3484;
Found: 883.3479.

HvMBC 79
. ppm
PPN K 0)  dJ=44Hz PhTYO o
HO H o)
p-TsHN ’> 4.36 ppm p-TsHNOH
g d.J=77Hz OBn
0—\-0 oBn BnoNS~\_0Bn
BnO - OBn OBn
n
B,0-39v o-39v'

B,a-39v: A colorless amorphous solid; [a]o?® +40.1 (¢ 0.77, CHCIs); *H NMR (600 MHz, CDCls)
§ 7.65-7.64 (m, 2H), 7.45-7.42 (m, 4H), 7.37-7.17 (m, 23H), 5.47 (s, 1H), 5.16 (d, J = 9.9 Hz, 1H),
4.92-4.86 (M, 4H), 4.81 (d, J = 11.5 Hz, 1H), 4.79 (d, J = 4.4 Hz, 1H), 4.59-4.52 (m, 3H), 4.36 (d, J
= 7.7 Hz, 1H), 4.20 (dd, J = 9.9, 4.9 Hz, 1H), 4.05 (td, J = 9.9, 4.9 Hz, 1H), 3.70-3.59 (m, 6H), 3.53
(t, J =8.0 Hz, 1H), 3.45 (t, J = 9.6 Hz, 1H), 3.41-3.40 (m, 1H), 3.33-3.29 (m, 1H), 2.38 (s, 3H); 13C
NMR (150 MHz, CDCls) 6 143.7, 138.1, 137.9, 137.6, 137.3, 137.1, 129.7, 129.1, 128.7, 128.4 (3C),
128.3, 128.2, 128.0 (2C), 127.9 (3C), 127.8 (2C), 127.7 (2C), 127.2, 126.3, 103.0, 101.9, 99.7, 85.2,

81.1(2C), 77.8,75.6, 75.3, 75.2, 75.0, 73.6, 69.2, 68.5, 63.4, 58.5, 21.5; IR (ATR): 3283, 3033, 2891,
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1452, 1157, 1084, 1026, 696 cm™; HRMS (ESI) calcd for Cs4HssNO12S [M—H]™: 942.3529; Found:
942.3530.

a-39v’: Acolorless amorphous solid; [a]o?® +18.6 (¢ 0.44, CHCI3); *H NMR (600 MHz, CDCl3) § 7.72
(d, =82 Hz, 2H), 7.44 (d, J = 7.1 Hz, 2H), 7.38-7.26 (m, 16H), 7.18-7.12 (m, 3H), 7.06—7.04 (m,
4H), 6.76 (d, J = 7.7 Hz, 2H), 5.70 (d, J = 9.9 Hz, 1H), 5.41 (s, 1H), 5.36 (d, J = 3.3 Hz, 1H), 5.35 (d,
J=3.8Hz, 1H), 4.81 (d, J = 10.4 Hz, 1H), 4.73 (d, J = 10.4 Hz, 1H), 4.63 (d, J = 11.5 Hz, 1H), 4.60
(d,J = 10.4 Hz, 1H), 455 (d, J = 12.1 Hz, 1H), 4.44 (d, J = 11.5 Hz, 1H), 4.42 (d, J = 10.4 Hz, 1H),
4.22-4.17 (m, 3H), 4.12 (d, J = 12.6 Hz, 1H), 4.08 (td, J = 9.9, 4.9 Hz, 1H), 3.76-3.66 (m, 3H),
3.53-3.47 (m, 2H), 3.35-3.30 (M, 2H), 3.22 (dd, J = 9.9, 8.2 Hz, 1H), 2.89 (s, 1H), 2.19 (s, 3H); 3C
NMR (150 MHz, CDCls) & 143.2, 138.8, 138.3, 137.7, 137.6, 137.4, 137.0, 130.0, 129.5, 128.5, 128.4
(3C), 128.3(2C), 128.1, 128.0 (3C), 127.9 (2C), 127.8 (2C), 127.7 (2C), 127.6 (2C), 127.5, 127.3 (2C),
127.2, 126.5, 102.4, 96.5, 93.3, 82.8, 81.5, 78.3, 77.9, 75.5, 74.8, 73.8, 71.4, 70.9, 69.9, 69.2, 69.1,
62.5, 56.8, 21.4; IR (ATR): 3332, 2920, 2865, 1454, 1158, 1072, 1027, 748, 696 cm™*; HRMS (ESI)
calcd for CsaHssNO12S [M—H]™: 942.3529; Found: 942.3532.

5.36 ppm 6.19 ppm

Ph %2 o d,J=33Hz PR32 o dJ=33Hz
o] H o H
p-TsHN Ac,0 p-TsHN
5.35 ppm OH ——— 5.35ppm OAc
d, J=3.8Hz OBn Pgﬁ}ne d,J=3.3Hz OBn
BRO-N2=\_0Bn ° BRO-NS=\_0Bn

OBn OBn
o-39v' S11

To a solution of a-39v’ (4.45 umol, 4.2 mg) in pyridine (0.080 mL) was added Ac,0O (0.040 mL), and
the mixture was stirred at rt for 17 h. Then, the mixture was diluted with EtOAc (15 mL) and washed
with AN HCI (15 mL), a saturated NaHCOj3 aqueous solution (15 mL), and brine (15 mL). The organic
layer was dried over Na,SOu, filtered and concentrated in vacuo. The crude product was purified by
preparative thin layer chromatography (hexane:EtOAc = 2:1) to afford S11 (3.1 mg, 71%) as a
colorless amorphous solid; [a]o? +46.1 (c 0.31, CHCIls); *H NMR (600 MHz, CDCl3) 6 7.74 (d, J =
8.2 Hz, 2H), 7.45 (d, J = 7.1 Hz, 2H), 7.39-7.27 (m, 16H), 7.17-7.06 (m, 7H), 6.78 (d, J = 7.1 Hz,
2H), 6.19 (d, J = 3.3 Hz, 1H), 5.70 (d, J = 8.8 Hz, 1H), 5.40 (s, 1H), 5.35 (d, J = 3.3 Hz, 1H), 4.81 (d,
J =10.4 Hz, 1H), 4.73 (d, J = 11.0 Hz, 1H), 4.66 (d, J = 12.1 Hz, 1H), 4.61 (d, J = 10.4 Hz, 1H), 4.56

(d, J = 12.6 Hz, 1H), 4.44 (d, J = 12.6 Hz, 1H), 4.40 (d, J = 11.0 Hz, 1H), 4.22 (dd, J = 10.4, 4.9 Hz,
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1H), 4.20-4.13 (m, 3H), 3.85 (td, J = 9.7, 4.6 Hz, 1H), 3.80 (t, J = 9.3 Hz, 1H), 3.77-3.70 (m, 2H),
3.68 (t,J = 10.2 Hz, 1H), 3.41 (dd, J = 9.6, 8.0 Hz, 1H), 3.36-3.31 (m, 2H), 3.14 (dd, J = 10.4, 8.8 Hz,
1H), 2.22 (s, 3H), 1.93 (s, 3H); *C NMR (150 MHz, CDCls) & 168.6, 143.3, 138.7, 138.1, 137.6,
137.5, 136.8, 130.1, 129.6, 128.5 (2C), 128.4, 128.3, 128.2, 128.1, 128.0 (2C), 127.8, 127.6, 127.5,
127.3,127.2, 127.1,126.4, 102.5, 96.7, 92.2, 82.3, 81.5, 78.3, 77.9, 75.6, 74.8, 73.9, 72.0, 71.0, 70.1,
69.6, 68.7, 64.3, 55.3, 21.5, 20.5; IR (ATR): 3284, 3031, 2922, 1762, 1559, 1456, 1163, 1088, 1009,

698 cm*; HRMS (ESI) calcd for CssHgsN2013S [M+NH,]*: 1003.4045; Found: 1003.4041.

Ph—X\-0 o
o)
HO
2-NapSO,HN OBn

(0]
o0 XX ogn
OBn
B,0-39wW

B,a-39w: A colorless amorphous solid; [a]o?® +35.7 (¢ 1.32, CHCIs); *H NMR (600 MHz, CDCls)
§8.39 (s, 1H), 7.91 (d, J = 7.7 Hz, 1H), 7.86-7.83 (m, 2H), 7.70 (d, J = 8.8 Hz, 1H), 7.62 (t, J = 6.9
Hz, 1H), 7.58 (t, J = 7.4 Hz, 1H), 7.45-7.16 (m, 25H), 5.44 (s, 1H), 5.28 (d, J = 7.1 Hz, 1H), 4.94 (d,
J=11.5Hz, 1H), 4.91-4.88 (m, 3H), 4.80 (d, J = 11.0 Hz, 1H), 4.78 (d, J = 2.7 Hz, 1H), 4.57 (d, J =
10.4 Hz, 1H), 4.55 (d, J = 11.5 Hz, 1H), 4.50 (d, J = 12.1 Hz, 1H), 4.30 (d, J = 7.7 Hz, 1H), 4.17 (dd,
J=9.9,4.9 Hz, 1H), 4.03 (td, J = 10.2, 4.9 Hz, 1H), 3.69-3.52 (m, 7H), 3.43 (t, J = 9.6 Hz, 1H), 3.38
(td, J = 9.6, 2.9 Hz, 1H), 3.30-3.29 (br m, 1H), 2.40 (br s, 1H); 3C NMR (150 MHz, CDCl3) & 138.1,
137.9, 137.8,137.6, 137.1, 137.0, 134.8, 132.0, 129.4, 129.3, 129.1, 128.9, 128.8, 128.6, 128.5, 128.4
(2C), 128.3, 128.2, 128.1, 128.0, 127.9 (2C), 127.8 (4C), 127.6 (2C), 126.3, 122.4, 103.0, 101.8, 99.7,
85.2,81.1 (2C), 77.7,75.6, 75.3, 75.2,74.9, 73.6, 69.1, 68.5, 68.4, 63.4, 58.5; IR (ATR): 3312, 3031,
2867, 1454, 1156, 1072, 1027, 748, 697 cm™*; HRMS (ESI) calcd for Cs7HsgNO12S [M—H]: 978.3529;
Found: 978.3532.

Ph—X-0 o
O
HO
p-NsHN OBn

O
0 XX ogn
OBn
B,0-39x

B,a-39x: A colorless amorphous solid; [a]p®® +38.3 (¢ 1.18, CHCIs); *H NMR (600 MHz, CDCls)
§58.18 (d, J = 8.8 Hz, 2H), 7.83 (d, J = 8.8 Hz, 2H), 7.44-7.26 (m, 23H), 7.18 (dd, J = 7.4, 1.4 Hz,
2H), 5.46 (s, 1H), 5.38 (d, J = 9.3 Hz, 1H), 5.06 (d, J = 3.8 Hz, 1H), 4.93 (d, J = 11.0 Hz, 1H), 4.90
(d, J =11.0 Hz, 1H), 4.88 (d, J = 11.0 Hz, 1H), 4.84 (d, J = 11.5 Hz, 1H), 4.82 (d, J = 11.0 Hz, 1H),
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459 (d, J = 7.7 Hz, 1H), 459 (d, J = 12.1 Hz, 2H), 4.54 (d, J = 12.1 Hz, 1H), 4.24 (dd, J = 10.4, 4.9
Hz, 1H), 4.08 (td, J = 10.0, 5.1 Hz, 1H), 3.75 (t, J = 9.1 Hz, 1H), 3.71-3.68 (m, 4H), 3.62 (t, J = 10.2
Hz, 1H), 3.56 (t, J = 8.2 Hz, 1H), 3.50 (dt, J = 9.9, 3.3 Hz, 1H), 3.45 (td, J = 9.7, 3.5 Hz, 1H), 3.40 ¢,
J=9.3Hz, 1H), 2.21 (s, 1H); 3C NMR (150 MHz, CDCls) § 149.8, 146.4, 138.1, 137.9, 137.8, 136.9,
129.3,128.7, 128.5 (2C), 128.4 (2C), 128.3, 128.0 (2C), 127.9 (2C), 127.8, 127.7, 126.2, 123.8, 102.9,
101.9,100.1, 85.1, 81.4 (2C), 77.7, 75.6, 75.3, 75.2, 74.9, 73.6, 69.4, 68.5 (2C), 63.4, 58.4; IR (ATR):
3335, 3031, 2867, 1529, 1454, 1348, 1164, 1072, 1027, 736, 697 cm; HRMS (ESI) calcd for

Cs3Hs3N2014S [M—H]™: 973.3223; Found: 973.3227.

PO\ o
HO BnO ~OBnph—v0\
2-NapSOoHN | 0Bn 0 o2
BnO
Troch/ Troohn  ZNapSOZHN]
BnO

OBn
B,a-39y -39y’

B,a-39y: A colorless amorphous solid; [a]p®® +29.6 (¢ 1.27, CHCIs); *H NMR (600 MHz, CDCls)
§8.44 (s, 1H), 7.90-7.83 (m, 4H), 7.60 (t, J = 6.9 Hz, 1H), 7.55 (t, J = 7.4 Hz, 1H), 7.45-7.25 (m,
20H), 5.93 (d, J = 8.8 Hz, 1H), 5.38 (s, 1H), 5.18 (d, J = 12.6 Hz, 1H), 4.91 (d, J = 11.5 Hz, 1H), 4.90
(d, J=3.8 Hz, 1H), 4.78 (d, J = 9.3 Hz, 1H), 4.78 (d, J = 12.1 Hz, 1H), 4.73 (d, J = 12.1 Hz, 1H), 4.65
(d,J =115 Hz, 1H), 4.42 (d, J = 12.1 Hz, 1H), 4.38 (d, J = 12.1 Hz, 1H), 4.35 (d, J = 12.1 Hz, 1H),
4.25 (d, J = 8.2 Hz, 1H), 4.16-4.00 (m, 4H), 3.91 (t, J = 9.3 Hz, 1H), 3.61-3.50 (m, 4H), 3.39 (td, J =
9.7, 3.7 Hz, 1H), 3.37 (t, J = 9.3 Hz, 1H), 3.30 (d, J = 11.0 Hz, 1H), 2.17 (br s, 1H); 3C NMR (150
MHz, CDCls) & 156.1, 138.0, 137.5, 137.2, 137.0, 134.7, 132.0, 129.3, 129.2, 129.1, 129.0, 128.7,
128.6, 128.5, 128.4, 128.3, 128.2 (2C), 128.1, 127.9 (3C), 127.4, 126.3, 122.4, 103.5, 101.9, 100.6,
95.7,81.2,77.6, 75.4,74.7, 73.6 (2C), 70.8, 70.4, 69.6, 68.6, 68.4, 62.6, 58.0, 53.6; IR (ATR): 3402,
3269, 2867, 1737, 1524, 1316, 1086, 1027, 997, 746, 696 cm™; HRMS (ESI) calcd for
Cs3Hs3N2013SClIsNa [M+Na]*:1085.2226; Found: 1085.2214.

B-39y’: Acolorless amorphous solid; [a]o?® —49.6 (¢ 0.94, CHCI3); *H NMR (600 MHz, CDCls) 6 8.44
(s, 1H), 7.92-7.85 (m, 4H), 7.62 (t, J = 7.1 Hz, 1H), 7.57 (t, J = 7.4 Hz, 1H), 7.40—7.28 (m, 18H), 7.12
(dd, J = 7.4, 1.4 Hz, 2H), 6.36 (d, J = 2.7 Hz, 1H), 5.50 (d, J = 3.3 Hz, 1H), 5.40 (s, 1H), 5.02 (d, J =
6.6 Hz, 1H), 4.88 (d, J = 11.5 Hz, 1H), 4.68 (d, J = 8.8 Hz, 1H), 4.63 (d, J = 12.1 Hz, 1H), 4.53-4.50
(m, 3H), 4.40 (d, J = 11.5 Hz, 1H), 4.35 (d, J = 12.1 Hz, 1H), 4.33 (d, J = 11.5 Hz, 1H), 4.24-4.20 (m,

2H), 4.11 (t, J = 9.9 Hz, 1H), 4.01 (td, J = 10.0, 4.6 Hz, 1H), 3.87 (d, J = 2.2 Hz, 1H), 3.71-3.62 (m,
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4H), 3.42 (t, J = 9.6 Hz, 1H), 3.35-3.31 (m, 1H), 3.07 (dt, J = 9.3, 3.3 Hz, 1H); 13C NMR (150 MHz,
CDCls) & 153.7, 138.5, 138.1, 137.8, 136.4, 135.7, 134.9, 131.9, 129.7, 129.2, 128.9, 128.8, 128.7,
1285 (2C), 128.4 (2C), 128.3 (2C), 128.2 (2C), 128.1, 128.0, 127.8, 127.6, 127.5, 127.4,127.3,127.2,
126.1, 122.7, 102.4, 96.9, 95.5, 93.5, 80.3, 76.4, 74.1 (2C), 74.0, 73.6, 72.1, 72.0, 71.9, 68.9, 68.7,
62.8, 57.4, 53.2; IR (ATR): 3426, 3029, 2867, 1733, 1511, 1454, 1156, 1073, 1027, 747, 697 cm'*;
HRMS (ESI) calcd for CssHs7N3O13SCls [M+NH4]*:1080.2672; Found: 1080.2674.

6. Typical procedure for 1,1’-a,a-disaccharides (Figure 59, Entry 4)

O TBDPSO Phﬁg&&/
Ph/%g%&H 40a (1.5 equiv.) 5 . TBDPSO 0 OBn
TBDPSO 24e (20 mol%) OBn HOHO%Bn
HO "OH  \ecN, 0°C, 24 h HO&K?)Bn
5g (1.0 equiv.) a,0-41a: 75% OBn
a,p-41a: 4% o,a-41a a,p-41a

BnO
BnO 0
0
HO,

To a solution of 1,2-diol 5g (40.0 umol, 20.3 mg), borinic acid 24e (8.00 umol, 1.6 mg) in anhydrous
MeCN (0.20 mL) was added a solution of 1,2-anhydroglucose 40a (60.0 umol, 26.0 mg) in anhydrous
MeCN (0.40 mL), and the mixture was stirred at 0 °C for 24 h. Then the mixture was quenched with
EtsN (2.0 uL), diluted with CHCIs and filtered through a pad of Celite®. The filtrate was evaporated
to afford the crude product, which was purified by preparative thin layer chromatography
(hexane:EtOAc = 2:1) to provide a,a-41a (28.0 mg, 75%) and o,3-41a (1.5 mg, 4%) respectively.

Neither B,a-41a nor 3,3-41a was not detected under the reaction condition.

Ph—X-0
o] O Ph—X\-0 Ph—X:0 o
TBDPSO Oﬁ/O TBngo
HOY, TBDPSO ~ OBn S oBn
oen 1o X9 "osn PoNo 0s
HO&K() HO n

Bn OBn OBn

OBn
ao,0-41a o,p-41a B,a-41a

a,a-41a: A colorless amorphous solid; [a]o?® +67.8 (¢ 0.52, CHCI3); *H NMR (600 MHz, CDCls) &
7.65-7.65 (m, 4H), 7.34-7.18 (m, 26H), 5.31 (s, 1H), 5.10 (d, J = 3.8 Hz, 1H), 5.06 (d, J = 3.8 Hz,
1H), 4.86 (d, J = 11.0 Hz, 1H), 4.81 (d, J = 11.0 Hz, 1H), 4.77 (d, J = 11.5 Hz, 1H), 4.61 (d, J = 12.1
Hz, 1H), 4.51 (d, J = 11.0 Hz, 1H), 4.45 (d, J = 12.1 Hz, 1H), 4.17 (dd, J = 10.2, 4.7 Hz, 1H), 4.00 (t,
J=9.1Hz, 1H), 3.81-3.61 (M, 8H), 3.58-3.48 (m, 2H), 1.70 (d, J = 7.1 Hz, 1H), 1.58 (d, J = 7.1 Hz,
1H), 1.04 (s, 9H); *C NMR (150 MHz, CDCls3) & 138.4,138.2, 137.9, 137.1, 136.0 (2C), 133.7, 129.8,
129.6,128.7,128.6,128.4 (3C), 128.3, 128.0, 127.9 (4C), 127.8, 127.7 (2C), 127.4,126.3, 101.5, 95.5,
95.1,82.6,81.3,77.4,75.4,749,73.5,73.4,73.3,72.0, 71.1, 68.8, 68.1, 63.4, 27.0, 19.6; IR (ATR):
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3460, 3032, 2930, 2858, 1454, 1362, 1068, 1027, 991, 742, 698 cm; HRMS (ESI) calcd for
Cs6He2011SiNa [M+Na]*: 961.3954; Found: 961.3971.

a,B-41a: A colorless amorphous solid; [a]p?® +60.5 (¢ 0.66, CHCI3); *H NMR (600 MHz, CDCls)
§7.62—7.59 (m, 4H), 7.36—7.24 (m, 20H), 7.20—7.18 (m, 2H), 7.14-7.13 (m, 2H), 6.95 (d, J = 7.1 Hz,
2H), 5.20 (d, J = 3.8 Hz, 1H), 5.17 (s, 1H), 4.89 (d, J = 11.5 Hz, 1H), 4.85 (d, J = 11.5 Hz, 1H), 4.80
(d, J = 11.0 Hz, 1H), 4.57 (d, J = 12.6 Hz, 1H), 4.52 (d, J = 8.2 Hz, 1H), 4.48 (d, J = 12.6 Hz, 1H),
4.48 (d, J = 10.4 Hz, 1H), 4.19 (dd, J = 10.4, 4.9 Hz, 1H), 4.08 (dt, J = 9.9, 3.3 Hz, 1H), 3.81-3.69
(m, 4H), 3.64-3.61 (m, 3H), 3.55 (dd, J = 10.2, 9.1 Hz, 1H), 3.51 (t, J = 9.1 Hz, 1H), 3.25 (td, J = 9.7,
5.1 Hz, 1H), 3.17 (br s, 1H), 2.54 (br s, 1H), 1.00 (s, 9H); 3C NMR (150 MHz, CDCls) 5 138.6, 138.1,
137.7, 136.8, 136.1, 135.7, 134.0, 132.9, 129.7, 129.4, 128.7, 128.5, 128.4 (2C), 127.9, 127.8, 127.7
(2C), 127.5,127.3, 126.2, 103.2, 101.4,98.9, 82.9, 80.8, 77.4, 75.5, 75.4, 75.3, 74.8, 73.3, 72.9, 71.5,
68.5, 68.3, 66.7, 26.9, 19.6; IR (ATR): 3393, 2930, 2858, 1454, 1094, 1066, 1051, 1027, 747, 697 cm"
1 HRMS (ESI) calcd for CssHgsNO11Si [M+ NH4]*: 956.4400; Found: 956.4402.

Confirmation of the structure (Figure 60)

Ph—X-0 Ph—X-0
0 O o 0
TBDPSO NaOMe TBDPSO
HOO oBh ——» HOO OBn
QoNCXN oy MeOH, Qo NI o8n

OBn quant. 0Bn
B,a-39a B,o-41a

To a solution of ,a-39a (7.75 umol, 7.6 mg) in MeOH (0.70 mL) was added NaOMe (3.87 umol, 0.2
mg). The mixture was stirred at rt for 1.5 h, and then treated with NaOMe (7.75 pumol, 0.4 mg), and
stirred at rt for 1 h. The mixture was treated with NaOMe (7.75 umol, 0.4 mg), and stirred at rt for 12
h. The mixture was concentrated in vacuo. The crude product was purified by column chromatography
(hexane:EtOAc = 2:1) to afford B,o-41a (8.3 g, quant.) as a colorless amorphous solid; [a]p?® +48.1
(c 0.70, CHClIs); *H NMR (600 MHz, CDCls) 6 7.62-7.60 (m, 4H), 7.39-7.23 (m, 22H), 7.17-7.12
(m, 4H), 5.25 (s, 1H), 5.10 (d, J = 3.8 Hz, 1H), 4.86 (d, J = 11.5 Hz, 1H), 4.82 (d, J = 11.5 Hz, 1H),
4.80 (d, J =11.0 Hz, 1H), 4.56 (d, J = 12.1 Hz, 1H), 4.53 (d, J = 11.0 Hz, 1H), 4.52 (d, J = 12.1 Hz,
1H), 4.34 (d, J = 7.7 Hz, 1H), 4.19 (dd, J = 9.9, 4.9 Hz, 1H), 4.06 (t, J = 9.1 Hz, 1H), 3.98 (td, J = 9.9,
4.9 Hz, 1H), 3.76 (dd, J = 8.8, 3.8 Hz, 1H), 3.66-3.49 (m, 6H), 3.45-3.41 (m, 2H), 2.77 (br s, 1H),
2.36 (br s, 1H), 1.00 (s, 9H); **C NMR (150 MHz, CDClIs) & 138.6, 138.0 (2C), 137.9, 137.1, 136.0,
135.9, 133.9, 133.6, 129.6, 129.5, 128.7, 128.5, 128.4 (2C), 128.0, 127.9 (2C), 127.8 (2C), 127.6 (2C),
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127.3,126.8 (3C), 126.4,104.4,101.6,101.4, 84.3,81.2,77.1,75.6, 75.1,75.0, 74.7, 74.2, 73.5 (2C),
68.7, 68.5, 63.6, 27.0, 19.6; IR (ATR): 3442, 3032, 2930, 2857, 1455, 1086, 1070, 1028, 698 cm™;
HRMS (ES|) calcd for C55H55N0118i [M+NH4]+Z 956.4400; Found: 956.4405.

7. Control experiments for 1,1’-a,a-disaccharides (Figure 61)

Ph—X-0 Ph/%O O
BnO 0 O TBDPSO
Bno&g TBDPSS&SH HO

BnO 0 oH Q OBn
0 HO o 16
OBn HO OBn
Ph—X\-0 40a (2.0 equiv. OBn OBn
—aoplo o2 ( ) p-a1a” OBN w,a-Ma
HO "OH cat. (10 mol%) Ph/vo Ph/vo
4A MS, CH,Cl, Oﬁ/o o o)
59 (1.0 equiv.) —40°C,24h  T1BDPSO OBn TBDPSO
HO o HO OBn
HO OBn o o
OBn HO OBn
OBn
o,pB-41a B,a-41a
cat p-41a’ o,o0-41a o,p-41a B,o-41a recovery of 5g
BF5+OEt, 7% 1% 10% 4% 46%
TfOH 16% 9% 9% 2% 49%

To a mixture of 1,2-diol 5g (40.0 umol, 20.3 mg), 1,2-anhydroglucose 40a (80.0 umol, 34.6 mg), and
activated 4A MS (80 mg) in anhydrous CH,Cl, (0.40 mL) was added boron trifluoride - ethyl ether
complex (4.00 pmol, 0.5 pL) (or triflic acid (4.00 umol, 0.4 pL)) at —40 °C, and the mixture was
stirred at —40 °C for 24 h. Then the mixture was quenched with EtsN (2.0 uL), diluted with CHClzand
filtered through a pad of Celite®. The filtrate was evaporated to afford the crude product, which was
purified by preparative thin layer chromatography (CHCI3:EtOAc = 4:1) to provide B-41a’ (2.6 mg,
7%, o:p =50:50), a,0-41a (4.2 mg, 11%), a,,p-41a (3.6 mg, 10%), B,a-41a (1.6 mg, 4%) respectively.
B-41a’: A colorless amorphous solid; *H NMR (600 MHz, CDCls, 50:50 mixture of anomers)
8 7.58-7.55 (m, 4.0H), 7.37-7.15 (m, 24.0H), 6.88 (d, J = 7.1 Hz, 1.0H), 6.78 (d, J = 7.1 Hz, 1.0H),
5.42 (d, J =3.8 Hz, 0.5H), 5.40 (s, 0.5H), 4.92 (d, J = 11.0 Hz, 0.5H), 4.91 (d, J = 11.0 Hz, 0.5H), 4.87
(s, 0.5H), 4.83-4.75 (m, 2.0H), 4.72 (dd, J = 7.1, 3.8 Hz, 0.5H), 4.68 (s, 0.5H), 4.60 (d, J = 7.1 Hz,
0.5H), 4.55-4.47 (m, 3.0H), 4.40 (t, J = 7.1 Hz, 0.5H), 4.39 (d, = 8.8 Hz, 0.5H), 4.20-4.15 (m, 1.5H),
3.94 (td, J = 9.9, 4.9 Hz, 0.5H), 3.78 (dd, J = 8.5, 3.6 Hz, 0.5H), 3.69-3.44 (m, 9.0H), 3.27 (td, J =
9.9,4.9 Hz, 0.5H), 1.99 (d, J=2.2 Hz, 0.5H), 1.95 (d, J = 2.2 Hz, 0.5H), 0.95 (s, 4.5H), 0.93 (s, 4.5H);
13C NMR (150 MHz, CDCl3, 50:50 mixture of anomers) & 138.6, 138.5, 138.0, 137.8, 137.4, 136.8,
136.6, 135.9, 135.8, 135.5, 135.4, 134.7, 134.6, 133.5, 133.4, 129.4, 129.3 (2C), 128.7, 128.6, 128.5
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(2C), 128.4 (3C), 128.1 (2C), 128.0, 127.9 (2C), 127.8 (2C), 127.7 (3C), 127.5, 127.4, 127.3, 126.5,
126.4,103.8, 103.0, 101.7, 101.5, 96.4, 92.9, 85.9, 84.3, 84.2, 83.0, 81.4, 80.6, 77.4, 75.2, 75.1 (2C),
75.0 (2C), 74.9, 74.6, 73.6, 73.5, 72.2, 69.0, 68.9, 68.8, 68.5, 65.8, 62.4, 26.9 (2C), 19.6 (2C); IR
(ATR): 3440, 3030, 2857, 1454, 1060, 1027, 997, 749, 696 cm?; HRMS (ESI) calcd for

Cs6He2011SiNa [M+Na]*: 961.3954; Found: 961.3964.

6.34 ppm
Ph/%% Ph/%w, J=38Hz Ph/%%%/
TBDPSO > on Ac,0 TBDPSO ° OOA: ) TBDPSO 9 g/gg oo

N e e S - o

OBROBN  (up=4357) ~ OBn GJ=77Hz OB 4. J=8.2Hz

p-41a’ a-S12 B-S12
To a solution of B-41a’ (6.39 umol, 6.0 mg) in pyridine (0.13 mL) was added Ac,O (64 uL), and the
mixture was stirred at rt for 18 h. Then, the mixture was diluted with EtOAc (15 mL) and washed with
1N HCI (15 mL), a saturated NaHCO3 aqueous solution (15 mL), and brine (15 mL). The organic layer
was dried over Na SO, filtered and concentrated in vacuo. The crude product was purified by
preparative thin layer chromatography (hexane:EtOAc = 4:1) to afford a-S12 (2.0 mg, 30%) and B-
S12 (2.6 mg, 40%).
a-S12: A colorless amorphous solid; [a]o?® +20.3 (c 0.72, CHCI3); *H NMR (600 MHz, CDCls) § 7.55
(d, J=6.6 Hz, 2H), 7.48 (d, J = 6.6 Hz, 2H), 7.41-7.20 (m, 22H), 7.13-7.10 (m, 2H), 6.66 (d, J = 7.1
Hz, 2H), 6.34 (d, J = 3.8 Hz, 1H), 4.98 (dd, J=8.8, 7.7 Hz, 1H), 4.88 (d, J = 7.7 Hz, 1H), 479 (d, J =
11.5 Hz, 1H), 4.78 (d, J = 11.0 Hz, 1H), 4.68 (d, J = 11.5 Hz, 1H), 4.66 (d, J = 12.1 Hz, 1H), 4.62 (d,
J=12.1 Hz, 1H), 459 (d, J = 11.0 Hz, 1H), 4.50 (s, 1H), 4.31 (t, J = 9.1 Hz, 1H), 4.09 (dd, J = 10.4,
4.9 Hz, 1H), 4.03 (dd, J = 8.8, 4.4 Hz, 1H), 3.78 (dd, J = 10.7, 1.9 Hz, 1H), 3.74-3.61 (m, 4H), 3.56
(ddd, J = 9.7, 5.4, 1.8 Hz, 1H), 3.45-3.38 (m, 2H), 2.11 (s, 3H), 1.87 (s, 3H), 0.92 (s, 9H); 13C NMR
(150 MHz, CDCls) 6 169.5 (2C), 138.2 (2C), 137.8, 136.5, 135.8, 135.2, 135.1, 133.3, 129.3, 129.2,
128.6,128.5,128.4 (2C), 128.1, 127.9,127.7 (3C), 127.6 (2C), 127.3, 127.2,126.4,101.5, 100.7,92.0,
82.8, 80.6, 78.1, 77.1, 75.3, 75.1, 74.9, 73.5, 73.2, 73.0, 69.0, 68.6, 63.9, 26.9, 20.9 (2C), 19.6; IR
(ATR): 2930, 2857, 1751, 1369, 1227, 1086, 1018, 750, 697 cm™; HRMS (ESI) calcd for
CsoHss013SiNa [M+Na]*: 1045.4165; Found: 1045.4161.
B-S12: A colorless amorphous solid; [a]o?® —2.9 (¢ 0.60, CHCI3); *H NMR (600 MHz, CDCl3) & 7.58

(d, J = 6.6 Hz, 2H), 7.55 (d, J = 6.6 Hz, 2H), 7.41-7.15 (m, 24H), 6.81 (d, J = 7.1 Hz, 2H), 5.85 (d, J
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= 6.0 Hz, 1H), 4.90 (dd, J = 9.6, 8.0 Hz, 1H), 4.78 (d, J = 11.0 Hz, 1H), 4.77 (d, J = 11.5 Hz, 1H), 4.69
(s, 1H), 4.63-4.54 (m, 4H), 4.39 (d, J = 8.2 Hz, 1H), 4.19 (dd, J = 9.3, 4.4 Hz, 1H), 4.11 (dd, J = 8.2,
5.5 Hz, 1H), 3.90 (t, J = 5.5 Hz, 1H), 3.77-3.69 (m, 4H), 3.51-3.42 (m, 3H), 3.31 (dt, J = 9.9, 2.7 Hz,
1H), 2.08 (s, 3H), 1.83 (s, 3H), 0.97 (s, 9H); 3C NMR (150 MHz, CDCls) § 169.3, 169.1, 138.1, 138.0,
137.9, 136.7 135.8, 135.3, 134.2, 133.0, 129.6, 129.4, 128.6, 128.5, 128.4, 128.1, 127.9 (2C), 127.7
(4C), 127.6, 127.3,126.2, 101.2, 100.3, 92.9, 82.6, 80.2, 79.3, 77.8, 75.7, 75.1 (2C), 74.9, 73.5, 72.8,
68.8, 68.6, 65.1, 26.7, 20.9, 20.8, 19.4; IR (ATR): 2931, 2858, 1750, 1371, 1227, 1056, 752, 698 cm"
1 HRMS (ESI) calcd for CeoHessO13SiNa [M+Na]*: 1045.4165; Found: 1045.4149.

8. Characterization data of 1,1’-a,a-disaccharides (Figure 62)
Ph
& Ph
0
0

o
o o]
TBDPSO 0
HO TBDPSO
o) HO OBn

Otn ETANCAN
OBn
&%Bn Ho

BnO
BnO
o,0-41b B,a-41b

a,a-41b: A colorless amorphous solid; [a]o?® +111.9 (¢ 0.48, CHCI3); *H NMR (600 MHz, CDCl3)

HO

§7.82-7.78 (m, 4H), 7.57 (d, J = 7.1 Hz, 2H), 7.40-7.23 (m, 24H), 5.28 (s, 1H), 5.26 (d, J = 3.3 Hz,
1H), 5.10 (d, J = 3.8 Hz, 1H), 4.86 (d, J = 11.5 Hz, 1H), 4.81 (d, J = 11.0 Hz, 1H), 4.66 (d, J = 12.1
Hz, 1H), 4.63 (d, J = 11.0 Hz, 1H), 4.56 (d, J = 11.0 Hz, 1H), 4.48 (d, J = 12.1 Hz, 1H), 4.29-4.27 (m,
1H), 4.14-4.10 (m, 2H), 4.02 (d, J = 9.9 Hz, 1H), 3.80-3.59 (m, 7H), 3.51 (t, J = 9.3 Hz, 1H), 1.87
(br s, 1H), 1.62 (br s, 1H), 1.06 (s, 9H); 3C NMR (150 MHz, CDCls) § 138.6, 138.3, 138.0, 137.9,
135.8 (2C), 134.1, 133.0, 129.9 (2C), 128.7, 128.5, 128.4 (2C), 128.1, 128.0 (2C), 127.9, 127.8, 127.7
(3C), 126.0,100.4,95.7,94.5,82.6,77.6,76.1, 75.3,74.9, 73.5,71.9, 71.1, 71.0, 69.3, 68.7, 68.2, 63.4,
26.8, 19.4; IR (ATR): 3463, 3032, 2930, 2858, 1454, 1362, 1090, 1065, 1016, 750, 696 cm™; HRMS
(ESI) calcd for CsgHg2011SiNa [M+Na]*: 961.3954; Found: 961.3953.

B,a-41b: A colorless amorphous solid; [a]p?® +49.0 (c 0.29, CHCl3); *H NMR (600 MHz, CDCls)
§7.77-7.73 (m, 4H), 7.53 (d, J = 6.6 Hz, 2H), 7.45-7.27 (m, 22H), 7.15 (dd, J = 7.4, 1.9 Hz, 2H),
5.25 (d, J = 3.3 Hz, 1H), 5.20 (s, 1H), 4.94 (d, J = 11.0 Hz, 1H), 4.83 (d, J = 11.5 Hz, 1H), 4.82 (d, J
=11.0 Hz, 1H), 453 (d, J = 12.1 Hz, 1H), 4.49 (d, J = 12.6 Hz, 1H), 4.47 (d, J = 12.1 Hz, 1H), 4.39

(d,J=7.7 Hz, 1H), 4.25 (dd, J = 10.2, 3.0 Hz, 1H), 4.15 (dd, J = 9.9, 3.3 Hz, 1H), 4.07 (dd, J = 12.9,

132



1.9 Hz, 1H), 3.71-3.55 (m, 7H), 3.48-3.43 (m, 2H), 3.23 (br s, 1H), 2.44 (br s, 1H), 1.08 (s, 9H); 3C
NMR (150 MHz, CDCls) § 138.7, 138.1, 138.0, 137.9, 135.9, 135.8, 134.0, 133.2, 130.0, 129.9, 128.7,
128.5,128.4 (3C), 128.1, 128.0, 127.9 (3C), 127.7 (3C), 127.6, 126.1, 104.5, 101.9, 100.4, 84.4, 77.1,
75.9,75.4,75.2, 75.1, 75.0, 73.4, 71.3, 69.7, 69.1, 68.4, 64.0, 26.9, 19.5; IR (ATR): 3416, 3031, 2927,
2856, 1496, 1454, 1362, 1088, 1027, 739, 697 cm; HRMS (ESI) calcd for CssHs2011SiNa [M+Na]*:
961.3954; Found: 961.3942.

Ph
k Ph
0
) ko
o o)
TIPSO 0
HO TIPSO
o HO OBn

on Poxo
OBn
wsn Ho

BnO
BnO
a,o-41c B,0-41c

a,a-41c: A colorless amorphous solid; [a]o?® +114.6 (c 0.68, CHCIs); *H NMR (600 MHz, CDCls)

HO

§7.51(d,J =7.1 Hz, 2H), 7.36-7.25 (m, 16H), 7.18 (d, J = 7.1 Hz, 2H), 5.49 (s, 1H), 5.34 (d, J = 3.3
Hz, 1H), 5.24 (d, J = 2.2 Hz, 1H), 4.91 (d, J = 11.0 Hz, 1H), 4.79 (d, J = 11.0 Hz, 1H), 472 (d, J =
11.0 Hz, 1H), 4.66 (d, J = 12.1 Hz, 1H), 4.55 (d, J = 10.4 Hz, 1H), 4.48 (d, J = 12.1 Hz, 1H), 4.29-4.24
(m, 2H), 4.17-4.14 (m, 2H), 4.10 (d, J = 9.3 Hz, 1H), 4.03-4.01 (m, 1H), 3.91 (s, 1H), 3.78-3.65 (m,
5H), 1.97-1.94 (m, 2H), 1.15-1.07 (m, 21H); 3C NMR (150 MHz, CDCls) & 138.6, 138.3, 137.9,
128.7, 128.5, 128.4, 128.3, 128.0 (2C), 127.8, 127.7 (4C), 126.1, 100.6, 94.9, 93.8, 82.9, 77.8, 77.1,
75.4,74.6,73.4,72.0,71.0,70.6, 69.5, 68.7, 68.2, 63.6, 18.1, 18.0, 12.6; IR (ATR): 3468, 3032, 2941,
2865, 1454, 1363, 1092, 1064, 1015, 751, 696 cm™*; HRMS (ESI) calcd for C49HssNO11Si [M+ NHa]*:
874.4556; Found: 874.4561.

B,a-41c: A colorless amorphous solid; [a]p?® +89.2 (c 0.12, CHCIls); *H NMR (600 MHz, CDCls)
§7.50 (dd, J = 7.7, 1.6 Hz, 2H), 7.39-7.27 (m, 16H), 7.16 (dd, J = 7.7, 1.6 Hz, 2H), 5.49 (s, 1H), 5.31
(d, J = 3.3 Hz, 1H), 4.96 (d, J = 11.0 Hz, 1H), 4.85 (d, J = 11.0 Hz, 1H), 4.83 (d, J = 11.5 Hz, 1H),
459 (d, J = 12.1 Hz, 1H), 4.54 (d, J = 11.0 Hz, 1H), 4.53 (d, J = 12.1 Hz, 1H), 4.45 (d, J = 7.7 Hz,
1H), 4.23-4.19 (m, 2H), 4.15-4.12 (m, 2H), 4.00-3.97 (m, 2H), 3.71-3.59 (m, 5H), 3.50 (dt, J = 9.3,
3.3Hz, 1H), 3.35 (br s, 1H), 2.42 (brs, 1H), 1.13-1.08 (m, 21H); 13C NMR (150 MHz, CDCl5) & 138.6,
138.1, 138.0, 137.9, 128.4 (3C), 128.3, 128.0 (2C), 127.9, 127.8 (2C), 127.7, 126.1, 104.9, 101.9,

100.7,84.4,77.1,755, 754, 75.1, 75.0, 73.5, 70.7, 69.7, 69.4, 68.5, 64.2, 18.1, 18.0, 12.6; IR (ATR):

133



3422, 3032, 2924, 2865, 1454, 1363, 1092, 1027, 739, 697 cm™; HRMS (ESI) calcd for CagHssNO11Si
[M+ NH4]*: 874.4556; Found: 874.4555.

Confirmation of the structure (Figure 63)
BnO

PC Bno° 0 PC

n
N AcO "“OP(OEt), N

- NaOM
%O& 38a (1.2 equiv.) o aOMe B.a-41b

TBDPSO 24i (10 mol%) TBDPSO MeOH, rt

HO OH  5A MS, CH,CI, HOJ o OBn 67%

51 (1.0 equiv.) rt, 24 h Achg/OBn
30% B,a-392 BnO

According to the typical procedure, 51 (40.0 umol, 20.3 mg) and 38a (60.0 umol, 29.4 mg) were
converted to B,a-39z (11.6 mg, 30%) as a colorless amorphous solid; [a]o?® +61.9 (c 0.66, CHCI3); *H
NMR (600 MHz, CDCls)  7.79-7.76 (m, 4H), 7.51-7.16 (m, 26H), 5.12 (s, 1H), 5.07 (d, J = 1.1 Hz,
1H), 4.93 (t, J = 8.2 Hz, 1H), 4.78 (d, J = 11.5 Hz, 1H), 4.77 (d, J = 11.0 Hz, 1H), 4.68 (d, J = 11.5
Hz, 1H), 4.54 (d, J = 11.0 Hz, 1H), 4.46 (s, 2H), 4.45 (d, J = 7.7 Hz, 1H), 4.08-4.04 (m, 2H), 3.92 (d,
J =126 Hz, 1H), 3.66-3.42 (m, 8H), 1.97 (s, 3H), 1.83 (s, 1H), 1.07 (s, 9H); 3C NMR (150 MHz,
CDCls) 8 170.3, 138.1 (2C), 137.8 (2C), 135.9 (2C), 134.6, 133.1, 129.8, 129.7, 128.6, 128.4 (5C),
128.0 (2C), 127.9, 127.8 (3C), 127.6 (2C), 126.1, 102.0, 101.6, 100.4, 82.6, 77.6, 76.0, 75.1, 75.0,
735, 73.3, 71.5, 69.2, 68.9, 68.3, 63.7, 26.9, 21.0, 19.5; IR (ATR): 3545, 3032, 2858, 1743, 1454,
1362, 1232, 1082, 1027, 909, 733, 696 cm?; HRMS (ESI) calcd for CsgHesO12SiNa [M+Na]*:
1003.4059; Found: 1003.4091.

According to the procedure for the synthesis of §,a-41a, B,a-39z (5.91 umol, 5.8 mg) was converted
to B,a-41b (3.7 mg, 67%).

Ph Ph Ph

bo Yo

ko
0 TBAF Q TBAF ?
(@] _ > o - (0]
TBDPSO 70% HO quant. TIPSO
HOo OBn HOo OBn HOO OBn
SN AN SFANANN Qo N osn

BnO BnO BnO
B,0-41b 42 B,a-41c

To a solution of B,a-41b (2.87 umol, 2.7 mg) in THF (0.10 mL) was added a solution of TBAF in
THF (1M, 4.0 uL) at rt. The resulting mixture was stirred at rt for 8 h, and then diluted with Et,O and
washed with H,O and brine. The organic phase was dried over Na;SQy, filtered and concentrated in

vacuo. The crude product was purified by preparative thin layer chromatography (EtOAc) to afford 42
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(1.4 mg, 70%) as a colorless solid; [a]o® +46.0 (c 0.20, CHCIs); *H NMR (600 MHz, CDCls) &
7.49-7.47 (m, 2H), 7.38-7.27 (m, 16H), 7.18 (dd, J = 7.7, 1.6 Hz, 2H), 5.52 (s, 1H), 5.31 (d, J = 2.7
Hz, 1H), 4.89 (d, J = 11.5 Hz, 1H), 4.86 (d, J = 11.5 Hz, 1H), 4.83 (d, J = 10.4 Hz, 1H), 457 (d, J =
12.1 Hz, 1H), 455 (d, J = 11.0 Hz, 1H), 452 (d, J = 12.1 Hz, 1H), 4.48 (d, J = 7.1 Hz, 1H), 4.25 (d, J
= 1.6 Hz, 1H), 4.19 (dd, J = 12.6, 1.6 Hz, 1H), 4.06 (s, 1H), 3.98-3.94 (m, 3H), 3.71-3.56 (m, 5H),
3.50 (ddd, J=9.9, 3.8, 2.2 Hz, 1H); 3C NMR (150 MHz, CDCls) & 138.5, 138.0, 137.9, 137.5, 129.2,
128.6, 128.4, 128.3, 128.0, 127.9 (3C), 127.8 (2C), 126.3, 104.0, 101.4, 101.3, 84.4,75.7, 75.4, 75.1,
75.0, 74.7, 735, 70.2, 69.7, 69.2, 68.6, 63.8; IR (ATR): 3417, 3030, 2925, 2855, 1453, 1361, 1090,
1027, 733, 695 cm*; HRMS (ESI) calcd for CaHa4011Na [M+Na]*: 723.2776; Found: 723.2768.

According to the same procedure, 3,a-41c (1.47 umol, 0.9 mg) was converted to 42 (0.9 mg, quant.).

9. Synthesis of STL-1 (Figure 67)

Ph/T
Ph—%~0 TBDPSO
CO,H
0&% BnO,C~ 2
HO

TBDPSO _
OBn 2,4 6-trichloro- OB”
HO&KBBn benzoyl chloride C
oBn i-Pr,NEt, DMAP
86%
o,o-41a

Using the reported procedure,® to a solution of succinic acid monobenzyl ester (0.190 mmol, 39.5
mg) in benzene (0.50 mL) were added 2,4,6-trichlorobenzoyl chloride (0.285 mmol, 45 pl) and i-
PraNEt (0.285 mmol, 50 ulL). To the mixture were added a solution of a,a-41a (0.0475 mmol, 44.6
mg) in benzene (0.50 mL) and 4-dimethylaminopyridine (0.380 mmol, 46.4 mg). The resulting
mixture was stirred at 40 °C for 18 h, and then diluted with EtOAc and saturated NaHCO3 aqueous
solution at rt. After the aqueous layer was extracted with EtOAc, the combined extracts were dried
over Na;SOs, filtered and concentrated in vacuo. The crude product was purified by column
chromatography (hexane:EtOAc = 3:1) to afford 43 (54.2 mg, 86%) as a colorless syrup; [a]p?® +68.8
(c 0.81, CHCIs); *H NMR (600 MHz, CDCls) & 7.68 (dd, J = 8.2, 1.6 Hz, 2H), 7.50 (dd, J = 7.7, 1.6
Hz, 2H), 7.37-7.18 (m, 36H), 5.35 (s, 1H), 5.14 (d, J = 3.3 Hz, 1H), 5.13 (d, J = 3.8 Hz, 1H), 5.07 (d,
J =12.6 Hz, 1H), 5.03 (d, J = 11.0 Hz, 2H), 5.00 (d, J = 12.6 Hz, 1H), 4.97 (dd, J = 9.6, 3.6 Hz, 1H),
4.85 (dd, J = 9.9, 3.8 Hz, 1H), 4.79 (d, J = 11.0 Hz, 1H), 4.74 (d, J = 11.5 Hz, 1H), 4.65 (d, J = 11.0

Hz, 1H), 4.54 (d, J = 12.1 Hz, 1H), 4.52 (d, J = 11.0 Hz, 1H), 4.39 (d, J = 12.1 Hz, 1H), 4.27 (t, J =
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9.1 Hz, 1H), 4.13-4.09 (m, 1H), 3.76-3.58 (m, 8H), 2.56-2.21 (M, 8H), 0.95 (s, 9H); 3C NMR (150
MHz, CDCls) § 171.7, 171.6, 171.5 (2C), 138.4, 138.3, 137.9, 137.0, 136.1, 135.9, 135.8, 135.7, 134.1,
132.8,129.7, 129.3, 128.8, 128.5 (2C), 128.4, 128.3 (3C), 128.2 (2C), 127.9, 127.8 (2C), 127.7 (2C),
127.6, 127.5, 127.3, 126.3, 101.8, 93.1, 92.4, 81.7, 79.8, 77.4, 75.5, 75.0, 73.9, 73,5, 72.9, 71.7, 70.1,
68.6, 68.2, 66.4, 66.3, 63.3, 28.7, 28.6, 28.5, 28.3, 26.8, 19.5; IR (ATR): 2931, 2857, 1738, 1149, 1131,

1024, 997, 742, 697 cm™; HRMS (ESI) calcd for CzsHgsNO17Si [M+NH4]*: 1336.5660; Found:

1336.5656.
PN 0 1. E:SiH (3.0 equiv.) SN
TBDPSO TfOH (3.4 equiv.) HO >

4A MS, CH,Cl, o

%
A AL 0 5 XoT—oe"
BnO™ "0 OBn 5 TBAF (1.4equiv) BnO” O O OBn
OBn
o

THF, rt, 6 h 5 OBn
43 77% (2 steps) 44
o o

BnO BnO

Using the reported procedure,® a mixture of 43 (0.0411 mmol, 54.2 mg) and 4A MS (80 mg) in
CH.ClI; (2.0 mL) was stirred at rt for 30min, and then cooled to —78 °C. To the mixture were added
Et3SiH (0.123 mmol, 20 uL) and TfOH (0.140 mmol, 12 uL), and the resulting mixture was stirred at
—78 °C for 1 h. EtsN (0.40 mL) and MeOH (0.40 mL) were added, and the resulting mixture was
filtered through a pad of Celite® using CHCls. After washing the filtrate with a saturated NaHCO3
aqueous solution, the aqueous layer was extracted with CHCl3, and the combined extracts were dried
over NaSOq, filtered and concentrated in vacuo. The crude yellow oil (56.2 mg) was used without
further purification.

To a solution of the crude (56.2 mg) in THF (1.0 mL) was added a solution of TBAF in THF (1M, 58
ulL) at rt. The resulting mixture was stirred at rt for 6 h, and then diluted with EtOAc and washed with
H.O and brine. The organic phase was dried over Na;SOs, filtered and concentrated in vacuo. The
crude product was purified by column chromatography (hexane:EtOAc = 3:1 — 1:1 — 1:2) to afford
44 (34.5 mg, 77%) as a colorless syrup; [a]o® +80.6 (¢ 1.66, CHCI3); *H NMR (600 MHz, CDCl3) §
7.35-7.15 (m, 30H), 5.27 (d, J = 3.8 Hz, 1H), 5.21 (d, J = 3.8 Hz, 1H), 5.08 (s, 2H), 5.07 (d, J = 13.7
Hz, 1H), 5.02 (d, J = 12.1 Hz, 1H), 4.96 (dd, J =9.9, 3.8 Hz, 1H), 4.89 (dd, J = 9.9, 3.3 Hz, 1H), 4.79
(d, J=11.0 Hz, 1H), 4.77 (d, J = 11.5 Hz, 1H), 4.72 (d, J = 11.0 Hz, 1H), 4.56 (d, J = 12.1 Hz, 1H),

455 (d, J =12.1 Hz, 1H), 4.52 (d, J = 11.0 Hz, 1H), 4.50 (d, J = 12.6 Hz, 1H), 4.45 (d, J = 12.1 Hz,
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1H), 4.02 (t, J = 9.3 Hz, 2H), 4.01 (t, J = 9.6 Hz, 2H), 3.89 (ddd, J = 9.9, 3.8, 1.6 Hz, 1H), 3.86 (dt, J
=09, 44 Hz, 1H), 3.72-3.62 (m, 6H), 2.67-2.47 (m, 8H): 13C NMR (150 MHz, CDCls) & 172.4,
172.0,171.9,171.4,138.4,138.1, 137.8 (2C), 135.6, 135.5, 128.6 (2C), 128.4 (3C), 128.3 (2C), 128.2
(2C),127.8 (2C), 127.7 (3C), 127.6 (3C), 92.4,92.3,80.0, 77.6, 75.3, 75.0, 73.6, 73.5, 73.1,72.7, 71.7,
71.6,71.5,70.8,69.6,68.4,66.7,66.6, 29.1, 29.0, 28.7 (2C); IR (ATR): 3504, 2930, 1736, 1149, 1025,
734,696 cmt; HRMS (ESI) calcd for Ce2H7oNO17 [M+NH4]*: 1100.4638; Found: 1100.4627.
/J:\WOO CHy(CH2)14COH CrsHar—© ol
oo SoNogr e T o e
Y n

benzoyl chloride OBn
44 i-ProNEt, DMAP 45 (0]
o 87%
(¢}

Using the reported procedure,® to a solution of palmitic acid (0.0587 mmol, 15.1 mg) in benzene

(0.15 mL) were added 2,4,6-trichlorobenzoyl chloride (0.0881 mmol, 14 uL) and i-ProNEt (0.0881
mmol, 15 uL). To the mixture were added a solution of 44 (0.0147 mmol, 15.9 mg) in benzene (0.15
mL) and 4-dimethylaminopyridine (0.117 mmol, 14.3 mg). The resulting mixture was stirred at 40 °C
for 7 h, and then cooled to rt. After adding EtOAc and a saturated NaHCO3 aqueous solution, the
mixture was separated, and the aqueous layer was extracted with EtOAc. The combined organic phases
were dried over Na,SOs, filtered and concentrated in vacuo. The crude product was purified by column
chromatography (hexane:EtOAc = 4:1) to afford 45 (20.0 mg, 87%) as a colorless syrup; [a]p?® +66.7
(c 0.48, CHCI3); *H NMR (600 MHz, CDCl3) & 7.36-7.15 (m, 30H), 5.56 (t, J = 9.9 Hz, 1H), 5.28 (d,
J=3.8 Hz, 1H),5.24 (d, J =3.8 Hz, 1H), 5.15 (t, J = 9.9 Hz, 1H), 5.08-5.01 (m, 6H), 4.83 (d, J = 11.0
Hz, 1H), 4.80 (d, J = 11.5 Hz, 1H), 4.80 (d, J = 11.0 Hz, 1H), 4.54 (d, J = 12.1 Hz, 1H), 453 (d, J =
11.0 Hz, 1H), 4.48 (d, J = 12.1 Hz, 1H), 4.44 (d, J = 12.1 Hz, 1H), 4.41 (d, J = 12.1 Hz, 1H), 4.10 (t,
J = 9.6 Hz, 1H), 4.05-4.02 (m, 1H), 3.87 (ddd, J = 10.4, 3.8, 2.2 Hz, 1H), 3.72-3.61 (m, 3H), 3.50
(dd, J =11.0, 2.7 Hz, 1H), 3.45 (dd, J = 11.0, 4.4 Hz, 1H), 2.59-2.42 (m, 8H), 2.31-2.14 (m, 4H),
1.57-1.46 (m, 4H), 1.30-1.19 (m, 48H), 0.88 (t, J = 7.1 Hz, 3H), 0.88 (t, J = 7.1 Hz, 3H); 3C NMR
(150 MHz, CDCl3) 6 173.1,172.3,171.7,171.6,171.4,171.3, 138.5, 138.0, 137.9, 137.7, 135.8, 135.7,
128.5,128.4, 128.3 (3C), 128.2 (2C), 128.1, 127.9, 127.8, 127.7 (3C), 127.6, 127.5, 92.8, 92.0, 79.7,

77.7,75.4,75.1,73.6,73.5,72.6,71.7,70.3, 69.8, 69.6, 68.9, 68.5, 68.3, 66.5, 66.4, 34.1, 34.0, 31.9,
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29.7 (3C), 29.5, 29.4, 29.3, 29.2 (2C), 28.7, 28.6 (2C), 24.8, 24.7, 22.7, 14.1; IR (ATR): 2923, 2853,
1739, 1147, 1026, 735, 696 cm™; HRMS (ESI) calcd for CosH130NO19 [M+NH,4]*: 1576.9232; Found:

1576.9221.

i OBn j\ OH
C1sHay Oo % C1sHaq OO °
C15H31\W o) CisH34
o)
o} 0 Pd black T 0
°,Xo 0Bn ——— 0 Yo OH
BhO” S0 O OBn HCO,H/EtOH HO” S0 O OH

OBn r, 1.5 h OH
45 o 94% o)
o) o

BnO HO

succinoyl trehalose lipid (STL-1)

To a solution of 45 (0.0175 mmol, 27.3 mg) in HCO,H:EtOH = 1:20 (3.8 mL) was added Pd black
(2.45 mmol, 261 mg). The resulting mixture was stirred at rt for 1.5 h, and then diluted with EtOH and
filtered through a pad of Celite®. The filtrate was coevaporated twice with toluene to afford the crude
product, which was purified by diol silica gel chromatography (CHCI3:MeOH = 7:3) to provide STL-
1 (16.7 mg, 94%); [a]o® +60.6 (c 0.41, CHCl3:MeOH = 2:1); *H NMR (600 MHz, CDCls) 8 5.38 (t,
J=9.9 Hz, 1H), 5.14 (d, J = 2.7 Hz, 1H), 5.01 (d, J = 3.3 Hz, 1H), 4.98 (t, J = 9.9 Hz, 1H), 4.86 (dd,
J=10.4, 2.7 Hz, 1H), 4.57 (dd, J = 10.2, 3.0 Hz, 1H), 3.80-3.79 (m, 1H), 3.72 (t, J = 9.3 Hz, 1H),
3.61-3.59 (m, 1H), 3.53-3.35 (M, 4H), 3.19 (t, J = 9.3 Hz, 1H), 2.63-2.36 (m, 8H), 2.30-2.11 (m,
4H), 1.43 (br s, 4H), 1.23 (br s, 48H), 0.84 (t, J = 6.9 Hz, 6H); 1*C NMR (150 MHz, CDCls) § 174.4,
174.2,173.0,172.9,172.4,172.3,92.5,91.7, 74.5, 73.3, 71.3, 70.7, 70.6, 70.2, 70.0, 68.8, 61.2, 60.4,
34.0,32.1,29.9,29.8,29.6,29.5, 29.3,29.2, 25.0, 22.9, 14.6; IR (ATR): 3394, 2916, 2849, 1739, 1153,

1024 cm*; HRMS (ESI) caled for Cs,HggO19 [M—H]™: 1017.6004; Found: 1017.6039.
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